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ABSTRACT

Edible wild mushrooms have been used as an ingredient in traditional medicine
in many countries, particularly in Asia. Various bioactive compounds related to human
health have been reported in edible wild mushrooms.

This research investigated the content of two lipid-based bioactive compounds
oleamide and hexadecanoic acid from five species of edible wild mushrooms, including
Phlebopus portentosus (Berk & Broome) Boedijn (M1), Schizophyllum commune Fr.
(M2), Boletus aemilii Barbier (M3), Boletus edulis Bull (M4), and Heimiella japonica
(Hongo) E. Horak (M5). Moreover, the research also investigated the inhibitory effects of
oleamide and hexadecanoic acid against the enzymes related to diabetes mellitus (DM)
and Alzheimer's disease (AD). The results revealed that mushroom extracts M2 and M4
contained the highest amounts of oleamide and hexadecanoic acid. Therefore,
oleamide and hexadecanoic acid were purified from M2 and M4 using Preparative Thin
Layer Chromatography (PTLC) technique, with chloroform: methanol (v/v/v) for M4.
The results showed that purified oleamide (M2P) and hexadecanoic acid (M4P) were
successfully purified from M2 and M4, respectively. The inhibition analysis revealed that
the M2 extract, M2P, and standard oleamide exhibited mixed type inhibition against
Ol-glucosidase and acetylcholinesterase (AChE) The M4 extract, M4P, and standard
hexadecanoic acid demonstrated mixed-type, competitive, and non-competitive
inhibition, respectively, against Ol-glucosidase. For AChE, the M4 extract, M4P, and
standard hexadecanoic acid showed mixed-type inhibition. For more observations, the
oleamide and hexadecanoic acid were located in the active site of Ql-glucosidase and
AChE.

The results suggest that edible wild mushrooms are the source of bioactive
compounds capable of inhibiting Ql-glucosidase and AChE and may have potential
applications in the treatment of diabetes mellitus and Alzheimer’s disease.

Keywords: oleamide, hexadecanoic acid, acetylcholinesterase, Ol-glucosidase, edible
wild mushrooms
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Mellitus) uae Tsdalues (Alzheimer's disease) dnaglungulsnlifinsioifoss fidswasio
AN NTINURIU e kaTATEUATIANSY TaulUdaaldTrevesilunisdanmsnensyana
wazhvdnaidmIudtisauihlndelemanaasugiavesuseme

¥

¥ n.7.2567 Ussnlneiligeongnioussansidengunnnin 60 U lnedoyavesnsa
Aamst{geony nszmsramswadsauLazasiunmosyed wuidfgieigduiuannng
Yovay 20 vesiuulsErInaieUseive [2] Fadunasimadigdsaudasenglnsanysaives
aeAn1sewnglelan [3] in1ssrenumsnuiuwiugUieiiennisnisunnsemeai ey
dntfesdaiuiiuensBuduvestsadaluwesluigiongfifengiu 65 U fisouaz7d [4-6] Ts
Tsrdaluwesiinissnuilumanisunnddagiudy 2 Ussian fAemslilderidesenfoaini
druuazauinnudlavesaulunseuniisufedsauiidartisegends uaznsinwilag
Tden W nquueTRaladuleawmelsa dudliwes (Acetylcholinesterase inhibitors (AChE)
ma3u Judu Jeeongnidudeulevharsuedfaladuiiduarsdouszam u seuse
Uszan Ao touluilueTRaladueanaisa (Acetylcholinesterase (AChE)), ngueuldumiiasian
wes wounlnilad (NMDA receptor antagonist) 9engn3foszuUNgMILLm (Glutamate
system) W naueUSunnAnssy Wuku uiidesnnauendinaaianuaiisafideudiegs
fheaInnsiud nssuaumInanilenn Jedwaroannemaasugiavesnseunitasuaz
UsewAluszeze [6-8]

uenanilfasanginasiionnisvedsalifndeiiedsduy Wy lsnumaulngiamsy
Tsarumueied 2 delutiagduiimsdnvimaunmdunutagiudmeodaiasey Anuld
Tagalu Taedlen 3 nqalng) Ao nguenfinsedunsinuvesiusouliaiiduyiu ngueid
iumsvinuvesdugau wu Iwilnalud Hudu wasnguerdnunemagadihmannmadu
91913 (Q-Glucosidase inhibitors) 1y azAslua Wudu Tasnguendarnenisgedutiaa
Mnmadue s dlunssufueulsusiuoarn-nglednaiidusanisisiinelfida

awmnuldidesninagliinisgesudawaraislulawmsaliiduiiniauazg adudng

Y
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nszuadanilviszdudinaluidonguuiuiussneliifialsawuinang [9, 10] Fanguen
sanarluenndsuyuaeeuldseings wazdnduseddosdianuy Juyu a1 yaains gl
Saudslassas i uguniedtes daedadedsnardvinbiliaiunsailindneinieldios

aeludszmelalutagiu [8, 11, 12) msldansadnainingivsssumaniaulu-viesduldidu

[

mgAumsviseayulns Judunadeniiflunisnviilosaindiesonsinfuaz aunse

a

asyarvesinghunseayulnsmaiulilyarfunntulueuansduluniaidonveseims

q

iegunmiliiiuauluviesdiuwazginiale

Y a =) a v [

nsldTngAursendndaaiansssundiiion1sguaguainiazersnulsanulauinyy

9
o

lnglaniy ndnduviannianslugluuureseimsuasersnwlsalunisunmgduaulusa [13]

o '
[ a a

Tngfinsaansiwiailanidiuuaeiuguinnit 5 duaneiug Inwiafuldiuaziuldla

==

Wesndiie [14] Fadiinduddidindnogluaandnslulas (Kingdom Mycota) [15] 1ungu

a ada o a 6

AulInnddysiesruuiinalugiugidosanivalsdunid [15, 16] waziinsnsliuselevilu
9AEMNTTNDIMNT (14, 17] uazmaunmd [18, 191 lnsnsuilaauiaifulddnsnulalagily
yosszmnsiilannsefuomsidsalias daiddine (14, 18] Ssnandndindand i
Tuguuuuves Tngiu wu aeniin A 1Wusy sulufssuuuuamsadnuazemsiaia adia
mmﬁ?uﬁmsmémﬂu’ﬂm%qmwmqmamnﬁmLLaxﬂwsLﬁULﬁ'sm]wmswﬁnﬂiuﬁismwaﬁﬂﬁmmﬂ
ansuutlouuazensiuuas [20] Sslugfinaedens fuoanidedld (Ine wnsuglussasany
(uslw) Aunet Buladile a1 uade waih FAUTWE dealus Ruauy uasivesnziueen) &
msliUsslemifinansssuriiiluguuouemsuazalng [21-23) Fufanusssunfdnay
flansuedn valiuees meoiiueed uearased Induwsalsa ninluiy Wilnd amesea
[24-28] fimsseaumstiudieuyadasy Suduraduuda (29, 301 Tuaufueulwsiuoar-nglad
wa [31-34] waziouleviuedialafuioameowa [35, 36] Faudindaflanausidueimsid
Tnvunnsiin [37, 38] Geansngunsalesiudumsinuldludiaiily 139] Wuasiisslovilu
guamnTsuuarnen1sune [40] Tnsnanluifuiinisssnunissudweuluiveani-ngladina
Tnegusuguarane A 2013 lnsnuinsaleadn dadunseludulsiBumiianissudaouled
wear-ngladinalad [41] wasin1ssieauaindesdu wsnuavamzly a.e. 2023 lasieenis
EjjUgﬂL@ui%ﬂLL@aWW—ﬂQIﬂ%L@ﬁﬂﬁﬂﬁ?iﬁﬁﬂﬂ’lﬂLﬁ@uﬁ)’ﬂ%aﬁ’l [42] wagdadsoaunisduds
ulsiuedfaladiuteamelsa vosnsaludulag wiiwe (U0 o1neuazangly a.a. 2023 16
senunsdudeuleiuedaladueamaisa lnansansnaluadn [43] Samddlu aa. 2019

Taglnly leaned egiilewwuazamslasenunsdudusuleduadfalafuioanelsa
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a

Pnansatalusiuslasaiis aedafaan Tnenuhidnfinsamailudndadunsalodudusaun
f9¥onay 24.303 Yosansann [44]

Tuniseillgauleansatmdadnivldsiuau 5 vin lneuszneudae Wiaduis
(Phlebopus portentosus (Berk. & Broome) Boedijn) fifimsseaumstieansziuinalu
\den ﬂwsé’uégqa%aﬁaig ouledlnls@iua [45] uagAChE [46] Winwass (Schizophyllum
commune Fr.) 1'7{Lﬂawwsmum'ﬁé’ué'?aawa@aix [47] WuiReaty Wiaksunsnsia (Boletus
aemilii Barbier) Wik s (Boletus edulis Bull) uaz \aRsuns (Heimiella japonica
(Hongo) E. Horak) flasfinissiesnunisdudseyyadassiduiendu [48-51] itethunduds

oulgiiiertosiulsauininu fe teulsd-weari-nglading uag wulvdifneidesiulsnda

lowesfooulvduedfaladueaneisa aidussdanuiiugulunsideimuiansdmsu

Snunlsasnelsauvusind 2 wazlsadakuueslalusuins

o 3 a o
1.2 2nUsedasAuaIn1saY
1.2.1 WisfnwwnUSunaasiiuednuazailusssvesasaiainUanule
A I a Y =3 n_oa 14
1.2.2 iWefinunsfudieuyadaszvesansanaiininfiula
1.2.3 Wisfinwsgansammsdudaeuletiuearh-ngladinauasiouluduedialadu
wawasaanasaiainUinula
1.2.4 WefnwiUssimanunamansvenisdudueuleduear-ngladnawaziouley

waTialaauLeamaLsavInasanainulfule

1.3 NS2ULUIAAIUNISIY

1%
g a

arsannaniaUAule dusunavesnseludundaivainnsalunisdudieyyadase
wenandasannainiiavifuliiazsiavesasoangndnisininainaisainainiaUiAule
faflanuanunsalunisdugseulediagidesiulsaumng wu wuleduear-nglading waz

wulsdNinedaaiulsedaluuese wulviwadialrdueamalsa

¢l 1 VYo
1.4 Usglevunaiadnaglisu
lagfinvesanseongndnisdinmainansanaialifulanidussdnsnnlunisduds
ulgiuear-ngladinauaziedfialadweanaisa Naunsatluimun wasdussdauslu

SV ISAUNIUTEAT 2 wazlsadalaiuas laluauias
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UNN 2
= a o d' d' v
FITUNITUNIDINUIIYNLNYIVDY

2.1 i

winAenqudslidingndaluerandnslaladn (Kingdom Mycota) [15, 52] fdnwas
Tagwialdifuwadyanslen (Fukaryotic cell) nangqwadsuiududuls [53] wuaduaes
Uszandlnduie Uszan s1dusn de lansalelulann (Chytridiomycota) lalnlulann
(Zygomycota) LLaziW%’juqﬂﬁa wadalalulan (Ascomycota) wadlelulann (Basidiomycota)
541 Tngvhluiinazihsasiinfindiefu [55] uaglassaduiidudou [15] wWinanuisanulevily
Tunngliniavestseme (561 wazvlanusfudluwnonsndniifiornmamduda [57]

Wnilassadsuavasasiiniidudoussnind 2.1 [55, 58] fmuddglunssnwauna
vassruvinalugiugresdesaaearsdunidnauasgludu lngldisnsasadulounsntnly
lufandunid winiinslduselovdlunaregnavnssulagdulnginldduingAvlunis
Usgnauemsuardiuusznouvesendnwilse [15, 20, 21, 37, 54] TnstamzifiaUrfiuseaann
e uuaazaInafifionse lnslunuiseatudezndiname IWduuaalolulann

(Basidiomycota) ) #lddusnegslunisnen

Mushroom

No. [ Sructure
1 .Ha*.al Hulh‘
2 .\/nlva ‘
3 [ Scales
q .\.np(*,\mlk ‘

5 .“l‘ll( ulum '

6 .Vr)m'. '

7 [ Tubers

8 | Teeth
9 .ng, Skirt |

71() .(ull'. |

11 | Strations

12 |Wrats
13 |Scales

14 |Cap

+—
15 |Zonations

o

4,
Ve >

Hyphe®
AN 2.1 A9sTInLaslATIasRTinlasfAwUaIn Salauile A.A. 2019
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211 wanlelulam

' 3 Aa 1% o | = o o &
Lﬁ‘UﬂQQJL‘MG}’i’]‘WNﬂ’]iﬁ'ﬁ’]ﬂﬂ@ﬂLLuu%uLUua’mLUUﬂ’i%‘U@QLL@%@Bﬂ d14198

I~ U s

dunusuuuadendrazlionduwe lneuinluadeineazasiealasisonin ladloausas

q

(Codispore) lulailife (Conidia) Tunaziuuuadeinaazastsaloinasislagndoinaainsuu

9ivIvAd18nIyUDImse LWaALRBY (Basidium) 38n11 wuddleduss (Basidiospore) Aatfind

@

iidvaulaesdnegluliduiuddlelulan (Basidiomycota) Fuiinssgaunisnuludssimelng

wadhdslddne uazmsdudseyyadassuazansdify wu fuedn Warlwwesd WJudu [25, 47,

[ v
v

51, 59 Tawanesiugiinuldlulneuagandnmiimun 5 aestusssil
2.1.1.1 Wia@uwen (Phlebopus portentosus (Berk. & Broome) Boedijn)

v I

g usinunszateiugldnniavedlvesiudwnade awnsatdiun

sy

Usenauamisha [60, 61] sii¥oianduneil fuwina 11 He Hanes Hamueiu Aelaln 79
Y Y S v @ aw ] I ~ o A v ¢

dusu Jadunnlanwagniiniia (Cap) Wunuvsensengadn Lidunuaudnaess 12 - 30
wuwng Aueiulng Fdnasunisdeniussana 4-8 Wudwns lduuaugnalwediiu
317 3-4 wuiwns laumudunsediy Sdiwauasraziinissenumsnuaisiluednuas il
waglu A.A. 2023 [59] uagnsyivanseaulimaluiden n13dudeasoyyadasy lnaum
wsunsuavanizly A.A. 2016 [45] Taudamsdudueulysivedfalafueawmasalaowigunay
gy A.e. 2018 [46]

i 2.2 iaduisn (Phlebopus portentosus (Berk. & Broome) Boedijn)
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2.1.1.2 1iauAse (Schizophyllum commune Fr.)
fidoansTy3n Common Split Gill n3e Split Gill Fungus lulnesin
Fenhiudnun uass (meld) udu auen wiv iy (mawie) Wasdadnuldtiluauasls
viongliluaainduiuniounnaavating faneniinazoondradefudusuin nfem
1-3 ufng 817 1-4 WUAWAS W1 0.2-0.3 iwufiuas Auaendu 811 0.5-2 wufuns u
Fnfisuusenuld (54, 56, 62, 63] finssenunsmadudsouyadasslng efsvuazemusly
A.¢l. 2014 [47] uardadinenunstisanssduimaludonlaomiauiuazangly a.e. 2021

[31] wdadimsneanunsdugimsdniaulae Jug wazangly A.a. 2016 [64]

Al 2.3 inuase (Schizophyllum commune Fr.)

