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Abstract

To produce an intestinal immunomodulatory beverage containing Centella asiatica extract (CAE), three types of CAE-added
beverage prototypes were prepared, and their immunomodulatory activities and marker compounds were analyzed. As a result of
the cytotoxicity assessment, all the beverages did not show significant toxicity compared to the control group. Next, the
immunomodulatory activities of the beverage prototype were evaluated using the inflammatory model of IL-1[3-induced intestinal
epithelial cell line. All the samples significantly reduced the production of IL-6, IL-8, and MCP-1 in a CAE concentration-dependent
manner. In addition, CAE-added beverages inhibited NO, IL-6, and IL-12 production in LPS-induced RAW 264.7 cells. When the
major triterpenoids, as marker compounds for the production of CAE-added beverages, were analyzed by HPLC-DAD, only
asiaticoside was detected beyond the limit of quantification, while madecassoside, madecassic acid, and asiatic acid were not detected.
The amounts of asiaticoside in CAE-added beverage prototypes were confirmed in No. 1 (19.39 ng/mL), 2 (19.25 ng/mL), and 3
(19.98 pg/mL). In conclusion, the results of this study suggested that CAE-added beverage prototypes induced immunomodulatory
effects in the intestinal inflammatory cell line models and asiaticoside could be used as a marker compound for CAE-added beverage
production.
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4 A 27], Lot APHFT Fo] FAEHE AoR IHA
QltH(Farhadi S 2003). @24 & gL 3287} ?J]OW o
A 2ol T 4548 Ao, HAL BEE RIE, A
% T4 59 T4 et %E%Xﬂ A Th(Pithadia & Jain
2011). £3], o]t 4548 & 2‘:1194 2 A5Te] At

i, 2EFAA W Y 0gE
% gere] WAL Hakst
3% Hukg sk HHQ 4533l oI5 2715k 3
£ A7golvi(Nam 5 2022), WAL kel A o
grot RABAH ot Fl vlE So] Ygloz A
E25 7 Qlth(Kim 5 2020). Ha 5(2019)°] W29 ) 9=
A PR Sl ABE AP B 3% 22 5%
£ FEI 5 RAI, A WY HEEe) f9%
o] AZYPHT} £ AR YA 1 Xol7t W} Zof
S 3lol, %ﬂl%“é g ] 229 HAEC] © 24
S7FHL = AL UeEth FFok A&HAH0 s A4S
A AAslo] Wio] =718 Ao g mWoiE| e, o]& oyl
NAASE7] fIet &A1) 7ide] B Ao ® AlgHh
AHZMEE) B= 2F°1E 59 O olge= &7
HE(Centella asiatica)S V|L}2]IH(Apiaceae)2] ThEAY %
HAEZ 72 thsol 3Lo|A] A5y, 2 ol g]7}, 9l
=%, 5 59 orAoret SUidlAe AT dd, FEAl
H, 55 704 AdidEe Ae® dEA Uk (Chois
2020; Eom 5 2021). §&2 o AEE 97teYy, skt 5
oflA oFg 0o g o]gEo] Tttt A oS 7HA= AL
2 I#EA gom(Choi 5 2021), FEHH(Widgerow 5
2000), THE7/)A 3 (Choi & Bae 2013), AFAE BS 3}
(Orhan IE 2012), A4S 9 g1 = 4 (Shin 5 2020) 5 o
&t A mso] HuEHA v F4 BES 7= 1
59 A AF 52 oF B9 7154 SEE E AdE
t2Ql Y22 S8 Ued, AR 702 sf of
i —’F?J Az 9J&stal gl AAolth. ghH, 20141
LA varof o Ao ofsf| MAE H ofofF Alxo] £
HRE 94 +U Al Fdda & Bz A
F AES] TE o] F YRE RIEHE AEToF 5h=
3%l FoIlol(Park WS 2017), HZ SHidlM= 714 44
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1. HE FE= g7 2 AAIBECl M=
2 AFofA AMEE BES 5 357 sPIAHA &
52 (Chungju, Korea)O]] A Fdste, & FAR =5
(Jlncheon Korea)ol| /] &S £&3511, o] & 7]-0}0% o7
£ ZAIAth HE FE2E2 YXE 60ToA dFAx3t
T AzxE ¥ES & 1 Lo diste] 01, 1.0 H 20%-4 Hl&
(Table NE g2 F 100Cof|A] 15/‘]{ s EeFE E o
TH(Advantec, Tokyo, Japan) Z3P3ta] A =35t o]& ¥
EFEE I 552E 5% BE FEEd a5 U &S
AT ZZ 02 20% AP 2FEH I AR ZFEHS T
ot} o RS AX HE = AAFLE ZAISHAH
HE 550 3 25 A2 A FERAE 96l
-80C9] in%%* 31 (Ilshin Biobase, Dongducheon, Korea)of|
SAA & AN Al S5 S]Alske] 240 o] &EH Qi

