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ABSTRACT

Learning refers to the process by which brain aceginew information about the events occurring e t
surroundings and recalling of information is refed to as memory. Memory comprises of registration,
consolidation and retrieval. Now a days a prevakemé neurodegenerative disorders is increasing baydays.
Beta vulgaris . (beet) is the abundantly availaplant in indian subcontinent, the antioxidant,ieinflammatory &
hepatoprotective potential of Beta vulgaris |. Hesen established but nootropic potential of thenpleas not been
explored the present study is designed to evaligtanootropic potential of Beta vulgaris |. Rootdract. In this
study hydroalcoholic extract of Beta vulgaris |.d&was evaluated for nootropic potential by usingrris water
maze model. The present study has been desigiirecetigate the effect of hydroalcoholic extracBeta vulgaris
I. Roots in high fat diet induced experimental agiamén mice. The mice were divided into groupsastrol group,
normal saline treated group, high fat diet treagg@up, high fat diet + metrifonate treated grouhpigh fat diet +
piracetam treated group & high fat diet + beat ra2$0,500,1000 mg/kg treated groups. On analysiesflts it
was found that the extract treated animals showeteased escape latency time spent in search sfngiplatform
in day 5 in morris water maze. This suggests tlydrdalcoholic extract of beta vulgaris |. Roots siscsignificant
nootropic activity.
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INTRODUCTION

In resent era amnesia has become a serious prablEont of world population and prevalence of dises having
amnesia as major symptom is increasing day by 2@l [

The agents already available for treating amndsmrders in modern system of medicine has variaes effects so
there is a need of a natural & safe alternativiectat amnesia.

Beta Vulgaris L. roots has significant antioxidaamti-inflammatory, haemopoietic, cholesterol redgciand
immunomodulatory actions due to it's specific agtoonstituents, which can be stated by followinigl@vces.

Evidances of antioxidant activity &eta vulgaris_. roots extract’s and active constituents respador it:

- Franket al.,in 2005 reported that the ingestion of a singlsedof red beet juice resultes in an increase of
antioxidant compounds including betalains in urjn@xcretion. Kujalaet al, in 2001 reported that Beta vulgaris L.
possess antioxidants properties because of therme®f nitrogenous pigments called betalains, inaomprise of
red—violet-colored betacyanins (betanin, isobetarprobetanin and neobetanin) and yellow—orangeredlo
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betaxanthyns. Escribare al.,in 1998 reported that Betacyanins are a groupoofpounds exhibiting antioxidant
and radical-scavenging activities.

Evidances of cholestrol reducing actiorBata vulgaris.. roots extract’s and active constituents respmador it:

- Khalili et al.in 2004 has evaluated it's cholestrol reducingoaicas the augmented triglyceride and cholesterol
due to diabetes were significantly decreased byegtect. Tesoriere et al. in 2004 said that batalanrich human
low density lipoproteins.

Evidances of anti-inflammatory and antimicrobiatiae of Beta vulgarisL. roots extract’s and active constituents
responsible for it:

- According to Jairet al., 2011 Beta vulgarisL. roots has significant anti-inflammatory acties it's aqueous
extract showed anti-inflammatory activity in therregeenan-induced rat paw oedema. Streclal., in 2003
reported that it has anti-inflammatory, antimicedband antiviral effects effects due to betacyar(iresl-violet
pigments) and betaxanthins (yellow-orange pigmgtsp,22].

Evidances of cancer prevenive and immunomodulattiora of Beta vulgarisL. roots extract's and active
constituents responsible for it:

- Reddyet al. in2005 stated that it can also inhibit the cell ifeoation of human tumor cells. Kapadda al.,in
1996 stated that beetroot ingestion can be coreidefactor in cancer prevention because Beet(Bets vulgaris)
are rich in valuable, active compounds such ageaoids [7], glycine betain [5], saponins [3], fidga[13].

By above it is clear that Beta Vulgaris L. roots lsgnificant antioxidant anti-inflammatory, chdk®l reducing
and immunomodulatory action and because major sanfsemnesia are oxidative damage [11], inflamnméii8],
high cholesterol level [2], and exaggarated autanime response [1] so study is undertaken to ewalBata
vulgarisL. roots extract's amnesia relieving action dsai$ still also not been scientifically evaluated.

