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Sathya Sambavathas, Nilupa R. Amarasinghe, Lalith Jayasinghe,
Yoshinori Fujimoto

7 Acetylcholinesterase inhibitory activity
of spices and culinary herbs

7.1 Introduction

Cholinesterases play an important role in the area of neurobiology, toxicology. and
phamacology, out of which acetylcholinesterase (AChE) and butyrylcholinesterase
{BChE} are vital in nerve impulse transmission (1], The enzyme AChE catalyzes the hy-
drolysis of the ester bond of acetylcholine 1o terminate the nerve impulse transmission
al the cholinengic synapses [2]. Compounds that are capable of suppressing the activiry
of AChE are known as AChE inhibitors or anticholinesterases. Anficholinesterases in-
hibit AChE enzyme, therelby increase the levels of acetylchaline near the synaptic cleft
of cholinergic neurons. Prodonged availability of acetylcholine facilitates the choliner-
i merve imprulse transmission process in patients with cognitive diecline. AChE inhil-
ltors are used to treat many pathological conditions, incloding Alzheimer's disease
(AD), Parkinson's disease, myasthenia gravis, postural tachycardia syndrome, etc. AD
is one df the progressive neuncdegenerative diseases thatl aflect memary amnd cognitive
behaviour |3-4L. People of age over 60 years are affected most and it is one of the
major catises of dependency among elderly people. About 5% of the world’s elderly
populatbon (47 million people) was affected with demsentia in 2015, amd this fgure is
preicted to increase to 75 million in 2030 and 132 million by 2050, Al present nearly
G4 of people with dementia five in Jow- and middle-income countries [5].

There are many synthetic and natural anticholimesterases. Doneperil, tacrine,
metrifonate and galanlamine are anlicholinesterases approved by the United States
Food and Drug Admimistration (FDA) and currently in use. Galantamine is a plant-
derived natural product (6], In traditional medicing, many plants have been used to
treat cognltive disorders. A large number of plants have been screened using well-
established in vitro methods, Ethnopharmacological approach and bivassay-guided
fractionation have facilitated the identification of potential anticholinesterases [7].
The majority of plant-derived compounds with antichalinesterase activity can be
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categorized into alkalojds, terpenes, sulfur compounds, and phenolic compounds
including flavonoids, benzenoids, stilbenes, lignans, oxygen heterocycles, etc |2).
Simple and rapid screening methods are essential for finding novel therapeutic
agents with AChE inhibitory activity. Popular screening methods include UV-visible
spectrometric assays, luorimetric assays, diffractometric assays, mass spectromeiric
assays, histochemical localization of AChE, colorimetric sticks or strips, radiometrc

assays, TLC bioautography assays, biosensors and chip techniques [1]. Among these,
commaon methods are UV spectrometric assays and TLC bivautography method based
on Ellman’s [8] and Marston's [9] musthods,

7.2 Spices with AChE inhibitory activity

Spices are a vital component in an everyday meal among South Astans and are cul-
turally linked with the lifestyle. Recent studies have shown that splees provide muach
more health benefits than just a Davor in food [10). Research lindings over the past 10
years have indicated thal phytochemicals derived frum various spices such as Cirma-
momum zeylanicum, Corigndnom sativien, Curcuma longa, (ardnia cambogia, Myris-
tica fragrans, Piper nignam, Syzygium aromaticum, and Tamarindus indica slow down
of delay the onset of neurclogical diseases via multiple mechanizms [6).

a) Clanamomum reylonicum Blume (cinnaman)

Ceylon cinnamon or true cinnamon, is the dried bark of Cinnamomum zeylanicum,
belongs to the family Lauraceae. C. zeylanicum is used both in the food industry
and in Indigenous medicine, C. reylamicum Is the most important spice, which was
used since ancient times for many purposes such &5 medicine, spice, perfumery ma-
terial, and soft drink. 51 Lanka iz the world's largest producer and exporter of the
best quality cinnamon (o the warld [11). It possesses many medicinal properties
such as sugar control, antioxidant, ant-inflammatory, and antimicrobial activity
[12]. Traditionally it was also used for diabetes in Ayurveda and Chinese medicine,
C. 2eyianicum 15 used to tréatl stomachic and carminative for gastrointestinal com-
plaints as well as other ailments, including toothache [13].

