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Scaling Up Rosmarinic Acid from Perilla Frutescens Leaves through Stem Cell
Culture for Mass Production

Seon Hwa Lee', Ju Ho Lee’, Seon Kyeong Lee’, Kyeong Ryeol Lee’, Jong Sug Park’, and Woo Suk Cho®

ABSTRACT

Receivgd: 2023 November 20 Background: The objective of the present study is to establish a cambium-derived stem cell
1st Revnged: 2023 December 11 cylture method for stable mass production of rosmarinic acid (RA) from Perilla leaves for
2nd Revised: 2024 January 9 industrialization
3rd Revised: 2024 January 24 ’ . . . . .
Accepted: 2024 January 24 Methods and Results: Perilla frutescens leaves of the Bora variety were used as starting material.
These leaves accumulated the highest levels of RA among the 32 Perilla varieties examined. Callus
This is an open access article ~ Wwas successfully induced in solid MS medium containing 2.0 mg/f 2,4-dichlorophenoxyacetic
distributed under the terms of the  acid (2,4-D) and 0.05 mg/€ benzylaminopurine. Then, white, soft, and crushable stem cells were
Creative Commons Attribution  jsolated using a microscope. RA was obtained at a concentration of 40.4 + 1.4 mg/g after culturing
Non-Commercial Lxcenslg (http:/ ? callus stem cells in a quarter-strength MS liquid medium containing 0.5 mg/€ 2,4-D to produce RA
Ereatlvecommqns.org/ 1CENSES/in large quantities. To determine the properties of stem cells, we performed the catalase test. When
y-nc/3.0/) which permits un- hvd d dizi hemical lied ls. bubbl d
restricted non-commercial use, 1ydrogen peroxide, a strong oxidizing chemical, was applied to stem cells, bubbles appeare
istributi i almost immediately, demonstrating the antioxidant ability of these cells. In addition, microscopic
distribution, and reproduction ~ almost diately, d trating the antioxidant ability of th lls. In addit p
in any medium, provided the ~examination revealed that these stem cells included a relatively large number of tiny vacuoles,
original work is properly cited.  whereas callus contained large vacuoles.
Conclusions: A cambium-derived stem cell culture method was developed. The method enables

@ @ @ the production of RA from P, frutescens leaves in large, industrial-scale quantities.

Key Words: Perilla frutescens, Callus Induction, Catalase Activity Test, Rosmarinic Acid, Stem
Cell, Vacuoles

M o I3E 5o2 EFET} (Yamazaki and Saito, 2006; Asif,
2012; Ahmed, 2019; Kim et al., 2021).

E7) (Perilla fiutescens Britton var. crispa Deane)= =% ZZHo|= RS 250 /\1 AAH o7 vHAEE=
7} (Lalnlaceae)ﬂl she Gl ofAlof Yake] A = e FAHS A dHE I5S Unse FFEL
% Eolt} (Lee efal, 2011). -Euebe] o A%} ek 3y S22 ookt HJ?@:H A= 7|HeA
EF s Bau®, £ A% 9B 59 Bobl 2 oAuAuER 9w, dvelds, U I

ool Al T2 A= Qo FALT AEAME TR T 22 OUS Ay &S Zde Aoz ¢gEHA
Ht} (Ahamed, 2019; Han eral., 2004). S22 7154 T} (Asif, 2012; Raut and Karuppayil, 2014).

3}3HEo= apigenin, luteolin, anthocyanin &2 Zo}H = HT 2 A8 AEY d' JFES AE W 7]
o]= AE perillaldehyde, perillaketone 52| 3|&A &7, Aol ZFQ38F FQ 23 thAKRFE-E A (Barros et al., 2011;

caffeic acid, rosmarinic acid (RA), ferulic acid < & Kim etal., 2013), &4F3} (Da Silvia eral, 1991)2} &<+ 2+
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& (Lee and Lee, 2008)0] thal] L&A dom otz X

= wl-$ Zaslthar 4 A ATk (Lim eral, 2004).

