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Increasement of antioxidative activity in Codonopsis lanceolata
adventitious root treated by Methyl jasmonate and salicylic acid
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Abstract Traditionally, Codonopsis lanceolata root have
been used as a source of natural heath food. This study was
initiated to investigate the impacts of methyl jasmonate
(MeJA) and salicylic acid (SA) on adventitious growth C.
lanceolata, the production of secondary metabolites, such as
flavonoids, total phenolic compound, antioxidative activity
(DPPH). The highest phenolics content was observed in
treatment of 20 uM MeJA (74.53 mg/g). The content of total
flavonoids followed the similar pattern as that of total
phenolics, showing 38.45 mg/g of C. lanceolata treated by
20 uM MelJA. The DPPH scavenging activity was 24.2 (ICs)
of C. lanceolata treated by 20 uM MeJA. These results provide
useful information for enhancing biological properties of
cultural roots of C. lanceolata.
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t Y (Codonopsis lanceolata)2 % 52T} (Campanulaceae) 2]
</ (perennial plant) THAAY AE=2A Rl ZobA
(Platycodon grandiflorum) A& 1l FaA&o| thaf &
o] Qlo], g ZEE AR B WA R &
2o 7bol| A &Rl o2 §-8-51A AR5l THYongxu
and Jicheng 2008; Byeon et al. 2009; Maeng and Park 1991).
3, AgEEo] IRt FH ofHdS AEoR o
§5t71= stolnh Fejoll= Abazd(saponin), & 2] =3}
& ol FrEol al(Lee 2002), =H A Ao 9
St QA AR U} GARSE 5535 AFO] E(codonopside)
oF ZhA|uFAFo] E(lancemaside) 2h= A 2 AU A A&
o] %ol ot B 1% A th(Ushijima et al. 2008). &
8] ol A= Hall, AREE), sl S w), DA (),
HAd, GG, AeAdd So a7t o v (Jang
2001; Li et al. 2007), 21A4F7} & thoFst okf7F Qlof A
2ol Q4 tf-§ AeFo R o] G Stk EI AU =
2] AlZFo g I THs Aol won, Bt 3ol 5535}

iAo 2 wEA A ISR g AREE AL 9l
+ butylated hydroxy anisol (BHA)Z} butylated hydroxy toluene
(BHT) I &¥pef AAA 22]al b4 w&ol gol
AHgEo] S, B AFAA R Qe J)9 @
Amet opUet mak AT AL 7 9 A 9, 4
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A, A ol A4 B4 48 ok AoR @

A FHTE thA FAESHA| o) o] @ % ¢l th(Branen
1975; Choe and Yang 1982). w4 QAo Fsfislal d+Ak
shefo] S%h M ArsHA o gt At7h LA FE
Y Elo] grom, 2| g7k Hils EH?‘:'Q Zali
A= AeE FHlE, dREEY AEEe g
et = 3tEe 8 E99s %é\‘;:ol“fl A 3
A=A 7]50] & & A Qrh(Pratt et al. 1992). 2]
25Y fE desE49 A 47 555
A5 g5t FAsA Y 7154 dedES
g 8 7s2 oY AAA ks &
webA] Al EFEERREH FEAR7] 274 7
oA HA FASHAE NEstE = dtE
AePear Qlal, Heg o] &3k gatsl aatol gt
T th4 B3 5l QQthk(Park et al. 2009; Kim et al. 2010a;
Kim et al. 2010b; Jung et al. 2012).
Atz o 2 71 U(in vitro) WS A= =2 S

5], Abstd AEg A Aol A wiekE Al 97
of ZAAA ol A Aulj == AEH Hoh gFAatst o] =2
o2 4R QJrhKwak et al. 1995). T o] &3} ©

= v F717E 5ot 1914 Q1 &1 A (elicitor) A 2] o] €]
of WjFA 7} YAFSH= ol ApthAE O] Ak 2 E &
Ae A= 7HA L Qo A& Al szaf oA o] &5
T AA 7F2-H methyl jasmonatet= A& A 32 o] Wi u}
2 olRkgS fFEdte AT AEEAR & dHA
© m(Farmer and Ryan 1990; Mueller et al. 1993; Yu et al.
2002), A zufefoll A o)A AR O] A FHHIA7]+=
AAZEEARZE Wo] R E o] QIth(Meyer et al. 1984;
Yukimune et al. 1996; Yu et al. 2000). methyl jasmonate *] ]
7b FEU A2 EE el paclitaxel o A&
ZA3tAttE 237 g o] 3 (Yukimune et al. 1996;
Ketchum et al. 1999), QIAFA|Z W B L ulj OFof| A &= methyl
jasmonate®} 1 8% A|(jasmonic acid)E Ao 2K A
Al Abo] E(ginsenoside) M-S XA 7]= 237t wol
B I 5 A THYu et al. 2002; Wang and Zhong 2002; Kim et
al. 2003; Kim et al. 2004). 3} |9+ | g 9] A& AW EHS7]
e 53 42 A4H(Ahn et al. 2008) B 7] A=
A AAE7]H(Lee et al. 1980; Ahn et al. 1986; Min et al.
1992) 0]9,]01] 7]LH HHOE/K]—%O o]_Q.‘G]— Aﬂﬂpﬂ—k] oﬂ bR

an gdsol Wt A AR Aol
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Qe 3dA Y] FAE 10l AFshe] 3047t A

