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Abstract - Glycyrrhiza uralensis Fischer is one of the most commonly used herbs. Recently, the stem and leave of the plant
have been interested in physiological activities because the aerial parts have been thrown away. Finding out cultivation
method of Glycyrrhiza uralensis Fischer to improve chemical ingredients and biological activities has been tried these days.
In this study, different wavelengths of light emitting diode (LED) were used for a cultivation of Glycyrrhiza uralensis
Fischer. Antioxidant activities and inhibitory effect on mutagenecity of samples were evaluated. The stem and leave cultivated
under blue light (BL-0) showed the strongest antioxidant activities of 3.02 £ 0.13 gg/ml (ECso) and 2.18 +0.18 pg/ml (ECso)
in DPPH and ABTS radical scavenging test, respectively. Total phenolic content of BL-0 was 2.93 £ 0.11 g/100 g, the
highest value between cultivation conditions. However, antioxidant activities of the stem and leave cultivated under red
light were the weakest between samples. All of the stem and leave used in this study showed inhibitory effect on
mutagenecity of 1-nitropyrene. BL-0 showed stronger inhibitory effects on mutagenicity of Trp-P-1, Trp-P-2, and AFB1
than samples cultivated under other conditions. Only on mutagenecity of 2-aminoanthracene, the stem and leave cultivated
at 1 m apart from red light (RL-1) showed the strongest inhibitory effect. These results indicate that blue LED might be the
most effective condition for improvement of physiological activities for the aerial parts of Glycyrrhiza uralensis Fischer in
cultivation. The components were identified with GC/MS. Cytidine was detected only in RL-1 at 25 min of retention time
and 2-bromotrimethylene glycol was detected only in BL-0 at 37 min.
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etal,, 1983)© “ﬂiﬂ “’\16} Ak, w2 EAAIR Al
ZF =9 ol 50 ul, 0,1 M sodium phosphate buffer 0,5 ml
(0.5% S9 mix 0.5 ml), A|& 50 1l2} Oxoid nutrient broth No, 2
o sk HjoFAIZ] - okl (1~2 X 10° CFU/ml, OD 0,4)&
E511, 37CoIA 210 rpmO 2 2087+ Ask weystict. o
ofolof| u]2] Z2H]3) & 0.5 mM histidine} biotinS 335} top
agar 2 M-S &35 2 minimal glucose agar plate [agar 15 g,
W4~ 930 ml, 50 X VB salt 20 ml, 40% glucose 50 ml]& H2+
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M : The number of revertants only in presence of mutagen
So : The number of spontaneous revertants
Si . The number of revertants in presence of mutagen and

sample

GC/MS &4

X3} LED (650 nm)©} 242 LED (450 nn)Z o] 8310 7
UG 1 A R R e e 5 ulf 31400
S sonication (10 min)& A4 0,45 i filterS £3 oJTA7]
3o GC/MS 245 Z3fskaint, MSE7-2 Scan mode= 218§
stglom, BA 248 Table 13} Zth(Pederson et al,, 1981),

X
EAEXAL SPSS EA X2 1:M(Statistical Package for
the Social Science, Ver, 12,0, SPSS Inc,, Chicago, IL, USA)
3 olg3lo] 7} ZA2| W HEUAE A& Aozt

9] x}o] §EE one—way ANOVA (analysis of variation) 2 &

Table 1. Analytical condition of GC/MSD

7890 gas chromatograph/5975 mass

C/MS selective detector, Agilent Co.
HP-5MS UI
Column (I.D. 0.25 mm * Length 30 m, film
thickness 0.25 /m)
Carrier gas He
Injector temp.(C) 250
Detector temp.(C) 250

