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ABSTRACT

Stroke is the leading cause of death and the impibcause of disability worldwide. Presently, tifeativeness
of therapeutic strategy is still very limited. Bdsen the role neuroprotective effect of substarmesg@ssing
antioxidant effect previously reported, we hypoites mulberry fruit a substance possessing antiaoi
activity, might be able to protect against cogeitimpairment induced by stroke or cerebral ischeMiale
Wistar rats were orally given mulberry fruit powdgrdoses of 2,10 and 50 mg kBW at a periods of 7 days
before and 21 days after induced Middle CerebrénprOcclusion (MCAQO). The animals were determined
spatial memory using Morris water maze test, mpéformance was determined using neurological saade
the sensory performance was also determined ueirgdie test every 7 days before and after theatipa until
the end of experiment. In addition, the densitgwfival neurons was determined using cresyl! vitigin. The
results showed that the significant improvementnafberry fruits in healthy condition after singlesg and 7
days of MCAO at dose 2 and10 mg kdW. In cognitive deficit condition, mulberry freitcan exert
neuroprotective at dose 10 and 50 mg' KW after 21 days MCAO. Moreover, the significahiange of
sensory recovery was observed at 50 mg By after MCAO 7 days. The mulberry fruits sigréfitly
improved the density of survival neurons in CA2 &#B of hippocampus after 21 days of MCAO. All iesin
this study suggested that mulberry fruit had higteptial to be developed as novel preventive aathfieutic
strategy against stroke condition. However, prasigkerlying mechanism is still required furtherastigation.

Keywords: Mulberry Fruit, Cognitive Enhancing, Animal Modelf Gtroke, Stroke Condition, Precise
Underlying, Cognitive Deficit, Middle Cerebral ArieOcclusion (MCAO)

1. INTRODUCTION The cognitive disturbance commonly found in
) _ stroke. This condition can be varied from less éoyv
Stroke has been recognized as a leading cause Qfgrigus condition (Brainiet al, 2007). In general, the
defl"l".th anfd d|s:|;1b|l|ty n frfnany fcountrtlesk Atmﬁ)(;esent, severity of cognitive impairment may depend on the
g‘es‘%ﬂz ?hgegr?o?%\{geo?l:h:rg]r%brlgm Stlt%rg\i,\é cmﬂ(;é location and magnitude of cerebral arteries injury.
' Moreover, the clinical manifestations consist ofrmogey

no approved therapy that can reduce infarct size o . . . ) .
neurological disability. One of the approaches it loss, confusion, executive dysfunction and impairhad

be used in limiting the neurological damage afteske motor control (Romaet al, 2004). I_Espe_cyally, the dorsal
is the use of prophylactic treatment in patientshwa  hippocampus damage had been identified as oneeof th
high-risk of stroke. Therefore, stroke preventismalso main causes of behavioral decline in animal model o
very important. cognitive impairment (Parlet al, 2000). In old rats,
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chronic brain hypoperfusion produces deficits imtish 2.2. Drugs
learning and memory (Ca@aal, 2000). ] o
Presently, many strategies have been developed to Mulberry fruits powder from The Queen Sirikit
optimize learning and memory including exercisetaty Department of Seri culture, Ministry of Agricultusnd
therapy, herbal therapy, pharmaceutical drugs dwdreed  Cooperative, Thailand. Both Donepezil hydrochloride
medical device. Among various strategies, dietheyapy  (Aricept’), a standard drug used for mild cognitive
Eﬂ%@tigiz;lu?gggga;rg)or?othgﬁlsgatl)lpegapr;ljlzg %‘L’][Cfg;at' impairment treatment and vitamin C, an antioxidant
consumed as part-of a normal everyday diet. Theflmsad possessing the neuroprpj[ectlve and_ cog_nltlve_ e_n’rganc
effect of functional food appears to relate tokiisactive effects were used as positive <_:ontr0|s in thisystDdstilled
ingredient such as substances containing antioxidanWater (DW) was used as vehicle throughout the staty
(Raghuveer and Tandon, 2009). MulbernMarus alba a administered substances were freshly prepared.
plant in a family of Moracaea, is widely grown irany
regions of the world, predominantly in easterntisexn and
southeastern Asia. Various parts of mulberry hagenb

used in the Oriental Medicine for numerous medicina . L .
purposes including anti-diabetes, anti-inflammatory provided by The Queen Sirikit Department of Seri