53] RAE 4 AR w3 WA 2 3 1%
So #AJ3tar dEA Jdal (Kim et al, 2019), AU
oA AHEE &4 MAE AASE 9SS T, F
sl AAF, &, Fuboly s, ¢ g 2 M
AZ Al es X8 sk o8 & 2 7199 3

E dstal 2EYAE FoFe B 2 A o
W g9 s Jduar ¢4eA At} (Parnham and Kesselring,

1985; Hong et al., 1986; Cho, 2003; Oh, 2003; Petersen and
Simmonds, 2003; Sanbongi et al., 2004; Lee et al., 2008;
Park eral., 2008; Ryu and Kim, 2008; Lee efal., 2009; Oh
etal., 2011; Kim etal., 2021).

AE9] ojAAMIES QlEA o w ikt fl%h o
@o g AEFETIE o] &3 EFUAL o] de 2
QIt} (Shohael et al., 2005; Park et al., 2008). A EHHs-
18 4B ATuge A154, #44 o
Suale] A%Holn PHoR AT 4 ATk
47 0] At} (Choi efal, 2002). B3 vl ZAEQ] A
At 225 B3 54 53X SRHEY dEAQ] FA8S
& ¢ don Airess SH0E ST FE Ao
(Yun etal., 2012).

Tl AEAE wjg AEES dubHo g ik
Fgol 2 Wsks BHol A A F8A4S A
3= A7 2o (Ketchum et al., 1999). ©]&3F @2
Bebataal A S7AE kel #AS 7HRA HU
t} (Lee etal, 2010). Z7|AFE A2 o8 n|73}E o]
Aow, 7|9 By o F4 27, =#] IANTF
ol SvEe R EAstH, A7t A4 (self-renewal) 5
He T8l F14 Wol glo] HFAQ AT de] Ths
slttar 4E A 2t} (Laux, 2003; Lee eral, 2010). ©] 23k
ABAE WG Azo] AURE o, FAA W2
e L Qi ed, ErkE Sl E71HE ujeol
FHIE F8HS 1AL Qgel BuHUeh (Stobel
etal., 1993; Yun etal., 2012).

gy, E7AE] EAS AACR ddstr] fls
M oM E wHIG GAR, 2Fol ofokEe] YR EA
AR 7hs 3 SR giEF uide] Thsdh 7141 )
& HO I F S #eF A7t oS dasith

s 2 AgelA thEF kst Ed 2=ukd
2ke] ol ALks flsl SAY AT Y E7IAE

e AAE SFheTA S

=

o N,

=

o
=

A

23

71 okl Ha1® (Lee eral, 2009) HEF 5 (103 mg/
g TAE TP FRTL FHAER oA Ak

AEE R 9 gHsdHAstd 38
24 YA FAE sHtel fFstaa oF 270
T AR 2719 ds AAHS A AR

B
30 cm AEY W

IHuY s=22 =A
gt 709 A8 =)= o 7 em
H, A5 A5 70% oEE=
FHTE 3 3] g4, Aol
3], At PIEF 1%l
Y72y Wi FRSFE 3 3] FAEA
ZAloZ 9k 03 cm x 03 cm AT HALZ
Hj A| 73t ATt

st FPFOZHH
S (Lee etal, 2010) 3}A]
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gk WA= MS HjA|
(Murashige and Skoog, 1962)°] auxinF<] 2,4-dichloro-
phenoxyacetic acid (2,4-D) @5 H7} 24-D9} cytokininF
Q1 benzylaminopurine (BAP), 18]l 24-D$} &
91 o-naphthalene acetic acid (NAA)S T3t T2 2z}
2 zgerel AR B AR WE F7 25 A
S 98l B AEE FA Faetath

24-D= A€, 001, 0.02, 0.05 0.1, 0.2, 0.5, 1.0, 2.0,
30 mgte] w2 E 9= Xgst9da, 24-De BAP X3
& 24-D 0.01 mg/tet BAP 0.01, 0.1 mg/t, 2,4-D 0.05 mg/t
¢} BAP 0.005, 0.01, 0.05, 0.5 mg/t, Z18]3l 2,4-D 2.0 mg/L
sk BAP 005, 0.1, 1.0 mg/t= z}zt 23 A2stach

ESE 24-D9F NAA ZFS 24-D 0.01 mg/t2} NAA
0.001, 0.01, 0.1 mg/t, 2,4-D 0.05 mg/teF NAA 0.005, 0.05,
0.5 mg/t, 2,4-D 0.1 mg/t2} NAA 0.01, 0.1, 0.5 mg/t, LE]
3l 24-D 2.0 mg/te} NAA 0.1, 02, 0.5 mgite] T== 2+
2 23 Aesgnh