EXPERIMENTAL SECTION

ANIMALS

All the experiments were carried out using swissnal mice of either sex produced from ivri baregillyp. India.
Young mice (3-4 month old) weighing around 20 g agdd mice (12-18 month old) around 35 g were usede
present study. The animals were housed, 12 hrtlagt 12 hr. Dark cycle in the departmental anihlse with
free access to water and standard diet. The aniwetks acclimatized to the laboratory condition foleys prior to
behavioral study.

All experiments were performed as per the normthefinstitutional animal ethical committee of jaimollege of
pharmacy (931/ac/06/CPCSEA) and the studies wepeoged and clearance obtained by the 'institutioagiew
board'.

EXTRACTION OF BETA VULGARIS

Procurement and Authentification of crude drug

the plant material was procured from market ofgyaig it was authentified at jayoti vidyapeeth wortseeaniversity,
jaipur by botanist “Shazia Khan” and herbarium $hees deposited with voucher specimen number
JVWU/PCG/H/2010/99.

Extraction

The fresh roots oBeta vulgaris L(1 kg, cut into small pieces) were exhaustivelyaoted in 95% (1.5 L) ethanol
by continuous heat extraction in soxhlet apparafths. obtained alcoholic extract was then evaporatedater bath
till complete drying. Percent yield was calculafedeach extract after drying [4]

Determination of percentage yield
The percentage yield of extract was calculated diggufollowing formula: Percentage yield = (Weiglftextract /
Weight of raw material taken) X 100

Acute toxicity study

The acute toxicity study was carried out in adathéle wistar rats by “fixe dose” method of OECDgéurization
for economic co-operation and development) guigetin.420. Fixed dose method as in annex 2d: tesedure
with a starting dose of 2000 mg/kg body weight vad@epted. The animals were fasted overnight and daxt
extracts were administered orally at dose levelD20@/kg. Then the animals were observed continydoslthree
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hour for general behavioral, neurological, autoroprofiles and then every 30 min for next threerhand finally
for mortality after 24 hour till 14 days. The obsiions were tabulated according to ‘irwin’s tab{®ECD
guidelines-420).

Selection of doses

For the assessment of nootropic activity, doselless chosen in such a way that, dose was approsiynane
tenth to one half of the maximum dose taken dusicigfe toxicity studies (200 to 1000 mg/kg).

MORRIS WATER MAZE

Morris water maze [26], was employed to evaluatrimg and memory. It consisted of a circular watark
(diameter 122 cm. and height 51 cm.) and was filléth water up to 30 cm. (at 25 C). The tank wasdddid into
four equal quadrants with the help of two thredd®d at right angle to each other on the rim o thool. A
platform (10 cm") of 29 cm. height was located e ttentre of one of these four quadrants. The ipositf the
platform and clues were kept constant throughoaitithining session. In the present study, the tajgadrant was
Q4. Each animal was subjected to four consecutigkston each day with an interval of 5 min, durimgich they
were allowed to remain on the platform for 20 deaase the animal was unable to locate the higtttfiorm with
in 120 sec. It was gently guided by hand to théf@lan and was allowed to remain there for 20 sescalpe latency
time (ELT) to locate the hidden platform in wateaze was noted as an index of acquisition. Rats sugsgected to
acquisition trial for four consecutive days. On #feday. The platform was removed and time spent typalnin
each quadrant was noted. The time spent by theahmimtarget quadrant and (Q4) in search of misgilagform
was noted as an index of retrieval.
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Fig.No-1: Diagrammatic Presentation of Morris WaterMaze

a. Acquisition trial
Each mouse was subjected to four trials on eachafégr 16 day of drug treatment). A rest intergb min was
allowed in between each trial. Four trials per degye repeated for four consecutive days. Startogitipn on each

day to conduct four-acquisition trial was changsddascribed below and Q4 was maintained as targetrgnt in
all acquisition trials.
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Day 1 Ql Q2 Q3 Q4
Day I Q2 Q3 Q4 Ql
Day Il Q3 Q4 Ql Q2
Day IV Q4 Ql Q2 Q3

Mean escape latency time (ELT) calculated eachddiaipng acquisition trial was used as an index gjfugsition.

b. Retrieval trial

On day %' the platform was removed. Each mouse was platedhter maze and allowed to explore the maze for
120 sec. Each rat was subjected to four such ftaiadk each trial was started from different quadritdgan time
spent in target quadrant i.e. Q4 in search of misglatform provided an index of retrieval. Careswtaken that
relative location of water maze with respect toeotbubject in laboratory serving as visual cluesewmt disturbed
during the total duration of the study.