Water and ethanol (E1OH) extracts of bark of C. zeylonicum showed anticholines-
terase activity of 46.84 £ 0.003% and 40.83 + 0.005%, respectively. at 100 pg/mL [14].
Eugenal (Figure 7.1: (1)), one of the major components of the bark of C. zeylanicum
showed anticholinesterase activity of 0.48 + 0.16 mg/mL and the positive control gal-
antamine 0,38 ¢ 0,16 pg/mil, [15].



7 Acetylcholimesterase inhibitory activity of spices and culinary herbs =—— 151

QCH,

1 Figare F.1: Anticholinesterase aclive compound of O seplemicrm.

b) Corfandrum sativum L. (coriander)
Corigndrum sathvum belongs to the family of Apiaceae and is native to Western Asia,
Eastern Mediterranean region and Europe. Leaves of C. safivim have a distinctive
aroma. Both leaves and dried fruits are used as spice [16]. C. sativam s used in tradi-
tiomal Indian medicine to e digestive, resplratory, andd orinary system disorders,
In the European traditional medical system, the froits of C. sotivum are used o
strengthen memory [17]. C. sativiam is reported to have interesting binioeical activities
inchuding antioxidant, anti-mutagenic, antihelmintic, sedative-hypnotic, anticonyvul-
sant, antimicrohial, diuretic, cholesterol-lowering. hypolipidemic, hypoglycemic,
antifeedant, anticancer, anxlotytic, hepatoprotective, cardioprotective, antiprotozoal,
antiulcer, post-coital ant-Tertility and beavy medal detoxification activities [18].
Methanol (MeOH) extract of 51l Lankan C. sativum seeds did not exhibit any
AChE inhibitory activity in the assay, whereas n-hexane and dichloromethane (DCM)
extracts showed low activity with 1C., values greater than 100 pg/ml. Ethyl acetate
{EtDAC) exdract showed the highest activity (1C.,, 63,51 & 0008 pgfml) among the four
extracts [19]. Previoos studies have shown leaf MeOH extract to have AChE inhibitory
activity of 36.25 = 5.3% at 0.1 mg/mL where positive contral physostigming showed
ICss of 0,075 + 0.003 pe/mL [20]. Further. fresh leaves of C. sativim showed a dose-
dependent improvernent in memory scores of young as well as aged rats [X1].

¢) Cuwrcuma longa L. (turmeric)
Curcuma longa belongs to the family of ginger, Zingiberaceae, and It iz indigenous

to the Indian subcontinent [22]. Turmeric is widely used in the indigenons system of
medicine and Ayurvedic systems for centuries to treal various ailments including
inflammation and disecases such as biliary disorders, anorexia, coagh, diabetic
wounds, hepatic disorders, rheumatism, and sinusitis [18], Turmeric is one of the
most commonly used herbal medicine with varous activities including antioxidant,
apoptotic, antidepressant, antifungal, antiplatelet, antispasmodic, antiarthritic, hy-
poglyvcemic, hypotensive, antibacterial, leishmanicidal, antigenotoxicity, cardiopro-
tective, neuroprotective, wound healing, cytoprotective by induction of heat shock
protein [23]. Curcominoid {Figure 7.2; curcumin (2), demethoxycurcumin (DMC) (3)
and bisdemethoxycurcumin {BMC) (4)) 1s the important class of compounds that is
responsible for most of the bioactivities mentioned above | 24].
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Kalayoio@lu and co-workers reported BMC (4) to have the highest anticholines-
terase activity (G 2.14 2 0.78 pM) while the positive control galantamine had 1T,
241 £ 0,12 uM. The lowest activity (ICzn 518 = 0.6 pM) was found in curcumin (2)
[25]. In vitro studies Indicated that curcumin (2) has ant-amyloldogente, antioxida-
tive, anticholinesterase, f-secretase and anti-inflammatory properties while in vivo
studies resulted In Inhibiton of amylokd beta (Af) depasition, Af oligomerization,
and tau phosphorylation in the brains of AD animal models and improvements in
behavioral impairment in animal models with the potential o prevent AD [M4].
Though curcumin (2) 15 one of the promising candidates for AD, low bioavailability
after oral administration limifs fis use, Many studies were conducted with intrana-
gal route of administration for the central nervous system [26]. A stody conducted
in combination therapy of curcumin and donepezil supports the concept that the
combination strategy might be an alternative therapy in the management/preven-
tion of neurological disorders |27]. Several preclinical studies have resulted in bene-
ficial effectz of curcumin In AD, although the number of human studles s Umited.
According to these resulis, curcumin may stabilize or prevent cognitive decline [28].
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Figure 7.2: Structures of anticholinesterase active curcuminpads,

d) Garcinla cembogia Desr. (garcinia)

