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Abstract

Obesity and metabolic disorders are major global health issues, often driven by excess fat production in
liver cells, leading to Non-alcoholic fatty liver disease (NAFLD), the most common chronic liver condition, which
can progress to cirrhosis and liver cancer. Centella Asiatica, a traditional herb, contains Asiaticoside and
Madecassoside—compounds with anti-inflammatory and antioxidant effects that help reduce lipid biosynthesis
and oxidative stress in liver cells. This study investigates the effects of Centella Asiatica extract (CE) on lipid
accumulation in hepatocytes under high-glucose-induced lipogenesis. Hepatocytes were treated with CE, 0.01-100
peg/ml prior to exposed with high glucose at 50 mM. Cellular toxicity was qualified by MTT assay prior to perform
the efficacy testing. To assess lipid accumulation, Oil Red O staining, a histological technique that selectively binds
to hydrophobic lipids, was performed to enable lipid droplet visualization as % of lipid positive area. Additionally,
Giemsa staining is a dye staining the cytoplasm and nuclei differentially, thus providing insights into cell morphology
and any morphological changes induced by the extract. Hepatocytes exposed with high glucose and treated with
0.01-100 pg/ml of CE was not altered the cell toxicity and cell morphology as compared to high glucose without
CE treatment, suggesting CE solution was not damaged the cellular responses. Through the lipid formation and
cell morphology analysis, the CE treatment was decreased the % area of lipid formation in hepatocytes in dose-
dependent manner between 0.01 to 100 pg/ml as compared to high glucose without CE treatment. Taken together,
a half-maximal inhibitory concentration (IC50) of lipid formation exerted the preventive effect of CE in protects
against lipid accumulation in hepatocytes at approximately 360 pg/ml, suggesting its beneficial effects for hepatic
metabolisms associated with NAFLD. Our findings give insights into the potential therapeutic applications of

Centella Asiatica in managing obesity and related metabolic disorders targeted to liver diseases.
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Fernandez et al,, 2018) maflsgduihmaluidongsdsuadeniafinniziesedugiu Fauludnvuzddyueandueinisi
uwnvedn uaztdutadeiifiuaudssienisiislsaiumniuvied 2 (T20M) waslsavialauazvasaiden (L etal, 2025)
dmsuyanatifinnzlsndiu 35ﬁuﬁwmﬁaiuL?ﬂ'amﬁqnawnigé}:ﬂﬁtﬁmmmLﬂ%‘&maaﬂ%m%’ml,axﬂﬁﬁﬂLaU Fedaranszviuse
1591197198938 UULILNUBAT (Moreno-Fernandez et al,, 2018) AuLAEITassEnInasziunglaaiigedulsadau
AeliAnsiiasudetunasiu Imﬂﬁmmﬂmﬂﬂﬁﬁumm3Lm’mmfya'qNaTﬁLﬁmmiasauiﬁuﬁmﬁwﬁuLLasm’waiaﬂgT,ﬂa
UNWTD9 (Asgari et al., 2024) miﬁm:nmaﬂiwU‘uaaizﬁuﬁwmaﬁqmgmwﬁqﬂfchﬁaLﬁuﬂimﬁuﬁﬁmmﬁﬁ@ﬁams
Wanwwmnnstestunarinwessiiuszdninm nssuiunslaluianda (Lipogenesis) Jafunalniuunuedduiiuaey
anslulawsalidunsalusiu finnulrensasuuamesssiuimaluden Tnoameluwadiu HepG2 (hepatocytes)
deflsziungladluidongs wadduaziiunsadiansalusiusiiunszuauns de novo lipogenesis Fafuidunisiiuaen
nglaadiuiulinaneidunseluiu uasgnivdsusisluiulasndiwelss (Viscara & Sul, 2020) msazauveslufuludnume
{ivdefi3unin Hepatosteatosis fimnuifsndasiunmzherodugauuazniafslsamunuedniie wu Tsaumnusiad
2 iy msfnwnalniissduihmaludenganszdunszuaumslaluaudalugadiuiadudsududenswanisng
Snwlsalunguiuvuednegnaiiusyansua