2 Aeste] FHETE fFEsHGih 1297 4ColA A

& A fdo] FAA RFHoR BYITE FHa}
7]

Aol W FR52 T A

ethanolo] 187+ T W, A3t &
st

gk ok 70%
1% NaOCl g-Hof 2%
=] Ho| 2 NaOClg-H-&
AAsE7] fle B+tH TR 53] AR & A
filter-paper 91 &% e SAs] AAsA 7Y
uHEskich 27119J & dopsto] 217 3 em7tHA] 43 oY
FAEAS 9, &7, B FHE 05%05 cm= A
5401 0, 0.1, 0.5, 1.0 3.0 mgL" IBA7} A 7}g 1/2MS (Murashige
and Skoog 1962)ulj 2] of] x| 4Fsto] 45+ Fof] HAT Frea
o Zdol& AT HE HHOJS 2 22+1C, FF
7] 16/8A17t, H = 46 pmol m?s" 2] HjFAlof A w3} %
ot Ao AHES e wR e} 7= 121C, 157942
2087 -2, a9F Htsto] Agsklct.

MeJA X SAXE| SZ0| ME HEFIZD HiY & &= AT

Methyl jasmonate (MeJA, Sigma Co. ltd, USA) ¥ salicylic
acid (SA, Sigma Co, Itd, USA)2] A 2|7} o ujoFLe] A
Aol v Ale G FArs 24 F7hE e HEYY
FlollA wifE He RAT 20 g& FH] 200 mL o
Z A1 MA |l x| (1/2MS, 30 g/L sucrose, 0.5 mg/L IBA, pH
5.7; Ahn et al. 2008)7} &35 500 mLE& 9] Azt =g A
Tof HE3s}o] 457F vjerst £ 0,5 10, 20 uM 9] MeJAQ}
SAE Azlsto] 7UxE vt th A S
AoH9E 54 5 Axstel $2ES AxooT 22
E9 A zE3EA g} gyuof2S 2H7F 05 g =
FE T 125 mLY 32 FRFE ekl 2505E7
z2 Alzstit. = > TE
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Z H=A -2 Folin-Denis ¥ (Gutfinger 1981)¢f wha} =

225 40 uLof Folin reagent(Sigma Co. ltd)
80 ULE A-2of| A 387 B3 AJ71 & 10% Na,COs £
ZF 80 uL g 1A 7F &4 ®HX] 3F & spectrophotometer
(UV 1600 PC, Shimadzu, Tokyo, Japan)& ©]-83}¢] 760 nm
oA &F =5 =435} th Tannic acid (Sigma Co. Itd)E
1,000, 500, 250, 125, 62.5 ug/mLe FE= A X3} AR

o
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o AT PYOE BAe] 4L BE AFHOR Y
AR #2589 & Ay G At

MeJA 2 SA *falo] mE HEmiRc] & Satzizols
s 2o

Z Z29 R 0| == Moreno 5(2000)9] Wi o) w2} &4
3RO, =ZEE 20 uLoj 80% ethanol 160 uL, 10% Aluminium
chloride 10 uL 2! 1 M potassium acetate 10 uLE 2} 2 7}
sto] Eetal Aol Al 40823 FAE th 415 nmoj| A]
SHEE &5t ) Quercetin (Sigma Co. Itd)E X&&E
A& 3}o] 1,000, 500, 250, 125, 62.5 ug/mL9] oA A
o] & HAFAORHE &80 = ZgtH Lot T
g Aaiol

