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Abstract: Problem statement: At present, the prevalence of neuropsychologitsirders particularly
anxiety, depression and dementia are increase. Mtmnayegies have been developed in order to
increase the efficiency of treatment and decrea® effects. Oxidative stress has been reported to
play an important role on various path physiologgtates. Quercetin is a flavonoid commonly found
in fruits and vegetables. It has potent antioxidaffectsin vivo and in vitro. However, poor
absorption, rapid metabolism and limited abilityctoss the blood-brain-barrier are obstacles tases

for treatment of neuropsychological disorders. Nagiministration has been proposed as a non-
invasive method to deliver bioactive substancesh® brain. This route of administration has the
potential of decreased hepatic metabolism and greatcess to the brain tissue through the olfactory
nerve compared to the oral route and could be entiat method of delivering quercetin to the CNS.
Approach: This study was set up to determine the effect oércetin liposomes via nasal
administration on the anti-anxiety, anti-depresdi@e activity and cognitive enhancing effect. In
this case, Male Wistar rats were administered qiardiposomes, containing 0.5 mg of quercetin in
20 uL (dose = 2Qug), via intranasal route once daily continually fioweeks. The anxiolytic activity,
anti-depression like activity and cognitive enhagcieffect were determined after single
administration, 1-4 week of treatment using eledqtlis maze test, forced swimming test and Morris
water maze test respectiveRResults. Quercetin liposomal encapsulation via nasal rqdssessed
anxiolytic, anti-depression like activity and cobgwe enhancing effect at all treatment duration.
Conclusion: Our results demonstrated the anxiolytic, anti-depion like-activity and cognitive
enhancing effect of quercetin liposomes via nadaliaistration and suggested that it might be used a
a novel therapeutic strategy for mood disorder aagdnitive deficit condition. However, further
investigations about precise underlying mechanisstll required.

Key words: Quercetin liposomes, nasal administration, anxietyi-depression like activity, cognitive
enhancing effect

INTRODUCTION reported to play an important role on various path
physiological states (Goldeet al., 2002). Therefore,
At present, it has been reported that more th&n 45the natural product possessing antioxidant hasrasta
million people worldwide suffer from the mental and very much attention.
brain disorders, particularly anxiety, depressiard a Quercetin  (3,5,7,3",4’-pentahydroxylflavone), a
dementia (Indian Council of Medical Research, 2001)safe and dietary flavonoid generally found in vabés
Most of the drugs used nowadays have adverse sidend fruits such as onions, apples, tea and redswine
effects so the need for newer, better-toleratedraoe  (Formica and Regelson, 1995) and is of interest for
efficacious treatments is remaining high. nutraceutical and pharmaceutical uses (Borghal.,
Novel biological active compound from natural 1996; Huanget al., 2006). It may exert beneficial health
products appear to be the lead compounds which hawdfects such as antivirus (Ohnishi and Bannai, 1,993
been focused as the natural resource for drugertain forms of cancer (Lamson and Brignall, 2000)
development. Recently, oxidative stress has beepulmonary and cardiovascular diseases (Middletah.,
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2000) but also as neroprotection (CHpbal., 2006). (Poole, England), disodium hydrogen phosphate,
Moreover, it is known as a strong free radical scaer perchloric acid and ortho phosphoric acids (Merck,
(Rodriguezet al., 2001). The idea of applying quercetin Darmstadt, Germany), sodium dihydrogen phosphate
as the agent to reduce anxiety like, depressioa lik(JT Baker Inc., Phillipsburg, New Jersey). All athe
activity and enhance cognition has become attractivchemicals were at least reagent grade and used as
and challenge. In order to apply quercetin forreceived.
neuropsychological function, it is necessary to ) . . .
overcome the limitations of quercetin: Poor absorpt Preparation of quercetin liposomes: Quercetin
and very low distribution to the brain after oral dehydrate  (98%),  high-purity ~ egg  d--
administration (Boeret al., 2005) due to both rapid Phosphatidylcholine, ~ Type XVI-E (EPC) and
metabolism (Manacht al., 1998) and difficulties in the Cholesterol (CHOL) were prepared as quercetin
penetration through the Blood-Brain Barrier (BBB) liposomes. The method used was lipid thin film
(Youdimet al., 2004). An effective dose of quercetin to formation and extrusion (Guet al., 2003; Lianget al.,
exert certain neurological activities could be tiglly ~ 2005; Zuet al., 2006).
high because of first-pass metabolism (Bhattaeaah.,
2002).

