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ABSTRACT

Background: Centella asiatica is a well-known medicinal plant having a wound healing effect. In
this study, the growth, asiaticoside content, and antioxidant components and activity were investi-
gated in C. asiatica resources under different cultivation and irrigation conditions.

Methods and Results: The cultivation and irrigation methods were divided as greenhouse and
open field, and sprinkler and sub irrigation. respectively. Growth characteristics were measured in
aerial parts of C. asiatica. Asiaticoside content was analyzed using high performance liquid chro-
matography. Total polyphenol, total flavonoid and 2,2-diphenyl-1picryl hydrazyl (DPPH) radical
scavenging activity were analyzed for antioxidant activities. Growth was higher under greenhouse
and sub irrigation than open field and sprinkler conditions. In the leaves, asiaticoside content was
53.45 mg/g (open field) and 34.38 mg/g (sub irrigation), total polyphenol was 41.14 mg/g (open
field) and 25.73 mg/g (sub-irrigation), and total flavonoid was 27.26 mg/g (open field) and 23.72 mg/
g (sub-irrigation). DPPH radical scavenging activity in the leaves was 85.97 mg - ascorbic acid
equivalent (AAE)/g (open field) and 54.83 mg - AAE/g (sub irrigation).

Conclusions: Asiaticoside and antioxidant components and activity were not accompanied with
high yield, although high growth was observed under greenhouse conditions. Therefore, cultural
requirements of C. asiatica should be sufficiently considered to suit each purpose.

Key Words: Centella asiatica, Antioxidant Activities, Asiaticoside, DPPH, Total Flavonoid, Total
Polyphenol

M o o7 47l AEolt} (Hausen, 1993). HEL o}Zg]7}e]
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(European Pharmacopoeia), &= <FZ (Pharmacopoeia of
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asiaticoside $F%-2 HPLC

sl em HPLC 4

1260
z4

fsi3
=4

Z9] asiaticoside
= , 9, 712 st eI A A
= asiaticoside (Sigma-Aldrich Co., St. Louis, MO,
USA)E 63, 125, 250, 500, 1,000 ppm FE=Z #A3le] &
FEM y = 14712x + 466 (= 0.99Y2 T3l mgg o7

ERA AT
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49l

AN FE

Table 1. HPLC analysis conditions for asiaticoside.
HPLC
Column
Wavelength

Agilent Technologies 1260 series
INNO Column C18 (4.6 mm X 250 mm, 5 zm)
254 nm

Column temperature 25C

Mobile phase Solvent A - Water (+ 0.3% Acetic Acid)
Solvent B - Acetonitrile
Flow rate 0.8 m¢/min
Time (min.) Solvent Ratio (%)
. . 0.0 solvent B 15%
Gradient conditions
10.0 solvent B 30%
20.0 solvent B 50%
4. FHoHgsE 9! U W X Zals el A
Z Eg9E S Folind} Denis (1912)2] WHS dF

W5t *a‘/\]%}‘}iﬁ‘r.

0.1 m o] 7} A5 SFHFE 7letd 04 me 2 WHESL o
714l 0.05 mé 2] Folin-ciocalteu's phenol reagents 71550
EH F, 3 82 deeln) AL NaCO; 258
0.1 & Yol &8 5, /TS F7ksld T 035 me ¢
2ol 1 A7 WS o] % 3,000 rpmell 10
AEE S F, dE5As A 725 nmellA] UV-VIS
spectrophotometer (MultiskanGO, Thermo Fisher Scientific

., Waltham, MA, USA)E &3ty SH=s =43 &,
J'Zr%él catechin (Sigma-Aldrich Co., St. Louis, MO,
USA)S B3l 2dst -4 y = 0.0051x + 0.0154 (=
0.9988)C. 278 T ZE)vls TS TFeldich

/%]

=
271 A

LS EA

5. MU o 2puid W = ZIPL0|E o 2M
F ZEixcRol= S Davis (1947) HHS HIA

7
0.1 m¢ ] AerE FZE| 90% diethylene glycol 1 ml &
A7kslal, ©Al IN NaOHS 0.1 ml & ¥ 37C gL5x
(WCB30106, DAIHAN Scientific Co., Ltd., Wonju, Korea)
oA 1 AIZF WESAIZL & 420 nm o4 UV-VIS spectrophoto-
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meter (MultiskanGO, Thermo Fisher Scientific Inc., Waltham,
MA, USAE °l&ate] F4=E SHF ¥ BFER
naringin (Sigma-Aldrich Co., St. Louis, MO, USA)S ©|&
slo] AAS BT y = 0.0031x + 0.0225 (= 0.994)2
2R F Eehiols S Ttk

6. FMujur U zpub W DPPH radical 2lCIZ &S
=2

WEZ2] 22-diphenyl-lpicryl hydrazyl (DPPH) radical &+t
3} B4 =4S Abe 5 (1998)9] WS W3] AN
T} 02 mM DPPH HI&-E &S A|xate] A5 A8 o
] (Whatman No. 4, Whatman ple, Kent, UK)?l <33}
o FH]ERdtt.

