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ABSTRACT

The present study is undertaken to evaluate thielgpressant activity of Memantine in swiss albineenThey
were divided into four groups containing six micedach group. First group mice were given normdinga
(control) 10ml/kg, Amitriptyline 10mg/kg as standdor second group and for third group Memantinegtg (test
drug) and Memantine plus Amitriptyline (3mg/kg +nigkg) for fourth group intraperitoneally daily for
consecutive days. Duration of immobility was obednfor 4 minutes in forced swimming test. Duratmh
locomotor activity was observed in Photoactomd®arsults were analyzed by ANOVA followed by PosiTh&ey’s
test. Memantine significantly reduced the immapititne in forced swim test compared to control (0.€01).
Memantine showed no significant effect on locomaitivity in photoactometer. Memantine showed syisdc
antidepressant effect with Amitriptyline. NMDA (Ndthyl-D-aspartate) antagonist, Memantinehas showed
significant antidepressant activity in experimentaddels of depression in mice.
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INTRODUCTION

Depression is one of the major mental disorders ¢tommon in women, who have lifetime prevalermerhajor
depressive disorder of 21.3% when compared to 12r7%men[1l]. Researchers have discovered assocgation
between clinical depression and the function okéhmajor neurotransmitters-serotonin, norepinephrand
dopamine. Most antidepressant medications incréasdevels of one or more of these neurotransmitierthe
synaptic cleft. Approximately two-thirds of the fgaits with depression respond better to the cugrextailable
treatments but the magnitude of improvement id digappointing[2]. Around 5-10% of patients on $SR
discontinue therapy because of adverse effects)(Adiated to gastrointestinal tract and centraloes system and
weight gain[3]. Therefore, research for new antidepants with greater effectiveness is still detra

Over the past decade, interest has turned to afmdteole of the glutaminergic system in depressioarticularly
with focus on NMDA receptor[4]. This is a depagurom previous thinking, which had focused on @1 and
norepinephrine.lt is evident that neurotransmissiarNMDA receptors is deregulated in depression.

Indeed, there is a wealth of evidence indicatirgittivolvement of the NMDA receptor complex in thedulation
of depression. Both pre-clinical and clinical seslindicate that compounds that reduce transmissiddMDA
receptors show antidepressant-like actions[5]. Otuetagonists of glutamate N-methyl-D-aspartate MWl
receptors like Ketamine[6], Topiramate[7] haveshdveamtidepressant effects.It was reported that thénsdose
independently improves depression and anxiety \NDI receptors[8].Memantine is a non-competitive NID
antagonist which is used in Alzheimer's diseaseer@&hare no studiesin literature showing effect @nhdntine in
depression models of swiss albino mice. Thus, Me¢imais evaluated for its antidepressant activityhis study.

EXPERIMENTAL SECTION

2.1. Aims and objectives To study the effect of Memantine on behaviorabpaeters of depression in mice.
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2.2. Animals-Swiss albino mice of either sex weighing betweera@8 30 Gms were obtained from the Central
Animal House of MVJ Medical College & Research Htaprhe animals were housed in cages and keptrunde
controlled environmental condition (temperature 22€, humidity 50-55 %, natural light/day cycle)ll e
experiments were performed in daytime between 0830 15:30 hours. Care of animals was accordinipeo
guidelines of Committee for the Purpose of Contnotl Supervision of Experiments on Animals.The stueg
duly approved by the Institutional Animal EthicsrGmittee.

2.3. Drugs and Chemicals-Memantine (SunPharma drugs Pvt.Ltd. India), Ampiyline(IntasPharmaceuticals
Ltd.India) diluted in Normal saline were used.

2.4. Experimental Groupsin the experiment mice are divided into followinggps (n= 6).
Group 1- control (normal saline, 10 ml/kg i.p.)

Group 2- Memantine (3mg/kg, i.p.)

Group 3- Amitriptyline (10 mg/kg, i.p.)

Group 4- Memantine (3mg/kg, i.p.) + AmitriptylinéQ mg/kg, i.p.)

Memantine, Amitriptyline, normal saline were adrsteired intraperitoneally daily for 7 days of expegntal
period to see their effects on‘0’ and day ‘07’. Th@ce are administered respective drugs/normahneali
intraperitoneally as scheduled, and behavioralssssent was conducted 30 minutes after drug admatican.