Liposomes have been used as an effective deliver%

Animals: Adult male Wistar rats (180+20 g, 8 weeks
I[d) were obtained from National Animal Center,

system to the brain, because the particles entrap t fa:cgya, Nakhon Eatrlomdano(lj thetylwere hou;s;gil;ﬁ%roup
compounds and prevent rapid elimination or 0! TIVE PEr cage in slandard mela) cages a

degradation as well as promote penetration thrabhgh 12:12 h light-dark cyclt_e._AII animals WEre givercass
BBB and distribution in the brain tissue (Krauz@08). to food and Wﬂ!“’:ﬁ‘?' I|b|tqm. The experiments were
Being entrapped in liposomes, a decrease in the abs pgrformed to minimize animal suffering N apcord;anc
a compound to be administered is usually expecteciﬂvIth the  internationally accepted prmmplgs for
(Sharma and Sharma, 1997). The bilayer structure .bora_\tory use a.nd care of European Community (EEC
liposomes mimics natural biomembranes. Also, irective of 1986; 86/609/EEC).

liposomes formulations can be modified to serve thc—i The experimental protocols were approved by the
objectives. nstitutional Animal Care and Use Committee.

_Nasal administration offered many benefits gy perimental protocol: In all part of this study, rats
including bypass the hepatic presystemic metabolismyere givided into 4 groups of 8 each as described

simple dose adjustments, constant absorption angisying except in the determination of stereotype
highly convenient for the patient administration behaviors.

(Wang et al., 2006). Moreover, nasal delivery was
proposed to be the alternative administration rdate Group 1: Naive intact control.
target drugs directly to brain via the olfactoryurens  Group 2: Free liposomes: The rats in this group were

(lum, 2000; Mathisonet al., 1998), therefore, this administered free liposomes via nasal route.
provides more opportunity for quercetin to entee th Group 3: Liposomes + PEG: The rats in this group
Central Nervous System (CNS) and then act on CNS to were administered PEG which used as
reduce anxiety, depression like activity and pramot vehicle of quercetin liposomes via nasal
learning and memory with highly efficiency. route.

Based on all these points, the possible effects ofsroup 4: Liposomes + Quercetin (QCL): The rats in
quercetin liposomes via nasal administration on this group were administered quercetin
anxiolytic, anti-depression like activity and cotive liposomes via nasal route.

behaviors has been investigated.
All animals were administered freshly prepared
MATERIALSAND METHODS guercetin liposomes, containing 0.5 mg of quercitin
20 pL (dose = 2Qug), being drawn into a micropipette,
High-purity egg Le-phosphatidylcholine, type were administered to the right nasal cavity of esath
XVI-E (EPC), cholesterol (chol), quercetin dihydrat which was then holding still for 20 sec to ensume t
(98% HPLC purity) and Polyethylene Glycol 400 flow and contact of the quercetin liposomes torthsal
(PEG) were purchased from Sigma (Barcelona, Spainkavity whereas the control group received liposomes
Other reagents used were analytical grade such asgithout quercetin or liposomes + PEG at the same
chloroform, ethanol and methanol (HPLC andvolume once daily for 4 weeks. The rats were tckate
analytical grade) from BDH Laboratory Supplies lease 20 min prior to the daily experiment.
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Behaviors evaluation: The rats were divided into Morris water maze test: The water maze consisted of
various groups as mentioned earlier. The behaviorad metal pool (170 cm in diameter x58 cm tall) @lle
profiles were assessed both after the single dose awith tap water (25°C, 40 cm deep) divided into four
repetitive administration of the substance as Wlly:  quadrants. In the center of one quadrant was a
1-4 week of treatment. All animals were submitted t removable escape platform below the water level and
the following behavior tasks (a) elevated plus mas¢  covered with a nontoxic milk powder. The pool was
(b) Open field test (c) forced swimming test (d) gjided into four quadrants (NE, NW, SE and SW) by
cognitive function. two imaginary lines crossing the center of the p&or

Elevated plus maze test: The elevated plus maze for each animal, the location of invisible platform was
rat consisted of open arms (50x10 cm) and twdPlaced at the center of one quadrant and remairese t

