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ARTICLE INFO ABSTRACT

Keywords:

Agmatine

Ethanol consumption
Imidazoline receptors
Operant conditioning

Two bottle choice paradigm

Alcohol is one of the most widely abused recreational drugs, largely linked with serious health and social
concerns. However, the treatment options for alcohol-use disorders have limited efficacy and exhibit a range of
adverse drug reactions. Large numbers of preclinical studies have projected a biogenic amine, agmatine as a
promising potential treatment option for drug addiction, including alcoholism. In the present study, adminis-
tration of agmatine (20-40 mg/kg, i.p.) resulted in significant inhibition of ethanol self-administration in the
right p-VTA in operant conditioning paradigm. Further, acute intracranial administration of agmatine (20 and
40 pg/rat) significantly reduced the ethanol consumption in the two bottle choice paradigm. Agmatine is de-
graded to putrescine and guanido-butanoic acid by the enzyme agmatinase and diamine oxidase respectively and
inhibition of these enzymes results in augmentation of endogenous agmatine. In the present study, diamine
oxidase inhibitor, aminoguanidine and agmatinase inhibitor, arcaine were used to block the agmatine metabolic
pathways to increase brain agmatine levels. Drugs that augment endogenous agmatine levels like L-arginine
(80 pg/rat, i.c.v.) or arcaine (50 pg/rat, i.c.v.) and aminoguanidine (25 pg/rat, i.c.v.) also reduced the ethanol
consumption following their central administration. The pharmacological effect of agmatine on ethanol con-
sumption was potentiated by imidazoline receptor agonists, I, agonist moxonidine (25 pg/rat, i.c.v.), and imi-
dazoline I, agonist, 2-BFI (10 pg/rat, i.c.v.) and was blocked by imidazoline I, antagonist, efaroxan (10 pg/rat,
i.c.v.), and I, antagonist, idazoxan (4 pg/rat, i.c.v.) at their ineffective doses per se. Thus, our result suggests the
involvement of imidazoline I; and I, receptors in agmatine induced inhibition of ethanol consumption in rats.

1. Introduction (Trudell et al., 2014; Morrow et al., 2001) the studies are inconclusive
in finding their direct correlation with alcohol intake. In recent years,

Chronic ethanol consumption leads to serious health and social several studies were executed to identify exactly how does the en-

consequences. A huge mortality worldwide is attributed to alcoholism,
even greater than deaths caused by infections or violence (World Health
Organization, 2014). Unfortunately, there are only three medications
approved by the Food and Drug Administration for the treatment of
alcohol abuse and alcoholism: disulfiram, naltrexone and acamprosate
(Liang and Olsen, 2014). Medication compliance issues, adverse side
effects and the modest efficacy of these compounds reveal the need for
better targets of alcoholism in order to develop newer effective medi-
cations.

Although, there are different pathways underlying alcohol seeking
behavior, the biological process that builds and reinforces alcohol ad-
diction is not yet fully understood. Although alcohol can affect multiple
neurotransmitter receptors, including GABA, NMDA, 5-HT3 etc.

dogenous systems like neuropeptides, B-endorphins, endocannabinoids
mediates reinforcing the effects of alcohol (Kokare et al., 2008; Ron and
Messing, 2013; Henderson-Redmond et al., 2015).

Agmatine, an endogenous biogenic amine, has been implicated in
the process of drug addiction. It attenuates ethanol, nicotine as well as
morphine withdrawal symptoms (Aricioglu-Kartal and Uzbay, 1997; Li
et al., 1999; Uzbay et al., 2000; Kotagale et al., 2015, 2018). Further, it
reduces impaired performance on a cerebellar-dependent balance
tested in a rat model of third trimester binge-like ethanol exposure
(Lewis et al., 2007) and ultrasonic vocalization deficits in female rat
pups exposed neonatally to ethanol (Wellmann et al., 2010). Agmatine
decreases the morphine, cocaine, fentanyl self-administration (Morgan
et al., 2002), inhibits the ethanol induced locomotor sensitization

* Corresponding author at: Government College of Pharmacy, Amravati 444 604, M.S., India
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ARTICLE INFO ABSTRACT

Keywords: Agmatine, an endogenous polyamine in CNS, is derived from arginine by dearboxylation. Like polyamines,
Agmatine agmatine has been studied for its neuroprotetive effects. At present, a large body of experimental evidences has
Ne“‘“""’:c‘"y been gathered that demonstrate the neuroprotective effects of agmatine. The neuroprotective effects have been
Excitotoxicity; observed in various CNS cell lines and animal models against the excitotocity, oxidative damage, corticosteroidid
sz?::;i:::i;y induced neurotoxicity, ischemic/hypoxic or oxygen-glucose deprivation toxicity, spinal cord injury and trau-
Spisial coed fnfusry matic brain injury. The studies have been extended to rescue of retinal ganglion cells from toxicities. The me-
Traumatic brain injury chanistic studies suggest that neuroprotection offered by agmatine can be assigned to its multimolecular bio-
Retinal ganglions logical effects. These include its action as gl gic receptor antagonist, az-ad eptor agonist,
Molecular targets imidazoline binding site ligand, NOS inhibitor, ADP ribosylation inhibitor, and blocker of ATP-sensitive po-

tassium and voltage-gated calcium channels, anti-apoptotic and antioxidant. Its action as regulator for poly-
amine synthesis, insulin release assists the neuroprotection.

The cumulative evidences of preclinical studies support the possible use of agmatine as an agent for neuronal
damage and neurodegenerative diseases. However, it will be hasty to assert and promote agmatine as a novel
therapeutic agent for neuroprotection. The review is focused on the role of agmatine in different types and
mechanisms of neural injuries. The aspects of concern like dose range, pharmacokinetics of exogenous ag-

levels of end »us agmatine during events of injury etc. has to be addressed.

1. Introduction

neurotrauma (Gilad and Gilad, 1992). With the identification of ag-
matine and its biosynthetic activity in mammalian brain, it was hy-

Agmatine, a decarboxylated arginine, has been a known precursor
for the synthesis of polyamines in plants and bacteria. Polyamines were
found to exert neuroprotective effects in experimental models of

pothesized that agmatine might serve a neuroprotective role following
neurotrauma. The hypothesis was upheld by its role of as endogenous
ligand for imidazoline binding sites and its ability to interact with

Abbrevations: ADC, Arginine decarboxylase; Akt/protein kinase B, PI3K downstream effector protein; ARE, Antioxidant response element; ATF3, Activating
transcription factor 3; Bax, Bcl-2 associated X protein; BCAO, Bilateral carotid artery occlusion; Bcl-2, B cell lymphoma 2; BMP, Bone morphogenetic protein; BrdU,
Bromodeoxyuridine; CAST, Computer Assisted Stereological Toolbox; CE-T1WI, Contr hanced T1-weighted images; CSO, Corticosterone; DWI, Serial diffusion-
weighted images; DXM, Dexamethasone; eNOS, Endothelial nitric oxide synthase; ERK, Extracellular signal-regulated kinase; GCLc, Glutamate cysteine ligase,
catalytic subunit; GFAP, Glial fibrillary acidic protein; Grp78, Glucose-regulated protein 78; GSTA2, Glutathione S-transferase a2; H & PI, Hoechst 33258 and
propidium iodide; H&E, Hematoxylin and eosin; hADC, human hADC gene; HMGB1, high-mobility group box 1; HO-1, Heme oxygenase-1; Ibal, Calcium binding
adaptor molecule 1; ICAM-1, Intercellular adhesion molecule 1; iNOS, Inducible nitric oxide synthase; JNK, c-Jun N-terminal kinase; Keapl, Kelch-like-ECH-asso-
ciated protein 1; LDH, Lactate dehydrogenase; LPS, Lipopolysaccharide (E. coli 026:B6); MAP-2, Microtubule-associated protein-2 (MAP-2); MAPK, Mitogen asso-
ciated protein kinase; MCAO, middle cerebral artery occlusion; MMPs, Matrix metalloproteinases; mPFC, Medial prefrontal cortex; MPTP, 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine; MT1-MMP, Membrane-type 1 matrix metalloproteinase; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-dipheny] tetrazolium bromide; NAME, Nw-nitro-
i-arginine methyl ester; NeuN, Neuronal-specific nuclear protein; NF-kB, Nuclear factor-kappa B; NG2, Oligodendrocytes progenitor cells; NO, Nitric oxide; NQO1,
NAD(P)H/quinone oxidoreductase; Nrf2, Nuclear factor (erythroid 2 derived)-like 2; OGD, Oxygen-glucose deprivation; Olig-2, Oligodendrocyte transcription factor-
2; PI3K, Phosphatidylinositol- 3-kinase; PKC, Protein kinase C; RAGE, Receptor for advanced glycation end products; ROS, Reactive oxygen species; RT-PCR, Real-
time PCR; T2WI, T2-weighted images; TBI, Traumatic brain injury; TGFf-2, Transforming growth factor -2; TLR, Toll-like receptor; TTC, Triphenyltetrazolium
chloride; TUNEL, Terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate (dUTP) nick end labeling assay; VEGF, Vascular endothelial growth
factor; VEGFR2, VEGF receptor 2
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Effects of Withania somnifera Nicotine Induced Conditioned
Place Preference in Mice

Nitin Govindrao Dumore'*, Milind Janrao Umekar', Brijesh Gulabrao Taksande', Manish Manohar Aglawe’,
Nandkishor Ramdasji Kotagale®

ABSTRACT

Background: Herbal medicines can be novel treatment strategies for management of nicotine
addiction. Withania somnifera (Ashwagandha) is an Indian medicinal plant of great medicinal
value; used in many clinically proven conditions. Objective: In present study we aimed at inves-
tigating the effect of withania somnifera extract (WSE) on preventing nicotine mediated effects
attributed for the development of addiction. Materials and Methods: Mice were treated with
nicotine and/or WSE and subjected to nicotine induced conditioned place preference (CPP) in
male albino mice was checked. Results: Application of two-way ANOVA showed that with pre-
conditioning and post-conditioning values as a within-subjects (column) factor and treatment
as an independent between subject (row) factor. Two-way ANOVA revealed significant effect
of treatment [F(3,40)=4.119, p<0.05], time [F(1,40)=23.76, p<0.001] and interaction ;
[F(3,40)=5.244, p<0.01] on Intra-peritoneal (ip) administration of nicotine (1 mglkg)."wg% did
not produce any changes in the preference to drug-paired compartment. Factors like treatment
[FI3,40) = 0.656, p>0.05], time [F(1,40) = 7383, p<0.01] and interaction, < 1ime [F(3:40) =
0.5748, p>0.05] showed insignificant effects. Withania somnifera (50.166,‘%?) ma/kg ip) co-
administered with nicotine during the 6 days conditioning sessions completely abolished the
acquisition of nicotine-induced CPP in mice. Conclusion: Above data indicate that Withania
somnifera attenuate nicotine induced CPP. Hence it has potential as an anti-addictive therapy.

Original Article

Key words: Condition place preference, Nicotine, Withania somnifera.

INTRODUCTION

Quantification of the rewarding effect of addictive
drug has widely assessed by employing self-admin-
istration or CPP test.! CPP occurs when the animals
prefer one context more than others. This prefer-
ence is known to associate with rewarding feeling
paired previously with pleasing events” Thus, CPP
paradigm is widely used to explore the reinforc-
ing effects of natural and pharmacological stimuli,
including drugs of addiction. To understand and
treat dependence disorders, researchers have utilized
place conditioning to develop appropriate models of
addiction.’ Place conditioning is broadly defined as
a pairing between an unconditioned stimulus (US)
and a conditioned stimulus (CS) where the US is the
administration of the drug or other reward to the
model organism and the CS is the distinct environ-
ment in which the organism is placed after admin-
istration of the drug or reward.' CPP is based on a
motivational aspect of the investigated drug and can
be defined as an inclination for the model organism
to choose the location paired with the drug.

Early CPP studies with nicotine found discrepant
findings between laboratories, which included no
effect, CPP, or CPA. In an attempt to clarify these dis-

crepancies, tested nicotine for CPP by first assessing
the most and least preferred sides of a three-chamber
shuttle box which is termed as biased or unbiased
protocol. These discrepancies were associated with
animals strains and dos,’ Nicotine showed CPP in
the Lewis rats, but not in the Fischer-344.* Systemic
administration of nicotine has been shown to pro-
duce both CPP and CPA in rodents through stimula-
tion of nicotinic acetylcholine receptors (nAChrs).™
Both CPP and CPA are observed at low and high
doses, respectively. Pretreatment of mice with WSE
dose-dependently prevented CPP acquisition - that is
learning the association between affective interocep-
tive properties of morphine and environmental stim-
uli - an effect that might be attributed to a number of
factors, including opposite motivational properties of
WSE and WSE antagonism at U-opioid receptors. In
agreement with a number of CPP studies with plant
extracts,”'* WSE also blocked morphine-elicited CPP
expression via involvement of GABA, receptors.”
The results of the study demonstrated, in agreement
with other study, that ethanol, under appropriate
experimental conditions, elicited both CPP and CPA
and that the standardized root extract of Withania

Cite this article: Dumore NG, Umekar MJ, Taksande BG, Aglawe MM, Nandkishor RR. Withania
somnifera Attenuates Nicotine Induced Conditioned Place Preference in Mice. Pharmacog J.
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Agmatine Inhibits Behavioral Sensitization to Ethanol through Imidazoline Receptors
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Agmatine Inhibits Behavioral Sensitization to Ethanol
Through Imidazoline Receptors

Brijesh G. Taksande, Supriya D. Khade, Manish M. Aglawe, Shreyans Gujar,
Chandrabhan T. Chopde, and Nandkishor R. Kotagale (%)

Background: Locomotor sensitization to repeated ethanol (EtOH) administration is proposed to
play a role in early and recurring steps of addiction. The present study was designed to examine the
effect of agmatine on EtOH-induced locomotor sensitization in mice.

Methods: Mice received daily single intraperitoneal injection of EtOH (2.5 g/kg, 20 v/v) for 7 con-
secutive days, Following a 3-day EtOH-free phase, the mice were challenged with EtOH on day 11 with
a single injection of EIOH. Agmatine (10 to 40 pg/mouse), endogenous agmatine enhancers (L-arginine
[80 pg/mouse], arcaine [50 ug/mouse], aminoguanidine [25 pg/mouse]), and imidazoline receptor ago-
nist/antagonists were injected (intracerebroventricular [i.c.v.]) either daily before the injection of EtOH
during the 7-day development phase or on days 8, 9, and 10 (EtOH-free phase). The horizontal locomo-
tor activity was determined on days 1, 3,5, 7, and 11.