MeJA 2 SA X2|of E HEHIFZC| DPPH free radical

S-(electron donating abilities, EDA)->
=9 EH ;P DPPH (1,1-diphenyl-2-picrylhydrazyl)
a3t 7+ 29 FAsteo =Astr}.
uL2} methanol 2 &3 A]7]1 0.2 M DPPH 100 u
L2 :Qifzﬁ}ﬂ Faol A 2087 WL FET T BE
radical®] =5 UV spectrophotometerE ©]-83}¢] 517 nm
ol A =435} th(Lee and Lee 2008). (1 — As/Ac)x100 3-2]
O 2 ARFo s () T F

concentration) ©. & U-EFY| ¢t

ICsy (Half maximal inhibitory

SAHe =4

AL AT} dojR AFEE SPSS (statistical package for social
science, version 17.0) EA T2 1S ALg35lo] 31 1H
Z+7vo] 7]4 EA X|(mean, SD)S ArE3tch H 7o)
Aol & doti 7] 98| U YHTFE 4 (one-way ANOVA)E

ol ko] BASIG O, §ol4EL p00s S 2

CEHEHZ 3T U MeJA, SAXZ/0| w2

YR S22 93 Ahn S(2008)0] AFst AT
AME vgoz AYS 3T Ay gy ST
o Mg B o2 1.0 mgl'o| IBAS H7leto] v A4S

Table 164 LERSo0] 2 2e] Sw47) 27702 714
Lo Wejo] Zolw 13 emE FEF ATE Wt
500 mLEE O] AZFZ et Azo)A 457k WorE The &

Table 1 Effect of IBA concentrations on number and length of
adventitious root formation leaf, stem and root explants of C.
lanceolata on 1/2MS medium including 30 gL sucrose after
5 weeks of culture

IBA No. of adventitious root
(mg/L) Leaf Stem Root
Control 0 0 0
0.1 2.10.3"* 4.840.1%  14.3%0.6*
0.5 2.5+0.2% 6.2+0.8* 18.3+0.8*
1.0 5.5+0.9* 8.4+0.5* 27.6+0.6*
3.0 3.1+0.4 6.5+£0.4* 16.9+1.5%

Length of adventitious roots (cm)

Leaf Stem Root
0 0 0
1.1£0.2% 2.4+0.1% 7.1£0.3*
1.340.1% 3.1+£0.4* 9.2+0.4*
2.7+0.5% 4.2+0.3% 13.8+0.3*
1.6+£0.2* 3.3+0.2% 8.5+0.7*

YData are the means + SD, of three experiments.
* p<0.05, significantly different from control group.

Fig. 1 Adventitious roots induction from C. lanceolata. (A)
Leaf explant of C. lanceolata on the 1/2MS medium without
IBA after 4 weeks of culture. (B) Stem explant of C. lanceolata
on the 1/2MS medium with 1.0 mg'L'] IBA after 4 weeks of
culture. (C) Adventitious root of C. lanceolata maintained
petri-dish. Scale bars, 1,5 mm (A-B), 1.5 cm (C)
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Fig. 2 Effect of MeJA and SA on growth of C. lanceolata adventitious root in 1/2MS medium including 1.0 mg/L IBA with 30
g/ L sucrose for 4 weeks of culture and 1 weeks elicitation period. A: Fresh weight, B: Dry weight.

Table 2 Total phenolic compound and flavonoid contents of 3-years Dudok and MeJA and SA treated adventitious root of C.
lanceolata

3-years MelA (uM) SA (uM)
Dudok 0 5 10 20 0 5 10 20

Analysis

Total

phenolic contents 8.25+0.14" 31.88+0.24* 45.10+0.14* 64.58+0.08% 74.53+0.21* 26.57+0.18* 38.27+0.20* 51.55+0.18* 63.88+0.09*
(mg/g)
Total

flavonoid contents 3.12+0.04  6.53+0.05* 12.32+0.02* 24.53+0.07* 38.45+0.04* 5.21+0.05*% 9.5440.01* 13.5440.02* 29.78+0.05*
(mg/g)

" Data are the means + SD, of three experiments.

* p<0.05, significantly different from control group.

do2 $UY HURYT AFT o Mk U £EEY §AED HTE ol0] vA o kol @
SAR A Ak Mo ARSI SIS AT S e A Gehislont sad 20w Aol o
o WAET ABFol F2AATL SAY Helis B s o 2FBE oF 2 o 4he] £1 5 vhehelth. 53] A
20 MaAS] A2lof He) thh e AT ABES L SO sBHLE Fo) YRR BREH S45
BYThFig 24-B). 0|9} & ATHE B AXTL TFOR Yok A2RAYE R PFBO o|FejA grtn
Holak MelA®] Aol w2 ol £ ABA F  (Kim 2010) TeA YOBR o2 <3| F i ol
7 AT F cliciatione] Q4F LA AEAT AFFE  F7HE A0 AR F Sehrico]= ke A

oAl WA RARE AP ATOICHKi etal 2004).  OPYEE F3E0| 312 mygO 2 LebE o], 4] MelA
o SA HE|2 o8 = GE2AOR T gepol F/1HY