enclosed arms (50x10 cm) with 40 cm high walls,throughout training. The rats must memorize the
extending from a central platform (10x10 cm). ThePlatform location in relation to various environntan
arms were connected with a central square, 10x10 criues because there was nothing directly shows the
to give the apparatus a plus sign appearance. Bze m location of the escape platform in and outsideptbel.
was raised to a height of 50 cm above floor. Theema Therefore, the placement of the water tank andqolat
floor and walls were constructed from dark opaquewere the same in all acquisition trials. Each raisw
wood. Each rat was placed on the center of théoptat  gently placed in the water facing the wall of theop
facing an enclosed arm. Animals were testedrom one of the four starting points (N, E, S, o) W
individually and only once for 5 min according feet along the perimeter of the pool and the animal was
following parameters: Number of entries in the openallowed to swim until it found and climbed onto the
and closed arms and time of performance in each Qfjatform. During training session, the subject was
them (Lister, 1987). The time of performance meesur gently placed on the platform by the experimenteem
the time spent by the animal in the opened andedlos i could not reach the platform in 60 sec. In gitbase,
arms. The maze was cleaned following each trial tqp subject was left on the platform for 15 sec and
remove any res[due or odors. Each rat was assessgfhoyed from the pool. The time for animals to tlim
individually 20 min after the treatment. on the hidden platform was recorded as escapechaten

Open field test: In order to assure that anti-depression®r acquisition time. In addition to the acquisititest,

like activity and cognitive enhancing effect which the determination of retention memory was carriatl o
determined by various tests just mentioned eawiere  on the next day. According to this test, the platfovas

not false positive due to the effect of quercepndomes removed and the animals were placed into the water
on motor behavior, we also determined the effect ofmaze for 60 sec. The retention of memory or thestim
quercetin liposomes on the spontaneous locomotahat the animal spent to swim around the previous
activity by open field test (Kulkarni and Dandiyi®873).  location of platform before removing the platform o
The open field apparatus was an arena 80 cm ineti@&m the test occurring in the next day was also reahrtte
with a white, opaque wall 30 cm high. Rats werehas been postulated that if the spatial memorpefat
individually placed in the center of the arena andfor the trained platform location is accurate, thgwill
locomotor activity including the number of grooming swim to the platform location and search around the
licking and rearing were scored within 5 min. exact location. Therefore, the more accurate tlagialp
memory is, the greater the number of times rat swim
across the trained platform. In each trial, thereiwas
quickly dried with towel before being returned twet

Forced swimming test: In order to assess the anti-
depressant activity of plant extract, the modified

Porsoltet al. (1978) test was conducted. In the first cage. All test in Morris water maze tests were iedrr
trial, the rats not yet treated were forced to sviim 9e.

glass aquarium (22 cm in diameter, 40 cm in heightf)Ut within 30 min after the nasal administrationtioé
containing 20 cm high fresh water at 25°C for 1Hmi SuPstances. y

Then, the assessments were performed after sihgle Any enhancement of cognition would be reflected
4 week of treatment. During the test session, th®Y @ decrease in escape latency and increase in
immobility time was recorded by blind observer who "€tention time.

has been trained for the observation. The rats were

considered immobile when neither hind leg wasStatistical analysis. Data are presented as Mean *
moving; the rats were slightly hunched forward. TheStandard Error of Mean (+ SEM). One-way Analysis
total duration of immobility was measured durthg  Of Variance (ANOVA), followed by Duncan’s post hoc
5 min test. Upon removal from the water, rats weretest. A probability level less than 0.05 was aceds
towel-dried and finally returned to their home cage significance.
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RESULTS

Effect of quercetin liposomes on anxiolytic activity:
To determine the effect of quercetin liposomesnaaal
administration on anxiolytic activitythe results depicted

Effect of quercetin liposomes on locomotor activity:
The effects of quercetin liposomes via nasal
administration on spontaneous motor behaviors
including grooming, rearing and licking behaviorsres
demonstrated in Fig. 3-5. The results showed that t

in Fig. 1 and 2 showed that quercetin liposomesPontaneous behavior as mention earlier did néerdif
administered via nasal route produced significanfignificantly between the control, vehicle treagrdup
(p<0.05) attenuate the diminution in both number ofand quercetin liposomes throughout the experimental

opened arms entries and time spent in the opemasl ar
both after single and repetitive administration levtioth
free liposomes and vehicle (PEG) failed to show th
significant changes on both parameters mentionedeab
throughout the 4 weeks of treatment.
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Fig. 1: Effect nasal administration of quercetin

period.

Effect of quercetin liposomes on anti-depression

eactivity: In order to investigate the anti-depressant

effect of quercetin liposomes via nasal admiat&in.

liposomes on the number of opened arms

entries in the elevated plus maze test (N = 8).