fwasulnstaun (Centella Asiatica) Gainsliusgaunsnanglugfitiyannisunmdunulusa lsuanuadla
EJEJ'NmﬁLu{]a]a;ﬁumﬂamauﬂ”mumsﬁuéy’dmiaxammimﬁu NUITINUIATANAINTIUAFINTDAAN T ANV
lusilusranieldegaiitvddny TneniseunuaunauenoiaanesoalaznIsLanIoonvesduiiefasfunIsmIHaYy
gadlasiu (Chang et al,, 2023) anseengviddnluthun g Asiatic acid annsaduinmsuanseenveseuleiidunum
Tunszuaumsadiansalosu Wun Fatty acid synthase @silnaannisdansiesdlaiu (Chang et al, 2023) wenvnil Taun
failnanifduansiuouyadassiiiuszansam Sutisananuiaisneendinduiitiutiedeniwesmsazaylutuuas
AzlIwnuednaaund ann1sfnwinaassdudninuitaisadnaintaivnainisaanseaulasndivelsduas
oraawesealuden deaiuayuivunumesiivauulnsednilunisauausedulosiu (kumari et al, 2016) Msvha
dlanszurunsiiasadaanthuninasenssudimsavanluiudsdanuddgBusomainune viendnfasifioguam
Tuawan

nuanisAnwludtunalnnisadiddeduluiead wudtaisayulnss1sudaun (Herbal Extract of Centella
Asiatica) ansnsnanuiinunsazauvesluiulueadiueiia HepG2 TéfinTududu 50-100 pe/mL uardignilunisinm
15A Non-Alcoholic Fatty Liver Disease (NAFLD) Tunisvnassvesdninnass (Ha et al,, 2023) Tuanuweins@neinaves
lffuaganson1siiiAnnisanevessaduiin apoptosis fiauidenuiniivayulnsdaun (Centella Asiatica) a11150938
andRIIN1TNNYYNTAAAUTLA HepG2 17'{Lﬁmmﬂmsﬂszﬁumﬂmiaﬁ”wlmﬁu (lipid biosynthesis) fiaududiu 20, 40,
wa 80 pg/ml (Huang et al, 2024) 9nrasuddeneunting nisAnuniswhnsmeaedluwadiuuin HepG2 #ilé5uans
anmuaun Centella Asiatica Crude Extract (CE) ﬁﬂ’aﬁmﬂm*‘ﬁu 0.01, 0.1, 1, 10, 100 pg/mL Lﬁ@ﬂﬂﬂaqu%‘%mmiagﬂm
Hlugumssudsnisaidlusulusadiuluanmefldsuinags (High Glucose) Tusunsideludnivnasanuinansarin
Mntunannsaannisazauvedlusiulunynanesiildsuomsiiiludunasiags lnsasadndindninasenisanms

wanseanvaduiigITesiuNITAIUANABLAALNDTRALAENI T INAY LYY WU PPARY Wag Fatty Acid Synthase (FAS)
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Taun wudramnsadudsnsavanludusasmssnavluwadsuls Tnsannisuansesnvesdusazlusiufiiiisadeiu
nsrvIuNsadraeadlasiu leun LDLR way LXROL (Park, 2023) 1194 ansafaaintiundsanunsnansesuvesielnlad
N3¥AUNMTINLEY 1w interleukin-1B Wag tumor necrosis factor-Ol Fsdaaiudngnmlunistiosiumsazauvosluiuuag
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1. mMeansdsatasiu HepG2 (Hepatocyte) LLasmﬂﬁmsaqulwﬂulfaaél,wwLgm

11 wsidsugadau HepG2 (Hepatocyte) ATCC Tusmsideade Dulbecco’s Modified Eagle’s Medium -
low glucose (DMEM) FeUsenousay 10% Fetal Bovine Serum (FBS) uag 1% Penicillin/Streptomycin Ugad HepG2
910 stock 11 thaw Ladigauvndl 37 °C Useana 1 w1ft anButieadfiniunis thaw Usuns 1 mtaildluvaon
centrifuge WA 15 ml #iflo115 DMEM 9 ml (Uanassaa 10 mU) wlutu widesdt 2,000 pm Wunan 5 wit Y
supernatant 88 9 ml wazLfine1m1s DMEM 5 ml 91t wavlumnasaliidriulaeTiuniu-anuiq wartialdvin
wzdsaead T75 fiflo1ss DMEM 10 ml ntiusiluguusiniififariveulneenles 5% gamnfl 37 °C iWasuoms

