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Abstract This study aimed to compare the bioactive compounds in Centella asiatica
(C. asiatica) cultivated in a smart farm and a field and their effects on human
keratinocyte cells. C. asiatica was collected in Jeju-do, Korea, and cultured in a
smart farm and a field. The main bioactive compounds in the two differentially
cultured C. asiatica were identified, and their activation in keratinocytes were
assessed. Amplification and sequencing of the internal transcribed spacer (ITS)
DNA in the nucleus and psbA-H DNA in the chloroplast were performed for
species analysis. A comparison of DNA of plants reported in the NCBI GenBank
was performed. The ITS DNA and pshbA-H DNA sequences of C. asiatica cultivated
in a smart farm and a field were consistent with No. MH768338.1 and No.
JQ425422.1, respectively. Analysis of the triterpenes was performed using high
performance liquid chromatography (HPLC) and as a result, C. asiatica cultured
in a smart farm had more triterpenes than those cultured in a field. The effects
of C asiatica grown in a smart farm on cell proliferation and scratch recovery in
HaCaT cells were greater than those grown in a field. These results suggest that
C. asiatica cultivated in a smart farm can be effectively utilized as a health

functional food.
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1. ME

WE&[Centella aisatica (L.) Urb.]Z u|uyg]dte] thdA] 2EAIEZA A EAJOoZ Q)
ofmgj7} IEY, % 5 12 O5Fe 3o EXst, FY A= AFEE HES GEA
YoMt A= A0 g2 B IHKGohil 5, 2010). Q% % oo} zoA AEHog
CFQAIE R AR E Y QL HEL GRS AL v|Eslo] A, WA E4, 3
=9 g%0| Rt Harun 5, 2019; Omar 5, 2019).

acid, triterpene 59 A&o] A5, I1F|A % madecassoside, asiaticoside,
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HEo] = flavonoid, phenolic
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madecassic acid, asiatic acidE& ZEZ3t triterpene©]
F8 7154 EZo|tH(Hashim &, 2011; Seong =,
2020). 3], HE9 triterpeneS et F4, FAksH &
4, Y& 3} A, A Af 5 HF A0l =Zo] BH=
Aoz d#A Qthlee 5, 2019). thet TS 7t
A HEL OJoRE, AE, ME 59 A=A Wi a7t
7kt glom, 2 A FHY S5 SFME BE
S AAdHoz st YHOh &, 2021). AT, Z7F
St 80 Hsf 5] A1 AT, ¥, 35 5 34
PE 2| Hoj|A] AlgtA 0= AAlste] ThE-E $=Yof| fEsh=
AoltKChoi &, 2021; Ha 5, 2009; Shin &, 2020).
A, HE FRE 35517 98 SulollA A ew

5

Z]

4 5

5, 2016). EHSAMAERY] Ao WEY AUER &9
T ot A 1909 AR 72 27.9%, 40.4%
g 2 77 15.9%,
53.7% A5 tHLeeT} Seol, 2019). 0]Q} Zo] AntE

B EYSHE J1E Y3 v|Este] Mool Qlen RO
2 1EA9) AL AT S Aol T 5 71& 9

< 7H 4 AHKim &, 2020).
2 dfoMe s A HES AvER E
F8 420 A A 252 vastd 17371

;,5‘_
S4% 2424 F5EE AEdIA s

2. Mg % dhH

2.1. g= e
HEL 97, B AT 22 AL B Y%
PR Y 9, 9%, 958 BUsd o F 9

T X "o, “ 31]‘

o) 7% 9 Fol 1S4l AR WE| A
pil

o}

=
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=7/
S Adeto] KAST FAF g0 257 @7 whst
T} o|% HES AXEA &8 9 /dsl] Yol AntE
3} 2o 37RE7E = Aot AnERO| A At
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t}. LED: B33t RARRE full-spectrum LEDE ©]-&5}
R, M GRS U = (photosynthetic photon flux
density, PPFD)= 185 pmol/m?*/s& AAs9ch L=
25%1TC, H&E 65+5%, COyE 900 ppme FAJ5H3T &
O KAST FAF Y-S A7) 8 =% (electric conductivity,
EC) 1.5 dS/m®} pH 5.5-6.57} H=% 34511 AAE
B0l A5 BAEATH AH= 60 cmx 60 cm@] AfufEo]
A 15 cm FHA 22 AHAISHYTE A oA et HES
5% =0l5 20 cm® 319 30 cmx 15 cm 7HE o2 A4
S, 7Y o' F5 E ARE AASHIH. o]% 4
A7t € AntER Al HEL LX) A HEQ AR