A8 3%9] sucrose, A3AE 04% gelriteS H7}

auxin

3 & pH 58% ZA3FP e, wjA= petri-dish (100 mm
x 40 mm, SPL Life Sciences, Pocheon, Korea)oll 100 m¢ #|
i=]

Bk vlF 24 25 £ 1ColA 8 - 10 3+ &

Wl Fe S

. BIIM=E 22| dfk

90t W4 F 21429 599 3493w
538k 282~ (stem cell callus : SCC)
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O|d=t- O|F= - 0|44 - O[FE

Aot AxdAs wy gysia E27F HA
22~ (non-stem cell callus : NSC)= Ald] #]%F

A i

4. E7|IM=E S 2|8l catalase activity test

Z7IN 27} 844 2EY2d Flths 548 ol&
3ted (Lee etal, 2010), NSCS} AW SCCol 7elar 4+
AL HFsEA (H0,) | mE At 7] Ay
E£5, & 799 tAE B catalase activityS
A3+t (Arora etal., 2002).

ol
o

5 E7|M=E &elg 9|8t TXAI&0|E tansmission elec-
tron microscope (TEM) Z+&

Z7|MEe] BEAS dolr 7] 213l transmission electron
microscope (TEM, LEO912AB, Carl Zeiss, Oberkohen,
Germany)S ©]-&3lY Z7|HNEE #Fsta 543384
on F4S Wi BEae zAgre) sceoh AP e
se] @ NSCo AEA o) AolE HAlstelk

Zy Ao BEE S 18-S

dl

AP =22E A 2wl 7
BHol Karnovskys 117 (paraformaldehyde 8%, glutaraal-
dehyde 25%, cacodylate buffer 0.2 M)ol| ¥ a1 4Tl A 12
AlZF A 16 A|ZE7EA] ZA] & cacodylate buffer 0.05 M
(cacodylic acid 0.05 M, pH 72& ZA)o| 10 4 3 3
MAstA T A1AS 218l 1% osmic acid (osmium oxide
lg, cacodylate buffer 100 m)ol] A 3 4TColA 120 &
S ALg 3, 13 SFHFE 10 B4, 3 3] AlFE

12} G218 98] 2g3tE AlEE= 0.5% uranyl acetate
of A F 4TCoA 12 AzreA 16 AIZ7EA] HA g
StRAL, EE 98l A2dA dEEs FEEE (50,
75, 90, 95, 100 %) Z} 10 54 Hzstdct X3S 95
propylene oxideol] 15 &4, 2 ¥ *]2]3} Tt} embedding
S 913} propylene oxide2} Spurr (1 : 1) €40l 120
At oAl 30 #3F wEketlen, 5 & 5t
stod X|ghs olatAl &AL, Spurr §-Hol] 7t
St WAt A 2]ttt hardenings 18l Spurr
S 70CoA 20 AIZF Bt Fol] AlEE =3t

71 3 ultramicrotome (Leica ultracut UCT, Leica, Wetzlar,
Germany)= ©|-83t 75 mo] FAZ €A XA &
TEM (field emission transmission electron microscope, JEM-
2100F, JEOL, Akishima, Japan)© 2 7733} th

o2 =21
Foto] g Aezdn Al
szellre] B AL 943 A
1 g% BEse] BAEE AN
APz FHL A AA) WA 22

=
jus)
==
o
o,
[e}(}
‘|—‘J

24
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LIEZRE LY

4

& MSe} 1/4MS wj Ao Z+2F 0.5, 1.0 mg/t 2,4-DE
Fack A mi A= 10 AzFEekssel] 500 med)

o HFE F 25 + 1CoA 120 ppmoZ 12 F
Hal < Aol A Al FstAt

0

ol o

o,

7. F7|MZE Rl 2=0IZIL HE 24 LCMSMS 24

NSCs} SCCE o o] zzelRide] 44 3
2 BAg XA 24D 05 mgtE £33 1/4MS
oA Wl Ko) 4] HleFE NSCS) SCColA A WA E A
Aty AY2zwg mo} FAAE F Uz Fue
ATk (NSC: smaple 1, SCC: sample 2).