Gerrcinier cambogia (formally Garcing gusmmi-gutta) belongs to the family Clusiaceae and
is grown in South Asian countries. The herbal preparations made using . cambogia
rindds are used fo treat inflammatory ailments. rheumatic paina, and bowel complainis.
The fruit is considerad to be anthelmintic and cardiotonic. The juice (sherbet) made
from the rind is used for piles, hemorthoids, colic problems, uleers, inflammations, treat
sores, dermatitis, dlarrhea, dysentery, ear Infections, o facilitee digestion and o pre-
vent hyper perspiration [29). Biological activities of G. cambagia include appetite-
suppressani, antiobesity, hypolipidemic, antidiabetic, anti-inflammatory, antioxidani,
hepatoprotective. anficancer. antiulcer, anticholmesterase, antimicrobial, anthelmin-
tic, and diuretic activities, and effects on fertility such as increasing sperm couni and
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acylphenol moiety; maksbaricones A, B, and C {Figure 7.4; (7-9)) exhibited signilteant
tnberaction with AChE, showing 1€y valoes 110 = 21 gM, 9.0 = L6 pM, 1.7 225 pM,
respectively [IC;.. 0.1 £+ 0,02 pM for positive control tacrine) [40]. n-llexane, DCM,
EA0AC aned MeOH exinects of dried Fnst aefl of 56 Lankan M, fragrdns showed high
AChE inhibitory activity with 1C,, values of 29,071 0,10 pg/mL, 2137 + 0.07 pg'mL,
129 & 004 pgimb pnd 13,44 = 013 ppfml respectivedy in modified Ellman's method.
Chromatographic separation of the combired EtOAC (87.51%: inhibition at 100 pg/ml)
and MeOH (%6, 7596 inhibition s W00 gfml) extraces yield six compaunds, out of
which malabaricone C 9} showed highest antchofinesterase activity with 15, 206 &
O e el while donepezil showed B, 0.073 @ 000D pefml fat].
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Flgure F.a; Antcholinesterase polive compeaady ol M, fregrma

f) Piper aigrum L. (pepper)

Plper rlgnam, known as the king of spices, belongs to the family of Plpetacess,
F. mgnm i o widely nsed spice around the world and oorapies a large percentage of
the spece frade, Matune driegl bemies ol the woody pecennial everggern climbing vine
are iged a8 the sploe. P migrien s used as a medcinanl agenl, & preservative and per-
fumery ingredient [42]. P. afgrum 15 used in o vadety of eruditlonal medicina) syslems
such as Traditlonal Chinese Medicine, the indian Ayurvedic syseem, and folklore med-
icine of Latin America amsd Wesl Indies [43% [t 15 psed m folk meclicine for stamach
dasarders, digestive problems, nedralgea, and a8 a central pervous System depressant
[12] P, pigruim is ased in the treatment of in mediel, chills, rheumatism, M, mascalar
aches, eolds, exhaustion, and fevers, 85 a nerve tonic, mo ncrease cireulation of blood,
Increase (he flow of sallva. stlmulate appetite and 1o encourage perlstalsds [A4)],
P migrum shows a diverse amay of bioactvites including ansihypertensive, anti-
asthmatic, cognative and fertilily improversent, antimicoobaal, antioxidant, antscamcer,
antl-inflammatory, epatoprodeceive, antldiarrbeal, antidepressant, immunomodola-
bory, anticonvalsant and analgesic activites [42]. Aguecus and EIOH extract of
P. migrum seeds showed 52.25 1 0,002 and 50,72 ¢ 0,002% inhibiton respectively at
100 pgiml,, following modified Ellman's method [14)], Seed MeOH extract of P. rigrnam
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showed 15% inldbiton of ACKE af 1000 g/ ml while galantamine showed an 10,
vitlue af 9.4 pe/ml [45) m-Hexane, DCM, EiOH and aguecus extracts of P, migrim
seeds showed mhibitton of 48,7 ¢ 3.4%, 423 2 1.3%, 46.8 ¢ 1.7%, 48.8 + 119 respaec:
tvely @ 500 pgrml fbl, m-Hexane, DEM, Edic and MeOH extracts of 5o Lankan
. nigrum seeds showed low anticholinesterase activity as their 10, values were
higher tlan 1900 pedml, [19]. Piperine { Figure 7.5; (100 an active alkaloid in P, rigram
Impeoves cognbtive deficit condition. The mechanism of action of pipesine on cognl-
tive lmprovement |5 based on the increase of newron density amd zmtscholinesierase
activity in the hippommpe. (47,
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H Fgure 2,5 Antichalinislerase aciive compaunds ol P aigres,