N 2-3 Ju sugadiindruaudu confluent monolayer 80% Fuly Liisuununasatawazyhnseaswiald
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1.2 miliasagulnslumadingiies

nnasuiTeneuniind wuin Avayulnstaun (Centella Asiatica) amnsndasannisadialau (lipid
biosynthesis) luswadsuls finnududusewing 20-100 ug/mL (Ha et al, 2023; Huang et al,, 2024) MIANIERIANS
naaadluwadiuvin HepG2 7ildSuansaintaun Centella Asiatica crude extract (CE) fianududu 0.01, 0.1, 1, 10,
100 pg/mL Lﬁ'awmaauqw%mmsagulwsaﬁuﬁwuﬂ'1i&T‘uE‘?ﬂmsa%’wlm‘ﬁﬂuL%aéﬁuiuanﬂasﬁlﬁ%ﬂﬁwmaqﬂ (High
Glucose)

2. AMINAERUNATRIENTANALUTIUNABNNTIERATINUBIaaRU HepG2 (Cell viability) fagds MTT assay

2.1 %annN15URe MTT assay

Humedeanesguillilunsussduenaiinvessadlasordoufizonauisuuasmedd e MTT (3-(4,5-
dimethylthiazol-2-y)-2,5-diphenyltetrazolium bromide) fdnwauzidu Tetrazolium salt #wdesweu Wowadiidindd
metabolically active # azanunsadandu MTT Winaneiduresingnu (formazan) dlunnd 2 Faidshaduldnszuiuns
3induilTuogiu Cellular oxidoreductase enzymes fifosfiant NADPH Fenuldianglumadifidinuasinisvinau
muUnd Lwadiudausaazitsingiezisnsnsiaou MTT Wuesuneugs vasfiwadinevielsid Metabolism a¢lal
an30UATlE nandngaenefineuiiatuayiaratet uiausoaragldielusieratsegts DMSO Lo

PATALLUNTUYDIELIIAIEIATEY Spectrophotometer 1AMNB1IAAY 540 138 570 WILULLAT lagAAdUYDIaN 9Ll

ANIUFUNUS I REUATIN U UAANIATIN (Prabst et al., 2017)

Q NADH
E f - ,NH CH;
’ N’<\ I

Mitochondrial CHs
Hs dehydrogenase

Formazan
MTT

Yellow colour Purple colour

29 2 AsEUINNSAasUTENRY MTT @wides) wWaswdundn formazan @)

ﬁmz Beniwal et al. (2022)

2.2 T/N1INAERU cytotoxicity LagnIIA@0UAILID MTT assay

\waa HepG2 (Human hepatocellular carcinoma cells) QﬂLWWngﬂﬂu 96-well plate finnuvunuiiu 1 x 10°
celVml wagvsilugau COq 5% Tigumnd 37 °C Wunan 24 Falus wdsantuinnisgaemsideasad DMEM iduoen
waziiinemisia sawadailn Dulbecco’s Modified Eagle’s Medium — high slucose (DMEM) ffinansiangslunqna
Wudu 25 mM wag 50 mM iszRuanadudu 0.01, 0.1, 1, 10 way 100 pg/ml muddu mﬂﬁ?uﬁ%wamlﬂﬁﬂuﬁ COq
5% 71 37 °C Sniduszevinan 24 uay 48 Hlus desniduansazats MTT Avandudu 0.5 me/ml adluusazvgy udUuse
3 2 dlue e liwaafidalidindeu MTT WWundn formazan ndndurhnispavesviaioan uéaiu DMSO Usias
100 pl asluurazvau iieazatsudn formazan iindu vnsinAnsganduuasiinimennndu 570 unluwng fe
Lﬂ%‘lmé’luﬂﬁﬁ%wﬂﬂﬂiL‘Wﬁ‘Vl (Microplate Reader: VICTOR® Nivo™ Plate Readers, Multi-Mode) (Li et al., 2024) 12

