Available online at www.scholar sresear chlibrary.com

Q\@(ma%
Scholars Research Library g *“'b“‘é
Scholars Research . * t@# (E
Der Pharmacia Lettre, 2016, 8 (7):34-39 * Vq v 5
(http://scholarsresearchlibrary.com/archive.html) A4
Library

ISSN 0975-5071
USA CODEN: DPLEB4

Anti-acetylcholinesterase, Anti-inflammatory and Anti-oxidant Activities of
Mentha longifolia for Treating Alzheimer Disease

'Abeer Y. Ibrahim, ?Eman R. Youness, * Ahmed S. Shalaby and *Mona Magd EI-Din

'Medicinal and Aromatic Plants Researches Dept. rRta@eutical and Drug Industries Researches Division
“MedicalBiochemistry Dept., Medical Researches ivis’Pests and Plant Protection Dept., Agriculture Divis
National Research Centre, Egypt, 12622

ABSTRACT

Alzheimer's disease is one of the most common tfpdsmentia in the aging population. We aimed valieate
anti-acetylcholinesterase, anti-inflammatory andtiaxidant activities of M. longifolia extract fordating the
disease. alcoholic extract and essential oil ofidvhgifolia were prepared and tested for their amtatant activity in
in-vitro assays as well as anti Alzheimer effecextfact and essential oil at 10% kfwas evaluated relevant to
their anti-inflammatory effect, acetylcholinestezashibitory activity and antioxidant activity iduaminium chloride
model. In in-vitro study, M. longifolia showed put@ntioxidant effects as radical scavenger andhitbr for lipid
peroxidation. In in-vivo study, the essential agirsficantly decreased production of hydrogen pétexnitric oxide
and malondialdehyde in brain tissue as comparedAtosintoxicated group. Mint extract and oil increase
glutathione concentration, superoxide dismutase aatlase activities as well as total antioxidamtpacity in
brain tissue. Treating intoxicated rats with extrac oil decreased the production of proinflammataytokines in
sera and brain tissue. Extract and oil decreasdd1ff) ,IL-6 and (TNFe) in intoxicated rats, also inhibited
production of to be nearly at the same level ofceetrol group. Both extract and oil showed the sasffect on IL-
14 in brain tissue but had low effect on TRwhile they elevated inhibition percentage of lic@hcentration in
brain tissue with concomitant inhibition of choligec biomarker as inhibiting acetylcholinesterasespectively
and cholinesterase . M. longifolia extract and esisé oil may have anti Alzheimer effect througleitheffect as
antioxidant agents, anti-inflammatory agents ancestylcholinesterase inhibitors.
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INTRODUCTION

The age related disease, Alzheimer's (AD), is comitgpe of dementia in elderly populations. The galdnset
and decline of cognitive function is characterizsdAlzheimer[1]. The degeneration of neurologicalction is due
to the reduction in levels of the neurotransmitkeetylcholine, in the brains of the elderly peopésulting
Alzheimer [2]. Drugs used for treating Alzheimervhavarious management pathways. Enhancement of
acetylcholine levels in the brain is one of the me&agets for disease treatment to ameliorate digmitive ability
[3]. Acetylcholinesterase inhibitors (AChEIs) inase=d the acetylcholine, cholinergic neurotransimissievel
within synaptic region [4].The selective inhibitatsat are free from side effects or limited consadbdy targeted
from researchers to be available for sufficient mation in acetylcholine levels to induce full tepeutic response.
The synaptic medications used in AD treatment cagastrointestinal disturbances [4].Natural prodwdstribute
with high compounds number in this concern throwghious mechanisms like oxidative stress inhibittbat
reduce the presence of reactive oxygen speciedingsinhibition of bio-molecule's oxidation leads cellular
damage and it plays a key pathogenic role in thegagrocess [5] which consequently suppress agimi) a
neurodegenerative diseases [6]. Many studies rtbedresence of common signs of inflammation tohafiom the
inflammation theory. These studies hypothesizedpifesence of various inflammatory molecules inaigdpro-
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inflammatory cytokines, complement factors and edqltase proteins in AD brain [7]. Microglia andrasytes
secreted pro-inflammatory substances, macrophalgencostimulating factor, interleukin-1, interleuké) and
tumor necrosis factor as well as prostaglandins with free radicals [8® 11, 12]. In AD disease, senile plaques
are surrounded by high number of macrophages msifecentral nervous system which commonly assedia
physiological features for AD while the anotherttea is neurofibrillary tangles. Accumulation ofaglie through
years leads to induce the inflammatory cascade pfingary component of senile plagu@samyloid (A3), capable

to activate microglia and astrocytes as well ass itargeted for advanced alteration which is ablemiagnify
inflammatory pathways [13].Amplification of inflamation caused neurodegenerative disorder resultsemtén
observed in AD patient.