2.5. Assessment of behavioral tests-

2.5.1Forced swim testThe forced swimming model to test for antidepressativity was developed by Porsolt et
al[9]. The mice are forced to swim in a plasticimger measuring 30 X 30 cm containing water at reéemperature
to a depth of 20 cm. After an initial 2 minute pefiof vigorous activity, each animal assumed acipimmobile
posture. The mouse was considered immobile wheeniined floating in the water without strugglimgaking
only minimum movements of its limbs necessary tegkis head above water. The total duration of ity is
recorded during next 4 minutes of total 6 minust.te

2.5.2L.ocomotor activityf10] - Animal is kept in photoactometer for thesfil3 min and then locomotor activity is
recorded using photoactometer for a period of 5. Mire apparatus is placed in darkened, light-sattehuated
and ventilated testing room. Each mouse is obseowed a period of 5 min in a square (30 cm) cloassha
equipped with infrared light sensitive photocelisng digital photoactometer and values expressembasts per 5
min.

2.6. Statistical Analysis Results are presented as Mean + SEM. One way ANB\ised for comparison between
the groups, followed by post hoc Tukey's test. Bibithe tests ‘P’ value of 0.05 or less is considestatistically
significant.

RESULTS AND DISCUSSION

Tablel: Effect of single dose observation in Forceswim test on day ‘0’

Groups, (dose) Duration of Immobility (sec)
1.Normal saline (10 ml/kg, i.p. 150.4 + 4,52
2.Amitriptyline (10mg/kg, i.p.) 78.2 +2.85
3. Memantine (3mg/kg, i.p.) 138.6+3747
4.Memantine +Amitriptyline 60.3+2.39

(n=6), values expressed as meanSEM<(0.001 vs. normal saline-control),
('p< 0.05,"p< 0.01 vs.Amitriptyline)ip< 0.001 vs. Memantine)

Table2: Effect of multiple dose observation in Fored swim test on day ‘7’

Groups, (dose) Duration of Immobility (sec)
1. Normal saline (10 ml/kg, i.p. 156.2 + 3.14
2. Amitriptyline (10 mg/kg, i.p.) 70.6+1.97
3. Memantine (3mg/kg, i.p.) 81.3+1.73
4.Memantine + Amitriptyline 65.4+2.18

(n=6), values expressed as mean#SEM<(0.001 vs. normal saline-control),
('p< 0.05,"p< 0.001 vs.Amitriptyline),p< 0.001 vs. Memantine )

Mice treated with Amitriptyline as a standard, skavsignificant decrease (p<0.001) in immobilityipdron day
‘0’ and day ‘07’ as compared to control group (aewn in tablel and table2).
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When Memantine treated group compared to contraligr mice showed slight decrease in immobility perdn
day ‘0’, but not statistically significant (table®hereas, on day ‘07’ there was significant decg@ps0.001) in
immobility period (table2).

Mice treated with Memantine as a test drug when paned to Amitriptyline treated group, mice showed
significant decrease (p<0.001) in immobility period day ‘0’ and significant decrease(p<0.05) on t&4(as
shown in table 1 and table 2).

On day ‘0’ & day ‘07, (Memantine + Amitriptylinejreated group showed significant decrease (p<0.001)
immobility period when compared to Memantine al@seg¢hown in Table 1 and table 2).

Table3:Effect of single dose observation on Locomot activity on day ‘0’

Groups, (dose) No. of Counts/5 min
1. Normal saline (10 ml/kg, i.p. 196.1+ 4.01
2. Amitriptyline (10mg/kg, i.p.) 205.345.23
3. Memantine (3mg/kg, i.p.) 198.5+2164
4.Memantine + Amitriptyline 209.2+3.54

(n=86), values expressed as mean+SEM<(0.001 vs. normal saline-controljp& 0.05,"p< 0.01 vs.Amitriptyline)’p< 0.001 vs. Memantine)

Table4:Effect of multiple dose observation on Locowtor activity on day ‘7’

Groups, (dose) No. of Counts/5 min|
1. Normal saline (10 ml/kg, i.p. 199.543.06
2. Amitriptyline (10 mg/kg, i.p.) 208.2+2.81
3. Memantine (3mg/kg, i.p.) 197.1+£274%
4.Memantine + Amitriptyline 213.66.85

(n=6), values expressed as mean+SEld<(0.001 vs. normal saline-controlYp& 0.05,p< 0.01 vs.Amitriptyline)’p< 0.001 vs. Memantine)

Group treated with Amitriptyline on ‘0’ and ‘07’ #a, showed slight increase in locomotor activitytriog
statistically significant when compared to congobup (as shown in table3 and table4).

Group treated withMemantine as a test drug on @l &7’ days, showed slight increase in locomototivity
butnot statistically significant when compared tntol group and Amitriptyline treated group (asowh in
table3 and table4).

