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ABSTRACT

The entire plant extract of Morus alba L. has besgtlely used in traditional medicine for treatingricaus disorders
such as diabetes and also as health tonic. Butethigrno report available so far regarding the pnese of
acetylcholine esterase inhibitors in this planteTdim of the present study was to test the M. Ebaextract for
acetylcholine esterase inhibitory activity. The 50f&thanolic extract of M. alba was tested for ibsvitro
acetylcholine esterase inhibitory activity using dified Ellmann’s method. The crude methanolic shibwe
acetylcholine esterase inhibitory activity in a centration dependent manner and around 10 pg oéxteact was
required for 50% inhibition of the activity. The jomcompounds in the extract were identified usiRig-HPLC
analysis as vanillic acid, myricetin, luteolin akdempferol. Out of this four major compounds, nefiig luteolin
and kaempferol showed significant acetylcholinerasie inhibitory activity when tested individual8o | conclude
that the M.alba leaf extract possess significanetgicholine esterase inhibitory activity and themmmounds
responsible for this effect were identified as wstin, luteolin and kaempfeol. This is the firstidst on the
identification of acetylcholine esterase inhibitérem M.alba.
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INTRODUCTION

Alzheimer’s disease is a progressive, neurodegéverdisease affecting especially elderly populatiesulting in
impaired memory and behavior. Reversible inhibitmrgholine esterase are widely used for treating tlisease.
These compounds will help in increasing the leeélacetylcholine level in the brain [1]. Natureaigich source of
compounds with unique and complex structure thahotabe easily synthesized by chemical methodsutiliitzation

of highly efficacious acetylcholine esterase intuts (AchEls) from natural sources has now becomgoitant
because the use synthetic ones have serious delseuch as gastrointestinal disturbances. Thst potent
reversible inhibitor of acetylcholine esterase (Brhsolated from natural source is Huperzin A franChinese
traditional medicindHuperzia serratgd2].

Morus albaL. (Mulberry) is widely being used in traditionaledicine for treating various diseases. Many flagon
were isolated from the root bark as active priresp]3]. M.alba leaves contain rutin, quercetin and apigenin as
bioactive constituents [4]. There is no report ldée so far regarding the presence of AchEMimlba. Recently
another species of mulberry was screened for itdribiof acetylcholine esterase and butyrylcholistemse and
have identified nine new flavones [5]. To the bafsbur knowledge this is the first study revealthg information
regarding the identification of some important canpds as AchEls froril.alba.
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MATERIALS AND METHODS

Reagents

All the chemicals and reagents used were of higdlityuanalytical grade reagents. 5, 5'-dithiobisa{obenzoic
acid) (DTNB), acetylcholine esterase, acetylcholodide,and all the standards for HPLC analysis were pusetha
from from Sigma, USA. Methanol and acetic acid wauechased from Sisco Research Laboratory, India.

Preparation of the extract

M. albalL. leaves collected during March-April season wased for the study. About 20 g of leaves were wdsh
air dried and macerated with 100 ml 50% methanabaer for 48 hours at’@. The extract was filtered through
double layered cheese cloth and centrifuged 10y®@0for 10 minutes. The supernatant was colled¢teimethanol
evaporated using rotavapor and then lyophilizede @hed extract wastored at C and was used for thie vitro
analysis.

I nhibition of acetylcholinesterase activity- I n vitro assay

Inhibition of acetylcholinesterase activity was etetined using Ellman's colorimetric method as medifby
Eldeenet al [6]. Into a 96-well plate was added gbof 15 mM acetylcholine iodide (ATCI) in water, 32l of 3
mM DTNB in Buffer C (50 mM Tris—HCI, pH 8, contaimg 0.1 M NaCl and 0.02 M MgCI2.6H20), fbof Buffer
B (50 mM, pH 8, containing 0.1% bovine serum albnin@ind 25ul of crude methanolic extract d.alba prepared
dissolved in 100% methanol at different concerarati(0, 2, 5, 10, 20 ug). Thereafter, AChE (0.2 IUimas added
to the wells and the absorbance measured five taoesecutively every 1 minute in microplate readerUOstar
optima, BMG Labtech, Germay) at 405 nm. Any incesasabsorbance due to the spontaneous hydroljsieo
substrate was corrected by subtracting the absoebbefore adding the enzyme from the absorbanee adiding
the enzyme. The percentage inhibition was calcdlaging the equation:

% Inhibition = 1-(Aampie/Acontro) X 100

where AampieiS the absorbance of the sample extracts agg s the absorbance of the blank [methanol in Buffer
A (50 mM Tris—HCI, pH 8)].