£ Syzygiwm aromebicum (L) Merr. & LM. Perry (clove)
Syrpgiien aromentiow (formally Eugenta caryopdthes) 18 one of the econondcally im-
partanl Crops in Asian cowndries, belengs o the Emily of Myriacese, Fully grown, un-
opened Aower buds of this plant are used as a spice all over the warkd (48] Whole
diried bod or ground powder of 5. aromatfcwm s extersnvely weisd in Astan oussine o
enhance Lavor due b0 B arcena. Clove of] is ofitained by the steam distiflation of fower
bruds, kellorescence branches lefi altet e removal of Oower buds, 5 eromaatican ol &
used tn the pharmaceatcal Industry and for perfumery purposes |49, Dried fower
baids of & eromaticum are tmdtionally used as a carmminative to treat bypechlorbydria
b incrensing hstrochlode acid En the stomach and Incrensing peristalsis [S00 Averse-
dic tses include antispasmodsc, antiemetic, sdmulant, dyspepsia, gastoc rrlaon [51].
Seweaal biological soivides soeh as antheances, antidiabersc, and-inflammatosy, oneio
Idant, antielcerogenic, antithrombotie, antifungal, antiviral, antiseptic, antimuta-
genic, amd antiparasitic activithes have been reported (520

A shudy conducted on agqueous and EtOH extracts of Aower bod showed 545 =
0,00 wed 59.0% & 0.006% inhibition respectively al 100 pgfml (18] Cold snd hiol
extracts of Nower bud showed 905, and 73.7% of inhibition al 100 pg/eml for in vitre
ACKE assay [530 The essentlal ofl fraction of 5. erematicim had 31945 @ 1L.91% inllbi-
fiom At 10 pgfml (54, In anather smady, MeOH eximact showed &7,0% inhibition at
10000 pgdml, [45], A study reveabed that 5. aromaticem oil, MeDH extract of the dried
Moweer bl af 5, eromafoum and engenol has potential anticholinesterase activity, Es-

s=nbial ail af the clove bud showesd high anticholinesterase activiiy lIC.;.-. 4973z
133 pgy/ml), compared o MeOH extrinc (10, 515+ LRA pgimL) whike standant com:
pound sugenal (1} showed 10, of 49,73 21,33 pgfml and pesttive contral galamnt:
aming had 0y valae of 10018 + 0,71 pgi’ml. Farther TLC bisnntography methoed
[allvwing Ellman's profocol comfirmed the potential anlxchalinestenise activety of the
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MelH extsact of 5. aromaticem [55]. A study on the leaves (n-hexune, EiQAc and
M=bH extracts) and bed (MeOH exiect] of 5. aramaticn, reveabisd that MeOH exirac
of leaves showed slightly higher activity (10 42,10 + 0,61 pr'ml] than MelH extract
Of bush (1Cs, 45,25 = 0LOF pg/ml), ErOAc extract of braves (P 5590 = 382 pg/ml) and
n-hegane (W, BEG s 16,62 pg/mL) extract of leaves [56] n-Fexane, DOV, EIOAC and
Mt exiracts of S Lankan S aramcticumn shosed 10y, valoe hi-gl‘ier than 100 pgiml.
with 36099, 34.95%, 42.55%, 31.94% Inhibitons ar FOO uE'mL [19].

h} Tamarindus indica L (tamarind)
Tarmerinches fmclica is & barpe evergreen tree belonging to the lamily of Fabareae and
nartives §o Alvican and Agian countries. The frall pulp of T, indica i used as a Mavoring
agent in focdl, beverages and lozenpes dug to the taste of tartaric acld and reducing
sugars, Fruds, seeds, leaves, bark, aowd fowers of T, indica are used for various pur-
poses inclading culinary amd medicine [57, 58] Tamarind prochscts, Tesves, frivits, and
seerly have been extensively 1=erd in Indian Ayvarvedic medicine and baditional -
van medicie, Tamarind seeds aee need in Cambodia and [ndgs, in powdered foom. 1o
iresal bodls and dysentery. Botled and pounded seeds are reporbed (o Dreal aivers gnd
Tadder stomes ardd powdered seed basks are used o treat diabetes [58).