THE NSCe¢ sCC sZ27xdx &% 5 mgoll WgkE
(MeOH) 5 mtES H7}slar 30 & < voltexingdle] F
Skl Aol 5 & F9t 253 (BRANSON 5210,
BRANSON, Danbury, CT, USA)E *]2]3F 3 3,000 rpm,
10 ¥ 39 YAE 2] (Centrifuge 5415R, eppendorf,
Hamburg, Germany)s}$3 2™ 58-S 045 wm LE Milles-
HV, Merck Millipore Ltd, Tullagreen, Carrigtwohill, Co.
Cork, Ireland)S ARE, oJ7sle] HPLC 48 93t A8
2 ARgE

HPLC (HPLC 1200, Agillent Technologies, San Diego, CA,
USA)E242 1200 Alg]= HPLC Al=¥og FAEF
6460 25 Al A A E47] (QQQ 6460, Agillent
Technologies, San Diego, CA, USA)S Al-&3}o] =333t}

A& Proshell 120 EC-C18 (150 mm x 3.0 mm, 2.7 zm,
Agilent Technologies, San Diego, CA, USA)S A3}
Aol o8 2EA 45 T

o5 &vle FRTN AT 0.1% TEA (&
uf A} ol EYEH A% 0.1% EEA (&9 B)
AREsEATE &ul FHlE vk 22 2RO
PstF o™ (0 - 0.06 min, 10% B; 0.06 - 6.00 min, 98%
B; 6.00 - 9.00 min, 98% B; 9.00 - 9.10 min, 10% B; and
9.10 - 15.00 min, 10% B), %<2 03 mL/minSZ 4
tdth EE EA4dA 4 AR FYUFS 2 mE
REEE

A 202 3500vE A" BAHE Ades o
¢ o] ®YE ¥ (Single ion monitoring, SIM)S- A}-&-3}
Atk o]23t WHogE HAEF o] 23K (Electrospray
ionization, ESI)Z positive ion mode°| A 383 m/z [(360 +
23 (Na)) Ho]& HEE A3t

=211

=

=

3 3] ol wrEsle HF + EFUE
, Ao ZHE d& HAIy}e SPSS FTAZE
12.0,
3131

Z13] (Statistical Package for the Social Science, ver.
SPSS Inc., Chicago, IL, USA)S ©]-&3te] B4 g



7N HiY S Sot 24

ot BEAIZ 594 BAAL student’s ttestE 5% G0l A
TS vlal ZASIAY (p < 0.05).
TR

1. B & Fall S7IME MUS 28 oAt =N
=A =

EAQ RS A4S A 1 F FHE AgxrF A4
7] AZslgeH, 72 a2 A oA F /A ¥
go] AyAE #FATE = YUt A WA= gushy
7 HA &3, A A9k =3k e =S O

1

[‘

A~ FelE YEPNSIS ™ (non-stem cell callus,
NSC), + ¥Ale Fe7t 1A= A= dov F=
Ha A A 27t & He 54e JET
(stem cell callus, SCC). ©]% F714 A¥L E3] T 7}
2 o] A= F AL SVAEAS FRlstant
(Fig. 2).

AezAu gl A S (auxin) AIES] 24-DE A<
BEE AEY A fRo 4TS FE HES2ZES
Z HuF v} 9Jo] (Baskaran and Raja, 2006; Tahir et al.,
01, SAANE B2 FET A5 O Fre
24-DE A 2|3} T} (Table 1).

24D BEF L0 nglt vwel AS wus Fe
NSC7F 2 BEHJAT (Fig. 1A), 1.0 mgt o], 5
3] 20 mgtE F7HYS W VM2 5SS Yeidl=
SCCe] Hl&o] F7tEo] Rl g Ae=rt
=5 (Fig. 1B).

olggt A= 24-DY AHY FTEo we fEHE
Ao 5o deidS Uedtia & § 3lon,
AV (Saccharum officinarum) 918 Qo] AH~
EE 93 24D 57} 0.0 mgeol A 4.0 mgtE Z7}3
o et A FHEE HohH g wase]
At ARk HuE Qrshe QXsen
(Tahir etal., 2011).