8ksto] A%lo] AH83et

Aol oty AntEg AL o83kl FA5H9

~

22 REx 2HS 5t § &5

DNA 352 9ol AntER e BE A Al HE
o CTAB buffer®} -mercaptoethanol& &3st0] 65T
oA 3087 BREotAtt ©]% chloroform¥t isoamyl
alcohol £t (24:1)] 23] A2stal AAETT &, At
o] x5t AFEHS F9 silica magnetic beadZ AR
2] Aottt BeadE 70% ethanolZ 23] A|&stal A
gk & TE bufferol] 34bE 8EAIF . PCR ¥F=Y &
% DNA 5 ng, 1 unit hot-start Taq polymerase,
PCR buffer, 2 mM MgCl,, 0.2 mM dNTP, 5 pM
primerg 217} Sttt & Aol ARERE primer 71
AL ot g
TCCGTAGGTGAACCTGCGG-3', reverse primer 5'-
TCCTCCGCTTATTGATATGC-3"; psbA-H forward
primer 5" -CGCGCATGGTGGATTCACAA-3’, reverse
primer 5 -GTTATGCATGAACGTAATGCTC-3". PCR
HRS-E-2 PCR system(Bio-Rad, Hercules, CA, USA)]
A 94T, 1087t pre-denaturationA]Zl 3 94T oA 20
2, 55CA 20%, 72CA 1222 4314 30 cycle
Potal, 72Co|A 1087t final extensionstitt. ¥HS-
2 1% agarose gelolA A7] ¥&3to] PCR SF o
gelskit
7ML =S 8] BAE PCR 53 DNA 10 ng,
sequencing buffer, primer 3.75 pM, BigDye 3.1& &

ol

PN Ae
AN o oxt mol
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o
|
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ool 98T olA 5%, 50TOlA 5%, 60TAA 429 24
o= 25 cycle ¥F&5k¥T}. BigDye cycling PCR &
Magnesil Green(Promega, Madison, WI, USAXS go] &
Al & dye-termination® At HHES &0}t G714
o=l = 3730x1 A5R71XLEAS AA|(ThermoFisher
scientific, Waltham, MA, USA)E Ar&st3lon, A
A7] 9% &L POP-7TM polymers ARE3IL 36 cm9
LA ARESHITE A7141E0] siss HlolE forward W
Tt reverse WFY A7IANEES EUE Sho] 44H
contig W71XLEE T &, A& F2 2] ¢ +4
A-23Y(NCB]) Blast MO 2 A7|AQD dX] A=E Bl

soict

N

23 Y= F=55 N

AUPERI} eR]oflA ZE7E Afeiieh HES] ARE AR
23] MI&stal, E&AZ7|(Hyundai Enertec, Hwaseoung,
Korea)ol Al 15A17F AZ(500)3 & 70% oleH-2(2081<)
< FA7fsto] FEZA717E @l 2710014 3A1ZH80T) F
Zol9ith. ol HE FEHZ 47 55 2 52 X0}
LtERA e BE oEE FEE(smart farm
ethanol extract, SEE)¥ k2|04 ZujE HE oeHE
ZE(field ethanol extract, FEE)& A &5} th.