EXPERIMENTAL DESIGN
Animals were divided into groups and each groupmised of 6 mice.
A. Design for Morris water maze

Group | Control Group [26]: Control, mice were administered distilled wateb (hl/kg, i.p.) 45 min before
conducting the acquisition trials (day 1 to dayAjl retrieval trial (day 5).

Group Il Normal Saline Treated Group [26]ehicle treated, mice were administered normahs&liLO ml/kg, i.p.)
45 min before conducting the acquisition trialsy(dato day 4) and retrieval trial (day 5).

High fat diet (HFD) induced amnesia

Group Il High fat diet (HFD) induced amnesia [26Jlice were fed high fat diet (HFD) for 3 months. Biffed
mice were exposed to the water maze for four cartisecdays during acquisition trials (day | to dgyand retrieval
trial was carried out on day 5.

Group IV High fat diet (HFD) + metrifonate [26]:Mice weaglministered metrifonate (50 mg/kg, i.p.) daily for
days and again for fifth consecutive day (daydagy 5, 45 min before) during acquisition and retldrials.

Group V High fat diet (HFD) + piracetam [26]: mice werenadistered piracetam (400 mg/'kg, i.p.) daily for 4
days and again for fifth consecutive day (daydagy 5, 45 min before) during acquisition and retldrials.

Group VI, VII, VIII  High fat diet (HFD) + beat root [8] HFD mice were administer@&gta vulgarisL.
(hydroalcoholic extract 250, 500 and 1000 mg/kgybaeight respectively for 70 days) and agafor five
consecutive days (dayl to day5) dugoguisition and retrieval trials.

Statistical analysis
The data of activity were analyzed by one way asialgf variance (ANOVA) followed by “Dunnet’s tedby using
graph pad prism version 4 software.

RESULTS

Extractive yield : The percentage yield obtained for Hydroalcoholitr&st of Beta Vulgaris L. Roots was 57%
W/w.

Pharmacological studies

Acute Toxicity studies

Acute Toxicity studies on female mice showed notality at a dose of 2000 mg/kg, during a time perad 14
days. The Behavioral, Neurological, Autonomic resms were studied for a time period of 6 hrs ofcitxstudy.
During the study no noticeable responses were isetdie rats. This helps to predict that it doesawtitain any type
of toxicity and is safe.
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Mortality in oral toxicity study (Roots Extract)

Treatment Mortality .
S.No. | (Hydroalcholic extract) | Dose (mg/kg) ol;l:mrkr)gls After After After Tc;)(()lf(i:lléy
50:50 24 Hrs. | 7days| 14days| P
L. Dried leaves 2000 5 0 0 0 Safe
Extract orally

Escape latency time (ELT) - time spent in targetdyant

Mice, were administered distilled water (10 ml/kg,) 45 min before acquisition trials conductedday 1 to day 4.
Escape latency timeas significantly decreased as compared to itsevabied on day 1 with successive acquisition
trials conducted on day 2 to day 4.

Mice, administered distilled water (10 ml/kg i.g5 min before retrieval trial (day 5) spent sigrafitly more time
in the target quadrant (Q4) in search of missirgfpim as compared to time spent in other quadi@is Q2, Q3)
during retrieval trial.