2.1.1.3 WinRaunsns (Boletus aemilii Barbier)

ek aunensw SiTevosdusy wu Adias Hudu wuunsnszangld
wlulutnlan Ynuganssa UndssdunangfuseniBoamie [65] wazdsesiunisnud
Uinaglsuuavaunufiude [66] fdnvazmnniiduasiditnaunsduaumh frudeutnegu
fanunirsvesanniia 5-18 WwuRlns Anudlanumun 2-5 WuRluns Aug1aUssanm 5-15
wuians Tawdunsze fuildmaeseinlaumantdaundudundilau wasiledndie i
flfsroznaminedihtuasuuinudedigndn (61, 671 fimsmesnumsdudsaseyya
daszluinnguieniu nedladsuaranzlu a.e. 2014 [48] Sanuindnisseauaiuaninse

Tunsmivausyavdinaludonlay ufauazae a.A. 2021 [32]
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2 2.4 iniawnsas1d (Boletus aemilii Barbier)

2.1.1.4 wiaRsvu (Boletus edulis Bull)

winsdaiideFendudu fefunie Fusise duiiauaien
nelvian Adamas Aadn 1osall (glsy) uiuddu (glsy) Wudu nszaeiugldilanluliungiun
g9 Unauwanun Juganssa Udese mennamienarasTueenidvanievedlng
Wsaiulalaluiidennaroudradu [54, 56, 68] Snvamundunsenzadn Fuhanageusy
wdedluaufauns Adsu Wusuaugnatesan 5- 15 wufies fuifiniarnuanie
vonlumainiageu Taulvadunssing(sa] fssnuniswuarsfiuednuagraliuesdlng
Unandooauaramrlu aA. 2011 [69] wasmsdudsanseyyadasslan Sugaimeiuny fuans

warAElY A.A. 2015 [70]

AW 2.5 Lﬁﬂﬁﬂ‘tﬂmu (Boletus edulis Bull)
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2.1.1.5 WiaRauns (Heimioporus japonicus (Hongo) E. Horak)
2 o & v = o a A s A T
Winsdiniinuliniawmilenarngiuesnideunilevedlny T¥edudu [
WA Heunsate Yand Jenduae wazdinssieanunuled unale g tnma e
Iewiu (54, 71, 72] Snvasninnidunsenzaiusszuuuaadoun Ramnndduaadeny /2
Aautse Tavunndidvdes Mvanniiaundie 3-10 wuduns AMulidunadearynsadauy
wnuazaassududiniewmsedau d1ue1 5 -15 wufiues duliugugnaieniu 1-2

wuRwng dnssenunsfudiansouyadase lne aiaguavauylu a.e. 2015 [51]

AT 2.6 LiaRauas (Heimioporus japonicus (Hongo) E. Horak)

2.2 nguaseengrsanyldludin
221  arsuszneuiiuedn
asusgneufiuednduarsiduylaasendandmyiuludeusiurumussiam
fin [73] Wnenusnnluansataainieialy faudfazare dnalnniseengvidfinannuanests
n1sandusunadase nMsandvayyatang(74] Jagunuanndwdanulaseasne [17, 69, 73,

75] Tu a.A. 2010 yamviuazane lavinnsnaaeuansiluedniiainaindnitunes (Cosmos
=

N =

caudatusl) e 1Cs, 91 21.3 lalasniw/daddns Tunsveaessnisdudieuyadasediiiiow

= (%

Aty 0.2 Sadluans Inediarfluednsau (Phenolic content) 7 704.21 + 0.95 fadnsu

auyavesnsaunadareniuasain(76] fudllnuifesenumsdudveuluivearn-ngladina

a =3

waztauleduadiialaduieaineisa 819 sneuasaiafiuednainianialnaaiaiie a.e.

v A

2021 wunssudsauluiwadNaladuedmasalagnuaisarnnyde nsanmsilansandiuuladn

o

(p-Hydroxybenzoic acid ) Taglauuagzang [35]
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Tu A 2018 gasyoulazAny laTenun1sfudueuleduearn-naladinglay

[

aadduansiluedninansatiandnduyniva aeius 18u”uway aneius”

a

AnlnagaAailn”

1%
[

FallFinemansineaiufe Capsicum annuum L. Iagseauinasnsadusseulesitoani-

naladaalaiiaurianue [77]

HO

OH

A 2.7 Taseasnavesansusenauiuedniily

222  asuszneunaliueen

ansUszneunaliueesifiuasussneuiiusaiiinsuruierlsinfindusde s
Pl TaiRarareiduioatuaisszneuiiuedn fnalndndueyuadasy waewuldlufivdn
naldiuienfuansussnevituedn (74, 76, 78] Suiliuiseiitiste umsiudueulasivear-
naladnauazieuluiuedfialaduieamelsa 91

Tu a.A. 2013 1ag 918 Wesieunasguasialauesnang1In19@Iuea
(Eleusine coracana L.) ﬁmmsaé’usﬂLaulszjﬁuaawl—ﬂqiﬂ%malﬁa Taedlan ICs, 7 16.9
lulasnsu/Radans nemenisinduansdfgdungurailiueed [79]

g3onfuazatala lu aa 2011 Idsusudeyaaswaluosdaunsaduds
wwulvtiuedaladuedinaisa tan31 128 ¥da wu leandu (Osajin) nduaNesds (Maclura
pomifera) MUN3&RY (Tamarixetin) 1MNABNANVBIAUNINY (Cleistocalyx operculatus) 3

lau (Rilone) a1numdndiulesa wilan (ris pseudopumila) \Uusiu [80]
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A il 2.8 Tnssaiswesansusznousailiuesdvily
223  uoanaoun

woamanes (Alkaloid) lunduansuszneuduridaflulnsaududuiseney
Tulassada daulngmulufivuazursvieludnd asueaniassdindgrinsaisineifisunss
waggnianldiduenlsvareuszian lnealulaseainaaiiveauoaniasedivainvans
Tnssadne winfidnwazimiloudufonsiilulasauluguresisunmuvedluiana [81] uean
aousansonuldlufivnansvin wu du (Lachryma papaveris) fifivesilu (Morphine) [82]
waglaway (Cocaine) finulululaen (Erythroxylum coca) [83] usnaniidfisnsumsnulu
wiavanewdnu d-(uiialsle)wnuiiu-6-1u(5) wWinlunguiindui (Boletus) \usiu [84] uoa
AavedligrEn1sTanmiivianvay wu

Tu A.a. 2016 WsuwsBuuazauzldinsvaaounsiiudsouyadass DPPH
LA ABTS Yosansnguuaaniasssiiatinainiindusglalud (Aconitum handelianum) lag
wuingien ICsosie DPPH gl 7.70+0.21 lulasniu/fladansuas ICs, s ABTS ogfl 2.12+0.09
lulasnu/diadans(ss)

nermaazauglu aa. 2020 ldsmumudeyagnimetinimuesansnguues
AaesinateYin 1y Juuatanu (Vinblastine) Aidgndlunissud wedsiivannvansvila e
uzifaduden uiSnssmzdaane undudndeasn Wudu (86

Tu a.f. 2021 BgenazanglasIuTINa19oyaa1SNqNLEARIBEAINTY
auulnsiifinanelsaumau wu Taluflady (Conophylline) 3nlusiunaey (Ervatamia

microphylla) 911lasls%u Uateorrhizine) 91nwmindudaties (Coptis chinensis) Wusiu
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il 2.9 dassaisvesueiily Nduansiidneglunquuesueaniaoss

224  wesiu
wasiiu (Terpenes) lassastaniainivounasiiu (Terpenes) ANUgIUIN

a

miheialiiiseninlelaniu (Isoprene) Fedansluanade CsHg vielalansuwvaidaunse

swshiudulasedslngTuld ilddnmesiunatssiln mizelelowiumaniansasush
fudulassadslngtuls vldanmesiiuvaisvia [87]

wesiuduasusznaviinvanlufivwazdaivisiia Tasangluiviinduven wu
auulwswazaonlsl esfudwmihilunslindularsaufuniiy wazdsdunumlunsduaisa
unAa[88] uena e siudafignimeianin wu

Tu . 2012 letetuaganzldsusindeyavesansnaunediuiidgns g

Fanm W eefadu (Aucubin) Aidgussudalsaiuimu Taniilu (Loganin) wae weslsilles
(Morroniside) 9Mnnavesdugeu (Cornus officinalis/ifiqvisgudalsnrummuiuiiy (89]
Fe3dwazanrly aa. 20211¢5vmndaaasnguinesfiuantiuren
STNEANINGPNAUNT (Artemisia nakaii) fiflgmiifusnsuasuazdudueuluivedfaladu
wawawsaldlaunuin win-waiu (B-selinene) & gyilunisshusasuazdudvouleinedia

lAduLRAWBDLSE
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il 2.10 lassadevesudn-watu niduarsidneglunguuemesiiu

)
=)

225 7

'
= L)

afinduansuszneudunidfifauantafiliazaislu udazareldfludai
azaneBuYEE WU ueanesed LUy uavaaslsnledu Wudy Afiaduamsussnmeamesfiin
nnsaludurilaluanasniuueanegedvseneiosa lnedfinauisawusesnidungusg 1
Ao afinegnsine (Simple lipid) wWu lotusasindu (Fatoi) 1 (Waxes) ugu dRnida
Usznau (Compound lipid) wu Wealwédiia (Phospholipids) 1lusiu eyiusvesdfia (Derived

£

lipid) i nsmlusiu (Fatty acid) Wlwedandwesea (Monoacylslycerol) iudu uazafinduy
(Miscellaneous lipid) Tassu3sotinaraamy nsalusiu (Fatty acid) Alddusaegnaly
N3N

2.25.1 n3aluiiy

nsalusiu Ao nsmAfuendanezdvinin Afanelelasansueuamesd lnefigns
Taevhlufe R-COOH lng R Aeanslalasansueu Tnsnuundeglusuuuuveaeames laonse
lustunyldiduassngulngde nsalugudud (Saturated fatty acid) uag nsnlusfulaidus
(Unsaturated fatty acid) [90, 91]

nsnlusiudududunsnlusud lifuse g seninseznenvesasuouluansls
lglnsasueu fussaliiomaseuinvernonvesnivoudaiuiussier dwmalilassaiisves
nsnlsumanifaruadosmaeiigs luannegumgivesineglusureuds nanludududai
mwddnludneiuarlavuins Wesnilunuwlunsairaderiueaduasiduundmdaanu
Tsifusame egslsfinnu mavslaanselatududluuinageonnduiusiuaudssiidiutu

veslsanalanazvianniden [92] Aleg19nsaludiududa Ae NS935 (Butyric Acid)
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nsalusadn (Myristic acid) nsatenganiludn (Hexadecanoic acid) n3ensauradfn

(Palmitic Acid) tJugu

Ay o

nsngngaatudn wienianduluie nsnuralifn Wunsaluiurianisiing
Imluludniuaziia fgaslaswadramaniilu C oHx,0, Tanwanluveaudsduiviamaes
D e« v 2 . ¥ ., %, ¥, .
oau adunsaluiududd wululvduwardndu wu Wrduugnen drduliay wazlalatby
FuMenyed 1iuegrawnsnatglugnamnssuems wisdd1o1e uagen [93, 94] I5189u
ONENITININA) 1
Tu a.e. 2022 ondes yun dalausuasangladnuignsmsdudiduduunilite

wazUsdn v94 Lengaailudn anntureNsseaInauwaUlles (Capparis spinosa) lag

v
' =]

Ms5189uIfiArALE LTRSS T 50% (ICs) doenaraluiey fadu$u (Plasmodium
falciparum) firnududy 19.6 lilasnsudeiadans uwavAanududuiiduds 50% sdeusdna
gl (Leishmanial) fienududu 233 lulasn3usiefiadans [95]

Sy nAdlazauy lu a.d. 2022 la@nwinsatengaailudnannlu
fintjse¥alpomoea eriocampallumsudeyyadaszuazduduvaiizelnedimsenuing
iengaaludnanludngwdsanuidudu 500 Tulasnsurefiadansidosazmsdudoyya
5as% DPPH uaz ABTS 7 89.13% uay 83.86% mudusuluvaranunsodududoimauwaan s

Tuile (Klebsiella Pneumoniae) lé’fﬁqmﬁmmﬁu%’u 50 lalasnsusielaaans [96]

HO

AN 2.11 TASIAS19NTALENYWAAILUDA

nsnludulaiduds (Unsaturated fatty acids) iunsaludufifiiuseesening

aznauvesnsuanluaeldlalnsaisuou assunisiussauainsaluiuliduiiasilassaing

@ 9

2 WUU fie WU cis wa trans dalvgnsnludulaidudiasiiusedegluguuuu cis [97]lnensa

' '
a U a o I o

Tvduldidusazfiaeaussinnae nsaludulidusindnuszasmuuaney (Monounsaturated

Y

fatty acids) 1unsalufiuliduddwuse e wiusunerluldasuou wu nsalewadn (Oleic

v A o

acid) g awvuinluwiiualua98] tdudu nealvdulududainusen nanesiunia
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LY

(Polyunsaturated fatty acids) \unsnlvsiulsidusiifussguateiustlulsmiueu 1wy nssla
Tutadn [99] sy
Todolud \Junsnlushuelust (Fatty acid amide) fudusyitusvosnsaluiud

lainnsaleadn nefigastassasiamaaiilu CgHysNO Todelusiinainnisyidjasen
szuinansalotadnivlatoulesiieauld Tatada-lawe (Oleoyl-CoA) antulalnlasud
(Cytochrome c: Cyto c) agi5an1siinufisensenindawda-laeiuienlulsauinnyolud
Tulassarauarldlodielusidundniamianyinel100] fuandunmd 12 Tedeludidnvauzidu
voudindetncliiduaznulusssund dunumddnlunssuiunmsvesmsueundunasddl
NasensanANUE ULz NsHouAANEYBInALEe[101] wardamaiinisfinwidug wu

Tu a.A. 2023 danidduazane lAvadeudlsannalnusenlad
(Brassica oleraceallun1sdudaansoyyadasedsldnaiadosas 68.01 uasmadudauuaiide
vilaglalunua wo3dlum (Pseudomonas aeruginosa) wazanMsmulinuesansoenqnsna
Fanmlaeds GC-MS Taswuindlans Tedwelud wande 35.217% [102]

Toluynle yite ouale Tu aa. 2023 fnenugminissudaufizen
Inawadu nsdudsanseyyadassuay Sussmsifneendintunesluiu mnansainainduidon
1903 (Harungana madagascariensis) LLazlﬁwmﬁmma’ﬁaaaqwém%amwlmsﬁ% GC-MS

Tnenundians ledelus unda 18.617% [103]

Oleic Acid CoA-SH

g

[ Acyl-CoA synthetase l

[Oleoyl -CoA]

NH,

Cytoc
(H,0;)
CoA-SH

Oleamide
A 2.12 dAseansiialedteludainnsaludulatadndawuasainyaiassuay

Aty A.A. 2009
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H2N

A 2.13 Tassasraledialun

2.3 lsAmanu
sawwmuRenneiifssduimanglealuidengsedisraiiouaniefsdudunanin
muunwseslumsvasdugduandusouldliiissmeniessnensuaussiedugaulsiosndn
Unf Sedemaliiimaiianisazanludenluliinmgs iesanisegluansdrd (Ju
svevnau dwalieTowniglustsniodesanmaudialae uazoinisunsndeuidu neuus
TsawmmnuladnassUssinnae [104]
231 Tsawwnuvded 1
Dulsmrumnusiaidesiismdugdudomndudeulsiaidugduvieatsle
Fouiflosnnuigadlusugougnihate ilvmeldannsoininsludendnguadifie
Huwdsels danaliisenedingnnymsthluusnididundanuouiinne Asdlauauenavinld
suNedents [105]
232 Tsawmmuviied 2

a a

Wuwmnusialidesfidugduduriafinuldvssiunisfososveeiae
Tsawmmuiianun fanuguuswesennistosniivdausn iaanauiiaunivieaunden
yonviiwadluiusonawhliaddugiuldmninfeudmariliinannddunseuadeon
SlolifugBusnneiigdwnimadndiwadls asdmaliiudesgalnaseninuintudioly
fthmasuddwadunidfisme Suilihinaludendusinagadurwialsauimiu [106]
233 mMsinwenslsauIving
Jagtumsinvermslsaumuunmdiniieiiieamiimameludeavdo
Wunshauvesdugdu el 3 nqu Ao nawenfinszdumaianuvesiuseulviaisduydu
naue UMY uYesBuLAY LLazﬂq'usn%mmqms@m%m11;wmamﬂmqLﬁummi [9] g
mu?ﬁ’aﬁ%au%Lawwzﬂajmmiﬁ%’mmwmssjasJLLﬂqL*fJuﬂfﬂmwaimaiuﬂizmumisjaal,l,ﬂqLi‘;Ju
thmalasfioulvdiuean-ngladina dvhminfissuiiselalnsladaveautdauthmanglaai

\Aentea [107]

29



2.3.3.1 nqueniinsyiunsviuvesiussulassdugiuvsedaliag [y dn

£

Jueniliflumssusnuludiusn lnenalnvesenguiiazlunssdumsrinnuesusineadln

v
= 1

vasdugau Jaazlanaluyae 3-6 iwpuninveinslden enlunquilidu aasstusniluad lnatuu

12

Aalud lnafiled lnaaailen lnaailau Inawdlsd wag lswindlua [106, 108]

2332 nauenilasunsviinuvesdugdu silundudl Ae werediu way lsex
Twarulalou lnswaesfiuagdudnisasanglaanindu asvilidugduausadunglaad
wideludenldituuas loosluafulalou aznseduliisamenevaussesesluudugauandy
gouldy shlssameannsntinhnalunssuadenluldléftu denisaesiantumsan
siuthmaludenfundniflelidugauheuldady [106]

2333 nauendnunnenisgaduimannmaiueims wudlédnassngudes
fo srduauouludioarin-nglading (A-Glucosidase inhibitors) Fwinl#nisgaduiema
nglaaiigoslsainanslulamsnidngsnsnisladias 1fun eza1slua (Acarbose) Tandlua

s

(Voglibose) 1dusiu uag lanuiifamuiiiag-4 dusliwes (Dipeptidyl peptidase-a inhibitor

931 DPP-4 Inhibitor) neeiagluanszaveesluuiidodn ngaineu (Glucagon) Fudu

v
I3 a v

sosluufinossiliszduinalunsruafendiivgedu Sndunisazeosifiunisvdseodluy
Bugdu fenseduliisrsnglidhaaludenlfiunndstu [109)

Tnwoulwsiuoani-ngladina Sdungulelasiaa deegunandavadvesdldidn
[110] Ingansnsauvslifudnadssiandeusari-ngladinaviininds (0-Glucosidase )
fnaznunuly wuaiisy Bad uay uwuas lneiivgnsnesdlusaufiselaunvy weansiu
(Asn) 8afidu (His) wag Inlsdu (Tyr) agdaudnizneduainsnsidaieninelsiios
(Heterogeneous) LLazLLaaWW—ﬂQIﬂ%maﬁUﬁmﬁam (Q-Glucosidase II) aznuldly Wos iy waz

v 6 aaa

dnlidogneioun lngdivansnesdlusauizenlawn n3ulamu (Trp) uag Leanns13u (Ans)

KU

a s

seflanusungseduamsnuinlaluzdified (Homoseneous) [111, 112] wazaiiafiany uoa
wia-nglasgluaa (Aaltase-glucoamylase) Guduteulesiuoarh-ngladinaiinuliluiyweday
Hudnvazvesweama-nglastluiaa ffaudumede uealna (Maltose) lolwuaalna
(Isomaltose) glasa(Sucrose) tlaugdnailse (Disaccharide) uazlodlnugnan
ls#i(Oligosaccharide) toulvsiuoan-nglaginaazyimiigesutawazanslulawnsalmidu
ianaluianaifier Wy nglaa (Glucose) fsUfAsenlslnsladavoeuls iolvsnsne
ansagadunglaaiiignszuadenuaziluidsasadinauasimenely fafudranunse

guganisinnureseuluiveani-ngladnalanidudnisuils lunisveaeniedudinisgady
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nalaadnszuaien dsdmasoseduiinnaluidondzanas vligUisiuimnudssiani 2
naniznisaswenimaludenanasieuiu (108, 113, 114]