Results: Agmatine (20 to 40 pg/mouse) administration for 7 days (development phase) significantly
attenuated the locomotor sensitization response of EtOH challenge on day 11, Further, the agmatine
administered only during EtOH-free period (days 8, 9, and 10) also inhibited the enhanced locomotor
activity on the 11th day to EtOH challenge as compared to control mice indicating blockade of expres-
sion of sensitization. Daily treatment (Lc.v.) with endogenous agmatine enhancers like L-arginine
(80 pg/mouse) or arcaine (50 pg/mouse) and aminoguanidine (25 pg/mouse) restrained the develop-
ment as well as expression of sensitization to EtOH. Imidazoline 1) receptor agonist, moxonidine, and
15 agonist, 2-BFI, not only decreased the development and expression of locomotor sensitization but
also potentiated the effect of agmatine when employed in combination, Importantly, I; receptor antago-
nist, efaroxan, and 1, antagonist, idazoxan, blocked the effect of agmatine, revealing the involvement of
imidazoline receptors in agmatine-mediated inhibition of EtOH sensitization.

Conclusions: Inhibition of EtOH sensitization by agmatine is mediated through imidazoline recep-
tors and project agmatine and imidazoline agents in the pharmacotherapy of alcohol addiction.

Key Words: Agmatine, Ethanol, Locomotor Sensitization, Imidazoline Receptors,
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EHAVIORAL SENSITIZATION IS a persistent and

progressive rise in locomotor and motivational response
following repeated exposure to drugs of abuse including
cthanol (EtOH; Calipari et al., 2015; van de Wetering and
Schenk. 2017). Contemporary theories suggest that behav-
ioral sensitization plays an important role in early and recur-
ring steps of addiction (Robinson and Berridge, 1993),
Behavioral sensitization displays 2 temporarily distinguish-
able phases, namely development and expression. The induc-
tion or development phase i1s believed to be mediated
through ventral tegmental area (VTA) while the expression

From the Department of Pharmacology (BGT, SDK, MMA, 5G,
CTC, NRK), Division of Newroscience, Shrimati Kishoritai Bhoyar
College of Pharmacy, Nagpur, India; and Govermment Colleges of
Pharmacy (NRK), Amravati, India.

Received for publication May 24, 2018, accepted January 29, 2019

Reprint  requests:  Nandkishor R.  Kotagale, Department  of
Pharmacology, Division of Neuroscience, Shrimati Kishoritai Bhoyar
College of Pharmacy, New Kamptee, Nagpur, Maharashtra 441 002,
India; Tel.: 7109-288630, Fax No. 7109-2870%; E-mail: kotagalenria
gmail.com

© 2019 by the Research Society on Alcoholism.

DOL: 101111 /acer.13972

Alcohol Clin Exp Res, Vol 43, No 4, 2019: pp 747-757

phase, which corresponds to enduring behavioral hypersensi-
tivity, involves the nucleus accumbens (NAc) (Shaham and
Hope, 2005). The alcohol-induced behavioral sensitization is
believed to occur due to neuronal adaptation in dopaminer-
gic. glutamatergic, and GABAergic circuitry in VTA, NAc,
prefrontal cortex, and amygdala (Di Chiara, 2000; Koob
et al., 1998; Meyer et al., 2005; Richtand, 2006; Shim et al.,
2002; Steketee and Kalivas, 2011; Vezina and Leyton, 2009;
Zislis et al., 2007). Similarly, other neurochemical systems
including serotonergic and opioidergic have also been impli-
cated in EtOH sensitization (Knapp et al., 2007; Overstreet
et al., 2006; Winkler et al., 2016). Although EtOH acts on
multiple neurological substrates, the mechanism for its
behavioral sensitization or drug seeking behavior remains
poorly defined.

Agmatine, an endogenous polyamine formed by decar-
boxylation of L-arginine by the enzyme, arginine decarboxy-
lase, is a biologically active substance, influencing multiple
physiological functions and having a number of promising
pharmacological actions. It has received considerable atten-
tion due to its neuromodulatory and neuroprotective proper-
ties. Agmatine is densely localized in the brain areas (VTA,
NAc, etc.) responsible for reinforcement, reward, and
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Neuroprotective effect of agmatine in mouse spinal cord injury model: Modulation by
imidazoline receptors.

Original Article

Neuroprotective Effect of Agmatine in Mouse Spinal Cord Injury
Model: Modulation by Imidazoline Receptors

Madhura P Dixit', Mano| A. Upadhya'?, Brijesh G. Taksande', Prachi Raut', Milind J. Umekar', Nandkishor R. Kotagale'?
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Objective: The involvement of imidazoline receptors in the effect of agmatine was studied in locomotor recovery following experimental
SCI (ESCI) in mice. Methods: ESCI was induced in mice using compression method. Locomotor function score (0-10) was measured
on day 14 following ESCI, Results: Agmatine (2.5, 5, and 10 mg/kg) treatment through intraperitoneal route for 14 days following ESCI,
dose-dependently improved the motor function score. Clonidine (0.1 mg/kg; imidazoline 11 receptor agonist) or moxonidine (0.5 mg/kg: 12
receptor agonist) treatment 15 min before agmatine (2.5 mg/kg) daily for 14 days, following ESCI, significantly potentiated the effect of per
se agmatine. On the other hand, 15 min before treatment of efuroxan (1 mg/kg; imidazoline 11 receptor antagonist) or idazoxan (3 mg/kg;
imidazoline 12 receptor antagonist) significantly blocked the motor function score of agmatine (10 mg/kg). Conclusion: These data suggest
that imidazoline receptors may modulate the locomotor recovery following ESCI in agmatine treated mice, perhaps through 11/12 receptors.

Keywords: Agmatine, imidizoline receptors, locomotor récovery, motor function score, spinal cord injury

INTRODUCTION

Spinal cord injury often results in disability or loss of

movement and sensation below the site of injury, At present,
few treatments for spinal cord injury are available, however
with less significant functional improvement. Agmatine, an
endogenous amine, exists in mammalian brain and has been
proposed as a novel neurotransmitter/neuromodulator.!'! The
distribution of agmatine-containing neurons is concentrated in
regions of the brain that subserve visceral and neuroendocrine
control, processing of emotions, pain perception, cognition, and
memory. Agmatine has been implicated in several biological
processes such as neuroprotection,”! antinociception,!”
convulsions,! stress, " depression ! and anxiety,””) It is
interesting to note that agmatine also dose-dependently
attenuates neuropathic pain in rodents"! Its intraperitoneal
administration reversed long-lasting hypersensitivity,
hyperalgesia, and allodynia induced by neuropathic pain.!*"
Further, agmatine also attenuated the pain associated with
diabetic neuropathy,""""*I Tts peripheral administration
enhanced morphine analgesia dose-dependently in neuropathic
rats.!') Moreover, systemically administered agmatine
significantly reduces the mechanical and thermal hyperalgesia

Quick Response Code:

Website:
Wivw insbin,org

DO
10,410} jnsbm INSBM_2139_17

as well as allodynia in neuropathic mice caused by spinal
cord injury.

Agmatine binds to several target receptors such as imidazoline,
N-methyl-D-aspartate (NMDA), nicotinic cholinergic,
o -adrenergic, serotonergic receptors, and inhibits nitric oxide
synthase. Agmatine is co-localized with imidazoline receptor in
several brain areas. Morcover, several pharmacological effects
of agmatine are mediated through imidazoline receptors.
The role of imidazoline receptor in nociception is fairly
well established. Imidazoline binding sites have currently
attracted attention in nociception as well as drug addiction.!'!
Moreover, the brain structures involved in the drug abuse
and pain perception including hypothalamus, hippocampus,
and amygdala are rich in imidazoline binding sites and its
endogenous ligands."*! Imidazoline binding sites are a family

This is an open access journal, and articles are distributed under the terms of the
Creative Commons  Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and bulld upon the work non-commercially, as long
as appropriate credit is given and the new creations are licensed under the identical
torms.

For reprints contact: reprints@medknow.com
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Withaferin A attenuates Alcohol Abstinence Signs in Rats

Pharmacogn J. 2018; 10(61:1190-1195 Oﬂgma’Amde

Withaferin A attenuates Alcohol Abstinence Signs in Rats

Nandkishor Ramdas Kotagale, Ankit Kedia, Rupali Gite, Shubham Nilkanth Rahmatkar, Dinesh Yugraj Gawande,
Milind Janraoji Umekar, Brijesh Gulabrao Taksande*

wwmmmmmmmmmmwm
conditioned place preference, self-adminestration and withdrawal aniety of

lnmewesemmkmhmamdmeeﬁemdwmmaonnmacmdaﬂecme
symptoms of ethanol withdrawal syndrome in rats. Methods: Animais had given free access
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symptoms attributed to central nervous system hyper-
excitability, like irritability, anxiety, restlessness and
dysphoria.” Despite the tremendous advances made
in the treatment of alcoholism and/or its abstinence,
remarkably, the majority of these agents, mdndmg
nalt and benzodiazepines etc. have unpl

side effect™

Withaferin A is 2 steroidal lactone, an active compound
isolated from Withania somnifera (WS) (Family- Sola-
naceae). WS, known as ashwagandha in Ayurveda
or its active principles, including withaferin A has
been used as an antioxidant, adaptogen, antistress,™
anti-inflammatory, neuroprotective, anxiolytic, anti-
depressant, immunomodulatory, memory enhancer,
anti-ulcer and anti-carcinogenic agents.” In addition,
WS extract has been inhibited the morphine-induced
acquisition and expression in conditioned place
preference,” ethanol conditioned place preference™
and seif-administration,” ethanol withdrawal-induced
anxiety in rats.* In the present work, we have assessed

Adult bealthy Sprague Dawley rats weighing
200-220 g (3-4 months old) were group housed
(four per cage) under controlled temperature
(25+2°C) and light (12 h light/dark cyde, light on
at 07.00 am) environment with free access to food
and water. Experimental protocols were approved
by the Institutional Animal Ethical Committee and
executed in strict accordance with the guidelines of
Committee for the Purpose of Control and Supervi-
sion of Experiments on Animals, Govt. of India. The
behavioral assessments were conducted during the
light cycie.

Drugs

Withaferin A was purchased from Natural Remedies
Private Limited, Bangalore, Indiz and administered
intraperitoneally (ip) as a solution (1 ml/kg) in
dimethylsulphoxide (DMSO) prepared just before
the experiments. Ethanol (9% wiv) (Merck, India)

Cite this article: Kotagale NR, Kedia A, Gite R, Rshmatkar SN, Gawande DY, Umekar MJ, Taksande

BG. Withaferin A attenuates Alcohol
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Agmatine inhibits nicotine withdrawal induced cognitive deficits in inhibitory avoidance task in
rats: Contribution of a2-adrenoceptors.
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ABSTRACT

Nieati hati fadl

g chronic exp is inted with imy in memory and variety of coge
nitive functions, Daily nll:onne (2mykx. =, hur times daily) administration for 14 days and its abrupt with.
drawal significantly impaired g in inhibitory avoid task as indicated by a significant de-
crease in the step through latency. Animals m)tnrd with agmatine (10-40 pg/rat, icv) from day 7 to 14 before
the first daily dose of nicotine (2mg/kg, sc) showed increased step through latencies during retrieval test.
Similarly L b ular injection of Larginine (25-100 pg/rat), & blosynthetic precursor of

and aucaine {50pg ~100pg/rat), an agmatinase inhibitor, nlso increased the nep through latency dunns res

trieval test in nicotine withdrawn animals. In P agonist, clonid;
(0.5=1 pg/rat, icv) not only demonstrated sigmﬁcnm mnrue in the step t.hmugh latency as in nicotine with.
hwnrmbmulﬁo iated the ph logical effect of agmatine, In P of agadres

(0. Sug/m. fcv) antagonized xhe memory enhancing effect of agmatine (20 pg/
mt, lcv) in nn:otlne withdrawn rats. In addition, brain agmatine analysis carried out at 72h time point of
nicotine withdrawal showed marked decum in basal brain agmatine content as d to control. Overall,

the data indicate that it ine withdrawal induced memory impairment through modula.
tion of azadrenergic recey Thus, ag might have therap implications in the treatment of cognitive
deficits following withdrawal

1. Introduction Uzbay et al., 2000; Uzbay, 2012). It exhibits anxiolytic (Taksande et al.,
2010, 2014) antidepressant (LI et al., 2003; Taksande et al,, 2009),

Nicotine generally acts as a cognitive enhancer and known to in- antinociceptive (Onal et al., 2004), anticonvulsive (Bence et al,, 2003),
fluence several domains of leaming and memory. In fact, nicotine orexigenic (Taksande et al., 2011), anti-compulsive (Dixit et al., 2014),
treatment can improve cognitive performance in schizophrenics and in -~ neuroprotective (Olmos et al, 1999) effects, inhibits inflammatory
attention deficit hyperactivity disorder (Moss et al., 2009; Tidey et al,  markers (Taksande e al, 20154, 2015b, 2017) and causes facilitation

2013). However, its withdrawal results in severe deficits in learning and
memory functioning. Nicotine abstinence in smokers is usually asso-
clated with difficulty in attentiveness and inferior working memory
{Ashare et al., 2014; Cook et al, 2003; Wesnes et al, 2013). More
specifically, smoking abstinence impairs executive functions which may
promote smoking behavior and relapse (McClernon et al, 2016).
However, the molecular mechanism and related neural substrate re-
sponsible for these cognitive deficits are not clearly known.

Agmatine is a biogenic amine synthesized from amino acid, L-argi-
nine by enzyme arginine decarboxylase (ADC) and implicated in the
development of drug addiction (Aricioglu-Kartal and Uzhay, 1997;

of working memory in experimental animals (Liu and Bergin, 2009).
Agmatine binds to ag-adrenoreceptors (Li et al, 1994), imidazoline
binding sites (Raasch et al., 2001; Rels and Regunathan, 2000), blocks
N-methyl-p-aspartate (NMDA) receptors (Yang and Heis, 1999) and
inhibits nitric oxide synthase (NOS) (Auguet et al., 1995; Galea et al,,
1996). Agmatine also inhibited the nicotine induced sensitization and
conditioned place preference (Kotagale et al,, 2010, 2014)

It is important to note that, agmatine is predominantly localized in
brain regions directly assoclated with memory processing including
hippocampus, cortex, locus ceruleus, and forebrain and demonstrated a
vital role in learning and memory (I1alanis and Piletz, 2007). Prolonged
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Agmatine and GABA have been abundantly expressed in brain nuclei involved in regulation of energy
homeostasis and promoting stimulation of food intake in rodents. However, their mutual interaction, if
any, in the efictation of feeding behavior is largely remains unclear. The current study provides
expenimental evidence for the possible interaction of agmatine, adrenergic and GABAergic systems in
Keywords: stimulation of feeding in satiated rats.