50C (3 min) to 190C (15 min) at a
rate of 5C/min,

to 240°C (10 min) at a rate of 20C/min,

to 300°C (30 min) at a rate of 20°C/min

Oven Temp.C

Injection volume 1 ul
Split ratio Splitless
Run time(min) 91.5
Solvent delay(min) 3.00
Mass range(m/z) 40~550
MS Library WENO5ST
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ECs0©] 8,02 £0,13 pg/m 2 714 =& a}u]g 278 o] L}
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of| 4] EC500] 3,27 + 0,18 pg/ml, RL-00]|A4] EC5,©] 3.28 £ 0,16
wg/ml, RL—-10Y4] EC500] 3.29 + 0,22 pg/ml 2 2H)Zk A7 A
Btk ABTS 2ho)zh AAEAIL BL-00]| A EC50] 2.18 £
0,18 pg/ml 2 7} =& 2he]zh AZ o] Vet on, BL-1
of| A ECs00] 2,81 £ 0,21 pg/ml, BR—20]| 4] ECs00] 2.35 £ 0,22
(g/ml, RL-00]| 4] EC5p0] 2,39 % 0,14 pg/ml, RL~10]|A4] EC0]
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g/100 g0 = 71} =& Ed]uls s UEhion, BR—29]
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LEDRl0] e 72 o] Aeied 9 42 37t
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Table 2. Antioxidant activity of methanol extracts from Glycyrrhiza uralensis Fischer

DPPH radical scavenging activity ABTS radical scavenging activity

(ECso, ng/mly’

(ECso, ug/mly’ Total phenolic content (g/100 g)°

BL-0 3.02 + 0.13%
BL-1 3.13 + 0.28
BR-2 3.27 + 0.18°
RL-1 329 + 0.22%
RL-0 3.28 + 0.16%

2.18 + 0.18% 293 + 0.11%
231 + 021° 2.55 + 0.09°
235 + 0.22° 273 +0.11°
242 + 0.19° 256 + 0.12°
239 + 0.14¢ 249 + 0.16°

“Each value expressed as the meantstandard deviation (n = 3).

"Means in the same column with the different are significantly different (»p < 0.05) by Douncan’s multiple range test.
*The conditioning of cultivation of Glycyrrhiza uralensis Fischer;

BL-0; cultivated under blue light

BL-1; cultivated at 1 m apart from blue light

BR-2; cultivated at 2 m apart from blue and red light
RL-1; cultivated at 1 m apart from red light

RL-0; cultivated under red light.
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Fig. 1. Reducing power of methanol extracts from Glycyrrhiza
uralensis Fischer.

*Mean + standard deviation of triplicate.

*The conditioning of cultivation of Glycyrrhiza uralensis Fischer;
BL-0; cultivated under blue light
BL-1; cultivated at 1 m apart from blue light
BR-2; cultivated at 2 m apart from blue and red light
RL-1; cultivated at 1 m apart from red light
RL-0; cultivated under red light.

o BL-13} BR-2, RL-1, RL-0 &0 & $klglo] Uolt} o]
Eifﬂ H3}= DPPH 2HtjZh A7) B3t ABTS 2Hojz A4,

shg et dAJsl= A o= Aol wet ghitst Y= A}
oj7F b= A o= et ot, 7iAIZE 244 atol= A4
OITHKim et al., 1995), Park et al, (2013)2] 7tz A|AHHQ]
FA o] w2 YA A Aol A 2 AAFRe] 24
Hpel whel AR o) S71ek Ae e 2wt 5t
Fhol| Zejus SHFe Z7lsle] @4o] Zvlsigitka gt
7é

LED 39S gejsto] Ajuet A2AVE mgsEE52
1-nitropyrene (1-NP)o|| tjgl S #Ho| A avts =743t 4
= Fig 29 2t} S typhimurium TA980] 91014 BL-O0,
BL-1, BR—2, RL—1, RL-0 g2 553 7+ 50, 100, 250,
500 pg/ml o] = & 2]atS u 24~81%, 21~T3%, 20~63%,
21~66%, 17~68%2] & Ho| A Av}E ettt LED 3¢
<= gefsto] Aulek AV FE9] NP tigk E¢Ho] A
F k= BL-00f|A] 71 A Yebtom | RL-00]14] 71 S9k
th. 1-nitropyrene (1- NP) 5715 Eoto] Al FElof
Akaso} A9sto] ringE F/d3t 5 DNAQ} Zgtsto] F¢Ho]