Group treated with(Memantine + Amitriptyline) on’‘@nd ‘07’ days, showed slight decrease in locomoto
activity butnot statistically significant when coamed to Memantine alone(as shown in table3 ane43abl

Fig.1 Showing forced swimming activity of Fig2. Showing thetérception of photo
mousekeeping its head above water beams byuse in Photoactometer

Antidepressant activity of selective monoamine takp inhibitors (SSRIs), tricyclic antidepressaffft€As) and
monoamine oxidase (MAO) inhibitors is by potentigtimnonoaminergic neurotransmission.

Selection of best possible antidepressant for aivitlual should be based on its proven efficacyetyaand
tolerability of the drug. Among 160 patients whokantidepressants, 26.87% reported adverse dagtjoas, with
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at least one possible causality[11]. Side effectd medication non-adherence to therapies are tasores for
inadequate responses to antidepressant agentsoxpately 20% of patients will discontinue theirtidepressant
medications[12]. In spite of the fact that sevenata-analyses found no association between inateaseidal risks
with use of antidepressants, yet few studies redetiiat people on antidepressant have the tendencgmmit
suicide after 10-14 days of commencement of antessant[13].

(FST)Forced swim test[9] and Photoactometer[10]aidely used tests to screen the compounds for their
antidepressant activity[14]. The immobility obsetvduring FST corresponds to human depression[14g T
locomotor activity of animals was measured to défdaiate between sedative and central nervousmystienulant
activity of drugs. Mice tried to explore the arealauring their movement they intercepted the plhatams.

In the present study Memantinetreated group whempaoed to controlgroup, revealed significant reiuncin the
duration of immobility in FST. Memantine signifidnreduced the immobility in FST, on day ‘7’ wheompared
to day ‘0’. But, no significant effect on locomotactivity in Photoactometer test was observed.

There also exists statistically significant diffiece in the FST immobility period in the groups tesawith both
Memantine (3 mg/kg) and Amitriptyline (10 mg/kg)ropared to Memantine alone treated group on ‘O’thay,not
significant on ‘7’day . This demonstrated syneiigishteraction between Memantine andAmitriptyline their
antidepressant activity.

Memantine is a non-competitive NMDA receptor antaigg but, differs with other most potent NMDA reter
blockers, like Ketamine, Phencyclidine and Dizacigp (MK-801), has a low affinity for the receptondaits
action is voltage/use dependent [15-17]. Moreovédras been recently found that Memantine selegtibbédcks
the extra synaptic (excitotoxic) receptor but press the normal synaptic function[18].These peculia
pharmacological properties explain the lack of p®gomimetic/psychedelic effect and of interferemdgth the
normal physiological functions memory and learnisignaptic plasticity, etc.[19].

The immobility time in FST, is also reduced by CNBmulants, but they tend to increase the locomotor
activity[20]in the animals as opposed to the amfpessants, which does not bring much change in
locomotion[21]. In the present study, Memantine adstered for ‘07’ days, did not show any signifitachange

in locomotor activity of mice, as compared to tlwmtrol group, which helps to confirm the anti-deyzant like
activity (Table 3 and table 4), which is not a &positive.

The outcomes of the present studies are in agreesignprevious experiments which indicated thaidepressant-
like activity of CGP 37849 and L-701,324 was sigrahtly decreased by activation of glutamate ociglg biding
site at NMDA receptor when measured in the foragitnstest in mice[22-24].The above findings of owhlvioral
tests are similar with other previous study by Kamt al[25].

The an increase in extracellular 5-HT represettdtizal step in the mechanism of action of antigsgants, and the
combined treatment with clinically tolerated NMDAtagonists such as Amantadine could reduce they dela
therapeutic onset of antidepressants as well astpp&nhance their efficacy[26].The infusion of MM into either
the raphe nuclei or frontal cortex has revealealtter local 5-HT release and also serotonergicstrassion[27].

The neurotropic hypothesis of depression and defiressant action was originally based on findingedents that
acute or chronic stress decreases expression of8BRkhe hippocampus and that diverse classestafequmessant
treatment produce the opposite effect and prevenattions of stress.

It has been reported that activation of AMPRAamino-3-hydroxy-5-methyl-4-isoxazole propionic dcglutamate
receptors increases BDNF expression, and stimutegesogenesis and neuronal sprouting, in the hgoppcis[28].
Recent studies also highlighted the role of hypathas pituitary adrenal (HPA) axis over activity both
depression disorders. The amygdala and the hippmesugontrol the activity of the HPA axis in a cembalancing
way, and through many neuropeptides such as ctrdfmloin-releasing factor (CRF), substance P, galani
vasopressin and neuropeptide Y (NPY)[29].

