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Abstract

Centella asiatica (L.) Urban is an important bioactive compound enriched medicinal herb,
which have been shown to potentially prevent non- communicable diseases. Therefore, the
objective of this study was to determine contents of triterpene, phenolic compound and
antioxidant capacity of six accessions of C. asiatica. The experiment was conducted as a completely
randomized design (CRD) with three replications. The results indicated that the contents of
triterpene, phenolic compound and antioxidant capacity were significantly different (p <0.05). TU-
CA 12 contained the greatest contents of madecassoside, asiaticoside, caffeic acid, DPPH and ABTS
radical scavenging capacities. The highest p-coumaric acid and total phenolic contents were found
in TU-CA 5 and TU-CA 13, respectively. In addition, total phenolic content and caffeic acid were
positively correlated with antioxidant capacity and exhibited their antioxidant capacities higher than
triterpenes. Therefore, the results of this study should be used to select the accession of C. asiatica

with high antioxidant contents and its antiradical capacities.
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1. umin warsnwilsaaudnden Yaelinisisousuay
UszinAlvedanuvainaieniaiugnssy  Audnfvu [4] uenaniidaundamuansameses

vosigunnImdmiiuede Fdnauilduayulngs  (sterol) Wailauews (flavonoid) wazaisusznou
Alglunisndneukulusiauszaia 800-1,800 fAuodn (phenolic compound) L1 NIALAAAN

wile wesiiies 300-500 wfla widundnsunanld  (gallic acid) nsanisilansendivuladn (p-

lun1swinesnwlsanseldlugnamnssusng 9 hydroxybenzolic acid) n3a11iaan (vanillic acid)
1¥un e1msiasu 1ndosin aun nAndasiyuwy  nsnaaelsdiin (chlorogenic acid) nsauAviEN
Wudu [1] ¥aun Centella asiatica (L.) Urban (caffeic acid) nsANIIIANIIN (p-coumaric acid)
Duivayulnsidanuddyvionds aulvefion  nsamlegan (ferulic acid) [5] Fafunumduans
vilaaduniuiuudalugvresdnaaniaidudn diueyyadass arursadesdulsanis o ldun
Adoafesiuomssiansne g uenandiinig  Jestulsauziss Tsnssuuialauagnasaiden

anlgusgleniluduassnaamiee laeseny lsawumnu duasenisidsuledulusianiedu

maIemansnuItasdrnylutaun fe arslu nanuile Wudu [6]
naulnsmesUu (triterpene) Lo azi@udlaleys gnimandvingrfiyraulavesarsann

(asiaticoside) Wvamnalalas (madecassoside) FIunit d5189uu a2 vilvdnasiddiundu

NsAUNAAIEAN (madecassic acid) wagnsaesde  d@iudsenavlundvdng ndndusiasuguain
#in (asiatic acid) FAGNTAMUNTTNIAULALUTIIN waztAseddImateUsznv Malulsemalnenas
91Msun [2] Shwivauna [3] Agnslunislesiu Aedszme egalsiniu nsdaimgavayulnsli
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2. gunIaluazisng
2.1 MsUgnUaunuazn1aTEaRI8E1s
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uduitugdmiunsmaaes Tnsaeuduiifisinde
ll’l'tJQfﬂ.‘lAﬂizU%UQﬂﬁﬁauNaMV}Nmiﬁ’] seezUan
15 % 15 g, neldlsadounsiauas 50 % i
munmIngal luRgilenny 45 Yundsugn
Ut duLd1wiiauazen Manivdiu
Aulunagluiundadminan a1nguniiiwin
WIS MNUIBA15URY Xiao wazauy [11] Uidaeeng
anqululasiaumainazyiliuisuundidonuda
Aouthludsimednuis arntufusedned 20 oC
Wesemsimszdimaaiinely
2.2 MIENAA29819

1455 nsfidaudacann Jaiarree [12]

