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UNANED

msfnygyEmatinnesgaunidlufudunisluiuiing  fwlausina Swau 104
019 FeUsznousieansataante Trichoderma sp., Aspergillus sp., Gongronella sp., Penicillium
sp. S 4, 12, 2 uay 83 freEe mudFU wadn 3 fheghedl anzddllansofigaiiendnuaives
Goslé (unidentified) nluderialn Tasthdesns Muanmegeugvdmsdnnm 5 eee I
grissueulullvlsdua Grwanuiaunfvessing) qriueuluiueariingladina (nwiumam)

gvissnueuluiozdfiansdueaneisa (Shwilsaausddon, Alzheimer's disease) gnoAuLTufivne
waauzFusuL (nwlsnugtse) uazqvisauNIonay (Snw1e1n1sentaune)

Mnransaaes wuidl 3 feghe Feldainide Penicillium sp. Sqvdsueuleilvlsduue
7in @qudueouledinlsua > 50% finrmududu 20 pe/m) léun SPSFO318BE, SPSFO318CE uae
SPSFO45BE (a’limmigﬁuﬁiﬂuﬂﬂiwmaauﬁﬁa U3num (water extract of Artocarpus lakoocha) wag
kojic acid Tnefavddueuledlnlstiuawinfu 98.82 + 3.97 wa 75.46 + 1.80% AU i)

wazwu 1 fegndigvsaueulesiosinanedueamarsans Hgnsaueulslosdiianadu
amaLsd > 80% MAuuTY 100 pg/ml) Tin SPSFO13BE (Trichoderma sp.) (@nsunasgulglu
n1sveaeulife Galantamine Hgnssuteuluilozdiansdupanolsa 97.69 + 0.95%)

wu 14 fegn dgvdemnuduivaowaduziiusiun  (MCF-7) 718 @rnudufivae
waduzL SR Aienududu 25 pe/ml > 80%) lnaidusegrsanarsainesingu Penicillium sp.,
Aspergillus sp. Wag Trichoderma sp. 37UU 10, 3 WAz 1 F10879 AINAINU LHBUFI0E19 Niluse
waduz SR IadeuruLduesaadun® (Human gingival fibroblast (HGF)) wudvniegne
N a | '3 a ] & a . N a ! '3 & v
ffiwsiowwaauniuInnin 20% (@sunsgrulunismaasull As Camptothecin Inelifiusiolganuzisau6
UL 1WAU 94.01 £ 0.17% uaziusroiwaduni (HGF) 73.14 + 3.63%)

dmSUNBAIUNITENAU NANIINAABUNY 39 fa8E1 TgnSAUNITaNEuna (Sudinisvag
nitric oxide 971 macrophage cell (RAW 264.7) fimnududu 25 pg/ml > 60%) lnaidusiegieain
#15annANYBIINGY Penicillium sp. Wag Aspergillus sp. 914U 34 waz 5 FIvE1e MNa1eU tnedl 18
Y 1 Aaa ] &g v ' o ) 1% . o
Mvg Nilfivdowaanldvagauuinnil 20% lunisneaeugnsauniseniau 19 Indomethacin 1Ju
#1500537U LelgnSaunTeniau 61.08 £ 0.68 % wavdiwsowadilinaasy 25.42 £ 2.99 %

dmsumsvaaouqrisiueleiueaningladioa wu 62 Megha Agnssueulusivearh
ngladiaaiin @qvissueulesiueaningladioa Anandudu 2 me/ml > 70%) Taeidusegsanas
aﬁ’mmm%}asw ﬂfjiu Penicillium sp., Aspergillus sp., Trichoderma sp. waz Gongronella sp. 3N 54,
4, 2 Ay 2 #egna AIua1Inu IUﬂﬂimmaa‘uqwéé’mwulenﬂuaavxlmqiﬂ%Lma 1% Acarbose 1Wuans
wmsg i Inefigrisiuelesiueaningladiog 86.87 + 0.66%



Mnamsnaesiaan  wudnll 4 fedaiihauls Ae  SPSF318BE, SPSF318CE,
SPSF224BE uaz SPSF224CE Tnesegnwia 4 7 11anide 2 wia Ao SPSF318 way SPSF224 Fades
vaeutudosngu Penicillium sp. wiloufu Tneidesvisaes usnihy 2 fees Ae dwiduaisadn
%’u ethyl acetate maqmmmgml,%ja (broth, BE) way Ei’;usuaqmiaﬁ’m%u’u ethyl acetate Yauwaa (cell,
CE)

Homndegsnansatnanidesingy Penicillium sp. (SPSF318) Saisuoulesiluls
Buaia  ddlulagiumsfnuiiiemansadafisigniialunisiueulsifingn  deudhamlden
uaNINI Fotsnduvesansaindy ethyl acetate veuwad (SPSF318CE) Sailavddinluntssiy
n3sniay wazgrisennluiivdewaduziiuduy ey Penicillium sp. (SPSF318) Fathaulaluns

idsaiiuUsua eldlunisuenaisddefieangms (active compound) Aaly

wonnudsilanssedneiiiauladn 2 §aege e SPSF224BE uay SPSF224CE iffosann
mqmémuwulézmLLaaV\hﬂaIﬂssz@am wazfhethaesldanidedoatu fe Penicillium sp. (SPSF224)
LLavmamqmaaasmmqmwﬁlumsmumiaﬂLa'u Tneliduiviuwadildnaaeu Yonnt
SPSF224CE mquﬁmmLﬂuwwaLszfaaml,méhuumuﬂaw Tngliduivsiowadund o
Penicillium sp. (SPSF224) 3afudnuiissedneiiinauls lumsiandsaiinydinm Woldlunsuen

ansdAggfieongms (active compound) sialy

wszaziuluns@neaseilisaunsanvansananuiaula e Penicillium sp. 2 ¥4
A9 SPSF318 war SPSF224 Wazihluidsaiudsuna  wWisldlunisuenansdrdgioangns  (active
compounds) Mt wlulasenisaely
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Pathway of melanin biosynthesis in mammalian
Tassasresansiiflgrssudnouledinduaiivenldandes
AuEITeLaEANYISTINYIAUINGETUST JmTaus S
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Funeunsiin dopachrome

wansUfisentalasladans p-nitrophenyl-a-D-glucopyranoside
mgteulesl a-glucosidase TUilundndua p-nitrophenol 7
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AChE
BE
BSA
BT

CE

CH
DMSO
EtOAC
ICso
LPS

M
MCF-7
MeOH
ml
Na,HPO,
NaH,PO4.H,0O
NaNs
PDB
SRB
TLC

U
UV-Vis
Vi

AasuNedyanwalnazAtanlglun1s3de

Microliter

Acetylcholinesterase

Broth ethyl acetate

Bovine serum albumin

Broth

Cell ethyl acetate

Cell hexane

Dimethyl sulfoxide

Ethyl acetate

The half-maximal inhibitory concentration
Lipopolysaccharide (LPS)

Molar

Human breast adenocarcinoma
Methanol

Milliliter

Disodium hydrogen phosphate,

Sodium dihydrogen phosphate monohydrate,

Sodium azide

Potato Dextrose Broth (81915815 ULASID 1A UULIINITUNTI)

Sulphorhodamine B assay

Thin layer chromatography

Unit

Ultraviolet Visible (UV-Vis) Spectroscopy,
Initial velocity (Sa311535u6w)
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AABALIAN

nsanwgnsAueulydinls@iua (Study on anti-tyrosinase activity)

Melanin Ju pigment #ididy wulu wuafiSe 51 fiv &7 wazeu Qﬂwé"ﬂ@wzjaé
melanocyte luduldfnuds vhuhituniesinanded UV lngganduuas UV 10113 Tudlviviane
Ravls dvas piement inuiidausdindosauddsn Tufuliina wezn1snsyanes v8e melanin lngd
melanin ﬁ?ugﬂa%mimmsmumi melanogenesis A8 enzyme tyrosinase %Qﬂsﬁﬂﬁlﬁﬂﬂﬁﬁ%m
oxidation 4 WasuasRiuAe amino acid tyrosine lufuansfanans fwziasuluilu melanin
solU mNNTEUIUNS melanogenesis Wiasnfiuly avhlviinanie hyperpigment tnlugainy
AeUnd wu B nsy ueSaiavils SsnsShwwidewtlunniginund AAn1nn1sadna melanin 1n
Al vldleensdudainisadis melanin sumstiuds msviauveseulw tyrosinase @l
unumanudAglunssuiunisainin melanin wasmsudaoulesilfiaunsnussandldiu
whitening agent lusuauaisaNuy  d@ulunienisinens maﬁﬂﬂﬂszqnm‘“ﬁﬂumnﬁm
AN INHAANAVIINITNYAT Tunistestunisinsesaan (browning) vty dn walsl N3N
nszunnle Aslutlagtuldinsfnuiiiion ansfiigrdlunisdnueulssl tyrosinase (tyrosinase
inhibitor) IneaulvgazainansaInuvasssuyf 1y iy Lagdunidnee) wse duasisansing
Fugn

Tyrosinase inhibitor 6?5@Lﬁuﬁiﬁﬂﬁ’uﬁLLazﬁmiﬁmﬂ%ﬁuaﬂNLLWi'vima WU kojic acid uag
arbutin Tnews 2 wdedfuansildunansssuuid Fedimsiunldfudunauvesmansos wies
d1079 ieRnvuagldilu positive control lunismaaeugndnisdueulss tyrosinase (Kim and
Uyama, 2005) @i 2 adeiifuansiildansssued Tae kojic acid Wuansiildanides uay
wanlglunydrens (Bentley, 2006) Tutagduiinisaunin Wevnansidu tyrosinase inhibitor fu
wndudiomansidussdninmiid  Uaeafbuazanunsoiluussgndldld  dwsuussmelve
\A3sdn0ns vieeilanaNTRY whitening agent the Huiigesnsvomanadusgrann Geansd
Ju whitening agent 7ivaense LLazﬁ@mmwﬁﬁuﬁasﬂMﬁ%ﬁm Wedslsunsdngne ilda
aulafiagAnyiidovnansilu tyrosinase inhibitor 91ngAuvaSluAUI AL RUBUTS Tullufing
Fortausdna lunmhlUdiaausslenitamamsumdndensaesendundndosiane

doswmnlulssmaveasiy  fayulwsogdusownn  wasfifivsunsdavidy  ld
maaquéﬁué”s Wy Uanuia  (Tengamnuay et al,, 2006) %qwudﬁﬁqmﬁumiﬁuégat,aulsaﬁ



tyrosinase 1A nen1snaaeugnsiluayulnsinevseqdunsd agviliiinesranuslvig du wae
mnwuasifigndunauls Aanunsailuimulszgndld seluld

a o t:l' d' 173
UMDYV
Melanin Wuansavdanidsinuleuin auisanulaluminiuaite 51 Wy wazdnd u

3

A A

heterogenous polyphenol-like biopolymer Tassasraluaisusenouiidnsus Hmvdes audsdem
wiauazUsunuues melanin ﬁgﬂa%ﬁamﬂmaé melanocyte #ansza1850U 9 wwad keratinocyte 4
Dushivundfiuivsvesionds dnvazaisvesiats Bymuasdniffiatesne nannisfiwad
melanocyte nszangliiasinave WuAenfuain wovanuvesdnifssgnieun ftutulads viane
0619 Belladuiiddnyfignde UsnauaznInszatsves melanin laggnaiieainigad melanocyte
fanszarwoglutu dermis vashMils UnUMYRY melanin e Unilasia 1§l UV wasddnans
BUUATATENIN reactive oxygen species msfifinnsasremdedinisazay melanin tnniiu lUazvili
Aamsiauniwy B nsy wsddhds Judu msade melanin i adehunssuan s
oxidation laadl amino acid tyrosine Huansdadu (Riley, 1993)

Melanin & 2 ¥1in A

. a o A A s°/
Eumelanin: dnnIauIng
. a A A
Pheomelanin: GBI BRNERBIN
Tyrosinase Tyrosinase
(Monophenolase) (Diphenolase)
COOH HOWODH Oj/ij\rCOOH HO. COOH
Homz HO NH, o N2 Giujathigne Hom2
Tyrosine L-DOPA Deopaguincne or
Cylsteine
/ H:l
COOH
HO. co 0. HO. Cysteinyldopa
- CO;
o = I T
HO N o SN ScooH HO N COOH
H H H
DHI Dopachrome Leukodopachrome HO. coaH |
Tyrosinas Tautomerase
w l ‘ N NH?
IS HO Oxidase ‘ k/s
Dj j@\—/ll\t A» m 1.4-Benzothiazinylalanine |
O N HO il O0OH O N COOH
H H H
Indole-5,6-guinone DHICA Indole-5 B-quinone- H
~L carboxylic acid i

oy —

g‘lJ‘ﬁ 1 Pathway of melanin biosynthesis in mammalian (Riley, 1993)

Pathway lun1s&aAs1ey eumelanin (fagui 1)
wiailu 2 phase Ao proximal wag distal phaselu proximal phase 9zinUjizen

oxidation 989 tyrosine #ia L-DOPA Tuidu o-dopaquinone Ingofioulesl tyrosinase % o
dopaquinone ﬁLﬁmﬁuﬁmmmLﬁmﬂﬁﬁ%m&ialﬂléf 2 N9 fg

- 1An intramolecular 1,4 addition A® amino group 7wdu side chain w03 o-
dopaquinone LAn cyclization WU benzene Tondu leukodopachrome Frzudsuludu



dopachrome pg1aTInslngendey o-dopaquinone @79 us]émaiumﬁt,swgﬂim o
dopaquinone maﬁﬁ%gﬂ reduce nauluidu L-DOPA

- SnUFRTemils fe o-dopaquinone AziAAURTE1 water addition 71 benzene léiiu
2,4,5-trihydroxyphenylalanine (TOPA) %ﬂ’i}ﬂﬁﬂﬂﬁﬁ%&ﬂ oxidation TUlu p-topaquinone Fafs
97f8) o-dopaquinone ﬁu?ﬁuﬂlumstﬁmﬂg’jﬁ%mLsu'w,ﬁmﬁu %1 p-topaquinone 5&1&5%55%1@'@%
quladu dopachrome

d1u distal phase 1 %Lﬂu%umauﬁLﬁ&ﬁﬁ’ﬂﬂ’l'ﬁﬁ@ﬂﬁﬁ%&%@q dopachrome @algann
proximal phase lngazedaioulgdlunissaujiseinisduasiziaulailu eumelanin

Pathway Tun15d3As12% pheomelanin

\An91nansifl thiol group 1w glutathione wa cysteine §uiiu o-dopaquinone My
cysteinyldopa #38 glutathionyldopa @saztin cyclization waz polymerization alUauladu
pheomelanin (Riley, 1993)

Tyrosinase 39813138071 phenolase, monophenol oxidase, catechol oxidase Ju
wulesdifl copper o wurlulufigwazdnd Sanuddnlunssuiunsaie melanin Tngiss
UAsen 2 agene

- hydroxylation 484 tyrosine Iondu 3,4-dihydroxyphenylalanine (L-DOPA)

- oxidation ¥®4 3,4-dihydroxyphenylalanine (L-DOPA) Ty o-dopaquinone

Tugnanmnssuems tyrosinase Iueulwiidnaden1ise{Azen oxidation veses ngu
phenolic Tusfnralsluiduasngy quinones Welwadvasfivgnvinane vihlviin waldiife Huseutna
Aduariinay vilHAsanAmsosuazdeyadniainsdn uenani tyrosinase dafimnuddny
Tumsisdvlnvesuas HreluGesmansisin msahaddenuds veauuas Msmevesuralay
N5asAULavININLUATISY (Kim and Uyama, 2005)

Fhemwiguinisiuduoulel  tyrosinase TuiligtuiivaneBeondi wu  nisansld
ponTIUINLANUATTE oxidation w89 enzyme tyrosinase M3FuRAAIElL MInsEAUUAATEN
TngdinUsHIal enzyme tyrosinase widsTineldlunsvaaeude spectrophotometry Faduns
Uspidunsvanweneulesl  tyrosinase  Awdoegainmstaviina  wandasifiAntufe
dopachrome S?fqﬁ’lmﬂmwmaawsgﬂﬁﬂmmLLazLLamLﬁu tyrosinase inhibition (%) (Sasaki and
Yoshizaki, 2002) %38 tyrosinase activity (%) (Lee et al., 2002) Fsfindnnisnaasduiieariu
Reusiduanisaity fil

Tyrosinase inhibition (%)

wanaAlu % voaeuley tyrosinase ﬁaﬂé’ué’jamﬁﬁwm FaruaanUsunameaeuls]
wmaamaflmmwmuimaa IaeinanUsuae  dopachrome ARnTudadu product  1NN13
mﬂUgmmmm L-DOPA %30 L-tyrosine wazilioulesl tyrosinase m‘dgﬂsm Fafumnansfithun
maawqmsmlumswmLaulezfm 9gnUIN dopachrome Nagiindiutios szmlmmﬂmmﬁ@jmﬂau
uas Wedwaandu % inhibition sl % ﬁqa



Tyrosinase activity (%)

wansAdu % vosoulyl tyrosinase Ml activity og wnansiwmageuiignsaa lu

nsdugaeulesl AN tyrosinase activity (%) filaagiiAtey Fanann1snageundeiuiuAIsNnEBU
WeMIAT tyrosinase inhibition (%)
A P o & = fo & ¢
NNITNUNIUITIAUATIY  Wuddseuasiwenlaganidesuasziignsdugsioulssd
Inls@ua deuanalunsed 1 wazlassasiwesasananiandugui 2

[
o

A3 1 ansndgnsdugveulwilnlsBiuanladanios

Fungus Compound ICs0 (UM)* Reference
Rhizopus stolonifer  63-Hydroxytibolone [1] 7.45 Choudhary et
A*Tibolone [2] 8.19 al., 2010
Fusarium oxysporum  11a, 15f -Dihydroxytibolone [3] 512
11a, 158 -Dihydroxy-A™-tibolone [4]  7.10
Phellinus linteus Protocatechualdehyde [5] 32.23 Kang et al.,
2004
Phallus indusiatus 5-(Hydroxymethyl)-2-furfural [6] 45.0 Sharma et al,,
2004
Paecilomyces gunnii  Paecilomycones A [7] 0.11 Lu et al, 2014
Paecilomycones B [8] 0.17
Paecilomycones C [9] 0.14
Metarhizium sp. 2-Hydroxytyrosol [10] 13.0 Uchida et al.,
2014

*1Cso = The half-maximal inhibitory concentration



H

11a, 1583 Dlhydroxytlbolone 11a, 153 -Dihydroxy-A -tlbolone

3@* Oy

Protocatechualdehyde 5-(Hydroxymethy)-2-furfural [6]
(o]
Paealomycones A7 Paecilomycones B [8]
OH
‘ H, OH
Hom
PaeC|lomycones c[o 2-Hydroxytyrosol [10]

5UN 2 lassaisvesansisigrsdudveulaiinguanuenlaainios



nsAnegnssueulvsiueaningla@iag (Study on anti-a- glucosidase activity)

a k

Uagtiulsavummnudedulgmauam  flianuddguesiioiinisalnisiialsalufianieg
WasnBwses wd we. 2556 Jfduuimunilaniaduy 382 dueu lnefivsenaiu uwiu
Susunily mumeBufsuazanigowsnt Wuduiu 2 uway 3 auddu amsuusendlne 50
WUWNULEINTY 3.5 e wagmadwnnliinisadunisleg Tul we. 2573 gdie wimniuay
a < £% v & See & Yo [ ! E A =
Wkt 552 duau dedulsaiFadelainduanuiduiheseiduduiug vasUsena Jadl
audndulunsfndu uasimuiuuIninsinvegiwelies Weananuguuss vedlse uagdns
nsiingUaglsaluminu (IDF, 2013)

Tsawmmudunnz@esiwesnistissduimaludengs Faifnanmuunwseses
$1ne nsndnsesluudugiuriovesnisinnuressesluudugiunieviassnsd Tavaungil il
Anernslsauwmy  Aedudosnmsiitunmeliaunsalidnaldesramnyan Sddas Und
thimasgiingwadirsnodielfifundsnuniglinismuauveseeSlndugiu Fafiidulsa
wvnuismeagliansnihmaluldoulfodeivssaniam  wafAstuiilfseduinnaly
Fongetu Tussezennainalumehaienaonden mnlildsunmsinwegamnzay o1ailug
anmeunsndouiisuussld

e v A o o 2 X v a a °

gildiemuausyiviinaludonveisiumnulutagluivaiesiin - duun - A
nalnnseengisiiuandesiy  legnalnvilanddgieitesiueuleiveaninglefiaa  (alpha-
slucosidase) Fulueulwinfioglusanendnandugewiming Tunisgestmaluanalng W
I3 Ql' P v ~ 3 =~ I a Y v & o= oA
Julwanawes  dielisameanunsagaduiaaluanaiediidngnisuadonls  daludadng
AnFuoangrsdudueulesl  alpha-glucosidase  fntlsdld  vilvinispedunglaaainmadiu
osiaTutias elungudl loun acarbose, voslibose uay miglitol Jusu Asliudsfiaiiy
werelunishnAumansaus niignslunsdudueulsyl alpha-glucosidase omuANTEAULIA1G
ludeauaziawenlunguiisely Insamza1snlaansssuvflagwnaaansdIfty N19e1871917
ngayulng FATINDUY AABAIUINWOFAUNTE LU LTDT1 FallT1enunsAunUasikenlan
d’lj a aa Q‘ U g./j 6 . [ PN
L‘UEJi’]‘Viﬁ’]EJ?IH@V]&JK]‘VIﬁIUﬂ’]i‘EJUENL@UIQIQJ alpha-glucosidase AauanslumI5199 2



M19199 2 ansngrsdugueulaiuearhngladinailinnies

No. Scientific name Compound name ICso Reference
1 | Aspersillus aculeatus | Aspersgillusol A 465+2 yM Ingavat et al.,
2009
2 | Aspersgillus sp. 16-5B 1H-2-benzopyran-1-one, 3,4- Liu et al,
dihydro-4,6,8-trinydroxy-3- 90.4+2.9 uM 2015b
methoxy-3,7-dimethyl-
Aspergifuranone 9.05+0.60 uM
Pestaphthalides A 69.6+3.5 uM
3 | Aspersillus terreus AspernolidesA 175.18+5.95 uyM | Dewi et al,,
Butyrolactone | 52.17+5.68 uM 2014
Butyrolactone |l 96.01+3.70 uM
Butyrolactone | 4',4"- 84.18+8.98 uM
triacetate
4 | Epicoccum sp. HS-1 11-deoxydiaporthein A 11.9+£0.4 uM Xia et al,,
Isopimarane diterpene 4.6+0.1 pM 2015b
5 Ganoderma Ganoderone A 13.7+2.3 uM Wang et al,,
eucocontextum Ganoleuconin E 12.7+2.1 uM 2015
Ganoleuconin M 13.6+3.1 uM
Ganoleuconin N 2.5+0.7 uM
Ganoleuconin P 5.9+2.2 uM
6 Ganoderma lucidum Ganoderol B 48.5+6.2 ug/ml Fatmawati et
al,, 2011
7 | Inonotus obliquus 33-hydroxycinnamolide 3.39+0.07 mM Ying et al,,
Inotolactones A 0.24+0.01 mM 2014
Inotolactones B 0.24+0.01 mM
8 Nectria sp. HNOO1 Citreoisocoumarinol 392.5+1.7 uM Cui et al,, 2016
Citreoisocoumarin 538.7+4.3 uM
Epicitreoisocoumarinol 343.7+1.0 uM
Nectriacids A 121.8+0.4 pM
Nectriacids B 23.5+0.3 uM
Nectriacids C 42.3+0.2 uM
9 | Penicillium 3-hydroxy-6"-O- 4.9 uM Huang et al,,
chermesinum desmethylterphenyllin 2011
3,3"-dihydroxy-6"-O- 2.9 uM
desmethylterphenyllin
6'-O-desmethylterphenyllin 0.9 uM
Chermesinones A 24.5 uM




%
YY)