Table: 1
Treatment with Mean Avg. Time Spentin | Mean Avg. Time Spentin | Mean Avg. Time Spentin | Mean Avg. Time Spent in
Distilled Water Target in seconds Target in seconds Target in seconds Target in seconds
10 ml/kg, i.p. uadrant 1 uadrant uadrant uadrant 4
0 ml/kg, i Quad Quadrant 2 Quadrant 3 Quad
Day 1
(Acquisition Trial 20+0.577 21+0.365 20+0.365 20+0.000 Sec (Constant)
Day 2
(Acquisition Trial) 18+0.577 19+0.365 18+0.577 20+0.000 Sec (Constant)
Day3 17+0.447 19+0.365 1740.447 20+0.000 Sec (Constat)
(Acquisition Trial)
Day4 1740.447 18+0.577 1740.447 20 £0.000 Sec (Constafit)
(Acquisition Trial)
Days 24 40,577 26 +0.516 24 40,577 80 £0.577
(Retrival Trial

Effect of Normal Saline on acquisition and retrieofmemory

Administration of normal saline (10 ml/kg, i.p.)iyafor 4 days 45 min before acquisition trials docted on day 1
to day 4 did not produce any significant effectdestrease in ELT when compared with control grouprnial

saline (10 ml/kg, i.p.) did not produce any marledct on time spent in target quadrant (Q4) imrceaf missing
platform during retrieval trial condiicted on daykhen compared with control group.

Table: 2
Treatment with Mean Avg. Time Spentin | Mean Avg. Time Spentin | Mean Avg. Time Spentin | Mean Avg. Time Spent in
Normal Saline Target in seconds Target in seconds Target in seconds Target in seconds
(10 ml/kg, i.p.) (Quadrant 1) (Quadrant 2) (Quadrant 3) (Quadrant 4)
Day 1
(Acquisition Trial) 19 +0.365 20 +0.577 19 +0.365 20 +0.000 Sec (Cuorit
Day 2
(Acquisition Trial) 17 +0.447 18 +0.577 17 +0.447 20 +0.000 Sec (Cuorit
Day3 17 0.447 17 +0.447 17 0.447 20 +0.000 Sec (Gojt
(Acquisition Trial)
Day4 \ 16 +0.258 17 +0.447 16 +0.577 20 +0.000 Sec (Cuorit
(Acquisition Trial
Day 5
(Retrival Trial) 23 +0.577 25 +0.447 23 +0.365 79 +0.577

Effect of high fat diet (HFD) on acquisition andrieval of memory

HFD fed mice significantly showed increase in ELUridg acquisition trials conducted on day 1 to dayas
compared to control group. HFD also decreases $ipsnt in target quadrant (Q4) in search of misgitagform
during retrieval trial conducted ahay 5. It may be noted that impairment of acquisitiue to HFD may lead to
failure of retrieval.
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Table No:3
(I-,YIFIEE; :‘,(\;?r??rfr?:ntt]rllgsh Laéglféd Mean avg. time spent | Mean avg. time spent | Mean avg. time spent | Mean avg. time spent
mice were ex oséd to the in target quadrant in in target quadrant in in target quadrant in in target quadrant in
water rgaze seconds (Quadrant 1) | seconds (Quadrant 2) | seconds (Quadrant 3) | seconds (Quadrant 4)
. . 20 +0.000 Sec
Day 1 (Acquisition trial) 23 +0.365 24 +0.577 26.365 (Constant)
. . 20 +0.000 Sec
Day 2 (Acquisition trial) 21 +0.365 22 +0.365 20.365 (Constant)
. . 20 +0.000 Sec
Day 3 (Acquisition trial) 21 +0.333 21 +0.365 20.365 (Constant)
. . 20 +0.000 Sec
Day 4 (Acquisition trial) 20 +0.577 21 +0.365 20.601 (Constant)
Day 5 (Retrival trial) 27 ¥0.577 29 +0.258 27 075 70 +0.447

Each column represents mean standard error ofttean (N=6)

Effect of metrifonate on high fat diet (HFD) induced amnesia

Metrifonate prevented high fat diet (HFD)
missing platform during retrieval trial conducted day 5.