Agmatine Satiated rats fitted with intracerebroventricular {i.cv.) cannulze and were administered agmatine,
az-adrenoceptors alone or jointly with (3) GABA, receptor agonist, muscimol, diazepam or antagonist bicuculline and
‘r_;‘::\ ntake flumazenil, GABA, positive modulator, allopregnanolone or negative modulator of GABA, receptor,
Suttated 22k dehydroepiandrosterone (b} In view of the high affinity of agmatine for a,-adrenoceptors and the close
association between a;-adrenoceptors and GABAergic system. the effect of their modulators on feeding
elicited by agmatine/GABAergic agonists were also examined. Lc.v. administration of agmatine (40—
80 pgfrat) induces the significant orexigenic effect in satiated rats. The orexigenic effect of agmatine was
potentiated by muscmol (25 ng/rat, Lov. ] diazepam (05 mg/kg. i.p.): allopregnanolone (0.5 mg/kg, s.c.)
and blocked by bicuculline (1 mg/kg, ip.) and dehydroepiandrosterone (4 mg/kg.s.c) However. it
remained unaffected in presence of flumazenil (25 ng/rat, Lcv.) The orexigenic effect of agmatine and
GABAergic agonists was potentiated by a a-adrenoceptors agonist. clonidine (10ngjrat, icv.) and
blocked by its antagonist, yohimbine (5 pgfrat, Lcv.). Yohimbine also blocked the hyperphagic effect
elicited by imeffective dose combination of agmatine (5 pg/rat, i.cv.) with mascimol (25 ngfrat, Lcv.)or
diazepam {0.5 mgjkg. i.p.) or allopregnanolone (0.5 mg/kg s.c.). The results of the present study suggest
that agmatine induced o;-adrenoceptors activation might facilitate GABAergic activity to stimulate food
intake in satiated rats.

© 2017 Published by Elsevier Masson SAS.

1. Introduction vesicles, accumulated by uptake, released by depolarization and
consequently proposed as a new neuromodulator in the mamma-
Agmatine is an endogenous amine synthesized fromanamino  lian brain [1.2]. Agmatine exhibits interesting pharmacological
acid, L-arginine by arginine decarboxylase. It is stored in synaptic  profile in several neuropsychiatric disorders including depression
13.4], anxiety |5.6], epilepsy |7], psychosis [8,3], nociception [10],

inflammatory cachexia |11] and is also implicated in the

DHEA,

GABA

P ¥

Abbreviations: aCSF, artifical cerebrospinal fluid: ANOVA anafysis of variance;

delyd d gamar i ic and: icv, intracer-
ebroventnicular; ip, intraperitoneally; NMDA, N-methyl-p-aspartate; NO, mitric
oxide; NOS, mitric made synthase; NPY, neuropeptide Y. PYN, p icul

nucleus; sc, subutaneous.
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modulation of addictive behavior [12.13]. It activates az-adreno-
ceptors |[14] and imidazoline receptors {15], antagonizes NMDA
receptors 16| and inhibits nitric oxide (NO) synthase [17].
Agmatine and oy -adrenoceptors have important functional
interactions, including the inhibitory effect on nicotine-induced
behavioral sensitization in mice [12| and potentiating effect on
morphine-induced analgesia, conditioned place preference and
anticonvulsant effects in rats [18-21. We have recently
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Agmatine ameliorates adjuvant induced arthritis and inflammatory cachexia in rats
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The present study investigated the pharmacological effect of agmatine in Complete Freud Adjuvant {(FA)
induced arthritis and cachexia in rats. The rats were injected with CFA (0.1 ml/rat) to induced symptoms

Accepted 9 December 2016 of arthritis. Day 8 onwards of (FA administration, rats were injected daily with agmatine for next 7 days,
and arthritis score, body weights and food intake were monitored daily (g). Since cachexia is known to
Keywords: produce severe inflammation, malnutrition and inhibition of albumin gene expression, we have also

Agmatine monitored the total proteins, albumin, TNF-a and IL-6 levels in arthritic rats and its modulation by

Complete frend adjuvant agmatine. In the present study, CFA treated rats showed a progressive reduction in both food intake and
Authritis body weight In addition analysis of blood serum of arthritis animals showed a significant reduction in
\nterieul proteins and albumin and significant elevation in tumor necrosis factor {TNF)-« and interfeukins (IL}-6.

TNF-a Chronic agmatine (20-40 mg/kg. ip} treatment not only attenuatad the signs of arthritis but also reverses
anorexia and body weight loss in CFA treated rats. In addition, agmatine restored total protein and
albumin and reduces TNF-a and IL-6 levels in arthntis rats. These results suggest that agmatine
administration can prevent the body weights loss and symptoms of arthritis via inhibition of
inflammatory cytokines.

© 2016 Elsevier Masson SAS. All nghts reserved.

1. Introduction

Cachexia syndrome exhibits significant loss of body weight,
muscle atrophy, fanigue, weakness and chronic loss of appetite. It is
a devastating condition and occurs in many chronic pathological
processes including cancer, renal failure, HIV infection and in
chronic inflammatory illness such as rheumatoid arthritis [1-4L
Rheumatoid arthritis is usually associated with accelerated protein
breakdown {56] leading to increase morbidity and premature
mortality |7]. Increasing evidence from both animal and dinical
studies suggests that an inflammatory response, mediated by a
dysregulated production of pro-inflammatory cytokines, plays a
role in the genesis of cachexia. However, the mechanisms leading
to cachexia remain largely unclear.

Agmatine, an endogenous amine is synthesized through
decarboxylation of L-arginine by arginine decarboxylase {ADC).
It is a putative neurotransmitter [89] and exhibits biological

* Comresponding author
E-mail address: nandukotagale@zmal com (NR. Kotagale)

http-/fdx dotorg/ 101055} biopha 2016.12.039
0753-33220 2016 Hsevier Masson SAS. All nghts reserved.

effects by interacting with several receptors. Agmatine activates
az-adrenoceptors and imidazoline receptors [9,10], and antagonize
N-methyl D-aspartate (NMDA) receptors |11]. Additionally, it
competitively inhibits nitric oxide (NO) synthase [12]. In expen-
mental studies, agmatine showed a variety of pharmacological
effects including anticonvulsant, anxiolytic, antinociceptive,
antidepressant, and neuroprotective effects [9,10,13-20]. Several
studies have reported that agmatine blocks spinal nociceptive
reflexes, prevents inflammation, spinal cord injury and nerve
injury induced pain [2122]. Further, agmatine also attenuates
mechanical hypernociception induced by Complete Freund's
Adjuvant (CFA) in mice 23] and streptozotocin induced diabetic
neuropathy in rats [22]. In fact, a recent dinical trial confirm that
agmatine is safe and effective for treating pain and improving
quality of life in patients suffering from lumbar disk-associated
radiculopathy |24]. However, the information pertaining to
involvement of agmatine in chronic inflammatory state like
rheumateid arthritis is much limited. In view of complimentary
role of agmatine in pain and inflammation, therefore we
hypothesized that agmatine may play role also in inflammatory
cachexia in adjuvant-induced arthritis in rats.
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Effect of compression pressure on inhalation grade
lactose as carrier for dry powder inhalations

Neha Sureshrao Raut, Swapnil Jamaiwar, Milind Janrao Umekar, Nandkishor Ramdas Kotagale
Department of Quality Assurance, Shrimati Kishoritai Bhoyar College of Pharmacy, Nagpur, Maharashtra, India

Abstract

Introduction: This study focused on the potential effects of compression forces experienced during lactose (Inhalac
70, 120, and 230) storage and transport on the flowability and aerosol performance in dry powder inhaler formulation.
Materials and Methods: Lactose was subjected to typical compression forces 4, 10, and 20 N/cm?. Powder flowability
and particle size distribution analysis of un-compressed and compressed lactose was evaluated by Carr's index,
Hausner’s ratio, the angle of repose and by laser diffraction method. Aerosol performance of un-compressed and
compressed lactose was assessed in dispersion studies using glass twin-stage-liquid-impenger at flow rate 40-80 L/min.
Results: At compression forces, the flowability of compressed lactose was observed same or slightly improved.
Furthermore, compression of lactose caused a decrease in in vitro aerosol dispersion performance. Conclusion: The
present study illustrates that, as carrier size increases, a concurrent decrease in drug aerosolization performance
was observed. Thus, the compression of the lactose fines onto the surfaces of the larger lactose particles due to
compression pressures was hypothesized to be the cause of these observed performance variations. The simulations
of storage and transport in an industrial scale can induce significant variations in formulation performance, and it
could be a source of batch-to-batch variations. '

Key words: Acrosolisation, compression pressure, dry powder inhalation, lactose, particle size

which could be expressed as the ratio of central to peripheral

deposition.”! Dry powder drug particles, designed for respiratory
Dry powder inhalers (DPI) are commonly used to trear  delivery requirea small acrodynamic diameter to avoid impaction
respiratory diseases such asthma, bronchitis, emphysema and ™0 the throatand upper airways.” However, micronized particles

chronic obstructive pulmonary disease. In DPI, the deposition of this size tend to be highly cohesive, and thus, a much larger

of the drug at the target site is maximum." An aerosolized drug r.mnllwmpcunc carrier particle is typically incorporated in DPI
u a . . . . d s o Ce ) cle agglol 5 rove

will be deposited either in the extrathoracic region (mouth, throat, formul Hong; to _“du“ dfug L article agglomeration, improve

L ; acrosol redispersion, and facilitate dose metering!!

and oropharynx) or within the lungs where drug particles can

deposit in the bronchial region (also called central deposition) . . . "
P 8 P Pharmaceutical formulations have therapeutic doses in the

and in the alveolar region of the lung (known as peripheral

deposition). Lung deposition studies determine the quantity of

an acrosolized drug.!"! The study provides information on the
regional distribution of the inhaled compound within the lungs,
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microgram range (e.g., 200-400 pg) and cannot be metered
without the addition of a diluent. Lactose as a diluent used for
specific formulation type, which are generally referred to as
carrier-based formulations and the powder blend contains an
ordered mix of drug particles, uniformly adhered to the larger

This is an open access article distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 3.0
License, which allows others to remix, tweak, and build upon the
work non-commercially, as long as the author is credited and the
new creations are licensed under the identical terms.
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Anorexia nervosa is a debilitating eating disorder characterized by hypophagia, body weight lass, amenorrhea
and intense fear of weight gain In present study, the effect of subchronic agmatine treatment on development
of activity based anorexia (ABA) in female rats has been mvestigated. Animals were injected with saline or
agmatine (1040 mg/kg ip) just befose the onset of dark phase and shifted to experimental cage with wheel
for ABA test for 10 days. A pre-weighed quantity of food peilets {10 g) was placed daily for a restricied period
of only 2 h {1700-1900 h} and food intake was monitored {g) manually by weighing the kefiover food. Rats re-
stricted to ABA paradigm, showed greater wheel nmning. suppressed food coasumption, disrupted estrous
cyde and weight Joss. On the other hand, subchronic agmatine {1040 mg/kg, ip. for 10 days) treatment de-
creased wheel running activity, pronounced imncreased in food intake and restored body wesghts as compared
tosaime treated animals. Furthes, agmatine treatment decreased corticosterone levels in ABA rats, thereby staibi-
Izing HPA axis in ABA rats. Subchronic agmatine treatment akso prevented the disnaptions of estrous cyde. Con-
sidering the common resistance of 2norexia peTvosa to current pharmacotherapy, the preliminary data on
reduction of physical activity by agmatine, may have potential therzpewtic importance. Thus, the role of agmatine
in feeding behavior is likely to provide insight info the arcumstances that facilitate treatment in eating disorders

Fike anorexia nervosa.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Anorexia nervosa {AN) is a debilitating eating disorder characterized
by hypophagia, body weight loss, amenorrhez and intense fear of
weight gain This eating disorder is particularly prevalent in young
women than men. It is associated with high rates of depression, perfec-
tionism, obsessive behavior and has the highest mortality rates among
all psychiatric disorders {Budik et al. 2007). In other wards AN is charac-
terized by self-imposed starvation and obsessive fear of cbesity (Secker
et al, 2009; Kaye et al, 2009; Klein et al, 2004). Thus, patients are mo-
tivated to restrict their eating. particulariy the consumption of highly
palatable, high energy density foods and continue to avoid till they get
severely underweight (Kiein et al, 2004). In addition to eating restraint,
hyperactivity is featured in up to 75% of AN patients {Hebebrand et al,
2003). Indeed, excessive exercise has been reported to precede, follow,
or coincide with the onset of strict dieting/food restriction (Davis and
Kaptein, 2006). In this sense, hyperactivity not only promotes the pro-
gression, but aso likely impedes the successful treatment and recovery
of AN (Carter et al., 2004).