BCM extract of T, imdica fruit pulp showed an inhibiticn of 25.64% at W pg/
il while MeOH extract of T, indica seeds showid signilicant ACHE inhibitary activ
ity with 1T, 1588 =« 0.01 pg/ml [19]). Previous studies indicated that MeDH extract
from bark had more potent AChE Inhibliory activity (ICs, of 268,09 pg/mL) than
gead MaidH extract (1C.n 28705 pa'mL). Donepezil inhitited the AChE sctivity with
almost 92.57% inhibition at 100 pg/'ml |59,

7.3 Other culinary herbs with AChE inhibitory
activity

a) Adlium cepa L. (onion)

Alfium cepa b5 one of the oldest cultivated plands, bedongs o the familly of Amanyllida-
s which is ubilmzed wordwide as a culinary hech, The bulb of 4, cepa has a charmc-
teristic flaver and odor due to sulfur compounds present, Apart from the colinary
virtus, it is widely used in taditional medicine ina wide vanety of infernal and exter-
il prepasation: i read variouns aflments, including digestive problems, shin diseases,
metabelic diseases, insect babes, and olhers. Experimental studies have proven the
pharmacalogloal propertles of A repe including antlconcer, antdbypertensive, antdia-
betic, antmicrobial, analgesic, antioxidant, mmunomodaiatory, antl-inflanmatory,
antinxidant, and nevmpratective activities, A, ceper is 0 rich soaroe of phenolic com
ponumds, especially gquercetin, anthocyaning, kaemplenal and their glyvoosides, phenolic
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acids, thiosullnstes, vitamins, and mibecals [60]. Mosd of e repotted sotivities e
dhue 1o the bicactive pofyphenalic comapenmeds present in ondon,

Antichiolinesterase activity of Allum cepa has boen investigated weng aquenes
mithaned exteact following Eliman's methed. Significamt ACKE inhibitory activity was
observed with IC,, of 51.78 & 105 pe/ml. Hence onion |8 considensd an excellent can-
didace for developing as o dog for the manngement of AD [41]. The same reseasch
aroup has further investigated anticholinesterase actiiities of standardized EtDAC
fraction obtained from sgueous methaned eatrct, Activity guided fractionation Fol:
lowed by the evaluntion of AChE inhibttary polential revealed that the mos acimve
Iractbon had an 1Cy, valoe of 18,33 « 1L.36 pg/ml, wheteas positive cominel donepe-
zil had an ICy valoe of 7.06 « 0,13 pgdml. Cuercetin (Figure 7.6; (11)) and quercetin
4 Uhghecoside (splaeoside) content In ibe actbve fraction was determined esing o val-
idated thin lawer chromatography densitomeetric method. The actee fraction was fer-
thet examined iging a srepdozolocin (3T induced mice model al Alzheimer™s
disease, ACKE inhibltory sctivity and cxidative siress markers were assessed Lo the
brain homogenates of mice, This stucly indicated guercetin signilicantly improsves (he
spatial lesrming and memary tmpadrments cansed by ST2, In additon, quetcetin was
fowmd 1o act as a good AChE inhibitor in the cepebiral corex and hippocampus [&2],

L
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1 Figure 7.8: Auticholinesterase acbve compounds of 4. cepa.

b} Al st L. (garlic)
Alieim satlvie is one of the most resssiehed berbal medicines and belongs b the
family Amarylidaceae. it is frequently used as a fond and a condiment worldwide,

In traditional mwedicine, garlic is esod o treat infections, heart disease, diabetes,
diarrhea, tTheumatism, and many other disorders, The health benefits ol A. sativienr
b been scientifically proven. Scentific and clinical studiex have demonstrted
thar gatic possesses cardloprotective, antihypertensive, antlcarcinogenic, immi-
nmostimulant, antihacienal. antilipddemic, amd hypoglycemic properties [63].