Tnedefagauiafiuanda 1 ndu danatadae

LONUBAANULIUTY 95 % (SRTIEINVDIF19E9

v v
o o ' [

WAILazLeyUea 1:3) @ingl 3 ASY LRazAsIEnn
WU 3 §u 910 utNINS098I8N5EAEATE
Whatman® wes 1 thansariadilduszmelugeu
ﬁqmmﬁ 50 °C 1Huran 72 Falus Fuld sundn
ansafaiegszivhwinas?t wddaiminuas
AN TDYaYBIUSINETENR (% extraction
yield) 3ngns Usuuansania (Sevay) = (s
ansafn + tminegredildlunisain) x 100
2.3 A1s53AsieUTuuasna ulag
waslu
AnseidTnaasngulasinestudie
liquid chromatography-tandem mass spectro-
metry (LC-MS/MS) (LCMS-8030, Shimadzu) 1ng
1438ns7idauUasain Hengiumrut wagansy [13]
poduuildlunisuenans Ae InertSustain® C-18
HP (2.1 x 150 mm, 3 um) gaungd 35 °C lagld
wapdeudidu 0.2 % nsanesdn (formic acid)
Tuih (@15a8a18 A) WazLUNIUDA (8198¥anY B)

ANILNBLUNITIASIEY AB 0-5 W9, 20 % B; 5-
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8 W17, 90 % B Way 8-15 ¥, 20 % B 8931119
118 0.2 mL/min, YS11a501580 2 pl, MS/MS
detector ¥1in triple quadrupole mass spectro-
meter @N112YBY mass spectrometer 8 uﬁ'ﬁ‘ﬁ
¥inva3 ionization source 71l Hu electrospray
ionization (ESI) ¥il# negative mode m‘gﬂﬂ'ﬂ ion

source lneldaaumagiiuia 350 °C dns1n1slua

mamﬁ”aﬁ 15 L/min, Nebulizerﬁlmmﬁu 60 psi,
sns1nsinavesuiia 3 L/min lessufilddnsies
m 28 multiple reaction mode (MRM) A7
USainaansaniiuildnsvuaziinsneiiuseu
Weudvansuinsgiu senuradululasniuse
nSuvednuie (ug/g DW)

2.4 n15ATITRUSUunsaNuadA

Table 1 List of C. asiatica (L.) Urban accessions, their origin and morphological traits.

Accession codes Origins Morphological traits
TU-CA 1 Khon Kaen Big reniform leaf, long petiole, short stolon
TU-CA 4 Buriram Small reniform leaf, very short petiole and stolon
TU-CA 5 Nakhon Pathom Big reniform leaf, long and big petiole, long stolon
TU-CA 9 Kanchanaburi Small reniform leaf, short petiole and stolon
TU-CA 12 Chumphon Big reniform leaf, very short petiole, long stolon
TU-CA 13 Samut Prakan Big reniform leaf, short petiole, long stolon

Figure 1 The accessions of C. asiatica (L.) Urban; (A) TU-CA 1, (B) TU-CA 4, (C) TU-CA 5, (D) TU-CA

9, (E) TU-CA 12, and (F) TU-CA 13
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TpszsiuTuIansafueda(phenolic
acid) #agtnAd A LC-MS/MS (LCMS-8030,
Shimadzu) Gﬁlﬂﬁ’mwaﬂmﬂ Nowacka hagmede
[14] meduiildlunisuenals Ao InertSustain®
C-18 HP (2.1 x 150 mm, 3 pm) gauunyil 25 °C
Taeldinand ouv vdu 0.1 % nsavesiin
(@1sazaiy A) uaz 0.1 % nsanesdnluluyiuea
(@1sazane B) anzildlunisimsgaided 0-1
119, 10 % B; 2-4 U1, 20 % B; 8-9.5 Ui, 70 %
Buag 11.5-15 U1, 10 % B ems1n15lua 0.2
mL/min, Y3u105n1580 2 pL #N172UBY mass
spectrometer 714 uns@nwriised sdaves
ionization source ¥ 14 41 u electrospray
ionization (ESI) ‘1/?& negative WL positive mode
finsstee ion source Ingldgmmgdiufia 350 °C
§nsnisivavesuian 15 L/min Nebulizer i
AINRY 60 psi §ns1n15Inavesuiad 3 L/min
Lopaudildinszyisie multiple Rreaction mode
(MRM) funaid3unasansanni uii ldnsinluas
WpTissuiieuivansungg iy senunadu
Tulasn3usensuthminuis (ug/e DW)

2.5 n1saAs1zr s uudnsusenay
Huodansvaun

a15Usznauil uad A anun (total
phenolic content, TPC) 7LAS12% 72835 Folin-
Ciocalteu colorimetric Tneld35nsiidaudasan
Folin wag Ciocalteu [15] W@aog9ansaintiun
U1ALALAULONIUDALALAMNTNTY 1 mg/mL
ndudiunansazats 20 pl ldlu 96 well
microplate Ly 2 M Folin-Ciocalteu’s reagent‘ﬁ
199919 10 1911 100 pL tiuansazais 7.5 %
Toiaunsueiun (Na,CO,) 80 pL dansliludiiin