WSk, 57 (Perilla frutescens Britton var. crispa)ol 4]
24D 0.1 mg/t L 1.0 mgt AT A, BF R=g 1A
A7) A% AYze 54E UEHon FPEE =9
o3 ¥ ¥ A3} (Tanimoto and Harada, 1980)2} -F-A}Fs}k
R, AL AYx FEo HE3 FE9 24-D7}

Fasiths AL oA 303 5 AT
AFIEFI (cytokinin)} 218 FE 229 AE HI
< Q8RR ST A 2Hu Y] Bol o]§ Hr}

[}

(Su etal., 2011). WetA], B Ao Alo]E7H A &
229 JaS AWKy 9§ 24D ©E Hy} A9 F
=712 E4E 7P el 23d A<l 24D
20 mg/t2 8% & ohekst w9 BAPYF 23 AE

25

Fig. 1. Callus induction of Perillafrutescensleaves on MS medium
containing plant growth hormones. (A); 0.5 mg/l of 2 4-
D, (B); 2.0 mg/l of 2,4-D, (C); 2.0 mg/l of 2,4-D and 0.05
mg/l of BAP (D); 2.0 mg/l of 2,4-D and 0.1 mg/l of NAA. The
yellow and white arrows indicated non-stem cell callus
(NSC) and stem cell callus (SCC), respectively. MS solid
media (Murashige and Skoog media including vitamin)
were used for callus induction with different plant growth
regulators. 2,4-D; 2,4-dichlorophenoxyacetic acid, BAP;
6-benzylaminopurine, NAA; a-naphthalene acetic acid

Fig. 2. Catalase test of NSC and SCC. For the catalase activity test,
1m0 of H,0, was dropped onto the callus, and bubbles
were generated. The shape of 8 - 10 week old non-
stem cell callus (NSC, A) and sub-cultured stem cell
callus (SCC, B). Comparison of bubble generation
between NSC (C) and SCC (D) after addition of H,O,.

S WlkE ¥ WAEE dels W4E R 549 2

= YERH QI (Table 1).

24-D 2.0 mg/t <} BAP 0.05 mg/te] =3 A2 oM+

Ao YYFE woBM /A 4L AR
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Table 1. Effect of plant growth regulators on callus induction from Perilla frutescens leaves.

Growth regulators (mg/l)

Callus formation

2,4-D BAP NAA Type" Color” Degree”
0.0 0 0 - - -
0.1 0 0 H,ES B ++
0.5 0 0 H,ES B +++

1 0 0 FS W ++++
2 0 0 ES w Ft+
2 0.05 0 ES W +++
2 0.1 0 F 1S Ly, W +++
2 1 0 - B +

2 0 0.1 ES W, B T
2 0 0.2 FS W, B et
2 0 0.5 FS W, B ++++

1)Type represented hard (H), friable (F), soft (S), and inseperable (IS). IColor represented brown (B), light yellow (Ly), and white (W).

“Degree

represented degree of callus formation - (none, necrosis), little (+), a little (++), much (+++), and the most (++++). MS solid media were used
for callus induction with different plant growth regulators. 2,4-D; 2,4-dichlorophenoxyacetic acid, BAP; 6-benzylaminopurine, NAA; o-naphthalene

acetic acid

sccel HlEE EA EFHO U= Egol FFHAG
(Fig 1B and 1C). ©]& 24-D 2.0 mg/t &= 2] A] A
290 YAFL BYAT SCCo HEL v ARy
g e asdr

wg AEAEEE 2T MS A o
W WS et S9hom BAP S/ 00 nglE
FoRA WA Al AT B} SCCe HEEHA
25k BAPY 23 Fw7b L0 mgts] FEo] HE 7
G 238 A FAF] 3438 JAEHL AU
on Ax Ak AF4E Al

b, 2 2§ A= 24-D 2.0 mgts} AEEe]
BAP (0.05 mg/t) sA] )7} SCC Ao axx<d
< AT F AT ©
var. Orientalis)®] QO ZHE A
o] BAPY gde Zx goi}, 20 mgle 1%
82 A7Hles Ave 2359 Ad: fEE AT
the Ael AX390m (Shin eral, 2005), THHE
(Rhododendron brachycarpum)®] % (Kwon et al., 2018)3}
L (Pulsatilla koreana Nakai) 252 #}9] (Yoon et
al., 2006)% o] &3 AH~ FEo glo] A1FEEY 24D
o Awzel BAP A2/l AU Anoe f4)
st