Results were expressed as mean + SEMp-
value<0.05 compared with control treated
group; * p-value<0.05 compared with free
liposomes treated group? p-value<0.05
compared with liposomes + PEG treated group
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Fig. 2: Effect nasal administration of quercetin

liposomes on the time spent in opened arms in
the elevated plus maze test (N = 8). Results

are expressed as mean + SEMp-value<0.05
compared with control treated groufx; p-
value<0.05 compared with free
treated group? p-value<0.05 compared with
liposomes + PEG treated group
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liposomes on anti-depression activity (N = 8). liposomes on the retention time of spatial
Results are expressed as mean + SEM- learning in the Morris water maze test (N = 8).
value<0.05 compared with control treated Results were expressed as mean + SEM-
group; " p-value<0.05 compared with free value<0.05 compared with control treated
liposomes treated group;: p-value<0.05 group; * p-value<0.05 compared with free
compared with liposomes + PEG treated group liposomes treated group? p-value<0.05
compared with liposomes + PEG treated group
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0.00 L LE . B zZ "Hi-  Hi- producing anxiolytic, anti-depression like activigyd
Single dose 1st week 2nd week 3rdweek 4th week cognitive enhancing effect.
o Control  @Free liposomes  mLiposomes = PEG No unexpected mortality of any animals occurred
& Liposomes + Quercetin (QCL) after nasal administration of quercetin liposomsesdu

in this study. As a result, vesicles (PEG) were

considered to be safe at the dosing schedule used.

learning in the Morris water maze test (N = 8). Fo_rced SW'”?"“”Q _Test (FST) is W|de-_|y_ used for
screening potential antidepressants (Borsini andi, Me

Results were expressed as mean + SEM- .
value<0.05 compared with control treated .1988)‘ The  anti-depressant usually decreases

roup: * p-value<0.05 compared with free immobility time without stimulating motor activityOur
ﬁ]pos%més P treated group'a'p p-value<0.05 forced swimming test data showed that the acute and

- the repeated administration of quercetin liposomes
compared with liposomes + PEG treated group acted like an anti-depressant drug in rat, by desgre
The results showed that free liposomes and vehiclénmobility time in FST.