2.4 HE9 X2 triterpene 24

HE9] triterpene 5 58 E42 YA madecassoside,
asiaticoside, madecassic acid, asiatic acid 2 Luna
C18(250x4.6 mm, 5 gm, Phenomenex, Torrance, CA,
USA)Z+ diode array detector(DAD, Agilent, Santa
Clara, CA, USA)7} A&t=l HPLC(Agilent 1260, Agilent,
Santa Clara, CA, USA)Z ¥A435}l9ct. SEE®} FEE,
triterpene 4% FEEES 42 70% ofgkZol 345t
0.45 pm syringe filter(Inchpore, Seoul, Korea)Z o
I & BAFYT, o]zAto 2= H,0(A)2b acetonitrile
By 21 £ 7|7 2ACE ARESIY T 0508
(100%, A), 50-~518(0—100%, A), 51—60E(100%, A).
Esh A82% 40C, 9% 1.0 mL/min, Y% 10 pL, 4
Z34 210 nm= A3t SEEQF FEE 2429 triterpene

2 24sn
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HWEO] 29 triterpene 4Z0] Higt TR madecassoside
(Sigma-Aldrich, St. Louis, MO, USA), asiaticoside
(US Pharmacopeia, Rockville, MD, USA), madecassic
acid(Sigma-Aldrich), asiatic acid(Sigma-Aldrich) ¥&
9] AFALZ ol8sto] mg/gl 2 YEHSItHTable 1).

2.5, HE9 ZIUFLMHE FAEH 5T

A ZAZAAIEQ] HaCaT cell> A X2
(Korea Cell Line Bank, Seoul, Korea)of|A] &ofdto} A}
gol9om, 10% fetal bovine serum(FBS) ¥ 1%
penicillin-streptomycin(P/S)7}F  8+¥ Dulbecco’s
modified Fagle’s medium(DMEM) Bij#]o|A 37C, 5%
CO; %7 ](Thermo Fisher Scientific, Waltham, MA,
USA)E o]&sto] uigaqitt. Al &g glS o)
HaCaT cell& 96 well plateol] 2x10% cells/well&
seedingdtal overnightdt ¥, HPLC &£40] A-83F SEES}
FEEE 217} s=E=2 A2sigltt. 24412 F 10 pLe
water soluble tetrazolium salt(WST, DogenBio, Seoul,
Korea) Al9F& F7bstal 2A17F ®EESIlth S8k
microplate reader(Molecular Devices, Sunnyvale,
CA, USA)E o]&3to] 450 nmollA St FA 2 of

o AE HelRo AE BEEE sk

2.6. 859 ZIHFYME &3 FE

AntER A HEY A AH) HEC] HaCaT 843
o] HX= FFS Hlwst] 8] HaCaT cell 24 well
plateol] 2x10° cells/well2 seedingdtil, 4417t & EH
9k 200 L9 yellow tip2 ©-&3t] AHolA siog A
AHAE 18] FEstATh o HPLC 240 AH&3t SEE
©} FEES 27} 200 pg/mL A8kl Al7to] uhg A=
A 38 9 Ax ols JLE @nH(Olympus, Tokyo,

Table 1. Calibration curve and linearity of standards of triterpenes

Standard Calibration curve Linearity
Madecassoside y=1.7768x+1.035 1.0000
Asiaticoside y=1.8039x+26.28 1.0000
Madecassic acid y=3.1555x-6.27 0.9995

Asiatic acid y=2.5153x+10.135 0.9995

485



Triterpene characterization of Centella asiatica cultivated in a smart farm

Japan)stollA TRt} AT 3] WAL Image] Software
(Bethesfda Softworks, Rockville, MD, USA)E ©]&5
o] A5, 2383 3852 Fouche 5(2020)9] ¥
WS Myste] SAsrei

27 Ex 24
B2 Ao dL Avl= 33 HHE AYS £9% &
43 EFHAHmeanstSD)E YEIHAT. SAEHS

GraphPad Prism(GraphPad version 5.0, San Diego,
CA, USN) o183lo] SAfslels, dlzat 24 Agz 710)

EAA 524 one-way ANOVAZ E45t] Duncan's
multiple range testE &9 A4kt p-values 0.05
vl o] $ol4o] gl Ao WHsiT

3. 2} A JIFE

31 exBeMS E5f HE = 50/

T2 S O
AETFAE K Convention on Biological Diversity,
CBD)oA = et T 93 T 578 918 DNA
HIEE 7|HE A= Fsta UokNIBR, 2021). DNAHF
T 7S BEAS qu;‘q] % 574 A0 A= E2E3
H 22 DNAYZIAEE vl 245t S5 5785t 7]
SEA, & AtA= ’\“}E‘Qf el BE =] AEf 8
£ 9 £9] ITS DNA® =419 psbA-H DNAE 5-Z3}