SA AE s289] FRAR aHE Fotrr] 9
20 mgte] 24-DS V)|Zo =, ThoFs FEo] NAAS X%
st g3t 23 20 mg/t 359 24-Do] NAAZE 0.1 mg
/oA 0.5 mgte FFo 2 23 A 49, ' X
& A FolA F7IMEY 54 SsCert #EENS
H Ay~ AT Z7)15AT} (Table 1 and Fig. 1D).

ol&]3l Aul= ;i_ AL (Citrus gmndis)sﬂ o3 e Ay
2 o B/ S48 oA 24-D FET7F NAA &

| A3}= & (Artemisia princeps
fo B A

26

TR vs ) Az FAEC] AR eVt fEE
thar B3k Ay} (Tao eral 2002) WX &= Zo)No
o weba, Sale] FRAQ Fie AE we} ol
7F des AT 5 AT

weba S A fd S7IHE e Ay
T Z7Ae MS ujAe] 24-D 2.0 mgte} BAP 0.05 mg/l

Z3}, 3%9] sucrose, 0.4% gelrite 123l Jufd =7}
HA 214E AL

2. Catalase EH|2&

=714 27}t ﬂ

A L A = )
of oJaf &3 ’I\_ii
2 dAste -‘—ET*J
= m-uﬁl oz ]
2020)

ol gt Ats} AEd 2o tigh A EAX
kst E A

= [e)
S4<

catalase
e
gelal
39t} (Ransy et al.,

4
R

i‘l

HEg-ol= o
catalase’} =83+ o
3lH, £3] 2)&9] peroxisomeol] A 3}= catalase
free radicles®] A4 glo] kA AR} EE
AL FujdozN HO0,Y 54 BHEHEH AXE
B33t 895 Helgay Bud vf Qo™ (Arora
et al., 2002), chrysoeriol-7-0-glucoside TH& AYAHg- &nl7
(Ixeridium dentatum) ¥ WA callus F2 S7HEE o]&
gt 7154 EE dF ALbel tigk SSeME I3
o s Azt FEEE FVAEE 89S, Bast
At} (Park et al, 2023).

wEbA, 2 AR S Y27 7M1 2
A FY IR GolR ] ¢35 H,0,5 #7158k caltase
B4 ZARE A3, SCCot NSC7F EAlH o= A

=1

9] peroxidase =

o X

o rir mo f

el,

]1__
AT



S/|NZ HYS Set =

2 7)% 2HY wkgo] g (Fig 24), YA EE A
o1} (Fig. 2B), L@ wlAe] 3 F HHo=, 12 F o
AF AT kS A3 SCC 4 ZE] A+ catalase test
Az}, A7} 7] o] wWhEIl (Fig 20), Z#olE
A7} 7)E8 Hdolx o] BHE o] catalase THA
ol ¥&< U & UMY (Fig 2D).

3. EL™AS0|A Transmission electron microscope
(TEM) &g 88t E7|M= 54

Catalase &4 HAEZ FE3H SCC9 NSCE F44
Adnd #Es S AE W T FF Y Aol
5 Flstax sk 71E o] =om WAkl
AW NSCx= w3hd AHzola &3] == Arket
M7} &4 AU (Lee eral, 2010; Yun etal., 2012)
(Fig. 3A), 7|3 o] w231 th=f WA g SCCe vhr9]
2 AxF o]Fojx UsS AEFY F Uden,
327} ¢ Zfol NSCE froh &S =4 3
Al TEsloF it} (Fig.
Fol YA L= 7Y ¥
T AU

9 Aye @i #F A,
22 AL E x3sle 540
Y2 AZE A d¥g

a1, o]
o]Fo)x kil Ralw

A X YT} (Lee eral, 2010; Yun etal., 2012).
upehs, B Ao SCC 2 NSC 7EE S8 ol
gk catalase S AL B AAAWAE o] a3 o]