M19199 2 ansngrsdugneuleduearhngladinailaannies) (se)

No. Scientific name Compound name ICsq Reference
10 | Penicillium (+)-penifupyrone 14.4+0.5 uM Liu et al,, 2015c¢
pinophilum 6-methyl-[1,1"-biphenyl]- | 2.2+0.1 uM
3,34’ 5-tetraol
Pinazaphilones A 81.7+0.5 uM Liu et al.,, 2015¢
Pinazaphilones B 28.0+0.2 pM
Sch1385568 16.6+0.5 pM
11 | Penicillium sp. F70614 | Diketopiperazine 35 pg/ml Kwon et al., 2000
12 | Xylaria sp. BL321 07H239-A 6.54 uM Song et al., 2012b

3
nsAnwgnsAueuludezdfianoduiedinelsd

(Study on anti-acetylcholinesterase activity)

qviddhuenlesiordfalrdueaweisa Refasiulsndaluiues (Alzheimer’s Disease
(AD)) 38 Dementia of Alzheimer’s type (DAT) \HulsaivhlhiAnnguenmsyiausadely
Hasengfinuvasdigalulonmengfunn  Tulssmeansgendnm Ussinarniftiodulseini 34
ruau Tulssmelnedfinelsat Ussnn 24 % veaffiiflongannndt 60 U Bsengunntufiaswy
frednelsaliunntu namie axnuiutu 2 whnn 5 9 udery 60 U Tsadtutuanduliym
diutu Tsedalewed iaannsdenvessadanemndin (uudliitume flhearlianse
AusueHaiies lWansouengniin famludesmslinm mavszaunuenduiodsly
Aus Ao 1u3zsm?hasuaﬂim3@@38@’;?31@?1‘17?@%31@

dwsveunuiagiu  AMdlunsinwlsadalowes 1dud Donepezil, Galantamine,
Rivastiemine, Tacrine Wag Memantine %amsaaﬂqmémmmdaﬂwmjﬂﬂ%1:0Lﬁumi acetylcholine
visadiudneulasl acetylcholinesterase Tuauas dmsuennisinafosiinulaud aduld endou Uan
Aswy Uinvies viesyn vilvisiuuaglniauiaung é’aﬂfuﬁﬂwﬁlé’%’um HDINTIVTA NIV
Funarle wenanitransasiEsuomsunassan fwnldlulsed wu asatn snluwdsfe
ihifuuan uae Lecithin Wusu Fanalnnisesngrsvesewnsiaduwmant Wun msifudenluifes
aupafinasladudindansaiieldndnasdouszamluanos Wudu (website: www.siamhealth.net;
www.pharmacy.cmu.ac.th)

Sefumnansafandnfuriossied Wy anayulweiedeqdunidle daedudins
auveneuled  acetylcholinesterase M fanunse  amenudedlunisifinlsadalowesls
nsfnugrsmetinmillugdunislufuuiouasiudunid  Tuiluiing  fwmiausinag fandu
vuynanidlunisuan et vieewnaasy ldlunstesulsedalawesle
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http://www.siamhealth.net/

= £ & a ¢ < . el .
N5ANYINSAMUUUNERBLTAANSLSY (Study on cytotoxicity in cancer cells)

Tudagiuuzsnanadulseieninnaunun wiinvesauidulssmewazuonyszne
landudwaunin deyadnn Global cancer statistics 2008 A UnmesiavveaUieusisednuiu

ava

12.7 auawnilan uasiifidendedinanlsrusisednuan 7.6 a1uau wuithunavddeufinisel

a

Anlseuzifasuunniian  uazlsauziSeeanuinniaalumany  9InnsdsavesanTusise
wiilutsemalve daud U ne. 2502-2552 uszeznan 10 O uandlidiudedinngal dAa
Tsruzidlualye Faluulniugedudos 9 wadlud wa. 2553 adfniaifelseunddy Ussanns
Inewfiuduan® we. 2552 fovay 1.2 leuszrinslunianansdigtinisoiinlsn usdegean (51.6
%) NTUNNNYIUATY (24 %) AADaY (10.3 %) aAwile (9.6 %) waznald (4.5 %) My

(Attasara, 2009)

uzise Ao naulsafiAnidesnisaduesiisnmeiinnuiiaund A DNA vieanswugnssy
dmaliwadinaadydvln Insutsdufiadudnnuead s wasanndund (National
Cancer Institute, 2012) @sluwaguninszuaunisiiusnuwasUsenouluse 3 nsvuIunTEes
Ao nszvaumssAvlavenwes  (cell growth) nAszuaunsuuslasiuley  (chromosome
replication) nsgUIUNTHUNYAS (cell division) ﬂi%UQUﬂWiﬁﬂ%M@ﬁﬂﬂﬁ&Jﬂ’j’] NATTINVOILTAE
vi cell cycle TngUninszuiunsmaniavegluniziiaunatu wassniuludetusradussuy
(5% $ussss, 2541) urlunsalvesssuAnanIeesTinvessadianunR MlAnn1sLasey
dulveasadfinninung

Hagtuauvmueamainuzisuiinnue uaronsuansadlseuSeiuiany
uanisiusenlutuegfugaridialsn uiifuiseinisfiaunsansanuléiluinu duthanas taelsl
nyuanvn T4 doumds admufounasiionnstan iudu msdnuusSeiudndng 921933
idinnfouusSeentvinniian wilunsdifiwadundaiulfunsnszangluhinenmes nsnvdah
ifissusamensunsndeufifninlsawhiiy veninilerinnisndathieu uzifseenudadu &l
Bansdultlunsinwinzds wu msldsdsnw wivida sesluuttn aliduiutda iy us
faiinansinvugiaslsraunadiSunntosdieds  Aluogiuanin  $1nevesdinedundn
(@s\igsh 019NN, 2551)

nndamlsauziSnanlananandiemu ‘v‘fﬂﬁﬂmz;ﬁiﬁ’aaﬂﬂﬁ%ﬁﬂmqw%mmLﬁuﬂw
HoLYARULLSINANUEN A UNTTTUIR TngluniUayaunmdunulnedivseansldayulnslunis
nwnlsAuzSannenIuIuY meAuaNTANNaINNaINLaLaIAUTENOUMBANANNNEN A5 TTUTR 91
TAdansAnwAuadl  eRmuiasansssuwdulddusnsnelse (Liu et al, 2009) &wnsu
NARAUNIINGTIUTIR NATN1TAENEIAUAINAEA T UL S IR Useneanigelusni el
< % < 5 1 = 1 v 4 q.'/ ¥ ) d' a‘
DugiuueSelunudn fivndn 35,000 aeiug 0 20 Ussimanmlan tagnuiun vegeulitengng
2 I3 < Y] 1 = 4 < dld a 13 ¥ a Y o a
AugaduziuazdanuIiul 1983-1994 g1dnuusSiiinsianegiusesay 60 Taunlau1an
NAnAuaIsIIUTIR Feenenanlaniunszuiumsfnemduat Ysuussasiann sudueidunzis
AIUNTLUIUNTAILATIELAL NI LATIEN mi@i’%ﬁumiﬁménﬁuﬁgﬂLLUU ASNAILLABFAITAENT
NsISUTIRTUAURUU (Shoeb, 2006)
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mnunsAnwgnsanuiluiiviowadunsy  vesdunsdlufuUieuasiudunss lu
fuing Jwdausidng Fadlanuiiauleegeds Wwemmadeniunislesiunsesnwuzse Juy
AnAunalutagiu
<y
5

NTANEINSAIUNITENLEU (Study on anti-inflammatory activity)

dmumssniauiy fnalnnsiinmssnauannmsii activated macrophages La
eosinophils &4 reactive oxygen species 1t O, , H,0,, HOCL, NO, tag OH’ R oxygen species
wianfiaznszdulik macrophages wag eosinophils adeuilugauinadidanssniay udnseduls
finnds cytokines waznszduUAITNUYEs complements MFlumshansdaulanyasuiiing
$19n18 91891077 reactive oxygens radicals wiantnienilmieidognihans uasiiunumardey
Tunsuienhliaelsasiieg wu lsamla Tsausds Tsasu Tsaladesnay way Tsavs Wudu Tu
nsAnwguisAIun1ssniay arldn1smsaaTamuSina nitric oxide 71 macrophage a3ty Tagns
n31vinmeLnalla UV-Visible spectrophotometry

FrfunsAifemansddyanansataainsssueni IR NayUlng fanansndudsnis
An nitric oxide  Jafusinislumaienssniay Sadunummidunsduaimansdidy 9
anunsadnwnardesty WliAslsase ffinanuuddnedy Teglidnenisdades wieia
o1mstuAssiosiian

AuITeUazANEISIINYIAUINGTIUST TMTAUIITNE (5UN 3)

o
-~

15 TSRS

UM 3 AudidouasAnusssuidUmgdsuss Jminussna

71Y: https://www.co0ele.com/search? q=AUEIFULALANWI5ITUIRU
W3AIUSS (FuAUIUN 16 WeAInneu 2564)



https://www.google.com/search?q=ศูนย์วิจัยและศึกษาธรรมชาติป่าพรุสิรินธร
https://www.google.com/search?q=ศูนย์วิจัยและศึกษาธรรมชาติป่าพรุสิรินธร

ga o = an an oy ' o & o & A
AuddeuasAnusssuAtmgdtuss vise  Umldsuas W udmsniitlenuazeny
anvgnlinnfanndundesglulsewmelng Asey lugunealwslnan Jwiaussna Umgusiiiieo
Juiuaavhevesnaldfidanueauanysalsssuwfsusy danvuseuidify fe Anuvainnate

'
a

yeiugnssy  AravanvanevesiusituarddiTindiondvegluthasiuitiniudinaond  gau
auysoiludedn fluasnssalsl nedidhddamareaslnariiu ldun aaesalnend ushiuneus
nazaaodlfzuns Suduinnvesdovniues Wulmfiaudanseniugidsudne nswaunseviouas
NIITLUININIENTE DAL ImaLaﬁﬁ]mmwua“hﬂwwﬂ&”zmemaﬂ%u’a uANUTIENAAUING

Izunsliluvasaudansenivgdaundng uazisanUmgiiin “Ungdsuss”

audidouarAnusssunavmsdsusniuduvimesimslfizuns  Uingwisaavnees
Usendlng Fansounquituiives 3 une e sunemnlu sunegluslnan wazdunoglnaund &
fufivszanas 120,000 19 usduiiauysallneUszanadifies 50,000 13 Wuthiignsanugeuaysal
sedarivnuaziugliunumssa uasdadldn T finunanevdn Wy A vzue vyt vilve wandh
wuu Jadudmithduasesivmennviavilsvesing

ArganaNysaivesiuiitmslfeuns Faduundsithadlalunmsinuidosduiifiquimg
Fanmiid uararumanvasvesmeRudidesfurialminfionsesnuld tedudeyalumatan

MATMAEINUNERS I NsTIUANTUTElovldouywd  maanIuNTIdeMmIasAuLUY  (lead
compound) Tusie etunduasasiulunisiauiesngg aely
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sedeUIsnIUNI5IY

1) widewasafnanides
domililumsinwaded I8uanueyanesiann a.as. wndnval nedlndas nade
TN AnyIneeans wninendasanuaiung iufuendeuasfigniondnuaivonten 3
LﬂuL%aswﬁlﬁmﬂﬁuﬁuw’%ﬂuﬁuﬁws%’w’j’muﬁ%’na I@EJL%aﬁﬁau% %?iﬂ"l,ﬂai’ﬂLLum%aiﬂmsﬂﬁﬁsﬁaua
mqwuﬁmiu (Molecular genetic identification) uag mﬂuﬂau‘] LW@IW‘WS’]U%@’JWS’MW%W?%Qﬂ(ﬂaﬂ
mndudefinefunuuds iummmﬂuwamawuﬂw azddunsvensysemudell uenainiu
LsuawauiwzgﬂmmmENLwaLw:uﬂimmiumilmwmsaﬂmiummumﬂfd (Uil 4)

1.1 nflsm'%&ma'lmstﬁymﬁ}la Potato Dextrose Broth (PDB)
GINIAGEY
1. drilldanmssusiuns 3 ans CurSwendeon 8 AlanSuuaziin 8 Ansusesnsndiu 1:1)
2. thndu 12 Ans
3. Dextrose 300 n3u
ALNELAEATNISESEYN PDB 15 0 (U557 250/1 flask; lad1uau 65 flask)

YUADUNITLATHAULATE UL UNT IR
ﬁwﬁuw%’ﬁﬂaﬂLﬂﬁaﬂmﬁulﬂuqﬂwhﬁwméfmﬁ’uﬁ’lﬂizmm 1 dlue Unlvlwazselidu

Uszanas 15 wiit Ysuusuestulihminideliassusndeiinsesenduniduin vssqldgenanadin
nuanuseu wasihluugudaiioliduidundunizes

pA
(4

UADUNITNN
. 910 10 amslanvusMwseuld
. e9UsTunss (19ANNNSAULTUTIMAZNTDILAD) 3 ARS

. 923 250 fiaddnsaslu Flask Mwseuliuazangndaly

%

1

2

3. Fathma D-glucose 300 NSy Fufutnduiidesn 2 ans wazmsanlunwuzaulidniu

q

. o

5. U autoclave figaumgdl 120 C 18uian 15-30 Wil

6. theenunlifigumniivies

vanog:  ewnsiedouliiulduudufeunieauninag Contaminate usdanlngjazisde PDB
fou subculture 1o Usvanas 1 Su (rudledeuindelndiuiiugs wireswniouoms

$ YA o a . Y
9191 Miadaenunisin Contaminate YIDNNITLAYNLYD)

1.2 NISA38NB19NS Potato Dextrose Agar (PDA); 400 ml/ 1 97n
Jaguazgunsainld

- Plate 5cm

- Plate 10 cm

- Duran 500 ml
- QINANARNUTIY
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- Dextrose

- Agar

- ﬁmél’u

- yhrturlSsan

YUABUNITNN

1.

siuSslauvhavaven waslendenldlugs wasdaiminudeniila aududmdndurss
Tupauwsnlavindu 8 Alansy

U o D Ay + 291 v o 3 a a 1Y) |

vl Saladugnisin 1x1 cm” Tdadlundenussqundsuna 8 ans Qudnsrdiu 1:1)

3. lUaaln Uszanad 1 99lue Ualvkazsaussunas 15 Wil hasnsauekiulsensnss Uiuni

nsedls lUUsuUsnalilauminidaliasausnieun fe 8 8ns wazussgldgenaiainvuainy
Sou wazthluududad -20 °C iielidwiidunlaunzda g

o 3w Y] 1 1 a [e] o o 1% 1%
UnhdudSseenandestudgumgl -20 °C tluvbiazanemelulasiav van 8 unil

5. UruSIazateseusaswal 1INsaImEnv1IUN Auluaisazanela Wald

AR

TIdIUNENDULNBYIN Potato dextrose agar (PDA) Aa Dextrose 8 nsu uag Agar 6 nsu laluwan

® o 3w & = o 1 I ®

U559 Duran 4119 500 ml Wtdunssinseaseuiaswad wildluwin Duran U3uas 80 ml
wazndu 320 ml

° ® 4 ! = o v % = = °
1w7n Duran  MnanauNaniseuspsudl Wn3es autoclave 121 °C Wunan 15 uiil wavih
gn WAtk inaamaiivies

A v ° v 8 & v v o v o I ° ]
Wadeani1sdn PDA wnld onaudaduiu Wihanlienuseuuavanaluansazaowaziiumld
plate Mwseuld lnewld plate in (Aurugudnans (diameter, d) = 5 cm) 91uau 3 plate,
plate Tng) (d = 10 cm) $1uau 8 plate uazsoauomistu plate uds dluivlugaamad 25°C

1.3 0195 subculture W@31n slant as plate 4735015094

- ddeiuenls udeaiinu3una lae subculture asly plate 180 1wy 3 plate Us39IM3

PDA 13l
Tnau needle 1#puauLAT uazaulnvn slant ynafsiilindn
Fodeldnsenans plate Ysunandnies
A8 5.7 Su ia@mi@ﬂmaaﬁasw Wio subculture Woas plate lugsely
Budelu plate 1n subculture Weas plate g s 6 plate LLaziaL%@Im@mﬂﬂ?iauwm
5-7 Ju
1.4 0139 subculture L%amn plate a4 flask

. 11 PDB Tiwdeulilu Erlenmeyer flask v1a 500 ml Y3119 250 ml indewly $auau 6 flask

1 plate Tng) Mdolafiuiings 1 subculture adly flask diediulsunante Inglglusingu 95%
ethanol WlUsuuaaln waaselidu

v ntuhludadudinusnameures colony Tivwietuay 1x1 msaeuiwns suay 5
fu wdvinsdieidioadluewnavial potato dextrose broth (PDB) U3anms 250 ml fiussqlu
gl (flask) 3u1m 500 ml

1hlv incubate figamgiivios lunan 3 dUnnsi
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L YTy

S

E —
R AW L AN SR

sUN 4 nsifganazainiden

1.5 msafnes

_dhihiasadesn Wadadesavhazanemaedl iilevnans Tnsnisnseadulovendosieeninunsas
HIUNTEAN9NTEY Whatman Lues 1

. msatmindeatesilngld ethyl acetate (EtOAC) Tnslddnsnduindsatesn feEtOAC Wity
2:1 yhmsafanavun 2 ads udih EtOAc Aildannsatnansndansiuiu drufiwdotilusi
Wik feA3eq rotary evaporator axldansatnaniideados (BT, Broth)
ynhidsadesitatagie EtOAc aldansidmin (dehydrating agent) Ao sodium sulphate
anhydrous asly

. pdntunses udniansazanefildluvinliuiadewndes rotary evaporator 7l gumgil 40 —50
°C auldansafiaveruaniideates (BE, Broth EtOAC)

5. msamduledeslnetdulovesdosualy methanol (MeOH) Wuan 2 Su

6. thansazany MeOH luvinlidudu Tnennsseweivhazansuisaiusenly anntudisiasly
whlUafage hexane ludhsnd 2:1 Tnevinsadasn 2 ads wdh hexane fildaannns
afaluviuis wdsntuansazane aqueous MeOH fiumsaiagie hexane uda tnldadn
fafy EtOAC ludnsnaiu 2:1 wufu Tawadnge FtOAC 2 afsdsannisafndananazld ans
anm 2 d1u Ae Cell hexane (CH) way Cell EtOAC (CE) mudndiu
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2) ManAFBUANEINITan N
21  msAnwnguagueuledlnls@iug (Study on anti-tyrosinase activity)
nNanNN13

wdnmsfineuldlunsveaeudie  spectrophotometry  @udunisussfiunisviauves
wulwsl tyrosinase wideay 1M InUTinamAnfasifAniufe dopachrome (sUft 5) Fufu
ansfidAune ansaeduililunmshuiasendueuleflumsneaeseiailfio L-DOPA wagrlunsvaseu
wSuiiisunatiu positive control 2 wila Ao kojic acd duduansiisignsAuazinisliegly
#aq8u uaz positive control Bnafin Ao Yinma Faduasatatuihanuiunemn Adgvdluns

gy tyrosinase enzyme l¢id

Dopachrome

5UN 5 duneunisiia dopachrome

ﬂl']ﬁﬁ']U’JmlﬁﬁqiﬂiﬂLLﬁﬂﬂL‘ﬁu
-tyrosinase inhibition (%) (Sasaki and Yoshizaki, 2002)
-tyrosinase activity (%) (Lee et al., 2002)

= & ana o oA Y ) ] 1y & & °
P9V 2 ABANANNITNAABWTULRINUNLILAAIUIUANY Tagn15NnandluATItiazAmuI
Ju % tyrosinase inhibition FeuunefieadadnsavesEnsanafia1N1saduds tyrosinase enzyme
16 Tne¥nanU3unas dopachrome My dau product arnnisiinujisenaes L-DOPA #3e L-
tyrosine wazditouluyl tyrosinase 139U Aatumnansihumeaeuiignsnalunisdudaeules
9¥nU71 dopachrome Aaziintuties FeinldainAinisgandunas Wedwandu % inhibition ¢
1R % e
I a o ¥ ! ) Y . r.:’ljtu | Y = v
AAIulfIgUSEuLisuiu positive control wonanildsamnsaman 1Cs, 9 Tewies
W3BNETdeININAdULaE positive control tHuamdNduR199 Awi tyrosinase inhibition
(%) YosusazANUduTuLdiAT % Alaun plot nsmANUduTuSAUANdNdY Avzanunsaman
ICso 191

NSLAIINEIILA]

1. N9w3su 20 mM Phosphate buffer pH 6.8
Solution A:  NaH,PO.2H,0 (312 meg) avangluiinndu 100 mL
Solution B: Na,HPO, (284 mg) azma”[,uﬁgﬂﬂé"u 100 mL

nauuazUsu pH Tlawindu 6.8
2. 3w Tyrosinase solution:
ara18y Mushroom tyrosinase 0.5 mg
A28 20 mM Phosphate buffer ( pH 6.8 ) 5 mL
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3. w38y L-DOPA solution:
azane L-DOPA 0.8 mg
A28 20 mM Phosphate buffer ( pH 6.8 ) 5 mL
4. w3su Kojic acid solution: azane Kojic acid 1 mglu solvent Fmnza 5 mL
5. AMM3BY test sample solution: azany extract 1 mg T solvent Fvnzan 5 mL

N1sNAaBILasuUaNa
1. wauasasty microplate asluusag wells Insuuadu

A (control) Mushroom tyrosinase solution 20 plL
Phosphate buffer (pH 6.8) 140 uL
Solvent 7% 20 plL

B (blank w83 control) Phosphate buffer (pH 6.8) 160 pL
Solvent #1149 20 L
C (test sample) Mushroom tyrosinase solution 20 plL

Phosphate buffer (pH 6.8) 140 pL
20 pL 989 test sample Tu solvent
D (blank 984 test sample)  Phosphate buffer (pH 6.8) 160 pL

20 plL 289 test sample Tu solvent
M INNELE ST UReUT 1 LLé’ﬂNﬁﬁqmmﬁﬁm (25 "C) Wuan 10 Wi
WAl L- DOPA A3ty 0.85 mM 913w 20 b Tunn wells
i’mﬁ’mnmnﬁuuﬁﬁmm&J’rmﬁlu 492 nm 8 microplate reader
Nilifgamgivies (25 °C) Wunan 20 wdi
farmsganauuasdnade
Suiinuazulananugnsfsil % inhibitory = [(A-B)-(C-D)] x 100/(A-B)

N kRN

1%

2.2 msﬁﬂmqwémumu‘l%aiuaaﬂqngh%ma (Study on anti-a-glucosidase activity)

nsRnugrissudaeules] a-glucosidase WumsAnwiflendeuiAsensind (colorimetric
method) vasnAninsifiAnty Tnsfamunisudsuulaseinisgandusasiiudsuly dendes Uv-
visible  spectroscopy  lumsfnnnumansasininanuiizenlslasladars p-nitrophenyl-a-D-
glucopyranoside Faduansazaneluid drewoulu] a-glucosidase lUtdunanime p-nitrophenol
Jafumsararedimdodlaiinnueniedu 405 nm (Uit 6) dsthansieenaliqvlunisdudaoule
a-glucosidase AvowanSasifintuaziosuazanisganduuasiienldasdiangi (Walker et al,
1995; Kim et al., 2008; You et al., 2011; Dej-adisai & Pitakbut, 2015)
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Substrate p-nitrophenaol glucose

p-nitrophenyl-Cl-D-glucopyranoside (yellow)

g'd‘f"i 6 uwansufisenlalasladans p-nitrophenyl-a-D-glucopyranoside
Aeteuleil a-glucosidase Ui dundn o p-nitrophenol Mifid@wdedla
wazu1ma glucose (Rungporn et al., 2009)
YUABUNIILAILY