In an effort to discover new sources which can pid#ly be used in the treatment of AB, longifolia extract and
essential oil were evaluated for their neurodeger activity relevant to their acetylcholine eate inhibitory
effect, antioxidant capacity and immuno-inflammstparameters in brain tissue of mint treated arsmal

The study was approved by the ethics committeehef National Research Centre and all subjects daeie t
informed consent prior to entering this study.

MATERIALSAND METHODS

1. Plant extract preparation

M. longifolia used in this study was originated from north Siaadl propagated in sandy soil in Pelpies district
where it is known locally as Habag. The plant waentified asMentha longifolia (L.) huds synonyms
Menthaspicata L. var. longifolifl4]. The fresh whole plant was cut into small pieced allowed to dry at room
temperature (30 + 2°C) for ten days then it wasugdoto powder in a ball mill. The powder (500 g)swa
exhaustively extracted with ethyl alcohol (70%)rbgceration and then concentrated under reducedysesasing
rotary evaporator at 40°C to a small volume torke from alcohol then the residue was lyophiliZElde essential
oil of mint dry plant was prepared by hydro-distilbn for three hours. The crude ethanolic exteat essential oil
were supplied in thi-vitro antioxidant activity tests and anti-Alzheimer esipent.

2. In-Vitro antioxidant activity

All chemicals were purchased from Sigma-aldrichgrzeny

a. DPPH radical-scavenging activity

The antioxidant activity was determined using DP@HL-diphenyl-2-picrylhydrazyl) radical scavengingpdel
[15]. Three concentrations of tested essential(@s 50 and 10Qg/mL) prepared in methanol having a final DPPH
radical concentration of 0.1mM. The mixture wask&mavigorously (2500 rpm) for 1min then left torsfafor 60
min in the dark. Scavenging capacity was measyredtsophotometrically at 517 nm. Ascorbic acid waed as a
positive control. Inhibition (%) was plotted agditise sample concentration in the reaction systém. percentage
inhibition of the DPPH radical calculated accordioghe following formula:

% Inhibition = [(A control —A sample)/ A control] A00

b. Total Antioxidant capacity

Total antioxidant activity was measured according the method described by [16]. 0.2ml of peroxidase
(4.4units/ml), 0.2ml of KO, (50uM), 0.2ml of ABTS (2,2-azino-bis(3-ethylbenz-thidine-6-sulfonic acid,
diammonium salt, 10Q0M) and 1.0ml distilled water were mixed, and kepthe dark for 1h to form a bluish-green
complex. After adding 1.0ml of extract, the absod®mat 734nm was measured. The total antioxidaiitgovas
calculated as follows:

Total antioxidant activity (%) = [1-(A sample/ Arwol)] x 100

c. Inhibition of lipid peroxidation

The ability of crude extract and essential oilribibit lipid peroxidation was determined using traobituric acid-
reactive substance (TBARS) method [17]. The reaatinixture was composed of 0.5ml extract or esseailia0.9

ml phosphate buffer (50mM. pH 7.4), 0.5ml of 0.01®&ISQ+ 0.1mM ascorbic acid, and 0.1 ml of vehicle ot tes
compounds. The reaction mixtures were incubat@&¥%€ for 30min and the reaction was stopped on icedujing
0.5 ml of 30% (w/v) trichloroacetic acid to the rire. After centrifugation at 3000rpm for 15mine thupernatant
was incubated with 0.5ml of 0.8% thiobarbituriccaai 100C for 15min. The absorption of TBARS was measured
at 532nm.
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3. Acutetoxicity study:

The acute toxicity test for thd. longifolia alcoholic extract (70%) was carried out to evaaty possible toxicity.
Male albino mice obtained from animal house of biadl Research Centre (n = 8) were divided intogsoups
then, administered different doses of mint crudeaex in intraperitoneal route by increasing orréasing the dose,
according to the response of animal [18]. The dpgiatron was 500, 1000, 1500, 2000, 2500, 3000migddy
weight. The essential oil of mint was also obserf@rdts acute toxicity using the following dosd€0, 200, 400,
800 and 1000mg/kg b.wt. as intraperitoneal admtisin, while the control group received only tlegmal saline.
All groups were observed for any gross effect ortadily during 48h. Death of half of examined anismavas
observed at 1700mg/kg b.wt. for extract while tigd for essential oil was 440mg/kg b.wt.