2. MIZE= 3 HFEA
QA 5= A A= M| 2EF2] Caco-2+= American Type Culture
Collection(ATCC; Manassas, VA, USA)OJ|A XEoFiqQlrom,

Table 1. Extraction conditions for preparing CAE-added beverages

No. 1 No. 2 No. 3
CAE-added beverage
Contents (%)  Contents (g) Contents (%)  Contents (g) Contents (%)  Contents (g)
C. asiatica 0.1 1.0 1.0 10.0 2.0 20.0
Extraction Water 99.9 999.0 99.0 990.0 98.0 980.0
conditions
Total 100 1,000 100 1,000 100 1,000
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20% fetal bovine serum(FBS; Gibco, Waltham, MA, USA) ¥
1% penicillin-streptomycin(P/S; GenDEPOT, Katy, TX, USA)=
2715t minimum essential medium(MEM; Gibco)ol| 4] Bl a3}
Aot oA {3 RAW 264.7 tAA| 3= A 2 &

Y (Korean Cell Line Bank; KCLB, Seoul, Korea)of| 4] £-oFk
©on, 10% FBS ¥ 1% P/SE # 7}t Dulbecco’s Modified
Eagle Medium(DMEM; Hyclone, San Angelo, TX, USA)of 4]
HigsHAtE + M9 Al2F= 5% COE FAIskH= HiY7]
(Thermo Fisher Scientific, Waltham, MA, USA)o]| A 37C %4
o2 wersio] Aol ol 83T

3. & MI|MIZE(Caco-2)E 0|88t ST &y

QA 9o JIAE Caco2 AEZE o] §3lo] HE
2220 a8 SR Held I FEE BHL B
7] Q15ke] Caco-2H|ZZE 96-well plateo]] 4x10° cells/well =
200 pLA 23131 vF 710 A monolayers &/dsh wj7}A]
st O]—r B A5 HS A AT T serum free-MEM
(SEM) 160 pLES B33} S 548 AJ2S 20 UL 4
Z5lo] 1X]7F 50} uijFs}l, interleukin(IL)-18E 20 uLE A
gJ5to] 24417t B AEFste] F5 A REDS P45
o} Caco-2 Al Higt Ale =487 0.5 mgml 5=
MTT(3-(4,5-dimethylthiazol2-yl)-2,5-diphenyl-tetrazolium bromide) A|]
obe Aelsto] 3083 WS, oF A5AE AR
100 pLe] DMSO(dimethyl sulfoxide)S H-3F5}o] H2hA19]
crystal-& -8-SHAIA 550 nm oA FFEE S75Ho] IL-1
B Aelao] that ME AEL(cell viability, %) LFEFATH
Mo A EH]H g3 Q1x}Ql IL-6, IL-8, monocyte chemoa-
ttractant protein(MCP)-19] $1=F2 BD Bioscience(San Diego,
CA, USA)9] ELISA(enzyme-linked immunosorbent assay) kitS
Fstel B4o] ol gatgon, AZANM AZEH recom-
binant proteing ©]-g-3t0] 24t XFEFAS Sal B7l6IATh