=

Haguuinisldoaulnsdmivlunsnulsawmanu wu dvduugssame e
pranulnssinuaUgad Ussnoudenseaulnsianun 26 wda ldun Munudadu
Prdumntle 9ruduld auelne aueinn lannszau vesziin fmezaielas uzwieseo we
AN Wiy Snfatn aum vseulne wiiien whis nestuds 1anv1 wnnuas duden
auewel wiihmzans ¥hiess wilenUawmse wean wiindsas 1 d aseudngna i 3 dau
TnefnsAnuusz@ninauazanuvaendeoidenadn tng n3anlu a.e. 2015 Jan1smaasy
w4 nguiedna Aenguil 15uswgsEUMEatnafEY NNl 2 SusugTmMES AU LY
wlosiiu nguil 3 fusmgsiuvs Samdvengudalniagse uaznaud 4 Susmgziame SN
Faumlasiuuazenaguialniogiis Tewanimmeasssryinauiiiueugamesuiuiseium
wesTuuazennadudalnfagSeiuuilduiissdunhnaluienanaunnmiingudu [115]

Tu p.a. 2023 lnedwiiu WAsnuazauzlasenuasainaniauesiwaal(Morchella

fuvialis) Wewvarsnaunsaludududrudssneundn Adanuamsalunisdudvoulyd

1%
o aaa

wean-nalading lnenuitAanududuresasianansadudaizenluasails (ICs) 7 1.2 T
lasluans [42]
v o o a a oY o
nsldialunissneilsaiuimnulaensslunyedlagianisiuinueiiod 2 Galany
euNmeaedtunyEiLinITenunIsaasslutueasdagldasadainianiuie
(Ganoderma lucidum) &4iln135180ulae Bauvikerazly A.a. 2021 dualunisiusia
vosumgadluiugeudeimtilunsasnsdugiuvemuyneass Sulnasessiuiinialuidon

Tnenss [116]
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‘:'11'
Oligosaccharide Disaccharide

I =

KOO0 OO

Oligosaccharide  Glucose Glucose Glucose

L
L e O

ATNA 2,14 wansnalnnisiiauveseulsdueani-ngladina (a-Glucosidase)

fAALUaI9IN87a 81715 A.A. 2021

AR 2.15 Snwaizlaseadne w09 A-Glucosidase (PDB No. 3A4A) saulasan wadld e1snla

TnzhazAne A.f. 2010
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2.4 lsadalwuas (Alzheimer's Disease)

Tsndalowesifulsaiiinanmiud suvesaussiinissesunsnulsandousnid o
Tu A, 1901 wawiinisdudunisgUaveslsalu aa. 1907 [5, 117] emsfinuldvesaziiu
Jaymeuanusilasiamzanusissevau wavausszevenilusedduinn Tnefinssudu
Tsafirenifureslulnefidhiielizuiienns formsiiddnie anududonuiungingsy
asuaifilainedt ernsauddu lumamensaninasnumsmeveswadUszamsaniumsiinses
lsafiddfe wallasudnain (Amyloid plagues) wardalslnlu3aansunaia (Neurofibrillary
tangles) lnensnn (Plaques) Ao TUsAufiBenit wauedasssd (Beta amyloid) Susamudu
unfAnUnd dhuunafa Aondulevedusiuiidondt wn (Tau) ineduuy Faisanadaiifudh
TAr9INsTUYesTEUUUsTamMaelugues

Jagtulinssnulsndalawedassguuuude n1ssnulaglildenuaznissnulaglien
Feflrwandonsieil

241  mssnwnlsadalsmesiaglallden

Tutlagtumssnwileslildendnlalusieninsanduvedsadliguusanninig

Ly

Uszaodlsnldd Tnsasudadunmsinmmunguoinisiinulduoslumanaufoasd
2.4.1.1 ms¥nwiiiugumsin (Cognition) tumssnulagldfanssu iy
viseAaTnsUszdriulunsusungnssuuaznsnsedumslfanes mud1 feanansalifanssy
Iivanoguuuy wu sudularumisdenseunanu mIeunuas 1anm Tasnsdoasens
Hunslimwiieaniefifiaeduee witsdiihenduitnasdionnsansdu ashianssy
Judsaduiunsitn msasrausagslawy msduva msliseta 1Wusy
2.4.1.2 Mssnedynimangfnssunazein1snieda iunisinwiaiig
AnusnAvesesual Muisornmamsdndainnuliteslungulsaaueadon enafosdinsinm
FUAUNIAY
242  m3snwlsedaluwesinglien
nssnwingelulsrdalauesiulagduiinisldey 2 nqu [6] Ao nquusnen
Sunzlse daldun wedRaladuleamnaisa suddnes (Acetylcholinesterase inhibitors
(AchED) teutdufie Swmnes uaunlnilad (NMDA receptor antagonist) LLazﬂduﬁamaﬂu
naudu Wy asdudieuyadase (Antioxidants) @13fudsnisdniay (Anti-inflammatory

Y o o w

drug) Msndaunuy1Un (Immunotherapy)
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2.5.2.1 uaBfaladuloawelsa sudlmes (Acetylcholinesterase inhibitors
(AchE) Husniifgilunstiudneuleduedfaladueaneisadadudivharsarseuszam
wedfalaau owherUislsndalumesinazinsgy dewadiiairsasuedialadu vivlvnng
dovsvamldonas lutagtuiinslisinduiied 3 wfinde 1ailfida (Donepezil) ls1amniiy
(Rivastigmine) nA3u (Tacrine) uay nuauniiu (Galantamine) uiennguilfisadelaad
AoudgadndunisemenistuungUisuazaseunsineaunis [7]

2.4.2.1 oudumie Swwnes wounilnilas (NMDA receptor antagonist) 18u
enfilinasioszuungnIan (Glutamate system) Ssiinasionnusiiinga Tagsenassihmih iy
WP NALe Swnnes wouailniad (NMDA receptor antagonist) wsawdnludnanenisyieuy
uldudie Swnines isannsdeUsranluszuungniunvesaussas vinliannisnsyiu
nsz11e ane1n1sUanlagldnalnnisnadszam uazdidldanoinislsrandn onisingnansin
Tnednadrafesiundoriliinedu eudou nanswiela enlunaud wu Funuiiu
(Memantine) 1Jusiu [6]

2.4.2.2 msdfudieyyadasy (Antioxidants) lasdwlnyiililusefidulsndals

wosdnagldindiud (Alpha tocopherol) nsalusiugiinlowni-3 (Omega-3 fatty acid) {Wudu

v v
v Ao

usianelaifnismenuwamsisefiunwelunisuansanisinulsadalewes fufulutiagi
fintdunismueivenaesainguusn [6]

2.4.23 gsdudinssnay (Anti-inflammatory drug) @ulnajinayldeqly
nauLSuLan (NSAIDs) n3agndudenissniaudi lilvaifiosess (Non-steroidal Anti-
inflammatory drugs) ImEJWU';'nmmsaammmL?fENﬂ’mﬁmimé’aisumaﬂélwihjﬁmaﬁiaéiﬂasJﬁ
Julsedaluesudn [118]

2.4.2.4 gifuiut1vn (Immunotherapy) iunuimalmifiduiaulaly
Hagoudsfitmnenisimunduiadu Tneiinguszasdlunsanviodudnisnodives
TsAuerluasssluanosdaduemsmane sanmuedlsadalumeslinednsliuoudued
Fumziullsfuerluaoes uslutiagiunismaasdluuyudSainadnudssiisuussde onslse
gLy [6]

Hagtuinislienayulnslumssnulsadalawesinndulaenss uiwuindnisseey
wan1sTdasulng wu wsull (Bacopa monnier) dsiinssenunstiluguaelsadalowesly
Suifeile am. 2018 TnedTsuavas Fanudt nauneasadiuay 39 18 egladed 65.23 T 4l

NANISNAABILAYN TULUUNAZDUANINALDS (Mini-mental state examination : MMSE)
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wdsmsld wsudadn 300 Fansudetu Wunan 20 Jufiazuuaie 23.85 Azuuy Wsufurou
mslifilies 19.15 AxuunanAzLLUAY 30 Az [119]
Tutaguddhifimsldiaduenissnulsadaluueslnenss winusneaun1ssaus
NansMnaesTiiettetu Winauesds (Hericium erinaceus) Ine Suriuazanizly a.a. 2022
Fanuiinaludnineass Ao nuiravssdiuduldsaudadfiunuinlunisansiiniseigues
Gutszamisnndunasiiuedaosdnainfianas [120] uaziinanmeasdasgainzuaraniile
a.f. 2019 lenaaedlunquenanadinsaesnay nauusnlaviuiinaussdang 0.8 nfusetu Uy
nan 12 dUai ngud 2 mumwaaﬂimaﬁgqamﬂq'mwmaauwammwumaauaﬂwwaum
wuhnguusniinanisUssiiuiiddudedisufudeunu [121]
Famideiaraulalunmsdumuedfaladueamesa sudtves ewnuedfialadu
wawmelsaiuouludiviminiii sl §AzeinsaarsfvesansdeUszamnigluaues vioue
FfalpduiitarnanisdearsseninavadUsramuarinadiafosdisiingt sneuduie Sun
W3 waumlniad (NMDA receptor antagonist)
wednaladueamesadueulusflunguresweiulalasiaavimihimdnAeaaouedia
Tndudunsauedfanagladusoufizelalasada (Hydrolysis) SsunAufizessnanaziinly
TuuinasWidawngn Tneusnanszuiaduaudiufie Esteratic fvusznauludiensned
Tuanudiafie Badu (HIS447), waSu (SER200) uazngmiin (GLU237) Anionic flazUsznauly
sransaedlunilssafe nulauiu (TRP84) Peripheral anionic sites (PAS) avUsznauludae
nsnadluiidade Inls@u (TYR70), woan1s13u (ASP74), tulsdu (TRY121), n3ulauvlu
(TRP279) wag Inlsdu (TRY334) [122] [123]hedRalrdulodmesaazaunsanuaiuliaesuiin
Ao wodhalpduleamaisarinduluud (Synaptic Acetylcholinesterase) nuldluusingnase
syinndnieuarUsramuasfidunuldluaues nihivdndeusdalaaudunsauednauas
1mau [124] uazuedfalmauiodmelsasiaieislsies (Erythrocytic Acetylcholinesterase)finu

Tolunsewaion [125]
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Axon
terminal

Acetylcholine (ACh) is made
from cheline and acetyl CoA.

In the synaptic cleft ACh is rapidly
broken down by the enzyme
acetylcholinesterase.

Cholinergic Choline is transported back into
.ﬂ receptor the axon terminal and is used
to make more ACh.
IR /

cell

N Acetate

‘ Postsynaptic
Acetylcholinesterase (AChE)

A 2.16 NaNNSYNUYDILTRALAAULDALNBLSE AALUAINN WLUE A.A. 2019

;-'./

. o=

AN 2.17 anuelASIAT NIV A AlAa ubadsnaLsd (PDB No.1W76)
FaLUadan LauSHaTAMEY A.A. 2004
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unl 3
25AlUNISIVY

3.1 e
311 Vel e 10 lulasdng
312 UUndiv auim 200 lulpsans
313 UUndiv auin 1000 lulasdns
314  vaoalulasdudinnaue 1.5 adans
3.1.5  vieeaduAianauie 15 Jadans
3.1.6 vaeaduAThiivuin 50 dadans
317 NIEANUNTOS
318 losinawmasluaou vum gusu 0.45 luasey

3.2 gunsaluasievasile
321 llastia auin 0.1-2.5 Tulasdns (Micro pipet; BOECO, Germany)
322 lalastia wuin 0.5-10 lulasdns (Micro pipet; BOECO, Germany)
323 lulastide aue 2-20 lalasdns (Micro pipet; BOECO, Germany)
324 lulasta vwin 20-200 lalasdaas (Micro pipet; BOECO, Germany)
325 lulastidn wuim 100-1000 lalasdns (Micro pipet; BOECO, Germany)
326  ASEUEN
327 nsesdumismnazneuauinan
328 Aseamuasazatenseuailinusou
3.29  WYNWWANAIUENT
3.2.10 N3I8NT04
3211 Nywyves
3.2.12 WUENNTIBYBLULS
3.2.13 97IANTD9ENT VUM 500 Ladang
3.2.14 %mqmqnmwaw%auﬁaawaﬂm
3.2.15 vnuTulTuu

3.2.16 Unnes
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aa a

3.2.17 giAd0a awnlnsiWlaiines (UV-Visible spectrometer; SHANGHAI
MAPADA INSTRUMENTS, China)

3218 ndeainmnudunsasia (pH meter; SPER SCIENTIFIC, China)

3219 a3pstslniluuvazdeanadondsiummi (Analytical balance; SARTORIUS
AG, Germany)

3.2.20 ©19AUANRUINE (Water Bath; DAIHAN SCIENTIFIC, Korea)

3221 n3asfalasuivnaf-uuaaunlnsiwes (Gas Chromatography — Mass
Spectrometry; Agilent Technologies, United States)
3.3 @l

33.1 wWiauweanesea (Methyl Alcohol, RCI Labscan)

332 4lulssiifla-woavh-A-nglalnsluled vie 4-Wauiid (4-Nitrophenyl OL-D-
glucopyranoside; 4-pNPG, Sigma-Aldric)

333 laudiadanenles se Adueale (Dimethyl sulfoxide; DMSO, RCl Labscan)

334  22-lpWida-fiasalansi@a wie AfiLew (2,2-diphenyl-1-picrylhydrazyl;
DPPH, Sigma-Aldrich)

335  2,2-o%lu-0v B-efiaiulvuelvadu-6-dalnila wedn) wse Lodiiea (2,2-
azino-bis (3-ethylbenzthiazoline-6-sulphonic acid); ABTS, Sigma-Aldrich)

33.6  lnunadesdosdainn (KPS)

3.3.7  nInganisnwudy (Conc.Sulfuric acid; conc.H,SO,, RCI Labscan)

338 lldw-glaunay Selaud (Folin & Ciocalteu's phenol reagent, Sigma-Aldric)

339 lefguesdiag

3.3.10 avgilidluy Aaslsd

3.3.11 laifsulansonlun

3.3.12 LoViauoanaged (Ethyl Alcohol, RCI Labscan)

3.3.13 19adu13L0LauA 3o ANeul (Ellman's reagent DTNB : 5,5'-Dithio-bis(2-
nitrobenzoic acid), Sigma-Aldric)

3.3.14 wedfialndulelelan 30 ofiTduea wse LeTlevuea (Acetylthiocholine
iodide; ATCL, Sigma-Aldric)
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3.4 aulwal

3.4.1 LLEJaV\I’l—ﬂQIﬂ%L% (O-Glucosidase enzyme from Saccharomyces cerevisiae,
Sigma-Aldrich)

342 uedfaleauedainelsa (Acetylcholinesterase from Electrophorus electricus
(electric eel), Sigma-Aldrich)
3.5 79819

351 ndusim

352 HALASS

353 LiARIAIATIY

354 \inRananu

355  LVRRILAS

3.6 2A5N15NAABY
3.6.1  WEUANSALLUNITIVY

AMNNSABLUNITIFEAINING 3.1

->un/nuaa 1du das‘fmamuvl'of)a"m—»-
- i—MS — asafauians

A
A

wiliinaaslarluaos
Aoy

wilhinaasiluadn

iiviaa

waavh-nalading -

uagdvialadulaamalsa

AN 3.1 LRUAISAMEUNITITY
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3.6.2  NISIAIIUAIDEN
3.6.2.1 dwiindnansiuau 5 ada laun Wiawass Wiadusne wWiekauaansiy
WinRsvunay Wakaunwians wvhenuazendeinaveniiotdsseUusen
3.6.2.2 ntnilvandmiuazeusemevaufouiigumgl 50 ssaivaidea

va v &

uwisadaudivogsiiuidluuauasiulin ifu 4 ssmwadeaiiioadnlunionds
3.6.3  MSANARIBENS
3.63.1 Wwanawiisande 3.6.2.2 Wadndiemniuea Tudnsdegiaui 1
n3u sesfvhazans 5 fladans lavadalugumgiivieadunan 120 Faludunvuzde
3.6.3.2 thansavanwilldannde 3.6.3.1 insesnensearensesudinhdulad
Idldssvesvhazanslumovanouiigumadl 50 ssrnwaea Juwisegldasafinneuuas

AMNUATHAF VS UNITNAADUNIANSIN 3.1

A15199 3.1 AIRYNEUTUNITNAFBU

A0819 FoIngrArans W@
WinduLAa Phlebopus portentosus (Berk. & Broome) Boedijn M1
R IGEN Schizophyllum commune Fr. M2
Lﬁ@ﬁﬂLLWﬂiW Boletus aemilii Barbier M3
Lﬁ@ﬁﬂwaﬂu Boletus edulis Bull Ma
LﬁﬂﬁﬂLLWﬁUﬁaw Heimioporus japonicus (Hongo) E. Horak M5

364  maniiavesanseengrisvaiinmieisufalasinlnnsf-uaanlng
fwes
anseenaMsMsTInwgniteswisouialasininns f-uaadnlnsimeslae

193504 nysdinisuazanie aa. 2021 [126] Wiadasufalasnlnnail-uuaanlnsfinessu
7890A GC-7000 Mass Triple Quad HazapduA1Uans DW-Wax (60 1n5x0.25 Jaalunsx0.25
lulasiums) lunishuunanseengydnadinimuazduinmuinaamsesngninisanin dq
yldlpoiTeuiisvanefuinuivanasuvesaaduinasgiutazimaluladurand su
2011
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365  mIknansaianetuLazyiansliuians