F%% 40 (L] DPPH solution 160 /£-& 3 23TCe]
Aol 30 B7F ARl ., UV-VIS spectrophotometer
(MultiskanGO, Thermo Fisher Scientific Inc., Waltham,
MA, USAYZ ol&at] 517 oA T35S =433t o
e ditdoe=m @wol 4#Xl L-ascorbic acid (JUNSEI
chemical Inc., Tokyo, Japan)2} H]wsle] AlE 79} tz=+ 7¢
4% ZFolE mg ascorbic acid equivalents/g® =2 YEFATH

7. SAEAM

2 A¥847e] TAREAS SAS program (ver. 9.2; SAS
Institute Inc., Cary, NC, USA)E ©]&-3le] 2Arlsialom, A
vl A, =AY B A (22 g S, AW)
of ME Ztzte] F aF 7+ oA Aele rests FEl 5%
(p < 0.05) Frol<Eallx] A8

X

7Y E

1. RHUHSHE S Zhpobd © W0 MREM

AejzAdl wWE WE (Centella asiatica L. Urban)e] Y=
548 AR A3, AAHA AlE BEL] S 540 =
AR} =2 Ao et (Table 2).

s A= 9, G5, 7164 AVAAN7E =22 e R
o} FiF 38 oY =kow FAXCE g fold A

-

£ Btk 53], 9o A5, AAANIZE 481 g/nd, =R A ul
7F 661 g 2, RE AL 5 F 7MY =2 AS AolE
et A2 AR 7T 55.8 cm, =X AEl 7} 32.8 cm §
o A= AEAEZE 107.3 /i, =XA87F 723 70/nd
2, AdAelM o] As SAo] AR RS =& ZloR 5
A= AT} 53], AldA= =X A vl 2%, Fk, 3,
Bt Fo] thkst e ase] FoFHoR 2EHI 1|
WA ZEe] QPR AMES TS F e o= U
A Sde], WEe] gl o] AAAY W] auE
Ae Aoz FtHET} (Son et al, 2002; Nam et al., 2014;
Lee et al., 2015; Kim et al., 2016).

H7t BE AL oA 22y

UERTH (Table 3). 53] 974, 9%, 9494,
W 7kl o)Al Aol ERIE & USIT W

A, 9T, dsoMe
=2 02 UERAR,

= ZoFE gl

Addre Ehrolr EE, ke 213 A &
sz g Atk (Jung and Son, 2000). ©] FFHHS &
o] B9 AFE FA 43 43 BA5E 53 F7 o)
|RE0] =Y F UL HIFE Ao Hof HFES} = AMEFS
T TRl vl e THAL e Al

2 BIEF e} (Son ef al., 2002; Kang et al., 2003).
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=

2. FHuHgiy 2 2EpUbH W ggiaticoside b
HEo] X FAEC] asiaticosided]] thal], A=A w=
9 SRS wlws) 2 Ad, WEe o, 9, 27 B
QoA zhzb 5345 mg/g, 11.82 mgg, 15.46 mg/glE,
|4 7F Al Al R} =2 asiaticoside TS VFERH O
=71 M= F AP 7 524 Zfelg Bt
o] e WE H9 ¥ asiaticoside TS YolA]
P (3438 gyt 2 IR (18.82 mg/gHrh E

©orn e
0 of

o

K
i)

]

N
2o

9

Table 2. Growth characteristics of Centella asiatica by cultural methods

Leaf (cm/ni) Stem Number (ea/ni) Weight (g/nf)
Method i length
Lengh  Width Ir;:gﬁ (cm /gtrﬁ) Leaf Stem Leaf Petiole Stem Total
Greenhouse 2.9+0.4 5.2+0.5 16.4%2.5 55.8+12.8 3,203=112.3 107.3%=8.1 575.1=59.6 481.0+21.4 209.6+19.5 1,265.6+61.0
Open Field 2.1+0.3 3.7+04 7.5%+2.132.8+9.3 1,592+50.2 72.3%+8.1181.1+x3.0 66.1+£3.6 54.6%x16.8 302.0£20.5