4. CHAIMIZF(RAW 264.7)E 0|85t &S &4
Uhe-2 | RAW 264.7 AN ZFE o] g3te] BE F

EE°] IRE 5 Ao o3 FAF 4= B
o} A ZFZE 96-well plateo]] 3x10° cells/well = 200 uLA B3
St HjQF7] oA QF 18A]7F ZOF vjoFslith. o3 ujjoF At
SHS A|ASE T serum free-DMEM(SFM)S 160 LA 23
5l A3t =2 3AE A|FE 20 L A5t N 5
OF HjFs}al, LPS(lipopolysaccharide; Sigma-Aldrich, St. Louis,
MO, USA) 20 puLE A g|sto] 24A17F St Aulgstich
LPS A Zo] 93] 5= FEAIX] RAW 264.7 A| 2250 tf
F AR SAE7H: 0.1 mgnl 520 MIT Aok Aejg
T E 275la] LPS A g]Zof tist AlE AYEES(cell

ol
-
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viability, %)2 YWEFHTE $HH, NO(itric oxide)2] T2
griess assay= 5o 4% 2™ sodium nitrateE ©]-&35}0]
RETAS At iME S IS IL-6 3
IL-12+= ELISA kitg ©]-&5to] 45100, A|l2A A A
3= recombinant proteins ©]-8-5F0] ZHA HEILAL E

S pgmlre B7H5to

5. HPLC-DADE 0|28+ F& triterpencid2| Mzt £

‘?‘% H]T ?_]_' o% “_réE ] 0]-‘(l‘)l'x_. ni 3"‘—01]
A= FQ triterpenoid?] S H7Islr] Yl Shin S

(2020)9] HHHS F115}t0] Table 29} 22 A0 EAS
AYstct. Ao Age BEEEHL Sigma-Aldrichol A

FAstPoH, 4 mgmL =] stock solution©.2 FA| 5}
o|& Z}ZF 4]0] 1 mg/mLe| working solution® 2 A5}
0.2 ym membrane filter(PALL, Port Washington, NY, USA)=
olZket & BAST) G, A Re] 9ol tzte] Yo
S S5 sto] ot 3 BAlo] AMgshgon, BAT Hea
= o]&sto] A5 EA5ks 4w ¥FE ngmlz UEr
WA

6. SH2l
HE AY BAHL 3 dikE o2 AFslgon, Ayt I
T+HFH X (standard deviation; SD)Z LEFHTEH B4 Ail=
Statistical Package for the Social Science(SPSS V26, SPSS Inc.,

Chicago, IL, USA)E ©]-85}0] Levene’s testS A Alofo] B4
‘,] %NH o H]JJ_O]_OEI ou:] Ez]xj g ;l’t 7;] o u/q,a,q
(analysis of variance; ANOVA)S AAISE & BEAZF 719] 79
32 Duncan’s multiple range testE 0]-85}0] p<0.05 79
A ARFEAE B Aokl B ARt FoRE 7h
A= A5, SH%EZ U= 9l ol 2R (stock)et o

EAKdilution)2 7150} o3-S Viehygic.
ks,

2 AIHIE 332 MZF =4 8o}
% A B2 HEFO| ARE A
23t 5 LPS E= *PO]EJ}OM &2 95 "W AAE A
st AlmA o] o3 54 BE YA oAE Hrtel=

Ao R, Algo] F/gol osf A=E7F Ardst o] & ]lst
ol @5 ¥ vlole vhAZL AL, olE FF A 24
S8 2T &= Utk wEtA, olZet AFA E4e Bt
7] A BE FEE o a2 AESY B WA A
. Caco-2 M 22| A=/ B7F BI}= Fig. 1A9]
Uetilon, HE F58 3F & 332 SHHEZNG
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Table 2. HPLC conditions for quantitative analysis of
major triterpenoids in CAE-added beverages