Amutaesifuianuitinveusas (Cell viability) muaunns:
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% Cell viability = (OD570 of treated cells / OD570 control) x 100

Tnemaaeu a1safataun Centella Asiatica Extract (CE) svamianiildlunsnaaey 24 uag 48 4alus Tuaned
\Ju High glucose (Aadudu 50 mM) eeafier Wunguauau uaswadduiildsuasadataun Centella Asiatica
extract (CE) fimnududiu 0.01, 0.1, 1, 10, 100 pg/mL

3. myinnziravualuiulueadiu (Lipogenesis) warusisuaueas (Cell Morphology)

3.1 mansandeunsavauveshusi (Lipogenesis) luwadfiumzidios HepG2 #aedinsdou Oil Red O

(Oil Red O Stain) #1139 medium Ty conditions 1Agafuils UFu1a 500 pl 9ntdudrseadeae PBS 1x
(Phosphate-Buffered Saline) #1115 Fix luade 4% Formaldehyde 500 pl ninvauiiviinisnageusieisnseon Oil
red O u§aiuansazans 60% isopropanol asluuddnseen deudlaenisiiu Oil Red O Stain fisliuszanas 15 Wit wda
&agedhndusunsetilifidginnnznou wavihludesgnelindesqanssay uagldlusunsy Image) Tuns Analyze sonin
1Jurn %Area of Positive Oil Red O (Kaczmarek et al., 2024)

3.2 MSATINASUTIATENTASAUIEIAES HepG2 feisnsden Giemsa (Giemsa Stain)

n139A medium lu conditions Weauite USanas 500 ul U awadeae PBS 1x (phosphate-buffered
saline)

¥in13 Fix lwadene Methanol nuguiivinnisnaaeusigdsnsden Giemsa goused Giemsa Uszanal 30 unil
wdadadenduaunsetdldiidinnnznou wazthludesgnelindesganssad wagldlusunsy Image) Tun1s analyze
panunduA L@usaule (Perimeter) Lasiuiiveawad (Cell area) lneLfisuAanue1997n Scale Bar (um) (Bamna et al.,
2021)

3.3 MTIATIZIRANIIVIAABY (Analysis of Experimental Cell) lwaa@u HepG2 (Hepatocyte)

gﬂﬁﬁ’mmmé’ad Inverted Microscope aztuaulalagldlusunsy Image) Tun1s Analyze sanuniduan
%Area of positive Oil Red O (Kaczmarek et al., 2024; Li et al., 2022) é‘fﬂLLﬁﬂﬂumWﬁ 3 LATAMEUTBUIS (Perimeter)

wagiuivausad (Cell Area) Ineiiisumanueniann scale bar (um) fauanslunInig 4

%Area of positive Oil Red O = Red label the lipid

4 Set Measurements x
[~ Area) ¥ Mean grayvalue

[~ Standard deviation [~ Modal gray value

™ Min & max grayvalue [~ Centroid

I™ Center of mass ¥ Perimeter

I Bounding rectangle [ Fitellipse

¥ Shape descriptors [~ Ferets diameter

[" Integrated density [ Median

[” Skewness I™ Kurtosis

¥ Area fraction I™ Stack position

W Limittothreshold [+ Display label
I™ Invert Y coordinates [~ Scientific notation
[~ Addto overlay [™ NaN empty cells

Redirectto: |None v

A ey Original Aidloufnd Oil Red O Deciml places 095 [F auarefdAnalulusunsy
Aasene 20X annand Inverted o Fancal | i Image lngnsAn Threshold setting lu

AT 3 N13RIANNTTIN %Area of positive Ol Red O warguieedlulusunsy Image)
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29 4 M3InALdUTEUITENTad (Cell Perimeter) Lagiuiiuaaigas (Cell Area) Tulusunsu Image)