Although shnormalities of serotonergic system have been implicas-
ed in the development and persistence of AN in women, the treatment

* Correspoading author. Tel: +91 7109 283650: fax: =91 7109 287094,
E-musi address nande f.com (NR Xotagle)

Btvp/jx ok org/ 10 10165pbh 201503005
0091-3057/0 2015 Hsewer Inc. All rights reserved.

with SSRIs proved unsuccessful (Kaye et 2l 1998). In contrast, dysregu-
lation of reward and mood related systems have been identified in AN
patients (Kaye et al, 2009). The dopaminergic {DA) system that regu-
lates reward processing, movement, and feeding behavior has been
reported to alter in AN patients. These patients exhibit reductions in
hamovanillic acd, a major metabofite of DA (Kaye et 2L, 1999) and in-
creased DA D2 and DA D3 receptor binding sites {Frank et al.,, 2005).
Furthermore, polymorphisms in DA D2 receptor are associated with
AN (Bulik et al, 2005; Burden et al, 1993; Moateleone and Maj,
2008). Recent findings suggest that drugs targeting at DA receptors
may be effective in treating AN. Several open label studies have reported
that the treatment with atypical antipsychotics increases body weight
and reduces hyperactivity and anxiety about eating and body shape in
AN patients {Barbarich et al, 2004; Dennis et al., 2006; Leggero et af,
2010). However, such treatments reduced obsession about weight
gain while increasing the rate of weight gain and rate of relapse in AN

Neuroendocrinological studies in AN patients have found normal
homeostatic physiological responses to starvation like elevated levels
of orexigenic peptide, NPY and reduced levels of anorexigenic. CART
and leptin in thedr CSF (Misra and Klibanski. 2010). Although no medi-
cation have been approved by FDA for treatment of AN, standard treat-
ment for AN consist of nutritional rehabilitation, psychotherapy and
adjunctive pharmacotherapy. However, eating disorders require com-
prehensive therapy with drugs having multidimensional activity.
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Chronic agmatine treatment prevents behavioral manifestations of nicotine withdrawal in mice
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Smoking cessation exhibits an aversive withdrawal syndrome characterized by both increases in somatic
signs and affective behaviors including anxiety and depression. In present study, abrupt withdrawal of
daily nicotine injections (2 mg/kg. s.c., four times daily, for 10 days) significantly increased somatic signs
viz. rearing, grooming, jumping, genital licking, leg licking, head shakes with associated depression
(increased immobility in forced swim test) as well as anxiety (decreased the number of entries and time
spent in open arm in elevated plus maze) in nicotine dependent animals. The peak effect was observed

Keywords: at 24 h time point of nicotine withdrawal, Repeated administration of agmatine (40-80 ug/mouse, i.c.v.)
Agmatine before the first daily dose of nicotine from day 5 to 10 attenuated the elevated scores of somatic signs
Micatise withicaniat and abolished the depression and anxiety like behavior induced by nicotine withdrawal in dependent
Anxiety . : 3 "a
Depression ammals. However, in separate groups, its acute administration 30 min beforg behavior analysis of
Somatic behavior nicotine withdrawal was ineffective. This result clearly shows the role of agmatine in development of
nicotine dependence and its withdrawal. In extension to behavioral experiments, brain agmatine
analyses, carried out at 24 h time point of nicotine withdrawal demonstrated marked decrease in basal
brain agmatine concentration as compared to control animals, Taken together, these data support the
role of agmatine as common biological substrate for somatic signs and affective symptoms of nicotine
withdrawal. This data may project therapies based on agmatine in anxiety, depression and mood
changes associated with tobacco withdrawal.
© 2015 Elsevier B.V. All rights reserved.
1. Introduction 2007). However, the molecular mechanism responsible for its

Smoking cessation exhibits an aversive withdrawal syndrome
in animals characterized by both increases in somatic signs and
affective behaviors analogous to that observed in nicotine depen-
dent individuals (Cinciripini et al., 2013; Kota et al., 2007). The
affective changes primarily include anxiety, reward deficits
(Hughes and Hatsukami, 1986; Parrott, 1993) and depressive
symptoms (Covey et al., 1998; Tsoh et al., 2000). These behavioral
changes associated with nicotine withdrawal may contribute to
the maintenance of nicotine dependence and smoking habit
(Maskos et al., 2005; Piccotto and Corrigall, 2002). Behavioral
effects of nicotine including addiction and withdrawal are regu-
lated through its interactions with central nicotinic acetylcholine
receptors (nAChRs) and multiple other neurotransmitters recep-
tors systems in different brain areas (Di Chiara, 2000; Zislis et al,,

* Corresponding author. Tel: 4 91 7109 288650; fax: +91 7109 287094,
E-mail address: brijeshtaksande@gmail.com (B.G. Taksande).

http:/dx doiorg/10.1016/j.ejphar2015.02.033
0014-2999/c 2015 Elsevier BV. All rights reserved.

dependence and withdrawal is still poorly understood.

Agmatine, a biogenic amine, has been implicated in the process
of drug addiction (Halaris and Piletz, 2007; Otake et al., 1998; Reis
and Regunathan, 2000). Agmatine is pleiotropic molecule with
many central and peripheral functions. Its systemic administration
evokes anxiolytic (Lavinsky et al., 2003) antidepressant (Li et al.,
2003; Taksande et al., 2009), antinociceptive (Onal et al, 2004),
anticonvulsive (Bence et al, 2003), anti-inflammatory (Satriano
et al, 2001), antiproliferative (Isome et al, 2007), antipsychotic
(Kotagale et al., 2012), neuroprotective (Olmos et al., 1999) effects
and causes facilitation of working memory in experimental ani-
mals (Liu and Bergin, 2009). Agmatine binds to «,-adrenorecep-
tors (Li et al, 1994), imidazoline binding sites (Raasch et al., 2001;
Reis and Regunathan, 2000), blocks N-methyl-d-aspartate (NMDA)
receptors (Yang and Reis, 1999) and inhibits nitric oxide synthase
(NOS) (Auguet et al., 1995, Galea et al., 1996),

Agmatine is abundantly expressed in brain region like ventral
tegmental area (VTA), nucleus accumbens (NAc) and amygdala
that are associated with processing of drug addiction (Reis and
Regunathan, 2000; Zhu et al, 2008). Agmatine attenuate the
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Agmatine attenuates lipopolysaccharide induced anorexia and sickness behavior in rats
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ia, anxiety, dep like phenomenon and reduction

Sickness behavior is characterized by lethargy, reduced appetite, anhedonia and anxiety. It can be induced in ex- 19
perimental animals by bacterial endotoxin, lipopolysaccharide (LPS). We investigated the impact of intracerebro- 20
ventricular agmatine injections (5-20 pg/rat, icv) on sickness behavior induced by LPS 100 pg/rat, ip) in rats. Rats 21
challenged with LPS demonstrated hyperthermia,

2

N

2
ey
e
2

AVa¢ online 23k in body weights. Additionally, mediators of siekness behaviors, interleukin-6 (1L-5) and tumor necrosis factor-cx 23
Keywords: (TNF-x) level in LPS treated rat serum were also increased. The present study revealed that these LPS induced
Agmatine symptoms of sickness behavior including anorexia were normalized by pretreatment with agmatine. The IL-6 25
Lipopolysaccharide and TNF-cx serum levels were also normalized in agmatine pretreated rats. It is anticipated that agmatine may
Sickness behavior suppress LPS induced sickness behavior by inhibiting proinflammatory pathway and/or activity circuitry in
Anorexia brain. This study suggests that agmatine may be an important therapeutic target in the treatment of anorexia
Depression and other neurological abnormalities associated with bacterial infection.

Anxiety © 2015 Published by Elsevier Inc.
Hyperthermia

1. Introduction (Taksande et al, 2011; Prasad and Prasad, 1996) and suggest that

Agmatine, an endogenous amine is synthesized through decarboxyl-
ation of L-arginine by arginine decarboxylase (ADC) and widely distrib-
uted throughout the body including brain. It is a neurotransmitter and/
or neuromodulator (Raasch et al, 1995; Reis and Regunathan, 2000)
and exhibits several biological effects by interacting with certain
receptors and neuronal pathways in CNS. Agmatine activates c,-
adrenoceptors and imidazoline receptors (Reis and Regunathan, 2000;
Halaris and Plietz, 2007), and blocks N-methyl D-aspartate (NMDA) re-
ceptors (Yang and Reis, 1999), nicotinic receptors and 5-HT3 receptors.
Additionally, it competitively inhibits nitric oxide (NO) synthase
(Auguet et al, 1995). In experimental studies, agmatine showed a vari-
ety of pharmacological effects including anticonvulsant, anxiolytic,
antinociceptive, antidepressant, antistress and neuroprotective effects
(Reis and Regunathan, 2000; Halanis and Plietz, 2007; Gilad and Gilad,
2000; Gilad et al., 2005; Olmos et al., 1999; Wang et al,, 2006; Zhu
et al,, 2003, 2008; Taksande et al, 2010, Taksande et al, 2013). In addi-
tion, it augments the release of insulin from pancreatic p3-cells (Sener
et al., 1989), leuninizing hormone-releasing hormone (LHRH) from the
hypothalamus (Kalra et al, 1995) and gastrin secretion. Several reports
indicated that agmatine may be a useful substance in the treatment of
number of CNS disorders ranging from pain to substance abuse and
dependence. Few studies have demonstrated its orexigenic activity

* Corresponding suthor. Tel! +91 7109 288650, fax: +91 7109 287094
E-mail address: nadulaotagale@gmaidl com (NR Kotagale)
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0091-3057/0 2015 Published by Elsevier Inc.

agmatine may be an additional regulator of feeding behavior (Taksande
et al, 2011; Prasad and Prasad, 1996). However, the role of agmatine in
infection associated anorexia and sickness behavior remains poorly
investigated.

Sickness behavior is a behavioral complex induced typically by infec-
tions, inflammation, tissue injury or immune trauma and mediated by
proinflammatory cytokines such as interleukin (IL)-1, IL-6 and tumor
necrosis factor (TNF)-cu Its characteristic features include anxiety,
anorexia, depressed activity, hyperthermia, loss of interest in usual ac-
tivities and sleepiness etc. (Becskel et al., 2008). In experimental ani-
mals, sickness behavioral response can be induced by administration
of gram negative bacterial component, lipopolysaccharide (LPS) re-
leased during sepsis or severe infection, Importantly, Sastre et al,
(1998) reported that LPS reduces endogenous agmatine levels by stim-
ulating its degrading enzyme, agmatinase and/or inhibiting stimulatory
enzyme ADC. The results of recent studies that agmatine suppresses LPS
induced hyperthermia, hepatic failure (Aricioglu and Regunathan,
2005; El-Agamy et al, in press) and NO synthesis in cultured microglia

(Abe et al., 2000) indicated its role in sickness behavior, Considering 77

the presence of agmatine in brain system known to be involved in
food consumption, inflammation, pain, anxiety and depressive behavior
(Taksande et al., 2009, Taksande et al, 2010; Fairbanks et al, 2000) we
hypothesized that agmatine would prevent responses to infection such
as sickness behavior. This study investigated the effect of agmatine on
various indicators of sickness behavior including anorexia, hyperther-
mia, anxiety, depression, and body weight changes following ip.

Biochem Behav (2015), hitp://dx.doi.org/10.1016/. pbb-2015.02.013
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ARTICLE INFO ABSTRACT

Article history: Agmatine is a cationic amine formed by decarboxylation of i-arginine by the mitochondrial enzyme
Received 13 August 2013 arginine decarboxylase and widely distributed in mammalian brain. Although the precise function of
Received in revised form endogenous agmatine has been largely remained unclear, its exogenous administration demonstrated
4 February 2014 beneficial effects in several neurological and psychiatric disorders. This study was planned to examine

Acceptnd 23 Febuaary 200 the role of imidazoline binding sites in the anticompulsive-like effect of agmatine on marble-burying

behavior. Agmatine (20 and 40 mg/kg, ip), mixed imidazoline |,u; agonists clonidine (60 pg/kg, ip) and

Keywords: moxonidine (0.25 mg/kg. ip) and imidazoline I agonist 2- BFI (10 mg/kg. ip) showed significant
Agmutine inhibition of marble burying behavior in mice. In combination studies, the anticompulsive-like effect
IM"“’" m’f‘ behavior of agmatine (10 mg/kg ip) was significantly potentiated by prior administration of moxonidine (0.25 mg/
midazoline binding sites ~ ¢ 2 P
Obiestive isive disordes kg. ip) or clonidine (30 pg/kg,) or 2-BFI (5 mg[k_g, ip). Conversely, efaroxan (1 qlg/kg, lp).. an I,' antagonist
and idazexan (0.25 mg/kg. ip), an I, antagonist completely blocked the anticompulsive-like effect of
agmatine (10 mg/kg ip). These drugs at doses used here did not influence the basal locomotor activity in
experimental animals. These results clearly indicated the involvement of imidazoline binding sites in
anti-compulsive-like effect of agmatine. Thus, imidazoline binding sites can be explored further as novel
therapeutic target for treatment of anxiety and obsessive compulsive disorders.
© 2014 Published by Elsevier BV.
1. Introduction and Regunathan, 2000). It is a metabolite of 1-arginine via arginine

decarboxylase and hydrolyzed to putrescine and urea by agmatinase Q5
(Reis and Regunathan, 2000; Halaris and Pietz, 2007). Besides its
function to regulate formation of intracellular polyamines, agmatine

Obsessive compulsive disorder (OCD) is characterized by recurrent
and persistent thoughts, impulses or images (obsessions), andjor

repetitive, seemingly purposeful behaviors (compulsions), e.g., doubt-
ing, checking and washing (Rasmussen and Eisen, 1992; Sasson et al,
1997), Although OCD is classified as an anxiety disorder, patients with
OCD demonstrate a high incidence of comorbid depression (Sasson et
al, 1997). The first line therapy of OCD includes selective serotonin
reuptake inhibitors (SSRIs) to which 40-60% of the patients did not
respond satisfactorily (Pallanti and Querciol, 2006), Refractory
patients, however respond to antidopaminergics and N-methyl-o-
aspartate (NMDA) receptor antagonists (Denys, 2006), suggesting that
multiple neurotransmitters are probably involved in the regulation of
compulsive behavior.

Agmatine [4- (amino butyl) guanidine| is an endogenous amine,
widely present in mammalian brain and proposed as a novel
neurotransmitter in the central nervous system (LI et al, 1994; Reis

* Corresponding author, Tel: 491 7109 288650; Lax: 491 7109 287094,
E-matl address: nandukotagale@gmail com (NR. Kotagale).

hitp:|{dedotorg/10.1016/).cjphar 204,02 045
00142999/ 2014 Published by Elsevier BV

has been ascribed roles in several biological processes like neuropro-
tection (Olmos et al, 1999), chronic pain (Onal et al, 2004; Kotagale et
al, 2013), epilepsy (Bence et al, 2003), stress (Zhu et al, 2008),
depression (Zomkowski et al, 2002), schizophrenia (Kotagale et al,
2012) and modulation of addictive behavior (Kotagale et al, 2010;
Taksande et al. 2010). The localization of agmatine like immunor-
eactivity has been demonstrated in several brain regions implicated in
the regulation of anxiety-like behavior including amygdala (Otake et
al. 1998). Moreover, numerous studies have demonstrated its anxio-
Iytic profile in rodents (Lavinsky et al, 2003; Gong et al, 2006).
Likewise, agmatine was also effective in the marble-burying paradigm
and decreased the number of marbles buried (Krass et al, 2010).
However, the exact mechanism of its anxiolytic action has largely
remained elusive.

