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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 4zl AEolt} (Hausen, 1993). HEL o}zg]7}e]
madagascar 4, QIE=%, okZE7t, F=r, Qe Wi 9 4

vuE g gpdA 2B AEQ WE (Centella asiatica L. olAlo} X & 7.2 tR5E oA SHEA ¥ 9l
Urbanye Az #EFHi), L5F2 (Gotu kola), THo|E t} (Hausen, 1993; Verma et al, 1999; Schaneberg et al.,
(Tiger grass) & TFFS o]Fo 2 =W, 2 tFdh 3 2003). A AAZSEE o 20 o Fo] 44 Joen 1 5
oAl A et= EALRE Qx| dhAgoA 71dgk A 35S TR E‘EPOV\]O}-J Ao 9 o Aol UL T
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Al 2ol e EE

ol 7le BEEFTE (Jo ef al., 2014). TE3F, oA
B AFE W AR G 24 Age] A5 ATHOE
AL = 2= U Utk (Hausen, 1993; Paek er
al., 1996; Kwon et al., 2008).
ol%= ¢Fd (Indian Herbal Pharmacopoeia), =55 =
o

(GHP, German Homoeopathic Pharmacopoeia), -3 <FZl

Ir Ao
flo
1 |k

£ [

(European Pharmacopoeia), &= <F% (Pharmacopoeia of
People’s Requblic of China) 59 2FAl24 SAE WHES
FAs, TRl 4 =31, 9% Ay T ZA7F ol
HAFE QA Bl oprJo} A o] fgAER o] §HoItS X
ofve}, okE ¥ sPdE dE=E% 853 ot (Brinkhaus
et al., 2000; Schaneberg et al, 2003; Kil et al, 2018).

ml“or

r_{

o]g3t X5 &= asiaticoside, madecassic acid 5 HE
o] FoARERYEE 7]esla lon, o] Qox A,

Faa, A4 K 55, WY &4 FX T HWES uge
ABEA 7)5el Bek AFE°] RIHT (Goo et al., 2018).

WE TR 71540 EstEwA WEe] &84
soHou AS 54 A, 9E7]9 xEAHo =z Q13 Aule
ol ASHAQ AAYA] wjitol] A 9ol ]EsaL A
(Baek, 1997) 2] ApiA H Wyel w2 54 A+ o
A& 53k Aol

B oATAE AR 2 el Be 3E A%
ASERT AR B, 22T ks 2 0 aks 84
248 B WE AT FE 44 2 AN ARG A9

1. SAKZE S Aol
Az 5 Aol WE WE (Centella asiatica L.
Urban)?] &3 A% 54, 2|5l ditst 245 H7ish]
98l 20189 69 FH FFolA T BE AYETS 2
& F, FUAAEAASN QAEAR (35 24) N2
A A a2 AJADE k2 U A AlskTt
e 548 AR ¢
HS xSy Ao AW A2 U A3t
: = B, 7 Y, AddETE 15
A 7HA0 R A A8 G (Daeyumulpre No.1, DAEYU
Co., Ltd., Seoul, Korea)® 2 ¥ AAISI ). 2F AldAi]+-
= Wy 3 uRe g dAlste] Fsisich

~

2. Ml ol 2ty W Qe X
WE FRT A R B 8 Agne) Agzal
FEOTE= o]gxl— oI Oﬂl:ﬂ?o]—, 7:12‘)}’ 2

bl ©s, HT1, H O [¢]
T, 27DE THeE ARSI

s} Shieley

3. MU S 2pUiH B asiaticoside et 249

HE FE2E9 A3 E<Q asiaticoside TS HPLC 1260
series (Agilent Technology)s ©]&3}.2™ HPLC ¥4 =4
< Table 13} 72t}

Zyzko] Au] & P4 240 wE WHE9| asiaticoside &
BAE 9 9H, 712 sk 24tk A B4 B
FEZ<l asiaticoside (Sigma-Aldrich Co., St. Louis, MO,
USAYE 63, 125, 250, 500, 1,000 ppm F=Z EXsle] &
F3A y = 14712x + 466 (= 099y 53l myg o=
HeRH AT