3.6.5.1 dansaraluiidde M1 M2 M3 M4 uazM5 Tasvhnsusnassusznau
paewmaila Preparative Thin-layer Chromatography (PTLC) lngsinuUasisues aunssuas
anig A.A. 2019 [127] TngFuangaasafindodaanududuil 1 Sedniudefiaddnsazans
Fevmuea Ysinas 1 llasdnsielulastiun wagqndn 10 A vuuky PTLC

3.6.5.2 1y PTLC fil3ouainde 3.6.4.1 Tdluunsdi fszuufiazans
\wdeuil Aaslswesy : luniuea (5:5 USuAns/U3uns) uazsyuuRivnazate Wwnuea ;
paelavosy : smnloseu (51:42:7 Usnas/d5inms/U5inms) viaaninitludesgnim
Touasgirnueneauil 254 uiluwnsuagimsynansadndiuenlfvesusuay

3.6.5.3 ihansfiyaldudazuavinadasesisiuniueaiiunan 72 $2lusdl
Qmmﬁﬁmmﬂﬁfuﬁ’]dauaﬁmmﬂiaachulsn%ﬂﬁ?\laLmaﬂuaau YA JNgU 0.45 lupsou

3.6.5.4 thdwainiinsedldande 3.6.4.3 inszmedniazasesnsegouan

Souigaumnil 45 ssrmwaleaIuwialiasuiansietlunaaeusialy

366 mandsuvededeluduasniniengzianiludn
nsmUsuamedledialus waznsmenaznaludninealdisifeiuiunism
¥iinvasansoongrsnesiinindaedsufalasninnsf-uuaanlnsimesinioudiotsazany
Tulaufadanenladuaznsesiulysdamesiuau vua suu 0.45 luaseu uasmu3unm
shensFeuiisuiunsvinsgiuvededioludvinnndudu 10, 25, 50 uag 100 dnludmn
@ uagnIwasgunIaenezaludniinadudu 10, 25, 50, 100, 200, 500 uag 1000

druluanudlu
3.6.7  MsnadeuUsuIuaIsiuean

A15MIUSUIUAISHUBANIING DY ISUIIAASLUFITAND M1-M5 ANUTUTU

1 fadnSuraliadansavaremglauiiadananlos wazlAseuaIsaIn1sIan 3.2
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A157197 3.2 wanaUSUIRNSANSRUNTIASIEINUS NN s uedn

vaan 10% Wau-tlaunay Sto  Aledeansenin 1ladniuda  100% lawdiadanen

wud (lulasdns) fiadans (lulasdns) loé (laulasans)
Blank 200 - 200
M1 200 200 -
M2 200 200 -
M3 200 200 -
M4 200 200 -
M5 200 200 -

a

ndunan 5 wiinguungivies iy 1 luans lefeuasusiun vaenas 600

Y

Lulasdns vudunan 60 wiiiluiilifuamdwiniuildinrinisgandunasiiniiuenindu
760 wluiuns waathluindinsganfusalumuiunanududuresasiiusdnainngim

WNIFINNTARNAEN leedidnnlatain nssaimsuazane A.A. 2021 [126]

3.6.8 nMsnadauUSunaasatlueyn

a a

muSuarsnausesultIsealidouraslss SuainwSeuansana M1-M5

u

ANUUTY 1 Tadnsuseladdnsaranumelaufiatananlen wasmseuansaiimsen 3.3

A15197 3.3 wanausunaasniglunisiasziUsuiaansaliuses

o/

7aan 29819E15anA 18aansufe  100% lawiagananlen 1 luansh lwheuazdian

fagans (lulasdns) (lailasans) (lulasans)
Blank - 740 30
M1 740 - 30
M2 740 - 30
M3 740 - 30
Ma 740 - 30
M5 740 - 30
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a a

nuutndunan 5 wiifsamglivesnniudvasazas 1 a3 exglifey

Y Y

oA

Aae-lsausung 30 lulasdns ynviaen Uusiedn 5 uMigumvgiivies uaudy 2 luans

o

lwigulansenlany3ung 200 lulasdns yavaen Uudnsunil wastildinAinisganduuasd
AMNEIAAN 415 Wlwwes waadrAnisgandusasiialalumuiumianududuainnsm
1AIPIUARTIU IneIBUARLUAIIN NITdinISHaTAME A.A. 2021 [126]
3.69  mifnwinsdudeuyadassiniieyvedansainainiia
WwIguansaraeAnitevaduty 0.1 Tadluats luumiuea ndwRIntuky

AN5AINN51N 3.4

[
o a a

A15197 3.4 uansUSunaansnldlumaiieseisesasnsdudieyyadaseaiiiey

%“aon dsazatgAnNtavAUduTUY f798198158NA 1 AadnIuse
0.1 fadluans (lulasans) fadans
(lulasans)
Blank 1000 -
M1 700 300
M2 700 300
M3 700 300
M4 700 300
M5 700 300

vuluidefdunan 30 i uardnA1n1sgandunafinnue1Indy 517 uily
wns dAnsganaulasifunAuiosasnsiugiaauns fdauUadisan nssaimiwazaue
A.A. 2021 [126]

Y A-B
Jewavnsdudiyyadaseaniiey (%) = (—) x100
A
IRERTE)
A = AN1sgANAULAIYRIaTazaeRtloy T lidasaindiegn

B = AINsganfuLaasasaiafegs+asazangfiiiiiey
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v
g a =

3.6.10 msAnwnsdudteyyadassedfiieavesansainainiin

o '
a

nsfnwinsdudeeuyadassiediliea Suannwisuaisazatgiedileaniny
Wudu 0.7 Jadluans waslwwnaweudastamndudy 2.45 Dadluais Tusnsidiu 2 sie 1 Ui
Plundedunar 12 9719 nTuiieaeasazanuaUNealsafAani8enIuealiiaAInNIs

annduwasegluYIe 0.7 + 0.02 NAFUANETT 734 WTULAT IINTWFNANTAINTIN 3.5

A15197 3.5 uansUSunaansildlumaiieneisesavmsdudieyyadassie e

waan  d1sazangieUiiedunsantAanuudy 0.7 faEeasana 1 Aaansuee
fadluans (lulasdns) faddns
(lulasang)

Blank 1000 -

M1 700 300

M2 700 300

M3 700 300

M4 700 300

M5 700 300

oA Ay P S oo a = =

Uuigaumgiviosluniaduial 30 wii JaAinsganduuasiniueIniy 734
WluasUA LA uA LM 08 aENTTULIRIENNIT AALUAINNRIN NITENISLAZANE A.F.
2021 [126]
. o & a A-B
T0UAYNITYVIDULADATZLOUVILDE (%) = (—) x100

A

N0
A = AN1sganAuLaIedansazateietioa bidarsaindiet

B = AIN1seANAuLasatansanameg+asazaieieUiiiea

a4



3.6.11 msfnwinsdudueulsdueari-ngladinavesansanioin
msfinwinisdugaeuludueari-ngladinavesansaindin lagld 4-lulnsitia-
woarn-A-nalalnsiluled w3e 4-feund Wuasdsiu Buainwisuaisain M1-M5 Ay

Wudu 1 Dadnsureliaddnsazarumelauiiadananlen wSeua159an19199 3.6

M19199 3.6 wansUSuaansfiltlunsimszisesaznisdugaueulsduearh-ngladine

naen 20 fadluans 5%aaly  @degnasain 1 weav-ngladiag
Toheunaana W ans fadnsusa ALY 0.5
1% 6.8 (lulasdns)  4-Wiauind faddns fadnsuraliaaans
(lulasans) (lalasans) (lulasans)
A 95 5 - -
B 90 5 - 5
C 55 5 40 -
D 50 5 40 5

'
1 a

Unfigaumgiviendunal 30 unilannduivaisazaieluifeunisuaiunainy

gy 0.5 lwans 100 lulasdnsiievenuisen TndinsganduuainiueInaun 405 uly

e YA leuAwIuasannis IneanawlasisannnAtuazane A.q. 2020 [128]

. oz ‘ A [(B-A-(D-C)]
Sesazmsdudueuluiuear-ngladiag (%) = | ——— | x100

(B-A)
V80
A = mmsgandunaailelsiflameaeunadlaifioulu
B = mmsganduuasiielsifiasmaaounazuniiouls
C = mnsgandunaaiofasnaaouuslsifioules]
D = Amsgandunaaiiofansmaaouuaziiiouls
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3612 msfnwraunamaninissudesasanasoleulesiuoa-nglading
nsnageurdnnsdudwesasatndaonisndonnsvedlatines-1d4n
(Lineweaver-Burk plot) Womuiamsudwasiiedne uarldnsmsewinsianuduiua
Wudurosiiegng [I] WemAasinsduds (k) Taonisnaaedd d-fouis \uanssadudmsy

msfugaeulysiveani-nglading

3613 mafnwmstiudseulsivoam-ngladinademeingeaisawudaunlasa
1At
nsfnwnssudaelsiueatn-nglading demadarigeesawudanlnsa
ladazdnuwlacidveslivnazany A.A. 2024 [129] awnasungeaisawudgninniengosisa
wudaunlasluladines Jasco FP-850 (JASCO Corporation, Tokyo, Japan) lngltisadaand
a3 dafunswazivunaiududureseulesiueani-ngladiag 50.00 lulasnuse

fiaddnsviufgnsenduaisuinsgundanudutuasis 0.00 tulastuais 89 1.00 lulasluans

[
o '

(0.00, 0.30, 0.50, 0.70, waz 1.00 lalasluans) arsusanafidamnutududaus 0.00 e 0.50

Tulasnsusaiiadans (0.00, 0.20, 0.30, 0.40 waz 0.50 lulAsnSuseladans) waransananneu

AflAududus s 0.00 9 1.00 lulasndudedadans (0.00, 0.40, 0.60, 0.80, uag 1.00

a

lulasnsusiefiadang) auaidu antuutasnauduia15uid dielianaunavesufise

L4

Aeunsinanasulunsasass annsurlgesisawudazgninludisaunaiunuiienindu

Y

5EMIN9 295 §8 450 wiluns wazalnasun1snsgduanIue1Indy 280 wluwns lngns
Anunvesawadlin 5 wluumsnsawnasunisvanlaeswazaiunasunisnsedu tngld

AW oA

20 fadluans lndeurloawlnUumes Mo 6.8 gnliiduasazanenlifidiognsiifosnisin

3.6.14 nsEnwINIsSudueulitedNalrduLdnesavesansaiaiin
nsAneIn1sSudueuleiinadialaduLeamarsavatansanainazsawlads
YU arAY A.7. 2024 [12911A8I5HMATENEITANA M1-M5 UKL 1 Haansume

Nadansazangmelawiatanenlen waziivaisazatsuSuaeanisen 3.7
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A157197 3.7 wanauSunaasniglunisieszissvarnsdudveululiadnaladuaamalsa

50 faaluans vsa-  eulvduedfialaduedwmesd Aleg19d1sdnn 1
aan  lalasAaasn Wiav 8.0 0.01 Haansusaliadans faansusiadiadans
(lulasans) (lulasans) (lulasans)
A 80 - -
B 70 10 -
C 50 - 30
D 40 10 30

Uuilgamgfiendunar 20 winnduduarsazarsioaduiiionud A
Bt 3 dadluansuag wedfialnleladuleloladanuduty 3 Tadlua1s Usunuegeag 10
lulnsdns vuilguvgiivieafiunan 30 unit Jarnsgandunasiinuenadud 405 uiluing
thedldununsiaaunis

Y v O & Aaa ~ [(B_A)_(D_C)]
Sevavnsdudueuluiiediialadueaineisa (%) = T x100
B-A

VB
A = msgendunaailelifiansveaeunaglifioulys
B = Amsganduuasiieliifiasnaaounasunfiiouls:
C = Fmsgandunaadofiarsnnasuuslsifioules]

D = AIN1sgAnauLasledasnadeutaziiioulysl

3.6.15 msAnwraunamanimstiudwetmsatnreouleduedfialndueanesd
nsneaeurinnisfusavetansatndasnisndennsivveddadines-1d4n
(Lineweaver-Burk plot) Womuiamsiudwesiedns uarldnsmsewinsianuduiuau
Wduuesinegng [ ienaAnasfinissuds (k) Tnensmeasdduodialaduleleladifuasaa

fudrmnsunisdudueuloinadnaledueamalsa

a7



36.16 mafnwmstiudseuluivoifalrdueamasamemaiangeoisawudan
Insalad
msfnwmsdudioulsiuedfalafuoameisademaiangooisaeudan
lnsaladagdnuUaitveslivwazane a.a. 2024 [129] allnasurgesisawudgninmenges
wawugadnlaslulaiines Jasco FP-850 (JASCO Corporation, Tokyo, Japan) Tneldwas
ArenguuIn 3 dadunsiazimnuaninudutuvesoulyduedialafueamneisa 40.00
lulasniusiefiaddnsviufAsenfuarsuassruifianudududue 0.00 llastuans §1 1.00
lailesTuan$ (0.00, 0.30, 0.50, 0.70, uag 1.00 lulasluand) ansuTavifidanududuious 0.00

a aa

89 0.50 lulasnsumaiiadans (0.00, 0.20, 0.30, 0.40 way 0.50 hulasnsusadadans) wavans

[
9 |

anaveruiiiaududusaud 0.00 fa 1.00 lulasnusefiadans (0.00, 0.40, 0.60, 0.80, uaw
1.00 lulasnsurefiaddng) audidu antutarssanduna1s widelifgeaugaves
Uffenounsinawnafiluniazads annsurigeaisawudasgninlutisanafuiiaany
g10AUTTIING 295 B9 450 uiluiums wazanaunanseduiianuenadu 280 uiluns
Tnessauninsvesdowuadli 5 uluwssisaunniunisanudesuazanaiunisnssdu
Tngld 50 fladluand via-lelasaasin Triwes Mew 8.0 gnldiduarsazaneilifidaogred

ABINITIN

3.6.17 m3daein1sduiudaduana (Molecular docking) vesieuluslieani-nglad
wawaztauleliediialaduoamalsd
n1391aeIn1sduiugdiiana alii5ues Usyuasane 2024 [129] Taseasng
Yosa1308NMEMeTIN Mg uTesa PubChem uazlassairsvaaoulesiann Protein Data
Bank fia weuluiiueari-nglading (PDB 3A4A) uag toulusivediialafiuleainaisa (PDB 1W76)
wdihyedeyaiamunuiaieulanasiddnedalianavesiuasiuanavosduny (Ligand) aon
#2elUsunsu AutoDockTools antuthdeyafildluyinisduaiiefiassnisduiulae

TUsN51 AutoDock VINA Laghkandtanadnsnisanandmaluswnsy VMD
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o
unn 4
[ IS a v

NaAN1INILUUNTIUIIY
o <
4.1 d198nARYIUINLUA
nmsafnansanavinUiansiuiy 5 vila loun Wiawase Winduaan WaRanas
Winkamuuay LnkAswIaty maeisn1sua (Macerating extraction) lulumueauazily

semewiumevanseuiioumall 50 esrnwaldvasuwiagliasatavinnainedaiduans

NAUVNUAFUINNAUAININT 4.1 TeeTuntnan SaNaLAILasS o8 YDINANARN ARSI 4.1

A15197 4.1 LAAIDIANWULVDIANTAN S SHANAFDU UINUNE1SEN AWM ILALS EAY

YDINANER (%Yield)

f29819 ANWULVBIEITENA  STWANAFBU d1sanauie(ndy) Sevazvsnandn
dinguwind  ansnaumilnduaniand M1 2.76 13.78
WinLASa ansuauniindiman M2 0.50 2.79
FinRaunsnsy  ansuaumiinduinnnau M3 1.49 14.94
iaRawnu ansuauniindimian Mda 1.04 10.43
WinRaunsunans ansrauniindinniady M5 0.68 13.70

AT 4.1 LAADISNYAUSNINIENINTYDIANTANANEIU VB LARFULHIAT (1) WALATY () LTiR

X 2 X 2 X
NILASATIU (A) LANIITU (3) LHANILAITIa1Y ()
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4.2 mswviavesanseangnamedanngiaedsudalasunlnnsiil-uuaaunlns
Ninos
MnMesgimsiavesaseengninadinmlusioig Winduiind (M1) Weuase
(M2) iinkaunans iy (M3) Windonnu (Ma) ifaisunseians (M5) Taedsufalasuilnnsiil-
waanlnsiimesazwuindanseanguvnadinmiivainnda Wu nsnesuendan fiuea nsn
lustu eyiusnsaludiu nefnsaluifuiiraulanuldludaieiein Wy nsaeneiaailudn

saa o

viensa1alAnfidauasalunisdugagadn [96] WWudu wasdmueuiusnsaluiunnule

Tusuisingdanuiaula wu ledeludiiinnuaiusaduduuniite duganseyyadasy

[102, 103] fam157971 4.2

f15199 4.2 wansnanssuluniadininludrogradio Winduwie (M1) Winkase (M2) WinkRs

WASASIN(M3) LTRARIIY (M4) WiaRLaauIaTe (M5) 108 + LanaienIsny - kanatanishinu

a15Usznau FUAUDI qwéma M1 M2 M3 M4 M5 81489
a3 I
(E)-tert-Butylsulfinyl-2-phenylethene  @alwlud  laiwu - - - -+ -
§9891U
(S)-5-Hydroxymethyl-2[5H]-furanone  Laninals iy é’uégaiiﬂqﬁ + - - - - [130,
AAN W3l 131]
Fuduite
0N
2,5-Dimethyl-4-hydroxy-3(2H)- wvwolsly sudwain - - o+ - - [132]
furanone AgN
1,2-Benzenediol LANViADA ”Ugﬂmg:ga - -+ o+ o+ [133-
dasy 135]
fudans
SnLau
1,2-Cyclopentanedione asusenau 5U€?ﬂ@1§mua + - - - - [136]
dunse dasy
1.3-Methyl-3-butenoic acid nsaA1sUen luny - - - -
Fan 318974
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A13199 4.2 uansnanssulumedininludiegnadin Wiaduimim (M1) WiALATS (M2) WinRa