Agmatine is a biologically active substance and considered as
an endogenous ligand ar I,/l; imidazoline binding sites. Brain
regions that regulate endocrine and affective functions have
abundant imidazoline binding sites and their endogenous ligands

Please cite this article as: Dixit, M.P, et al, Imidazoline binding sites mediates anticompulsive-like effect of agmatine in marble-burying
behavior in mice. Eur | Pharmacol (2014), http!//dx.doi.org/10.1016/)eiphar.2014.02.045
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Neuropeptide Y in the central nucleus of amygdala regulates the anxiolytic effect of agmatine in
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KEYWORDS Abstract

Agmatine; In the present study, modulation of anxiolytic action of agmatine by neuropeptide Y (NPY) in
Neuropeptide Y; the central nucleus of amygdala (CeA) & evaluated employing Vogel's conflict test (VCT) in rats.
Central nucleus of The intra-CeA administration of agmatine (0.6 and 1.2 umol/rat), NPY (10 and 20 pmol/rat) or
amygdala; 5 NPY Y1/Y5 receptors agonist [Leu™, Pro**]-NPY (30 and 60 pmol/rat) significantly increased the
number of punished drinking licks following 15 min of treatment. Combination treatment of
subeffective dose of NPY (Spmol/rat) or [Leu™, Pro™]-NPY (15pmol/rat} and agmatine
(0.3 umol/rat) produced synergistic anxiolytic-like effect. However, intra-CeA administration
of selective NPY Y1 receptor antagonist, BIBP3226 (0.25 and 0.5 mmol/rat) produced
anxiogenic effect. In separate set of experiment, pretreatment with BIBP3226 (0.12 mmol/
rat) reversed the amxiolytic effect of agmatine (0.6 pmol/rat). Furthermore, we evaluated the
effect of intraperitoneal injection of agmatine (40 mg/kg) on NPY-immunoreactivity in the
nucleus accumbens shell (AcbSh), iateral part of bed nucleus of stna terminalis (BNST1) and
CeA. While agmatine treatment significantly decreased the fibers density in BNSTI, increase was
noticed in AcbSh. In addition, agmatine reduced NPY-immunoreactive cells in the AcbSh and
CeA. Immunohistochemical data suggest the enhanced transmission of NPY from the AcbSh and
CeA. Taken together, this study suggests that agmatine produced anxiolytic effect which might
be regulated via modulation of NPYergic system particularly in the CeA.

© 2013 Elsevier B.V. and ECNP. All nights reserved.

*Correspondence to: Department of Pharmaceutical Sciences, R. T. M. Nagpur University Campus, Amravati Road, Nagpur 440033,
(Maharashtra), india. Tel.: +91 9850318502; fax: +91 712 2500355.
E-mail address: kokaredada@yahoo.com (D.M. Kokare).
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ARTICLE INFO ABSTRACT

Article history: Agmatine is a cationic amine formed by decarboxylation of t-arginine by the mitochondrial enzyme
feceived 13 August 2013 arginine decarboxylase and widely distributed in mammalian brain. Although the precise function of
Recerved m revised form endogenous agmatine has been largely remained undear, its exogenous administration demonstrated
ANy MM beneficial effects in several neurological and psychiatric disorders. This study was planned t examine
fcepted 23 Fetmsry 2014 the role of imidazoline binding sites in the anticompulsive-lke effect of agmatine on marbée-burying
behavior. Agmatine (20 and 40 mgfkg. ip), mixed imidazoline |, s, agonists clonidine (60 pg/kg, ip) and
Keywords: maxonidine (025 mg/kg, ip). and imédazofine L, agonist 2- BA (10 mgfkg, ip) showed significant
Agmatine inhibition of marble burying behavior in mice. In combination studies, the anticompulsive-like effect
Mlahie "“’Y;‘fm“‘“:"‘l;s of agmatine (10 mg/kg. ip) was significantly potentiated by prior administration of maxonidine (0.25 mgf
ot » e kg, ip) or clonsdine (30 pgikg ) or 2-BH (5 mg/kg. ip}. Conversely, efaroxan (1 mgikg, ip). an 1, antagonist
and dazoxan (025 mg/kg ip). an L antagonist completely blocked the anticompulsive-like effect of
agmatine (10 mgfkg ip). These drugs at doses used here did not influence the basal locomotor activity in
experimental animals: These results dearly indicated the involvement of imidazoline binding sites in
anti-compulsive-fike effect of agmatine. Thus, imidazoline binding sites can be explored further as novel

therapeutic target for treatment of anxiety and obsessive compulsive disorders.
& 2014 Published by Elsevier BV.
1. Introduction and Regunathan 2000) It is a metabolite of t-arginine via arginine

decarboxylase and hydrolyzed to putrescine and urea by agmatinase Q5
(Reis and Regunathan 2000: Halans and Piletz, 2007). Besides its

function to regulate formation of intraceflular polyamines, agmatine

Obsessive compulsive disorder (OCD) is characterized by recurrent
and persistent thoughts, impulses or images (obsessions), and/or

repetitive, seemingly purposeful behaviors (compulsions), eg., doubt-
ing, checking and washing (Rasmussen and Eisen, 1992; Sasson et al,
1997). Although OCD is dassified as an anxiety disorder, patients with
OCD demonstrate a high incidence of comorbed depression (Sasson et
al, 1897 The first line therapy of OCD includes selective serotonin
reuptake inhibitors (SSRIs) to which 40-60% of the patients did not
respond satisfactorily (Pallanti and Quercoli, 2006). Refractory
patients, however respond to antidopaminergics and N-methyl-o-
aspartate {NMDA) receptor antagonists (Denys, 2006). suggesting that
muitiple neurotransmitters are probably involved in the regulation of

Agmatine {4- (amino butyl) guanidine] is an endogenous amine,
widely present in mammalian brain and proposed as a novel
neurotransmitter in the central nervous system {Li et al. 1954; Reis

* Corresponding author. Tel: 491 7109 288650; fax: +91 7100287034
E-muoil address; nandulntagade@smailcom (NR Kotagalel

hrp:fjdx docong/10.3016{ ephar 2014 00 045
0O14-2999)c 2014 Published by Esevier BV,

has been ascribed roles in several biological processes like neuropro-
tection (Ofmos et al, 1992, chronic pain (Onal et al, 2004; Kotagale et
al. 2013), epilepsy (Bence et al, 2003), stress {Zhu e al, 2008),
depression (Zomkowski et al. 2002), schizophrenia (Kotagale et al.
2012) and modulation of addictive behavior (Kotagale et al, 2010:
Taksande et al., 2010) The localization of agmatine like immunor-
eactivity has been demonstrated in several brain regions implicated in
the regulation of anxiety-like behavior induding amygdala (Otake et
al_ 1998). Moreover, numerous studies have demonstrated its anxio-
Iytic profile in rodents (Lavinsky et al, 2003; Gong et 2. 2006}
Likewise, agmatine was also effective in the marble-burying paradigm
and decreased the number of marbles buried (Krass et al. 2010).
However, the exact mechanism of #s anxiolytic action has largely
remained elusive.

Agmatine is a biolegically active substance and considered as
an endogenous ligand at I;/l, imidazoline binding sites. Brain
regions that regulate endocrine and affective functions have
abundant imidazoline binding sites and their endogenous ligands

Please dite this article as: Dixit, M_P. et al. Imidazofine bi

binding sites mediates anticompulsive-like effect of agmatine in marbie-burying
behavior in mice. Eur | Pharmacol {2014), http:/idwdoi.org/10.1016/j.ejphar2014.02.045
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ARTICLE INFO

ABSTRACT

Article history: The potent orexigenic peptide neuropeptide Y (NPY) has been considered as 2 possible endog: ligand
Recetved 26 September 2013 for a subpopalation of sigma receptors (SigR). However, their mutual interaction with reference to feed-
Accepted 24 Febeuary 2014 ing behavior remains poorly understood. In the present study. we explored the possible interaction
#vaitable snline 4 March 2014 between sigmal receptors (Sig1R) agonist, pentazocine, and NFY on food intake in satiated rats. While
pentazocine dose-dependently reduced the food intake, NPY significantly increased it at 2,4 and 6 h post
Keywonis: injection time points. In combination studies, pretreatment with NPY (0.1 nmol/rat, intra-FVN) normal-
z“"'“"‘" . ized the inhibitory effect of pentazocine (60 pgfrat, intra-PVN) on food intake. Similarly, pre-treatment
Food intake with pentazocine (30 pglrat, intra-FVN) significantly antagonized the orexigenic effect of NPY (0.5 and
Hypothalamus 1.0 nmelfrat. intra-PVYN). Moreover, pentazocine treatment decreased NPY immunoreactivity in arcuate
immunchistochemistry (ARC), paraventricular (PYN) dorsomedial (DMH) and ventromedial (VMH) nuclel of hypothalamas.
However, no change was observed in lateral hypothalamus (LH). Study implicates the reduced NFY
immunoreactivity for the anorectic effect observed following pentazocine ingections. Therefore, the
concomitant activation of the NPYergic system along with the SigiR agonest treatment may serve a useful

purpose in the management of the unwanted side effects related to energy homeostasis.
© 2014 Elsevier Ltd. All rights reserved.
1. Introduction (PFA), ventromedial (VMH) and dorsomedial (DMH) nuclei and to

Appetite regulation is a complex process involving the interac-
tions between number of neuromodulators and neurotransmitters
(Cooper and Sanger, 1984; Levine et al, 1985; Mandenoff et al.,
1984) and controlled by a superfluous mechanism related to a vari-
ety of central and peripheral systems. Within the central nervous
system neuropeptide Y (NPY), agouti related protein (AGRP), co-
caine- and amphetamine-regulated transcript peptide (CART) and
other peptidergic cascade system plays important role in control-
ling the appetite (Lambert et al., 1998; Satoh et al. 1997). Several
lines of evidence suggest a role for central NPY in the regulation of
food intake and body weight, NPY Is the most powerful central en-
hancer of appetite (Kalra et al. 1991; Kask et al. 1998; Kageyana
et al, 2012; Kohno and Yada, 2012; Pedrazzini et al, 2003) Its
expression is predominant in arcuate nucleus of hypothalamus
{ARC) and projects to second order neurons located in paraventric-
ular nucleus (PVN), lateral hypothalamus (LH), perifornical area

* Corresponding author. Tel.: +91 7109 283650; fax: +91 7109 287094
E-mod address: naschdotagabe@pmailcom (B.G. Taksande)

hetp (e dotong/ 10 10165 npep 201 4,02 0
01434179/ 2014 Elsevier Ltd. All rights reserved,

other brain regions {Sousa-Ferreira et al. 2011; Mahaut ot al
2010). Feeding related and other effects of NPY predominantly
Involves its interaction with Y1 receptors while few lines of inves-
tigations have suggested that affinity for sigma receptors (SigRs)
also contribute to some of the biological effects of NPY (Ault and
Werling. 1998; Boochard et al, 1993; Meurs et al. 2007)

Sigma receptors {SigRs). a distinct class of receptors, are not
members of the opioid receptor family (Vaupel 1983 Steinfels
et al. 1987) Recent evidences suggested two subtypes of SigR,
while SigiR has high affinity for {+) isomers of benzomorphans
and haloperidol, Sig2R shows slight preference for the (-} isomers
of benzomorphans and possess high affinity for haloperidol
(Banister and Kassiou, 2012) High densities of SigIR binding sites
are found in limbic structures, including PVN in hypothalamus
(Contreras et al., 1987; Mclean and Weber, 1988).

Tam and Mitchell (1991) reported that NPY did not bind to SigR
under different binding conditions including different tempera-
tures, membrane preparations, protease inhibitor and sources of
the peptides. Later it has been proposed that NPY may be the
endogenous ligand at a subpopulation of SigRs and competes for
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HICGHLIGHTS

* Agmatine attenuated the acquisition of nicotine-induced CPP,

® NPY and [Lew®, Pro™ |-NPY potentiated the inhibitory effect of agmati
* BIBP3226 blocked the effect of agmating on nicotine induced CPP,

* Agmatine modified NPY-immunoreactive profile induced by nicotine.

ARTICLE INFO ABSTRACT

Arricle history:

Received 21 September 2013

Received in revised form 6 fanuary 2014
Accepted 10 January 2014

The purpose of the present study was to examine the effect of agmatine on mcotine induced conditioned
place preference (CPFP) in male albino mice, Intra-peritoneal (#p) administration of nicotine (1| mg/kg)
significantly increased time spent in drug-paired compartment. Agmatine (20 and 40 mg/kg. ip) co-
administered with nicotine during the 6 days conditioning ions ¢ fetely abolished the acquisition

dvesfiahis entiag 16 Jromaty JOVS of nscotine-induced CPP in mice. Concomitant administration of newropeptide Y {NPY) (1 pg/mouse, kcv)
- or [Leu™, Pro™ |-NPY (0.1 pg/mouse, icv), selective NFY Y1 receptor agonist potentiated the inhibitory
m effect of agmatine (10 mg/kg. ip) on nicotine CPP. Conversely, pretreatment with NPY Y1 receptor antago-
T nist, BIBP3226{0.01 ng/mouse, icv) blocked the effect of agmatine {20 mg/kg, ip) on nicotine induced CPP.
Agmatine In immunchistochemical study, nicotine decreased NPY-immunoceactivity in mxleus accumbens shell
Neuropepeide Y (AchSh), bed nuclens of stria terminalis, lateral part (BNST), arcuate nocleus (ARC) and paraventricular
nucleus (FVYN). Conversely, administration of agmatine prior to the nicotine significantly reversed the
effect of nicotine on NPY-immunoreactivity in the above brain nuclel, This data indicate that agmatine

attenuate nicotine induced CPP via modulation of NPYergic neurotransmission in brain,
© 2014 Elsevier BV. All rights reserved
1. Introduction Neuropeptide Y (NPY), a 36 amino acids peptide, binds to five

Nicotine, a major psychoactive constituent of tobacco induces
conditioned place preference (CPP) and facilitates intracranial
self-stimulation in experimental animals |5.14]. It mediates pos-
itive reinforcing effects via the activation of central nicotinic
acetylcholine receptors (nAChRs). Behavioral effects of nico-
tne including addiction are regulated through its interactions
with multiple neurotransmitters receptor systems in different
brain areas [10.47]. However, the molecular mechanism respon-
sible for its rewarding effect and its dependence is still poorly
understood.

* Corresponding author, Tel: «91 7100 288650: fax: +31 7100 287084,
E«maoil address: beyeshtakande@gmalcom (B.C. Taksande ).