Analysis Conditions
Instrament YL-9100 series
(Young Lin Co. Ltd, Anyang, Korea)
Column YMC-Triart C18
(150x4.6 mm, 3 ym, YMC Co., Ltd., Kyoto, Japan)
Time (min) VDV:Z)??Z; Acetonitrile (%)
79 21
79 21
12 77 23
20 77 23
) 24 65 35
Mobile phase 30 65 35
32 56 44
34 33 67
42 33 67
45 0 100
50 79 21
65 79 21
Column temp. 30C
Flow rate 0.8 mL/min
Detector Uv at 205 nm
Injection volume 20 pL

Data calculator Clarity system

normal control) ¥ IL-13 A2} H|wsto] EE AJFOA
A|azo] &gl FFol gl AR YERTh Alg A2+
94 Al AEE0] 80% o] Fo|H AxtA o ’\1]-‘&5"32 A
= AoR AdHA QlO.HF (Lopez-Garcia 5 2014), 3F

E—‘?— AT A o] it Al2EAS Qls AoE 9—-}‘{15]
Atk 9], HE FEE FF =Y A7 IL-1B AT
o] A CE Fogt A2FA5& UEhd 22, Diaz-
Coranguez 5-(2019)°] 7 AT o] X|@Agto] Al F4] 4 &
oot Wk Bo] e Bk A AN =R, B
%% o]—o Oi_,] ;qa‘_:' EEH 1]1:1173(1);—0] ZZ] 7(]- .%
Sl X] Skt RS AT Y A FA]of 7]oT 5
& A0 FAEU I, o|HT AR FEAHS UL
Tl RAW264.7 &AL A| 32 54 H7lo A [FAFSH
Al Yk, NC ti2 9 LPS A2t tiv] & oAl 252}
U7 2 Q5] 36.7~55.7%2] SAHCE Ko7t AE F
Al5= UEHHSIthFig 1B). 28202 N2=4 F71E &
A A3, HE FEE TF 25 F AIEZFA 2F
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2. & MM ZEF(Caco-2)E 0|2E & AHS N &
IL-18 A2 Q8] AH=H Caco-2 A ZFLE AGZA Alo]
E7}Q1 1L-69F IL-8 & MCP-13 22 AR 7}1Q1S A5}
A Hubo]] d&58 Srst= Ao g A A AT Tesoriere S
2014). whebA], QAZF f A A A|ESQ] Caco-2 Al ZF
IL-1BE AFste] AFHEE FEAX] & HE F580] &
H 25 352 JUlot] dHS 24 5
Aol A g A4 Al T S 9 AL
A7) = DS/ ARl EZIRIQI IL-69] oA &g B71et
A= Fig 249 YERH A 29 9ol IL-6 34
2 0.2 pg/mL3l ¥HA, IL-18 A 272 10 ng/mL 5 =i A
13.7 pg/mL2] IL-6 AdF= UEHo] EAZ & {23t 4
oA AT e o] ATl AS SISt A7
Ao w2 & A5 ALY 2%, 11 5= 24 34
A AR A IL-18 A= ] 2+ 6.1 & 2.2 pg/mLo] A
JoE SAZCE [t IL-6 AA] HIL-1B AT &
T oiH] 557 & 83.7% JAN= YEIH oM, 2H SR E 717}
41 9 1.6 pg/mL BAto g 503t IL-6 A &A(69.7 L
88.4% AANE Hct 3, 3 S5+ A ¢ 2uf 34
A IL-1B A2t ] 2442 32 9 1.0 pg/mLo] IL-6 A5
Uetdlo] 381 S=7} 7P St A S IA 24769 4
92.4% JA= UEtll= AL gelstit. 3o = S5+
£ A dF5EE TEA7IE IL-8 A B ﬁé
7¥et AT Fig 2Bo| YEHIE 19 S59] 28 3]4 9 o