WANATIU(M3) LTARIITY (M4) LiiaRILAIuIaTe (M5) (518)

a135Usznau yiawes  gueMe M1 M2 M3 M4 M5 319
19 anw
1-Phenethyl-pyrrolidin-2,4-dione Laaneged ETiJé’?ﬂ - - -+ - [137]
11815
2(3H)-Furanone, dihydro-d-hydroxy-  @15Us¥nau Lainy - -+ o+ o+ -
duris  91897u
2(5H)-Furanone yilulad  fudwmadn -+ - - - (138
Fudsns 140]
dnLay
2(5H)-Furanone, 5-methyl- a15Usenau §U§QMBL§& - - - -+ 141
Bun3d
2,9-Diazabicyclo [4.4.0] decane, trans- - Tainy -+ - - - -
51897
2-Butenoic acid, 3-methyl- nsmluaTy é’ué’?ﬂatgga -+ - - - 142,
dase 143]
fudsluya
Bl
fudsgatn
2-Furanone, 3,4-dihydroxytetrahydro lulnsa Tainu - -+ o+ 4+ -
18974
2H-Pyran-2,6(3H)-dione Tnlsu lainu + - o+ - o+ -
51897
2-Piperidinone wnwelsly Sudoms - - - -+ [144)
AAN 9113130
naudin
2-Propanol, 1-(1,3-dimethylbutoxy)-  Tnswiuea lanu -+ - - -
51897
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A13199 4.2 uansnanssulumedininludiegnadin Wiaduimim (M1) WiALATS (M2) WinRa

WANATIU(M3) LTARIITY (M4) LiiRILAIuIaTe (M5) (519)

a135Usznau yiawes  gueMe M1 M2 M3 M4 M5 319
19 anw
2-Pyrrolidinone Inlsalau ”Ué'?dawa + 4+ + + + [145-
dase 147]
ffudaqgad
3-(1H-Pyrrol-3-yl) propionic acid, nsaMIsUBN luny - - -+ o+ -
methyl ester Fan 31897U
3,4-Methylpropylsuccinimide asusznau lawu e
dunse PRING]
3-Acetamido-5-acetylfuran a1sUszneu luny - -+ - -

dunsy S7897U

3-Acetamidofuran a1sUsynau ldwu - -+ - -
dun3d 189U
3-Heptenoic acid nsalvsiu  liny - -+ - - -
578974
3-Mercaptopropionic acid NIAAISUBN ﬁugﬂmlﬁﬂ - - - - + [148]
Yan
3-Methoxy-hexane-1,6-diol lnamea  fudteusa - - -+ - [169)
dase
fudagadn
3-Pyridinemethanol, 5-hydroxy-4,6-  lw3fiu wuéjﬂmﬁﬂ + - - - - [150]
dimethyl- Fudams
DNLAY
3- Thietanol ey Sudaiig + - - - - [151,
4 152]
fudagadn
4,5-Dimethyl-ortho- a1sUszneu luny - - -+ -
phenylenediamine Bunse 31897
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A13199 4.2 uansnanssulumedininludiegnadin Wiaduimim (M1) WiALATS (M2) WinRa

WANATIU(M3) LTARIITY (M4) LiiRILAIuIaTe (M5) (519)

a135Usznau yiawas  gueMe M1 M2 M3 M4 M5 81989
a9 I
4-Heptanone,3-methyl- nsa iy E"J’Uéj\‘iai‘gm [153,
dase 154]
udaside
4H-Pyran-d-one, 2,3-dihydro-3,5-  lulsu fudaeuya [155,
dihydroxy-6-methyl- dasy 156]
fFudwziss
4-Vinyl-imidazole uouses luwu -
189U
5-Hexenoic acid nssluifu  Sudsouua [157]
dasy
Judla
LU
9,12-Octadecadienoic acid (Z, Z)- nsaluiu fudiumiS [158-
”Ué’?na%a 161]
dase
Judlsn
51U
9,12-Octadecadienoic acid (Z, 2)-, nseluthy  fudisSa (162,
methyl ester 163]
9-Hexadecenoic acid, methyl ester,  nsnlusiu ”Uégaa%a [157]
(2)- BGRt
9-Octadecenamide, (2)- nsa iy ”Ué'?ﬂa%a (102,
dasy 103]

Ce
c
e
Cee
>
2
al
L
=

e
&
Cee

)
2
2D
=
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A15199 4.2 wananansslun19 T NluFeg19 TR WadUWIe (M1) WinkASa (M2) LRk

WANATIU(M3) LTARIITY (M4) LiiRILAIuIaTe (M5) (519)

d15Usznau yiawas  gueMe M1 M2 M3 M4 M5 81989
a1 Fan
9-Octadecenoic acid (Z)-, methyl A5 lvay 5’115&81%336 + - - - - [l64-
ester dasy 166]
Fudanns
ONLEAU
9-Octadecenoic acid, (E)- nsalvay ”Ué'?na%a + - o+ + - [167,
dasy 168]
Fudazise
Acetamide asusenav ”Ué'?aa%a - -+ o+ o+ [169,
Bunse dasy 170]
Fudanns
ONLEAU
fudagaidn
Benzeneacetic acid ASAAISUBA ngﬂm.gmua -+ 4+ o+ o+ 171,
Fan dasy 172]
fudagadn
Benzeneacetic acid, 4-hydroxy- ASAAISUBN ”Ué'?ﬂﬁ;a%w - - - -+ 173,
Fan fudaauya 174]
ddsy
Benzeneethanol, 4-hydroxy- asusenau ngﬂmguua - - - - 4+ [175-
dun3ey Dey 177]
”Uégnf\;asuw
Fudlanns
SNLEU
fudwziss
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A13199 4.2 uansnanssulumedininludiegnadin Wiaduimim (M1) WiALATS (M2) WinRa

WANATIU(M3) LTARIITY (M4) LiiRILAIuIaTe (M5) (519)

a135Usznau yiawas  gueMe M1 M2 M3 M4 M5 81989

a5 JnIN

Benzoic acid nIAASUBN GURaTn

Fan udseuya

Bis(2-ethylhexyl) phthalate nsaAIUBN GUdRaTn

Wan IENELRG

fFudamsaie
naneug
é'fué’?ﬂqwé
waulAslau
E.fugﬁi]ﬂé
Loalasiau
Butanamide, 2-hydroxy-N,2,3,3- wlug Fudansiu
tetramethyl- voslusiy
Butanedioic acid, monomethyl ester AsaLNTLUN Sudsnnsity

yasludu

1%
LY

Butanoic acid, hexyl ester Asaludy  dudanis
DA,
fudagadn

cis-11-Eicosenamide nsalvdiu lawy

18U

[178-
181]

[182-
185]

[186]

[187-

189]

[190,
191]
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A13199 4.2 uansnanssulumedininludiegnadin Wiaduimim (M1) WiALATS (M2) WinRa

WANATIU(M3) LTARIITY (M4) LiiRILAIuIaTe (M5) (519)

a135Usznau yiawas  gueMe M1 M2 M3 M4 M5 81989
a9 I
Dehydroergosterol 3,5- - Tainy + - - - - -
dinitrobenzoate 189U
Dianhydromannitol Yhaa Gufamsity + + + + 4 (192,
LLaaﬂ@@aé ‘Uaﬂl‘Uﬁu, 193]
udaside
Dihydroxy maleic acid a13usenau ”Ué'?aa%a + o+ 4+ o+ o+ [194,
dunse dersy, Suds 195]
ATUN
DL-Proline, 5-oxo-, methyl ester LOAWBS ﬁwﬂgﬂqa%w -+ o+ o+ o+ [196]
Dodecanamide wolun Tainy + - - - - -
189U
Glycerin nsledu ”Uéﬁqa%vv + o+ o+ o+ o+ [197,
”Ué@ayga 198]
dasy
Heptadecanoic acid nsalasiy ”Uégaaq;ga - - -+ - 199,
Py 200]

a + + + + - [201-

e
&
2t
-2
}2))
o2 (=9}
=

e
&
a&e
©
~

Hexadecanoic acid, methyl ester nyalsiu
dasy Juds 203]
Ta#nang
Fudanne
TasTusi
é’ué’?@qmé
waulAsLaU

ufatn
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A13199 4.2 uansnanssulumedininludiegnadin Wiaduimim (M1) WiALATS (M2) WinRa

WANATIU(M3) LTARIITY (M4) LiiRILAIuIaTe (M5) (519)

a135Usznau yiawas  gueMe M1 M2 M3 M4 M5 81989

a5 JnIN

2
LY

Hexadecanamide Asalsiy  dudanis + + + + + [204,
BQRIGI) 205]

gugInig

Indole a1sUsenou fudesses - - -+ - [206-

dunse guganns 208]

Isopropyl linoleate nyalusdu vgeuga + -+ +  +  [209]

Isosorbide lnooa gugans -+ - - - [210-

ALEU 212]

15Aala
L-Homoserine lactone, N-acetyl- nsAAISUBN hainu - - -+ - -
Fan FRIINaLY

Linoleic acid ethyl ester nsnlady  dud + - - -

[213,
vulysdlnls 214]
FLug, Juds

ANSENLEU
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A13199 4.2 uansnanssulumedininludiegnadin Wiaduimim (M1) WiALATS (M2) WinRa

WANATIU(M3) LTARIITY (M4) LiiRILAIuIaTe (M5) (519)

a135Usznau yiawas  gueMe M1 M2 M3 M4 M5 81989

a5 JnIN

L-Lactic acid nsalensen dudseuya - - -+ - [215

g dasy 216]

NITAUNTT

A5naLay

Malic Acid ASAAISUBN ‘Ummﬁa, - -+ o+ + [217-

Fan YN 219]

Malic acid, L- NIAAISUBN SUEY - -+ - - 220,
gan 1sainila 221]

fudseuma
Sasziud
15ALUMINU
fudldlsa
99U

Methyl stearate nsalosiy duddlseda + - - - - 222,
ISIRE 223]

gugalsa
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A13199 4.2 uansnanssulumedininludiegnadin Wiaduimim (M1) WiALATS (M2) WinRa

WANATIU(M3) LTARIITY (M4) LiiRILAIuIaTe (M5) (519)

d15Usenau

FUAVDY

&9

qUETIIe M1 M2 M3 M4 M5 31984

JnIN

Morpholine, 4-(4-methyl-1-
cyclohexen-1-yl)-

N-Methyl-d-pyridinecarboxamide

n-Hexadecanoic acid

Niacinamide

asusenau
dunsd

nsALlARTA

nsalvgi

ASUBNT

analud

Taiwu - - - - -
97U
Taiwu - - - - -
897U

v
LY

gugieyla + + o+ o+ o+ [96,

Fudanny
TasTusi
fFudlueu
1nsLau

guganInIg

[228-
231]

vgwUls + + + + 4+
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A13199 4.2 uansnanssulumedininludiegnadin Wiaduimim (M1) WiALATS (M2) WinRa

WANATIU(M3) LTARIITY (M4) LiiRILAIuIaTe (M5) (519)

a135Usznau yiawas  gueMe M1 M2 M3 M4 M5 81989

a5 JnIN

Nicotinic acid gy fugeuya - - o+ o+ + [232

ATy 233]

Octadecanamide nsalusiy dudan + + o+ o+ + [23a-
A 236]

Octadecanoic acid asaloty dudeuna + - -+ o+ [237]

Oleic Acid nsaludiy dudteyya -+ o+ -+ [238-

dasy 241]

Palmitic acid vinyl ester nsaludiy dudseuya + - - - - [242]
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A13199 4.2 uansnanssulumedininludiegnadin Wiaduimim (M1) WiALATS (M2) WinRa

WANATIU(M3) LTARIITY (M4) LiiRILAIuIaTe (M5) (519)

a135Usznau yiawas  gueMe M1 M2 M3 M4 M5 81989
a1 Fan
Palmitoleic acid nalusfu  dudseuye - - - o+ - [243,
dasy 244]
Fudanns
SNLEY
Pantolactone mivend  Fuddaty - o+ - o+ - [245-
analud  Tuidongs 247]
fuduan
U
Pentadecanoic acid nsaludy é’uégaa%a - - -+ 4+ [248]
dasy

Ce
&
b&e
22
2
2D
=

Phenol uea fufsoyua -+ + - - [249-
BEH) 251]
Phenol, 3-(ethylamino)-4-methyl-  #lusa Tlainy -+ - - -
783U
Phthalic acid, di(2-propylpentyl) ester oainos  linu - - - - -
19U
Propanenitrile, 3-(methylthio)- a1susenau lainu -+ - - - -
Bun3y FIBII
Propanoic acid, 2-hydroxy-, ethyl waam  fudanis - - - -+ [252-
ester DNlau 254]
Fudfmuids
fudagadn
Pyrazine,2-methyl-3-(methylthio)- asusznau linu -+ - - - -
furss  91897u
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A15199 4.2 wananansslun19 T NluFeg19 TR WadUWIe (M1) WinkASa (M2) LRk

WANATIU(M3) LTARIITY (M4) LiiRILAIuIaTe (M5) (519)

YUAVDY YNNI

d135Usznay . M1 M2 M3 M4 M5 81489
g9 YIANN
Pyrrolidine, N-(1-cyclohexen-3-one-1- @15Usznau bunu + - - - - -
yU-2-hydroxymethyl)- Bunse 31897U
Shyobunone wosfiueed dudsouya + - - - - [255]

dasy, ¥nen

A, Jugs

lsnoaly
wes
fudagatn,
Stellasterin alua ”Ué'?ﬂﬁ;a%w -+ - -+ [256]
CIERRL]
Succinimide ansusenau é’ué’?aa%a - - -+ o+ [257,
UNsE dasy, Suds 258]
lsnoalsy
wied, duds
LU
Tetradecanoic acid nseliBain fudweds - - - o+ - [259]
trans-13-Octadecenoic acid nsalvdiu  liny - - -+ - -
189U
B-D-Glucopyranoside, methyl wiialnale ETUE"?&R;E]%W + - - - - [260]
Tas
Uracil it fufmaw + -+ o+ 4 [261]
fudazide
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<

4.3 nsusnansatavetuuazinansliuigniannifiauase
Mnnsthansadaveny Wawases (M2) suenliuiandsemaia PTCL nuindnwas

yantenngesatsiiuenld (M2p) iunsdvnlaefifesasnandnd 20.15 anduviinis

PTIFOUMIMUIIMBUBSENT M2P Fewaila TLC wWisuisuiuasinmsglodielus wuidl

FEYENNNIIAFOUNTBIENT M2P Wiy ansuinsgiulediolud danind 4.2

AN 4.2 TLC 983a15aiaM2 a15u3anaM2P uazarsuinsgiulediolus (Ole) svuu

Aaalsvlasu: wWnwea (5:5 Usums/Usums) 3U n meglauas UV feniuegadu 254 uiluy

was U ¥ A 10% n3ndaihgn

o a £ £
4.4 &13ENARYIU LaSE1IUIENEIN L‘ﬁﬂN\‘l‘lﬂ'ﬂu

¥ a

NN satane Iy windsmau (M8) wuenliuiansdaemaia PTCL nuin
Snwapmameninuesansiuenld (Map) lunsdunlaedfesasuananil 15.09 91nduriinig
ATINABUATIIUTAVERIES MAP fhewadia TLC wWisuiflsufuamnasgiunsaeneziaaiiu
80 nudndsren19nsiad eufivesans MAP iy a1suinsgiunsaensziaailudn

FININT 4.3
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AT 4.3 TLC vasansanaMd ansusgvisMaP wansnenaeinaludn(Hex) seuu Aaslsnes:

wnea (5:5 Usung/JUsuns) U n aelduas UV fedueniediu 254 wluuns U 9 s

WY 10% nsAanIsn

4.5 Usuradrsuednuazaswanliusenvesdrsanane1uanniiia

nnsNedeUUIIIadISHUeANsENUI R AF UML), auase (M2), Winkauad
A (M3), Wiekamanu (M4) uay Wiskaunsmiane (M5) fiusinaansiiuednsauwiidu 22,000,
415, 5,725, 473 uay 5,468 ”Lmiﬂiﬂ'%’uaugaﬂim,ﬂaaﬂsiaﬂ%’uﬁmﬁﬂuﬁa wagUsuaarsnaln
UBLATIUWINAY 2,682, 389, 2,059, 108 Lay 831 1u1ﬂiﬂ%’:uaugaLma?aﬁwiaﬂ%’u‘fmﬁml,ﬁa
AU Fapn5199i 4.3

A5197 4.3 USunaansiluednuazalsnaliussansadinne1uaingie

A8 Ysunauilueansiy Usunaunanlaueedsau
(llasnsuauyansaunadadenss  (lalasnduauyaiadedausensutimiin
thwitinute) )

M1 22,000 2,682
M2 415 389
M3 5,725 2,059
M4 ar3 108
M5 5,468 831
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a