3 =g g & 5 S2t2L0lE & ok MeJA7F 20 uM A 2l¥ 552 1L gk°] 3845 mg/g

OS2 YEgon, SA7F20 uM A2 E FEEo A= 2978
2y A&l "igt F u1 =4 Y F EE ol I mggE yEyth agy &80 A agm A 3L(Park
2 Table 28} At} F #l=4d9 T2 39 ofHY et al. 2009)oAlE= WHaHy FE2E9 F ZtEko|E
FE80] 825 mg/goi e o™, MeJAoF SA A2let o] 619 mgg= UePto B R 0]9} H|WsH1E uff MeJA
el FE2edAe s Ao I g0l 9 SAR Qg F St ol gheFo] oF S o] St
S 7FoF A th(Table 2). MeJAZF 20 uM A 2ld &5 1 & B el & o lgn mebA MelAgt SAS] A e
ko] 7453 mg/g O = YERE O, SAZF20 uM A 2lE = = F dEs I U T SehE o]t TR o AtE
SEolAE oF 10 mg/g W2 63.88 mglg O = YElth & ZAHE FTMA F= JeE ARHT

S dE gy 2580 % ¥ o 4o Bt ‘IHL
o A(Jung et al. 2012) B & 9 H|Z< gyYzEEo

=4 FFE oF 10 mg oJst2 YERon, o

8 AeEH gy FE2E594 9F 26 mg o] &= HEA DPPH free radical 2~7]%5-f AR8-% 2,2-Diphenyl-1-picrylhydrazyl

e UEUSITE 2 Aol A] MeJAZ 20 uM A 2Jgt  (DPPH)&= QHERE Abf eho A=A A9 HleHAA R

OW

DPPH free radical 2Hs

[o
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Table 3 DPPH radical scavenging ability of 3-years Dudok and MeJA and SA treated adventitious root of C. lanceolata

Analysis 3-years MeJA (uM) SA (uM)
(ICso pg/ml)” Dudok 0 5 10 20 0 5 10 20
DPPH radical 0 64122 54.4802% 434202% 352402% 242:02% S58:2.0% 48.5:02% 44.4513% 30443 4%

scavenging activity

b ICso values were calculated from regression lines using four different concentrations in triplicate experiments.

? Data are the means = SD, of three experiments.
* p<0.05, significantly different from control group.

Qs 517 nm FLo A o FA5 ety AR
Ozg AN AY A 7= 8ol AW & At
S S 71T 4= e, A WollA &4 E}EV
ot k3tE JAlshe HErkE o] §T 4= gtk 3¢
op¥ T Y FE= MeJA%t SA Held ook
9] DPPH free radical 2 A45E ICsgto & el
+= Table 30f| UEpiglet. 71 7&4 3EA oYY 2EE
2 268.8 ICs) ug/mLE UEFF O™, MeJAS 20 uM A 2] 3t
Ce ot 2552 242 1Cs ug/mL, SA 2 2] 3t o o uj
UL FEEL 394 ICsp ug/mLE YERYTH S50 o
oy FE29 3 de T E40f Bet A (Jung et al.
2012)0| A 24 9 dtg 114 0 & 213 DPPH free radical
2759 ICsoOl ashA] kARt 2 A Aol =
MeJAT} SA A 2lof| SJsfjA A HaE= AORE Hop
%—7} H Aoz doHEy. o4 AdddA
AL ufoko Al MeJA = SAQ] ]

FATLY A 94 Alst= Wi o] e g ot
shtE Sti ol oS SV Aer U

o, o]2|gt o|AthAtE O FhE HY R ALY
Bt & AR S7HA 7= AL R UERT o]
=R l HH‘*OM MeJA
= , 2FA|ulAto]
)y ETRE TRt oj At AME S EH‘“/“J&'&OP% ol

[‘_u.nlo
¢

o N

EIJ::‘HHN'OJ:_

2 A9 542 gy A2 wfolA MeJA 9 SA9
A2 7t #Hi53k ke, SR ol =] At njA= FF
o] ATt oA RAAIE S STk WE HYHi ST &
ArsteA ol aakE 2ARSHY] e R E Atk
F29 MeJA B SAS Hyuljelol A2t A 20 uM
MeJAO| A 2% 3}3HE 0] YALL 7453 my/go 2 3
g ET) 28] =& sk Bl sFAEE MeJA 2 SA
o] A= FAZY S daAvle Aoz ey
o FEE 0] =9] ghaF 9] 20 uM MelAS] A&t
o Al 3845 mg/gO 2 FHA o TS Wtk 20 uMo)

MeJA A 2lof o)g Folakaras FEehn o = ¥
o F7be ARHOoR HERYTe FUFUYL ICy
@ ol M MelA A el o] v]3) 264, 364 Aupel
of HlAAE 1) o4 F7hAZIE Ao vebgt

At AL

L A7 S A o Zo| ko] A 7]
WAL (TA A S 416-111-006)2] LFEo 2 e =] Q)
F4th
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