N

ﬂl

804 —e—BL-1

Inhibition rate (%)
'JE

\

0 T T T T
50 100 50 500

Concentration(ug)

N

Fig. 2. Inhibitory effect of methanol extracts from Glycyrrhiza
uralensis Fischer on the mutagenicity of 1-NP.

*Mean + standard deviation of triplicate.

*The conditioning of cultivation of Glycyrrhiza uralensis Fischer;
BL-0; cultivated under blue light

BL-1; cultivated at 1 m apart from blue light

BR-2; cultivated at 2 m apart from blue and red light
RL-1; cultivated at 1 m apart from red light

RL-0; cultivated under red light.

50
—=&—BL-0
—e— BL-1
404 —A—BR-2
—w— RL-1
= —e—RL-0
x
~ 304
2
©
=
S 20 /
=
£ /
=
N / %
0 T T
50 100 250 500
Concentration(ug)

Fig. 3. Inhibitory effect of methanol extracts from Glycyrrhiza
uralensis Fischer on the mutagenicity of Trip-P-1.

*Mean + standard deviation of triplicate.

*The conditioning of cultivation of Glycyrrhiza uralensis Fischer;
BL-0; cultivated under blue light

BL-1; cultivated at 1 m apart from blue light

BR-2; cultivated at 2 m apart from blue and red light
RL-1; cultivated at 1 m apart from red light

RL-0; cultivated under red light.

2 ooyl ol Ao} SeiR BeuE
o] Y &= Y E 231381521 1-nitropyrene (1-NP)
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Fig. 4. Inhibitory effect of methanol extracts from Glycyrrhiza
uralensis Fischer on the mutagenicity of Trip-P-2.

*Mean + standard deviation of triplicate.

*The conditioning of cultivation of Glycyrrhiza uralensis Fischer;
BL-0; cultivated under blue light

BL-1; cultivated at 1 m apart from blue light

BR-2; cultivated at 2 m apart from blue and red light
RL-1; cultivated at 1 m apart from red light

RL-0; cultivated under red light.
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Fig. 5. Inhibitory effect of methanol extracts from Glycyrrhiza
uralensis Fischer on the mutagenicity of AFB;.

*The conditioning of cultivation of Glycyrrhiza uralensis
Fischer;

BL-0; cultivated under blue light

BL-1; cultivated at 1 m apart from blue light

BR-2; cultivated at 2 m apart from blue and red light
RL-1; cultivated at 1 m apart from red light

RL-0; cultivated under red light.

2 tfeAl2] tj7] Fofl oF 57 pg/m’ EAfsH= A 02 LA 9l
1, B35 BT Ao S Hch(Pederson et al., 1981).

LED1o] w2 73 AA0] Aeery 9 4% 37}

3—amino—1,4—dimethyl-5H—pyrido[4,3—b]indole
(Trip—P-1)of thet EXWo] AR avte= Fig 33 Lt} S
typhimurium TA98] Q1014 BL—0, BL-1, BR-2, RL-1, RL~0
£ 7}50, 100, 250, 500 pg/ml ] w2 Ao wf 4~42%,
3~39%, 3~33%, 3~35%, 3~29%°] EHo] I FIS e}
Wtk & BL-0oA] 71 =2 EdWo] AL UElte
RL-00|A 71 Wi}, Trp—P-1:& 82| AAlolv =17] &
ol A theg BEAEn, dntd oz iR Aol Wk
w]ojZlc}, 53] Trp—P-1-2 THA 9 2Hg ek $hi-skaL 9l
= AES wAY R o go] A tH(Weng et al,, 2007),