1. mawssuasazarenaaanidiwes pH 7 (0.01 M)

a158287¢ A: W38NaN5arany NaH,PO.H,0 Auaudy 0.02 M 1agiin NaH,PO,.H,0 41
0.312 ¢ mazma“ﬁuﬁ 100 ml

a198¢87¢ B: \Ww3uNa1sazany Na,HPO, Auuty  0.02 M a1 Na,HPO, 11 0.284 ¢
mazma{fﬁ 100 ml

ndntuansazats A 19.5 ml uaz B 30.5 ml weufuauldansazans AB il pH 7 uwdn
thansazaneitldunusuanudiudulily 001 M Taensiindh 50 ml adlUly ansavans AR
9niuth Bovine serum albumin (BSA) 0.2 ¢ uag NaN; 0.02 g wazaglu arsazagneoains
Twlasiiwdeuls 100 ml

. Mawssuansazaneeulesl o-glucosidase (1 Unit/ml)
Faoulad a—glucosidase 1 Unit (from Saccharomyces cerevisiae, Type |, lyophilized
powder, Sigma, G5003-1KU) wnazangluansaraneneamnvinesiwmieuls s1uu 1 ml
. IS ENENSAZANENTHIEY (4 mM)
Faans p-nitrophenyl-alpha-D-glucopyranoside 1.21 mg (11U 4 pmole) wazaiy Tu
ansazaneveaa s Tiwseuly S1uau 1 ml
. %gumaumim%ammiazmaéhaemLLazmiazmﬂmmgm (8 mg/ml)
Fransiog1auaransinnsg e Acarbose 989aY 8 mg wazagluthnie DMSO (mu
ANENNTOTUNITAZANYYDIEITAIDYNE) 11U 1 ml

YUABUNISNATDU

lunsneaesaziiatsazatenmuawieuliuviujisenlu well-plate 91uu 4 wells (A,
B, C, D) lasumaz well azdiUsumsindu 200 pl lewihaisavarsiwseuldasly well-plate

samalull

- Well A 100 pl Woaaiwines 0.01 M pH 7
(Control) 50ul @1sazanstoulesl a-glucosidase AAITLTY 1 U/ml
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- Well B 50 pl Woawnivines 0.01 M pH 7
(Blank) 50ul ansazaneoulay o-glucosidase NAULTNTY 1 U/ml
50ul 411139 DMSO (MuANEILNsalun1sasaIsUesasfiogs)

- Well C 50 pl Woaaiwiwes 0.01 M pH 7

(Positive control)  50pl @sazanateuleyl a-glucosidase finanududu 1 U/ml
50ul @sazaEaMTgIU Acarbose Tienandudu 8 me/ml
(AN TUEAYIEYINTU 2 mg/ml)

-Well D 50 pl Woawnivines 0.01 M pH 7

(Test sample) 50ul ansazaneiouleyl a-glucosidase fimnundudu 1 U/ml
50ul asavatesiogefiaududu 8 me/ml
(AT TUEAYIEYINTU 2 mg/ml)

Y] | ! v ° . i o ) & |

nanldansazaiesng o asulal 39U incubate 91 37 "C w2 uil wdsanuuld

S v A v v ° ' Y o ° aaa a

A1988a18ATAIAUNANULINYU 4 umole/ml 31UIU 50l aslulsiay well watnluv ufnsen

37 °C v sinUsanaens p-nitrophenol MAnTuInUA3e1TinamenaadY 405 nm 9 9 30
N U 10 UIBLATES microplate reader

JUNBUNITIAIISHNE
o | f < Ly gj L3 .
1. msmuanUosiguntunisdudaeulel o —glucosidase

wAnspanaukaantiuaiansmseninednsgandiukasil 405 nm (wnu Y) Aukan (wnu
ay v I3 Y | & v v | Y] | ¢ v O °
X) nsdlaazidudunssludisusniasidudulacdugimas adesi@udluns dudagmuiaain
dmsussuAU (initial velocity, Vi) Fsagmuallaaindissnidudunss Tnguimmaianudu
NNIANEUATI (linerity line) laelionAinsganiulasiiindu A3amlnaifgaiudunsilugaunad
WnAgn Wmwntawandluaunisielul

§951525uAU (initial velocity,V) =slope= Q13 UAULUAIUDIAINITANNAULAIAY
P
MsaguluatIanAx

INUUNAIERTNSISUAUVDINGUAIVANLNAUMETATUTAUTUAUVRINGUNAGDY  (anTazany
fegvieasarateunsgu) hnanafildmsiednsisusuiuvesnguauny wazga 100 agld
Aasidudlunisduds daaunsesludl

AnUasiduilunisduds = (V;.control -V; treatment) x 100

(% alpha-glucosidase inhibition) V; control

2. msfnaimduduiiinlfaanstufaeule o —glucosidase 50 Woddus (ICs,)
ANIULAINITAT NI LA URTITENTNAIANUTUTUYDIANTHI0E1Y Uaga1sUInTFIU (WnY X)

wazAnUosduslumssudaeulsl a—slucosidase (i Y) Tngldry Wuduresansiognauay

A15UINIFINRENUDY 5 AUTNTY A1LINAT ICsp tBNUAT y = 50 asluaunisiduns
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23  mavagouqudiudagatin
hlige
mInsapUnvsiudedurisiiuiuafiSounssn $Audn 2 sUuuudo 38 neaou
MmNt sgugulueI sy (agar diffusion method) Wagisnaaauslg N15138319873 (dilution
method)

Wnegaumenisliansdudiulusminsiu (agar diffusion method)

ndnnsvedisife nzmedeuuewnsiu udldasataludssessu dWeld aunsndy
grudluemsiu udmstsme asdszneu Algvsdude luasade Mavdadudininaiguas
1 wwneliAndlasoudesesiuilldasatn  wdrtmoun  vinalafiAetu  Fsesteaua
Gushgudnans vinaladidumhefiaiuns Bmsil Teedhlusivhnsmesousufissaududy
Fen mszauievesduinaudnans vinalaild nuindudednilaenss funnulwesdefinagey
Feehefideanis naaey Lwiﬁgaﬁ‘i‘%m3‘1/1%@%‘1‘3@‘1%14@@;ﬁ’ummmmsﬂumaLLW'i'Guamishumfa”J;u

Fivhldvassuuuulufurinuesdssesiu uasdnBondeisnsmudssesiudl 14 Wy

- Assesfuiidungu dldnmsangnaulue sty udiduasazarsadld aziFendy
7% agar-well diffusion method

- Avesuidunssanudunan Adldansazareneuiauuemisiu 80138 agar
disk diffusion method

- dssessududelangliiduatiunsenssuen as3enin cup-diffusion method

Tutudy vesnsmsvaeudnenin quidudedunidvesnsada dwlngez 1435
agar disk diffusion method lun1snageu Lﬁmmﬂﬁju’i'ﬁﬁasmﬂﬁqm LLazdwﬁqm

INAFIUAIBNITAD91965 (dilution method)

ilagn1slednansanialuamsmvas (broth dilution method) %3eeMWNTIU (agar
dilution method) TwlaAuTNTLAI9Y LLé’ﬁﬂdL%@ﬁﬁaamimﬁau adlu M‘%auummimaﬁﬁ
AMendamsuinie duneanuyulaluemsvan uwasiiviselad L%ammuummsw 9 A
anutudhilafianiign lifdeanwsy  millddon L‘tJummmmmumawsmemmf\]ﬁmsuama
(minimal inhibitory concentration, MIC) ﬂ'ﬁmmaamsgmmﬁaﬂmmqmmumaLUuﬁuumwwsam
o Iﬁmaau sely Tnensld loop Usiranideunzaduemsiar viedeusnadilifidensy
U mmiaumumﬁmm MIC Fuly LAILAZUUDIMTIY mwaamﬁumww Funad fvdeldiide
PRI LLa‘vmwmmwmulmmwammlmuLsuamm vseifteuli Wewdey (99.9% gnel) mmima
mLﬂuﬂmmumwmqmmma (minimal microbicidal concentration, MMCQ) mmumﬂumja
wuaiiSeasfu minimal bactericidal concentration, MBC wazdnianzasiuidesiazdu minimal
fungicidal concentration , MFC iadladluFeudioutuen MIC Seianssinduy viseliiAu
goery Wty uansiasatniidnenmede widsiunanenududy waneiansatn §
ﬁﬂﬂm‘wLawwé’ugqmm%zymau%a

dmduansadafisaviesinrueuiimaaeulags 1eadluemaivan enald anunsam
A1 MIC 161 Aesldisnisideansluemisuds
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a N éa o

\Wordunddiithumagaulsznoudae

(1) Gram positive bacteria:
Staphylococcus aureus
Staphylococcus  epidermidis
Cutibacterium acnes

(2) Gram negative bacteria:
Pseudomonas aeruginosa

Escherichia coli

(3) Yeast
Candida albicans
(4) Fungi

Trichophyton — rubrum
Trichophyton ~mentagrophytes

Microsporum  gypseum

nsnadau MRgn1Inagau 2 35
1. ManagaugnsiudagRunIsilosdu
1ne35 Agar disc diffusion method (Lorian, 2005)
1.1 NSRFBUAITENN
wisuansatnsnefwhazanefvanzay fnnadudueglutis 100-500 me/ml
UUWAY paper disc YuIAdURIUANENas 6 mm 911 10 pl Al Anududuvesaswintiu 1-5
me/disc Taedl positive control Ao 81 oxacillin (1 pe/disc) dmSuwuaiide Wedadld en
amphotericin B (25 pg/disc), Hosrolsanannld o1 ketoconazole (25 pg/disc)
1.2 ﬂ’]iLW’]%LgENL%’le\ﬁuVI‘%Ej
Tnownzidsatowunfise S. aureus waz S. epidermidis Uue3 Mueller
hinton agar (MHA) ﬁqm%gﬁ 35°C Wunan 24 ‘fibﬂm LWWSLEQJENL%}@ P. acnes Uu®1%15 Brain heart
infusion agar (BHIA) ﬁqmwﬂ”ﬁ 35°C \Junan 48 F9lus Tu anaerobic jar
WNzEeLTeTEsR Uuems Sabouraud dextrose agar (SDA) ﬁqmﬂgﬁ 357 C
Hunan 48 dalus Jendean 2-3 Taladl Tdlu 0.85% NaCl 15i%0 uasuiy anuguuaadeliviy
0.5 McFarland standard
wnzdsadenielsananuueims SDA flgamgd 30°C Wunan Uszunm 10 u
il 0.85 % NaCl Uszanes 5 ml drsaasvoafessnaine1mns SDA slant thansazanevesdiesan
nseshudaATeToudr tnhdssdeiinsedls YSUIH Sruiuavesuszana 10° spore/ml Taedn
/1 0.D. Teglutiag 0.14-0.17 fimnue1IAAY 530 nm
13 Bmavasouquiduidegdunid
14 cotton swab 15ide fuuuaiiFeuazadiiusuauguaiauda withe T
%1913 MHA, BHIA way SDA 2usiu disc inenansafmliuds uas yaruAu incubate Aigamail
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35 °C Hunan 18 Hlusdmiude S. aureus waz S. epidermidis waz 48 Falus dwduide P,
acnes uazieBadnudiy

antndsderendesnelsanainiiuiuarutuaiauds $1uau 05 ml ldasly
pwnsiABaTn SDA fivaeuman (45 °0) S1umu 24.5 ml waslidniy deiidliaufuudein e disc
finenansaraly 1hlu incubate 71 gaumindl 30 °C 1unan 4 u

dunenisiiaslaseundu disc uaginvuiasla fae vernier caliper

2. N15NAFUKRIAT Minimal inhibitory concentration (MIC),
Minimal bactericidal concentration (MBC) wag
Minimal fungicidal concentration (MFC)

s

Wnansannnilgvaduieqdunsd a5 Disc diffusion 1111 MIC, MBC wag MFC
19835 micro broth dilution FaRnwlasannidvad Lorian, 1996, CLSI, 2000 wag CLSI, 2002 lawil
A5n9F9T

2.1 Ansmssuiavdunsdnldnagau
9
4

P
a =)

WNdeuedun3d auds Disc diffusion Ienuderemue1ms Mueller
hinton broth (MHB) @usuidie S. aureus wag S. epidermidis, Brain heart infusion broth (BHIB)
dw5Ulte P. acnes uay 81113 Sabouraud dextrose broth (SDB) dusultiedasiiaziiosinelsa

nan Tudmsiaiuw 1 : 100 win

ad

DM IMAFaU
1A MIC
thansafnueieunnududusudumnniiidgecnis 50 wh andy Feandy
9IMTIAI MHB, BHIB %139 SDB  LUUSNAUA®Y U microtiter plate Uszneal 10 ANLTNTU AL
duduay 3 91 armdudugegeiinageuiie 2000 pe/ml wdnduide QauIslute 2.1 adly navgu
(105 CFU/vigu) ﬁﬂULWWLgEN incubate ‘1'71| 35 OC Ju 1an 18-24 sfiljﬂm dnsuluaisy S. aureus
Wy S. epidermidis, 48 ¥ilus dm%U We P. acnes uar C. albicans dwdesinelsanain
incubate 7 30°C 1Huran 4-7 Ju
grunad MIC Aemaududusinan vesasataviesifoue Aduds Weld
(well Ta)

"1A1 MBC %38 MFC
Tngmamneidonnmavauiianansadudaideld wnedouuemadeade
Tryptic soy agar (TSA) dwiudle S. aureus wag S. epidermidis, BHIA dwSudle P. acnes uay
SDA dwiduidion vhanuidiuduay 3 61 vlumindes fnan uay gamgll WwRerduABn1Te
MIC
§1uNa A1 MBC wiorn MFC Aedianududiusiign wesmsadauay o1
UfTustanunsosindoqduviadls
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Positive control:
- wuATe T oxacillin
- @esrelsanann 1981 ketoconazole
- Fodailden amphotericin B

naewg mnansanagu Wenauluemavan ashnismegeulagll agar

. . 'Y} v v ¥ qa . i
dilution lpenauansanaluuemIIaeNmaY Iaveale 10 cfu/spot incubate 7 gaunQiluag

VAU iUNINAERUIE micro broth dilution 81uKa A1 MIC Ao AIALLTNTUsEaNliTEe
JuuuRIeIMsHeLde nMegeulagIsasilalanian MIC

24 msnedeugvstueulesiazdfianaduedinelsd
RANNIT
wdnmsfinesldlunsveaeufie  spectrophotometry  Fadunisussdiunisvhanuues
woulwsl acetylcholinesterase (AChE) anmsinuSinasdnsusiiintu anmshuiase,
Y84 thiocholine AU dithiobisnitrobenzoate ion %ﬂL“fﬁJumiﬁﬁﬁmﬁm ﬁ’]ié’jﬂﬁum‘ﬁﬁa
acethylthiocholine &slyinaLtuiieniu acethylcholine FsUfATeNALansdag

(Enzyme)
Acethylthiocholine Thiocholine + acetate

Thiocholine + Dithiobisnitrobenzoate Yellow color

75n15MAaae: Thin layer chromatography (TLC) with bioassay detection for AChE
inhibition, modified from the study of Rhee et al., 2001

1. Wunu TLC windidu silica gel GF254

2. 1381 mobile phase 2 53UV (dichloromethane:ethanol:water 4:4:0.5 (v/v/v)
Ay chloroform: methanol 9:1 (v/v))

3. LPaeNARE 1 IRTAMUINTY 5 me/ml Iy ethanol

4. spot @nsieeTiwansauan 3 microliter asuu TLC-plate nntuthly developed lu tank
Y83 mobile phase Woesyuy

5. lefvharaneiuiisiiimun thoenuvhlduis?i room temperature w&ahlu spray #e
30mM ATCI 1an spray AUAI8 20mM DTNB LLﬁDﬁﬂHﬁl room temperature Wunan 45 unil

6. 1} plate TU spray @38 10.17 U/ml AChE 7il5 20 il LLﬁ?@ﬁﬁLﬁﬂ%ﬂ

PG

- dungAfiAntudae visible light.

- A positive spot indicating AChE inhibitor was a colorless spot on the yellow
background

- 4 galantamine Ju positive test
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The result was compared to that from the TLC analysis of the same sample after

spraying with Anisaldehyde and Dragendroff reagents

=2 £ <) a 1 '3 <
2.5 nsAnYIgNIAIY L UNYADLYAAULI

Protocol for cytotoxic assay (Skehan, et al., 1990)

1.

WwaduzSaAIuY (human breast adenocarcinoma, MCF-7) wu cell line Alganaavu
UZLSI NTUNHUMIUAT

Feagadluemsinsidowia EMEM (with elutamine) @ supplement #e 10%-
inactivated newborn calf serum, 50 IU/ml penicillin G sodium, 25 [U/ml
streptomycin sulfate wag 0.125 pg/ml amphotericin B (Fungizone®) han ey CO,
incubator 7 37°C, 5% CO, FeuudumsUsTIN 95%

. WPBATINTASYEULR (determination of growth profile) weswad Liafwua 31U

wadnzSeiilarovaulumnnasaiielfiwadeyluine  exponential growth maeANS
NAAa9Y (culture period = 7 1)

3wl cell suspension Taan15a14 cell monolayer g phosphate buffer saline pH 7.4
wAzEos monolayer BBNINNUAITBIININZELIRE 0.1% trypsin-EDTA T#ld sincle
cells LmuaaaagﬂummimwLgm AIUMAIuEadseliadans lnenisiu viable
cells 8 haemocytometer (tryptan blue exclusion) 1 dilution ﬁaammimﬂmﬁym
sewadiasdly 96-well microtiter plate wiquar 100 ul Geslu CO, incubator W 18
24 s wtelviwad ingiafuvauidu monolayer

- 11 plate sonuLANAIULUY wazasaYRUSTduATwiTns s Tuasazanely culture

medium Tananduduivangausnag 5 anududy (two-fold concentrations) asly
sguay 100 pl Aunsdlild DMso Wudvharaadeswiu Weviinindonsie culture
medium wéragfimududures DMSO gegaliiu 0.5% (@eududuilifnadenis
Wiauentad) vidnarududuag 6 i (6 replicates) iedlu CO, incubator WU 72
Flus antures o A culture medium 88N a1waa (monolayer) 738 200 pl Va3
culture medium 1 a%s wdntanin culture medium aslUlmiBnuquaz 200 pl ity
el CO, incubator wu 72 Falus [sauarlunisiaes (culture period) s 7 $u]

- U AR IERIOnTINTIennBYeNTaa (percent survival) veswaaNwisy e

\Wisuriu non-treated control) 1nel438 Sulphorhodamine B assay (SRB assay) Favilgr
Tae fixed live cell Aoglunsazvausnenisifiu 40% trichloroacetic acid auaz 100 pl
Fu plate W7 4 °C w1 dalue i plate wdah 5 et wdudn 0.4%
Sulphorhodamine B wi3esilu 1% acetic acid aslunguaz 50 ml Gl37 gamgdives 30
Ul Wandesae 1% acetic acid 5 ass aanel3l plate wis

WAy 10 mM Tris base asluviauag 100 ul daluivenuu gyratory shaker Useanay 20 Wl
dunindAinsganauuas UV-Visible light 678 plate reader (Power X: Bio-TEK
Instrument, Inc.) finmenaaay 492 uluwns §a OD AlFduUsiunssiu S1uIuves
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2.6

waagndn (fixed) luusiazvigy Tnefmusliar OD 49 non-treated control Henidu
100% survival

8. WA % survival AlduAnammsadimateuduuiilfeadane 509% (Cs) 970 dose-
response curve Fadusaiivdnmudufivueasad (cytotoxic activity)

MsAnEIgVERIUNMISNIEY
mswﬂaauqméﬁ'}umia%ﬂﬂ nitric oxide 311 cell macrophages
(nitric oxide production inhibitory activity) (Banskota et al., 2003)
Foe Cell macrophages, RAW 264.7 Tu 96 well-plate 7T RPMI medium 7
Usznaumiy 10% fetal calf serum, penicillin (100 units/ml) wag streptomycin (100
ug/mL) Tae incubate cells Tu CO, incubator figauuail 37°C Wunan 60 Wif &9 cells fe
PBS solution tfiy RPMI medium #iUsznaudng 10 pg/ml lipopolysaccharide (LPS) 100 pl
asluumaz well 1An test sample aslu 100 pl incubate cells Tu CO, incubator ‘ﬁqmwﬂﬁ

Y

37°C Wuan 24 7119 n51379USU nitric oxide 91 cell @3197U APUE1IAAY 570 Nnm
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NAaLAZITAINE

msEnwyEMsTinwesiunislufiudunisluiiuiing Sminussna s 104
foghe Fuandumsedl 3 wszneuseasatinannde Trichoderma sp., Aspersillus sp.,
Gongronella sp., Penicillium sp. 81w 4, 12, 2 uae 83 §0g1e MUSIFU uazdn 3 Fegsil
vuziiilianunsofigaiiendnuniventonld (unidentified) Tududeriinla Tnethiietns savun
wAdeUNENISTININ 5 aene Tiun grddueuluilvlsfiua Ghwianafinunfives ded) quvd
fueulesiveariinglading (v gvisdueulesierdfiansdueaineisa (fnwilseaues
ou, Alzheimer’s disease) gsarndufiviewaduziSaimy Gnwilsaunde) wazgnddiunis
nLEy (3nw191NINLaUs)

dl > 1 o dy a (2% o L% 1
M197°91 3 mamﬂmiaﬂmLeuaiﬂmﬂmuwﬂmmm 14U 104 f1Ivgg

Lot. No. Extracts L%la
1 1. SPSFOO1BE Trichoderma sp.
(8/1/2559) 2. SPSF002BE Unidentified
3. SPSFO03BE Aspergillus sp.
a. SPSFO04BE Unidentified
5. SPSFOO5BE Aspergillus  sp.
6. SPSFO06BE Unidentified
7. SPSFOO7BE Gongronella sp.
8. SPSFOO8BE Gongronella sp.
9. SPSFOO9BE Aspergillus sp.
10. SPSFOO10BE Trichoderma sp.
11. SPSFO011BE Penicillium sp.
12. SPSFO012BE Trichoderma  sp.
13. SPSFO013BE Trichoderma sp.
2 14. SPSFO28BE Penicillium sp.
(4/4/2559) 15. SPSF029BE Penicillium sp.
16. SPSFO30BE Penicillium sp.
17. SPSFO31BE Penicillium sp.
18. SPSF032BE Penicillium sp.
19. SPSFO33BE Penicillium sp.
20. SPSFO34BE Penicillium sp.
21. SPSFO35BE Penicillium sp.
22. SPSFO37BE Penicillium sp.
23. SPSFO39BE Penicillium sp.

*CH = Cell Hexane, CE = Cell Ethyl acetate, BE = Broth Ethyl acetate W& BT = Broth
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M151991 3 FIRENENTANAYETIIINAUNTIATIAY I1UI 104 FIRE4 (D)

Lot No. Extracts L‘?QJIEJ

3 24. SPSF225CE Penicillium sp.
(1/8/2559) 25. SPSF225BE Penicillium sp.
26. SPSF221CE Penicillium sp.

27. SPSF221CH Penicillium sp.

28. SPSF221BE Penicillium sp.

29. SPSF211CE Penicillium sp.

30. SPSF211BE Penicillium sp.

31 SPSF234CE Penicillium sp.

32. SPSF234BE Penicillium sp.

33. SPSF244CE Penicillium sp.

34. SPSF244BE Penicillium sp.

35. SPSF248CH Penicillium sp.

36. SPSF248CE Penicillium sp.

37. SPSF248BE Penicillium sp.

38. SPSF236BE Penicillium sp.

39. SPSF236CE Penicillium sp.

40. SPSF209CE Penicillium sp.

a1. SPSF209BE Penicillium sp.

a2. SPSF213BE Penicillium sp.

43, SPSF238CE Penicillium sp.

a4. SPSF208BE Aspergillus sp.

45, SPSF208CE Aspergillus sp.

a6. SPSF208CH Aspergillus sp.

at. SPSF226BE Penicillium sp.

48. SPSF226CE Penicillium sp.

49. SPSF226CH Penicillium sp.

50. SPSF227BE Penicillium sp.

51. SPSF227CE Penicillium sp.
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A58 3 F9E19ENTANAYDITIINAUNTIATIAL I1UIU 104 FI9EN4 (5iD)

Lot No. Extracts nga

3 52. SPSF240BE Penicillium sp.
(1/8/2559) 53. SPSF240CE Penicillium sp.
54. SPSF240CH Penicillium sp.