K ol

Table 1. HPLC analysis conditions for asiaticoside.
HPLC

Agilent Technologies 1260 series

Column INNO Column C18 (4.6 mm X 250 mm, 5 /m)
Wavelength 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 (%)
) B 0.0 solvent B 15%
Gradient conditions
10.0 solvent B 30%
20.0 solvent B 50%

B

4, Fufubs 9 2puiy W= Zojus algt 2

% Z99E S Folingt Denis (1912)¢] HPES A%
st AAISHA

0.1 me ] 7} ARl SFFE 7I8le] 04 ml 2 WESL o
0.05 m{ 2] Folin-ciocalteu's phenol reagents 7}s5-0]

¥ 2

<

0.1 m & o] e 5, FR/RTE F7sk] & 035 ml <]
AZS Aeor 1 A7 RS °]F 3,000 rpmell 10
=] 1=]

spectrophotometer (MultiskanGO, Thermo Fisher Scientific
Inc., Waltham, MA, USA)E ©|&35le] SHEE =43 &,
®FEZ catechin (Sigma-Aldrich Co., St. Louis, MO,
USA)S B3l 2Pdsh -4 y = 0.0051x + 0.0154 (=
0.9988)C 278 F Zejdls 2 Tk

-—

5. Muofjulgd 9 2oy W = Zalguo|c sl 24

% Zgerol= S Davis (1947) HHS WHIAA
0.1 me 2] oers F=Eo| 90% diethylene glycol 1 mé =
A7¥8kal, thA] IN NaOHS 0.1 m & ¥ 37C Fefx
(WCB30106, DAIHAN Scientific Co., Ltd., Wonju, Korea)

oA 1 AIZF WESAIZL & 420 nm o4 UV-VIS spectrophoto-

OB
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meter (MultiskanGO, Thermo Fisher Scientific Inc., Waltham, = Byt 53], 4wl A9, AdAurT 481 g/nd, =X A HH
MA, USA)E o83t F3=s =4 & 2FER 7} 661 g/m B2, BE AL FE F P 12 AS AolE

rﬁ b
naringin (Sigma-Aldrich Co., St. Louis, MO, USA)S ©|& YePATE A3 AV el 7 55.8 cm, =& ZHER7F 32.8 cm §
slo] 23S BEFA y = 0.0031x + 0.0225 (P = 09940  om A= A7 107.3 /i, =2 AuR7F 723 7i/nd

2HH F Eth o= g Tkl 2, Aol ] A EAo] AR 2o How &

A=A 53], AR =A Al vlel] &=, F=, 3,
6. MUy ! 25U W DPPH radical 2iCI2 SHS ks 5o e @ asso] HoHow A8 v
= A A0 PRl S TS o Sl ZleE 4

WE9] 22-diphenyl-lpicryl hydrazyl (DPPH) radical 32F A lo], WEe] Sl o] AldA o] y#d 4
3l B4 AL Abe 5 (1998)9] WS W sle] A AS Aow AGHT} (Son ef al, 2002; Nam ef al., 2014;
t}. 0.2 mM DPPH WERE 89M& | %ste] ZAITH AL o Lee et al., 2015; Kim et al., 2016).

4] (Whatman No. 4, Whatman ple, Kent, UK)oll &3}5} s, b e WEe S EA A AW
o FH]kitt. H7t BE AL FEoA AP SRR 52 AR
FZE 40 /4] DPPH solution 160 (S ¥ 23Ce]  YePdth (Table 3). 53] 84, =, 9WH, G5l B
oAl 30 E7F §FSAIZl ¥, UV-VIS spectrophotometer HH ZR] folF Rl AfolE ERIF & AT v, A, o
(MultiskanGO, Thermo Fisher Scientific Inc., Waltham, T, A, GHE, AEdME Audgr 2xygEdsnc
MA, USA)E ©]&3le] 517 molX F3=5 45tk o 2 Zo® YepARE o W 7 {olERl Rjole
ZT7E dwrrow Wol 47 L-ascorbic acid (JUNSEI  §lE Aoz Felwich
chemical Inc., Tokyo, Japan)e} Hlw3lo] A|S4¢} tjz=+ 7+ AHATE E3hRollA IEd, ke Qs Al 5
E-4= Z}olE mg ascorbic acid equivalents/g© 2 LERHT stz del& At (Jung and Son, 2000). ©] TFHPHE 2]