diuretic, antitussive and antipyretic. Mulberry ifsuhas ~ Culture, Thailand. Mulberry fruits were collectewrh
been previous|y used as both a tonic and Sedﬁ{a@nﬂy' the Queen Sirikit Seri Culture Center Udon Thani. A
mulberry fruits are reported to contain high comegion of berries were picked at the commercially ripen stage
anthocyanin (Dugcet al, 2001), a substance possessing selected according to uniformity color. Then, theit§
potent antioxidant activity and numerous therapeeffects  were dried at 70°C for 4 days and grounded to powde
(Dugoet al, 2001; Mitcheveet al, 1993). Abundant lines '
of evidence suggested that anthocyanin could reduc&.4. Experimental Protocol
cardiovascular risk, improve inflammation and te - .
against chemical toxicityp(Lazm al, 2004; Meyeset g?) All rats were randomly divided into 6 groups. Each
2001; Tsudzet al, 1998) and cerebral ischemic damage 90UP contained 6 rats.
(Kang et al, 2006). Moreover, there is no available toxic
. ; ! ; 25.Group 1
information about mulberry fruits until now.

Based on the role neuroprotective effect of Vebhicle treated group. The animals in this group
substance possessing antioxidant effect previouslywere treated with distilled water
reported, we hypothesized mulberry fruit a substanc
possessing anti-oxidant activity, might be ablgtotect ~ 2.6. Group 2-3
against cognitive impairment induced by stroke or - -
cgrebral isgchemia. 'Fl)'his study was c%)lnducted to Positive contral tre_ated group. The positive colntr
investigate the effect of mulberry fruit on spatisemory ~ 9roUp was freated with the standard drugs used for

2.3 Plant Preparation
All mulberry fruits used in this study is prepaiat

model of focal cerebral ischemia. known antioxidant, was orally administered at do$e
250 mg kg BW'. In the determination of cognitive
2 MATERIALSAND METHODS function, the positive control group was treatedhwi

Donepezil (Aricept®, a cholinesterase inhibitor)datse
1
2.1. Plant Material and Preparation of 1 mg kg BW

Animals: Adult male Wistar rats (300-350 g, 8 2.7.Group 4-6

weeks old) were obtained from National Laboratory  Mulberry fruits powder treated group. The animials
Animal Center, Salaya, Nakorn Pathom and were ftbuse groyp 4-6 were treated with the Mulberry fruits pewrat
in group of 5 per cage in standard metal cage®# 2C  \5ri0us doses ranging from 2, 10 and 50 mg kg BW
on 12:12 h light-dark cycle. All animals were given \oqhecively via oral route administration for aekence
access to food and water ad libitum. The experiment daily throughout the experimental period and tweeks

were performed to minimize animal suffering in : : .
accordance with the internationally accepted ppiesi after mducg middle cerebral artery Qcclu3|on. .
All animals were treated with vehicle, positive

for laboratory use and care of European Community ) )
(EEC directive of 1986; 86/609/EEC). The experinaént control or mulberry fruits extract at a period ofdadys
protocols were approved by the Institutional Animal before and 21 days after right Middle Cerebral Arte
Care and Use Committee (AEKKU 1/2552). Occlusion (MCAO).

////A Science Publications 323 AJABS



Pratchaya Kaewkaen et al. / American Journal ofofural and Biological Sciences 7 (3) (2012) 3283

2.8. Surgical Procedure to Induction of Middle
Cerebral Artery Occluson (MCAO)

Spontaneous circling; Grade 2: Circling if pulleg fail;
Grade 3: Lowered resistance to lateral push without
circling; Grade 4: Contralateral forelimb flexioBrade 5:

Focal cerebral ischemia was performed according toNo apparent deficit.

modified method of Longat al (1989). In brief, rats were
anesthetized by thiopental sodium at dose of 50kghy
BW. The right common carotid artery and the rigtiemal
carotid artery were exposed through a ventral medfieck
incision and were ligated proximally. A silicone ated
nylon monofilament (4-0) suture (USS DGTM sutures
Tyco Healthcare group LP, Connecticut, USA) withtip
rounded by heating near a flame was inserted thr@ug
arteriectomy in the common carotid artery just hetbe
carotid bifurcation and then advanced into the rivate
carotid artery approximately 17-18 mm distal to ¢heotid
bifurcation until a mild resistance was felt. Osatun of the
origins of the anterior cerebral artery, the midcéeebral
artery and the posterior communicating artery waseby
achieved. Then, the wound was sutured, the rate wer
returned to their cages with free access to foatlveater.
The incision sites were infiltrated with 10% Povide
lodine Solution for anti-septic postoperative care.