Q)

M ITS psbA-H N

of Q7|1MES BA% & NCBI A
=52 DNA%} H|Wst] 32 578 &
ITS®} psbA-HO] primerE o]-8-3f 5
23} AntER Au BEL A A BE 279 F DNA
BE 1709 Wie= ERRlwth(Fig. 1). AMER AH) ¥E
I X e §E ZFzEe] ITS DNA @714 gL 47 &
PO MH768338.181 Centella asiatica®t LASFALL, A
ZA4| psbA-H DNA E3F 5474 2359] JQ425422.19 C
asiatica®t BASIAHTable 2). o]t Aoz 71 7}
T 82 C. capensisO| AR ITS DNA €714 Eo] 40
7N ol Dttt mEbA 2 AtollA AMSSE ARFER AH)
=7+ =X Au] HES C asiaticastal 4519} 4
7:]1_10] 27-] H’-]S’} o] }_;(]_Hi/k] = tﬂo] HHHO] l-__
AJHChoi &, 2021; Griesbach 5, 1988).
X}‘ﬂé] 9 JFHAo] 7hsStEE HE AlE
o]-&sto] F5 57g5k= o] wWi¢-
, & AolA AR = FY BE
2 o] glo] P& o= AuliH
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3.2 HHZE9 triterpene 23

HEL Ot triterpenel®E  FAEO 3loH
madecassoside, madecassic  acid,
asiatic acid’} 8 E32 HI1=EHHashim 5, 2011).

asiaticoside,

(B)

M ITS psbA-H N

Fig. 1. PCR result of Centella asiatica. M, marker; N, negative control. (A) PCR result of Centella asiatica cultivated in a smart farm,

(B) PCR result of Centella asiatica cultivated in a field.
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Table 2. Genetic similarity of Centella asiatica with ITS and psbA-H region in GenBank

Sample DNA GenBank no. Species Genetic similarity

Cetella asiatica in smart farm 1S MH768338.1 Centella asiatica 669/669 (100%)
pshA-H JQ425422.1 Centella asiatica 492/492 (100%)

Cetella asiatica in field TS MH768338.1 Centella asiatica 669/669 (100%)
psbA-H JQ425422.1 Centella asiatica 492/492 (100%)

Madecassoside, asiaticoside, madecassic acid, asiatic
acide ZeHdl B/, kst &4, 3§ w3l 974 59 &
50l AUe ALE HiEW 47 Y, &2, 95
Fl o] B AR d#A SUtklee 5, 2019). &
5|, madecassoside®} asiaticoside®] T3t T}t A7}
APl QI triterpene FF 571 Al &5 S22 7IH
g} 4= QltiHengjumrut 5, 2018; James¥} Duber, 2009).
HPLCo| 2J3] £4% SEES] madecassoside, asiaticoside,
madecassic acid, asiatic acid T 2+ 59.31+0.94

mg/g, 46.38+2.26 mg/g, 6.21+1.47 mg/g, 7.04+1.93

120
110
T
100 ° S
90 o |2 2 o
80 2llg ¢ ]
3|2 8 o
2 o 8ls 5 3
£ 60 S| < = ‘ 2
@
|
50 E | |
40 = |
30 I
20 [ - 1
10 L ) i e—
0 _ N O /) WA\ v
0 5 10 15 20 25 30 35 40 45 50 55 60
Time [min]
500
450
400
]
350 83 -
300 gg S
2 20 S
£ 250 =] 2 =
0.8 ]
200 o'n o &
T (3}
5 g g i
150 =] 28 |
o 0
100 | =<
sof | | N ~ol | L
o b e M AT e
5 10 15 20 25 30 35 40 45 50 55 60
Time [min]

mg/g0 = ERIFZ oM F3ho] 118.94+7.61 mg/geI3ith
HbH | FEEC] 4% Z7F 24.38+1.31 mg/g, 21.28+1.44
mg/g, 3.11+1.05 mg/g, 5.40+1.26 mg/g& 2ol &%
54.17+5.06 mg/gPlAtHFig. 2, Table 3). World Health
Organization(WHO, 1999)914= *E9] asiaticoside
g 2% Ol E YEhfLL Qlof & AtolA AR F
9] BHE IF o]5 F=519t. oFA|T, SEE9) triterpene
Zo| FEEET 64.7742.55 mg/g © ¥A EAH| o}
2, AUER A HEo] A A HEREY o FAE
U= DAYEA &8 7ted ZACoE W