induceelcrease in time spent in target quadrant (Q4)earch of

Table No:4
Mice were fed high fat diet (HFD) for 3 Mean avg. time Mean avg. time Mean avg. time Mean avg. time
months. HFD fed mice were were spent in target spent in target spent in target spent in target
administered metrifonate (50 mg/kg, i.p.) guadrant in quadrant in quadrant in quadrant in
daily for 7 days and again for five consecutive seconds (Quadrant | seconds (Quadrant | seconds (Quadrant | seconds (Quadrant
days 45 minutes before conducting the trials 1) 2) 3) 4)
Day 1 20 +0.000 Sec
(Acquisition trial) 210365 22 +0.365 210365 (Constant)
Day 2 20 +0.000 Sec
(Acquisition trial) 19+0.365 2020577 19+0.365 (Constant)
Day 3 20 +0.000 Sec
(Acquisition trial) 18 +0.577 2020.577 18 +0.577 (Constant)
Day 4 20 +0.000 Sec
(Acquisition trial) 18 +0.577 19+0.365 18 +0.577 (Constant)
Day 5 (Retrival trial) 25 +0.447 27 +0.577 25 #0074 77 +0.577

Each column represents mean istandard error ofntiean (N=6)

Effect of piracetam on high fat diet (HFD) inducedamnesia:
Piracetam prevented high fat diet (HFD) inducecrease in time spent in target quadrant (Q4) inckeaf missing
platform during retrieval trial conducted on day 5.

Table No:5
M'ﬁﬁg}ﬁ:i fE?:B'%: dfizigftv&:rzl?/ag?é 3 Mean avg. time Mean avg. time Mean avg. time Mean avg. time
administeréd iracetam (400 mg/'kg, i.p.) spent in target spent in target spent in target spent in target
. P > Mgrxg, 1.p. quadrant in guadrant in guadrant in quadrant in
daily for 7 days and again for five seconds (Quadrant | seconds (Quadrant | seconds (Quadrant | seconds (Quadrant
consecutive days 45 minutes before
: ; 1) 2) 3) 4)
conducting the trials
o . 20 +0.000 Sec
Day 1 (Acquisition trial) 20 +0.577 21 +0.365 20.577 (Constant)
o ) 20 +0.000 Sec
Day 2 (Acquisition trial) 18 +0.577 19 +0.365 18.577 (Constant)
o ) 20 +0.000 Sec
Day 3 (Acquisition trial) 17 +0.447 18 +0.577 18.577 (Constant)
Day 4 (Acquisition trial) 17 £0.447 18 £0.577 10.447 20 £0.000 Sec
(Constant
Day 5 (Retrival trial) 24 +0.577 26 +0.516 24 005 78 +0.365

Each column represents mean istandard error ofntiean (N=6)
High fat diet (HFD) + Beat Root

Group XXX, XXXI, XXXII:

HFD + Beta vulgatiss, HFD mice were administered Beta vulgérighydroalcoholic extract 250, 500 and

1000 Mg/Kg body weight respectively for 70 days)d again for five consecutive days y(dao day5) during acquisition and
retrieval trials.
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Table No:6

Mice were fed high fat diet
(hfd) for 3 months. hfd
fed mice were
administered Beta vulgaris
L.(hydroalcoholic extract
250 mg/kg body weight
respectively for 70 days) 45
min before conducting the

Mean avg. time
spent in target
quadrant in seconds
(Quadrant 1)

Mean avg. time spent
in target quadrant in
seconds (Quadrant 2)

Mean avg. time spent
in target quadrant in
seconds (Quadrant 3)

Mean avg. time
spent in target
quadrant in seconds
(Quadrant 4)

trials.
(Ac qu?sai‘%’ - ) 22 +0.365 23 +0.577 710577 ZQEShZSaOnf)ec
( Acqu%?t’i'of] tial) 19 £0.365 20 £0.577 20 £0.577 zo(é%r?gtgcr)ﬂ)Sec
( Acqu?s?t‘i’o?;] wial) 19 0.365 19 0.365 20 +0577 20 Sec (Constant)
(Acqul:i;?t)ilo?] trial) 20+0.577 19 +0.365 68 +0.516 thcigr.\(;(t)gn?)ec
Day 5 27 +0.577 27 +0.577 26 +0.516 75 +0.258

(Retrival trial)

Each column represents mean istandard error ofitfean (N=6)