2.9. Behavioral Studies

212. The Assessment of Sensory Function to
Thermal Stimulation usng Hot Plate Test

The hot-plate test for rat were used to measuge th
latency of forepaw withdrawal response to thermal
stimulation. The hot plate was held at 50°C andekewill
be ended when the rat shakes or licks one of thes pa
jumps. This test was applied 5 minute after the ehd
mechanical stimulation.

2.13. Histological Procedure

Following anesthesia with sodium pentobarbital (50
mg kg BW?), fixation of the brain was carried out by
transcardial perfusion with fixative solution cainiag
4% paraformaldehyde in 0.1 M phosphate buffer gi 7.
The brains were removed after perfusion and stoved
a night in a fixative solution that used for perfus
Then, they were infiltrated with 30% sucrose solutior
approximately 4°C. The specimens were frozen rgpidl
and 30uM thick sections were cut on cryostat. They

Behavior testing of all animals has been conductedwere rinsed in the phosphate buffer and picked mp o
every 7 days by blinded and trained observer. Theslides coated with 0.01% of aqueous solution ofgh h
animals has been assessed the changes of variowgolecular weight poly L-lysine.

behaviors using various test as described followthg
assessment of the assessment of cognitive functio

£-14. Nissl Staining
(Morris water maze), the assessment of neurological

The duplicate coronal sections of brains were

score and the assessment of sensory function thermatgined with 0.75% cresyl violet, dehydrated thitoug

stimulation (hot plate test).

2.10. Assessment of Cognitive Function

Animals were tested spatial memory by the water
maze test (Morrigt al, 1982). The apparatus was a pool
with 170 cm diameter filled up with tap water fdd ém
deep and the water surface was covered with nantoxi
powder. The pool was divided into four quadranis e
removable escape platform was placed in the cemter
one quadrant below the water level. For animals, th
location of the platform was invisible and it remed
there throughout the training. The animals must orera
the environment cues to locate the platform. Eadimal
was placed in the water in the starting quadrart an
allowed to swim until it found and climbed onto the
platform. The time for animal to reach the hiddétfprm
was recorded as escape latency or acquisition time.

2.11. Neurological Deficit Score

All the animals were subjected to neurological
evaluation by using 6-points postural reflex testoading
to the method of Bedersoat al (1986) and Schmid-
Elsaesseet al (1998). The deficit was graded from 0-5 as
follow: Grade 0. No spontaneous activity; Grade 1:
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graded alcohols (70, 95,100%)2 placed in xylene and
mounted using DPX.

2.15. Morphological Analysis

Five coronal sections of each rat in each groupewe
studied quantitatively. Neuronal counts in hippopas
were performed by eye using ax40bjective with final
field 255 um2 according to the following stereotaxic
coordinates: AP-4.8 mm, lateral+ 2.4-6 mm and d&ath
8 mm. The observer was blind to the treatment at th
time of analysis. Viable stained neurons were ifiedt
on the basis of a stained soma with at least twiblei
processes. Counts were made in five adjacent faahdis
the mean number extrapolated to give the total rumb
of neurons per 25%in?. All data were represented as
number of neurons per 25&n%.

2.16. Statistical Analysis

Data were presented as meanzStandard Error of
Mean (SEM). The analysis was performed using one-
way Analysis of Variance (ANOVA), followed by LSD
test. All statistical results were considered digant at
p-value < 0.05.
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3.RESULTS artery occlusion. Data were recorded escape latency
and retention time. In healthy condition, the résul
3.1. Effect of Mulberry Fruits Extract in Animal showed significant changes in escape latency and

Mode of Strokein Morris Water Maze Test retention times in rats which received either vitai@
or Aricept® .Moreover, mulberry fruit significantly

Cognitive deficit is commonly clinical sign in decreased escape latency time in dose 2,10 mg
stroke. In this study examined the effect of mutper kgBW™ in single dose administration, 7 days
fruit extract on spatial memory both healthy cofmdit ~ administration.(p-value < 0.05, all; compared with
and stroke condition, after induce middle cerebral vehicle treated groupskig. 1-2).