Significance as cultural types, greenhouse and open field, was analyzed by t-test as means = SD. PNS; Non significant, " and ™; Significance at

the 5% (p < 0.05) and 1% (p < 0.01) level, respectively.
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Table 3. Growth characteristics of Centella asiatica by irrigation methods.
Leaf (cm/nd) Stem Number (ea/nf) Weight (g/ )
Method i length
Lengh  Width I::r:gﬁ (Cm/%tﬁ) Leaf Stem Leaf Petiole Stem Total
Sprinkler 29+04 52+0.5 16.4+2.5 55.8+12.8 3,203+112.3107.3£8.1 575.1£59.6 481.0+21.4 209.6%=19.51,265.6x61.0

Subirrigation 3.5+0.5 6.0+0.8 22.6+4.0 57.1%16.9 2,909+231.0 57.6=28.0 749.5+68.2 761.7+251.5 188.7-90.91,699.1+336.0

*% Kk *

Significance NS NS

*k

NS NS NS NS

Significance as irrigation types, sprinkler and sub-irrigation, was analyzed by t-test as means =+ SD. "NS; Non significant, “"and *"; Significance at
the 5% (p < 0.05), 1% (p < 0.01) and 0.1% (p < 0.001) level, respectively.

Table 4. Asiaticoside component by cultural and irrigation methods.

Asiaticoside (m
Method - L

Leaf Petiole Stem

o Greenhouse 18.82+0.20 NDV 0.95+0.03
Cultivation )
Open field 53.45x0.59 11.82+0.03 15.46=0.17
o Sprinkler 18.82+0.20 ND 0.95+0.03
Irrigation L
Sub-irrigation 34.38=0.12 ND ND

Significance as cultural types and irrigation types was analyzed by t-test as Means + SD. " means significance at the 0.1% (p < 0.001) level.

ND; means no detected.

[e]

S asiaticoside FHS HPow FeolFel zpolE YERAT
vt GrEolX 9] asiaticoside > AlAAMleL F A
HollM e AEEA Bk 7] S22 EH M 0.95
mg/g A W] AAAFANNE AEEHA] &STh (Table 4).

ZE Centella= tritepene ester PGS asiaticoside®] &
o] 29% m]tlolojE tETi Y MAIR A7 TE B Q)
=4l (World Health Organization; WHO, 1999) ¥ A4}
e 53 HE Aol =X (54%) 2 AHEBS
(3.4%) ABI7}F 2% 7S T53hes AoE YEhith

Asiaticoside= JatE|g|ol B FFEAS T3l FAAF2k
T 5Ae X5 35 JEpE I Jojollx Zehl 4
R Zog A Jed (Chang ef al, 2007; Kim
et al., 2019), o]&A3 F23 715E B3l I Aw7t
A geFe A s daAle] ds=EH gEgT HE
ole AR FXg HHOE g wEA EHAEA) Az A
TM = asiaticoside?] E2 & 7S YER (Kim et
al., 2018), FFol= 71574 258§ Aol tdd ez
asiaticoside’} H&E4H o7 Bz

olo wig}, O 2 asiaticoside $HFo] -3k HE A &
B2 g f AL O E 98 gk E XA b 2 AHAe

#go] wE & Y Ao wuH

S

o
A=t

3. MUy S 2kpubd 3 ohiisl R shiisl &t
Az B Ay W grtsl S vlash] Qs F

Fevlsa & SEtReolE IFS Ssisinh wA Az

A gE 7 7810 F sl e =AAelN <l
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(41.14 mg/g) > AW (23.13 mglg) > =7] (21.57 mglg) &
2, YoM F Eguls o] A vER e AR R
t 953 Egton EAHoRE nf$- foldk xjo|E LiER
oh S, B e F EejvlE IR AuaA
o (25.73 mglg) > =7] (11.37 mgg) > | (4.01 mgg) &
ME2 QA YellA] 7P wgkom, AxEeaarEn A o
B}, A el frogh 2folE BTt (Table 5).

Az E WE 7 §-910] F FepEo|t SRS 4]
Aol A o (27.26 mg/g)> ¥ (13.97 mg/g)> =71 (10.21
mg/g) o2 UERGOoH, Ay HEe Auda o
(23.72 mg/g) > =7] (3.24mg/g) > VW (6.07 mglg) Lo 2
e & ZEjEls o 2ARE AR ARE BT
(Table 6).

AEL 2mo} AP 2EY 2] o= 2 2} tAL B
& Z7M71E Aol Jedl (Kakani ef al., 2003) 733+ #F
M3} =2 FEAoNA ZeE 2 itsl S Yep=
He=A4 =0 °S =Hddr BAEJT (Grisebach,
1982; Kim et al., 2015; Lee et al., 2015). T3, =x]|z)u)
Mol EFue] 9 or] o] F He T ditkst €4
Tt T WA oA B2 Ao HIEY|E AT
(Kim et al., 2011; Lee et al., 2015).