12
Ao B84 TS FA) 4o 4Ys A4S B3 SR o)

7. SAHRM |a&o] Y F 3L HIE Aol Ao H|E9} & AR
2 A¥A3e] TAREALS SAS program (ver. 9.2; SAS 238 e Aol vl S 7L e Ao

Institute Inc., Cary, NC, USA)S o]&3lo] AA|5IHeH, A 2 BYHY Y} (Son et al., 2002; Kang et al., 2003).

vz A, =) B A (22" e, AW) ol¢} 22 4

of W& z}zte]l F a5 7+ 94 Aol testE: Bl 5% 0 S AHT ARY Ak 2 Au) A, 7R AR FEE S 9

(p < 0.05) FrelFEddA HAASIAT =

= T Lo
5

X

o o pE 2. FHujke 2 2pukgd Y agjaticoside 8

1. RHUHSHE S Zhpobd W Yo MREM 59 RS vws)] 2 Aa, WEe o, 9, 2 B
AujzAdl wWE WE (Centella asiatica L. Urban)e] Y= = FHolA 2 5345 mg/g, 11.82 mg/g, 15.46 mg/glZ,

EAS Ak A3, Al AlllE WEe] A8 Ao = A2 E 7T AA Rl R T %L asiaticoside $FES- UERH O™

A A E} =& o2 UERIT) (Table 2). A Z7lolM= F AR 7 folF ZjelE B
A AR E A, 9, 71004 APEAANRZE =2 A el R T W2 HE 9 ¥ asiaticoside TS HollA

o Het 3 6 o Ekom FAACE Ix=R folgk A AHAT (34.38 mg/gyt 2SI (18.82 mg/g)HTt =

Table 2. Growth characteristics of Centella asiatica by cultural methods

Leaf (cm/ni) Stem Number (ea/ni) Weight (g/nf)
Method i length
e Lengh  Width Ir;:gﬁ (Cenr: /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%+8.1181.1x3.0 66.1%£3.6 54.6%£16.8 302.0£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/ni) Stem Number (ea/nf) Weight (g/ )
Method i length
Lengh  Width T:r?gtdﬁ (Cm/grtﬁ) 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

k3 *k *

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

L Greenhouse 18.82+0.20 ND" 0.95+0.03
Cultivation )
Open field 53.45*0.59 11.82+0.03 15.46x0.17
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 FolFel zpolE YERAT
e} FH oA 9 asiaticoside TS AlAARS}F 7 A
HollXe HEFA] &AL E7|0dM = 2xgdFHNA 095
mg/g AW WHACl] Aol = ASHA Utk (Table 4).

Z¥ Centella= tritepene ester BGA|Q! asiaticoside®] &
o] 2% mTto]ojM= QHEATA AR A= AL 9l
=4 (World Health Organization; WHO, 1999) £ -2}
dMe 53 BE Aol =X (54%) E AABS
(3:4%) AH27F 2% 7les SHshe 21o= YERKT.

Asiaticoside= JHtH|E]o} B tB3S 3l AdARFet
o5Ag X5 a5 JEpE 35 Kool Zehl 4
ZRse Zog deA Jeu (Chang ef al, 2007; Kim
et al,, 2019), o213 oF2)H 75E Sl Sol= A=t
A geke A A8 daAe] dsEH EgEgT HE
ol AR FXE HHOE g gEA EHAEA) Az A
TOM = asiaticoside?] T2 & 7S YER (Kim et
al, 2018), FFox= 7|54 85L& A= TS FejE
asiaticoside’} HEE T+ U& 0= HAZIL.

olo]] wig}, A0 2 asiaticoside $HFo] 3k HE A &
H g ) AL e g doto R Al B AR

Hgo] 329 5 UL FOE PR,

o

3. Al
CRESR

Ee)olEst 5

A
=T

i
iy
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(41.14 nglg) > (23.13 mglg) > &7] (21.57 mglg) £=<

=, Ao F Eeols Fgel B Uerstor] AlAn
o 953 wgor] BANOZE WS fold Aolg ey

of gk, Aol mE & FEElE IR ARl
o (25.73 mglg) > =71 (11.37 mgg) > VY (4.01 mglg) &
ME GA] QoA 7P Egkom, AxEEeaarEn =4 U
Eht, AT ZHx folg xfolE BT (Table 5).