30 Wil Mgaungivies wahluinAnisganiu
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wasiANEIAGAY 765 nm frewA3es microplate
reader (infinite M200 PRO, Tecan) A1u3auuUsune
a15Usznevfiuedan snumussuiiisusunsw
WRsgIUNIARNaan sneunadudadniuauya
nsaunadnsonsumiinuie (mg GAE/g DW)

2.6 MFAsRANuaNsalunsTuds
auyadasza 21835 2,2-diphenyl-1-picryl
hydrazyl radical scavenging activity (DPPH)

14350157 AuUasan Brand wazmmy
[16] Whasanataununazaenedvinasaiglng
AINTU 1 mg/mL wazilulellian (sonicate)
Wunan 1 und mntaliupansazans 20 pl ldlu
96 well-microplate kagtAna1sazaly 0.06 mM
DPPH 180 pL saisliluifin 30 unit figaungiivies
ﬁwlﬂi’m’]mi@mﬂﬁmmaﬁmmmm?{u 520 nm
ELIGERY microplate reader lneldlnsaend
(Trolox) Juansunsgiu sreaunardudadniu
amﬂaimﬁaﬂﬂ?ﬁiaﬂ%’mﬁmﬁﬂLLﬁq (mg TE/g DW)

2.7 mwzdanuausalunisduds
aqgaﬁaixﬁ’m’ﬁ 2,2-Azino-bis free radical
scavenging activity (ABTS)

1433ms7isaulanin Re uazans [17]
W3 EUATAZANY ABTS laenas 14 mM ABTS™ 5
mL wag 4.9 mM Tnunadesidasdams (K,5,0s)
5 mL wanlifidadu iuliluiisia 12-16 Falus
Tntudessansazas ABTS metidnlesou
udnhluiarinsgandunasiininueindy 734
nm WdA1n13gandunasluyae 0.700£0.020
AEANYEITAN AR IYLONIUDAIAL AT UTY 1
me/mL wazthlUledenduna 1w andu
Ywnarsazaie 20 ul Talu 96 well-microplate
W& fnansavane ABTS 180 ul &af abiludiila

W 6 U9l Ngaumngiivies uanhldinanisgn
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NEULAIT A2INB1IAE U 734 nm A 8LAS B9
microplate reader TagldInsd one 10 uans
WnsgIu MNenunaduliadniuauyalnsiondse
n$uhwtinuss (me TE/g DW)
2.8 myanzvideyan1eain

TLAT1EW ANLUTUTIUNSED B
(analysis of variance) AULNUNITNARBILUUEY
am;Jmi (completely randomized design, CRD)
WSsuiwisuaad elaeds Duncan’s multiple
range test (DMRT) fiszsunaudosiu 95 % lng
TlUsunsudnsagy PSS

3. NAN15I8kATIT

3.1 UUNEA UTNTNWAS wasdSunaens
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WIS LAYSPYAYYRIUSUUNANSTANALANA1AUDEN

o w a

Tdudfun19adf (m15197 2) lnediegne TU-CA

o

v

1 fumdnanuazuisgeiian (2.75:0.15 uag
0.37+0.01 nSU/FU AIUEIFY) VU7 0879
TU-CA 13 S milnanuazundn LLﬁJQG]b”IEj;ﬂ
(1.48+0.03 wag 0.16+0.00 NTU/AU AIUAIA)
athalsfinnu dleSeudisusesasvosSunaens
afafildanTaunis 6 §a081e nuinfegs
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Ao dauasidenisnsatnfiuanzaudndudiy
wiazdinuiteliliSesazvesUiinmansatingsiign
3.2 Usunauansngulasimastu