B)

mAU

500
450
400
350 ‘
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250 ’
|
|
o |

I |
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150
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50

[
5 10 15 20 25

: — <«— Madecassoside
s~ <«— Asiaticoside
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J ~ A
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Fig. 2. HPLC chromatogram of triterpenes in Centella asiatica. Standard mixture and samples were applied to the HPLC system
at dose of 250 ug/mL, and 10 mg/mL, respectively. (A) HPLC chromatogram of standard mixture, (B) HPLC chromatogram of
triterpenes in SEE, (C) HPLC chromatogram of triterpenes in FEE. SEE, 70% ethanol extract of Centella asiatica cultivated in a
smart farm; FEE, 70% ethanol extract of Centella asiatica cultivated in a field.
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Table 3. Concentrations of major triterpenes from Centella asiatica

Samples Triterpenes (mg/q) Total (mg/g)
Madecassoside Asiaticoside Madecassic acid Asiatic acid

SEE” 59.31+0.94 46.38+2.26 6.21+1.47 7.04+1.93 118.94+7.61

FEE? 24.38+1.31 21.28+1.44 3.11+1.05 5.40%1.26 54.175.06

USEE, 70% ethanol extract of Centella asiatica cultivated in a smart farm,

2FEE, 70% ethanol extract of Centella asiatica cultivated in a field.

3.3 BE9 ZIEHFHME Lf AZfX 5=

AT HEole AR} 22 A5 B AZEY
ZEAGAPAIE, AFoMHIE 5ol Tofstal, o]F A|EoA &
H|SH= cytokine¥} &2 thefet E4E0] A3 E 9F
< "|ZItKNizamutdinova 5, 2009; Piscatelli &, 1994).
A= dFEE, Sotrd A4, AdHs 59 14
o] dofjuh=tl], AR A7} o] FoIAA Ao F
HE 97lthReinke®} Sorg, 2012). ZHAFAZ= 17
Qo] 2A 5t 7|AutE FAot] R fE= ¢
e Afoke 202 FEXItHKotian 5, 2019; Singer
7} Clark, 1999). & dtol|lA= AvTED v HED =
A Al BEY] FAAF A= vlasty] {sl, Al 24
PN ER] HaCaT cello] A3 A S FE3t HPLC £
Aof| A&3F SEEQ} FEEE A 2lsto] A2z o) E Al
o|F AL E WS olE 5] WAl HaCaT cell W

& Yot

A)
*%*

120 -
100 | =

80

40

Cell viability (%)
3

20

0 12.5 25 50 100 200
Concentration (pg/mL)

SEEQ} FEEQ] EAJo B2 WST assay® 2Hlgt Aat AF
S FYT BE FEoA 5L TR gtor 935

AlEABEgo] sroEHoz FrlotAtkFig. 3). £9l,
200 pg/mLolA SEEx= FA € thH] 17.45+£0.97% Al
Z7} S7kek Wi, FEEE= 9.41+3.13% 3710 AUER
A Hﬂgo] LA A HE 2} HaCaT cell 40 &&
o] = Ao=E UeETtHFig. 3).
HaCaTo|| SEE®} FEEE Z}Z} 200 pg/mlL A&|st
HaCaTA AT 35 JE QI it AFHA|
24N 7R = SEESF FEEOIA |AKSE 3lE-50]
=9loU 484]7F o] K E| HE SEE’} FEERT} T
23] ]85S EHHFig. 4). AP=Fo] =d
o] HaCaT9] 34 4 o|F& Fkoto] Aduslo Lgo
He Aoz dHA o, IFoA% asiaticoside”} 5
23 288 = Aog HuEIHAzZs 5, 2017). &