Az E WE 7F 790 & FepEeolE RS 1A
Aufell A (2726 mg/g) > AW (13.97 mg/g) > =7] (10.21
mg/g) £O 2 YERgOm, Ay HEE ATl <
(23.72 mg/g) > =7] (3.24mg/g) > VY (6.07 mglg) £O 2
e & ZEjEls o 2ARE AR AE B
(Table 6).

AEe 2xot o] 2EY 2] JEFo R 2 A it =
< Z7PY)E Aol Jedl (Kakani er al., 2003) 733 #b
A =& FFANA ZTjslE 9 sl EYS YeplE
He=A 3EEe] ¢S FHEty RIEAY (Grisebach,
1982; Kim et al., 2015; Lee et al., 2015). TE3F =X Zu)
oflxe] EFuE] 2 o] Ao F dE T st &4
T7t 35 W old7A] L ZoE HIEI|E 3
(Kim et al., 2011; Lee et al., 2015).

AfHoZ A A 2 AHAF X2loA] HWEY] F
Yoz T FEolE Fo] 2 o8 A
u, 2z gy Aol Hlsl] AWt A=e] kst A
9 o st 2goll A= oA 7EA] AtE Akl |l
of ol tgh F7HAQl A7 o s Aog AlsH

=212

r (o

R
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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

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

Sub—lrrlgatlon 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 L .

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 S

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, Mgk 9l ppubH W pppH 20|12 AHs =YXk A3 B ¢ Atk (Han e al., 2019; Lee
Az @ A< WE DPPH 22 AASS v|wst  er al, 2019).
7:154.‘:. Table 7;1]. 71—1:]_ ;(HHH}_ﬂ HE= X ]ZHHHo]]}q o] (85 97 o]}‘\j]-p/] 7:]374,?-:'_ Z:&L{SH X u:H HWZo gOXJ E_/K-]o ,\]}\4 _|Q|_

mg/g) > A (5023 mglp) > =71 (4828 mglp) wolem, ¥ ol mek 2 XPO]E HEPR O, A1 Aol e] =&
Tl et e =AM S (54.83 mglg) > =71 (2946 2Fxo| asiat1c051de Fakel AR 2 B34S weA] SRR =
mg/g) > HY (14.32 mglg) “’Fﬁi UEeRY, QoM 7P =& 3 et B ik UJrEVi T, AR, st AR 2
rsh S BT 59, T el § STtEkolE o B4 T e BEo) siwes AulA axie] F8] alewlo]
A} @erﬂ H| 23S of, —I—Z]ZHHHQ} s e | B S oF 3t Aoz FrhEr) Tk AWAse} kel B 2 4
T3 kst o] B 2 ARE VER AS &4 A Ho] ZE 7 A e B, L 3, 5% 5 UY
o} o]ygt A= A Aot AT Hgo] sl AR 5 S A 208 B, sl 2 2 4 93 uisk

O_i.z

2 9 gitksl 2 71 7FsAE AR & o 7HAQ1 A7t R Heksiojol | o7 AlRETh
DPPH: kslehi E29] 0= o8] Hiksl o)
ZSAF DR AEFEES A 5HE g 9 U= ZIel 2
Aoz dHA Avt (Kil ef al, 2018). ©]2I3t o]FE B A
= g

T4}t ksl ARl F ZY¥Ed & ZkH ol g B ATe 5320 AARIEHARE: PI01363802)2] A
Fo] TS o, ksl S = JFS = F Utk Bae) °J°ﬂ o|Fo)F AF=E oo FA=HUTH
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