55. SPSF310BE Penicillium sp.

56. SPSF310CE Penicillium sp.

57. SPSF318BE Penicillium sp.

58. SPSF318CE Penicillium sp.

59. SPSF325BE Penicillium sp.

60. SPSF325CE Penicillium sp.

61. SPSF325CH Penicillium sp.

62. SPSF329BE Penicillium sp.

63. SPSF329CE Penicillium sp.

64. SPSF329CH Penicillium sp.

65. SPSF330BE Aspergillus  sp.

66. SPSF330CE Aspergillus sp.

67. SPSF339BE Penicillium sp.

68. SPSF339CE Penicillium sp.

69. SPSF339BT Penicillium sp.

70. SPSF358BE Penicillium sp.

71. SPSF358CE Penicillium sp.
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M157991 3 FRENENTANAYETIIINAUNTIATIAY 31U 104 FIRE4 (9iD)

Lot No. Extracts L%IEJ

a4 72. SPSF206 CM Aspergillus  sp.
(20/8/59) 73. SPSF360 BE Aspergillus  sp.
74. SPSF360 CH Aspergillus  sp.
75. SPSF360 BT Aspergillus sp.
76. SPSF206 BE Penicillium sp.
7. SPSF209 BT Penicillium sp.
78. SPSF219 BE Penicillium sp.
79. SPSF224 BE Penicillium sp.
80. SPSF224 CE Penicillium sp.
81. SPSF227 BT Penicillium sp.
82. SPSF234 BT Penicillium sp.
83. SPSF241 BE Penicillium sp.
84. SPSF250 BE Penicillium sp.
85. SPSF304 BE Penicillium sp.
86. SPSF304 CH Penicillium sp.
87. SPSF304 BT Penicillium sp.
88. SPSF310 BT Penicillium sp.
89. SPSF312 BE Penicillium sp.
90. SPSF312 CE Penicillium sp.
91. SPSF328 BE Penicillium sp.
92. SPSF347 BE Penicillium sp.
93. SPSF358 BT Penicillium sp.
94. SPSF038 BE Penicillium sp.
95. SPSF040 BE Penicillium sp.
96. SPSF042 BE Penicillium sp.
or. SPSF043 BE Penicillium sp.
98. SPSFO44 BE Penicillium sp.
99. SPSF045 BE Penicillium sp.
100. SPSF046 BE Penicillium sp.
101. SPSF047 BE Penicillium sp.
102. SPSF048 CE Penicillium sp.
103. SPSF049 BT Penicillium sp.
104. SPSFO51 BT Penicillium sp.

*CH = Cell Hexane, CE = Cell Ethyl acetate, BE = Broth Ethyl acetate W& BT = Broth
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Mnnamsvaaesiiandlua1sed 4 wuindl 3 fheddsldande Penicillium sp. &
quisiueuleilvlstiuads @qusdueuledinlstua > 50% Aanadudu 20 pe/m0 1gun
SPSF0318BE, SPSFO318CE uaw SPSFO45BE (asnmsgmiilélunisveaeuiiie vainma (water
extract of Artocarpus lakoocha) wa kojic acid tneflavdamueuluilvlsBiuawintu 98.82 + 3.97
WAy 75.46 + 1.80% M1UA6U)

wagnu 1 fhegadigrsiuenluderifiansdueawaisaiin @avdiuevleiosddia
AeAuleAaLSd > 80% fimnandudu 100 pe/ml) 1§uA SPSFO13BE (Trichoderma sp.) (a13
snsguildlunimegeuiie Galantamine  fovidueulsdordfianeduieamoisa 97.69 +
0.95%)

wu 14 fedndgvornulufivdewaduzisaiiuy  (MCF-7) 7R @rnsdufivee
iadNzSuuLindudY 25 ne/ml > 80%) laeilufegrsainaisainlesingy Penicillium

. . o U 1 o U d‘ o L ! Idld
sp., Aspergillus sp. Wag Trichoderma sp. 37U 10, 3 wag 1 A998 ANUAIAU WUDUIRNIBYN NU
RumowaduziSaiuy madeunuduiivramadun® (Human gingival fibroblast (HGF)) wuin
e ellfivsalgaiun@uInnd 20% (@1sunsgulunisveaeul Ae Camptothecin lneilitusio
waduiSuiuuwinY 94.01 + 0.17% uavfiwsowaduni (HGF) 73.14 + 3.63%)

Ly )

AMTUGVIBANUNITENIAU NANISNAFBUNU 39 FIpEne Hanasun1soniauiia (§udenis
#A9 nitric oxide 910 macrophage cell (RAW 264.7) fiaaduty 25 pg/ml > 60%) Imeidu
MIBENANANTANAINYEIINGN Penicillium sp. wag Aspergillus sp. 31U 34 Uag 5 #3989
o w = ) ' a0 sl v ! Sy 1Y)
puaeu teedl 18 feene IlwsowadnldnaaauuInndl 20% lun1snaaeugmsau n1sdniay
19 Indomethacin \Juasunsgiu Tnefigrssunseniay 61.08 + 0.68 % uaziliy Aowwadiily
Nagay 25.42 £ 2.99 %

dmsunmavasouguisiuelsiueaninglading wu 62 fega Adquddu Loules]
weavhngladinaiis (FgnSsueulesiuearngladina Aevundudu 2 me/ml > 70%) laeidy
Feghanasatnanidesn nau  Penicillium sp., Aspergillus sp., Trichoderma sp. Wag
Gongronella sp. 31U 54, 4, 2 uag 2 feg1e ANaIRy Iumimaauqwéé’ml,aulmﬂuaamﬂgﬂﬂ%
wat 14 Acarbose uanuasgiu Tnefiqrsdueuluiuearinglading 86.87+0.66%

IANaNsIRaewmiNa WUl 4 fedhsiiunaula @ SPSF318BE, SPSF318CE,
SPSF224BE waw SPSF224CE lnefhatheia 4 ¢ w1annide 2 ¥iln fe SPSF318 way SPSF224 Fade
ﬁwﬁ”’aaaalﬂul,%aﬁwmju Penicillium sp. wiloufu Tneilesisans uondu 2 fegne fe dndiiu
ansanmu ethyl acetate P00 WNSIAUTE (broth, BE) wag duvesansaintuy ethyl acetate U949
waa (cell, CE)

Weniieg1aInansannnNes NGy Penicillium sp. (SPSF318) flgnsau toulesl
Inlswand Fadutagtunisfinviemansaianignsnalunisiueulediinadeu Trmnlaen
UBNINUUAIDE1NIINFIUYDIENTANTATY ethyl acetate vouwad (SPSF318CE) €3l gvanalun1g
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AUNSENLEU wazgvsAuduivnowaduziSaiu aetu Penicillium sp. (SPSF318) Fsunaula
Tunsihudsaiuusuna Weldlunisuenaisdifegfieangms (active compound) sialy

venaniudsfiansiegnaiiauladn 2 feghe fo SPSF224BE way SPSF224CE
doswndiqrddueulesiuoavnnglafinadii uasdiegieisaadldainideiieatu Ao Penicillium sp.
(SPSF228)  uavihethwaesdalgniiaiunisdunissnay  Tnghiluiviueadilinnaey
uananiu SPSF224CE aflgnianuiufivrowaduzsaimuuuiunan tnglddufivdewad Und
ety Penicillium sp. (SPSF224) Sufudnunilsegnsiauls Tunsiandeafinviina weldly
nsuenansdfaufieanau’ (active compound) dely

wmszaztulumsfneafidisamnsanvansadaiuiaula a1nwe Penicillium sp. 2
¥ln Ao SPSF318 uwaz SPSF224 #azilUdeaiindsuna ieldlunsuenaisddgieongws
(active compounds) Mstanwlu arnusell
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M1319% 4 wansaaeugysnIiInlessiuInasaiaiie s NAuNgldziag 31U 104 fiega

Screening activities

Anti-inflammatory activity
at 25 pg/ml

Cytotoxic activity

% Alpha- at 25 pg/ml % acetylcholine
% Tyrosinase Raw 264.7 cells
No. Extract glucosidase esterase
inhibition Human e
inhibition Nitric oxide Human L inhibition
at 20 pg/ml L Cytotoxic gingival
at 2 mg/ml inhibitory breast cancer . at 100 pg/ml
effect fibroblast
effect (MCF-7)
(HGF)

1. SPSFO01BE 9.23 +2381 43.95 + 3.65 35.39 + 3.57 -2.13£3.78 18.88 + 5.36 - 0
2. SPSFO02BE 41.42 + 3.61 27.80 = 3.73 43.63 + 2.78 0.94 + 1.30 59.42 + 4.08 - 6.98 + 4.03
3. SPSFO03BE -2.80 + 3.44 99.71 + 0.29 3773+ 222 1.26 + 4.89 11.24 + 5.36 - 0
4. SPSFO04BE 13.57 + 4.95 63.98 + 3.62 3222 + 4.55 0.46 + 3.48 9.90 + 5.97 - 3.88 + 3.50
5. SPSFO05BE 7.00 + 6.84 18.19 £ 4.00 | 108.64 +2.04 | 85.23 + 1.71 | 99.32+ 0.22 | 98.47 £ 0.87 12.94 + 0.68
6. SPSFO06BE 8.41 + 8.41 50.07 + 4.29 56.57 + 3.43 -2.94 + 2.90 38.63 + 2.57 - 14.51 + 2.03
7. SPSFOO7BE 295+ 324 100.20 £ 0.24 | 26.24 + 2.80 2.69 + 3.39 39.10 + 1.30 - 7.25 + 1.40
8. SPSFO08BE -2.99 £ 553 99.55 + 0.08 2342 £ 3.15 1.12+1.04 11.78 + 5.60 - 247 +3.24
9. SPSFO09BE 4591 + 7.53 99.75 + 0.27 33.71 £ 2.37 356 +1.95 -3.90 = 5.39 - 12.40 + 3.07
10. SPSFO010BE 30.14 + 2.16 7.18 + 5.33 2295+ 1.21 3.86 + 0.92 66.00 + 4.00 - 43.51 + 3.16
11. SPSFO011BE -10.14 + 4.46 60.27 + 2.15 67.69 +£4.72 | 219 + 2.64 58.51 £ 3.13 - 0
12. SPSF0012BE 5.86 + 6.54 100.56 £ 2.86 | 51.01 + 4.30 224 213 0.85 + 4.99 - 0
13. SPSF0013BE 11.64 + 1.62 70.74 £ 2.30 30.45 + 3.31 1.08 + 2.93 85.14 £ 2.70 | 79.49 + 0.49 82.50 £ 0.80
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a £ a X v 1 a & ° o | '
M13719N 4 Nami%ﬂaaquﬁ%’mmﬂﬂ‘wLuaﬂmumﬂmiaﬂﬂL"U’e]iﬂmﬂﬂuwﬂml,l,m U 104 $719819 (F1D)

Screening activities

Anti-inflammatory activity
at 25 pg/ml

Cytotoxic activity

. % Alpha- at 25 pyg/ml % Acetylcholine

% Tyrosinase Raw 264.7 cells

No. Extract L glucosidase esterase
inhibition R Human e
inhibition Nitric oxide Human inhibition
at 20 pg/ml L Cytotoxic gingival
at 2 mg/ml inhibitory breast cancer . at 100 pg/ml
effect fibroblast
effect (MCF-7)
(HGF)

14. SPSF0O28BE -2.21 + 6.37 99.71 £ 0.29 | 123.29 + 2.13 | 87.81 £ 0.76 | 92.18 £ 0.15 | 79.24 + 2.33 21.39 + 1.58
15. SPSF029BE 5.5+ 4.50 83.63 +1.89 | 12337 +2.04 | 78.21 +0.78 | 97.10 £ 0.18 | 89.02 + 3.92 3552 +1.89

10.00 + 3.96 68.62 + 7.05
16. SPSFO30BE 47.42 + 3.37 10.07 + 1.76 10.31 + 2.43 - 22.64 + 1.79

(0.5 mg/mL)

17. SPSF031BE 15.04 + 5.29 98.55 + 2.69 3587 + 1.76 11.89 + 1.02 34.92 + 2.62 - 18.69 + 3.74
18. SPSF032BE 13.65 + 1.57 98.05 + 0.63 21.25 + 0.86 11.99 + 1.75 12.00 + 4.68 - 2759 £ 3.23
19. SPSF033BE 564 +4.71 99.50 £ 0.09 | 124.72 + 2.27 | 76.14 + 1.16 | 87.49 £ 1.15 | 58.22 + 3.96 22.70 + 2.69
20. SPSFO34BE 350 = 1.26 91.26 + 0.65 28.02 + 2.88 14.27 + 2.50 4.43 + 1.57 - 49.12 + 2.94
21. SPSFO35BE -4.26 + 393 99.27 £ 0.34 35.93 + 3.06 14.53 + 2.47 7.98 £ 0.22 - 20.98 + 3.17

-18.95 + 2.99 97.61 + 28.28
22. SPSF037BE 19.86 + 2.06 22.80 + 2.69 74.12 + 1.64 43.65 + 1.19 2258 + 1.19

(1 mg/mL)

23. SPSFO39BE 55+ 4.60 76.91 + 0.55 31.88 +2.13 15.02 + 3.12 5.48 + 1.90 49.44 + 4.77 40.00 + 2.27
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M50 4 NaNINAEBUNENNTININLTBRUIINEN AT TIINAUNTAzLAY 311U 104 fee1a (6d)

Screening activities

Anti-inflammatory activity
at 25 pyg/ml

Cytotoxic activity

at 25 pug/ml ;
% Tyrosinase % Alpha- Raw 264.7 cells HS % Acetylcholine
No. Extract o glucosidase esterase
inhibition . Human Human .
inhibition Nitric oxide inhibition
at 20 pg/ml L Cytotoxic breast gingival
at 2 mg/ml inhibitory . at 100 pg/ml
effect cancer fibroblast
effect
(MCF-7) (HGF)

24. SPSF225CE 19.55 + 1.45 51.23 + 1.28 52.13 + 4.25 16.59 + 3.59 | 53.98 + 0.97 - 23.18 + 2.40
25. SPSF225BE 8.10 + 4.19 88.02 £ 1.71 -2.74 + 2.57 6.72 + 2.72 19.33 + 1.50 - 23.04 + 0.77
26. SPSF221CE 18.95 + 5.54 27.00 + 2.80 69.44 + 222 | 5479 + 163 | 86.15+ 1.03 | 5291 + 4.83 24.21 + 2.31
27. | SPSF221CH 30.18 + 3.91 18.90 + 1.20 78.33+1.48 | 59.95+3.02 | 89.21 + 1.18 | 67.73 + 3.85 28.84 + 0.30
28. SPSF221BE 22.19 + 3.03 89.86 £+ 455 | 81.60 + 1.59 | 41.67 +£1.99 | 34.61 +1.29 - 44.84 + 3.64
29. SPSF211CE 5.62 + 3.89 81.43 £ 3.26 43.32 + 5.68 17.42 + 2.90 7.63 + 1.68 - 31.95 + 1.35
30. SPSF211BE 6.45 + 2.87 101.26 + 1.73 | -26.87 +3.20 | 11.987 + 4.55 | 9.84 + 3.43 - 21.21 +1.85
31. SPSF234CE 8.10 + 4.19 100.32 £ 0.36 | 17.71 + 2.50 18.94 + 247 | 33.28 + 1.01 - 2291 + 217
32. SPSF234BE -1.22 + 3.08 99.97 £ 1.33 7.83 +2.73 13.57 +3.93 | 21.58 + 3.44 - 17.70 + 1.41
33. SPSF244CE 13.92 + 4.20 44.84 + 1.14 88.40 + 2.66 | 22.00 + 5.72 | 74.00 + 0.80 | 87.68 + 1.94 42.49 + 1.45
34. SPSF244BE 12.51 + 1.55 51.29 + 1.87 27.26 + 2.09 7.28 +0.22 16.22 + 3.81 - 32.85 + 2.44
35. | SPSF248CH 17.78 + 4.13 82.27 £ 2.24 41.81 + 189 0.01 £591 19.57 + 3.80 - 19.81 + 1.02
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M50 4 NaNINAEBUNENNTININLTBRUIINEN AT TIINAUNTAzLAY 311U 104 fee1a (6d)

Screening activities
Anti-inflammatory activity . .
Cytotoxic activity
at 25 pyg/ml
% Alpha- at 25 pg/ml % Acetylcholine
% Tyrosinase . Raw 264.7 cells
No. Extract o glucosidase esterase
inhibition Human
inhibition Nitric oxide . Human L inhibition
at 20 pg/ml L Cytotoxic gingival
at 2 mg/ml inhibitory breast cancer . at 100 pg/ml
effect fibroblast
effect (MCF-7)
(HGF)

36. SPSF248CE 6.23 + 3.60 69.61 + 0.79 95.63 + 232 | -4.28 +595 | 61.16 +1.78 - 25.12 + 2.71
37. SPSF248BE 4.15 +2.98 86.91 + 1.94 | 103.34 + 1.94 | 35.60 + 0.45 | 81.46 + 1.08 | 66.48 £ 4.04 18.23 + 1.25
38. SPSF236BE 24.43 + 5.01 61.00 + 2.34 4559 + 1.35 | 16.54 + 570 | 27.39 + 1.34 - 38.59 + 0.98
39. SPSF236CE 11.55 + 1.39 52.05 + 2.73 55.46 + 4.41 15.75 + 232 | 31.16 + 2.54 - 52.72 + 0.59
40. SPSF209CE -13.64 + 1.26 60.34 + 1.41 56.99 + 0.99 497 +5.9 2551 +1.83 - 35.74 £ 2.23
a1. SPSF209BE 6.51+1.71 84.76 + 2.89 30.29 + 510 | 1450 +298 | 19.36 + 1.96 - 27.04 + 1.38
a42. SPSF213BE 22.09 + 3.88 64.55 + 0.98 3273+ 266 | 11.35+ 1.45 1.12 +2.28 - 35.71 + 2.11
43, SPSF238CE 1.11 £ 0.89 54.05 + 1.68 48.16 £ 1.83 | 22.35+2.05 | 51.68 = 1.10 - 27.00 £ 0.55
a4, SPSF208BE 7.39 + 4.50 98.31 + 1.19 49.56 + 1.84 3.63 +3.35 30.30 + 3.79 - 7.94 + 0.84
45, SPSF208CE -3.78 + 2.84 56.45 + 2.57 87.78 + 4.80 | 47.18 £ 0.96 | 69.91 + 2.07 - 0+1.36
46. | SPSF208CH -3.25 £ 3.56 69.61 + 0.79 53.48 + 0.87 8.58 £+ 5.15 31.94 + 1.39 - 16.86 = 1.34
a7. SPSF226BE 0.46 + 4.19 86.91 +1.94 | 5537 +1.36 | 18.10+ 1.13 | 40.49 + 2.47 - 590 + 1.05
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M13197 4 NaNINAEBUNENINTININLTBRUIINEN AR TIINAUNTAzLAY 311U 104 fee1a (6B)

Screening activities
Anti-inflammatory activity . .
Cytotoxic activity
at 25 pyg/ml
% Alpha- at 25 pg/ml % Acetylcholine
% Tyrosinase Raw 264.7 cells
No. Extract T glucosidase esterase
inhibition Human
inhibition Nitric oxide . Human L inhibition
at 20 pg/ml L Cytotoxic gingival
at 2 mg/ml inhibitory breast cancer at 100 pg/ml
effect fibroblast
effect (MCF-7)
(HGF)

48. SPSF226CE 4.10 + 1.13 54.70 + 490 | 55.82 +2.54 5.38 + 2.55 28.49 + 1.82 - 25.60 + 1.61
49. | SPSF226CH 30.88 + 1.27 29.86 + 383 | 47.69 +1.43 | 16.99 + 1.99 30.81 + 1.64 - 8.85 + 2.47
50. SPSF227BE 11.61 + 2.77 5793+ 1.11 | 59.60 + 2.51 9.87 £ 3.11 3595 + 2.81 - 9.16 £ 2.13
51. SPSF227CE 507 £ 1.52 1855+ 0.16 | 79.97 £ 1.55 | 3.58 £ 0.07 43,53 + 1.70 - 44.20 + 0.22
52. SPSF240BE 36.63 + 1.88 93.63 £ 2.19 | 37.60 + 0.75 3.44 + 2.64 14.99 + 2.80 - 11.22 + 1.89
53. SPSF240CE 17.83 + 4.89 6257 + 385 | 68.24 £1.09 | 7.45+3.44 60.05 + 2.44 - 13.57 + 1.46
54. | SPSF240CH 11.70 + 3.53 7742 £ 469 | 84.38 +£2.40 | 16.16 + 2.69 67.47 = 1.55 - 15.57 + 2.67
55. SPSF310BE 0.29 + 3.10 119.00 £ 291 | 40.05 + 246 | -24.76 + 6.66 15.08 + 2.77 - 8.69 + 1.75
56. SPSF310CE 4.57 + 2.92 67.96 +2.27 | 71.33 +3.08 | -7.60 £ 7.98 20.42 + 1.30 - 3219 + 1.25
57. SPSF318BE 78.83 £ 2.72 53.42 + 151 | 53.16 + 1.44 2.73 + 2.20 21.58 + 2.80 - 13.09 + 2.56
58. SPSF318CE 72.45 £+ 3.55 53.04 + 1.44 | 84.00 +£ 2.30 | 18.05+ 1.50 | 84.27 + 1.10 | 60.82 + 4.86 2242 +1.93
59. SPSF325BE 26.81 + 4.71 100.00 £ 00 | 2583 + 1.72 4.16 + 1.89 70.96 + 4.20 | 45.06 + 2.13 21.27 + 1.46
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M13197 4 NaNINAEBUNENINTININTBRUIINEN AR TIINAUNTAzLAY 311U 104 fee1a (6B)

Screening activities

Anti-inflammatory activity
at 25 pg/ml

Cytotoxic activity

% Alpha- at 25 pg/ml % Acetylcholine
% Tyrosinase Raw 264.7 cells
No. Extract T glucosidase esterase
inhibition Human Human
inhibition Nitric oxide . L inhibition
at 20 pg/ml L Cytotoxic breast gingival
at 2 mg/ml inhibitory . at 100 pg/ml
effect cancer fibroblast
effect
(MCF-7) (HGF)

60. SPSF325CE 731 +3.17 100.00 + 00 25.98 + 3.36 17.27 £ 2.27 | 34.52 + 2.06 - 3239 £ 1.37
61. SPSF325CH 0.06 + 4.45 100.00 + 00 31.76 £ 6.15 2257 £1.83 | 17.53 £ 3.26 - 1891 + 3.91
62. SPSF329BE 12.26 + 3.79 86.27 £ 3.19 2753 +2.42 13.96 £ 3.06 | -2.60 + 1.63 - 37.64 + 3.91
63. SPSF329CE 5.28 £ 1.96 100.00 £ 00 -0.92 + 2.54 20.46 + 5.41 7868 + 1.47 28.13 + 1.49 21.06 + 2.21
64. SPSF329CH 2.02 + 4.68 100.00 £+ 00 10.69 = 1.47 35.15+4.35 | 55.29 +2.21 - 24.37 + 1.23
65. SPSF330BE 16.57 + 4.92 55.29 £ 2.57 6132+149 | 1657+ 197 | 36.87 +4.10 - 7.77 £0.52
66. SPSF330CE 3.29 + 2.62 98.49 + 1.23 37.64 + 1.56 11.59 £+ 1.39 | 15.18 + 1.16 - 11.31 £ 3.29
67. SPSF339BE 9.96+ 2.36 94.35 + 0.69 105.03 + 0.62 | 57.78 £ 2.05 | 85.23 + 0.23 | 73.88 £ 4.26 12.69 + 1.83
68. SPSF339CE 290+ 1.79 96.87 + 0.60 98.44 + 0.57 | 16.25+3.11 | 2443 + 2.10 - 26.65 + 0.63
69. SPSF339BT 458 + 2.58 51.24 £ 0.25 70.23 + 1.10 353 +2.59 | 78.80 + 1.50 | 88.84 + 3.20 5.05+293
70. SPSF358BE -5.49 + 1.99 59.77 + 3.95 9.41 + 1.05 9.31 + 0.86 10.20 + 1.39 - 0+3.71
T1. SPSF358CE 1.55 +0.82 98.90 + 3.72 28.65 + 1.01 522 +4.23 16.98 + 2.24 B 8.47 + 2.63
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M50 4 NaNINAEBUNENINTININTRRUIINEN AT TIINAUNTAzLAY 311U 104 feE1a (6d)