4. Bseszideyauazainnldluniside (Megha et al., 2022)

o

nMaaesildnyidulaeiinisyiel > 3 Fwenimaaes uariliinn1smaaetedieey 3 A

@ @ '

doydnwal *p < 0.05 WWumsAnnaauwansvegslitedAgvneads Weuiunguenuau (Low Glucose) lngld

o

MMTIATIEINEDAUUU Mann-Whitney t-Test

v L3

Teyanwal #p < 0.05 Wunisfwnanuuanaedeited Aynisada eudiunquaniiziiniagegiufen

(High Glucose) Taaldn153tAT1z9iN19@i Auuy One-Way ANOVA Test (High glucose vs Centella Asiatica Extract (CE)
Treatment With High Glucose)

NawazafUsIEna
= YRR Lo ~ o v . ' s |
MnsAnenavesasaintaun (Centella Asiatica) waznisiuilentsien1ig High Glucose Aolwad WuIIHa
vesansaiataun CE liladwmaliinanuduiivriewad (Cytotoxicity) muiiuansiunind 5 lnganlesidudnuildin
Yo9ad (% Cell Viability) in1adian1snaaeau MTT Assay hiuansnsiuegnsdidudAgvnadfluudaznquvnas wan
Widunansaiadaun (CE) uwarinanglaafianududuililunismaaesiu lddudunsenawed wazanunsatunldly

Usunassnariiednwinanszvnulusdiudue seldla
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Cell viability by MTT assay

150
4 .
z E 150
3 1004 2 .
£ > 1004 .
= 3
@
(&]
S 504
et 2 50+
0- 0=
0 001 01 1 10 100 wgml 0 001 04 1 A0 400 e
Centella Asiatica extract (CF) Centella Asiatica extract (CE)
High glucose 25 mM for 24 h High glucose 50 mM for 48 h
Cell viability by MTT assay Cell viability by MTT assay
i . 200-
[ ]
[ ]
L] - [
2 &0 %150
= 100+
- = 100-
= ; 100
3 3
S 50+ J
2 R 50
o

0 T T
0 001 01 1 10 100 ugmL

Centefla Asiatica extract (CE)

0 001 01 1 10 100 pgmL
Centella Asiatica extract (CE)

High glucose 50 mM for 48 h

High glucose 50 mM for 24 h

i 5 wavesansaiaveu (CE) Aemnuidinveswadnelinnsihaanglaagadaenisvagey MTT assay

Ingnegeu ansafindiun Centella Asiatica Extract (CE) seegiiaildlunisnageu 24 uaz 48 43lua luanned
wJu High slucose (Aududu 25 uaz 50 mM) lilasuansatadaun Fadunquaruau uaswadduiilasuaisadadaun

Centella Asiatica Extract (CE) ﬁﬂ?ﬂuL%}u%’u 0.01, 0.1, 1, 10, 100 pg/mL Tuannzdu High Glucose (PMULTUTU 25 way

50 mM)
91000 6 wandbiiudinisiaszidneasnadagiuvinevesgadlagldnisin Perimeter way Cell Area

wudbungunlasu High Glucose i Tvunaduseut (Perimeter) voswadiindusgsfiduddglowsouiiauiungudn

a v

195U Low Glucose Fawandliiuineadiimsidsunasgusuaziinnisiinvengludnvazvesnisiuvumienaiiuuin

Y

Ju (Cell Protrusion/Morphological Branching) egnalsAniu A Cell Area wisefiufiveswaandvanasedsiidodrraylu
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nau High Glucose WlaLilguiungs Low Glucose (* P-value < 0.05) deaenadasiunisiigadiudsugusidlagniinisen
wvuseenty wienvagluldliinvwinvesiiwadndn lagasude @n1ig High Glucose nsedulviwadiinnisiudsuutas

sUuslUluiieneiddnvauzadeduad iiinsnevauswonnunssaniansmieriliiinnsinvenevedaseaie

meluwad
wenanil WewSauiieu Cell Area s81inangu High Glucose fungquitlasuansarindaun CE 10 pg/mL wuinluy
nay High Glucose Mflansadnyaun CE 10 pg/mL SaudietuinufiwadiintusgndtudAgdieifisuiu High Glucose
Wiggee19LAed (# P-value < 0.05) F9o13agvioufiaunuimvesaisaiataun CE 10 pg/mL lunisdudmseUsuauna
A a . | o A a ] Y o oA v N9 voa a
HANTENUMAAIINATIE High Glucose Tngiann1suadinianisasususiweseadlinduaugdnuasilndidusund
1NV