10
® Vehicle MCAO

¥ Aricept 1 mgBW

BVit C 250 mg BW

® Mulberry fruit2 mgkg BW
= Mulberry fruit 10 mg’kg BW

Mulberry fruit 50 mg'kg BW

Iiscape lateney time (sce)

1day 7 days

Fig. 1. The effect of mulberry fruit powder on escapenatetime in healthy condition. Rats were treatechwi¢hicle, Aricept,
vitamin C or the mulberry fruit extract at variousses ranging from 2, 10 and 50 mg & via oral route for 7 days, then
they were determined escape latency time in Mavater maze test. The test was performed within 8tures after the
substance administration. Data are present as_8&avi{n = 6/group * p-value <0.0Eompared with vehicle treated group,
** p-value <0.01 an#** p-value <0.00tompared with vehicle treated group

= Vehicle MCAQ
35 4
= Aricept 1 mgBW
BVit C 250 mgBW
= Mulberry fruit 10 mg’kg BW

Mulberry fruit2 mgkg BW

B Mulberry fruit 50 mgkg BW

Retention time (gec)

1 day 7days

Fig. 2. The effect of mulberry fruit powder on retentiémé in healthy condition. Rats were treated withieieh Aricep®, vitamin
C or the mulberry fruit extract at various dosesgmag from 2, 10 and 50 mg KBW via oral route for 7 days, then they
were determined retention time in Morris water mgest. Data are present as meantS@EM-= 6/group * p-value <0.05
compared with vehicle treated groui, p-value <0.01 an#** p-value <0.00tompared with vehicle treated group
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30 7

®Vehicle MCAO

= Aricept 1 mg'BW

mVit. C 250 mgBW

m Mulberry fruit 10 mg'kg BW

m Mulberry fruit2 mgkgBW

lscape latency time (sec)

Mulberry fruit 50 mg’kg BW

Post MCAO 7 days  Post MCAO 14 days PostMCAOZ21days

Fig. 3. The effect of mulberry fruit powder on escaperiatetime in stroke condition. Rats were treatedwithicle, Aricept, vitamin
C or the mulberry fruit extract at various dosewiag from 2, 10 and 50 mgKW via oral route for 21 days, then they were
determined escape latency time in Morris water ntageevery 7 days. The test was performed witBimihutes after the
substance administration. Data are present as_r8&\¢n = 6/group * p-value <0.0Fompared with vehicle treated grouf,
p-value <0.01 and** p-value <0.00tompared with vehicle treated group

mVehicle MCAO
B Aricept 1 mg/ BW-MCAQ
B Vitamin C 250 mg BW+MCAO

Mulberry Fruits 2 mg'kg BW-MCAQO

Retentiontime (sec)

= Mulberry Fruits 10 mgkg BW-MCAQ

Mulberry Fruits 50 mg’kgBW-MCAQ

PostMCAO 7 days  Post MCAO 14 days  Post MCAQ21days

Fig. 4. The effect of mulberry fruit powder on retentiame in stroke condition. Rats were treated withisleh Aricep®, vitamin C or
the mulberry fruit extract at various doses rangdiagn 2, 10 and 50 mgKW via oral route for 21 days, then they were
determined retention time in Morris water maze ¢vstry 7 days. Data are present as mean+8EM6/group * p-value <0.05
compared with vehicle treated grodf,p-value <0.01 an#** p-value <0.00tompared with vehicle treated group

In stroke condition, Vitamin C, Aricept® and The effect of mulberry fruits powder on motor ftion
mulberry fruit powder at dose 2,10 mg kgBW  was evaluated using hot plate test as showigirs.
significantly increased the retention time in Msrviater ]
maze test after MCAO 14 days after MCAO when 3.4. Effect of Mulberry Fruit Powder on Neuron

compared to the vehicle plus MCAO grotiig; 3-4). Density
3.2. Effect of Mulberry Fruit Extract on Figure 7 shows that Aricept significantly
Neurological Score increased the neuronal density in all sub regidnb®

The effect of mulberry fruits powder on motor hippocampus. Vitamin C significantly increased

function was evaluated using neurological score asneuronal depsity o'nly in CAl (P-value < 0.05 as
shown in Fig. 5. This testgshowed gtendency of compared with vehicle plus MCAQO). Mulberry fruit

improvement in neurological score. powder at dose of 2, 10 and'50 '_I’hgg BW could
_ increase the neuronal density in CA2 and CA3
3.3. Effect of Mulberry Fruit Powder on whereas (P-value < 0.05 as compared with vehicle