4.6 UszAnsnmnisdudeayyadassanillavuazayyadasziotiienvas

s
a a

F158NANBIY  WAZENSUSENSIINTALAST

9

aaa

msfnwn1ssudsoyyadassifiiioruareyyadasiodiieavosmsatiovetu M2 a3
U3qud M2P Fauandlumsedl 4.4 nuih ans M2 fussAvsnimvsamsudsoyuadassififiion
nazteTilloaniniy 53.86+3.46 (%) uay 53.01+1.41 (%) ddu luvaisiieniuansuians M2p
fUszAns nmuesnissudsouyadassAifievuaziot Moaminfu 23.35£0.66 (%) way

22.69+1.27 (%) u@ﬂﬁﬂﬂu&laﬂ’]i%@ﬁaﬂLLﬁﬂx‘ii%mu’mﬁ’ﬁﬁﬂ@ﬁEﬂ‘U M2 JUsednsninunsnng

v
LYY

udseuyadasyifiiievuazeuyadassieUiieanninansuians M2P

4.7 UssAnsnmnisdudeayyadassanillavuazayyadaszioUiienvas

a

o £ 1
§13ENARYIU e msmqwsmmﬁﬂﬁqmm

msﬁﬂmmiﬁuﬁaa%aaaizﬁﬂﬁLaﬂuuazmgua%as%aﬁﬁLaasummsaﬁwm'u M4 &3

'3
a2 a

U3auid MaP fuandlumsnsdl 4.4 nu ans Ma fussAvinmusamsdudsoyyedassififion
uaztailoauiniu 41.75+3.45 (%) wag 52.27+0.71 (%) ddfu lurusiReatuansuans Map
iUsEdns nnwaenisdudsoyyadasiifiiovuasiedioavindy 21.82+0.97 (%) uaz
64.031.62 (%) uananiinamsnaassiansliiiuivansaianeu Ma fuszansninesnis

fudsouyadasenfiiovinitarsusand Map uslunandufiuaisuians Map uszavsnn

ma&miaumaumaaaivLaumaa“'” fnIansanavieiu Ma

M13°99 4.4 FeraznsudvatasainuazaITUIENNANKATIMAZLN I WABD LA

a

daszilevuazeyyadasziolilen

fn9819 Zauaznstudeiinududu 0.3 fadniurefiaddns
DPPH' ABTS™

M2 53.86+3.46 53.01+1.41

M2P 23.35+0.66 22.69+1.27

M4 41.75+3.45 52.27+0.71

M4p 21.82+0.97 64.03+1.62
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48 UssAndnmnistudaeuludueani-ngladinavasasafinuenu asuiqns
NAALATIHALEITUINTFIY

nsAnnsiudueulsiwoarn-ngladinavesansatn M2 arsu3ans M2P uavans
wmsg ezailua uazledielus fauandlumsedl 4.5 uag 4.6 wui1 @13 M2 uazasuIans
M2P fuszAnsnmuosnisdudwoulsaiuearn-ngladinainfy 38.73+0.37 (%) uas
88.44:+0.97 (%) mmﬁﬁuLLazwudwizaw%mwmmmié'ué'?wmmw%qwé M2P fiA1unnd
ansain M2 UssAvBamvaamsduduoulys ueavh-nglafinanesasinasgiuesanslua uas
ToAwoludfiAnuviniy 71.23:0.32 (%) uaz 50.92+0.69 (%) smady uonInikamInAaDg
wandlidiuinansumsyuledieludiiusyans nmmvesmssud woulusiiesninansunsgiues
Aslua

s
a

4.9 Uszansammsdvdaueauluiuaanir-ngladinavasansaiaveu a1susans

mnLﬁﬂﬁwmuttazmimmg'm
nsfnwnsiudseulsiwoan-ngladinavesansatn Ma ansuians MaP uavans
1935 arAnslua waznsatenszianiludn fuuandlunised 4.5 wagd.6 wuin a3 Ma uay
a15u3ans Map fuszAvsamvasnisdudueulesivean-ngladinainty 77.591.13 (%)
uay 89.17:1.93 (%) mudiduuarnuinuszAvSnmuesnsdusavesansuians Map ddn
snninansaiin Ma JszAvsnmasmssudueulsl ueann-ngladinavosansuinsgiuozs
lua waznsaaneziaAludndAnyinnu 71.23+0.32 (%) way 21.77=1.24 (%) A1uaeu

= a a

wenanduanisaassuansliiivitansuinsgunsaengznaludniivszdniamuenis

[
LYY

fudneuleiidosninaisuinsgiuezaiilua

M15199 4.5 SoeaznsdudwesansainuazaIsusansIINWinuAsIwaziaR i usaeu Ly

woann-nglatiaa

fRE19a1TENA awaznistiudfinnnududy 0.3 fiadniurefiadans
M2 38.73+0.37
M2P 88.44+0.97
Ma 77.59+1.13
M4P 89.17+1.93
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M13199 4.6 Sevarnsdudwesansunsgiuieeulsdiearh-nglading

A1911A53 U Sovaznstiudeiinnuduti 0.2 fadluans
9zAILUA 71.23+0.32
Todolug 50.92+0.69
nsaLengElaAluBn 21.77+1.24

4.10 Uszansamnisgugwaulysinednalaiuedmalsavasdnsananenu a1s

U%qwémmﬁmLLﬂi\‘iLLazmimmg’lu
msfnwnssudneulsiuedfialafuleamoisavasansadn M2 a1suTans M2P uay
a9y Mesu uarlodielud 915197 4.7 uagmnsedl 4.8 wudh a1s M2 wagansugns
M2P fuszAnsnmvesnisdudneuluiuedfialaduieamasamindy 74.43£1.15 (%) uay
92.3121.20 (%) mudfuLarnUIUszAnE mveINI TS U swesansuTans M2p fanunnnin

(Y]

asain M2 UsgdnSamuesnsdugaeulsy woar-ngladinavedansuinsgiumesu wazled
Lo lIATANIINAY 94.52+0.38 (%) way 82.14+1.80 (%) MUAIRU WONIINUNANITNAADILEA

Tiiuhasunsgiuledioluaiussdninmuainsdudueuluiiosnitasuinsguniaiu

4.11 UszAvsnmnstusaeuluiuedfialaduieameisavasansatanenu a3
U%%j‘l’léf\]’mLﬁﬂﬁ\‘lw’ﬂutl,azﬁ’liu’]ﬁig’lu
nsfnwnssuduenluiuedfialafuieamelsavesansada Ma a15u3ans MaP uay
ATIATTIU MARU LagnIaLonYzinnludn M13N7 4.7 uagans1eil 4.8 WU a1IMa wazans
U3ans Map fusyAvsnmuesnsdudaeuleiuedialafuoamaisaviitu 76.030.59 (%)
wag 89.33+1.93 (%) mmé’wé’fwu,azwm"lﬂwawﬁmwmaqmiﬁué'?wmmsu’%qmé M4P i
WInNndnansana Ma Ussﬁ‘m%m‘wmmmﬁué’?@Lauisnﬁua%ﬁaiﬂﬁmaamaLiamaamsmmgm
N1ASU kagnIAlEngaAluanda WY 94.52+0.38 (%) WAz 32.92+1.62 (%) AUE6U

= a a

wenanduanisaassuansliiiuitasuinsgiunsaenezsnaludniiszdniamuenis

[
LYY

fudnouleidosninasuinsgiuniasu
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M15°99 4.7 Sevaznsdudwasasainuazansugnsaniinunsikagiiindarnuseeulyiue

FRalpaueaineolsd
LA GREG N Zawaznstiudfinnududy 0.3 fiadniurefiadans
M2 74.43+1.15
M2P 92.31+1.20
M4 76.03+0.59
M4p 89.33+1.93

A15197 4.8 Sosazn1sdudivasasuinsgunaoulivediialadueametsa

#19119531U Sovazmstusaiinnnuduty 0.2 Sadluans
MATY 94.52+0.38
Todielus 82.14+1.80
nsaLEnTzAAluEn 32.92+1.62

4.12 aaunasaninisduduauluiveani-ngladingvasansaianenu 13

U3gnsaniinuasiuazaNInTgIy
9 nnsl Lineweaver-Burk waynsinsgstinsmnnudusasaududuresdsuds
(MW 4.4 uaz 4.5) nuwiavesmsdudwesansatinanifianase M2 msu’%q‘wé M2P uay
arsmsgulodielud Svdinvesnisdudadunuunan uasdidasiivesnisdudavintu 3.80
fiadnSusefiadans dmsuans M2 uway 0.21 fadnsusefiadans dmsuans M2P uazAAsi

aamsfugawesasunsgrulodislunindu 0.81 fadluais damnsed 4.9
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A15197 4.9 vTinveensudalayAInIinISEuds (K) vosansain M2 @1su3gnd M2P a1nLin

wasawazansunsguledelud seeuleduear-ngledine

A998 oulysiuaari-nglading
wlianssus s Aaefinsiuga(k)*
M2 WUUREL 3.80
M2P bbUUNEL 0.21
Todlelun WUUREL 0.81

*AANULNTUYRY K 909 M2, M2P wanaduliadnsuseliadans Tuvaeininududuves K,

2949 lodeluduanaduiladluans

0.6 0.70 mg/mL M2 o4 020 mp'ml. M2P
030 mg/mL M2 b
0.10 mp'mL M2P

0.00 mg/mL M2
0.4
0.00 mg'ml. MN2P

1/Absorbanceys

-0.8 014
1[4-pNPG] (M) L4-pNPG) (mM)

0.8

ﬂ 0.20 mM Oleamaen

0.6

0.10 mM Oleamacn
04

0.00 mM Oleamaen
02

olo 2.5 50

1/Absorbanceyos

02

04

06

08

-10
1/[4-pNPG] (mM)

1WA 4.4 N5 Lineweaver-Burk sian1svinanuveseuleiiuean-nglading vesasain M2

(N) a3UTgVE M2P (v) uae ansunsgu Ledialud (A) aud1su
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0.014 0.016

n 0012 / U 0.014
0.012 /

% 2 2 B 5 0.7 0.5 03 0.1 0.1 03
M2 (mg/mL) M2P (mg/mL)

0.0;

Slope

0.02

-1 08 0.6 04 02 0 02 04
Oleamide (mM)

A# 4.5 N5 sEnINAIANTULAEAUNTUYRIMITUEY YasanTain M2 (n) asusans

M2P () ez a1sunsgu Ledelud (A) mudisu

4.13 vaunasaninmsdudaeuluduean-ngladinavasasafinneny a1s
‘U'%qwémﬂLﬁﬂﬁﬂwaﬂuttazﬁﬂiuﬂmsgﬂu
21nn3 Lineweaver-Burk kagnsnsswinsaianusunaranuiduduresiaduds
(Wil 4.6 uay 4.7) nuiieinuesnisdudmasansafnanifiaimy M a13U3ans MaP uag
amnnspunsaenasaniludn fulevssmsdudaduuunan uwuutstusay wouldudedy
¥1lA non-competitive ANEINU Tnefaasfivesnisdudaviafu 0.28 fadnSusiedadans
dmsuans Ma uay 0.13 fadnsusiodiadans dmsuans MAP uazaasiivaanisdudavesans

UINTFIUNTAENTAANUBAWNAY 6.09 Tadluans fann5199 4.10
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M1519% 4.10 ¥ilavesnsdudaagarmeiinisduds (K) vesansain Md a15U3gms MaP 910

iRk ULaranTIInIgIUNIaengznaludn Aoteulvivear-nglading

719819 aulyluean-nglaging
aiianssus Amefinsiudack)*
M4 WUUNEL 0.28
Map WUULIITY 0.13
nsALENTLIAALLEN wuulaiidedusiin non-competitive 2.96

*AANUNTURY K 909 M4, MaP wanaduiladnSuseliadans Tuvaeinnududuves K,

299 nsALENTzAluBnLanaduladluans

1.00 08
0.20 mg/mL M4P
.

020 mgiml M4 06
0.10 mg/mL M4P

0.4
0.10 mg/mL M4 0.00 mg/mL M4P

1/Absorbance,s

0.00 mgmL M4

40 -30 220 10

0.6
1/[4-pNPG] (M)

-0.40
1/[4-pNPG (@M)]

0.6

0.20 mM Hexadecanoic acid
04 0.10 mM Hexadecanoic acid
0.00 mM Hexadecanoic acid

03

02

-60

-0.5

A 4.6 N3 Lineweaver-Burk sian1svitaruvesieulesiveann-ngladiag vesansarin M4

(M) @15UTANS MAP (1) ua a@nsuIRTTIUNIAENTEIAA1LLEN (A) AUERY

71



Slope

0.018

0.016

0.014

0.012

0.010

Slope

0.020

0.018

0.016

0.014

0.012

0.010

0.008

0.006

0.004 0,001

0.002 0.002

-0.4 03 202 -0. 0.1 02 03 025 020 0.5 -0.10 -0, 05 010 015 020 025

M4 (L)

4 35 9 25 2 15 -1 05 0 05
Hexadecanoic acid (mM)

A 4.7 nsuserinaAiautukaALiTuYeeRafuds vesansaia M4 (n) a1suians

M4P (v) wag @13UINIFIUNTAENTLAAILUBN (A) ANUFIAY

4.14 auwaf1gnsn1soudaaulviinadnalaauLadnolsavaIasananeIu a1s

UIANSNAALATIAZAITUINTFIU

v
¥ L -

1A Lineweaver-Burk LagnsInsgningA1AI Ut ULaEANITNTUYDIAIT UL

(0N 4.8 waz 4.9) NUINYTIAVDINISEUTIVEIETANAINWIARATI M2 d15U3VIE M2P uag
asuesgiuledielus Sudevesnisdudadunvunay wasiidrnsiivesnisdudaniiu 0.016
fadnsusieliadiang dmivais M2 uag 0.022 dadnSudeliaddns d1miuans M2P uazAAd

Y8aN1sfudvesansunsgiuledelunyindu 0.070 fadluans fannsnei 4.11
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M1519% 4.11 Filavesnsdudauaganiinisduds (K) vesansain M2 a15U3gns M2P 910

Wanaswazansunsguledolus sooulviledfialnduedivelsa
wulwivadnialaduiaainaE

29819
wiiansdud Amefinsdudack)*
M2 WUURE 0.016
M2P bbUUNFL 0.022
Todtelun WUURNE 0.070

*A1AMULUTUVDA K ¥89 M2, M2P wansduiiadnsuseiadans luvaeianududuves K

voaladalus wanuduiladluans

8
! 3.000
0.03mg/mL M2 sU 0.05mg/mL M2P

f

0.03mg/mL M2P

0.01mg/ml, M2

0.00mg/mL M2 0.00mg/mL M2P

1/Absorbance,qs

00 5000  10.000 15000  20.000

-3.000
1/[ATCI] (mM)

f 0.03mM Oleamide
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91n5197 4.13 wazn il 4.16 wuiledielusduiunsnesdlufiusnas woaouls!
woavi-naladina uazteulwiluediialadueametsa Tnaledieludsuiunsnoriilufiusianss
voseulusiuean1-ngladinasne fuselelasiuniaiusy (SER122) uazusslelaslidnusznou
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ey ansuInsgIunNIaEnTznAIludn deeulsiueani-nalading [WuuuuNay wuuwiady uay
wuulsiugeduein non-competitive augdstu Tnedidnasfinisdudwes Ma 7 0.28 Tiadn3usie
faddns vos MAP 7 0.13 fadnfusefiadans nimenvzinaludnd 6.09 dadluaniuas e
naaeuiuloulmiedfaladuieamoisarasansadin M a15uSans MAP LazaTIATILNTA

(% |

wnzanludn Sviaveinisdudsuuunan Tnefldnsiinsdudarindu 0.005 fadnsuse
1adans 0.304 Taansunedaddnsiay 0.019 Jadluais muaIsu
NMsIaeInsuiuddianavedieulaivear-ngladinauasioulsduedfialady
wameisasieledioludnuininsiuiunsnesiluiivinansweseuluitear-ngladinalned
AdsEansnuesnsiuLay AnsTivesmsudariniu -5.9 Alaunasidelua way 47 ulasly
a1snuau wavioulwiiedfalrdueameisalaefiA1Use@nSn1nvean1siu -6.6 Nlawnae3
soluanay Armsfivesnsduds 14 lulasluans Wwisaiunsmensviaaludninnssuiu
nsneziluivinausweaeulniueari-ngladinalasdidUssavsnmusinsivuas Ansiives
msfudasiniu -5.4 Alaunaeinelua way 43 lulasluansmudsuuasiovlniuedfaladuios
meisd TneflAUsyansamusinisiu -6.5 laupasireluauazrnivasnisduds a1 lulas
Tuang dsmansdraesnisiviudsluanaszuandiiiuinlediolusuaznsaenszianludn
UsrAvsamlunmssudaeuluiuedfsladueamasaldiineulusiuoa-ngledina
Fnwan1sdnesana1nvenud lediolud arndinuasmas nnenYzmALdn 990
Winremuiivsyavsamlunssuduevlsiuedfialadueamesadin Hannsatluiauw uaz
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ARTICLE INFO ABGETRAGT

Lipid compounds from edible wild mushrooms have been npﬂrtbcffblt]lurlnulugn:alnnhwh:l related o Alz-
beimer's dizeaze [AD) and diabetes mellitus (DM) Thia ted purifisd oleamid
(PEWM]) from edible wide much and 4 ined itz antioxidant activity and inhibition potential againat
acetylcholinesteraze {AChE) and a-glucosidase. The PEWM was purified by preparative thin-layer chromatog-
raphy (PTLC) with methanal- chloroform: water (6:6:1 v/v). The antoxidant activity againat ABTE T and DFPH.
radical of crude extracts (CEWM) had higher potent than PEWM. On the other hand, the inhibition posential of
PEWM againse AChE and a-glucosidase had higher potency than CEWM. Moreover, the inhibition potency of
PEWM and oleamide againat AGHE was higher than a-glucosidase. The inhibition mode of CEWM, PEWM and
cleamide exhibited mixed-type inhibition na AChE and @-glucosidase. Inhibition constant (K} also supported
thar CEWM, PEWM and cleamide have the highest potsn: on AChE. CEWM, PEWM and ol=amids showed
fluorescence quenching by increasing the inhibitors' concentration against AChE and a-ghucosidace. Dacking
Iyai led that aleamide was Incated in peripheral anionic sites of AChE. The results suggese that edible
o b i of lipids related to AChE and T-glucosidase inhibitory activity might be applied for

Edible wild mushroom
Alrheimer's disease

AD and DM manzgement.