0166-4328[$ - see froot matter © 2014 Edsevier B.V. All nghts reserved
http//idcdocarg10.1016/). bbe. 201401 D04

receptor subtypes (Y1, Y2, Y4, Y5 and y6) and plays a crucial role in
feeding | 7|, depression [ 15], convulsion |24 and anxiety (6], Fur-
thermore, several studies have suggested a role of NPY in addiction
to drugs of abuse, including nicotine. NPY is abundantly expressed
in numerous brain areas involved in regulation of addictive process
Including ventral tegmental area (VTA) and nucleus accumbens
(Acb) [11). Number of studies has suggested the existence of
interaction between nicotine and NPYergic systems. Nicotine
administration dose-dependently increased NPY mRNA levels and
NPY immunoreactivity in hypothalamic nucles and down regulates
NPY Y1 receptors | 231 Moreover, NPY and NPY Y1 receptor agonist
attenuated abdominal constriction following nicotine withdrawal
[33]. Recently, Nakhate et al, [27] demonstrated that, NPY in the
hypothalamic arcuate nucleus {ARC) and paraventricular nuclei
(PVN), plays an important role in the regulation of acute, chronic
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ABSTRACT

Objoctives: Weo aimed to davelop, compare and optimise rapid and high yield extraction method for saponings of Safed
muyli using conventional extraction techniques and as well as modern microwave assisted solvent extraction method,
Materlals and methods: Roots of Safed musl (Chiorophytum borivilfanum) are extracted by maceration, soxhlet,
sonication and microwave methods, Extract further fractionated 1o obtain total saponins, Microwave assisted solvent
axtraction (MASE) method is optimised using Taguchi L9 orthogonal array design. Total saponing are estimated by
High Performance Thin Layer chromatography (HPTLC) from all extracts obtained by different methods, Results:
Factors namely temparature, irradiation time, irradiation power and powder size which potentially affects extraction
sificlency are considerad while optimizing MASE by statistical orthogonal artay design procedurs and saponing are
quantified using HPTLC. Under daveloped optimum conditions, MASE showaed significantly higher yield (5,11%) and
drastic raduction in extraction time (4 min) than conventional extraction methods, Conclusion: Saponing of Safed musk
shown highest yield In MASE and then maceration, soxhlet and sonication followed. The developed and optimised

method of saponin extraction by MASE can have huge industrial spplications after scale up.

Key words: HPTLC, Microwave assisted solvent extraction, Maceration Saponina, Orthogonal test L9 (34)

Sonication, Taguchi Design,

INTRODUCTION

In Ayurveda, Siddha, Unanl, Safedd murdi roots are very
popular and well known for its aphrodisiac as well as
immunc-modulatory sctivity and hence it is important
ingredient of 50 Ayvurvedic and Unani preparations, Sufed
musdi s also one of the impormnt ingredients of very
popular and useful Ayurvedic formula-Chyawanprash,
Thirteen specles of Chlamphytion, reporred from India, sold
w8 Safed muddi'in the Indian deug market, From research it
is confirmed that the therapeutic eftects of Safed marki are
duc to the presence of large amount of saponins, Among all
specics, Chlorophytum boripiliamam produces the highest yicld
and highest saponin content, Its International drug market
value is more than 300-700 tons per year, But factors like

poor seed germination and dormancy are affecting uniform
supply of this mushi in market.! A solution to overcome

210

such situation is the development of Rapid and high vield
extraction method In order to obtain valuable metabolites,
Traditionally the very common method for extraction
of this saponin has been Soxhler extracnon, Bur the Soxhle
extraction methoed requires long heatdng dme, bulk amount
of organic solvents which again involves high risk of thermal
decomponsition of drug substances and pollution.” Despite
of large preference to this method, researchers needs new
fast and reliable methods of extraction. Microwave assisted
Solvent extruction’ offers simultancous heating of sample
matertal and solvent 1o obrain improved yviekd, The principle
of MASE depends on dielectric propertics of the solvent
us well as of marnx where cell bursting is caused due o
localized internal superheating followed by penetrnton
of salvent into matrix and thus dissolution of the active
components,” This surely enables improved and selective
extraction of active phytochemicals with less time.* Hence
the present work is reporting a new MASE method for

fast and efficient extraction of Saponins from the roots of

Cldoraploytua borisiliannme snd comparison with conventional
extraction techniques und optimization using Taguchi 1.9
orthogonal array design.*

Proog J | JukAug 2016 | Vol 7 | ksue 4
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INTRODUCTION

Emuldons are dispersions made up of rwo immiscible Uquid phases
which are muxed wsing mechunical shear and serfactant Amphiphilic
surface-active molecules are called s ‘surfactants’ which ase respoesible
to reduce naturally existing attractive forces i the loem of surface ten.
sboa ' Chotce of surfactanst on the hasts of hydsophilic-lpophilic balance
(HLY) valoe or critical packing parameter (CPF) helps 10 develop de-
sired emoddon. Surfactants with kow HLB"" values as shown o Figure
1 are aeeful to form W/O enustdon end that of with high HLB values* *
are wied 10 form OYW emlalan,** cttical packing parameter (CPP) s
ratlo of hydrophilic aad hydrophobic parts of surfactant molecule. CPP
akio gives Idea of natuse of spgregates.” recently two new concepts are
emerged in emulslon that 3 as follows

Micro-emadcion is ciear, thermodymamscally stable, sotropic liquid mix-
ture. It is prepared by using ofl, water, surfactant aod a co-surfactam. It
Incorpocutes very small size particles up to naso stee s comparad 10
comentional emulsten ™ IUPAC defines macro-eslsion as disperson
made of water, ofl, and surfactan(s) tha & an sotropic and thermo-
dynamically stable system with dispersed domain dumeter varying ap-
peoximatedy from I to 100 s, eally 10 80 50 nm** Naso-emustsons
are very similar to micro-emulsioes that are dispessioms of nano scale
particles but obaained by mechanical force unlike o micro-emuldons
which forms spostaneoesdy. ™

1.4.2 Emulsion

Emuldons are dispersions made up of two immiscible Uquid phases
which are mixed using mechanical shear and suefactant Partidle size of
this comventional esmulslon grows coetinuoady with tne and hence fi-
ally separation occurs al gravitational force thus these emulsions are
thermodynamically usiable.

Theodes: According to the serface- tensivn theary of emulsification, the
emulsifiers or stubllizees Jower the Interfacial tenson between the two
lenmiscible Bguids, reducing the sepellent force between the two lig-
wids and diminsching the attraction hetween the molecules of the same
liquid* The oelented-wedge theory assumes the formation of oono-
mwlecalar laens of the enudiifying agent which ase aarved around the
droplet of the internad phase of s eedaon. This theory s based an the
presumption that certabn estulsifytng agents orient themsedves arcund a
liguid deoplet in 2 manner reflecrive of their solubility in that particular
ligesid. The plastic -or Interfacial-film theory describes that the emalsity-
Iy agent 1s Jocated wt the boundary between the water and ofl, form.
legg a thin film by being adsorhed onto the surface of the bmernal phase

Systematic Reviews in Pharmacy, Yol 8, lssue 1, Jan-Oec, 2017
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dropless. The Alm avoids the contact and subsequest coalescence of the

dispersed phase; a tougher and more pliable film will result n greses

physical sabidity of the emusdon *

o Swrface bevatant theory- this theory assumes that, when surface tension
Between two phases lessend then emulsion can be formed

o Repoliten theory. this theory explatas a phenomence by which emul.-
sifying agest forms 4 films comtaining ghobules an oane of the bumis-
cible phases with abiliry to reped each ather Thas immiscible ghobules
remaln suspended In the dispersion medium due to these repulsive
forces.

o Visasity modification. sccoeding 1o this theory emulsifying agents
rabses viscosity of the medium and thas nslicible viscows suspension
of globales is formad

Types’

Fallowing are different types of emalions
Wates-tn.all {wha)

Otl-dn-water {o'w)

Water-tn.all-ln-water {win/'w)
Oll-tn-water-knal {a/wio)

Methods of preparations*

+ Dry Gum Method: Tritarate mixtuee of eoalsifier and oll wath adis-
tioa of watzs which will foce primary emuldon. Further add water to
dilute snd mix comttssensly to form emulsion.

+ Wet Gum Method: Initally triturate oil with water and then with
emalsifier to form primary emulsion. Fusrther add water, dilute and
mix 1o form emulsion.

+ In Sitw Soap Method: Take ol and lime water {calcrm bydroxide so.
haion}. Mix with stirring to form emulsion.

+ Mechanical Method: Take ol water aod emulsifier together, mix well
and stir by machine 10 form emalsgon

Advantages®

+ "To salubilise hydrophobic or oll soluble drugs

+ Toeshance drog absorptian throogh

+ Toenhance toplcal absorption of drugs

+ To mask the disagree able tiste and odour of drugs
« To eshance palatability of nutriesst oils
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ABSTRACT

Sunlight despite of source of life and anargy creating major health chal-
langes ke sunburn, pgmantaton, wrinkies, dermatitis, urticatia, sgeing,
SUPP! and ber of skin cancers too, Sun protectve
clothes and or sunglasses provide insufficient and iess convenient
approach 10 get nid of all thess health hazards So sunscreen pratection
is popular mean among various regions of world Present article have
summarize types and classification, regulations, 1eeminologies, evalus-
tion methods, labehng, dosage and controversias of sunscreens, Natural
chomical classes ke phenolics itannins. flavonoids), carotencids, wia-
mins, oils are also discussod.

INTRODUCTION

In India, cosmetic is defined as any article intended to be rubbed, poured,
sprinkled, or sprayed on, or introduced into, or otherwise applied to the
human body or any part thereof for cleansing, beawtifying, promoting
attractiveness or altering the appearance, and includes any article
intended for use as a component of cosmetic.' Now-a-days one cosmetic
product category sunscreen have gain wide popularity due to additional
health benefits apart from beautification ™ Either separate sunscreens or
many other sunscreen loaded cosmetic products for skin care, halr care,
lips care and eye care are available in market.” This review is tried to
summarize all possible issues related to sunscreens.

Ultra-Violet radiations and human skin®?

Ultraviolet (UV) radiation is defined as that portion of the electromag-

netic radiation lies between X-rays and visible light which is from 200 to

400 nm. This ultraviolet radiation comprises 3 categories depending on

wavelength as follows:

¢ UV-A Radiation: This radiation ranges between 320 to 400 nm.
UV-A is most responsible radiation for immediate tanning or dark-
ening of the skin due to excess production of melanin in the epidermis,
premature photo ageing, suppression of immunologic functions,
and even necrosis of endothelial cells and damage of dermal blood
vessels,

+  UV-B Radiation: This radiation ranges between 280 to 320 nm.
UV-B radiations are known as burning rays as they are 1000 times
more capable of causing sunburn than UV-A, UV-B rays act mainly
on the epidermal basal cell layer of the skin but more genotoxic
than UV-A radiations. Ultraviolet B (UVB) rays vary with time and
season are major cause of sunburn. Sunburned skin is a leading risk
factor for melanoma and non-melanoma skin cancer.

«  UV-C Radiation: This radiation ranges between 200 to 250 nm
UV-C radiations are filtered by stratospheric ozone layers so less
effective and hazardous,

The human skin is the largest organ of the body of surface area of

approximately 1.5-2.0 m2. Skin acts as effective barrier against the

harmful effects of envir tal and biotic agents.” " Among all
factor chronic exposure of UV radiations is key factor in instigation of

Ph 1
¥
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skin problems like cracks, burns, immune suppression, wrinkles, derma-
titis, urticaria, ageing, hypopigmentation, hyperpigmentation and most
complicated skin cancers,” Role of infrared radiations in skin damage
Is unclear.

Mechanism of photoreaction

Photo-oxidative mechanism depending on light-driven reactive oxygen
species (ROS) generation is now accepted to cause skin photoaging and
photocarcinogenesis.”” UVA rays mediated photo-oxidative damage
effectively reaches through the upper layers of skin into the human dermis
and dermal capillary system. Substantial protein and lipid oxidation
occurs in human skin epidermis and dermis together with 2 significant
depletion of enzymatic and non-enzymatic antioxidants in the stratum
corneum, epidermis and dermis. The immediate as well as persistent
pigment darkening (IPD or PPD) responses of human skin are due to
photo-axidation of pre-existing melanins and lts precursors respectively.
Also up-regulation of hemeoxygenase-1 (HO-1), ferritin, glutathione
peroxidase, Cu-Zn-dependent superaxide dismutase (SODI), manganese-
dependent superoxide dismutase (SOD2), and catalase occurs after solar
irradiation,"

UV rays contact initiates photo oxidative reactions to activate protein
kinase C enzyme and reactive oxygen species which further reacts
with protein lipids and DNA to form cyclobutane pyridine dimmers.
This leads to erythema, edema, skin sunburn and cell spoptosis. UV
irradiation activates cell surface growth factor and cytokine receptors on
keratinocytes and fibroblasts in human skin, critical in the regulation
of cell proliferation and survival." UV-driven formation of H202 regu-
lates the tyrosine kinase activity of the epidermal growth factor receptor
(EGF-R) and emerging cvidence suggests the inhibition of protein
tyrosine phosphatases as a consequence of UV-induced ROS formation.
According to response to sun radiation Fitzpatrick’s skin type classifica-
tion" is most popular for decision of types of skin:

Protection:

Use of physical barriers™ 1o sunlight like sun protective clothing, sun-
glasses, hats, umbrella, shade and possible avoidance of sunlight can be

m
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ABSTRACT

Tiaditional oral dosage forms prone to first pass metaboksm end degra-
dation due 10 enxymes but mucoadhesive 1lims sble 1o bypass lust pass
metabokam and relsted degradation It also offers more patient comphance
without nisk of chocking in case of peodiatric and geriatric patents. Present
roviow has summarised basics of mucoadhesion, composition, method of
preparation, characterisaton parameters, advantages and disadvantages of
buccal mucoadhesive films

INTRODUCTION
Drugs are normally administered by following routes through various
dosage forms:'

Site Administration Dosage forms
Oml Through the mouth Powders, blet,
capsules, granules,
solutions. suspensions,
syrups, emulsions
Topscal Skin Creams, lotions,
aintments, gels,
solutions, suspensians,
Parcateral Subcutancous, intramuscular,  Solutions, suspensions,
intravenous emulsions
Trans-mucosal Nasul, Buccal fsublingual, Tablet, gels, emulsions,

vaginal, ocular and rectal films, suppositories
Nasal Inhalation Sprays, powders

Oral route is most preferred route of drug administration but solubility
and first pass metabolism sensitivity of drug are important characteristic
to be accepted by this route. Parental rout is painful drug administration
system. Topical drugs are limited for topical or local treatment only.'
High molecular weight drugs, poor skin penetrating drugs, poor water
insoluble drugs, and extensive first pass metabolism prone drugs need
alternative routes. Mucoadhesive route is becoming popular alternative
for most of the drugs.
Mucoadhesive drug delivery system through Buccal, sublingual, rec-
tal and nasal mucosa can be faster and systemic mode of non-invasive
drug administration to bypass first pass metabolism. Faster delivery and
enhanced bio availability of drugs is observed through mucoadhesive