=

nﬂt‘ Mo m% do Hob

K

—

(B)
120 - * x

100 |- ——

60 [

Cell viability (%)

20

0 12,5 25 50 100 200
Concentration (pg/mL)

Fig. 3. Cytotoxicity of SEE and FEE in HaCaT cell. Cells were treated with different concentration of SEE and FEE, respectively.
After 24 hours, viability was measured with WST assay. Results were shown as percentage of untreated group. The results were

the meanstSD (n=3).
package. (A) SEE, (B) FEE.
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Time (h)

FEE

SEE

Concentration (ug/mL)

TNF-a

(B)

201 Il Untreated [CJ FEE Il SEE (] TNFa

wx

— — **

-
o
T

ok

Wound closure ratio
a
o

b
o

0.0
24h 48 h 72h

Fig. 4. Effects of SEE and FEE on scratch recovery in HaCaT cell. HaCaT cells were seeded at 2x10° cells/well in 24-well plates
and cultured at 37°C for 24 h. After the monolayer of HaCaT cells had been established, scratches were induced using a sterile
200 ulL pipet tip. Then, 200 ug/mL of SEE and FEE and 20 ng/mL of TNF-a were treated, respectively. Images were captured
by day 3. Wound closure ratio was calculated by the following equation. Wound closure ratio=[(Surface area of day O of treated
group)—(Surface area of each day of treated group)/(Surface area of day 0 of untreated group)—~(Surface area of each day of untreated
group)]. Results were the meanstSD (n=3). p-values were compared with the untreated group at 'p¢0.05, “p<0.01 using the
GraphPad Prism statistical package. (A) Image of HaCaT cell migration, (B) wound closure ratio in HaCaT cell.

AT asiaticoside o] T =& SEE7F A A
A= Alx o] 3 F4% FXIsto] SEE7} FEERH H
=2 A% IESE Hel 202 Almdr:. wEhA, =2
SFFO] triterpenes 7M1 AUIER AjH ¥Eo] HaCaT
cell | 23R E HEA &St AW A DY Al &
3 GE 7)Y 4 YL Ao E HolthHengjumrut
5, 2018; James¥} Duber, 2009). B§E9] A5 a7
= TFIRE Aol oJsto] Bia i o AntER Al HES
o|-gsto] A+H A= {7 "o, BAdS B e=E &

% E5e 7ML Qe B BEC] AISAE AR 3
H
L R

4

T3t 2o A Aufstal o] F olgoto] FRAGE E 4EF
AAE A3t mAl= TS 91 E vkt At
Ex A HE 2] Qe HEY f34 ERIS 5

48 A5fl, H £9] ITS DNASF HEA9] pshA-H DNA
£ 3E5t0] AVIMES E4% & NCBI 5414 230f|A]

1 AEE9 DNASH Hlwatyltt. AntER Huf HE

i

e

https://www.ekosfop.or.kr

I} 2] A HE2] TS DNA Q7| EL f2AF 239
MH768338.191 Centella asiatica®t LA|stal FEA|
psbA-H DNA E3t 942} 2319 JQ425422.14 C
asiatica®t YAttt APFER v HEFZZ(SEE)T}
LA Al HEFESE(FEE)Y triterpene> HPLCOY 25}
EAEo SEEQ] madecassoside,
madecassic acid, asiatic acid &2 212+ 59.31+0.94
mg/g, 46.38+2.26 mg/g, 6.21+1.47 mg/g, 7.04+1.93
mg/go 2 EAFIh wHH, FEEE 747t 24.38+1.31
mg/g, 21.2841.44 mg/g, 3.11+1.05 mg/g, 5.40+1.26
mg/gC 2 Z74%|o] SEE7} FEEXT} B =2 triterpeneS
Zt= Aol 1=t A ZHd/dAlzo] tiek SEESt
FEEY] 542 A 5k WollA TA=A] ggton], A3
2 7F FE AE W 3152 SEE7L FEERT o &2 3
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