Hofl Al IL-18 A= tiB] Z2H2} 1.4 H 0.5 ng/mL2] %‘ﬁﬂi
FAACE O3 IL-8 A &A(64.2 E 86.0% AN L
o 28 SEoAx 7+ 12 € 0.5 ngml 552 S
O3t IL-8 A Z4(69.2 D 87.6% AL UERTh 3 &
25 IL-1B ;‘qa:,L q]u] 71—71— 0.9 tﬂ 0.4 ng/mLQ] /xﬂ/h]-l—;o
7HE -5 IL-8 A E43(75.6 X 883%)S HA o 11
928 59k FoJHQl Apo]E HolX|= AU mhAere
= geyot MRS fRlst d5& FEdhes ARt
11 MCP-19] A &< 3 }‘é‘_ A= Fig. 2C9F At
19 2281 3 =0] 2vf) 3]4] 9 YHo A= IL-1B A2
H| ZFz} 456.0 2 275.6 ng/mLI} 438.5 L 204.4 ng/mLo] AJA
O 2 IL-1B A+ AR {25t MCP-1 A &4
(IL-18 A % the] 30.9 D 58.2% AA; 33.6 L 69.0%
AA)S Ureret 3, 3 S5+ IL-1B A2 o] 42t
330.3 @ 152.5 ng/mLe] MCP-1 B35S Uehdjo] 1H &
ST HT golFo g 535 AAEA(49.9 L 78.6%)
= ‘/}E}LH ot ZEHOo=R IL-1BE FEH Caco-2 AZF
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Fig. 1. Cytotoxic effect of CAE-added beverages against Caco-2 cell (A), and RAW 264.7 macrophage (B). Each beverage
was treated to Caco-2 or RAW 264.7 cells, and IL-13 or LPS were subsequently stimulated for 24 h. Results are expressed
as meantS.D. of three independent tests in triplicate. Means with different letters (lowercase; stock and uppercase; dilution)
above the bars are significantly different between groups at p<0.05 by Duncan’s multiple range test. 1; 0.1% CAE-added
beverage, 2; 1% CAE-added beverage, and 3; 2% CAE-added beverage.
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Fig. 2. Anti-inflammatory effect of CAE-added beverage on IL-1B-stimulated Caco-2 cell. Caco-2 cells were treated with
each beverage followed by IL-1[3 treatment for 24 h, and the production of IL-6 (A), IL-8 (B), and MCP-1 (C) was evaluated.
Results are expressed as meantS.D. of three independent tests in triplicate. Means with different letters (lowercase; stock
and uppercase; dilution) above the bars are significantly different between groups at p<0.05 by Duncan’s multiple range test.
1; 0.1% CAE-added beverage, 2; 1% CAE-added beverage, and 3; 2% CAE-added beverage.
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L d% 9 2] Aol EFIRlS Bulstel Al
2 FHSAA 27golo] AT 4TS FYsH
Q