The majarity of the compounds reported fram A, sativiers are sulfur componinads
including ajoenes, thaosoliinates, vinyldithiins, and various sulfides. Studies have
shawn that the characteriste pungent odor and many medicinal properiies are doe
bo Lhe siliur compouncds, Allin (5-allyl cysteine sulloxkde) (Figure 7.7: (12)] & the
main sulfur compound, which ks transformed to allicin (Figure 7.7; (130 by allinase
enzyme released during injuring the garlic bulb through cutting or crushing. Allicin
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and aged mice, sgnificant improvement in memory soores of both mace was obsenned
far 20 and 30 mp/kg doses. Faher, the badn chelineserase activity was significantly
reducad, thus suggesting (he polentizl therapeutic sctivity of the alkalosdal extract in
managing the symptoms of AD and dementin. This study revealed the alkaloids ex
tract of M, koemgl leaves increased the brain acetylcholine levels and therehy im
prowad the cognatave function of beth young aod aged mice, v vildo evaluation ol e
same extract showed BCWE inhibilion throuwgh 4 non-ctmpetitive mechanism. This
gtudy funther supporied the therapeutic potenriad of M. koersdgli for the maknzeten|
of Alzheimer patents [69].

d} Zingiber officinale Roscoe (ginger)
Zingiber officinale belongs 1o (he lanily Zinpiberaceae and originated in East Asia,
The rivizome of this plant is popular around the world dise tobis pungency and typical
aroma. Z, officikale 15 one of the most famous medicinal berbs in the Indian Ayuree-
dic system amd Traditional Chinese Medicine for cenuries. Odeoresin of 2, officimle
wsed in food, beverages, soft drinks, and in herbal drogsfproducts as ipans ilability
enhancer s anbi-inflanmatary hetlsl products. The thizome of 2, officinale is used to
Lresal @ wide range of silments. including the common coldl, fever, Sore throat, pain,
rlewmatiam, bronchilis as well as carmlnalive for gastrointesiinal deondets, nauses
and vomiting. In addition, i1 15 nsed o treat sathache, ginghvitls, hmmchitis, hyperen
s, dementia, helminthiasis, constipation, asthmatic respirmtory disorders, antespas
modlc, expeciorant, peripberal cirailatory stimilan and astringent |70, Z oficimals
possess a wide ramge of biological activilies such as cardioprotective, anticonyaksant,
amsbalytic, antlemetic, antidiaberic, hypolipidemic, ant-inflammarary, andcheombaoric,
antobesity, antioxidant. antiumor, anb-athercsclerotic, radioprotective, hypotensive,
antiuleer, hepatogrotective, o,

A recent study has shown that a standardized extract of the dry thizomes of
Z affreinele flects the initietton and development of neusodegenceation by bnhibiting
messenger rbonucleic ackd (mRENA) expression of pro-inflammaiory mediatorn amnd
amylold f-nduced [nlammatory mediators with good polentlal In the preventhon
and treatment of AD [70-72], A study reported negative inhibition for MeOH extract
of Z. officinale rthizabiuwm [45] while in another studly 10, af 41 £ 1.2 pg/ml was
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observed for MeOH extract ol 2. officinale thizobiinm and 0,075 £ 0.007 pg/mL lor
physostlgmine [73]. 6006 EnDH extract of £, afficiasle showed an inhibbton of 48.04 «
0,06% at 100 pg/ml while galantamine showed 9344 + 2.21% of inhibition at the
sam concentraion (P4 Zevumbone (Figure 7.9: (1500 present in Ehe 2. officinale ex
hibited AChE inhibitery activity through TLC bicautographic method edlowing Ell-
man's method 751 In a comparative mobecular docking approach using AwaDock, 1
was proposed thar gingerenone A (Figure 7.9; (16)} binds to the active site of AChE

and appears (o interact with ACHE confeming minimum binding energy among the
docked compounds which facilizage the AChE inhibitory activity [76].
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Figure 7.9: Antcholinesterpe privee compoands of £ sfipmale

7.4 Conclusion

Selected examples given in tiis briel chapler indicate the therapeulic polential of
spbees and ather cnlinary plants used in South Astan culsine, Most of the investign
tioms were conducted using ™ vidre testing wusing eNIymMe IFSAYE OF USINEG MOse
models, However, larther investigations, including bigivailability studies, are pe-
guited bo confism the efleciivensss ol the active compounds of exlracts.

Abbreviations

&ChE Mceplchoisesierase
A Alpksimers disease
BLChE Bulyrylchsdsesiorase

bCm bichiommerthane
ErDAL Ethyt acelatio
l=(1H Kiethanal