(PEG) treatment alone did not produce significant  Elevated Plus Maze test (EPM) is one of the most
changes in immobility time at all treatment duratio frequently used animal models in behavioral
used in this study whereas quercetin liposome$sychopharmacology for screening drugs with poagnti
produced a significant reduction in the immobilitpe ~ anxiolytic effects (Wall and Messier, 2000). In
at all treatment duration (p<0.05 all) as showRim 6.  general, the reduction or increase in the number of
entries and times spent into the open arms indbged
Effect of quercetin liposomes on spatial memory: No @ given substance had been regarded as good
significant changes in acquisition and retentionetin ~ indicators of its anxiogenic or anxiolytic effect
control, vehicle (PEG) and free liposomes grous.rat respectively (Pellovet al., 1985). The results of present
Surprisingly, Rats that received quercetin lipossvia  Study demonstrated that nasal administration ofcgtie
nasal administration showed significantly decreasediposomes showed the anxiolytic-like effect in EPM.
acquisition and increased retention time (p<0.0baa To avoid false positive results in the FST and
shown in Fig. 7 and 8 respectively, compared toEPM, it is important to rule out the possibilityath
control, free liposomes and vehicle. This indicatest ~ reductions in immobility time or increase in thenrher
nasal administration of quercetin liposomes couldof entries and times spent into the open arms wete
produce cognitive enhancing effect. result from psycho stimulant effects of the subsgan
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In our study, either acute or repeated treatmeth wi (Chimenti et al., 2006). In addition, the
guercetin liposomes via nasal administration did noelectropharmacogram of adult rats which received
increase spontaneous motor activity at doses thajuercetin have the same pattern as the well known
produced an antidepressant-like effect and anxlyt antidepressant moclobemide, MAO-A inhibitor
indicating the specific effect of this substance on(Dimpfel, 2009). Moreover, quercetin could modifhet
behavioral models predictive of antidepressantviigti  function of GABA receptor (Goutman and Calvo,
and anti-anxiety. 2004). Therefore, the anti-depression and anxolyti
Previous studies proposed that there are at leasffects of quercetin liposomes might be associattil
two systems involved the depression including thehe ability to pass blood brain barrier of quenteti
monoaminergic and serotonergic system (Detkal., liposomes and its metabolites and exerted theentie
1995). to modify the function of monoamine and GABA as
Monoamine Oxidase (MAOs) are enzymes whichmentioned earlier.
catalyses the oxidative domination of primary, Recently, it had been demonstrated that anti-
secondary and tertiary amines (Edmondssinal.,  depressant, anti-anxiety which exerted its inflgena
2004). The primary functions of MAOs are the serotonin could also exert the neuroprotectivecéfie
metabolism of exogenous amines and the regulafion diippocampus (Lucassest al., 2004), a brain region
neurotransmitter level and intracellular amine etor which played important role in learning and memory
Monoamine Oxidase A (MAO-A) preferentially (McNamara and Ronald, 1993). Previous studies in
deaminates serotonin (5-hydroxytryptamine) and noboth humans and animals have demonstrated that the
epinephrine (Billett, 2004). Thus, inhibition of MOAA  hippocampus is an important brain area for learning
may alleviate symptoms of depression. and memory particularly in the encoding as well as
Besides monoaminergic system, serotonergigetrieval and long-term consolidation of spatial
system had long been implicated in the etiologyhaf  memory (Riedelet al., 2003). Therefore the present
condition. Decrease in brain concentrations of 5-HTstudy also investigates the effect of queretindgroes
and 5-HT1A (the major metabolite of 5-HT) were on the cognitive function. Our results showed that
commonly observed in animals and in patientssingle and repetitive administration of quercetin
experiencing stress and depression, suggesting lgposomes administered via nasal route could imgrov
dysfunction of serotonergic system (Southwatkal., spatial memory by decrease escape latency but
2005). increased retention time in Morris water maze test.
However, monoaminergic system and serotonergic  Numerous transmitters have been reported to play
system played the important role not only onroles in spatial memory in Morris water maze test
antidepressant effect but also on anxiolyticeeff including acetylcholine and serotonin (Myhrer, 203
(Aan Het Rotet al., 2009). Several lines of evidence The evidence stems from data of several authors
demonstrated that numerous  neurotransmitterdemonstrated that there is a functional interaction
including monoamine such as serotonin and nobetween the cholinergic and serotonergic systertisein
epinephrine and GABA contributed the important rolemediation of cognitive behavior (Steckler and Sahga
on anxiety. Previous studies reported that increas&995). In recent years, serotonin has been repaated
serotonin synthesis by the increasing the tryptophaplay a crucial role in acquisition and consolidatio
supplement could improve social anxiety (Young andprocess (Orsettet al., 2003). Based on the role of
Gauthier, 1981). In addition, the level of serotonin on spatial memory in Morris water mazt te
norepinephrine and the activity of sympatheticand the effect of quercetin liposomes on serot@sn
nervous system were prolonged in patients withmentioned above, we do suggest that the cognitive
anxiety disorder (Sullivaret al., 1999). Moreover, enhancing effect of quercetin liposomes may propabl
most of the available anxiolytic drugs nowadays areoccur partly via the facilitation of acquisition dan
still target on the GABAergic system (Ballenger99®  consolidation process induced by the alteration in
Taken together, our results suggested that theerotonin level. Moreover, serotonin also interdcte
mechanism underlying the anxiolytic and anti- with acetylcholine to regulate spatial memory (@hss
depression activity of quercetin liposomes via hasaand Jeltsch, 1995). Therefore, we still cannot ielite
administration may occur via the inhibition MAO-A, the effect of quercetin liposomes on acetylcholine.
increase the serotonin level and increase in th&aken all data together, the possible explanatmm f
GABAergic activity respectively. these changes might be related to the effect afcgtia
These results are in accordance with the repotiposomes on various regulators including the GABA,
of quercetin effect to inhibit MAO-A activity acetylcholine and monoamine system.
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Although, quercetin liposomes provided severalCassel, J.C. and H. Jeltsch, 1995. Serotonergic
advantages including the effective at very much low  modulation of cholinergic function in the central
dose and the significant improvement in anxiolytic, nervous  system:  Cognitive  implications.
anti-depression and cognitive enhancing effect were Neuroscience, 69: 1-41. PMID: 8637608
found very soon after single administration. Howeve Chimenti, F., F. Cottiglia, L. Bonsignore, L. Caand
further studies about the precise changes undgrlyin M. Casuet al., 2006. Quercetin as the active

these effects are still required. principle of Hypericum hircinum exerts a selective
inhibitory activity against MAO-A: Extraction,
CONCLUSION biological analysis and computational study. J..Nat

- . . Prod., 69: 945-949. PMID: 16792415
Nasal administration of quercetin liposomesc~no 3V |S. Kim. Y.H. Jang, A.R. Kim and S.Red_

possesses anxiolytic, anti-depression like-actiad 2006. Protective effect of quercetin, a natural
cognitive enhancing effect and suggested that ghini flavonoid against neuronal damage after transient
be used as a novel therapeutic strategy for mood global cerebral ischemia. Neurosci. Lett.,
disorder and cognitive deficit condition. 404: 330-335. PMID: 16806698
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