Cell morphology of Hepatocytes treated with Centelfa Asiatica extract (CE)

by Giemsa staining
Cell morphology of Hepatocytes treated with Centella Asiatica extract (CE)
i by Giemsa staining #

Perimeter (pm)
g8 & 38

&

o NN A S WD
s S& LS & &

8
&

High glucose 50 mM for 72 h High glucose 50 mM for 72 h

. * P<0.05, Mann-Whitney t-test of Low glucose vs High glucose without CE (0)
P<0.05, Mann-Whitney t-test of Low ghucose vs High glucose without CE (0) # P<0 05, One way-ANOVA of High glucose without CE 83 compared 1o with CE.

High Glucose
+ CE 0.01 pg/mL

High Glucose High Glucose High Glucose
+CE 1 pg/mL + CE 10 pg/mL + CE 100 pg/mL

Ml 6 Kan1sNAFBURAveaNTaialuTIuNAegUI1UeNTadAU HepG2 (Cell morphology) #3835 Giemsa staining lag
NAEaU ansanavaun Centella Asiatica extract (CE) syaghatiidlunnagey 72 Falus Tuan1giidu High glucose
(Pnududu 50 mm) Wildsuansadntaun Jadunquatuau wazigaaduilasuansadadaun Centella Asiatica extract

(CE) fiaudiudu 0.01, 0.1, 1, 10, 100 peg/mL Tuan1azidu Hish elucose (Aaududu 50 mm)

TunsfnwussavBamesasafaienisanngludulumadi memeassiimavnaeuanmgtmaglulead
Anelfiinnisadralusiuilfindy deumsnageuansasataun wedunistudumsmienhliadrcluiuluwadldan
amw{fﬁmaqa T,ﬂEJ"L@WTWmi‘wmaauwammamwﬁwmaqa (High Glucose) fatraafyu HepG2 (Cell morphology) Aonns
asslotuluead TnonsTagaes Oil Red O (% Positive Oil Red O Staining Area) Inevagau szezandildlunsvageu

24, 48, uay 120 G2l Tuan1azidu High glucose (Aududu 50 mM) Wisudunguwadluan1izuinias (Low
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Glucose) 31NAMTA 7 Wudtan1wi1nnags (High Glucose) Tulwassu HepG2 vilsiilan % Positive Oil Red O Staining
Area indulunniamegeu (24, 48, uar 120 Halu) Wieileuiunguaiuay wadluan1izuinias (Low Glucose) 1lu
nstuduirannviaageiliiinnisaidluiulueaddumededaass

Lipid formation by oil red O staining Lipid formation by oil red O staining

30

Lipid formation by oil red O staining
25

20

¢
1 [+~

T
Low Glucose High Glucose

s I
e

Positive oil red O staining area (%)
I

Positive oil red O staining area (%)

Positive oil red O staining area (%)

T T
Low Glucose High Glucose Low Glucose High Glucose

Treatment for 24h Treatment for 48 h Treatment for 120 h

Low glucose

High glucose
(50 mM)

AN 7 HANIINAADUHAYDIANIZUINAEA (High glucose) Halwadsiu HepG2 (Cell morphology) ianisasnslusiuluy
wad Imen15Inee3s Oil Red O (% Positive oil red o staining area) Inenagou syegliaildlun1snagsu 24, 48, uag

120 Hlus luanmeiidu High elucose (naududu 50 mM) Weuiunguigadluaniiziinias (Low glucose)

Pniudshnsmeseulssavsameesasatathundenisanagluiilueadiu il 8 uanwavesansatn
thun CE devTmallusiuluwad wuindunsmveangueunu (@udii: Control High Glucose 130 HG) liidsuudas
ogaildeddey Tauanairldiinalunstiudinsazanvesluiu (lipid accumulation) eehslsfay nquitld3uansadatun
CE 0.01, 0.1, 1, 10 way 100 pg/mL (1&udLT87: HG with Centella Asiatica Extract (CE)) fuualinvein1sanasvosusnie
Togfulugasmnududud 0.01, 0.1, 1, 10 waz 100 pg/mL wansdsanuaunsavesasatataun CE lunsannisazauves
lusfunneluead Tasamzdefinsandaududuiiansadudanmsazvanlutuld 500 (1C509%) Fsnuitlszanaog
360 pg/mL Astsidnansafataun CE Sdneamlunmirlulfiienugunietdesiunsazauluifunelfannefidswants