Screening activities
Anti-inflammatory activity . .
Cytotoxic activity
at 25 pg/ml
% Alpha- at 25 pg/ml % Acetylcholine
% Tyrosinase Raw 264.7 cells
No. Extract T glucosidase esterase
inhibition Human Human
inhibition Nitric oxide . L inhibition
at 20 pg/ml L Cytotoxic breast gingival
at 2 mg/ml inhibitory . at 100 pg/ml
effect cancer fibroblast
effect
(MCF-7) (HGF)

72. SPSF206CM 10.48 + 4.53 17.98 + 2.89 29.19 £330 | 20.58 +2.08 | 10.60 + 1.28 - 23.96 + 1.41
73. SPSF360BE 31.11 £ 297 32.08 £0.15 | 105.04 + 0.89 | 72.32 £0.71 | 97.33 £ 0.10 | 79.00 £ 0.96 36.34 + 1.59
74. SPSF360CH 24.38 + 1.71 13.12 + 4.26 | 105.22 £ 1.07 | 89.32 + 0.29 | 98.90 £ 0.20 | 105.42 + 0.96 16.35 + 2.04
75. SPSF360BT -34.93 + 2.96 64.63 + 1.57 3096 + 1.57 | 27.93 +1.43 6.74 + 1.61 - 8.12 + 2.36
76. SPSF206BE 27.18 £ 2.53 79.43 £ 1.19 | 66.72+1.47 | 1277 £ 251 | 47.12+1.08 - 43.62 = 1.75
7. SPSF209BT -24.20 + 1.87 27.98 +3.35 23.05 + 2.55 15.63 + 2.04 3.10 + 2.20 - 15.55 + 3.76
78. SPSF219BE -32.06 + 2.45 98.29 + 364 | 7242+ 129 | 892+ 1.74 | 61.34 +0.95 - 41.31 + 3.04
79. SPSF224BE 22.17 £ 1.54 104.83 + 340 | 76.13 +2.25 | 1584 £ 1.85 | 46.84 + 2.28 - 22.06 = 2.20
80. SPSF224CE -3.75 £ 1.68 100.00 £ 0.00 | 91.07 £ 2.32 | 22.83 £ 1.79 | 76.62 + 1.39 | -12.90 + 6.26 27.26 £ 0.91
81. SPSF227BT -7.96 + 1.62 91.04 + 0.19 21.39 + 3.31 17.16 + 2.36 0.29 + 1.10 - 22.28 + 1.96
82. SPSF234BT -47.56 + 2.36 7481 + 2.17 21.58 + 3.09 18.51 £ 254 | -590 + 1.40 - 14.08 + 1.32
83. SPSF241BE =247 £ 1.79 85.43 +0.48 | 6592+ 154 | 1148 +4.19 | 2265+ 2.12 - 30.34 + 2.06
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M13197 4 NaNINAEBUNENNTININLTBIRUIINEN AT TIINAUNTAzLAY 311U 104 feE1a (6d)

Screening activities

Anti-inflammatory activity
at 25 pyg/ml

Cytotoxic activity

% Alpha- at 25 pg/ml % Acetylcholine
% Tyrosinase Raw 264.7 cells
No. Extract T glucosidase esterase
inhibition Human
inhibition Nitric oxide . Human L inhibition
at 20 pg/ml L Cytotoxic gingival
at 2 mg/ml inhibitory breast cancer . at 100 pg/ml
effect fibroblast
effect (MCF-7)
(HGF)

84. SPSF250BE -4.19 + 2.30 103.70 £ 2.01 | 56.98 + 4.65 | 55.96 + 0.61 342 +1.73 - 15.02 + 1.87
85. SPSF304BE 22.76 + 2.35 84.80 £ 0.74 | 8298 £ 1.31 | 8.60 + 3.55 59.79 + 4.21 - 36.79 + 1.73
86. SPSF304CH -9.09 + 1.49 100.00 £ 0.00 | 9293 £ 2.39 | 17.96 + 2.27 69.50 + 1.85 - 27.77 + 261
87. SPSF304BT -3.05 + 1.46 5297 +£1.23 | 51.44 +3.15 | 20.26 = 1.69 6.56 £ 3.73 - 45.79 + 2.58
88. SPSF310BT 10.21 £ 1.15 84.37 £ 221 | 62.61 £ 1.34 | 20.82 + 3.09 11.83 + 4.56 - 23.94 + 2.56
89. SPSF312BE 35.05 = 2.55 85.73+£1.09 | 8523 +£2.13 | 1540 +2.22 | 86.36 £+ 0.88 | 75.16 + 4.30 27.86 + 2.51
90. SPSF312CE -22.36 + 3.58 79.36 £ 1.75 | 80.29 £ 5.31 | 26.00 £ 2.61 64.01 = 2.36 - 12.74 + 2.98
91. SPSF328BE 27.41 + 3.50 100.00 £ 0.00 | 38.77 + 2.39 4.96 + 3.75 31.69 + 4.20 - 23.60 + 2.27
92. SPSF347BE -1.02 + 4.21 77.16 £ 2.57 | 39.60 + 3.54 | 16.07 + 1.66 24.57 + 3.57 - 42.84 + 2.76
93. SPSF358BT 6.21 + 0.95 83.21 £ 335 | 2388 +273 | 10.81+1.03 -2.36 + 1.44 - 21.40 + 2.60
94. SPSFO38BE 23.12 + 4.82 36.72 + 1.52 | 29.12 + 2.91 15.58 + 1.68 3.40 + 3.60 - 40.55 + 2.57
95. SPSFO40BE -13.86 + 4.03 96.72 £ 0.82 | 36.10 + 4.11 18.17 + 0.53 527 +2.84 - 49.39 + 2.43




M13197 4 NaNINAEBUNENINTININLTRRUIINEN AT TIINAUNTAzLAY 311U 104 feE1a (6id)

Screening activities
Anti-inflammatory activity . .
Cytotoxic activity
at 25 pg/ml .
% Alpha- at 25 pg/ml % Acetylcholine
% Tyrosinase Raw 264.7 cells
No. Extract T glucosidase esterase
inhibition Human Human
inhibition Nitric oxide inhibition
at 20 pg/ml L Cytotoxic breast gingival
at 2 mg/ml inhibitory . at 100 pg/ml
effect cancer fibroblast
effect
(MCF-7) (HGF)
96. SPSFO42BE 2447 £ 191 66.24 + 4.05 91.71 £ 5.17 | 11.45+2.89 | 64.38 = 4.08 - 48.07 £ 2.85
97. SPSF043BE 24.49 + 2.73 96.87 £ 0.34 | 81.32+1.14 7.58 +£2.08 | 24.63 + 1.65 - 29.21 + 2.84
98. SPSFO44BE 18.04 + 2.63 61.11 +0.51 | 101.08 + 1.85 | 47.26 £ 2.26 | 75.90 £ 0.76 | 39.00 + 1.40 30.43 + 3.63
99. SPSFO45BE 58.04 + 1.46 82.56 + 0.96 47.38 + 2.42 14.09 + 3.07 | 19.99 + 2.34 - 20.51 + 1.46
100. SPSFO46BE 14.65 + 1.78 82.54 + 291 36.26 + 2.46 17.26 + 0.64 276 +4.27 - 24.83 + 2.52
101. SPSFO47BE 14.94 + 2.83 91.51+0.68 | 67.22+1.75 | 1586 +2.28 | 17.17 + 2.44 - 63.16 + 1.00
102. SPSFO48CE 5.05+0.22 88.92 + 1.42 45.87 + 2.66 15.37 + 1.10 1.48 + 1.96 - 43.15 + 2.94
103. SPSFO49BT 451 + 2.35 54.69 + 3.32 | 100.73 £ 2.93 | 16.54 £ 0.58 | 73.93 + 0.94 - 53.63 £ 0.43
104. SPSFO51BT 6.24 + 3.40 91.44 + 2.23 | 9585+ 358 | 47.76 £ 291 | 9554 + 3.12 | 93.34 £ 2.48 65.41 + 2.08

41




M13197 4 NaNINAEBUNENINTININTBRUIINEN AR TIINAUNTAzLAY 311U 104 feg1a (6id)

Screening activities

Anti-inflammatory activity
at 25 pyg/ml

Cytotoxic activity

% Alpha- at 25 pg/ml % Acetylcholine
% Tyrosinase . Raw 264.7 cells
No. Extract T glucosidase esterase
inhibition Human
inhibition Nitric oxide . Human L inhibition
at 20 pg/ml L Cytotoxic gingival
at 2 mg/ml inhibitory breast cancer . at 100 pg/ml
effect fibroblast
effect (MCF-7)
(HGF)
Acarbose 86.87 + 0.66 - - - - -
UInmm 98.82 + 3.97 - - - - - -
Std Kojic acid 75.46 + 1.80 - - - - - -
" | Camptothecin - - - - 94.01 £ 0.17 | 73.14 £ 3.63 -
Galantamine - - - - - - 97.69 + 0.95
Indomethacin - - 61.08 + 0.68 | 25.42 + 2.99 - - -
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ayUnan1sIdeuazUaLauaLuL

MnHanIsAnwIgEsTIn e AuESluAuBurisluiiuiing SwiausBna $1uu
104 frog1e Felszneusieasatinande Trichoderma sp., Aspergillus sp., Gongronella sp.,
Penicillium sp. 317U 4, 12, 2 uaz 83 feee MUSIFU wazdn 3 fegied vauziioliianange
figaiiondnuaiveadosld (unidentified) Tufudovfiala Tnevindiogns fenuaumagougysng
Fanm 5 o Tiun qrisdueuludivlsdiva Ghwarafiaundveuded) qrssueulsdiueanh
ngladina (Snwiuvnu) qrisiueuluiesdfiancdueawelsa (nwilsnausadey, Alzheimer’s
disease) gspaufufivsomaduzsaduy Gnwlsauad) uazgridunisdniay Gnwienis
DNLEUAN)

MNHaNIAGes WUl 3 fege Feldainide Penicillium sp. Sanssueulaiinls
Biuadin  @gvsdueuluilvlsdua > 50% favandudu 20 pe/ml) ldud  SPSFO318BE,
SPSF0318CE uwag SPSFO45BE (mimmgmﬁiﬂumiwmaauﬁjﬁa Uinvia  (water extract of
Artocarpus lakoocha) uag kojic acid Tasfigyisdueulssilvlsduawiity 98.82 + 3.97 uay
75.46 + 1.80% ANUA19U)

waeny 1 feghsdigrsiuevluiorifianedueamesaiin  (@qusiueuluies
Fianodueanelsd > 80% frududu 100 pug/m0) IéuA SPSFO13BE (Trichoderma sp.) (13
wesgwildlunsnageuiffio  Galantamine  figvsiueulesierdfianedueoanosa 97.69 +
0.95%)

wu 14 fegndgnienudufiviowasusiaiiug (MCF-7) 918 @enudufivae
waduz SuAuuaududy 25 ng/ml > 80%) lneldudetnainansanaiiosingy Penicillium
sp., Aspergillus sp. Wag Trichoderma sp. 971U 10, 3 kaz 1 AN ANEIRU Weat@g1y Nl
Nurawaduzisaiuy dmagauanuduivrewaaun® (Human gingival fibroblast (HGF)) wuin
Y I aa | ¢ a ' & a . Aa
yneguiifiwrsigaiunfiunnnit 20% (@suinsgiulunisnaaeuil Ae Camptothecin lngilfiuse
\wadNLSUAUIWINAY 94.01 £ 0.17% wazfiwsowadunid (HGF) 73.14 + 3.63%)

dmSugrisfunsdniau nan1smageuny 39 fegns avsdiunissniaudia (Fufans
W&4 nitric oxide 91 macrophage cell (RAW 264.7) finnnandudu 25 pe/ml > 60%) Inenfiu
ﬁaaﬂﬂamﬂmiaﬁ’mmﬂL%@iﬂﬂ&jm Penicillium sp. way Aspergillus sp. 97U 34 Wag 5 §19879
auddu Taeil 18 fregs Aififudewadfildnaaouunnnin 20% lunsmeaeugsiunssniay 19
Indomethacin tHuasunnssu nednvddunissniay 61.08 + 0.68 % uavilftusaiwadilimaaay
25.42 £ 2.99 %

dnfummegeugvsiueulesivearhnglafiiaa wu 62 fegne Nlgnadu oules
wearhngladwana @gvsdueuledueavhnglading fenududy 2 mg/ml > 70%) Tneidu
M8E19AINANTANAINRDIY NGY Penicillium sp., Aspergillus sp., Trichoderma sp. Wag
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Gongronella sp. 31U 54, 4, 2 uag 2 fvg1e auasu Tunsmvegeugradmueuleiveaningle
Huna 19 Acarbose Luansuinsgiu Wnedgvsiueulesduearnglafing 86.87 + 0.66%

INHANTVARDITIINA WU 4 fegafiinaula Ae SPSF318BE, SPSF318CE,
SPSF224BE way SPSF224CE Tmesnaeeii 4 f 3o 2 vl Ao SPSF318 way SPSF224 &4
L%jaiwﬁ'qaauﬂul,%jaimfju Penicillium sp. wilouiu lnsiliesiades uondu 2 fedrs fe duil
Suansaiai ethyl acetate Y80 WNTABUTD (broth, BE) uay diuveasarindy ethyl acetate
vougad (cell, CE)

\He9neEg1991nansainaINesINgy Penicillium sp. (SPSF318) Hgmisdnuioulas]
Inls@wans Feludagdunmsfnyiiemansanaiiignanatunisinueulesifnaniden Trmilaein
uoNINUUFIDE19INdIUTRIANTAATY ethyl acetate Wouwaa (SPSF318CE) 631 qnaNAlunIs
£ (% £ [ a 1 '3 < 4 (% gj oy = [l
Aunsonay wazgrsanuduiivsowaduzdusiuy Gy Penicillium sp. (SPSF318) Fsunaula
TunsihudsaiuUsuna wisldlunisienansdifgyieangns (active compound) sialy

uananiudsiansiegnaiiiauledn 2 feg1s Mo SPSF224BE uay SPSF224CE
dHosndiqrisuoulesiuoarnglefinadid uazdogsisaadldnndaieatu fe Penicillium sp.
(SPSF228)  uazshetreiiaesdaflgrsiimunmsdumsdniay Taglidufviumedilivasaoy
uana iy SPSF224CE Saflgusmnuufivdeivadussasununans Tngliduiviowad Und
sathu Penicillium sp. (SPSF224) Faludnuitsfregreiivnanle lumsthundeaiudiune ieldly
mmsmmiﬁwﬁ’zyﬁaaﬂqwé (active compound) faly

WSIzaziuINMsAnwIAsItisIa@snsanvansanaminaula anle Penicillium sp. 2

¥l Aa SPSF318 war SPSF224 fasinlUdeaiinusuna ieldlunisuenaisdrdgiosngns

(active compounds) nsFINlulAsINsadusely (15915 BeAUTENOUMIAATILAZA VBN
FINMYDIANTANATDI) INAUBUMSTIUNUING FanTausEia)

atls  91nNavedlaTINIsioinnlasan1sll  (IA59N1509AYTENBUNLATILAZVENIY
~ o & a a =~ & A v W a s o =% a SLv
Finmwesansaindesn nAudursdluiuing Jamiausisna) Wetr SPSF318 Fadlgnaenu
wulwdlvls@iuans war SPSF224 Fellgvzsueuledueaingladioa A dsduunviingaunsd
Ingld Molecular method wui1 SPSF318 Wuliies1viin Aspergillus flavus (F361991nHANSANA
dnwauzn1e morphology WuAIAI1 SPSF318 Wuesiluana Penicillium) dwiu SPSF224 1uie

1R Penicillium maximae
Togagunudn Auiing  dwdausdg  Juuwnasiasianuidesfigndni@ninis
FatiuiunaananIiennuinaula Magldduunas@nenedfua1sansIsueIa Laglawizn1TIans

Tminanusathuwaunusidunuy (lead compound) Tunisshwilsasnsgsaly

guassadAglun1sfnwinduiesine msiigatienanualviiavendesn ewinnisld
dnwauzn13 morphology 81anamnGou fadly molecular method Fulwisndeldaneroutiegs
mnldinallaillunsiigaiiendnualidesnein  Jwidgmeenisldnisiigadiendnualiiasiu
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Taansld morphology wagiilefiwesiunaula Nagfnwise whesdudursinueuiasdnasilay
1514 molecular method teanflddglun1siigailiondnualvedtiosManaunnIgIsang 7
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[

mnews): NITeTullaaiuimeunsianumavIMsiunsasseauuui lugiuteya Web of
Science 2 aUu (n1ARWIN) Gail:

- Dej-adisai, S.*, Basow, N., Wattanapiromsakul, C., Nuankaew, W., Kang, T.H. (2021) Effect of
isolated soil fungi from Sirindhorn Peat Swamp Forest Narathiwat province, Thailand

on tyrosinase enzyme and melanin content. Chiang Mai Journal of Science, 48(1): 27-
a1.

- Dej-adisai, S.*, Kaewchutima, N., Wattanapiromsakul, C. & Phoopha, S. (2021) Biological
activities and chemical profiles of selected soil fungi isolated from Sirindhorn Peat

Swamp Forest of Narathiwat, Thailand. Sains Malaysiana. 50(9): 2563-2577.
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ABSTRACT

Tyrosinase is the most important enzyme that can approach towards controlling melanin
production for hyperpigmentation treatment. The 104 samples were extracted from 54 fungi which
were isolated from organic soil at Sirindhorn peat swamp forest, Narathiwat province, Thailand. They
were screened on tyrosinase inhibition. From the results, four samples as SPSF318BE, SPSFO11BE,
SPSF318CE and SPSF045BE showed the potent tyrosinase inhibitory activity with more than
50% at 20 pg/ml. Their tyrosinase inhibitions were 78.8312.72%, 75.80£2.65%, 72.45%3.55% and
58.0411.46%, respectively. While positive controls as the water extract of _Artocarpus lakoocha wood
and kojic acid could inhibit this enzyme with 94.26+0.65% and 80.1810.84%, respectively. The most
active sample was selected for further study, the fungus SPSF318 was identified by using molecular
method as Aspergillus flavus. The crude extracts of A. flavus were evaluated for inhibition of cellular
tyrosinase, melanin synthesis on B16F1 melanoma cells, pigmentation inhibitory effects on zebrafish,
antioxidant and anti-microbial activities against Staphylococcus anrens, methicillin-resistant Staphylococens
anreus IMRSA), Staphylococcus epidermidis, Pseudomonas aeruginosa and Escherichia coli. In addition, A. flavus
has to further study of chemical constituents in order to figure out the active compound which
might be the lead compound for whitening agent. Therefore, isolated soil fungi in this area could be
considered as good sources of various bioactive natural products, especially, to identify new inhibitor
with drug-like properties on tyrosinase enzyme activity.

Keywords: fungal extracts, biological activities, anti-tyrosinase activity, Aspergillus flavus, Sirindhorn

Peat Swamp Forest

1. INTRODUCTION

Human skin color occurs from the epidermis ~ in protecting the skin against harmful effects
where the pigment producing cells, melanocytes, from ultraviolet (UV) and oxidative stress from
produce melanin [1]. Melanin plays a crucial role various environmental pollutants [2]. However, the
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accumulation of melanin in keratinocyte due to
the overexpression of tyrosinase leads to various
dermatological disorders such as melasma, age
spots, and sites of actinic damage [3]. Fungi are
universal sources of various bioactive metabolites.
A number of these fungal metabolites have found
significant commercial medicinal success, such as
penicillin, cyclosporine, and lovastatin [4-5]. Duting
recent years, many new secondary metabolites
have been reported, and several compounds
exhibited interesting biological activities such
as anti-bacterial, anti-malarial, anti-oxidant, and
anti-proliferation against NCI-H187 and KB
cells, COX-2 inhibitory, cytotoxic against HL.-60,
BEL-7402 and A-549 cell lines, and HMG-CoA
reductase inhibitory activities [6-7]. In addition,
many tyrosinase inhibitors were isolated from fungi
for example kojic acid. This compound could be
produced by species of Penicillinm and Aspergillus
[8]. 6B-Hydroxytibolone and 108-hydroxy-4-
tibolone were isolated from Rhizopus stolonifer
while paecilomycones A, B and C were isolated
trom Paecilomyces gunnii [9]. Thus, to seek the
anti-tyrosinase inhibitor from fungi is interesting
to provide a new source of active compounds
from nature to treat pigmentation disorder. This
study was initiated to screen the anti-tyrosinase,
anti-inflammatory, and cytotoxic activity against
human breast adenocarcinoma, human gingival
fibroblasts cells and anti-acetylcholinesterase of
104 crude extracts from fifty-four isolate cultures
which classified into two genera based on their
morphology. The crude extracts which showed
potential effects were selected for further study in
B16F1 melanoma cells, intracellular anti-tyrosinase
activity and melanin content. In addition, their
pigmentation inhibitory effects on zebrafish
were studied.

2. MATERIALS AND METHODS
2.1 Fungal Material

Soil fungi were isolated from Sirindhorn peat
swamp forest’s organic soil in Narathiwat Province,
Thailand. The genus of these fungi was identified

Chiang Mati J. Sci. 2021; 48(1)

by morphological characteristics and deposited
at the Department of Microbiology, Faculty
of Science, Prince of Songkla University. The
most effective sample on anti-tyrosinase activity
screening tests was further identified the species
by molecular method appertaining to an analysis
of their ITS sequences by BIOTEC, Thailand.

2.2 Culture Conditions and Extractions

The soil fungi were cultured on potato dextrose
agar incubated at 25 °C for 5 days. Five pieces of
mycelial agar plugs were inoculated into flasks that
contained 250 ml potato dextrose broth (PDB;
per liter involved potato water, 200 ml, distilled
water, 800 ml, and glucose, 20 g) incubated for
3 weeks. Broth media were filtered to divide the
broth media and mycelia cell and most of them
were extracted with ethyl acetate [Table 1]. All
broth media from selected fungus were extracted
with ethyl acetate and were divided into two parts
which were broth ethyl acetate (BE) and broth
water (BW) after evaporation until they were dried
using a rotary evaporator. The mycelia cells were
macerated with methanol for two days, after that
the methanol layer was partition with hexane to
obtained hexane extract (CH). Then the remaining
methanol layer after discharged the hexane part
was further partition with ethyl acetate to obtain
two extracts as methanol extract (CM) and ethyl
acetate extract (CE). Finally, all extracts were
evaporated until dried and were kept at 4°C until
examination.

2.3 Biological Activity Assays
2.3.1Determination of tyrosinase inhibition
and melanin content
2.3.1.1 Extracellular experiment: anti-tyrosinase
activity

The anti-tyrosinase activity was evaluated
according to Dej-adisai ez 2/ 2014 [10] using the
dopachrome method with L-Dopa as a substrate.
All samples were dissolved in dimethyl sulfoxide
(DMSO). The reaction mixture (200 pl) contained
with 140 pl of phosphate buffer (20 mM, pH 6.8),
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Table 1. Tyrosinase inhibitory activity at concentration 20 pg/ml of fungal extracts from Sirindhorn

Peat Swamp Forest Nature Research and Study Center Narathiwat province, Thailand.