The previous study by Wieronska JM et al [30] iladés that in the amygdala, the NMDA receptors ntedia
glutamatergic transmission may regulate NPY neufidrese is also evidence showing Topiramate (NMDéeptor
modulator) alter the NPY activity in Flinders Seiva Line 'Depressed' Rats[31].Activity of Memamtion NPY
activity, which might contribute to the antideprass activity,which cannot be ruled out giving newaywfor its
further exploration.
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CONCLUSION

Memantine at a dose of 3mg/kg, i.p. has demonstratetidepressant activity which was comparable to
Amitriptyline. Memantine could be producing its @epressant activity by blocking NMDA receptor. Hower, its
modulating effect on NPY which might contribute amtidepressant activity cannot be ruled out. Theas
synergism in antidepressant activity of Memantine @mitriptyline. Further research is required @irgcloser
insights into the exact mechanism of action of Metime and which might be of benefit to depressetiepts in
clinical scenario.

REFERENCES

[1]. Kessler RC; McGonagle KA; Swartz M, Blazer Di§elson CBJournal of Affective Disorde;599329,85-96.
[2].Kessler RC; Berglund P; Demler O; Jin R; Merigas KR; Walters EE,Archives of General
Psychiatry200562,(6),617-627.

[3].Koenig AM; Thase MEPol Arch Med Wewr2009119,(7-8),478-486.

[4].Trullas R; Skolnick PEur.J. Pharmaco|1990185,1-10.

[5].P.Skolnick,Eur. J. Pharmacql999375,31-40.

[6].Thakurta RG; Das R; Bhattacharya AK;DebasistSe®; S; Singh OP, et allndian J Psychol
Med.201234,(2),170-175.

[7]-SathishaAithal; TanujaHooli;RajiniPatil; VarthV; Swetha ES, Asian J Pharm Clin Re&0147,174-176.
[8]-Young-Xu Y; Chan KA; Liao JK; Ravid S; Blatt CM Am Coll Cardiol,200342,690-697.

[9].Porsolt RD; Bertin A;Jalfre MArch IntPharmacodyn Thet977,229,(2),327-336.

[10].Kulkarni SK. Handbook of experimental Pharmlagy,3° edition, Vallabhprakashan,New Delt§99177.
[11].Mishra S; Swain TR; Manjushreggurnal of Clinical and Diagnostic Resear2f137(6),1131- 1134.
[12].Bull SA; Hu XH; Hunkeler EM; Lee JY; Ming EBlarkson LE; Fireman BJAMA, 2002 288, 1403-1409.
[13]. Katz AJ; Dusetzina SB; Farley JF; Ellis ARy®a&s BN; Castillo WC, et alThe Journal of Human
Pharmacology and Drug Therap01232(3),234-243.

[14]. Detke MJ; Rickels M; Lucki IPschopharmacoll995121,66-72.

[15].Gilling KE; Jatzke, C; Hechenberger M; Pars@@; PotencyNeuropharmacolog200956(5),866-875.
[16].Johnson JW; Kotermanski SEurrOpin Pharmacal20066(1), 61-67.

[17].Rammes G; Danysz W; Parsons @&t Neuropharmaco)20086(1), 55-78.

[18].La SpadaA.R;Memantine strikes the perfect beda Nat Med®00915(12),1355-1356.

[19].Van Dongen AM; EditorFrontiers in Neuroscieng2009

[20]. Dhingra D; Kumar VJndian J Pharmaco|200840,175-179.

[21]. Porsolt RD; Anton G; Blavet N; Jalfre Mur J Pharmacal197847,379-391.

[22]. Poleszak E, et d@Pharmacol Rep 200860,996-1000.

[23]. Poleszak E, et al. Neural Transm2011,118,1535-1546.

[24]. Poleszak E, et alPharmacol Rep2007,59,595-600.

[25].Karve, et allndian Journal of Pharmacolog®013 45(3), 244-247.

[26]. Jenny CE Owen; Peter S Whitt®r,J Pharmacal2005145(5),587-592.

[27]. Lejeune F; Gobert A; Rivet JIm; Milan MBrain Res1994656,427-431.

[28]. Duman RSNeuromolecular Meg20045,11-25.

[29].Konstantinos PA,; Stavroula V;Ekaterini CNS Drugs20099(1),755-72.

[30].Wierosnka JM; Branski P; Palvcha A; Smiatloa3k, Neuropeptide2001,35(5-6),219-226.

[31]. Husum H; Kammen VD; Termeer E; Bolwig G; Math,. Neuropsychopharmacologg00328(7),1292-1299.

884