3—amino—1—methyl—-5H—pyrido[4, 3-blindole (Trip—P—2)
of tht Aol A aNE SHsIUchFig. 4). 1 23 S
typhimurium TA98¢| $Jo{A4 BL-0, BL-1, BR-2, RL-1,
RL-0Z 7} 50, 100, 250, 500 pg/mlo] HE=2 He]atae
19~59%, 12~54%, 9~4T%, 9~49%, 11~52%2] EAHo] 17|
IS Ve & BL-0001A] 7P =2 = o] oA ant
£, BR—20||A 7F& @tth 3—amino—1-methyl-5H—pyrido
[4,3-bindole (Trip—P-2)= A1goA] & Yo7l =EHZ &
2]5 Ao A A= heterocyclic aminef EHHO| 0]
CHWeisburger, 1993).

Aflatoxin Bl tgt Edwe] A ans 43 A=
Fig. 59} 2t} S typhimurium TA98Y] 31014 BL-0, BL1,
BR—2, RL—1, RL-0& Z} 50, 100, 250, 500 g/ml o] =& X
25} o 7 14~68%, 14~68%, 12~56%, 8~65%, 11~52%2)
S| A A S Uttt & BL-10A4] 7HE & &4
o] A &S UERlaL, RL-004 7HE & 5¢Ho] ants
Lreheh, AFB;ofl ©J3t of 2 191 AAY 7+2] microsomal
enzyme system 7}-5| mixed function oxidase®] 2]af thAlZ
= o] AR Aitolut A at 34| H7E AESS
FAToRN o5 BHS BTN Ee =AWolE 4o

Folgkal $h(Singer et al, 1983), ©]& 3} aflatoxiny 1A
off leZd 79 ek W 02 7o WA 608U S7HA
ZItHEaton and Gallagher, 1994).

2—aminoanthracene (2—AA)°f| et o] A ANE =
3t A3k= Fig, 63+ 2k S typhimurium TA9ZOY §loiA]
BL—0, BL-1, BR—2, RL-1, RL—0Z Z} 50, 100, 250, 500 1g/ml 2]
o2 A2BIS ) ZF T~56%, 8~6A%, 8~61%, 6~69%, 6~61%
o] Zoluio] ol kS Lhehilc), 2 RL-16]4 74 58 Bl
Ho] A A=, BL-00l|A] 714 W)t} 2—aminoanthracene

(2-AA)+= aromatic amine T2 FACF oJ3, ZgAH, FOF
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Fig. 6. Inhibitory effect of methanol extracts from Glycyrrhiza
uralensis Fischer on the mutagenicity of 2-AA.

*Mean + standard deviation of triplicate.

*The conditioning of cultivation of Glycyrrhiza uralensis Fischer;
BL-0; cultivated under blue light

BL-1; cultivated at 1 m apart from blue light

BR-2; cultivated at 2 m apart from blue and red light
RL-1; cultivated at 1 m apart from red light

RL-0; cultivated under red light.
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Fig. 7. GC/MSD chromatogram of Glycyrrhiza uralensis

Fischer.

*The conditioning of cultivation of Glycyrrhiza uralensis Fischer;
BL-0; cultivated under blue light

BL-1; cultivated at 1 m apart from blue light

BR-2; cultivated at 2 m apart from blue and red light
RL-1; cultivated at 1 m apart from red light

RL-0; cultivated under red light.
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Table 3. GC/MSD analysis of the compounds contained in
Glycyrrhiza uralensis Fischer

Retention .
Time (min) Compound Detection
RL-1
24, idi
8 Cytidine :Only detected
BL-0

36.8 2-bromotrimethylene glycol Only detected

*The conditioning of cultivation of Glycyrrhiza uralensis Fischer;
BL-0; cultivated under blue light

BL-1; cultivated at 1 m apart from blue light

BR-2; cultivated at 2 m apart from blue and red light
RL-1; cultivated at 1 m apart from red light

RL-0; cultivated under red light.
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