Mucus membrane Surface aroa Thickness
Bucca™ 30 cm 500-300 pmy
NasaP~ 60 mm 150-200 ¢
Ocular™ 3-10 pm
Viuginal™* 610 10cm 310 pm
Rectal** 300 cm 10-20 em

Systematic Reviews in Pharmacy, Vol 8, Issue 1, Jan-Dec, 2017

Key words: Succal Mucosdhasive fiim, Tensile strength, Folding endus
ance, Solvent casting.
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administration.” Following are various mucondhesive drug delivery sys-
tems:

Mucus

A thin, continuous jelly layer of transparent and viscid discharge of epi-
thelial surface is called as mucus made up of glycol proteins located in
various body cavities from respiratory and gastrointestinal tract, This
mucus layer of thickness of about 50-450 pm in humans actually creates
adhesive interface for drugs.'®

There is continuous secretion of mucus to balance removal of mucus lay-
er during digestion, solubilisation and due to bacteria mediated degrada-
tion." Composition of mucus varies sccording to anatomical locations
but overall composition remains as shown in Table 1:

Table 1: Compaosition of mucus
Sr.no. Components " ""'"Im )
1 Water 490.95
2 Lipids 0,5-6.0
3 Minerals 1-1.5
1 Proteins 0515

This mucus layer performs following functions:"*'*
Protective: allows selective transport and protects epithelial surface from
acid diffusion through lumen
Barrier: allows selective absorption for drugs
Adhesion: mucus layer with cohesive properties allows firm adhesion
surface for molecules
Lubrication: moisture present in mucus provides lubrication to mucosal
layer

Mucus  Turnover
secretion/  timeof

day mucus
epitheliuny, basemsent membranc, and connective  800-1000  5-6 days
tissues ml

Layers

columnar celly, goblet cells, and basal cells 20 mL 10=15 mn
epathelium, Bowman's layer. stroms, Descemet’s 2-3 ul 15-20h
membrane, and endothelium
lamina propia and stratified squamous epithelium 14 ml 7 days
Epithelium consists of a single layer of cylindrical 3 ml 7 days
cells and goblet cells

N
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ABSTRACT

Nobvok! 5.2 thed-ganaranan batas dtenocoptor antaganat, it ditfrs from
other betaa drenoceptor an tagonssts as it combines highly seiectve beta
{1hadrenaceptor antagonist proparties with nisic aude-madated vesodh
lator acvons and tenefcal etfects on endothelal function, But this very
usehd drog use is beted due 10 dalknge of poar wather sclubikny J0.0403
moimil. Presant study cesis with enhancermant of solublity of Metnak/
by micro amwitsion technique. Vanows ks, surfactants, and cosurfactants
were uzed 1o thack sokbility of Medwobl Preudctermary phese dagrams
waer constnacted Luing various comtinations af ngredhents (0. of: surfoctam.
cosurfactant. Mioo emusion batches were prepared by phase titration
methad Developed micro emulson was evakined for vanous physica-
chemcal, stablity perameters, Wt and ewviho paramaters. Results
shawed stabin miceo emulson form of Nebvoky ireroved solubskey,

Keywords: Nebaokyl, Psaudo ternary phasa diagrams, Miro emusion,
Comstactant, S
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INTRODUCTION

Management of hypertension and beart failure with the help of beta.
blockers as antihypertensive playx critical role in reduction of cardiac
deaths.' Novel and highly cardio selective Netivolo! is a better beta
blocker in companison to other beta-blockers and hence mare effective
and preferved drug® Along with beta blocker effects, Nebivolo! is vaso.
dilator, anti-atherosclerotic agent and anti friabilator agent.! Hence, it
is very useful antthyperfensive drug diabetic and systalic hypertensive
patients and with known associated vascular diseases. But the oral
administration of drug Nebnolal causes gastruintestinal disturbances as
well as extensive first pass metabolism and thas faces challenges of poor
bioavailability. Hence to reduce first-pass metabolism and imprave hio
availabilsty lipid-based formulation in the form of micro emulsion i

prepared and found promising.**

MATERIALS AND METHODS

Pre-formulotion Studies

Pre- formulatson studies are preliminary stadies to understand physico
chemical behavior of a new drug and possible hurdles in dasage form
development. It generates supportive data jor necessary modifications to
desiyn, develop and evaluate formulation.

Solubility Study of Drug in Ol

To select the best ail for preparation of micro emulsion formaulation,
saturated solubslity studies were carried out in different oils, ie. soya
bean ail, castor ail, olive oil, labeafill 1944 and oleic acid etc. Excess
amount of drug i.e. Netrivolol added to the 200 mg of cach otl in glass vial.

Journal of Young Pharmacists, Vol 8, tsue 4, Oct-Dec, 2016

Government College of Pharmacy, Amravati

PICTORIAL ABSTRACT
K PN NN, F Oral weie
COL 0=
\;/'\,o.- f".\r..']/ \o/‘\\/ /
!.'I oM Extianar Frst Pam
Menbolu,
Ganie iedancy m wed
o wider wlhidy
. n
Tygroved swanadakty o v
el sdabday of = = Nod eace- slhesive
Wty Mer-arnasrs
oebirokd doty
Neazl drng defaeny

Tocowstu University, Vicwanagar, hunpenoy:, Rapsinen, INDIA
Fhone no: SEESTAE

Eamail shamutecrs 2 Oyahon oom

DOk 10 5530y 20064.11

Then allowed them to solubilize 1n sonxcator for 30 mun'" further
mixture containing vials were kept in orbital shaker for 72 hr. to from
homogenous mixture. This was done by preparing saturated salutions
of the drug in these oils and analyzing their drug content spectrophoto
metrically.

Surfactant and Co-Surfactant Screening

The final selection after solubdity analysis was done on the bass of HLB
value of co-surfactant. Amaong all surfactant screened, the highest solu

bilssation capacity was exhibited by Tween 80 (278289 mg/mL) followed
by Cremophor RH 40 (26,1842 mg/mi) and Labrasol (23.8815 mg/ml}

Tween 80 was therefore selected for further investigation, whale final
selection would rely on emulsification properties with co surfactant
mixtures, For solubility studies surfactants and co surfactants were
chosen from the GRAS (generally regarded as safe) category. Noasonic
surfactunts are reported to be less toxic than sonic surfactunts ™ Solubility
of Neltvolol in various surfactants and co surfactants is given in Figure 2

Optimization of formulation

Psewdo ternary phase diagrams were constructed using various combi

nations of ingredients Le. oil: surfactant: co surfactant. Surfactant and
co-surfactant were mixed (5: Co-s) in 2 ratio § mix (21, 12, 1:1)
In order to get concentration range of compoanent for the existing range
of miro emubsion region, oil and § _ were mixed in 2 19 to 9:1 ratio.
Conmidering turbidity or cloudiness as an end point, pseudo termary
phase diagrams were constructed by water titration method. Pseudo
ternary phase diagram is plotted by using Chemix software** After 24 h,
when mixture formed equilibrium at room temperature then evaluated
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ABSTRACT

Thus present research work deals with the development and svaluation of topical photo
protective formulation, contaleng antioxidant, wound healing, antl-inflammatory and
rather photo protective poly phanola kko curcumin, quorcatin, resveratrol and satranal,
The present rgsearch work provides stable natural photo protective formulation with
antioxadant potential, high SPF and mora important uniform UVA/UVE protection

Koy words: Sunscreon, Resveratrol, Quercetin, Curcumin, Safranad, SPF.

INTRODUCTION

From the dewn of mankind, Sun 1 source of life and
eneryy. But recent studies accepts sun as main culprit
of deleterions effects ncluding acute effects (e, winburn
and drug-tnduced photo toxicity) and chromic risks of
frequent sum ray exposuse ke sunburn, crack, melinoma
ad Prgmentation, cancer and immuoe sppresion. '
Sun rays are most harmiul environmental factor whach
affects skin, cause sun burn, kin cancers and phato
ageing. e to these harmiul effects of UV radiations
there is need to devdop sunscreen formulstion to heal,
prevent sun burn, suntan, skin cancer and premature
skin agemng and 10 increase Jeved of Sun Protection Factoe
The goul of sumcreen formulation & 10 hlock UV-
rays and increase the devel of protection from the
UV.rays. The key components of UV protection are
thvanolds, phenolic compounds of berbal oy due
to their UV rays absorption capacity in UV-A region
and their antioodant activity.' Cell mutation, DNA
damage. bormone aleration and ecreme B allergic
reactian are some adverse effects of the synthetic sun-
screen agents. Sumcreen formubations avallshle in
market don oot have properties ke wound healing,
anti-inflammatoey, cooling and anti-ageing, Again free
radical mediated skin damages cannot be cured until
and unless free radicel savengers are not avallabie in
photo protective products.”

Dyiring the market survey, it s found that there are
many sunscreen formulations availsble 10 markels
which are used in protection of skin from UV rays,
Various formubations have different sun protection
sctivity on basts of their efficacy of UV rays sbsarp
toa but maxtmum formulations are of high cost and
incorporated synthetic molecules are with potential
toxicity and even carcinogenesis ' Hence there s need
10 develop wnd evaluste effective and wle sunicreen
product which can give solution to wnburn, wounds,
cracks, wrinkles, premature ageing and antioxidant

Government College of Pharmacy, Amravati

ingredients to help in protection of long term dam
aging effects of sunrayy mediated free radicals
Curcumin, quercetin, resveratrol and safranal belong
to dass of poly phenolics and are potent antioxi
dants as well 2 phuto protective. But additlonally
curcumin i wound healing. antiseptic. quercetin
i anticancer, resverateal is antiaging and safranal
is emollient.” "' S0 sunscreen product incorporated
with these ingredients can give desired ull-in-ome
product

Curcumin (dfernloylmethane) 1 2 yellow odor
less pagment lolated froem the rhlzome of turmeric
(Carcumur limgwe). Carcumin posesses anti-inflam-
matory, antitumoral. and antioxdidant propertics, It
has been found that topical application af curcumin
In epidermis of CD-1 mice significamly inhibited
UVA-indixed omithine decarbosyluse oendthine
devarboxylase (ODC) activity. The inhibdtory effeces
of curcumin were attributes! 10 its alnlity 10 scavenge
rezctive oxygen species reactive axygen species
(ROS). Curcumin can prevent UV irradiation.
Indoced apoptotic changes in human ephdermold
car¢moma A431 cell

Quercetm s palyphenolic compound present in
v wpecies shows ‘llun’ lusune |\|--¢lubl|n"\
sntioxidant, antr-inflammatory effects and act as a
Quercetin and rutin were tested 2s potential topical
sunscreen factors in human beings and found
provide protection in the UVA and UVE range*
Resveratrul is chemically fat soluble stilbenes belong
to polyphenalic class. It is of trans and a cis config
nrathon, |t ucts as a poleat antincklant and s well
snticancer und anbi-inflammatory.”*

Safranal, an onganie wromatc compound present
in stigmas of crocus Bowers (Crocus satfvin). I
exhibrits high antioxidant and free radical scavenging
efficacy. It 1= alse found to be anticancer.”
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respecvey, which onfims s pote anticancer acton The el ofthe prsent study e an expermental prof tht he §C ”““ i ﬂll
et e synthesed s conk srve s prommiig aniamer sty reeome B o eog covention. e’
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Optimization of Gastroadhesive System for Narrow Absorption Window Drugs Using Natural
Polymers

Article Defails

OPTIMIZATION OF GASTROADHESIVE DELIVERY SYSTEMFOR NARROW ABSORPTION
WINDOW DRUG USING NATURAL POLYNERS

Shende MA* and Marathe RP

Denariment of Phamaceutcs, Govemment College of Phamacy, Kainora Naka, Amraval, Maharashira - 444 804 ndia E-mal
Shende_muchandgredt com

JBSTRACT
A system comprising mechanisms of gasirc refenfion by gasroadhesion has besn mvestigatad employing combinaton of hioicus
esculentus muclage and kanthan gum for ifiazem hycrochlonide. Varous formulatons of difiazem ydrochloride were prepared by
el qranulefion technique (sing Box-Befnken aporaach and were tested for compatioiy, sweling benaviour Invir drug relesse
mucoadhesive strength and acceierated stafilty. The parcent cmulative drg release at i i (Y1), me torelease 80 % of drug
(Y2 mucoadhesive strengih Y3) and mucoadnesive fme (Y] were used 25 te fomulaton responses i onder fo opfimize fhe
fomuaton. The accelerated stabiy studes revealed hat te tablets refained el characterisics even after siressed sorage
condidons. The LT mucoadnesive matrces were 4999 my hioiscus esculentus muclage, 44.97 ma vanthan gum and 445 fon
compression {oad fUiled e optmalcreria of best sustained release rae and bioadhesive charactenstics wit 0% of 751, O
07 89,83 % and Dioadhesive strengih of 2214
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RESEARCH ARTICLE

Development and Optimization of Oral Gastroadhesive Matrices for
Diltiazem Hydrochloride Using Some Natural Materials

Shende M"Y, Marathe R.PS
'Department of Pharmaceutics. Government College of Pharmacy, Kathora Naka, Amravati, Maharashira.
? 444604, Indin
“Govemment College of Pharmacy, Peer Bazar Road, Opp., Osmanpurs, Aurangabad, Mabarashtra-431{05,
Indin
*Correspoeding Author Exmasl: shende_mulchand @ rediff.com

ABSTRACT:

The peesent azm of this wok was to formulate gastric retentive tablets by gustroadbesion with a view to provide
better absorption employing comhination of kibiscrs esenfentus mucilage ond xanthan gum for diltiazem
hydrochlonde. Vanous formulations of diliazem hydrochlaride were prepared by wet gramulation techmigque
using Box-Behnken approach and were tested for compatibility, swelling behaviour, in-vitro drug release,
mucoadhesive strength and accelerated stability. The percent cumulative drug release ut 8* hr (Y,), time to
release B0% of drug (Y;), mucoadhesive strength (Y;) and mucoadbesive time (Y.) were used as the formmuiation
responses in order 1o optimize the formubation. The accelerated stability studees reyealed that the tablets retasmed
their characteristics even after stressed storage conditors. The DLT muccadhesive matrices were 4999 mg
hihiscus escwlentus mucilage, 4497 mg xanthan gum and 4.48 ton compression load fulfilled the optimal criteria
of best sustained relense rate and bivadbesive charactenstics with by, of 7.6 b, Q8h of 89,53 % and bioadhesive
strength of 22,14 g, The formulated tablets ascertained first onder kinetics and followed peppas mechanism.