Fungal Fungal identification % Tyrosinase inhibition
No. isolate Sample code* by morphological +SD
number characteristics at concentration 20 pg/ml
1. SPSF001 SPSFO01BE Trichoderma sp. 9.23%2.81
2. SPSF002 SPSFO02BE Unidentified species 41.421%3.61
3. SPSF003 SPSFO03BE Aspergillus sp. -2.80%3.44
4. SPSF004 SPSF004BE Unidentified species 13.57£4.95
5. SPSF005 SPSFO05BE Aspergillus sp. 7.00£6.84
6. SPSF006 SPSFO06BE Unidentified species 8.41+8.41
7. SPSF007 SPSFO07BE Gongronella sp. 2.95£3.24
8. SPSF008 SPSFOO8BE Gongronella sp. -2.9945.53
9 SPSF009 SPSFO09BE Aspergillus sp. 45.91%7.53
10. SPSF010 SPSFO10BE Trichoderma sp. 30.14+2.16
11. SPSFO011 SPSF011BE Penicillium sp. 75.80%2.65
12. SPSF012 SPSF012BE Trichoderma sp. 5.86£6.54
13. SPSF013 SPSF013BE Trichoderma sp. 11.64%1.62
14. SPSF028 SPSF028BE Penicillinm sp. -2.21£6.37
15. SPSF029 SPSF029BE Penicillinm sp. 5.5£4.50
16. SPSF030 SPSF030BE Penicillinm sp. 10.00£3.96
17. SPSF031 SPSF031BE Penicillinm sp. 15.04%5.29
18. SPSF032 SPSF032BE Penicillinm sp. 13.65%1.57
19. SPSF033 SPSF033BE Penicillinm sp. 5.64%4.71
20 SPSF034 SPSF034BE Penicillinm sp. 3.50£1.26
21. SPSF035 SPSF035BE Penicillinm sp. -4.26£3.93
22 SPSF037 SPSF037BE Penicillinm sp. -18.95£2.99
23. SPSF038 SPSF038BE Penicillinm sp. 23.12+4.82
24. SPSF039 SPSF039BE Penicillinm sp. 5.5%4.60
25. SPSF040 SPSF040BE Penicillinm sp. -13.86%4.03
26. SPSF042 SPSF042BE Penicillinm sp. 24.47+1.91
27. SPSF043 SPSF043BE Penicillinm sp. 24.4912.73
28. SPSF044 SPSF044BE Penicillinm sp. 18.04%2.63
29. SPSF045 SPSF045BE Penicillium sp. 58.04%1.46
30. SPSF046 SPSF046BE Penicillinm sp. 14.65£1.78
31. SPSF047 SPSF047BE Penicillinm sp. 14.94+2.83
32. SPSF048 SPSF048CE Penicillinm sp. 5.05+0.22

*

BE = Broth ethyl acetate extract; BW = Broth water extract;
CE = Cell ethyl acetate extract; CH = Cell hexane extract; CM = Cell methanol extract.
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Table 1. (Continued).
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Fungal Fungal identification % Tyrosinase inhibition
No. isolate Sample code* by morphological + SD
number characteristics at concentration 20 pg/ml

33. SPSF049 SPSF049BW Penicillium sp. 4.51£2.35
34. SPSF051 SPSF051BW Penicillium sp. 6.241+3.40
35. SPSF206 SPSF206CM Penicillium sp. 10.48%+4.53
36. SPSF206 SPSF206BE Penicillinm sp. 27.18%2.53
37. SPSF208 SPSF208BE Aspergillus sp. 7.3914.50
38. SPSF208 SPSF208CE Aspergillus sp. -3.78+2.84
39. SPSF208 SPSF208CH Aspergillus sp. -3.25+3.56
40. SPSF209 SPSF209CE Penicillinm sp. -13.64%1.26
41. SPSF209 SPSF209BE Penicilliun sp. 6.51£1.71
42. SPSF209 SPSF209BW Penicillinm sp. -24.20£1.87
43. SPSF211 SPSF211CE Penicilliunm sp. 5.62%3.89
44. SPSF211 SPSF211BE Penicilliun sp. 6.4512.87
45. SPSF213 SPSF213BE Penicilliunm sp. 22.09%3.88
46. SPSF219 SPSF219BE Penicillinm sp. -32.06%2.45
47. SPSF221 SPSF221CE Penicilliun sp. 18.95+5.54
48. SPSF221 SPSF221CH Penicillium sp. 30.18£3.91
49. SPSF221 SPSF221BE Penicillinm sp. 22.19%3.03
50. SPSF224 SPSF224BE Penicillinm sp. 22.17£1.54
51. SPSF224 SPSF224CE Penicillinm sp. -3.75+1.68
52. SPSF225 SPSF225CE Penicillinm sp. 19.55%+1.45
53. SPSF225 SPSF225BE Penicillinm sp. 8.10x4.19
54. SPSF226 SPSF226BE Penicillinm sp. 0.46£4.19
55. SPSF226 SPSF226CE Penicillinm sp. 4.10£1.13
56. SPSF226 SPSF226CH Penicillinm sp. 30.88£1.27
57. SPSF227 SPSF227BE Penicillinm sp. 11.61£2.77
58. SPSF227 SPSF227CE Penicillinm sp. 5.07£1.52
59. SPSF227 SPSF227BW Penicillinm sp. -7.96£1.62
60. SPSF243 SPSF234CE Penicillinm sp. 8.10£4.19
61. SPSF234 SPSF234BE Penicillinm sp. -1.22+3.08
62. SPSF234 SPSF234BW Penicillinm sp. -47.5612.36
03. SPSF236 SPSF236BE Penicillinm sp. 24.43%5.01
64 SPSF236 SPSF236CE Penicillinm sp. 11.55%1.39
05. SPSF238 SPSF238CE Penicillinm sp. 1.11£0.89

*

BE = Broth ethyl acetate extract; BW = Broth water extract;
CE = Cell ethyl acetate extract; CH = Cell hexane extract; CM = Cell methanol extract.
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Table 1. (Continued).
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Fungal Fungal identification % Tyrosinase inhibition
No. isolate Sample code* by morphological + SD
number characteristics at concentration 20 pg/ml

66. SPSF240 SPSF240BE Penicillinm sp. 36.6311.88
67. SPSF240 SPSF240CE Penicillinm sp. 17.83+4.89
68. SPSF240 SPSF240CH Penicillinm sp. 11.70+3.53
69. SPSF241 SPSF241BE Penicillinm sp. -2.47+1.79
70. SPSF244 SPSF244CE Penicillinm sp. 13.92+4.20
71. SPSF244 SPSF244BE Penicillinm sp. 12.51+1.55
72. SPSF248 SPSF248CH Penicillinm sp. 17.78 £4.13
73. SPSF248 SPSF248CE Penicillinm sp. 6.23£3.60
74. SPSF248 SPSEF248BE Penicillinm sp. 4.15+2.98
75 SPSF250 SPSEF250BE Penicillinm sp. -4.19+2.30
76. SPSF304 SPSF304BE Penicillinm sp. 22.76+2.35
77. SPSF304 SPSF304CH Penicillinm sp. -9.09£1.49
78. SPSF304 SPSF304BW Penicillinm sp. -3.05%1.46
79. SPSF310 SPSF310BE Penicillinm sp. 0.291+3.10
80. SPSF310 SPSF310CE Penicillinm sp. 4.5712.92
81. SPSF310 SPSF310BW Penicillinm sp. 10.21£1.15
82. SPSEF312 SPSF312BE Penicillinm sp. 35.05%+2.55
83. SPSF312 SPSF312CE Penicillinm sp. -22.36%3.58
84. SPSF318 SPSF318BE Aspergillus sp. 78.83+2.72
85. SPSF318 SPSF318CE Aspergillus sp. 72.45+3.55
86. SPSF325 SPSF325BE Penicillinm sp. 26.81+4.71
87. SPSF325 SPSF325CE Penicillinm sp. 7.31£3.17
88. SPSF325 SPSF325CH Penicillinm sp. 0.06+4.45
89. SPSF328 SPSF328BE Penicillinm sp. 27.41£3.50
90. SPSF329 SPSE329BE Penicillinm sp. 12.26+3.79
91. SPSF329 SPSFE329CE Penicillinm sp. 5.28%1.96
92. SPSF329 SPSF329CH Penicillinm sp. 2.0214.68
93. SPSF330 SPSF330BE Aspergillus sp. 16.57+4.92
94. SPSF330 SPSF330CE Aspergillus sp. 3.29+2.62
95. SPSF339 SPSF339BE Penicillinm sp. 9.96+2.36
96. SPSF339 SPSF339CE Penicillinm sp. 2.90£1.79
97. SPSF339 SPSF339BW Penicillinm sp. 4.58%2.58
98. SPSF347 SPSE347BE Penicillinm sp. -1.02£4.21

*

BE = Broth ethyl acetate extract; BW = Broth water extract;
CE = Cell ethyl acetate extract; CH = Cell hexane extract; CM = Cell methanol extract.
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Table 1. (Continued).
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Fungal Fungal identification % Tyrosinase inhibition
No. isolate Sample code* by morphological +SD
number characteristics at concentration 20 pg/ml
99. SPSF358 SPSF358BW Penicillium sp. 6.21+0.95
100. SPSF358 SPSF358BE Penicillinm sp. -5.49+1.99
101. SPSF358 SPSF358CE Penicillinm sp. 1.55%0.82
102. SPSF360 SPSF360BE Aspergillus sp. 31.11£2.97
103. SPSF360 SPSF360CH Aspergillus sp. 24.38%1.71
104. SPSF360 SPSF360BW Aspergillus sp. -34.93£2.96
Std. - A. lakoocha Positive standard 80.18 £ 0.84
Std. - Kojic acid Positive standard 94.26 £ 0.65

*  BE = Broth ethyl acetate extract; BW = Broth water extract;
CE = Cell ethyl acetate extract; CH = Cell hexane extract; CM = Cell methanol extract.

20 wl of 20 pg/ml fungal extract solution, 20 pl
of tyrosinase solution (Sigma-Aldrich, Germany;
203.30 units/ml) and 20 pl of L-Dopa solution
(0.85 mM). After the addition of L.-Dopa, the
reaction was immediately monitored at 492 nm
by microplate reader for dopachrome formation
in the reaction. Kojic acid (Fluka, Sigma-Aldrich,
Germany) and water extract of Artocarpus lakoocha
wood were utilized as an anti-tyrosinase standards
for comparison.

2.3.1.2 Cell culture experiments

B16F1 murine melanoma cells were cultured
in DMEM with 10% w/v fetal bovine serum in a
humidified atmosphere containing 5% CO, in air
at 37°C. When cells obtained 70-80% confluence,
cell viability, cellular tyrosinase activity and melanin

content were measured [11-13].

2.3.1.2.1 Determination of cell viability

Cell viability was evaluated by sulforhodamine
B (SRB) assay [14-15] with slight modification.
The B16F1 melanoma cells (5 X 10” cells/well)
were seeded in a 96-well plate for 24 h. On the
next day, the cells were treated with test samples.
After 48 h incubation, cells were fixed with 10%
trichloroacetic acid and kept at 4°C. After 1 h., cells

were stained with 0.45% SRB. Then, 10 mM Tris
base was added onto the strained cells, and after
that the SRB color was dissolved by shaking. The
absorbance was determined at 492 nm. DMSO
0.5% was used as a negative control in this study.

2.3.1.2.2 Intracellular anti-tyrosinase activity
and melanin content assays

B16F1 melanoma cells were seeded in
12 well plates (3 X 10’ cells/well) and incubated
at 37°C for 12 h. Then, cells were treated with test
samples, after 48 h incubation, cells were lysed
with radioimmunoprecipitation assay buffer (RIPA
buffer) and centrifuged 14,000 rpm for 20 min
(4°C) to separate the supernatant.

Intracellular anti-tyrosinase activity

Cellular tyrosinase activity was determined by
the Bradford method using bovine serum albumin
as standard. The supernatant of lysate cells and
2 mg/ml L-Dopa in phosphate-buffered saline
were added to 96-well plate. The mixture was
incubated at 25°C for 1 h, and the absorbance
was measured at 492 nm.

Melanin content
Cells were dissolved with 1 M NaOH and
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incubated at 55°C for 1 h. and the absotbance
was determined at 475 nm using microplate
reader. Anti-melanin activity was expressed by the
percentage of melanin content in crude extracts
to that of untreated melanoma cells. Arbutin and
kojic acid, a widely used whitening agent, were
used as references.

2.3.1.3 In vivo study: Pigmentation inhibitory
activity on zebrafish

Zebrafish was used to evaluate the
pigmentation inhibitory effect. Briefly, embryos at
9 h postfertilization (hpf) were collected in 96-well
plates, 20 embryos/well, filled with 0.03% sea salt
solution 100 pl/well and each sample solution.
25 uM 1-phenyl-2-thiourea (PTU) was used as
a positive control. Phenotype-based evaluations
of body pigmentation were carried out at 72 hpf,
after embryos hatched, the larvae were put on
glass slides and embedded using 2% low melting
agarose. The dorsal view of the zebrafish fry was
photographed, and the size of black spots in the
head-dorsal region at 81 hpf was measured [16-17].

2.3.2 Anti-microbial assay

The agar disc diffusion method was used to
determine the anti-microbial activity [18-19]. The
samples were dissolved in DMSO and diluted to
achieve a concentration of 200 mg/mlL (2 mg/
disc). The positive controls (antibiotics) included
oxacillin (1 ug/disc) for testing of Staphylococcus anrens,
Staphylococcus epidermidis and Propionibacterium acnes,
notrfloxacin (10 ug/disc) for Pseudomonas aernginosa,
vancomycin (30 pg/disc) for methicillin-resistant
Staphylococens anrens (MRSA), amphotericin B (25
pg/disc) for Candida albicans and ketoconazole
(25 pg/disc) for testing of Trichophyton rubrum and
Trichaphyton mentagrophytes and Microsporum gypseun.

2.3.3 Antioxidant activity (DPPH radical
scavenging assay)

DPPH is a consistent free radical which has
a blue color that could measure the absorbance
at 515 nm. In the presence of antioxidant, it was
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reduced to diphenyl-8-picrylhydrazine which is
yellow in color. The DPPH radical scavenging
assay estimates the capability of samples to donate
hydrogen or scavenge free radicals by evaluating
the absorption change spectrophotometrically
[20-21]. 2 ml of stock solution was added into
a vial, mixed well with 2 ml of 6x10° M DPPH
and incubated for 20 min. 2 ml of stock solution
and ethanol were mixed and used as blank. 2 ml
of 6x10° M DPPH and ethanol were mixed and
used as control. Measurement of absorbance at
520 nm using UV-vis spectrophotometers and the
percentage of antioxidant activity was calculated
by following equation 1:

% inhibition = | OD blank — OD control

X 100

OD blank

Equation 1

2.4 Determination of Chemical Contents
2.4.1Determination of total phenolic content

Total phenolic content was evaluated using
Folin-Ciocalteau method with some modifications
[22]. The different concentrations of gallic acid
(4 - 80 pg/ml) were used to provide the standard
curve. 100 pl of each sample concentration was
added into the vial. Then it was oxidized with
500 pl Folin-Ciocalteu reagent, and incubated
for 3 minutes. The reaction was started by adding
sodium carbonate (400 ul, 75 g/1) and the mixture
was incubated in the datk at room temperature
for 30 min until it was measured the absorbance
at 765 nm. Total phenolic content was expressed
as gallic acid equivalent (GAE)/g dry weight of
sample by extrapolation of the gallic acid standard
curve. The total phenolic content (mg/g) could
be calculated by the following equation 2:

T =C X DF x (V/W)
Equation 2

T :Total phenolic content (mg/g)
C : The concentration of sample by
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extrapolation from the gallic acid standard
curve (ug/ml).

DF : Dilution factor (50)

V' : Volume of the extract solution (ul)
W : Weight of sample (mg)

2.4.2 Determination of total flavonoid content

Total flavonoid was evaluated by Aluminum
Chloride Colorimetric method [23]. 5 mg of
quercetin was dissolved in 80 % ethanol and
then diluted to 20, 40, 50, 80 and 100 ug/ml. The
diluted standard solutions 500 pl were separately
mixed with 1,500 ul of 95 % ethanol, 100 ul of
10% aluminum chloride, 100 pl of 1M potassium
acetate and 2,800 ul of distilled water. After 30
minutes, the absorbance was measured at 415
nm against a blank. The total flavonoid content
was evaluated by using a standard curve from
quercetin (20 - 100 pg/ml). The results showed
in mg quercetin equivalent (QE)/g dry weight
of sample.

3. RESULTS AND DISCUSSION
3.1 Bioactivities of Soil Fungal Extracts

104 crude extracts from 54 fungi, consisting
of Penicillium sp. (38 isolates), Aspergillus sp.
(7 isolates), Trichoderma sp. (4 isolates), Gongronella
sp. (21isolates) and unidentified species (3 isolates)
of fungi were screened on tyrosianse inhibition.
From the results, four samples as SPSF318BE,
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SPSF011BE, SPSF318CE and SPSF045BE showed
the potent tyrosinase inhibition with more than
50% at 20 pg/ml. Their tyrosinase inhibitions
were as 78.83%2.72%, 75.8012.65%, 72.45£3.55%
and 58.041+1.46%, respectively. The ethyl acetate
extracts from broth (BE) and mycelia (CE) of
isolate SPSF318 displayed strong anti-tyrosinase
activity (as shown in Table 1). Thus, the crude
extracts of SPSF318 were selected for further study
on biological activities for anti-hyperpigmentation
by determination of tyrosinase inhibition and
melanin content via iz vitro and #n vive studies.

3.2 Identification of the Selected Fungus

The fungus SPSF318 was isolated in pure
culture from organic soil. The colony was green,
granular, velvety, and had a white peripheral
apron. The microscopic observation of the isolate
revealed unbranched conidiophores arising from
foot cells. The conidiophores were enlarged at the
tip forming vesicle, and the vesicle was completely
covered with phialides [Figure 1]. Based on these
motphological and microscopic observations such
as the color and margin of the colonies, structure
of hyphae, and conidiophores, the isolate SPSF318
was as species of Aspergillus.

The fungus SPSF 318 was further identified
based on an analysis of their ITS sequences by
BIOTEC, Thailand. The genomic DNA was
extracted from mycelia and sequencing of the

Figure 1. Morphological characteristics of the selected fungus, SFSF318, on PDA (A. Dorsal view,

B. Ventral view, C. Microscopic characteristics).
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ACCTGCGGAAGGATCATTACCGAGTGTAGGGTTCCTAGCGAGCCCAACCTCCCACCCGTGTTTACTGTACCTTAGTTG
CTTCGGCGGGCCCGCCATTCGTGGCCGCCGGGGGCTCTCAGCCCCGGGCCCGCGCCCGCCGGAGACACCACGAACTCT
GTCTGATCTAGTGAAGTCTGAGTTGATTGTATCGCAATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCAT
CGATGAAGAACGCAGCGAAATGCGATAACTAGTGTGAATTGCAGAATTCCGTGAATCATCGAGTCTTTGAACGCACAT
TGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCATCAAGCACGGCTTGTGTGTTGGGTC
GTCGTCCCCTCTCCGGGGGGGACGGGCCCCAAAGGCAGCGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTG
TCACCCGCTCTGTAGGCCCGGCCGGCGCTTGCCGAACGCAAATCAATCTTTTTCCAGGTTGACCTCGGATCAGGTAGG

GATACCCGCTGAACTTAAGCATATCAATAAG

Figure 2. Nucleotide region of ITS rDNA; Nucleotide sequence (5’ -> 3’) of SPSF318.

Table 2. Tyrosinase inhibitory activity of SPSF318 crude extracts at 20 pg/ml.

No. Crude extracts Sample code % Tyrosinase inhibition £ SD
1. Broth ethyl acetate BE 78.83 £ 2.72
2. Broth water BW 48.33 £ 2.32
3. Cell ethyl acetate CE 72.45 £ 3.55
4. Cell hexane CH -11.98 £ 1.23
5. Cell methanol CM -9.10 £ 1.28
Std. A. lakoocha Positive standard 80.18 £ 0.84
Std. Kojic acid Positive standard 94.26 £ 0.65

tDNA ITS fragment, it showed 100 % similarity
with the members of the genus Aspergil/us. The
nucleotide sequence data of SPSF318 [Figure 2],
belongs to Aspergillus flavus .

3.3 Anti-tyrosinase Activity of SPSF318 Crude
Extracts

Inhibitory effects of five crude extracts; BE,
CE, CH, CM and BW on mushroom tyrosinase
activity is illustrated in Table 2. Ata concentration
of 20 pg/ml, BE could inhibit tyrosinase enzyme
as 78.83 & 2.72% while the positive controls, kojic
acid and water extract of Artocarpus lakoochawood,
could inhibit this enzyme with 80.18 * 0.84% and
94.26 * 0.65%, respectively.

3.4 Cytotoxicity Effect of SPSF318 Crude
Extracts

The cell viability was determined by SRB
assay. The results showed that BE, BW and CM
crude extracts of A. flavus were not considered

cytotoxic after incubation of pigmented B1611
melanoma cells. More than 80% of the cells were
still viable at a dose 200 pg/ml. While CE and CH
cell viability was more than 80% at concentrations
of 50 pg/ml. At the same time, viable cells were
decreased at 0.50% of DMSO which was used

as a negative control.

3.5 Intracellular Anti-tyrosinase Activity and
Melanin Content

The inhibitory effect of crude extracts was
evaluated at nontoxic doses; 200 pg/ml excluding
CE and CH were prepated at 50 pg/ml. After
the incubation of pigmented melanoma B16F1
cells with all sample extracts, the supernatant
was measured anti-tyrosinase activity. The results
showed that the extracts from SPSF318 exhibited
the significant reduction in cellular tyrosinase
activity; furthermore, CH at 50 pg/ml showed
tyrosinase inhibition as 52.15 = 1.88 % while
BE showed 66.18 £ 1.35% at 200 pg/ml. The
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inhibition of tyrosinase enzyme led to a reduction
in the number of melanin content as the results
showed when they were compared with control
that was without tyrosinase inhibition [Figure 3].

3.6 Pigmentation Inhibitory Activity on
Zebrafish

Depigmentation effect of crude extracts from
SPSF318 was observed on zebrafish embryos by
measuring the size of the black spots. The results
showed that at a concentration of 200 pg/ml
crude extracts appeared significantly reduced
pigmentation comparing with the untreated group
[Figure 4a-4b] except CE and CH which showed
toxicity to zebrafish embryos by the detection
of coagulation of fertilize eggs, lack of somite
formation, lack of detachment of the tail, and
lack of heartbeat.

3.7 Anti-microbial Activity
Five crude extracts from SPSF318 were
evaluated for their anti-microbial activity. The
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results found that BE, CE and BW had anti-bacterial
effect against gram-positive bacteria as shown in
Table 3. The BE showed strong inhibitory effect
against S. aurens, MRSA, S. epidermidis, P. aeruginosa
and E. co/f with inhibition zone 13.75 £ 0.70, 10.85
+ 2.00, 15.10 £ 0.74, 18.50 = 0.10 and 14.65 £
0.29 mm, respectively.

3.8 Antioxidant Activity

All five crude extracts showed some degree
of antioxidant activity [Table 4]. The percentages
of DPPH radical scavenging effect of each sample
ranged from 2.40 % to 97.30 %. The BW showed
the highest scavenging effect (97.30 %), followed
by BE, CE, CH, and CM, respectively.

3.9 Chemical Contents
3.9.1 Total phenolic content

In this study, total phenolic content in SPSF318
crude extracts was evaluated by the Folin-Ciocalteu
procedure, quantified using a standard curve of
gallic acid. Total phenolic content of SPSF318

*
*
*

% %k %k %k
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s % %\: N\
CE BW
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Figure 3. The effects of SPSF318 crude extracts on intracellular anti-tyrosinase activity and melanin

content on B16F1 melanoma cells. BE = Broth ethyl acetate extract; CE = Cell ethyl acetate extract;
CH = Cell hexane extract; CM = Cell methanol extract; BW = Broth water extract. Arbutin and Kojic

acid = positive controls.