WALSALSDSA WY lwvueied 2 Msenizludunendu (NAFLD)
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Curve: Nonlin fit of XY: Log-dose vs. response (nonlin. reg.)
Inhibitory responses of lipid formation

5 -

100 — Control HG
95+ HG with High Glucose High Glucose High Glucose
— Centella Asiatica Without CE +CE 0.01 pg/mL + CE 0.1 pg/mL
90 extract (CE)

Positive oil red O
staining area (% of control)

L T T T T T 1

9 8 7 6 5 4 3
log[Agonist], g/mL

High Glucose High Glucose High Glucose
+CE 1 ugimL +CE 10 ug/mL + CE 100 pg/mL

Al 8 nansnegeuravesansatalutaundenisadisluiuluwad (Lipogenesis) vouwadiu HepG2 Tnensinsae3s
Oil Red O (% Positive Oil Red O Staining Area) tnenaaau ansafniaun Centella Asiatica Extract (CE) Svez13a17i1e
Tumswaaou 24 §lus Tuannefidu High Glucose (Anudiudu 50 mm) laldsuansafndiun Fadunguaiunu uaz
wadduTilasuansafadaun Centella Asiatica Crude Extract (CE) fimuidiudiu 0.01, 0.1, 1, 10, 100 pg/mL Tuanmzdu

High Glucose (AMLULUU 50 mM)

dyuna

nsfnuduandliifiuin nansedumaddanniziimags (High Glucose) amnsaiUasuuuasdnumenig
FugruvonradlilaglineliAnanuduiiy vauziferfuarsatniaun Centella Asiatica Crude Extract (CE) fiaa1u
ity 10 pg/mL fuwaltilunstisundemdefiuysuiensadlinduiugnnrund uenaniarsadntaun Centella
Asiatica Crude Extract (CE) fauansdneninlunisannisazauveslosunisluead fnnuidutulutisussana 360

pg/mL Fediunlduianenisihluldludairdarsedesiulsanineidesiuanuiinunfveauuwnueaduludulususely

FadrnauazynaasuITeluauian

ifeiinsfnelussduimadimngdes (n vitro model) Wi i unismaaougnd vesansayulng ludu
UsgAnsnnlunistiestunazananuideasionisnolsa (Preventive Agent) mumié’mﬂiaqLLasmaﬁ%ﬂmaqaLﬁaw’]’uﬁ
anunsaseylafenneluduazanludv lneaiunsadnwilusedyu Mechanism Of Action 1@ @17igu n1s@nw Lipid

[

Accumulation Tulgaddy, nerSanmueseaddv, wagdnsinsnieveusadlnegannalnnisviinuveseulsyd Cellular

v
Ay AdAY o v

Oxidoreductase Enzymes Wil maseiiidestaludewesnsmagouasituseau Systemic Circulation diednwinis
\im Drug Distribution §lslanansavild iesnndeddddninaasdlunsnudngn

dmsunsepannsided msnaaedudninaassazduamdunsaaeuasiiuseiu systemic circulation
\iefnwinisiAn Drug Distribution sielUiileatiuayulansayulwsivangudssedndlunsdiedestulsamasunuedn
Ifundefionniu InedlonAderteunthdildvinsinmasagulnsiludninaaesiifinnedau nuhasagulnsiddude
am Body Fat Accumulation 1‘7iLﬁm%umﬂmiﬂizﬁwuaqmmi High-Fat AU High-Sugar Semagitemaindanudululsgs

nansayulnsiiaganunsoviean fat accumulation luduvasdninaasaliiguieniu (Chang et al, 2023)
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