4. Anti-alzheimer experiment

Animals and experimental design

Adult male saparguedawely rats from National Rede@entre weighing between 150-180g were maintaimetbr
normal laboratory conditions and kept in standaslygropylene cages at room temperature of 25-360Qp 65%
relative humidity and provided with standard diedawaterad libitum. This study was approved by Medical
Research Ethics Committee, National Research Gdagrgpt. Six groups each of fifteen rats were used treated
as follow:

Group I: received the vehicle (saline solutiortjdaperitoneally and it was served as control griond 05 days.
Group II: received ALGI(4.2mg/kg b.wt./45days), serves a$ gentrol group.

Group llI: received dimethyl sulphoxide (DMSO) aincentration of 5% in saline which used as a salfen
extract and oil, served as*veontrol group.

Group IV: received crude aqueous alcoholic ext(a@0mg/kg b.wt./60days) intraperitoneally and sdras vé
control group.

Group V: received essential oil (0.15mg/kg b.v@d8ys), served as veontrol group.

Group VI: received ALGI(4.2mg/kg b.wt./45days) then treated with mint eradctract (400mg/kg b.wt./60days).

Group VII: received ALGJ(4.2mg/kg b.wt./45days) then treated with mint esiaéoil (0.15mg/kg b.wt./60days).
At the end of the experiment, rats fasted overniglgre subjected to anesthesia by diethyl ether, thacrificed.
The whole brain of each rat was rapidly dissectedl washed with isotonic saline and dried on fiftaper. Each
brain was sagitally divided into two portions. Tfirst portion of each brain was weighed and homazgzhto give
10% (w/v) homogenate in ice cold medium containignM Tris-HCI and 300mM sucrose at pH:7.4 [19]. The
homogenate was centrifuged at 4°C. The superngi@fb) was stored at -80°C and were used in bioat@mi
analyses including oxidative stress biomarker iitoxide concentration, hydrogen peroxide concéioina
glutathione conc. and malondialdehyde concentrgtiantioxidant status (total antioxidant capaciyperoxide
dismutase activity and catalase activity). The ceduglutathione level in the brain tissue was aeiteed according
to the method of Griffith (1980) [20]. Brain supgithe dismutase (SOD) activity was estimated byrtiethod of
Kakkaret al. (1984)[21]. Catalase (CAT) activity was measurgdfdllowing decomposition of 0, according to
the method of Berr's and Sizer [22]. The TBARS leivebrain tissue, an index of malondialdehyde (MDA
production was determined by the method of Ohkatval. (1979) [23]. Cholinergic markers (choline esterard
acetylcholine esterase activities) were determiiredrain tissue (kits were purchased from Quimidini€a
Aplicada S.A.), neuronal inflammation markers (tfgakin-18, interleukin-4 and tumor necrosis factar)—Also
brain total protein concentration was measurect#deulation of enzyme specific activity [24]. Blosdmples were
obtained from the experimental and control rats paycturing retro-orbital plexus. Sera was collectdter
centrifugation at 4000rpm for 5min/4°C then, useddetermination of the neuronal inflammation markgokine
IL-1p and IL-6 levels using enzyme linked immune adswerl@ssay kits in accordance with the manufacturer’s
recommendations (Quantikine,USA) while tumoral we@s factore( Hycult biotech, Netherelands). The
assessment was done by ELISA reader (Dynatechdads@s MRW micro plate reader, 2CXB2445), the gty

of assay was20 pg/ml. Oxidative stress biomarker artioxidant status were determined by coloriroetnethod
using kits purchased from Biodiagnostic Co., Cditgypt.

Statistical Analysis

Conventional statistical methods were used to tatieumeans and standard deviations of three sinedias assays
carried out with the different methods. Analysisvafiance (ANOVA) was applied to data to determiliféerences
(p< 0.05). ANOVA one way was applied followed by pbsic for multiple comparisons to obtain least digait
difference and standard deviation.
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RESULTS

1. In-Vitro antioxidant activity of Mentha longifolia

Radical scavenging activity (DPPH)

A significant decrease (p<0.01) in the concentrattd DPPH was observed due to the scavenging alifitM.
longifolia extract, essential oil and standards (Table, &fli¢dl scavenging effects of mint extract or esaknil
were significantly increased with increasing corcgion from 25pg/ml to 400pg/ml while the other
concentrations, 50, 100 and 200pg/ml, showed iffgignt increments between them.