Table No:7
Mice were fed high fat diet
(HFD) for 3 months. HFD
fed mice were .
administered beta vulgaris | Mean avg. time spent| Mean avg. time spent I\éle::t ?r:/gt;ért"zte Mean avg. time spent
L. (hydroalcoholic extract | intarget quadrantin | intarget quadrantin uagrant in se%onds in target quadrant in
500 mg/kg body weight seconds (Quadrant 1)| seconds (Quadrant 2) q seconds (Quadrant 4)
respectively for 70 days) 45 (Quadrant 3)
min before conducting the
trials.
Day 1 (Acquisition trial) 21 +0.365 22 +0.365 20577 20 #0.000 Sec
(Constant
- . 20 +0.000 Sec
Day 2 (Acquisition trial) 18 +0.577 19 +0.365 10.365 (Constant)
L ; 20 +0.000 Sec
Day 3 (Acquisition trial) 18 +0.577 18 +0.577 10.365 (Constant)
Day 4 (Acquisition trial) 19 +0.365 18 +0.577 10.447 2cz§gr.lc;<t)§ngec
Day 5 (Retrival trial) 26 +0.516 26 +0.516 25 074 76 +0.258

Each column represents mean istandard error ofttean (N=6)

Table No:8

Mice were fed high fat diet (HFD) for 3
months. HFD fed mice were administere®Beta

Mean avg. time
spent in target

Mean avg. time
spent in target

Mean avg. time
spent in target

Mean avg. time
spent in target

vulgaris L.(hydroalcoholic extract 1000 mg/kg quadrant in guadrant in guadrant in guadrant in
body weight respectively for 70 days) 45 min | seconds (Quadrant| seconds (Quadrant| seconds (Quadrant| seconds (Quadrant
before conducting the trials. 1) 2) 3) 4)
Day 1 20 +0.000 Sec
(Acquisition trial) 21+0.365 21 +0.365 70£0.447 (Constant)
Day 2 20 +0.000 Sec
(Acquisition trial) 180577 69 +0.365 18 £0.577 (Constant)
Days 18 20,577 69 £0.365 67 +0.365 20 £0.000 Sec
(Acquisition trial (Constant
Day 4 20 +0.000 Sec
(Acquisition trial) 1820.577 1820577 67+0.365 (Constant)
Day 5 (Retrival trial) 25 +0.447 76 +0.258 24 06 77 +0.258

Each column represents mean istandard error ofntiean (N=6)
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Table No:9 Final analysis of effect on escape latey in high fat diet induced amnesia

Normal . . . . . . High fat diet (HFD) + beat root
saline High fat diet High f_at diet + ng_h fat diet + roots extract treated animals
Group Control treated treated metrifonate piracetam 550 500 1000
animals animals treated animals treated animals Mg/Kg Mg/Kg Mg/Kg
e St 80 79 70 77 78 75 76 77
g " naay 10577 +0.577 +0.447 +0.577 +0.365 +0.258 +0.258 +0.258
5 (retrival trial)

1 2 3 4 5 6 7 8

Group

Each column represents mean +standard error of the mean (N=6). Groups IL III,
IV, VI, VII, VIII are compared to group L ****P=0.0001; ***P=0.0005;
**P=0.005: *P=<0.05 (One-wav analvsis of variance followed bv dunneti’s test).

Fig.No.6 - Final analysis of effect on escape latenin high fat diet induced amnesia

Final Analysis of effect on Escape @ control
= Lat_e“cy i ngh Fa_t Dite . Normal saline treated animals
E induced amnesia: —— . ,
= igh fat diet treated animals
: 100 L
= High fat diet + metrifonate
E 804 SR e e ek " treated animals
= wok ok =] Highfatdil?t+ piracetam
= 60- treated animals
=
s = Bl 250Mg/Kg™] High fat diet
S8 40+ + Beta
E . B :sooMakg Vulgaris
= 20+ roots extract
§ B 1000MgK LR
=
=
=
3
=
=]
£

n

The extract treated animal showed significant iaseein Escape Latency Time spent in search of mgiggatform
in day 5. This suggests that Beta Vulgaris LinnofRd1ydroalcoholic Extract shows significant Nogimpotential.

DISCUSSION

The Memory enhancing effect of beet root extradtigh fat diet induced amnesia may be due to ijsiicant fall
in total serum cholesterol level shown Bgta vulgarisL.[8]. which may be due to phenolic compounds] [did
betalains which enrich human low density lipopnasgi24,25] which was found present in roots extract
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