KEYWORDS: Diktizzem hydrochlonde, Hibuscus esculentus, Xanthan gum, Gastroadhesive, Box-Belnken

INTRODUCTION:

Response surface methodology (RSM) was a coflection
of statistical and mathematical techniques that has been
successfully used to detenmine the effects of seveml
variables and optimze processes.  Optimization of
formmlation design can be wsed in formulation and
development of pharmaceutical products doe to the wide
army of parameters and variables that mest be controlled
to achieye desire rolease pattern and meet other
performance criteria. Box- Behrken desigrs do not have
axial points, thus all design points fall within the safe
operating zone. These designs also eosure that all factors
are never sct at their high levels, simultancously. '

Recaved on 13042016 Moddied on 12052016
Accepted on 21.08.2016 © RIPT All reght reserved
Revearch J Plarse end Toch 20IA; 71817570

Furthermore: Box- Behnken designs have fewer design
points. Also. coch factor requires only three levels
instead of the five required for comtral composite designs
(unless alpha is egual to one), whach may be
expenmentally more convemient and less expensive to
nn than central composite designs with the same
mamber of factors.

Oral sustained release formulations have drawbacks in
respect to variation of gastric emptying time results in
vanable drug absorption. Too rapid gastrointestinal
transit can bead 1o madequate drug release from the
dosage form above the shsorption zoee, resulting in
diminished cffectiveness of the given dose when the
drug presents an absorption window. Prolongation of
gastric residence time of a mte controlled aral drug
delivery system can rectify these problems by
minimizing the intersubject vanability knawn a “peak
and troegh’ cffect, and also mmprove the bicavailability,

snncrally for dmioe havenn n marroaw aheormtion wandow
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FORMULATION AND EVALUATION OF CURCUMIN LOADED NANOCRYSTAL FOR

DIABETES THERAPY
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Development and optimization of liposomal drug delivery system by 37 factorial design for
cancer therapy

Article Details

DEVELOPMENT AND OPTIMIZATION OF LIPSOMAL DRUG DELIVERY SYSTEM BY 32
FACTORIAL DESIGN FOR CANCER THERAPY

Bangale G 5% Rajesh K. and Shinde G V°

® Dept. of Pharmaceutics, Sant Gadge Baba Amravafi University, Amravati - 444 604, Maharashira, India
. Zydus Healthcare, Ahmedabad - 380 015, Gujarat, India

“ Mil Laboratories Pvt Ltd, Vadodara - 391775, Gujarat, India

"For Correspondence: E-mai - gsbangale@redifimail.com

ABSTRACT
The objective of the present study was fo develop nano range liposomal formulation for cancer iherapy and

optimize the formuiation by response surface method, Le. 37 factorial design, in order to minimize more efor,
time and material use when formulation like the liposomes are developed. Two independent variables, namely,

the: concentration of lipid {)(1) and {he concentration of cholesterol (XEJ. were set af ihree different levels. High
and low levels of each variable were coded as 1 and -1, respectively, and the mean value was coded as zero.

The dependent variables for faclorial baiches measured s vesick size (Y') was 615 1o 72.3% and %

encapsulation efficiency (‘fz] was found to be 127 to 240 nm. Stepwise regression analysis was used fo find out
the control factors that significantly affect response variables. The results were subjected to ANOVA and multiple
regression analysis that led o equations describing the effect of independent variables on the selected
responses. The level of significance selected was 5% (p<0.05). Contour plot and response surface plot were
constructed & overlay plot was used fo optimize the formulation by keeping the desired responses. The
optimized formulation CL-10 has vesicle size of 132 nm & PDI value of 0.241. Zefa potential of formulation was
-20.4, conforming the formulations stability. Vesicular morphology measured by SEM & TEM study indicates that
the vesicle was spherical in nafure. Stability sfudy of optimized formulation was carried out for & months as per

ICH quidelines at £ and 7% and indicates o significant changes in parameters like % drug release, vesicle
size, % EE supported by student t test (p=0.05).
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Enhanced tumor targeting &anti-tumor activity of gemcitabine encapsulated stealth liposomes

Pharmaceutical Research

Enhanced Tumor Targeting and Antitumor Activity of
Gemcitabine Encapsulated Stealth Liposome’s

Ganesh Sheshrao Bangale”, Rajesh Kesarala? and Gajanan Vishwambharao Shinde?

'‘Department of Pharmaceutics, Government College of Pharmacy, Amravatl (M.S.),INDIA.
‘Department of Pharmaceutics, Parul Institute of Pharmacy, Vadodara, Gujarat. INDIA.

ABSTRACT

Introduction: Cancer is a term used for diseases in which abnormal cells divide without control and are able to
invade other tissues. Gemcitabine is new cytotoxic drug but some of limitations while its use likes it suppress the
activity of Bone marrow i.e. effect on blood forming cells, lower half life-7-18 min.unable to deliver by oral & other
route. Higher dose-1000-1250 mg/m2 require against malignancies. Effective against various solid tumor like
colon, lungs, breast etc. Several attempt was made to enhance efficacy of gemcitabine against tumor including
novel stealth liposomal technology might proves to avoids above limitation, Method: A present investigation
focuses on to enhance encapsulation of gemcitabine inside the vesicle by adopting pH gradient methods followed
by solvent evaporation. The resulting formulation of liposomes are characterize by vesicle size, zeta potential by
zeta sizer along with encapsulation efficiency by centrifugation. The optimization of formulation was carried out
by statistically by 32 factorial design. The optimized formulation further subjected for /n vitro antitumor activity
l.e. cell line study and /n vivo performance by using animal model. Results: The stealth liposomal formulation
comparatively evaluated with conventional liposomes and pure drug based on cell line study proves that stealth
liposomes are effectively retarding the % tumor cell growth than others. Bio distribution profile of stealth liposomes
in various organs assure for prolong circulation half of formulation and maximum tumor concentration of drug
even after 24 hrs study. There is no sign of toxicity after administration supported by data obtained through
toxicity studies, Conclusion: The final outcomes of research was antitumor activity of gemcitabine improved by
PEGylation (stealth) technology which also minimize unwanted toxicities associated with gemcitabine via other
route of administration.

Key words: Gemgcitabine, Pharmacokinetic, pH gradient, Stealths Liposome, Zeta potential.
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INTRODUCTION

Cancer is a term used for discases in which
abnormal cells divide without control and
are able to invade other dssues. Cancer
cells can spread to other parts of the body
through the blood and lymph systems. Can-
cer 1$ not just one disease but many discases.
There are more than 200 different types of
cancer.'! For instance, although there are
numerous anticancer agents that are highly
cytotoxic to tumor cells /o, the lack of
selective antitumor effect i w0 precludes
their use in clinie, One of the major limi-
tations of antineoplastic drugs is their low
therapeutic index (T7), Le. the dose required
to produce anti-tumor effect is toxic to nor-
mal tissues.®

Liposomes are spherical vesicles com-
posed of lipid bilayers arranged around a
central aqueous core. The particle size of
liposomes ranges from 20 nm to 10 gm in
diameter, They can be composed of natural
constituents such as phospholipids and may
mimic naturally occurring cell membranes,
Liposomes have the ability to incorporate
lipophilic and hydrophilic drugs within their
phospholipid membrane or they can encap-
sulate hydrophilic compounds within the
aqueous core.”

Gemceitabine 1s new cytotoxic drug but
some limitations restrict its use, for example
it suppress the activity of Bone marrow Le.
effect on blood forming cells. Higher water

DOI: 10.5530/ijper.49.4.8
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PHYTOCHEMICAL SCREENING AND EVALUATION OF PHARMACOLOGICAL ACTIVITIES
OF EULOPHI4 NUDA LIND. TUBER EXTRACTS

V.P. Nagulwar ', M. Nandgave ', M. S. Mahajan ' and S. A. Deshpande *

Government College of thnacy Kathora Naka, Amravati - 444604, Maharashtra, India.
P.J L. C. College of Pharmacy * H.mgnaRoa(LNag)m' 440016, Maharashtra, India.

Keywords:
Eulophia muda,
Antbacterial activity, Amﬁmal

ABSTRACT: Eulophia nuda Lind belongs to family Onichidaceae and is a
rare and endangered orchid Present research work was camed out on tuber
extracts of Eulophia nuda for the evaluathion of anbmicrobial actvities and
hepatoprotective. Preliminary phytochemmcal screeming revealed presence of

Correspondence to Author- phytochemical constituents like alkaloids, flavonoids, steroids, glycosides
V. P._ Nagulwar (cardiac), tanmins, saponins, carbohydrates m three tuber extracts prepared by
Govemment College of nnngsolvmb(chlomﬁ!macetmeandethmd) Anﬂ)actenzladwnywas
Amravati - 444604, Pseudomonas asruginosa and Staphylococcus aureus. Acetone extract was
India more effective against Staphylococcus awrens with maxanum zone of
E mail- vaishalinagx lwar@yaheo.com mnhibition 18 mm compared to standard antibiotic Ampicillin with zone of

mhibiion 20 mum Antifungal studies was camed out using well diffusion
method against Candida albicans, Aspergillus niger and Aspergillus flavus.
Chloroform extract was more effective agamst Aspergillus miger having zone
of mhibiion 17 mm compared with standard anfifungal Fluconazole
(20mm). Acetone exiract shown the zone of mhubition of 16 mm against
Aspergillus  flavus compared to standard Fluconazole (22mm).
Hepatoprotective activity was camed out as per OECD guidelines 425 using
Wistar albino rats. Effect of these extracts on CCl; induced hepatotoxic rats
was studied by SGOT, SGPT and ALP parameters compared with standard
LIV 52. From the research work, it was concluded that Eulophia nuda tuber
extracts are active as anfibactenal anhfungal and hepatoprotecthive wiuch

could be used for the of some promising formmlations,
furthermore, structural elucidation of 1solated components from the extracts

of Eulophia nuda can be camed out using studies like IR and NMR_

INTRODUCTION: Traditional herbal medicines
are naturally occurring; plant derived substances
with minimal or no industrial processing that have
been used to treat illness with local or regional

Herbal medicines also known as botanical / phyto-
medicine refers to using a plant, seeds, bemes,
roots, leaves, barks. tubers or flowers for their

medicinal purposes .. The family Orichidaceae to

healing practices. which orchid belongs is the largest family amongst

— — monocotyledons contains almost 600 - 800 genera /
s species.

[(=]A=] | | oo W2 | The gems Fulophia is terestrisl with almost round

e e pseudo bulbs enveloped by a few sheath carrying 3

E i ,,,:, ,—,,,m,,.m - 4 lanceolate, plicate, acuminate, long plicate, long

grooved stalks which have several leaf like bracts.

DOt fink: hittp=//x doi orz/10.13040/UPSA.0973-8232 8 (£) 3316-23 The plants blooms in springs with tall thick fleshy
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Rapid and high yield Extraction method for
Saponins from Safed musli

Sharada Laxman Deore’, Bhushan Arun Baviskar and Ashwini Suresh Rangari
Dapartment of Pharmacognosy. Govarnment Colloge of Pharmacy, Kathorn Naka, Amravati - 444604, MS. INDIA,

ABSTRACT

Objoctives: We aimed to davelop, compare and optimise rapid and high yield extraction method for saponins of Safed
musli using conventional extraction techniques and as well as modern microwave assisted solvent extraction method.,
Materlals and methods: Roots of Safed musti (Chlorophytum borivilfanum) are extracted by maceration, soxhlet,
sonication and microwave methods, Extract further fractionated 1o obtain total saponine. Microwave assisted solvent
axtraction (MASE) method Is optimised using Taguchi L8 orthogonal array design. Total saponins are estimated by
High Performance Thin Layer chromatography (HPTLC) from all extracts obtained by different methods, Results:
Factors namely temparature, irradiation time, iiradiation power and powder size which potentially affects extraction
sificlency are considerad while optimizing MASE by statistical orthogonal artay design procedure and saponing are
quantified using HPTLC, Under daveloped optimum conditions, MASE showaed significantly higher yield (5.11%) and
drastic raduction in extraction time (4 min) than conventional extraction methods, Conclusion: Saponing of Safed musk
shown highest yield In MASE and then maceration, soxhlet and sonication followed. The developed and optimised
method of saponin extraction by MASE can have huge industrial applications after scale up.

Key words: HPTLC, Microwave assisted solvent extraction, Maceration Saponing, Orthogonal test L9 (34)

Sonication, Taguchl Design,

INTRODUCTION

In Ayurveda, Siddha, Unanl, Safed murdi roots are very
popular and well known for its aphrodisiac as well as
immunc-modulatory sctivity and hence it Is important
ingredient of 50 Avurvedic and Unani preparations, Sufed
murdi 1 also one of the imporane ingredients of very
popular and wseful Ayurvedic formula-Chyawanprash,
Thirteen spectes of Chlbmphytum, reported from India, sold
s Safed muddi'in the Indian deug market, From research it
is confirmed that the therapeutic eftects of Safed murki are
due to the presence of large amount of saponins, Among all
specics, Chiorophytum boriviliammm produces the highest yicld
and highest saponin content, Its International drug market
value is more than 300-700 tons per year, But factors like

poor seed germinttion and dormancy are affecting uniform
supply of this musli in market." A solution to overcome

such situation is the development of Rapid and high yvield
extraction method in order to obtain valuable metabolites,
Traditdonally the very common method for extraction
of this saponin has been Soxhler extracnon, But the Soxhler
extraction method requires long heating tme, bulk amount
of onganic solvents which again involves high risk of thermal
decomponition of drug substances and pollution.” Despite
of large preference to this method, researchers needs new
fast and reliable methods of extruction. Microwave assisted
Solvent extruction’ offers simultuncous heating of sample
matertal and solvent 1 obiain improved yviekl, The prineiple
of MASE depends on dielectric properties of the solvent
as well as of marnx where cell buesting is caused due o
localized internal superheating followed by penetration
of salvent into matrix and thus dissolution of the active
components,” This surely enables improved and selective
extraction of active phytochemicals with less time.* Hence
the present work is reporting a new MASE method for

fast and efficient extraction of Saponins from the roots of

Cldwraplytnay boririlamam wod comparison with conventional
extraction techniques and optimization using Taguchi 1.9
orthogonal array design.*
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