1. Introduction

Edible mushrooms have been used ar an ingredient in traditional
medicine in many countries [1]. They are rich in micro and macronu-
mrientz such az minerals, vitaminz, protein and Aber. Moreover, edible
muzhrooms are a good dietary food zource becauze they are low in
calories, carbohydrates and fat []. A variety of bicactive compoundz
have been reported in edible mushrooms, such az polyphenals, terpe-
noids, acids, alkaloids, polyzaccharides, peptides and stersls [3-Z].
These bisactive compounds have shown various biological activities
such as antioxidant, anti-diabetic, anti-cancer, anfi-neurodegenerative,
antimicrobial and anti-ageing activitier. Unsaturated fatty acids and
saturated fatty acids have alzo been reported in edible mushrooms, and
theze fatty acids hawe alzo been reported for their biological activicy
related to human health [5].

Mon-communication dizeazes {NCDz) are chronic conditions that
hawve characteristics that are not tranzmizsible from person to person.

o Guarmapciniing anthos.
B cocl inl s oot G @t et . By

hetpa://doi, org/10.1016,5 ijbicmac 2025. 142631

NCDe comprize Parkinson's dizeaze, autoimmune dizseazes, diabetes
mellitus (DM), heart di , cancer and Alzheimer's dizeazse (AD) [7].
DM and AD diseases have health challenges globally, in ageing coun-
triez, especially in Asia. One of the treatments for the management of
DM and AD has focuzsed on inhibiting enzymes related to these diseases
[2,5].Inhibition of carbohydrate digestive enzymes (x-glucozidaze and
w-amylaze] iz invalved in DM treatment [10]. While acetylcholinesteraze
{ACRE) iz delayed in acetylcholine hydrolysiz and iz related o AD
management [ 1]. Acarboze and tacrine are the standard inhibitors for
inhibiting carbohydrate digestive enzymes and AChE, respectively.
However, these inhibitors have many harmful side effects. Thus, the
fnding of new natural inhibitors and less harmful side effects from
plants, animalz, and mushrooms might be the candidate for inhibiting
o-glucosidaze, o-amylase and AChE.

The prezent study investigated oleamide, an unsaturared fatty acid
from edible wild oms {5 Fr.}. The oleamide
iz a fatty acid amide synthesized by oleic acid and urea [12]. The fatty

yllum cc
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Fig: 1. TLC and GC-MS analysis of CEWM and PEWM.
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A; TLC analyniz of lanes 1, 2 and 3 were CEWM, PEWM and standard oleamide, respectively. B; OC-ME analysio of CEWM and PEWM and the target compound

aleamide waz identified at 2 time of

Table 1
The antioxidant potentgal by ABTS and DPPH asmay and inhibition potendal
againat ACKE and @-ghucosidase of CEWM and PEWM.

Samples % Inhibiticn =t 0.30 mg/mL

ABTS DPPH aGlucasidase  ACHE
CEWM BAOLL 141 53864346 2TILOT  T44IL LIS
PEWM 20034196  3L16+164 89374015 9231+ 120

All data were expreased in triplicace 2z the mean = standard deviation (5D0.

Table 2
Inhibition potential against AChE and -glucosidase of oleamide and standard
inhibitor tacrine and acarboge.

Samples ‘b Inhibifion af 020 mM

o-Gluccsdase ACHE
Oleamide BO.S24 070 82142 | 80
Acorboss 71254+ 032 HM
Tacrine b B2 038

All datn were expressed in triplicate aa the mezn + standard deviation (8D).

Table 3
Inhihition type and inhibition conotame of oleamide againot AChE and
a-glucoaidaze.

Samgiles Inhibition type Ihibition eoaseant ()
a-Gluccsidase ACRE aGlucosidass ACKE
CEWM Mixed Mixed 380 o016
FEWM Bixed Mixed 0230 0.035
Oleamide Mixed Mixed 0813 Lilioi)

* The Ki concentration of GEWM and PEWM were expressed na m/ml. While
the Kj concentraticn of cleamide was showed as mM.

acid amide has been found in various speciez, such az plantz [13] and
animalz [14]. Oleamide haz shown various biological activities, such az
ant-inflammatory effects, immune response, antioxidant activity, and
atopic dermatitiz treamment [14]. However, the study of oleamide
related to DM and AD} treatment has not been investigated, especially for
the kinetic analyzis of thiz compound against a-glucozidaze and AChE.
The 5. commune Fr. i3 an edible wide muzhroom grown in Thailand and
other Asian countries. Moreover, thiz mushroom iz the local people's

124

ly 92626 and 92.953 min for CEWM and PEWM, reapectively.

source of micro- and macronutrients, especially protein. Howewer, the
study of bicactive compounds that have biological activities related to
human health, especially for inhibition of a-glucosidaze and AChE, has
not been investigated in this mushroom. ldentifying one compound from
thiz mushroom with two inhibition potentials against two enzymes
{a-glucozidaze and AChE) might be important for the application to DM
and AD management. Thus, the study of purification and identification
of oleamide from 5. ¢ Fr were investigated by preparative thin-
layer chromatography (PTLC) and GC-MS. Then, the inhibition poten-
tial of ofleamide against AChE and x-glucoszidaze was alzo performed by
in vitro, in sifice and fluorescence analysis.

2, Material and method
2.1 Chemical

from Sigma-Aldrich (St Louiz, MO). Acarbose, p-nitrophenyl-a-glico-
pyranoride [(4-pNPG) and n-glocozidaze from Saccharomyces cersvisice
were used for o-glucosidaze inhibitory assay. Tacrine hydrochloride,
5,5 -dithiobis(2-nitrobenzoic acid) (DTNE). acetylthiocholine iodide
{ATGI) and AChE from Electrophorus electricus (electric eel, type VI) were
pzed for AChE inhibitory assay. Oleamide, tacrine and acarbose were
alzo purchazed from Sigma-Aldrich.

2.2 Maferiol and extraciion

Edible wild mushroom (EWM) (5. commune Fr.) (Fig. 81) waz har-
wvested in the Northeast part of Thailand (harvested zeazon 2023). The
EWM samplez were washed with deionized water and dried in a het air
oven at 50 *C until the moisture congent was less than 13 %. The drisd
samples were ground to powder by mortar. The powder samples were
extracted by uzing methancl with a ratio of 1:5 (gram of zample: mL of
methanol) for 5 dayz. The extraction was centrifuged at 6000 rpm for 15
min, and the supernatant was cellected. The solvent was evaporated at
50 *C to produce the erude extracts (CEWM). The CEWM was kept at
—20*( for further experiments.

2.3 Analysis of volatiles compounds in CEWM extroct

The CEWM was dizzolved in DMS0 solvent and filtered with 0.22 pm
PTFE syringe filters. An Agilent GG-MS (Agilent 7800A GC-7000 Mass
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Triple Quad) waz uzed for this analysis. A 4 pl. portion of the extract was
injected into a DB-Wax (60 m = 0.25 mm i.d. x 0.25 pm film thickness}
fused silica capillary column (J&W Scientific, Folsom, CA). The injector
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Fig. 2. (continued).

port was zet at 250 “C, and the split mode was applied with a split ratio
of 5:1. Helium gas was used as the carrier gas with a constant flow rate of
1.0 mL/min  The GC oven temperarure started at 60 °C, increasad to
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Fig. 3. Fluorescence emimion spectra (290450 nm) of AChE and a-glucosidase complexed with CEWM, PEWM and oleamid= in Tris-HC] buffer (pH 8) at 298 K with

‘excitation ac 280 om.

ACEE alone (A_1; A_2 and A_8), 0-ghcasidase alone (B_1; B_2 and B_3), after being treated with different concentrations of aleamide (A_1; B_1), PEWM (A_2; B_2), and

CEWM (A_S; B_3).

160 *C at3 “C/min, then increased to 250° C at 4 C/min and held for 85
min. The total run time waz 141 min The mass spectrometer was
working at the electron ionization mode with the ion zource temperature
set at 230 °C and ionization energy zet at 70 eV. The zcan mode wasz
used, and the scan range was 30 to 500 m/s. The Agilent MassHunter
(Cualitative Analyziz B.04.00 software was used for data analyais. lden-
tification of wolatile compounds was performed by comparing mass
spectra with NIST mass zpectral librarier (Mational Institute of Stan-
dards, 2011 version). The content of the volatile compound was caleu-
lated from the peak area.

2.4, Oleamide purification

Oleamide was the major compound in the CEWM (Table 51). The
oleamide in the CEWM extract was purified by preparative thin-layer
chromatography (PTLC) with the mobile phase of methanol: chloro-
form: water (6:6:1 v/v). The target compound in the CEWM extract on
the PTLC was compared to the standard oleamide. After that, the targer
compound (oleamide) on the PTLC was extracted from the PTLC powder
using ethanol (95 % v/v). The solvent of the extraction solution was
removed by a hot air oven (40 *C) to produoce the purified oleamide
(PEWM). Finally, the PEWM zample was analyzed by GC-MS to confirm
as oleamide.

2.5, Analyziz of oleamide in the CEWM and PEWM sample

The CEWM and PEWM were dizzolved in DMS0 and Altered with
0.22 pm PTFE zyringe flters. The oleamide standard stock solution was
prepared in DMEO first, then diluted to 10, 25, 50 and 100 ppm with
DMS0. Analyze:s of oleamide content in CEWM and PEWM were fol-
lowed by the above method. The target compound aleamide was iden-
tified at a retention time of 92.5 min, and ion m/z 5801 was uzed to
gquantify oleamide. The peak area of m,/s 59.1 in the standard zelutions
was measured to create a calibration curve, and the peak area of m/&
50.1 in the samples was meazured, and cleamide’s concentration was
calculated based on itz calibration curve (y = 57,56%9x + 449,483; =
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0.9974) (Fig. 52).

2.6, Antioxidant activity by ABTS and DFPH a:zay

The antioxidant activity of CEWM and PEWM was performed ac-
cording to the method of Sansenya and Payaka; Karagecili etal [15,16]
with slightly modifications. The antioxidant potential of the samples wazs
expressed as the percentage inhibition at the concentration of 0.30 mg/
ml. The reaction of DPPH assay has included 700 pL of 1 mM DPPH:
zolution and 300 pLufsampIes (CEWM or PEWM). The reaction mixture
was ineubared at the dark eendition for 30 min at 37 °C. The absorbance
of the final product was measzured at 517nm with a UV/Vis spectro-
photometer. For the ABTS assay, the reaction included 700 pl of
ABTS *and 300 pl of samples. The reaction mixture was incubated at the
dark condition for 20 min at 37 “C. The abzorbance of the final product
waz meazured at 734nm with a UV/Vis spectrophotometer.

2.7, Engyme inhibition

The inhibition potential of CEWM, PEWM and oleamide against
AChE and w-glucosidaze were followed by Mascongnoen et al and
Marinaccio et al. [17,15].For the wglucosidaze inhibition aszay, the
reaction including 4-pNPG (0.25 mM), a-glucosidase (0.025 mg/ml)
and the samples eoncentration of 0.30 mg/mL for CEWM and PEWM and
0,20 mM for oleamide. The yellow colour of p-nitrophenyl was meazured
at 405 nm by a zpectrophotometer. The inhibition percentage of the
reactions was calculated according to [[Ac— As)/Ac] = 100, where Acis
abzorbance without the sample and As iz absorbanee with the sample.

For the AChE inhibition aszay, the reaction incleded 3 mM of DTNB
and ATCI, 0.001 mg/ml of AChE and a sample concentration of 0.30
mg/mlL for CEWM and PEWM and 0.20 mM for oleamide. The final
product was measured at 415 nm by a spectrophotometer. The inhibi-
tion percentage of reactionz waz caleulated the rame as the o-glocosi-
dasze assay. Tacrine and acarboze were uszed as the positive control at
0.20 mM for AChE and a-glucosidase aszay, respectively.
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Tig- 4. 3D fluorescence spectra of AChE and o-glucosidase complexed with CEWM, PEWM 2nd oleamide in Triz—HCl buffer (pH 8) at 208 K.
ACHE alone [40 Pg/mLl) [A_1} and AChE with cleamide (050 UM} (A_2), PEWM (0.50 jig/mL) (A_3), and CEWM (0.60 ig/mL) (A _4). 0-Olucosidase alone (50 jg/mL)
(B_1} and a-glucosidase with cleamide (0.50 ph) (B_21, PEWM (0.20 pg/mL) (B_3), and CEWM (0.60 pg/mL) (B_#). The excitation and emizsion wavelsngth range of

260400 nm.

2.8. Kinetic analysiz

Lineweawer-Burk plot in double reciprocal form was used to deter-
mine the inhibition mede of CEWM, PEWM and oleamide. Meanwhile,
the zecondary plot of slope vz [I] waz used to determine the inhibition
constant {Kj). The CEWM concentrations of 0.00 to 0.02 mg/mlL and

0.00 to 0.70 mg,/mL were uzed for AChE and a-glucesidase, respectively.
The PEWM concentrations of 0.00 to 0.05 mg/mL and 0.00 to 0.20 mg/
mL were used for AChE and a-glucosidase, rezpectively. The oleamide
concentration of 0.00 to 0.03 mM and 0.00 to 0.20 mM for AChE and
w-glucosidaze, respectively. The inhibition reactions of CEWM, PEWM
and oleamide against AChE and a-glucosidase were determined to be the
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Table 4
Docking analysia of oleamide in the active site of AChE and @-glucosidase.

Enzymes Bindimg Inshibiticn Resiclne Diatance Interaction
affinity constant K Ay type
(ecaly [
mal}
AChE =HE 1 ASPT2 3.62 Hydrophobic
TRPE4 344 Hydrophobic
PHEXI0 368 Hydrophobic
PHEZZ] 347 Hytlraphobic
TYR334 367 Hytrophobic
SER1Z 309 Hydrogen
bond
a-Glucosidnse ~5.9 o7 TYR72 365 Hydrophobic
TYRISE 3585 Hytrophobic
PHEISS 384 Hydrophobic
PHE]7E 361 Hydrophobic
VAL21E  34@ Hydrophobic
SERZ41 319 Hydrogen
bord

same as previously described.
2.9 Infrinsic flusrescence spectroscopy MEASUTETENTT

Fluorezcence quenching waz performed according to the prewiouz
method with a few.

modifications [19]. The fluorescence spectra were meazured by a
Jaseo FP-850 flucrescence spectrophotometer {JASCO Corporation,
Tokyo, Japan) using quartz cells (3 mm in length). The concentrations of
a-glucosidasze (50.00 pg/mL) and AChE (40.00 pg/mL) were fixed while
treated with different concentrations of oleamide, PEWM and CEWM.
The cleamide concentrations varied from 0.00 to 1.0 pM (000, 0.30,
0.50, 0.70, and 1.00 pM), while the concentrations of PEWM ranged
from 0.00 to 0.50 pg/mL (0.00, 0.20, 0.30, 0.40, and 0.50 pg/mL}, and
the concentrations of CEWM ranged from 0.00 to 1.00 pg/ml (0.00,
0.40, 0.60, 0.80, and 1.00 pg.l"ml.:l_ The mixed zolution waz allowed to
stand for 15 min to reach reaction equilibrium before each measure-
ment. The fAucrercence emiszion spectra were recorded in the wawve-
length range of 295 to 450 nm following excitation at 280 nm, uzing &
nm slit widths for both excitation and emission. The Tris-HCI buffer at
pH 8 waz used az blank amd subtracted to comrect background
Huorescence.

Fig. 5. Docking analysis of oleamide with AChE and @-glucosidase.
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2.10. Three-dimensional fuorezcence spectrum analysis

The three-dimenzional fluorezcence spectra of AChE and o-glucosi-
dasze treated with different concentrations of oleamide, PEWM and
CEWM were recorded in both the excitation wavelength and emiszion
wavelength range of 260-400 nm using a Jaseo FP-850 flucrescence
spectrophotometer. Scanning mode was zelected as 3D mode, and the
excitation and emiszsion bandwidths were zet at 10 nm and 5 nm,

respectively.
2.11. Docking methods and inhibition constant analysiz

In thiz study, the initial geometry of oleamide was obtained from
PubChem databaze. The stucture was optimized by means of density
functional theory (B3LYP) with basiz split valenre basiz set of
6-311++Gid,p) using Gaussian 03 program suit. After that, the opti-
mized structure of oleamide was converted inro pdbger format for the
docking calculation by AutoDockTools [20].

The enzyme targetz of thiz work were composzed of AChE and
o-glucosidase. Their three-dimension souctures were collected from
Protein Data Bank (PDB) with the PDB code of 1 W76 for AChE and
JA4A for o-glocosidaze. These erystal structures were cleaned by
removing erystal water molecules and complex ligands using Auto-
DockTools. Additionally, the polar hydrogen atoms of the crystals were
added.

For docking calculations, the grid box wasserat 40 A x 40 & x 40 A
with zpace pointz of 0.375 A an docking calculations were performed
by AutoDock Vina [21]. The visualizations of molecular docking results
were created uzing VMD program [20].