M. longifolia essential oil showed potent effect as radical ecger against DPPH radicals and it was better than
alcoholic extract (Igowere 0.48 and 0.52ug/ml for essential oil and crexteact, respectively). Mint crude extract
at 400ug/ ml reached nearly the same level of ehdirhibition percentage (98.47%) of ascorbic aatid 00ug/ml
and BHT at 200ug/ml. No significant differences av@bserved between 25 and 50ug/ml also 100 andg2®du
for crude extract and essential oil, respectively.

Total antioxidant capacity

The ABTS/HO, discoloration method is reported to representtthi@ antioxidant activity of plant extracts. The
total antioxidant activity (TAA) of crude mint esct and essential oil at different concentratichgriesented in
Table (2). The data show thist. longifolia extract and essential oil have potent antioxiddfgict as measured by
ABTS/H,0, assay, 1g were 1.32 and 1.92pg/ml for extract and oil reipely. TAA was significantly increased
in a dose dependent manner to reach their maximetivitees at maximum concentration (82.81 and 6%15
respectively). Regarding the essential oil effgatreasing the concentration from 25 to 50ug/ml &och 200 to
400ug/ml didn't show any significant differenceliAA%.

Effect of mint extract and essential oil on Lipid peroxidation

The TBARS assay is sensitive, requires small sampleunts and provides reproducible results. Thithateis
preferable for obtaining useful data in an envirenimsimilar to the real-life situation and allovesting of both
lipophilic and hydrophilic substances. The inhititiof lipid peroxidation is expressed in terms ohcentration
which produces a 50% inhibition of lipid peroxidati(ICs). Crude extract or essential oil significantly itsited
TBARS peroxidation at all concentrations. € 2.32 and 1.49ug/miM. logifolia essential oil showed potent
effect as lipid peroxidation agent more than cradleoholic extract (Table, 3). Inhibition of lipidepoxidation
increased significantly and gradually with increasconcentration of extract or essential oil tochethe maximum
inhibition percentage (92 and 96.7%, respectivatyy00ug/ml. The essential oil at 400 g/ml inhitiperoxidation
by the same percentage of BHT and it was more teféethan ascorbic acid.

2. Anti-alzheimer activity of Mentha longifolia relevant to its antioxidant and anti-inflammatory activity in
intoxicated rats

Table (4) shows thal. longifolia extract and essential oil significantly reduced cafidative stress parameters
(p<0.05) as compared to vehicle control group. Breiydrogen peroxide, Nitric oxide and Malondialdday
concentrations were elevated by aluminum chlonidatient as compared to vehicle group.

Mint extract inhibited hydrogen peroxide and nitoixide production in brain tissue of rats treatdathwaluminum
chloride as compared to Al-intoxicated group folemivby significant reduction in lipid peroxidatioetdrmined as
malondialdehyde. Mint essential oil significantgduced all oxidative stress parameters by 51.3Z,738nd 58%
for H,O,, NO and MDA, respectively. The essential oil wasrenefficient than crude extract in reduction of
oxidative stress in brain tissue.

Reduced glutathione concentration was significanthgnified by extract and essential oil (4.22 ar@@d41mol/g
tissue, respectively) as compared to vehicle grédgo SOD activity was induced when Al-intoxicatesits were
treated with extract or oil as compared to Al-intated control group (79.39 and 83.03% for extratl oil,
respectively). Catalase activity was elevated biyaekx and essential oil treatments; it was indulbgd04% and
161% for extract and oil, respectively as compatedAl-intoxicated group. These increments in reduce
glutathione, SOD and CAT were accompanied withéasing total antioxidant capacity in brain tissiAC was
increased by 51.16% and 66.79% for extract andeshectively, Table (5).

Inflammation in brain tissue by aluminum chloridedareduction of inflammation were recorded by dwiaation
of pro-inflammatory cytokines; interleukir;LIL-6 and tumor necrosis factorin brain tissue and serum by ELISA
technique. IL-B in rats sera was highly elevated by aluminum meat (761.24pg/ml) while IL{L concentration
of treated Al-intoxicated group remained in the salevel of vehicle control group (195 and 164pgforl Al-
intoxicated group treated with extract and oil, pexgively). Data presented in Table (6) showed iagmt
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reduction in IL-6 concentration in sera of intoxea rats treated with mint crude extract and egseal, the
inhibition percentages were 41.91% and 53.69% Xtraet and oil, respectively. Tumor necrosis faetoras also
decreased in intoxicated rats treated with mintlerextract or essential oil and they showed nehdysame level of
inhibition (83.9 and 85.5% for extract and oil,pestively).