HPLC analysis of the extract

RP-HPLC analysis of the crude methanolic extract performed in a Waters 1525 HPLC system equipptdav
binary pump system, UV visible detector (Waters ei@#87) and syringe loading sample injector withd size of
20 pl and an auto sample injector. The separatasdone using a C-18 column (150x4.6nm, |.D. 5 pMjected
by a guard column with column oven temperature taaied at 25 °C. The elution was carried out withdgent
solvent systems with a flow rate of 1 ml/ min attéemt temperature (25-28°C). The mobile phase wasisted of
0.1 %vl/v acetic acid (solvent A) and HPLC gradelmaatl (solvent B). The mobile phase was prepareditiared
through a 0.45:m and sonicated before use. Total running time 2¢asin and the gradient programme was as
follows: 90 % A and 10% B for 0- 5 min, 70 % A t6 % B for 3 min, 55 % A to 45 % B for 3 min, 30%t&
70%B for 2 min, 20% A to 80% B for 2 min, and 10@8%or 5 min. The sample injection volume was|2@&nd the
wavelength of the UV-VIS detector was set at 255 The retention time of all the standards were dksiermined
using the same protocol.

Statitical analysis
All the experiments were performed in triplicateldhe values are expressed as meantSD.

RESULTS

In vitro inhibition of acetylcholine esterase activty by M.alba extract

Different concentrations of methanolic extractvbflba (2, 5, 10 and 20 pg) were tested for the inhigiwifect of
acetylcholine esterase activity. The results axergiin Fig. 1. The extract showed a concentratiepeddent
inhibition on AchE activity and around 10 pg ofrxt was needed for the 50% inhibition of the aftiv

HPLC analysis for the identification of active componentsin the extract
The crude methanolic extract which showed AchEhLitbiy activity was subjected to HPLC analysis foe
identification of its active principles. By compagi the retention of various peaks obtained withrétention time
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of various standards, the active principles weemniified. The extract contains ascorbic acid (2&@llic acid
(1.2%), chlorogenic acid (2.8%) as the minor congmis and vanillic acid (22%), myricetin (15%), lilia (32%)
and kaempferol (15%) as the minor components. &belts are given in Fig.2 A.

AchE inhibitory activity of separated major components of M.alba

The peak fractions of the major components (vaniicid, myricetin, luteolin and kaempferol) werdlected
evaporated off the solvent and 5 pug of each comgpevere analyzed for AchE inhibitory activity. Thesults are
shown in Fig. 2B. Vanillic acid did not show any & inhibition, but all other compounds showed iitioln with

varying percentages. Myricetin showed 68%, lutestinwed 76% and kaempferol showed 52% inhibitioAdfE

activity.

DISCUSSION

Choline esterase inhibitors have been reporteceteffective in treating memory impairment and otbegnitive
dysfunctions associated with Alzheimer’'s diseadantPderived AchE inhibitors, especially flavonoidsuld be
appropriate in treating this condition becauseestl|side effects and many such compounds haverbperted
earlier [7, 8]. For the first time, we are repogtimere the acetylcholine esterase inhibitory agtiof M.alba leaves.

Figure 1 Percentage inhibitory activity of the mettanolic extract of M.alba on AchE inhibition: Different
concentrations of crude methanolic extract (2, 5,dand 20 ug) were tested for the AchE inhibition aththe
percentage inhibition was calculated. Around 10 pof extract needed for 50% inhibition. Values giverare

average of three independent experiments+ standameviation.
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Figure 2 HPLC profile of crude methanolic extract ¢ M.alba. Major and minor peaks were identified by
comparing retention time (Rt) of each peaks with Rbf various standards (A). Percentage inhibition oAchE
inhibitory activity of 5ug of each of the major conpounds (vanillic acid, myricetin, luteolin and kaenpferol)
purified from extract (B). Luteolin showed maximum AchE inhibitory activity. Values given are averageof
three independent experimentst standard deviation.
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The leaves oM.albais one of the best known medicinal herbs usethéntteatment of diabetes and the beverages
containing this leaves promote good health [9]. Dluactive components of this leaves were invetidjdefore
and it contains many flavones, steroids, triptegseemd many nitrogen containing sugars. Out oktikesontaining
sugars, deoxynojirimycin and fagomine have mosgpiotiypoglycemic effects. Besides this, the plaigs possess
antiproliferative activity. Albanol A derived frotte root bark induces apoptotic cell death in lenikecancer cells
[10]. The leaves also possess immunomodulatory §htl] anti-inflammatory effects [12]. Eventhoulghalba is
used in the treatment of many diseases, therecareports available till now on the acetylcholirstezase inhibitory
activity of this plant. In the present study we &aeported fro the first time, three major compaufhyricetin,
luteolin and kaempferol) from this plant are aldeirthibit the AchE activity. These results cleairhglicating the
wide possibility of this plant to be used in theatment of Alzheimer’s disease.
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