AH oz =X A e 2 AAHBS HloA] HEL F &
golEd T ZEtRrolE Fo] 2 Zo0E S
1, gEe] ol vls AHATrE 2HEe] ks R
9 Ao tist 2Rgol A E o 7EA] AE ARZE §L
of olof] tjgt F7HAQl A7 Bod Ao= AlEHL

A3
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Table 5. Total polyphenol component by cultural and irrigation methods.

Total polyphenol (mg/g)

Method -
Leaf Petiole Stem

L Greenhouse 13.44=0.01 0.52+0.20 8.68+0.19
Cultivations .

Open field 41.14=0.23 23.13+0.42 21.57+0.07

o Sprinkler 13.44+0.01 0.52+0.20 8.68+0.19
Irrigation L

Sub-irrigation 25.73%x0.17 4.01=0.13 11.37+0.02

Significance as irrigation types, sprinkler and sub-irrigation, was analyzed by t-test as means = SD. “and *; significance at the 5% (p < 0.05), 1%

(p < 0.01) and 0.1% (p < 0.001) level, respectively.

Table 6. Total flavonoid component by cultural and irrigation methods

Total Flavonoid (mg/g)

Method -
Leaf Petiole Stem

o Greenhouse 13.96=0.08 1.55+0.41 3.46+0.28
Cultivation .

Open field 27.26*+0.63 13.97+0.02 10.21+0.45

L Sprinkler 13.96+0.08 1.55+0.41 3.46=0.28
Irrigation N .

Sub-irrigation 23.72+0.13 3.24%+0.15 6.07+0.17

Significance as irrigation types, sprinkler and sub-irrigation, was analyzed by t-test as means + SD. ""and ™; Significance at the 5% (p < 0.05),

1% (p < 0.01) and 0.1% (p < 0.001) level, respectively.

Table 7. DPPH radical scavenging activity by cultural and irrigation methods.

DPPH radical scavenging activity (mg AAE/g d.b.)

Method -
Leaf Petiole Stem

L Greenhouse 31.02+0.29 7.23+0.19 24.02+0.20
Cultivation )

Open field 85.97+0.41 50.23+0.07 48.28+0.14

o Sprinkler 31.02+0.29 7.23+0.19 24.02+0.20
Irrigation L

Sub-irrigation 54.83+0.04 14.32+0.37 29.46+0.22

Significance as cultural types and irrigation types was analyzed by t-test as Means =+ SD. ™"; significance at the 0.1% (p < 0.001) level. d.b; dry
basis. DPPH radical scavenging activity is expressed in mg ascorbic acid equivalent (AAE) in 1 g of dry basis.

4, Mufgiy 92Ul WO pppH 2iC|2 s
ApizA 2 Aol whE DPPH 2] 4752 v|wsh
ZAIR= Table 72 22k A H2s =X]AE oA S (8597
mg/g) > AW (5023 mgg) > =7] (4828 mglg) wolgoH, &
Tl wEbA = =R AlA 9 (54.83 mglg) > &7 (2946
mg/g) > F¥ (1432 mglg) w22 YERL, SlollM 7Y =2 &
At A8 Bl 59), F Eejulen & EehEeol
AL Aol v s o, =R Aol A TEelA
3 kst o] BF e ARE vER AS
o} o]2f3t Aae Aok A 280l s
A g ksl @4 St 7R S AR AL B
DPPHE= tslehyd EZe ghelgo) <ofs) g
SAFRZ AEFEE A 3FE T
Aoz AdHA Ut (Kil ef al, 2018). ©]FF o=
AL ksl AR F FEElsd & Sk
Fo] WS uf, gikst e FFS = F Avhke B
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= dXsk= A B 4 td (Han ef al, 2019; Lee
et al., 2019).

o] A¥E Fosl £ of, WEe ASH B A &
Fof| me} Bt xlolE e oL, Al Aol A =2 5

#do] asiaticoside, TFS} AE F FAL WEEA] FHESIR|=

e & o ok web R, ARAE, sk AR 2
B 5 Aol FHol si== AulA 8710] S8 Ao
of & Ao= Jetent. B3k, Ao} st =2 5 24
o] 2 71k Aol e EY, i, 4, &5 5 U
T Apied 2SS, s 2 3 2 el Ui F

7149 A7t 5 ngksiolol B Jloz AR,

ZARl =
2 A7e AN QAR IS PI01363802)°] A
ol o]Fofxl ARz ofof] FAL=HUr}.
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