Considering the effect of mint crude extract anseasial oil on pro-inflammatory cytokines in brdissue, data
presented in Table (7) showed the same trend affdattheir effect on pro-inflammatory cytokinesncentrations
in sera of intoxicated rats. All determined proamimatory cytokines were significantly decreasedlintreated
groups. The maximum reduction was recorded forLiL was reduced by 78.84% and 82.85% in brainuéssf
Al-intoxicated animals treated with crude extraceesential oil, respectively. The same trend ¢4 deas observed
in case of IL-6, it was decreased by 60.97% and®4. for extract and oil. Minimum reduction levelene
recorded with TNFe which inhibited by 31.41 and 40.33% for extraad ail, respectively. The essential oil is more
efficient than crude extract in inhibiting prodwstiof pro-inflammatory cytokines in tissue and sera

Cholinergic biomarkers were determined in brairsués as an indicator for loss of cholinergic cellsich is
accepted as strategy for Alzheimer treatment. Resged by mint extract or essential oil aSaantrol groups have
the lowest level of AChE (565.21 and 463.33U/mggir respectively), Table (8).

Aluminum chloride highly elevated acetylcholiessaincrement percentage was 50.42% as compareshicle

group. On the other hand, it was inhibited by 36680hen animal treated with crude extract while @svinhibited
by 47.52% when rats treated with essential oil. @heve mentioned inhibition in AChE activity showadgnificant
increments in Acetylcholine concentration in bragsue. Acetylcholine was increased by 71.17% airbtissue of
Al-intoxicated rats treated with crude extract wthitlwas elevated by 90.93% when animal treated essential oil.
At the same trend of data, choline- esterase vggsfisiantly inhibited by 58.79% when Al-intoxicateshimals were
treated with mint crude extract. Also essential tolatment highly reduced cholinesterase activityirthibition

percentage of 62.63% as compared to Al-intoxicedts

DISCUSSION

The oxidation of cellular oxidizable substrates banprevented or delayed by antioxidants from m@étsources as
edible plants which is a way to keep human hedltese antioxidant substances exert their effeatsutin

scavenging reactive oxygen species that preventdhetive oxygen species generation and detoxifpirajeins

[25].

M. longifolia extract and essential oil showed potent antioxXidativity through their effects as radical scavensg
and as inhibitor for lipid peroxidation iim-vitro model. This promising effect may exert preferabffects on
prevention from generation of ROS in in-vivo modEehere is a link between development of neuroinftetion
and risk factors involved many interaction compkexieat contributes to oxidative stress, neuroinffetion and
vascular compromise. By means, when the inflamrgatascade was initiated the neuroinflammatory psce
becomes highly activated to make further cellulamege to loss their function which is accompanigth w
neurofibrillary tangles and amyloid plaques forrmatiAlzheimer's hallmarks [26]. Treating Al-intogied rats with
aqueous alcoholic extract or essential oiMoflongifolia significantly increases the antioxidant parameitersrain
tissue. They elevate glutathione concentrationeBupde dismutase activity, catalase activity astdltantioxidant
capacity which reflected on significant reductionaxidative stress in brain tissue to be nearlyshmme level of
vehicle control group.

It was reported that Alzheimer risk factors inchglienvironmental, biological and genetic factorgaated with
increasing level of inflammatory markers which d¢aduce advanced cognitive impairment. On the oltzard, the
central nervous system (CNS) considered as immtinideged organ also it was documented that thestbgpment
of various CNS diseases, e.g. Alzheimer's disedselinked to neuroinflammation. Inflammatory proses
development involve a widely spread range of md&cinteractions which represent important CNS desn
outcomes. These changes contribute in CNS regnlatinod function impairment that increased level of
inflammatory marker [27].Mint extract and essential significantly reduced the production of allrgp
inflammatory cytokines in brain tissue and seraAbintoxicated rats as compared to Al-intoxicatedsr control
group. These promising anti-inflammatory and antlart activities of mint crude extract and essérndibwas
accompanied with significant reduction in acetylof® concentration in brain tissue resulted fromgngicant
inhibition in acetylcholinesterase activity. Chasterase activity was inhibited by administratidnnont crude
extract but essential oil showed promising effectholinesterase inhibitor. These results suppertidea of anti-
alzheimer activity oMentha longifoliaessential oil through its role as cholinesterasgbitor; the cholinesterase
inhibitors could alter the release of amyloid pmsou protein from superfused cortical slices of [28].
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CONCLUSION

The findings of this work showed that mint cruddrast and essential oil may have a neuroprotedtfiect by
activation of normal amyloid precursor processmiost determined parameters essential oMofongifolia found
to be more effective than crude extract. These imeed plausible effects of mint support the idest . longifolia
agueous alcoholic extract and essential oil maye havi-Alzheimer activity through the anti-inflamtoey and
antioxidant pathway.
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