15g 25 4o AL FAH=T
7]efgekKihl 5 2015). 1k, LPS R A5 432 ¢
LA]7] RAW 264.7 IL-1B, IL-69} 2o =4 AJo| &7}l
& sl F4 U WA GENEE REAITHKIn &
Kim 2015). WhebA], £ A7o|HE AR ER] B 52
Bo] BE SRS AU O HHE 9F 4% A%
of WXt A WosknA shedck. WA, Y Bk A E
Fure-2 3471 No9| o4 B4 W7t AN 4% f
Z 9hSolA 7t NC BhE2e] 49, NO BAHL
23 uME IFT LPS HeZE 1 pgmlo] oA
18.8 uM9] NO 4%E Ueho] 9% fi mdo] Fat
o% F4H A2 FAY 4 YAchFig 3A). ARHY 2
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Control CAE-added beverage

Fig. 3. Anti-inflammatory effect of CAE-added beverage on LPS-stimulated RAW 264.7 cell. RAW 264.7 cells were treated
with each beverage followed by LPS treatment for 24 h, and production of NO (A), IL-6 (B), and IL-12 (C) was evaluated.
Results are expressed as meantS.D. of three independent tests in triplicate. Means with different letters (lowercase; stock

and uppercase; dilution) above the bars are significantly different between groups at p<0.05 by Duncan’s multiple range test.
1; 0.1% CAE-added beverage, 2; 1% CAE-added beverage, and 3; 2% CAE-added beverage.
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I, 19¥ 2 LPS AE tfH] SA14 22 723 NO o
Al B4 Rl eketon, 2d 9 31 S 59| 28 34
A Ao A LPS X H] ZH2t 15.0 & 13.9 M2} 12.6
4 122 pM&] NO A/d& Yetliof, LPS A2t A4t ofH]
22.7~29.5%%} 37.2~40.0%2] EAH 0 & 393+ NO 94 &
Jol U= A0 & SRIE et th o & IL-62] A &
/-2 Fig. 3Bof| UEtHSl=dl, 19 =2 24 3] &
o Al LPS A E| thy] ZHzF 209.5 I 141.0 pg/mLe] IL-6
5= UEtHol SAHCE {3t A E(LpPs A
& tiH] 77.7-85.6% AANS UELTE 2, 28 2w
ZA5-oll= 24l 3]4 H YHof| A LPS A2 thH] 242 1253
4 101.3 pg/mLe] F-9J 3t IL-6 JA| BJ(87.4~90.2% JA)S
YeRH o, 38 2= LPS AZ thH] 212} 1267 R 60.9
pg/mLe] Ao 2 Ao A ThE AlRHT FoHOE =2
IL-6 A 24(87.3-94.8% AANS YEtHh miA9to=
IFN-y2] natural killer @ T A|ZofA BARS: Festo] A5
k= IL-12 A 245 B7IRE Ai= Fig 3Co] U
o 1¥ Z&59] A, LPS A2 div] SAHo = {oet
IL-12 A /42 SRIEA] gtont, 281 9 381 259] 2
v 3]4 9 YofA LPS A thH] 22+ 112 ¢ 10.1
pg/mLT} 9.0 H 6.6 pg/mLo] IL-12 /S UEFio], LPS A
7 5 thy] 35.7-42.8%9} 49.8~65.1%2] EAH 02 9.9
3} IL-12 A 4L YeERITh Cho 5(20201& LPSE G&
H RAW 264.7 A|ZF0| A BE &5 AP Al WIS A
o]E7}2191 iNOS(inducible nitric oxide synthase), IL-1[3, 1L-6
2 TNF-a9] mRNA 93 74 E B3 Ed], 2 A7
A AlZFo|A BEH|EE= A58 A AAY 524
ol dAZES 57457101 FF mRNA gene expression
E+= immunoblottingE B3t FAIAQ] 5 AAEAS D 717+
of tigt A+ o Ao R Wt ZEHOE Caco-2
AN Z}F RAW264.7 Al Z22] B A S 3

E FEE I SEc F A0ANEFY A RS0 A
IL-18 9 LPS A2 2HE Frd dS5He-S AAlot= &4
< SIS £ llon, 25 & A% N B A% 715
g AE AEY 87 8E AN & Ao

4. HE FE20| ewEl SR FL triterpenoid =4

HE-2 madecassoside, asiaticoside, madecassic acid @ asiatic
acid 53 22 triterpenoid 3}HES 383k 9).0.H(Bom
S 2021), o] 23} triterpenoid SFFE-LS AFA X FE(Kil 5 2018),
ZakA 3Hd(Seong S 2021), FABA D FIZA(Kim S
2018b) 59 52 7HA 1 oty BuEq 9k B ¢ Lo
Ae BE F5E0] FFE 58 33°] Caco-2 I RAW
2647 A|ZFo]A S-S Aok B GRlstgienw

oj2fgt &4 8 triterpencid®] F¥HIS Elstal, HE
FE2E 4% A 945 A 259 AISE %t A EEH
AAE fI5to] 459 triterpenoids TAR REEZH I HE
FEE A == 359 triterpenoid 3HES HPLCE +4]
StATHFig. 4). BE 52 dF 57 359 F2 triterpenoid
e B4t 23 5= 3504w 365228 madecassoside,