nsfnwsuiuasnaulasimestu
laun uaaalelad wazezidoflaladludiun
F1UIU 6§88 AaemAlda LC-MS/MS 3
TiAs1esilooaun 18 multiple reaction mode
(MRM) Taed srnlinsiadausn m/z 7 973.4 —
503.5 gmsvunanalglan way 957.4 — 469.2
dwSuendeRlales (39l 3) nan1sAnwInuIn
wnpealglanduansusznoungulasimestundn
Ainulutaun G671 2.3620.30 §9 101.10+0.86
ue/s DW auziiezideflalusiian 0.44+0.05 &
20.79+0.51 pg/g DW (m15139 4) Fslaesialuay
wugnwaalgleslulSinadivnnesdeilales
[9] @oAAABIAUNISANEIUDY Prasad WazAMY
[20] fisrwaruingaun 2 aeriug Segnaaeuly
13194 Bengaluru Uszinaduti e JUSuuuLe
mai%lw‘qqﬁ'qm 64.4 mg/g DW VU7 WU
U%mmas%aﬁiﬂl%ﬁqaﬁqmﬁm 28.2 mg/g DW
athalsfny nsAnwinsetinuingaegns TU-CA
12 Fadutaundisrusamunandmiaguns &
Usinaezidedlaleduazuanalaledgeiian
(20.79+£0.51 way 101.10+0.86 pg/g DW 1y
§100) vauEdi 9819 TU-CA 1 §959U594970
Feantavouunuiusunalasinesdusis 2 ala

'
[

#1am (0.44+0.05 g 2.34+0.30 pg/g DW @1y
&190) (11957971 4) aenrdoetuAnuives Puttarak
uag Panichayupakaranant [21] wulsunuezide

s

alaleduazunnnalylengslutiunaneiugng

Wna 957UsINuNInn1ala vesUseinalne
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26.88 ug/g extract ANNANU [22] HANIINARDY

v @ 1 a a a
LLamﬂmmummmLLUiUiamaaﬂimmminmaQu
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o
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Table 2 Fresh weight, dry weight and extract yield of six accessions of C. asiatica (L.) Urban

Accession codes Fresh weight (¢/plant) Dry weight (¢/plant) Extraction yield (%)
TU-CA 1 2.75+0.15° Y 0.37+0.01° 20.1120.48°
TU-CA 4 1.33+0.18° 0.23+0.03™ 19.42+0.24°
TU-CA5 2.23+0.13° 0.2620.02° 19.77+0.92°
TU-CA 9 1.68+0.17° 0.2120.03° 19.74+0.44°
TU-CA 12 2.10+0.12° 0.22+0.18° 21.59+1.31°
TU-CA 13 1.48+0.03 0.1620.00° 23.57+0.28°
C.V. (%) 7.32 12.91 3.50

Values are expressed as mean+SD; Y Different letters in the same column indicate significant

differences at p <0.05

Table 3 Optimized MS/MS parameters for analyses of triterpenes and phenolic acids

Chemical | Molecular Retention times
Chemical names MS, m/z | MS/MS, m/z
formulas weight (min)
Triterpenes
Madecassoside CagH75020 975.12 973.40 503.50 8.77
Asiaticoside CagH7601 959.12 957.40 469.20 8.96
Phenolic acids
p-Hydroxybenzoic acid C7HsO5 138.12 137.05 93.00 10.05
Vanillic acid CgHgO4 168.14 169.00 93.00 ND
Caffeic acid CoHgO4 180.16 179.15 135.10 10.34
p-Coumaric acid CoHgOs 164.04 163.15 119.05 11.31
Ferulic acid CioH1004 194.18 195.00 144.00 11.45

ND = not-detected
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Table 4 Contents of triterpenes and phenolic acids by LC-MS/MS in six accessions of C. asiatica

(L.) Urban

Accession Triterpenes (ug/g DW) Phenolic acids (ug/100 g DW)

codes Asiaticoside Madecassoside p-Coumaric acid Caffeic acid
TU-CA 1 0.44+0.05° " 2.30+0.30" 8.30+0.64° 2.37+0.24°
TU-CA 4 0.97+0.70° 7.70+0.56° 20.97+0.45° 2.18+0.16°
TU-CA'5 8.18+0.34° 20.27+0.52° 22.90+0.38° ND
TU-CA 9 11.18+1.03" 39.87+0.66° 12.59+0.11° 4.80+0.53°
TU-CA 12 20.79+0.51° 101.10+0.86° 9.97+0.13° 5.02+0.03°
TU-CA 13 10.03+0.26° 48.19+0.93" 7.82+0.15° 3.07+0.14°
C.V. (%) 6.13 1.84 2.68 8.05