Data were expressed as mean T standard deviation from three independent experiments. *P < 0.05,
*P < 0.01 and **P < 0.001 compared to the untreated control.
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Figure 4. Pigmentation inhibitory effects on Zebrafish.

a. PTU (phenylthiourea) was used as positive control. Crude extracts from SPSF318: BE = Broth
ethyl acetate extract; CE = Cell ethyl acetate extract; CH = Cell hexane extract; CM = Cell methanol
extract; BW = Broth water extract. Data are expressed as mean T standard deviation from three
independent experiments. *P < 0.05, **P < 0.01 and ***P < 0.001 indicate a significant difference
from the control group

b. Effect of melanogenic inhibitors on pigmentation in zebrafish embryos. Zebrafish pigmentation
was evaluated using a microscope. (A) = A control group; untreated zebrafish embryos; (B) = PTU
(phenylthiourea) as a positive control; (C, D, and E) = BE, CM and BW extracts of SPSF318; respectively.
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Table 3. Anti-microbial activity of SPSF318 crude extracts at 2 mg/disc by agar disc diffusion method.

Inhibition zone (mm)

Microbes

S;jﬁ‘g‘gid BE BW CE cH ™M

Gram positive bacteria

S. anrens 23.0510.85 13.75£0.70 13.50£0.85 8.4510.86 - -
MRSA 22.3510.40 10.85£2.00 11.8511.48 10.65£0.90 - -

S. epidermidis 22.3510.40 15.10£0.74 14.60£1.08 - - 11.55£0.98
P, acnes 38.80%0.35 - 9.40£0.60 - - -
Gram negative bacteria

P. aernginosa 29.55+0.40 18.50£0.10 - 8.30%0.75 - -

E. coli 23.30%0.45 14.65£0.29 19.20£0.10 8.15%0.75 - -

* Standard drugs: Norfloxacin for P. aeruginosa and E. coli, concentration 10 pg/disc. Oxacillin for S. anreus, S. epidermidis and
P. aenes, concentration 1 pg/disc. Vancomycin for MRSA, concentration 30 pug/disc. BE = Broth ethyl acetate extract; BW
= Broth water extract; CE = Cell ethyl acetate extract; CH = Cell hexane extract; CM = Cell methanol extract.

Table 4. DPPH radical scavenging activity of SPSF318 crude extracts.

No. Sample Scavenging effect (%) at 100 pg/ml
1. BE 35.28%3.65
2 BW 97.37+1.88
3. CE 28.45£5.92
4 CH 6.47£3.61
5 CM 2.40114.65
Positive standard Ascorbic acid 116.14 £ 0.76

BE = Broth ethyl acetate extract; BW = Broth water extract; CE = Cell ethyl acetate extract; CH = Cell hexane extract; CM

= Cell methanol extract.

crude extracts was shown in Figure 5 which
ranged from 508.46mg GAE/g to 12.88 mg
GAE/g. The maximum value of total phenolic
content was observed to be 508.46mg GAE/g
of broth ethyl acetate (BE) and minimum value
was demonstrated in the methanol extract of cell

(CM) as 12.88mg GAE/g

3.9.2 Total flavonoid content

In this study, total flavonoid content was
quantified by the aluminum chloride colorimetric
assay; the total flavonoid content of the extracts
was calculated using a quercetin standard curve.

The flavonoid content of BW was observed to
be highest, that is 23.40 mg QE/g [Figure 0]
whereas the flavonoid content in CE, CM, CH
and BE was 17.44 £ 1.18,16.62 £ 1.00, 10.53 *+
1.26, and 4.73 £ 0.84, respectively.

Since, crude extracts of A. flavus SPSF318
showed the potent tyrosinase inhibitory activity
against tyrosinase enzyme both enzymatic and
cellular assays. They also exhibited the inhibition
of melanin synthesis on B16F1 melanoma cells.
Incidentally, they also significantly reduced
pigmentation on zebrafish. Aspergilus sp. is the
fungal genus of greatest interesting for study
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Figure 5. Total phenolic content (mg GAE/g) of five crude extracts from SPSF318.
BE = Broth ethyl acetate extract; CE = Cell ethyl acetate extract; CH = Cell hexane extract;
CM = Cell methanol extract; BW = Broth water extract.
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Figure 6.Total flavonoids content (mg QE/g) of five crude extracts from SPSF318.
BE = Broth ethyl acetate extract; CE = Cell ethyl acetate extract; CH = Cell hexane extract;
CM = Cell methanol extract; BW = Broth water extract.
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on biological activities, especially anti-tyrosinase
activity because the members of this family have
long been known to produce phenolic compounds
of various structural types [15]. Since various
reports have shown a close relationship between
anti-tyrosinase activity and total phenolic content
[24] then Aspergillus sp. will the good choice for
further study in order to figure out the active
compound to be the anti-hyperpigment agent.

4. CONCLUSIONS

A total of 104 crude extracts from 54 fungi,
consisting of Penicillium sp., Aspergillus sp.,
Trichoderma sp., Gongronella sp. and unidentified
fungal species were evaluated the biological activity
on tyrosinase inhibition. The most active sample
as SPSF318 was selected for further study. Then,
the SPSF318 was identified by molecular method
as Aspergillus flavus. A. flavus extracts showed high
potential activity against tyrosinase enzyme on both
intracellular and extracellular enzymatic assays by
significantly reduced pigmentation on zebrafish.
Furthermore, they showed moderate potential
effect on antioxidant and antibacterial activities.
Thus, A. flavus is potential fungus for further
study of chemical constituents in order to figure
out the active compound which might be the lead
compound for whitening agent.

In addition, SPSF011BE and SPSF045BE
which were identified by morphology as Penicillinn
sp. also exhibited tyrosinase inhibition. So, they are
interesting for further study to seek the bioactive
compounds from these species deeply. Therefore,
fungal extracts isolated from organic soil in this
area could be considered as good sources of
various bioactive natural products, especially, to
identify new inhibitor with drug-like properties
on tyrosinase enzyme activity.
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Biological Activities and Chemical Profiles of Selected Soil Fungi Isolated from

Sirindhorn Peat Swamp Forest of Narathiwat, Thailand
(Aktiviti Biologi dan Profil Kimia Kulat Tanah Terpilih yang Dipencilkan dari Hutan Paya Gambut Sirindhorn di

Narathiwat, Thailand)
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ABSTRACT

A total of 54 soil fungi were collected from Sirindhorn peat swamp forest in Narathiwat Province which is the last peat
swamp forests in Thailand. They were extracted using four different solvents and 104 crude extracts were obtained.
The bioactivity screening of these samples was done employing alpha-glucosidase inhibition, anti-inflammation using
nitric oxide inhibition and cytotoxicity using cancer cell line (MCF-7). The results showed that SPSF224 crude
extract had the best biological activities in the screening tests and was then selected for further study. The SPSF224 was
identified as Penicillium maximae. The crude extracts of P. maximae were determined for chemical profile, IC, value
of alpha-glucosidase inhibition, antioxidant and antimicrobial activities against Staphylococcus aureus, Trichophyton
mentagrophytes, and T. rubrum. This was the first report of chemical investigation and biological activity evaluation
of P. maximae.

Keywords: Alpha-glucosidase inhibition, antidiabetic; anti-microbial; antioxidant, Penicillium maximae

ABSTRAK

Sebanyak 54 kulat tanah telah dikumpulkan daripada hutan paya gambut Sirindhorn di Wilayah Narathiwat yang
merupakan hutan paya gambut terakhir di Thailand. Kesemuanya diekstrak menggunakan empat pelarut yang
berbeza dan 104 ekstrak kasar diperoleh. Penyaringan bioaktiviti sampel ini dilakukan dengan menggunakan aktiviti
perencatan alfa-glukosidase, anti-radang menggunakan perencatan nitrik oksida dan sitotoksisita menggunakan titisan
sel kanser (MCF-7). Hasil kajian menunjukkan bahawa ekstrak kasar SPSF224 mempunyai aktiviti biologi terbaik
dalam ujian saringan dan kemudian dipilih untuk kajian lebih lanjut. SPSF224 dikenal pasti sebagai Penicillium
maximae. Ekstrak kasar P. maximae ditentukan untuk profil kimia, nilai IC,, perencatan alfa-glukosidase, aktiviti
antioksida dan antimikrob terhadap Staphylococcus aureus, Trichophyton mentagrophytes dan T. rubrum. Ini

adalah laporan pertama penyelidikan kimia dan penilaian aktiviti biologi P. maximae.

Kata kunci: Antidiabetik, antimikrob; antioksidan; Penicillium maximae,; perencatan alfa-glukosidase

INTRODUCTION be increased to 629 million by 2045 (WHO 2019). The
Bureau of Non-Communicable Diseases, Ministry of
Public Health, Thailand showed the statistics of diabetic
patients per 100,000 population per year in Thailand in
2007 and 2015 were 500,347 and 802,017, respectively
(Bureau of NCD 2019).

Diabetes mellitus (DM) is a group of metabolic diseases
characterised by hyperglycemia due to the lack of
insulin secretion, action or both. DM is a major non-
communicable disease or NCDs in the world. The number
of people with diabetes worldwide between the ages of
20 and 79 in 2017 was 425 million peoples and will
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A defect in insulin production is the primary cause
of rising blood sugar levels. Alpha-glucosidase enzyme
is a key enzyme located at the brush border of the small
intestine used for delaying blood glucose absorption
which hydrolyses 1, 4 alpha-glycosidase bonds in the
terminal position of the polysaccharide chain (Gao et al.
2008). The complex carbohydrates in the lumen of the
small intestine have to be broken up by alpha-glucosidase
before the resulting glucose molecules can be taken
up and finally reach the bloodstream. Postprandial
hyperglycemia can be improved by inhibition of small
intestinal alpha-glucosidase activity (Hakamata et al.
2009). The drugs currently being used for hyperglycemia
treatment by alpha-glucosidase inhibitory mechanism
include miglitol (Kalra 2014), voglibose (Horii et al. 1986)
and acarbose (Bischoff 1994) which have been initially
isolated from microorganisms.

It is well known that long term DM is often
associated with secondary complications due to over
production of free radicals and malfunction of antioxidant
process giving rise to increasing oxidative stress. From
previous clinical studies, the results of antioxidant
treatments showed that they could improve symptoms of
diabetic polyneuropathy and increased glucose transport
in skeletal muscle cells. The report also presented that
the intake of antioxidant could reduce the risk of
development on type 2 DM (Scott & King 2004).

Moreover, DM patients are susceptible to be
infected with pathogens such as Staphylococcus aureus,
S. epidermidis, Mycobacterium tuberculosis, and
Streptococcus pneumoniae because their immune
systems are weak (Casqueiro & Alves 2012). Therefore,
combination treatment with antioxidant and antibacterial
agents could help to improve DM treatment effectively
(Fuchs et al. 2013). The antimicrobial effects of some
of active ingredients of Penicillium species including
griseofulvin, is one of antifungal antibiotics currently
used for systematic fungal infection treatment which was
isolated from P. griseofulvum (MacMillan 1954).

Fungi are found in a variety of habitats such as soil,
associated with plants, water, associated with other fungi
and ruminant guts (Dighton & White 2017). Secondary
metabolites produced by fungi usually show inhibitory
or toxicity effects on other organisms. Accordingly,
fungal metabolites have been developed to be used in
pharmaceuticals (Shwab & Keller 2008) due to their
antibacterial, antifungal, anticancer (Zhao et al. 2013),
anti-inflammatory (Deshmukh et al. 2009), antioxidant

(Sadananda et al. 2014) and cytotoxic activities (Turbyville
et al. 2000).

Peat swamp forests are tropical moist forests and
they create a thick layer of acid soil (Thawai 2004) with
high relative biodiversity and humidity (Boonyuen et
al. 2012). The microbes living in this area can survive
in this harsh environment. The Sirindhorn Peat Swamp
Forest Nature Research and Study Centre is located in
one of the last remaining peat swamp forests in Thailand.
This forest area is reported to spread over 224 square
kilometers (ORDPB 2019). Preliminary study showed
that various fungi such as Aspergillus sp., Penicillium
sp., Trichoderma sp., and Gongronella sp. have been
isolated from soil obtained from Sirindhorn peat swamp
forest. Pharmacological activities of these fungi such
as antifungal (Wang et al. 2012), cytotoxic, insecticide
(Rukachaisirikul et al. 2013), antibacterial (Cazar et al.
2005), antioxidant (Trisuwan et al. 2011), antimalarial
and anticancer (Trisuwan et al. 2014) have been reported.
This study aimed to search for the active substances
for antidiabetic activity from fungi isolated from the
soil of Sirindhorn peat swamp forest by assessing
alpha-glucosidase inhibitory efficacy. The effective
compound or extract could serve as a lead substance for
further development of anti-diabetic drug. Additionally,
bioactivity screening of alpha-glucosidase inhibition,
antiinflammation and cytotoxicity of the fungal crude
extracts from Sirindhorn peat swamp forest are herewith
reported.

MATERIALS AND METHODS

FUNGAL MATERIALS

The 54 soil fungi were collected from Sirindhorn peat
swamp forest, Narathiwat, Thailand. They were isolated
by the researchers from Department of Microbiology,
Faculty of Science, Prince of Songkla University,
Songkhla, Thailand. The isolated fungi were cultivated
and extracted using four different solvents to obtain 104
sample extracts which were then screened for bioactivity
determination. The bioactivity screening performed on
these samples were alpha-glucosidase inhibition, anti-
inflammation (nitric oxide inhibition) and cytotoxicity
using cancer cell line (MCF-7).

DETERMINATION OF ALPHA-GLUCOSIDASE INHIBITORY
ACTIVITY

This assay was modified from previously reported



protocol using colorimetric method in 96-well plate (Dej-
adisai & Pitakbut 2015). Samples (2 mg/mL) were added
to 50 uL of 10 mM phosphate buffer solution (pH7),
which contained 2 mg/mL of bovine serum albumin and
0.2 mg/mL of sodium azide, and then incubated at 37 °C
for 2 min with 50 pL of a-glucosidase enzyme (1 unit/
mL). The result of a-glucosidase inhibition activity was
processed using the following equations:

A Absorbance at 405 nm
A Time

Velocity =

o V control-V sample
% Inhibition = ¥ control x 100
contro

DETERMINATION OF ANTI-INFLAMMATORY ACTIVITY

Inhibitory effect on nitric oxide (NO) production by the
104 fungal extracts (25 pg/mL) were carried out using
RAW264.7 cells following Dej-adisai et al. (2018).
NO production was determined by measuring the
accumulation of nitrite in the culture supernatant using
the Griess reagent. The reagent consisted of N-(1-
naphthalenediamine) and sulfanilic acid. Under acidic
conditions, sulfanilic acid (sulfanilamide) was converted
by nitrite to a diazonium salt. N-(1-naphthalenediamine)
was added into diazonium salt to form a colored azo dye
(red-pink color). The optical density was measured with
a 570 nm using microplate reader. L-nitroarginine (L-NA),
indomethacin and caffeic acid phenethyl ester (CAPE)
were used as positive controls.

DETERMINATION OF CYTOTOXIC ACTIVITY

Cytotoxic activity against human cancer cells for 104
fungal extract samples (25 pg/mL) were determined by
performing sulforhodamine B (SRB) colorimetric assay.
SRB assay was used for measuring the cellular protein
content using two of the sulfonic groups to bind to basic
amino acid in the cell under mild acid condition, which
show pink color. Human cancer cells (human breast
carcinoma cell line (MCF-7)) and a human normal cell
(human gingival fibroblast cell line (HGF)) were used
for cytotoxicity test. Camptothecin was used as a positive
control. The experiment was tested in 96 well plates and
detected using microplate reader at wavelength 492 nm
(Dej-adisai et al. 2018).
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FUNGAL IDENTIFICATION

Fifty-four soiled fungi were collected from Sirindhorn
peat swamp forest in Narathiwat Province which is the
last peat swamp forests in Thailand. They were extracted
by 4 different solvents and obtained 104 crude extracts.
The bioactivity screening of the 104 crude extracts
showed that SPSF224 crude extract had the best biological
activities. SPSF224 was selected for further species
identification which was performed by Leibniz-Institut
DSMZ-Deutsche Sammlungvon Mikroorganismen
und Zellkulturen GmbH, Germany. The fungus was
subjected to DNA extraction and sequencing of the
rDNA ITS fragment (Schoch et al. 2012). Additionally,
we amplified and sequenced the large subunit of rDNA
(LSU) and partial calmodulin gene (Visagie et al. 2013).
The fungus rDNA-ITS fragment showed two different
operons and was therefore not useful for identification.
Comparison of assembled calmodulin sequences was
performed with GenBank, Myco ID and various databases
as well as with the type species of Penicillium maximae
(GenBank Accession: KC773821). P. maximae belongs
to the section Sclerotiora within the genus Penicillium
(Visagie et al. 2014).

FUNGAL FERMENTATION AND EXTRACTION OF SPSF224

SPSF224 was grown on potato dextrose agar (PDA) at
25 °C for five days. Five pieces of 0.5 x 0.5 cm? mycelial
agar plugs were inoculated into 500 mL Erlenmeyer
flasks containing 300 mL of PDA at room temperature for
21 days. The fungal culture (60 L) was filtered to separate
into wet mycelia and the filtrate. The filtrated broth was
transferred to a separatory funnel and the same volume of
ethyl acetate was added each time. The organic layer was
evaporated to dry under reduced pressure to provide
broth ethyl acetate extract, BE (red-brown paste, 5.77 g).
The fungal mycelium was soaked for 3 days in methanol.
The MeOH layer was concentrated by an evaporator
and added to 150 mL of distilled water. The mixture was
then shaken with 500 mL of hexane. The aqueous layer
was extracted three times with an equal volume of ethyl
acetate and then evaporated to obtain cell hexane extract,
CH (yellow-brown paste, 1.35 g), cell ethyl acetate extract,
CE (red-brown paste, 2.47 g) and cell methanol extract,
CM (black-brown paste, 3.59 g). Then these extracts from
SPSF224 were further studied for chemical profiling and
biological activities.
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FUNGAL PURIFICATION

The extract from SPSF224 BE (5.767 g) was loaded
onto the quick column by dry-loading technique. Then,
a gradient solvent system as a mobile phase was eluted
through the column with a mixture of hexane, ethyl
acetate, methanol and water from 100:0:0:0 to 0:50:40:10
to yield 19 subfractions F1 to F19. F12 (0.972 g) was
further purified using classical column chromatographic
technique. The separation was carried out using a
mixture of chloroform and methanol from 100:0 to 50:50
to obtain 11 subfractions. F12-8 (0.121 g) was loaded on
the surface of Sephadex® LH-20 column chromatography
using methanol as eluent to produce 8 fractions. F12-
8-8 (68 mg) was purified by Sephadex® LH-20 column
chromatography. The same elution protocol was repeated
giving 7 subfractions. Fraction F12-8-8-4 was isolated
and determined as semi-purified PM1 (30.2 mg).

GAS CHROMATOGRAPHY-MASS SPECTROMETRY

Gas Chromatography-Mass Spectrometer (GC-MS)
(5977A Series GC/MSD System, Agilent Technologies,
USA) was used to analyse the crude extracts. The samples
were chromatographed on capillary columns, size 30
m x 250 pm % 0.25 pm. One microliter of extract was
injected into an injector at 70 °C and held for 3 min. The
temperature was increased by 15 °C/min until it reached
200 °C without holding. It was then increased with a
program rate of 3 °C/min to 300 °C and was held for 10
min. The identification of the components in the extract
was carried out by comparison of their retention time and
mass spectral fragmentation pattern with those stored in
the computer library.

CHEMICAL SCREENING

The extracts from SPSF224 were further studied for its
chemical profile by identification of the presence of
tannin, alkaloids, steroid, triterpenoid, cardiac glycoside,
saponin, anthraquinone, coumarin, and flavonoid. The
chemical screening tests were performed according to
previously reported methods (Farnsworth 1966; Harborne
1984; Trease & Evans 1983) with some modifications.

DETERMINATION OF TOTAL PHENOLIC CONTENT (TPC)

Total phenolic content of P. maximae extracts was
estimated using the Folin-Ciocalteu colorimetric assay
according to the method of Singleton and Rossi (1965)
with some modifications. Stock solutions of samples and

standard (gallic acid) at the concentration of 5 mg/mL were
dissolved in absolute ethanol. Total phenolic contents were
obtained from regression equation Y= 0.0101X + 0.0111
with R? value of 0.999 and expressed as mg/g gallic acid

equivalent using the equation below:
cxDFxV

Total phenolic content (mg/g) = w

where C is the concentration of gallic acid (ng/mL);
DF is the dilution factor; V is the volume of fungal extract
(mL); and W is the weight of fungal extract (mg).

DETERMINATION OF TOTAL FLAVONOID CONTENT

The total flavonoid content of P. maximae extracts
was determined by aluminum chloride colorimetric
method as described by Chang et al. (2002) with some
modifications. The sample (500 pL of 1 mg/mL) was mixed
well with 1.5 mL of 95% ethanol, 100 pL of 10% AICI,,
100 pL of 1M CH,COOK and 2.8 mL of distilled water.
Five varying concentrations of quercetin were used in
preparing the standard curve. Regression equation of the
curve, Y=0.0033X+0.0072 with R? value of 0.999 was
obtained. The equation was used to calculate the quercetin
contentin 1 g of sample (mg quercetin equivalence (QE)/g
of sample).

DETERMINATION OF ANTIOXIDANT ACTIVITY

The radical scavenging activity of the various extracts
of P. maximae were determined using 2,2-diphenyl-1-
picrylhydrazil free radical scavenging assay. The samples
(200 pg/mL) or 2 mL of 200 pg/mL quercetin were mixed
well with 2 mL of 6x10° M DPPH. Ethanol was used as
blank. The mixtures were incubated for 20 min in the
dark. Measurement of absorbance at 520 nm was done
using UV-vis spectrometers and percentage of antioxidant
activity was calculated using the following equation:

ODcontrol-0ODsample
ODcontrol

% inhibition = ( ) x 100

DETERMINATION OF ANTIMICROBIAL ACTIVITY

The preliminary screening of antimicrobial activity was
carried out using the agar disc diffusion assay (Lorian
2005). Staphylococcus aureus (ATTC 25923), S. epidermis
(TISTR 517), Propionibacterium acnes (DMTS 14916)
and Methicillin-resistant S. aureus (MRSA 13501106)
were selected for Gram positive bacteria. Escherichia



coli (ATCC35218) and Pseudomonas aeruginosa
(ATCC10145) were selected for Gram negative bacteria.
Candida albicans (TISTR 5779) was selected for yeast
and Microsporum gypseum, Trichophyton rubrum, and
T. mentagrophytes were selected for fungi. Five fungal
extracts of SPSF224 were dissolved in DMSO and
diluted to achieve a concentration of 200 pg/mL and
then 10 pL of samples were dropped on the sterile paper
disc. All test plates were incubated for 24 h at 37 °C for
bacteria, 24 to 48 h at 35 °C for yeast and 7 days at 30
°C for fungi. The appearance of zone of inhibition on the
plates was measured in diameter (mm).
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RESULTS AND DISCUSSION

BIOACTIVITY DETERMINATION OF FUNGAL EXTRACTS

Actotal of 104 crude extract samples from 54 fungi collected
from Sirindhorn peat swamp forest were determined for
their biological activities as anti-alpha-glucosidase, anti-
inflammatory and cytotoxic (Table 1). Thirty-eight samples
showed anti-alpha-glucosidase activity of over 90%
inhibition. Only two samples showed potential effects of
anti-inflammatory and cytotoxic activities at 25 pug/mL
which SPSF224BE and SPSF224CE. Hence, SPSF224 was

selected for further studies.