Thermal Stimulation plus MCAO).
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6.00
5.00 1
4.00 A
2
3 300
".70
B
£ 200 —+4— Control —8— Sham —i— Ve MCAO
&}
— Vit C+MCAO === Aricept—MCAO —&— Piracetam +MCAO
== MF 2 mg =—MF 10mg MF 50mg
0.00 T T T
pre stroke poststroke 7 days post stroke 14 days poststroke 21 days
Duration

Fig. 5. The effect of mulberry fruit powder on neurolodidaficit score. Rats were treated with vehicle cagf, vitamin C or the
mulberry fruit extract at various doses rangingrrg, 10 and 50 mg KW via oral route for 21 days. Data are present as
mean+SEM(n = 6/group * p-value < 0.05compared with vehicle treated groupp-value <0.05compared with vehicle
treated groupt* p-value <0.01 an#** p-value <0.00tompared with vehicle treated group

Responselime (sec)

1.00 ;V

0.50 —+— Control —&—Sham —k—Ve MCAO —— Vit C+MCAO
—+— Aricept+MCAO ——MF2 mg ——MF10mg MF 50 mg
0.00
day 1 day 7 after7 days after 14 days after 21 days

Fig. 6. The effect of mulberry fruit powder on hot plagst Rats were treated with vehicle, Ari€ptitamin C or the mulberry
fruit extract at various doses ranging from 2, hdl &0 mg kgBW via oral route for 21 days, then they were deieech
retention time in Morris water maze test every YsdéData are present as mean +SEM= 6/group * p-value <0.05
compared with vehicle treated groui, p-value <0.01 an#** p-value <0.00tompared with vehicle treated group

140

=

o
=3

survival nearons

)
=}

f255 pm2)

(neurons/
£ o
(=] o

Density

=
=1

=}

CAl CA2 CA3 Dentate gyrus

Hippocampus sub-regions

" Vehicle - MCAO B Vite 250 mg'kg BW - MCAO
W Aricept I mg’kgBW+ MCAO = Mulberry 2 mgkg BW - MCAO
Mulberry 10 mg’kg BW +~ MCAO = Mulberry 50 mg’kg BW +~ MCAO

Fig. 7. The effect of mulberry fruit powder on neurons signin various subregions of hippocampus. Valuegrg are the
meatS.E.M. (n= 6) P-value< .05 as compared with vehicle plus MCAO. Data aes@mnt as mean+SEW = 6/group * p-
value <0.05ompared with vehicle treated grots,p-value <0.01 an#** p-value <0.00tompared with vehicle treated group
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4. DISCUSSION medicinal benefit, such as potent anti-oxidant végti

) .. (Chenet al, 2005; Kanget al, 2006), anti-inflammation

In this study, we have demonstrated the cognitive kjm and Park, 2006), anti-thrombotic (Yamametcl,
enhancing effect of Mulberry fruits powder via oralite  5406). Moreover, mulberry exhibit inhibitory effeon

administration in animal model of stroke. Our data : : : ;
. the migration and invasion of a human lung canedr c
showed that mulberry fruits decreased the escapedp line (Chenet al, 2005). Therefore, exploring the diverse

time and increased retention time of Morris watezen . L . .
test both health condition and stroke condition.e Th bioactivities (.)f mulberry_frmt p(_)wder can be exfid
pharmacologically associated with stroke.

neurological score was increased after treated with
mulberry fruit powder. The number of survival nenso

was increases in hippocampus CA2, CA3 when 5. CONCLUSION
compared with vehicle treated groups.
Animal model of ischemic stroke are procedure Therefore, all results in this study suggested tha

producing cerebral ischemia and the model can &xpla mulberry fruit had high potential to be served &e t
processes of pathophysiology of cerebral ischemiafunctional food to protect against memory impairtamd
mechanism. Therefore a large portion of strokeareteis ~ Néurodegeneration induced by cerebral  ischemia.
conducted on animals. Most animal stroke modelswer However, precise und_erlylng mechar!lsm and. theaalini
developed to induce cerebral ischemia within theAVIC trial study are still required before the implenaiai.
territory in order to be relevant to clinical sitiom. The
intraluminal suture MCAO in rats and in mice is thest
frequently used model. This model is less invasind
easy to perform both permanent and transient isighem

a controlled manner. Intraluminal suture MCAO model
involves inserting a monofilament into the interpafotid
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