Values are expressed as mean+SD; ND = not detected; Y Different letters in the same column

indicate significant differences at p <0.05

3.3 YSuaunsauean

nsAnadaiinseiUsununseiue
da 5 ¥ila Ads1euImTanuludaun baun
nsan1slensendiuuledn nsafiadn nsauan
WBn NIANNITIANNTN waznIaesan [5,23] M
watia LC-MS/MS §dinsnezsilesaudie multiple
reaction mode (MRM) Tag s aa1lsinsa9aaudn
m/z 71 137.05 — 93.0 dmsunsamsilansend
wuledn 169.0 — 93.0 @15 UNIAIITLaAN
179.15 — 135.10 @15 unsauAniWgn 163.15
— 119.05 #UTUNTANITIANITA Uay 195.0 —
145.0 dwsunsaegin egalsiniu nsfinw
adailannsansranunsafiuedeaiios 2 vin Ao
ﬂimmwLWé‘ﬂLLasﬂsmWﬁﬂqm% §adu
a1sUseneviiusdnlungunsalansandduunin
(hydroxycinnamic acid) Taesia0e19 TU-CA 5 &
USumnsanisquningeiian (22.900.38
1g/100 ¢ DW) wauzfidaegns TU-CA 12 fUSuna
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(m15197 4) denAdeetunNI5ANYIVEs Ramesh
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@

YnANAURINIIATIANU (imit of detection, LOD)
Faszynansnanadldfiegludiegne [25] uagann
nanesuideneunindseyiinanlansend
Fuunfinifunsafiuedangulugfigaiinuialy
Tufiwiifigrsfiuansiensss frunansaldniay
wazdautRlun1steusussuugiifuiu [26]
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arsuszneuflueda anun 11.77+1.30 i
58.67+1.00 mg GAE/g DW lng@a9eg1s TU-CA 13
fUsuuasuszneufluednnanung et ga
uenndvaundanuansolunisdiueyya
DPPH' tiag ABTS™ d@n 12.41+0.45 83 40.04+
1.53 Uag 26.26+0.56 9 43.20+0.02 mg TE/g
DW s1uanau lagsiegna TU-CA 12 da3y
a1usalun1sdueyya DPPH gefian weilyl

o W [

wanNAeEdBERYNIsERATuAI0E13 TU-CA
9 waz TU-CA 13 uananil ety TU-CA 12 §
ANansalumIiUeYL ABTS™ gefign (M3
7i 5) Fsaenndaaru Dudonne uarAmg [27] 34
i’]'EJJ’I‘H’j’1ﬁﬁjﬁﬁﬁ’]iﬂ‘ESﬂaUWu@aﬂﬁgdﬁmmqwxﬁ
N3 Aueuyadaszgenuludae 1iesan as
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Table 5 Total phenolic content and antioxidant capacities in six accessions of C. asiatica (L.) Urban

TPC Antioxidant capacities (mg TE/g DW)
Accessions
(mg GAE/g DW) DPPH ABTS
TU-CA 1 11.77+1.30° V 17.73+0.62° 27.83+0.67°
TU-CA 4 22.25+0.76° 12.41+0.45° 27.68+0.57°
TU-CA 5 19.94+1.50° 12.95+0.26° 26.26+0.56°
TU-CA 9 42.98+1.50° 39.65+1.07° 40.17+1.70°
TU-CA 12 43.97+1.46" 40.04+1.53° 43.20+0.02°
TU-CA 13 58.67+1.00° 38.84+0.02° 41.42+0.95°
C.V. (%) 3.91 3.09 2.62

TPC = total phenolic content; DPPH = 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity assay;

ABTS = ABTS free radical scavenging activity assay; Values are expressed as mean=SD; Y Different

letters in the same column indicate significant differences at p <0.05
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Table 6 Pearson’s correlation coefficients among triterpene contents, phenolic compounds and

antioxidant capacities of C. asiatica (L.) Urban.

Data Madecassoside | p-Coumaric acid | Caffeic acid | TPC | DPPH | ABTS
Asiaticoside 0.96** -0.28 0.87** 0.66** | 0.76** | 0.79**
Madecassoside -0.40 0.80** 0.70** | 0.78** | 0.84**
p-Coumaric acid -0.27 -0.48* | -0.69** | -0.64**
Caffeic acid 0.55* | 0.83** | 0.81**
TPC 0.88** | 0.91**
DPPH 0.98**

TPC = total phenolic content; DPPH = 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity assay;

ABTS = ABTS free radical scavenging activity assay; *, ** = correlation is significant at p <0.05 and

0.01 levels, respectively.
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