madecassic acid & asiatic acid= A&EA| 99k, asiaticoside
9 AESE Ao B A2 AP AFHKIm 5 2023)004]
£ 2380 ARBAL AYs/| 92 24 452 B
asiaticosideS A HEEZZ T35} 0 M, asiaticoside H=SH
ALt FFRAE EAT Ao, 247 4.99 pg/ml 9 15.12 pg/
Lz FeEiget B aTolN BAT BE FEE 98
L7 3%9] asiaticoside?] T=HFE ZHZF 19.39, 19.25 L 19.98
ugmLE 1L o], AREHLZA &-§ 7T 2 o= o
= tHTable 3). 3HH, B¥E F2E T/ == 337l
asiaticoside®] Q2 BAH O R {OJ3t Xpo| & Holx] Ak
=4, ol 0.1% BE FEE0] IFE 1¥ S5 E
T 93 Aol ekt UeloE ¥ 4% o,
E Y59] ol W= asiaticoside?] FFHeF 7HO] AFTHAIS =0]
Al k7ol S4EdE = AREHAEA S U7} &2
Ao= AR gebd, BE F2E B &7 359 70
triterpenoid E-41 23}, asiaticosider= A|HEEZZ A9 27}
5732 I = AAAT, B "I RH| oot B4

=2 T
3} ABAE 7H) ABAL F  elo] Wastuz

LI
Sujo] FAE W2 g B3] AYIZ2utE 0 5L
=3

=
S S S5 AU "z doishe FagA

(36.8)

Asiatic acid
(38.3)

Madecassic acid

. Asiaticoside (26.9)

—. Madecasoside (20.6)

Voltage
®
:
|
|
\

— Asiaticoside (26.8)

Time (min)

Fig. 4. HPLC chromatogram of ftritepenoid standard
mixture, and 2% CAE-added beverage.
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Table 3. Contents of major triterpenoids in CAE-added beverages

Major triterpenoids Madecassoside (11g/mL)

Asiaticoside (ug/mL)

Madecassic acid (ng/mL) Asiatic acid (ug/mL)

1 n.d” 19.39+0.51™? nd nd
CAE-added nd 19.25+0.66 nd nd
beverages

3 nd 19.98+1.05 nd nd

D Not detected.
? Not significant.

All results are expressed as mean+S.D. for three independent experiments. 1; 0.1% CAE-added beverage, 2; 1% CAE-added beverage, and

3; 2% CAE-added beverage.

20 g #E

HE(Centella asiatica) 32 =(CAE)E o= A& A
24 FEE AR fsto, CAEZF H7He 55 AlAIE

3&S ARsH o9 4T BARE fE A REEE
A5tlth. WA, CAEZL F7He Z=0o WY 2EavE 3
St7] flsko] Alof et =4 A3, o' k=

o] vl §ojAQl =42 UEhlA] 23tk 5 A
d B7tolA, HE FEE A7 25 AAIE 352 IL-IBE
FEH Caco2 A|ZFoA U A5/ Ate]E7RIQI IL-6,
IL-8 W MCP-19] AJAE, LPSE S % RAW 264.7 A|EF
ol A= NO, IL-6 & IL-129] B Fu|sHA HaA7]=
A5 AAEEE Uerdideh k3L BE FEE9Y A7t
T2 5k & &4 Yetiloy, H7hgel ¥ &
2 AAE0.1%)N A= 53t B vEhfo] 429l &
|7Fs8S g1 4= JUSltt 2HH, CAEZE A7 &= Al
E515 A3t A EEZZ A F Q. triterpenoidsE HPLC-DADZE
223 A3}, asiaticoside¥ro] FFAE 25t HEE U
© o, madecassoside, madecassicacid, asiatic acid= HAEE A
AU, Z&5 AAEL BAZHCE GO Aol= ERIE A
o Hoxd SR EA ] 1S FF QT Ao
2 gdEnh 22X 02 CAEZF H71H 28 AAE2 AU
Fe MEF BEojA FgE WY 24 33E 5T,

A8E 4 Uee AT

ZHAR| =
B =22 20239k 550 Ados xATATEY

A Qg ol 3 A &pA|-thet FE7|Ht A A4l AF] 9
ATFYUTH02IRIS001; 4171 &7 LALR)).
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