TABLE 1.Bioactivity determination of 104 fungal extracts

Anti-alpha-glucosidase

Anti-inflammation

(% inhibition)

Cytotoxicity on MCF-7

No. Extract activity — -
Nitric oxide ‘ (% inhibition)
(% inhibition) S Cytotoxic effect
inhibition

1. SPSF001BE 43.95+3.65 35.39+3.57 -2.13+£3.78 18.88+5.36
2. SPSF002BE 27.80+3.73 43.63+2.78 0.94+1.30 59.42+4.08
3 SPSF003BE 99.71+0.29 37.73+£2.22 1.26+4.89 11.24+5.36
4. SPSF004BE 63.98+3.62 32.22+4.55 0.46+3.48 9.90+5.97
5. SPSF005BE 18.19+4.00 108.64+2.04 85.23+1.71 99.32+0.22
6. SPSF006BE 50.07+4.29 56.57+3.43 -2.94+2.90 38.63+2.57
7. SPSFO07BE 100.20+0.24 26.24+2.80 2.69+3.39 39.10+1.30
8. SPSF008BE 99.55+0.08 23.42+3.15 1.12+1.04 11.78+5.60
9. SPSF009BE 99.75+0.27 33.71+£2.37 3.56+1.95 -3.90+5.39
10. SPSF010BE 7.1845.33 22.95+1.21 3.86+0.92 66.00+4.00
I1. SPSF001BE 43.95+3.65 35.39+3.57 -2.13+£3.78 18.88+5.36
12. SPSF012BE 100.56+2.86 51.01+4.30 2.24+2.13 0.85+4.99
13. SPSF013BE 70.74+2.30 30.45+3.31 1.08+2.93 85.14+2.70
14. SPSF028BE 99.71+0.29 123.29+2.13 87.81+0.76 92.18+0.15
15. SPSF029BE 83.63+1.89 123.37+2.04 78.21+0.78 97.10+0.18
16. SPSF030BE 68.62+7.05* 47.42+3.37 10.07+1.76 10.31+2.43
17. SPSF031BE 98.55+2.69 35.87+1.76 11.89+1.02 34.92+2.62
18. SPSF032BE 98.05+0.63 21.25+0.86 11.99+1.75 12.00+4.68
19. SPSF033BE 99.50+0.09 124.72+2.27 76.14x1.16 87.49+1.15
20. SPSF034BE 91.26+0.65 28.02+2.88 14.2742.50 4.43+1.57
21. SPSF035BE 99.27+0.34 35.93+3.06 14.53+£2.47 7.98+0.22
22. SPSF037BE 97.61+2.82%* 19.86+2.06 22.80+2.69 74.12+1.64
23. SPSF038BE 36.72+1.52 29.12+2.91 15.58+1.68 3.4043.60
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24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

SPSF039BE
SPSF040BE
SPSF042BE
SPSF043BE
SPSF044BE
SPSF045BE
SPSF046BE
SPSF047BE
SPSF048CE
SPSF049BW
SPSFO51BW
SPSF206CM
SPSF206BE
SPSF208BE
SPSF208CE
SPSF208CH
SPSF209CE
SPSF209BE
SPSF209BW
SPSF211CE
SPSF211BE
SPSF213BE
SPSF219BE
SPSF221CE
SPSF221CH
SPSF221BE
SPSF224BE
SPSF224CE
SPSF225CE
SPSF225BE
SPSF226BE
SPSF226CE
SPSF226CH
SPSF227BE
SPSF227CE
SPSF227BW
SPSF234CE
SPSF234BE
SPSF234BW
SPSF236BE
SPSF236CE
SPSF238CE
SPSF240BE
SPSF240CE

76.91+0.55
96.72+0.82
66.24+4.05
96.87+0.34
61.11+0.51
82.56+0.96
82.54+2.91
91.51+0.68
88.92+1.42
54.69+3.32
91.44+2.23
17.98+2.89
79.43+1.19
98.31£1.19
56.45+2.57
69.61+0.79
60.34+1.41
84.76+2.89
27.98+3.35
81.43+3.26
101.26+1.73
64.55+0.98
98.29+3.64
27.00+2.80
18.90+1.20
89.86+4.55
104.83+3.40
100.00+00
51.23+1.28
88.02+1.71
86.91+£1.94
54.70+4.90
29.86+3.83
57.93+1.11
18.55+0.16
91.04+0.19
100.32+0.36
99.97+1.33
74.81+2.17
61.00+2.34
52.05+2.73
54.05+1.68
93.63+2.19
62.57+3.85

31.88+2.13
36.10+4.11
91.71£5.17
81.32+1.14
101.08+1.85
47.38+2.42
36.26+2.46
67.22+1.75
45.87+2.66
100.73+2.93
95.85+3.58
29.19+£3.30
66.72+1.47
49.56+1.84
87.78+4.80
53.48+0.87
56.99+0.99
30.29+5.10
23.05£2.55
43.32+5.68
-26.87+3.20
32.73+2.66
72.42+1.29
69.4442.22
78.33+1.48
81.60+1.59
76.13+£2.25
91.07+£2.32
52.13+4.25
-2.74£2.57
55.37+1.36
55.82+2.54
47.69+1.43
59.60+2.51
79.97+1.55
21.39+3.31
17.71£2.50
7.83£2.73
21.58+3.09
45.59+1.35
55.46+4.41
48.16+1.83
37.60+0.75
68.24+1.09

15.0243.12
18.17+0.53
11.45+2.89
7.58+2.08
47.26+2.26
14.09+3.07
17.26+0.64
15.86+2.28
15.37+1.10
16.54+0.58
47.76+£2.91
20.58+2.08
12.77+£2.51
3.63+3.35
47.18+0.96
8.58+5.15
4.97+59
14.50+2.98
15.63+£2.04
17.4242.90
11.987+4.55
11.35+1.45
8.92+1.74
54.79+1.63
59.95+3.02
41.67+1.99
15.84+1.85
22.83+1.79
16.59+3.59
6.72+£2.72
18.10+1.13
5.38+2.55
16.99+1.99
9.87+3.11
3.58+0.07
17.16£2.36
18.94+2.47
13..57+£3.93
18.51£2.54
16.54+5.70
15.7542.32
22.35+2.05
3.44+2.64
7.45£3.44

5.48+1.90
5.27+£2.84
64.38+4.08
24.63£1.65
75.90+0.76
19.99+2.34
2.76+4.27
17.1742.44
1.48+1.96
73.93+0.94
95.54+3.12
10.60+1.28
47.1241.08
30.30+3.79
69.91+£2.07
31.94+1.39
25.51+1.83
19.36+1.96
3.10£2.20
7.63£1.68
9.84+3.43
1.1242.28
61.34+0.95
86.15+1.03
89.21+1.18
34.61+1.29
46.84+2.28
76.62+1.39
53.98+0.97
19.33+1.50
40.49+2.47
28.49+1.82
30.81+1.64
35.95+2.81
43.53+1.70
0.29£1.10
33.28+1.01
21.58+3.44
-5.90+1.40
27.39+1.34
31.16+2.54
51.68+1.10
14.99+2.80
60.05+2.44



68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.

SPSF240CH
SPSF241BE
SPSF244CE
SPSF244BE
SPSF248CH
SPSF248CE
SPSF248BE
SPSF250BE
SPSF304BE
SPSF304CH
SPSF304BW
SPSF310BE
SPSF310CE
SPSF310BW
SPSF312BE
SPSF312CE
SPSF318BE
SPSF318CE
SPSF325BE
SPSF325CE
SPSF325CH
SPSF328BE
SPSF329BE
SPSF329CE
SPSF329CH
SPSF330BE
SPSF330CE
SPSF339BE
SPSF339CE
SPSF339BW
SPSF347BE
SPSF358BW
SPSF358BE
SPSF358CE
SPSF360BE
SPSF360CH
SPSF360BW

Acarbose

Camptothecin

Indomethacin

77.42+4.69
85.43+0.48
44.84+1.14
51.29+1.87
82.27+£2.24
69.61+0.79
86.91+1.94
103.70+2.01
84.80+0.74
100.00+00
52.97+1.23
119.00+2.91
67.96+2.27
84.37+2.21
85.73+1.09
79.36+1.75
53.42+1.51
53.04+1.44
100.00+00
100.00+00
100.00+00
100.00+00
86.27+3.19
100.00+00
100.00+00
55.29+2.57
98.49+1.23
94.35+0.69
96.87+0.60
51.24+0.25
77.16+£2.57
83.21£3.35
59.77+3.95
98.90+3.72
32.08+0.15
13.12+4.26
64.63+1.57
86.87+0.66

84.38+2.40
65.92+1.54
88.40+2.66
27.26+2.09
41.81+£189
95.63+2.32
103.34+1.94
56.98+4.65
82.98+1.31
92.93+2.39
51.44+3.15
40.05+2.46
71.33+£3.08
62.61+1.34
85.23+2.13
80.29+5.31
53.16+1.44
84.00+2.30
25.83+1.72
25.98+3.36
31.76+6.15
38.77+£2.39
27.53+2.42
-0.92+2.54
10.69+1.47
61.32+1.49
37.64+1.56
105.03+0.62
98.44+0.57
70.23+1.10
39.60+3.54
23.88+2.73
9.41+1.05
28.65+1.01
105.04+0.89
105.22+1.07
30.96+1.57

61.08+0.68

16.16+£2.69
11.48+4.19
22.00+£5.72
7.28+0.22
0.01+5.91
-4.28+5.95
35.60+0.45
55.96+0.61
8.60+3.55
17.96+2.27
20.26+1.69
-24.76+6.66
-7.60+£7.98
20.82+3.09
15.40+2.22
26.00+2.61
2.73£2.20
18.05+1.50
4.16+1.89
17.27+£2.27
22.57+1.83
4.96+3.75
13.96+3.06
20.46+5.41
35.15+4.35
16.57+£1.97
11.59+1.39
57.78+2.05
16.25+3.11
3.53£2.59
16.07+1.66
10.81+1.03
9.31+£0.86
5.22+4.23
72.32+0.71
89.32+0.29
27.93+1.43

25.42+2.99

67.47+1.55
22.65+2.12
74.00+0.80
16.22+3.81
19.57+3.80
61.16+1.78
81.46+1.08
3.42+1.73
59.79+4.21
69.50+1.85
6.56+3.73
15.08+2.77
20.42+1.30
11.83+4.56
86.36+0.88
64.01+£2.36
21.58+2.80
84.27+1.10
70.96+4.20
34.52+2.06
17.53+£3.26
31.69+4.20
-2.60+1.63
78.68+1.47
55.29+2.21
36.87+4.10
15.18+1.16
85.23+0.23
24.43+2.10
78.80+1.50
24.57+£3.57
-2.36+1.44
10.20+1.39
16.98+2.24
97.33+0.10
98.90+0.20
6.74+1.61

94.01+0.17
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Values are mean+tstandard deviation of three replication (n=3); *0.5 mg/mL; **1 mg/mL; P= Positive control
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PRELIMINARY QUALITATIVE CHEMICAL SCREENING OF
P. maximae EXTRACTS

The qualitative metabolite analysis of P. maximae
extracts was obtained as shown in Table 2. The results
showed that tannin and alkaloid were present in all the
crude extracts while cardiac glycoside, steroid, saponin,
and terpenoid were absent. Flavonoid was found in cell
ethyl acetate extract (CE), broth ethyl acetate extract
(BE), and cell hexane extract (CH). Coumarin and
anthraquinone were absent in cell ethyl acetate extract
(CE).

TABLE 2. Chemical

This result showed that P. maximae produced
various types of secondary metabolites. Moreover,
the data were in accordance with previous reports
that alkaloids, tannins, flavonoids, coumarins and
anthraquinones had been found in Penicillium genus.
Alkaloids were found in P. aurantiogriseum, P. terlikowski,
and P. citrinum, respectively (Kalinina et al. 2018; Lai
et al. 2013; Waring et al. 1987). Tannins were found
in P. frequentans (Bhardwaj et al. 2015). Flavonoids,
coumarins and anthraquinones were obtained from P.
setosum (George et al. 2019), P. oxalicum (Wang et al.
2014), and P. chrysogenum (Brunati et al. 2009).

screening of P. maximae

Extracts*
Chemicals
CE BE BW CM CH
Tannin / / / / /
Alkaloid / / / / /
Cardiac glycoside X X X X X
Steroid X X X X X
Saponin X X X X X
Flavonoid / / X X /
Triterpenoid X X X X X
Coumarin / X X X X
Anthraquinone / X X X X

/ = Present, X = Absent

*CE: cell ethyl acetate extract; BE: broth ethyl acetate extract; BW: broth water extract; CM: cell methanol extract; CH: cell hexane extract

SECONDARY QUANTITATIVE CHEMICAL SCREENING OF
P. maximae EXTRACTS
DETERMINATION OF TOTAL PHENOLIC CONTENT

The total phenolic content of P. maximae extracts were
shown in Table 3. Broth water extract (BW) and cell
methanol extract (CM) showed low amounts of total
phenolic content at 1.83+0.41 and 0.97+0.20 mg GAE/g
dry weight of sample, respectively. Meanwhile, cell ethyl
acetate extract (CE) contained the highest amount of

phenolic content up to 8.89+0.40 mg GAE/g dry weight
of sample.

DETERMINATION OF TOTAL PHENOLIC CONTENT

Total flavonoid content of P. maximae extracts quantified
using the aluminum chloride colorimetric method
showed that the total flavonoid content was highest in CE
(7.73 mg QE/g dry w.), while flavonoid was absent in BW
and CM (Table 3). The maximum phenolic and flavonoid



content were found in CE at 8.89+0.40 mg GAE/g and
7.73 mg QE/g, respectively. The results suggested that
ethyl acetate was the most suitable solvent to isolate P,
maximae secondary metabolites. This may be due to the
low polarity property of ethyl acetate which selectively
extracts low molecular weight phenol and flavonoid
(Bhardwaj et al. 2015). Phenolic and flavonoid are major
secondary metabolites of fungi and have been associated
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with antioxidative action in biological systems (Devi
et al. 2012). The presence of phenolic and flavonoid
compounds has been reported in Penicillium species
including P. chrysogenum (Sikandar et al. 2020), P.
granulatum (Chandra & Arora 2012), and P. fumiculosum
(Jakovljevi¢ et al. 2014). Therefore, the phenolic and
flavonoid compounds found in this study possibly
possess antioxidant activity.

TABLE 3. Total phenolic and flavonoid contents of P maximae extracts

Total phenolic content (mg
Extracts* SD Total flavonoid content (mg QE/g) SD
GAE/g)
CE 8.89 0.40 7.73 0.19
BE 6.12 0.20 2.24 0.15
BW 1.83 0.41 n/d** n/d**
CM 0.97 0.20 n/d** n/d**
CH 5.33 0.40 1.36 0.18

*CE: cell ethyl acetate extract; BE: broth ethyl acetate extract; BW: broth water extract; CM: cell methanol extract; CH: cell hexane extract

CHEMICAL PROFILING OF CELL HEXANE EXTRACT OF P.

maximae

From this investigation, CH of P. maximae showed
the highest activity of alpha-glucosidase inhibition.
Thus, CH was selected for further analysis. The GC-
MS chromatogram showed three dominant peaks at
retention times of 15.9212, 26.6168, and 37.8967 min,
respectively (Figure 1; Table 4). These peaks represented
the n-Hexadecanoic acid (C H,,0,), 2,6-dimethyl-N-
(2-methyl-alpha-phenylbenzyl) aniline (C,,H,,N) and
3Beta-acetoxy-6-nitroandrost-5-en-17-one (C, H,(NO,),

respectively. From the previous report (Artanti et al.
2012), n-Hexadecanoic acid had a low activity of alpha-
glucosidase inhibition. Therefore, alpha-glucosidase
inhibition potency of CH might be from 2,6-dimethyl-
N-(2-methyl-alpha-phenylbenzyl) aniline (C,,H,,N) and
3Beta-acetoxy-6-nitroandrost-5-en-17-one (C, H,,NO,).
However, the anti-alpha-glucosidase efficacy of these
two compounds should be further studied to determine
whether the anti-alpha-glucosidase capacity of CH possibly
was due to the effect of each individual constituent or
the synergistic action of the components in the extract.

@
£ x107_|
=1
<] _
© 0
0.8 - 3 <
0.7 I8 n© 3
~N 0 - by
0.67 o @ ol 3 = —
0.57 S - m ¥ Qo o b
[ =T 1 ~ (=3
©0
0.47 X ™ : s} <
. S WT ) ~ o )] <
— o [a'] — S . 3
0.3 ﬂ n O - g i M Q @
ol m 0P
02 8028 T M
0.7 S fubR
0~ T UL T T

o
o -

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 7T T T T T T T T T T
7 8 9 1011121314151617181920212223 24252627 28293031 323334 35363738 39404142 4344454647484950515253 54

Acquisition Time (min)

FIGURE 1. GC-MS chromatogram of cell hexane extract of P. maximae



2572

TABLE 4. Dominant peaks from GC-MS chromatogram of cell hexane extract of P. maximae

Component Match
No. Component RT Compound name CAS# Formula
Area factor
1 15.9212 n-Hexadecanoic acid 57-10-3 C,H,,0, 99116607.0 96.4
2 26.6168 2,6 dimethyl-N-(2 methyl- 119971-00-5 C,H, N 31006746.8 81.4
alpha.- phenylbenzyl)aniline
3 37.8967 3Beta-acetoxy-6-nitroandrost- 31559-86-1 C, H,,)NO 54667640.7 71.4

5-en-17-one

CHEMICAL PROFILING OF SEMI-PURIFIED PM1

GC-MS analysis of semi-purified PM1 was shown in
Figure 2. The chromatogram illustrated two dominant
peaks at retention times (RT) of 14.1728 and 12.3793
min, respectively (Table 5). The highest peak (RT
14.1728) represented 3-(1-methylbutyl)-1,2,4-

cyclopentanetrione (C, ;H,,0,) and the other (RT 12.3793)
represented suberic dihydrazide (C;H,(N,O,). Their alpha-
glucosidase inhibitory efficacies have not been reported
yet. To the best of our knowledge, the exact active
substances of semi-purified PM1 on anti-alpha-glucosidase
are still undefined. Thus, anti-alpha-glucosidase efficacy
of these two ingredients should be further evaluated.
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FIGURE 2. GC-MS chromatogram of semi-purified PM1
TABLE 5. Dominant peaks from GC-MS chromatogram of semi-purified PM1
Component Match
No. Component RT Compound name CASH# Formula
area factor
1 12.3793 Suberic dihydrazide 20247-84-1 CH N0, 4511271 68.4
3-(1-methylbutyl)-1,2,4-
2 14.1728 54644-19-8 C, H,6O 16922005 82.3

cyclopentanetrione

10771473




BIOACTIVITIES OF P. maximae
ALPHA-GLUCOSIDASE INHIBITORY ACTIVITY

P. maximae extracts were determined for alpha-
glucosidase inhibition and the half maximal inhibitory
concentration (IC,)). The results showed that CH was
the most active extract for alpha-glucosidase inhibition
with IC, of 490 pg/mL whereas acarbose as standard
drug showed the IC_, value at 205 ug/mL (Table 6).
The comparison of alpha-glucosidase inhibition from
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all SPSF224 extracts, CH, CE, and BE showed that their
alpha-glucosidase inhibitory activities were higher than
the others. Previous studies have reported that phenolic
and flavonoid compounds could act as alpha-glucosidase
inhibitors and regulators of hyperglycemia (Montefusco-
Pereira et al. 2013). Therefore, phenolic and flavonoid
compounds present in CH, CE, and BE could be the
chemical groups in these extracts that exhibited the
alpha-glucosidase inhibition.

TABLE 6. The alpha-glucosidase inhibitory activity of P. maximae extracts

Extracts/Compound Anti-alpha-glucosidase activity (% inhibition) IC,, (ng/mL)
Broth ethyl acetate (BE) 97.12+1.01 1008
Broth water (BW) 45.63+0.21 -

Cell ethyl acetate (CE) 118.59+2.71 1080
Cell hexane (CH) 104.03+0.42 490
Cell methanol (CM) 27.77+0.11 -
Semi-purified PM1 91.83+1.59 ¥
Acarbose P 87.66+0.21 205

Data were expressed as mean+SD
P = Positive control
* = insufficient amount

ANTIOXIDANT ACTIVITY

Antioxidant activities of P. maximae extracts were
determined by the DPPH radical scavenging activity.
The highest activity of antioxidant was found in CE.
However, its ability was less than a standard quercetin
(Table 7). Huang et al. (2005) reported that phenolic
compounds were the major antioxidant constituents of

the endophytes. In addition, previous report showed the
correlation between the phenolic and flavonoid contents
with antioxidant activity (Shweta et al. 2010). In this
study, CE exerted highest DPPH radical scavenging
activity. Hence, it was possibly due to the highest level
of phenolic and flavonoid contents in the extract.

TABLE 7. Inhibition of DPPH radical scavenging activity for P. maximae extracts

Samples* % inhibition at 200 pg/mL** SD
CE 31.25 5.89
BE 28.40 2.39
BW 2.66 0.33
CM 1.47 0.26
CH 11.69 2.14

quercetin 93.44 1.54

*CE: cell ethyl acetate extract; BE: broth ethyl acetate extract; BW: broth water extract; CM: cell methanol extract;

CH: cell hexane extract.

**Values were represented with meantstandard deviation of three replications (n=3)
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ANTIMICROBIAL ACTIVITY

Crude extracts of P. maximae were tested for antimicrobial
activity using the disc diffusion method. Broth ethyl
acetate extract (BE) showed inhibition zone against S.
aureus, T. mentagrophytes, and T. rubrum at 8.1£0.1,
6.4+0.5, and 11.2+2.6 mm, respectively. Cell methanol
extract (CM) also exhibited inhibition against 7. rubrum
at 12.6+3.5 mm. However, all extracts did not inhibit the
Gram-negative bacteria, E. coli, P. aeruginosa, and yeast
(C. albicans) (Table 8). This study was consistent with

previous report that the extracts from Penicillium species
also have the antibacterial potency on Gram positive
bacteria including griseofulvin from P. brasilianum
(Tang et al. 2015) and scleroderolide from Penicillium
sp. FO-5637 (Tomoda et al. 1998). The result suggested
that the extracts were potent in killing Gram-positive
bacteria. Nevertheless, the extracts from other Penicillium
species such as P. Janthinellum (Do Rosario Marinho et
al. 2005) and P. herquei (Marinho et al. 2013) possessed
bactericidal activity on Gram negative bacteria.

TABLE 8. Anti-microbial activity of P. maximae

Zone of inhibition (Diameter, mm)

Organisms
Standard drug* CE** BE** BW** CM** CH**
P. aeruginosa 32.7+0.7 0 0 0 0
E. coli 23.1+0.1 0 0 0 0
S. aureus 22.0+1.8 8.1+0.1 0 0 0
S. epidermis 30.6+0.1 0 0 0 0
MRSA 21.3£1.0 0 0 0 0
P acnes 25.4+1.1 0 0 0 0
C. albicans 13.5+£0.4 0 0 0 0
T. mentagrophytes 42.4+1.5 6.4£0.5 0 0 0
T rubrum 50.3+2.1 11.24£2.6 0 12.6 £3.5 0
M. gypseum 27.0£1.0 0 0 0 0

* Standard drugs:

Norfloxacin : P aeruginosa, E. coli 10 pg/disc
Oxacillin . S. aureus, S. epidermidis and P. acnes 1 pg/disc
Vancomycin : MRSA 30 pg/disc

Amphotericin B : C. albicans 25 pg/disc
** Concentration at 200 mg/mL

CE: cell ethyl acetate extract; BE: broth ethyl acetate extract; BW: broth water extract; CM: cell methanol extract; CH: cell hexane extract

CONCLUSION
Fifty-four soil fungi were collected from Sirindhorn peat
swamp forest in Narathiwat Province, Thailand and 104
crude extracts were obtained from them. SPSF224 was

selected for further study because of the potential effects
on biological activities. SPSF224 was identified by
molecular method as P maximae. From phytochemical
investigation, its crude extracts contained a variety of



secondary metabolites including tannins, alkaloids,
flavonoids, coumarins and anthraquinones. P. maximae
extracts also showed high potential effect on alpha-
glucosidase inhibition and moderate potential effect
on antimicrobial, anti-inflammation, and antioxidant
activities. This study was the first report of chemical
investigation and biological activities of the isolated
fungus, P. maximae. Hence, this information could be
used as database for further study of the lead compound
for antidiabetic drug from fungi in the future.
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