, 5 EVAEYS

29 5 gl 2A 2 5

Fig. 3. Microscopic analysis of NSC and SCC. Because
the cell sizes differed, the microscope was used to
observe them at different magnifications (A; 5000
X, B; 8000 X). (A); non-stem cell callus (NSC) is
composed of a large vacuole. (B); stem cell callus (SSC)
possesses numerous and small vacuoles. Red and black
arrows indicated vacuoles and starch, respectively.
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i = =
S Bet FF Y E7IAEY diF
A S A =S Fystaat stk
24-DE FH7slA] & MS AA HiRE AH27F &
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Fig. 4. Liquid culture for mass production of SSC using different
media and plant growth regulators. Calluses were grown
in MS liquid media with 0.0 (A), 0.5 (B), or 1.0 mg/l (C)
2,4-D. 1/4 MS liquid media was used for callus culture
with 0.0 (D), 0.5 (E), or 1.0 mg/l (F) 2,4-D.



O|det- 0|F= - O]4Hg

9] 1/4MS HiAZE Agehe & 4 A
A iae WA e AEolv &84, :@HZ'}OJ v =
Aol whet A 22 tirkiks Aol FEFS L] o
ol vl 1ol olF FQ3It} (Sakurai er al. 1997).
3, aAuke] A Aeay AeE 3 -r-v“j}o
A 2ok wjA] Aol %

—

Hjze] ] A = o
d FFE el i wksez AgAukee] E%Zﬂo
Aty 2y °“Zﬂ H gl A wiAe] FHde=
gas 1 8hS £t 2H o FAES gfloin wixe}t =
2 e dF :rLHH% 5 st 7S FX3oh
(Street et al,, 1973).

—_—

I A MGAE AA wiAE Soldle Aews
7114 vk w 3] wiR| o 22 o= ujekstd
Hj A o] Aol aA wjA|AAM e} o] Z o] Fo] x| A]
et 2 olfi= A wjAe] B A wiAeE 2 =
< FEO ujA o] R S°i7t *ﬂiﬁol delE
QA Hol wikstr7h FEoAER A F 4 7]
RS Alzsfoptt vjeke] ZhedhH ol HHXI TS

Gxo]F= Aol /M &&-F ot} (Whang e al, 2009).
webA 715 2] i ke AsiM GAIztel B

RUEERLIEZRE S
2 &S AN 5 e AA S o] &3 mﬂﬂﬂ &
o] v 237 2 A dA S A HjAY] F= F
ANEZ 2R FEE ¢ Yo ZAE3|ojok tﬂ"jr
SACE R AIAFREA FHZRR] MS A
Ao M= A 27t FEEA] 23l 24-D 2 kinetin

=)

23 Aeg MS HA vjRoA Aol fFrol £ A
A= YeEpAtar B3t (Nabeta e al., 1983). T3
EANCEZRY AYAE 5 § 1A iAo sd3
24-D 1.0 ppm % kinetin 5.0 ppm Z3F *2]3F MS <
A WA A RS w FFEC] o Witk ATk
(Sugisawa and Ohnishi, 1976). o] ¥ A3 Axol FA}

3le] Al TE2E RHIVIETE 23 A= 24-D
A7t 7"31)‘ /Hx]-oﬂ 7 AdS ¢ T AT =
sk 24-DE ©= Ak MS v @ MS FEE Y
1/4MS v Ao A] v ket ARetE fAlste] AHAE
o W] Agsial fAeed 24-D7F d8%S & F
AATH

£ (Lilium cernuum KOMAROV) 91382 24-D 1.0
mg/t H7F 2 T2 FH7IEE MS B2 AA] 6]
1 Ho]: g_,jr 1:4_4 Hg} =i xgz]—o }\1% §7§,Zﬂxﬂ

(A)

5 0 ] 0 L]

% m .
Concartsaton [semd

Fig. 5. HPLC-MS chromatogram of rosmarinic acid. (A); a peak of rosmarinic acid was detected at 8.67 min., 360.31 + 23
(Na) by HPLC-MS, (B); calibration curve of rosmarinic acid standard solution. A curve confirming the concentration of
rosmarinic acid sustance by treating each from 0.031, 0.16, 0.8, 4, 20, 100 ppm.
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= YESIT (Fig. 5).
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Fig. 6. Quantification of RA by LC-MS/MS analysis. RA in
SCC is about three-fold higher than in NCC. Data are
means *+ SE (n = 3) and significant differences between
non-stem cell callus (NSC) and stem cell callus (SCC)
are indicated with asterisk by Student’s t-test (*p <
0.05).
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