To caleulate the inhibition constant (K} at the temperature (T) of
208 E, the binding affinity (AG) values obtained from docking calcula-
tions were applied to the formula: K} = exp.(AG/RT), where R iz the ga=
constant (1.985 x 10~ keal/mol/K).

3. Results and discusslon
3.1. Bipactive compound: profile

The bioactive compounds profile of CEWM was shown in Table 51,
by the abundant binactive compounds were found to be fatty acids. The
major compounds were oleamide (4223 %) followed by hex-
adecanamide (3.78 %), stellazterin (6.46 %), 9.1 2-octadecadiencic acid
{Z,Z)- (5,49 %), octadecanamide (3.99 %), n-hexadecanoic acid (3.46 %)

The binding interaction between aleamide in the active site pocket of AChE {4) and ®-glecosidase (B). The hydrogen bonda are indicated by green dot line.
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and oleic acid (3.28 %). The polar compounds such as glycerin (4.92 4),
niacinamide (2.71 %), dianhydromannital (1.90 %), DL-proline, 5-oxo-
‘methyl ester (1.81 %), benzeneacetic acid (1.72 %) and 2-pyrrolidinone
(1.46 %) were alzo identified in the CEWM. Totally, twenty-two bioae-
tive compounds were identified in the CEWM zample. These compounds
hawe been reported for broad biological actiwvity zuch az anticancer,
antibacterial, antifungal, antioxidant, antitoxin, anti-
hypocholesterolemia, anti-inflammatory, anti-allergic, anti-atheroscle-
rotic and anti-lipid peroxidation (Table 51). Seventeen mushroom spe-
cies have been identified for their bioactive compounds by GC-MS [25].
The bicactive compound: are mainly identified az facty acids such az
oleic (6.76-59.25 %), linoleic (6.45-61.63 %), palmitic (3.57-28.00 B4}
and stearic (0.90-19.77 ). However, these 17 mushroom species were
extracted by n-hexane. For more reports, the group of bicactive com-
pounds, including proteins, terpenes, unsaturated fatry acids, and
phenalic compounds, were identified in several species of mushrooms by
using polar and non-polar zolvents [24]. Our resultz and previous re-
ports indicated that the bicactive compounds identified in mushrooms
hawe a variety and include polar and non-polar compounds.

3.2, Purification and analysi: of oleamide

Oleamide is the major compound identified in the CEWM. PTLC was
used to purify thiz compound with the solvent system of methanol:
chioroform: water (6:6:1 v/v) (Fig. 1). The concentration of oleamide in
CEWM and PEWM was 3.70 + 0.11 and 166.05 + 7.01 pg/mg, respec-
tively. Oleamide haz polar and non-polar molecular structures. The
oleamide in the CEWM and PEWM waz identified at a retention time of
92.626 and 92.953 min, respectively (Fig. 1). Taherkhani and Shojaei
[25] reported that the oleamide purification from the synthesiz reaction
(oleic acid and urea} was done by increasing solvent polarity (n-hexane,
ethanol and acetonitrile). Moreowver, Kwon et al. [26] also reported that
ocleamide was produced and purified from Strepfomyces sp. by using
PTLC with a solvent zystem of chloroform:methanol (98:2) and hexane,/
ethyl acetate (4:1). Cur results and previous reports suggest that the
purification of oleamide from the zamplez was soceeed by uzing the
inecreazing polarity of the solvent.

3.3. Antioxident potentiol of CEWM and PEWM

The antioxidant potential of CEWM and PEWM were determined by
ABTS and DPPH assay (Table ). The antioxidant potential of CEWM waz
53.01 + 1.41 (%) and 53.86 + 3.46 (%) on ABTS" and DPPH radical,
respectively. While the antioxidant potential of FEWM waz 28.93 £ 1.96
(%) and 31.16 £ 1.64 (%) against ABTS"" and DPPH' radical, respec-
tively. The resultz reveal that the antioxidant of CEVWM haz a higher
potential than PEWM. PEWM is the purified fraction by FTLG, which
removes the most bioactive compounds and the remaining major peak
for oleamide (retention time of 92.953) (Fig 7). Moreowver, the com-
pounds including 2-butencic acid, 3-methyl-, phenol, 2-pyrrolidinone,
hexadecanoic acid, methyl ester, glycerin, benzoic acid, 9,12-octadeca-
dienoic acid (Z,Z)-, methyl ester, benzeneacetic acid, dibydroxy maleic
acid, n-hexadecanoic acid, niacinamide and oleic acid zeem to hawve
removed from the purified fraction of PEWM. Theze compoundsz hawe
been reported for their antioxidant activitiez (Table 51). Thus, the losz of
antioxidant potential of PEWM compared to CEWM was cauzed by the
lozz of bioactive compounds that contained their antioxidant activity.
‘Previous research reported that many edible and medicinal mushrooms
have bean reported to be rezponsible for antioxidant astivity through a
variety of activities zuch ar ABTS, DPPH, OH, nitrite, metals, and lipid
peroxidation [27]. Our results support the previous rezearch that edible
‘mushrooms are a good source of bicactive compounds contributing to
antioxidant activity.
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3.4 Inhibition potential of CEWM and PEWM against AGRE and
a-glucosidase

The inhibition potential of CEWM and PEWM against AChE and
w-glucozidaze was alzo investigared and shown in Table 1. The per-
centage inhibition of CEWM against o-glucosidase and AChE were 38.73
+ 0.37 (%) and 74.43 = 1.15 (%), respectively. While PEWM have the
inhibition on a-glucosidaze and AChE of 89.37 £ 0.15 (%) and 92.31 £+
1.20 (%), respectively. Moreover, the inhibition percentage of CEWM
and PEWM against AChE had higher potent than against a-glocosidase.
The results indicare that the inhibition potential of PEWM had a higher
potent thanm CEWM against AChE and a-gluocozidaze. CEWM iz the
compounds’ mixture, while many compounds were removed, and ole-
amide was the major component of PEWM (Fiz. ). The synergic effect of
the main component oleamide with zome compounds in the PEWM
might explain the potent inhibition againat AChE and o-glucosidase of
PEWM. Moreover, some compounds had the antagonist effect with the
oleamide and have affected the lower inhibition potent of CEWM against
AChE and o-glucosidaze, which these compound:s might be remowved by
PFTLC, resulting in the inhibition potential against AChE and a-glocosi-
daze of PEWM had higher than CEWM. The mushroom extract has been
reported for itz anti-diabetez properties, especially against a-glocosi-
daze. The mushroom species, including £ migrum, £ suraefense,
A. americana and C. procera, extracted by methanol, and these crude
extracts thowed a high inhibition potential on a-glucosidaze with an
inhibition percentage ranging from 46.65 + 1.1 (%) to 90.90 £ 1.2 (%)
[28]. The lipids, including suillin, linoleic acid, ergosterol peroxide and
ergosterol, were izolated az the major compounds in the Swillus frteus.
Thiz mushroom extract has a strong inhibition potential on AChE with
the ICgg of 200 pg/mL [29]. Our results and previous research supported
that edible mushrooms are the source of bicactive compounds related to
x-gloeosidase and AChE inhibitors, especially for the group of fatty
acids.

3.5 Inhibition potential of oleamide ogainst AChE and o-ghucesidase

The inhibition potential of olsamide against AChE and o-glucozidaze
iz shown in Table 2. Tacrine and acarbose were used az standard control
againzt AChE and a-glucosidaze. The results revealed that the inhibitory
activity of oleamide against AChE (82.14 £ 1.80 (%)) had higher potent
than a-glucosidaze (50.92 = 0.70 (%)). Besides, the inhibition potential
of oleamide was lower than that of acarbose and tacrine for inhibiting
wglucozsidaze and AChE. However, the trend of inhibitory efficiency
againzt AChE and o-glucozidasze of cleamide iz zimilar to the PEWM,
which can eonfirm that the inhibitory activity of PEWM was a function
by oleamide itsalf in the sample. The oleamide iz a primary fatty acid
amide, and thiz compound haz been reported against AD by reducing the
accumulation of amyloid f (AP} [30]. Moreowver, the oleamide from
Forean raditional natural plantz showed a 65 % activation effect on
choline acetyitransferaze, which thiz enzyme transfers the acetyl group
from acetyl-CoA to choline, producing acetylcholine [31]. The high in-
hibition poatent of aleamide and PEWM against AChE of our results and
preveniion Af accumulation and activated acetylcholine production of
oleamide by previous research suggests that oleamide iz one of the
candidate compounds for the prevention of AD.

2.6, Kinetic analysiz of CGEWM, PEWM and oleamide againzt ACHE and
a-glucosidase

Kinetic analysiz of CEWM, PEWM and cleamide were shown in
Table 3 and Fig. 2. The results reveal that CEWM, PEWM and oleamide
inhibition modes were dizsplayed az mived-type inhibition on AChE and
u-glucosidase. The inhibition constant (K;) of GEWM, PEWM and ole-
amide against AChE were 0.016 {mg/mL}, 0.035 {mg/mL) and 0.070
{mM), respectively. In comparizon, the Kj of CEWM, PEWM and ole-
amide against a-glueosidase were 3.80 (mg/ml), 0.210 (mg/mL) and
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0.813 (mM), respectively. The K; of CEWM and PEWM indicats that
inhibitory activity on AChE of these samplez had higher potent than
a-glucogidaze. In addition, the Kj of oleamide on AChE and o-glucosidasze
showed a similar trend to that of PEWM by itz higher potent on AChE
than a-glucosidase. Moreover, the inhibition conatant of CEWM, PEWM
and oleamide alzo supported that the percentage inhibition of these
samplez had higher inhibition potent against AChE than w-glucozidaze.
‘The inhibiticn potential and kinetic parameters indicated that CEWM,
PEWM and oleamide were mare suitable inhibitors for AChE than
a-glucosidaze.

3.7. Fluorescemce analysis of CEWM, PEWM and oleamide against
a-glucosidare and AChE

The conformational and micro environmental changes in the region
mear the flnorophore caused by the interaction with variovs maoleculez
were smudied in detail by fluorescence measurements [37]. Protein
intrinzic flugreszcence mainly resultz from the excitarion of fryptophan
and tyrosine amino acid residues, and thiz emizzion of light iz a wsaful
indicator of binding interactions. Due to the low guantum yield of
phenylalanine, the fluoreszcence intensity of these enzymes iz primarily
affected by variations in the tryptophan residue. Fluorescence guench-
ing iz a process that involves a fall in the fluorophore intenzity upon
adding a quencher. Consequently, examining the binding interactions
between oleamide and the enzryme: AChE and o-glucosidaze iz wital
During the gquenching analysiz, the concentrationz of AChE amd
a-glucosidase were maintained at 40 pg/mL and 50 pg/mL, respectively.
The oleamide concentrations ranged from 0.00 to 1.00 pM, while PEWM
varied from 0.00 to 0.50 pg/ml, and CEWM ranged from 0.00 to 1.00
pg/mL. The Auorescence spectra of AChE and a-glucosidase with ole-
amide, PEWM, and CEWM at different concentrations are prezented in
Fig. 3. The results indicated that a-glucosidaze and AChE both exhibited
an excitation peak at 280 nm and an emiszion peak at 344 nm, while
cleamide did not exhibit a fluorescence signal under the same condi-
tions. Furthermore, az the concentrationz of oleamide, PEWM, and
CEWM increased, the endogenous fluorezcence intenzity of AChE and
a-glucosidaze alse steadily decreased, suggesting that the oleamide
interacted with the enzyme and guenched its fluorescence. The fuo-
rezcence intensity of a-glueosidase decreazed zignificantiy after inter-
acting with oleamide, PEWM, and CEWM, decreazing from 729.0 to
595.0, 941.3 to 822.6, and 1444.1 to B831.6, respectively. Similarly,
AChE exhibited a notable reduction in flucrescence intensity, declining
from 559 4 to 468.8 for oleamide, 604.1 to 4485 for PEWM, and 5256
t0 323.8 for CEWM. A slight red shift in the fluorescence peak position
was alzo observed at higher concentration of zamples, suggesting that
the presence of oleamide, PEWM, and CEWM alters the microenviron-
ment and conformation of enzyme. The reduction in the fucrescence
guantum yield of AChE and a-glucosidase iz due to intermolecular in-
reractions, which include ground state complex formation, excited state
proceszes, energy mansfer, molecular rearrangements, and collizional
guenching [33].

The three-dimenzional flucrescence spectrum was analyzed to study
the conformational changes thar occurred in the enzyme molecule
following it interaction with oleamide. The three-dimensional fluores-
cence spectra and their correzponding contour maps for the o-glocosi-
dase/AChE-oleamide complexez are presented in Fig 4. The highest
intensity signal {peak 1) was assigned to the Rayleigh seattering peak
(hex = App) and peak 2 (hp/hem = 280,334 nm) reflectz spectral
‘behawior of tyrosine and tryptophan residues. The fluorescence intensziry
of peak 2 for x-glucosidase and AChE decreazed from 1143 to 320 and
509 to 372 in prezence of oleamide, PEWM, and CEWM, respectively.
Meamwhile, peak 2 showed a small red shift at about 2 nm, suggesting
that the binding site of cleamide iz close to tyrozine and uyptophan
rezidues in the enzymes, and the microenvironment was slightly altered
following interaction.
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3.8. Docking =tudy of oleamide in the achive site of AChE and
a-glucosidae

The interaction between cleamide and AChE and o-glucosidase iz
shown im Table 4 and Fig. 5. Oleamide interacted with one hydrogen
bonding (SER122) and five hydrophobic interactionz (ASP72, TRP84,
PHE330, PHE331 and TYR334) of AChE. Oleamide also interacted in the
active site of a-glucosidasze by one hydrogen bonding (SER241) and five
hydrophobic interactions (TYR72, TYRISE, PHE159, PHE178 and
WVALZ216). The binding affinity indicated that oleamide had a sronger
interaction on AChE (—6.6 keal/mol) than a-glucozidaze (—5.9 keal/
maol). The inhibition constant, which waz calenlated from docking
binding energy results, also showed that the cleamide interacted with
AChE (K| = 14 (pM)) and had higher affinity than o-glucosidaze (K} =47
(pM)). The binding affinity alzo supported the inhibition percentage of
oleamide against AChE, which had higher potent than a-glucozidaze.
The wend of the inhibition constant calculated from the decking study
was similar to that of the in vitro study (Table 3). Oleamide iz the better
inhibitor for AChE than w-glucosidase. The active site pocket of AChE
had devized three subsites, including esteratic, anionic and peripheral
anionic zitez (PAD) subsites. The amino aecids, including HIS447 and
SER.200, are involved in esteratic subsiter, while TRPS4 iz located in the
anionic subsites. Another zubsite iz PAS, including TYR7O0, ASPT4,
TRY121, TRP279, and TRY334 [24]. Oleamide was located between the
anionic and PAS subsites due to itz hydrophobic interactions with TRP84
(anionic subsites) and Tyr334 (PAS subsite). Previous research reported
that the inhibitor bound at the esteratic subsite actz as the competitive
inhibition and iz mostly found az the alkaloid group [35]. While non-
alkaloids are likely bound at the PAZD subsite, they zeem to act as non-
competitive and mixed-type inhibitorz [19,24]. Howewer, our results
show the oleamide bound at the active site of AChE between the anionic
and PAS subsites acts as a mixed-type inhibitor.

4. Concluslon

The research investigated the chemical composition of edible wild
muzhroom extract (CEWM) by GC-MS. The purified oleamide (PEWM)
waz succeed purify by PTLC and determined by GC-MS. Then, the
antioxidant activity and inhibition potential of CEWM and PEWM
against AChE and a-glurosidase were investigated by using in vitre, in
slico and fluorezcence analysiz. The reaults reveal that twenty-two
compounds were identified in CEWM, and oleamide waz the major
compound. The purified cleamide in the EWM was purified by PTLC
with the solvent system of methanal: chloroform: water (6:6:1 v/v). The
amount of oleamide in the CEWM and PEWM were 370 + 0.11 and
166.05 £ 7.01 pg/mg, respectively. The antioxidant potential by the
ABTS and DPPH aszay of CEWM waz higher than that of PEWM. At the
zame time, the inhibition potential of PEWM against AChE and
o-glucosidaze waz higher than CEWM. In addition, the inhibition po-
tential of PEWM against AChE was higher than a-glucosidase. The
standard oleamide waz also shown the inhibition potential similar to
PEWM by itz higher inhibition potency on AChE than a-glucoszidaze. The
inhibition mode of CEWM, PEWM and oleamide againzt AChE and
o-glocosidaze displaved mixed-type inhibition for both enzymes. The
inhibition conatant (K}) of PEWM also supported the inhibition potential
on AChE, which iz higher than a-glucozidase. Maoreover, the Kj of PEWM
againzt AChE and o-glucosidaze showed higher potency than CEWM.
The K of oleamide had shown a similar trend to PEWM by higher po-
tency on AChE than o-glucosidase. The CEWM, PEWM and oleamide
showed fluorescence guenching by increasing the concentration of in-
hibitors against AChE and o-glucosidase. Thus, the results indicate thar
the inhibition activity of CEWM and PEWM against AChE and x-gluco-
zidase waz displayed by oleamide. The docking study of cleamide was
located in the PAS site of AChE, which supported the display of thiz
compound as a mixed-type inhibition. The binding affinity and Kj
{calculated from docking binding energy results] also show thar
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oleamide’s inhibition potential on AChE iz higher than a-glucosidaze.
Owur resules suggest that oleamide had potent inhibitors for AChE, and it
might be a candidate compound for Alzheimer's dizease treatment.
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