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Antioxidant Activity and Cytotoxicity on Cancer Cells of Extracts from
Glycyrrhizae radix Cultured with Paecilomyces japonica Mycelium

Eun Kim and Meera Kim'

Dept. of Food Science and Nutrition, Kyungpook National University, Daegu 41566, Korea
ABSTRACT

This study examined the antioxidant activity and cytotoxicity of the ethanol extract of Glycyrrhizae radix (GR) and ethanol
extract of Glycyrrhizae radix cultured with Paecilomyces japonica mycelium (GRPM). The total polyphenol contents of GR
and GRPM were 50.55 mg GAE/g and 63.97 mg GAE/g, respectively, and the corresponding total flavonoid contents were
6.87 mg QE/g and 11.39 mg QE/g. These results mean that the polyphenol and flavonoid contents of GRPM increased during
the culture of Glycyrrhizae radix with Paecilomyces japonica mycelium. In the DPPH and ABTS assay, GRPM exhibited
higher antioxidant activity than GR. The MTT and SRB assay showed that the cytotoxicity of GRPM was significantly higher
than that of GR on all human cancer cells tested, including A549, Hep3B, and HeLa cells. In addition, the numbers of A549
cells treated with GRPM decreased and most cells did not attach to the plates and were constricted. These results suggest
that GRPM can be used as a functional material with good antioxidant activity and cytotoxicity.
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N =2 7F =2 Aoz HusAthAhn EY & 1998; Kim E & Kim
M 2016)

FElvet SIS0 AAge] AFstEA nEst, TLEF 3 2(Paecilomyces japonica) FEWAlL] dF
7338t B, o 3 22 Ao o] #7%}1 Ao ol B2atxo] YA £or B ¥42 34
o, oo upg} FRlgo] o] tigk BAlo] FobA el sl Belkddoln, B3etx A et 2 A% 2 71
o 2Rl Bl el S 7 AE kg B3 7% 59 AL 71 e Ao w 44 Ut
g o S7kska At (Kwon YM 5 2001; Wang Y 5 2010). £3Zskzel of

AT T FF A A ARE Bel ARHE H4E @ HdgdrRe 9289 FF o dFd A% F
(Licorice, Glycyrrhizae radix)= 32l &= thdd =& BEZ35% By} AAYA} A 2 ZHEA Ao njx=
AER F2 B2V} ol 8H, vto] @31 Fol gler mi: ojgks BM% 9T (Han EK 5 2000), ¥R EEE % B33
& 71&E 7HAAL o] oAl el AREE, VR T Bo] F o 3L B @ Al H|X = ddk] et A
A= );1]%_}1\1_04 oﬂ/ﬂ O] “q‘ﬂ 9}]\‘:} Z:}Z:’:Oﬂ @"?T% Abazd :r"(Klm M % 2008), .‘:,:17%%%3]_557]. J—_y_x] H /ﬂlo]f"a‘ /E!i 3+
A%2] A 29 glycyrrhizine 43l 3FA 2, duto] g 3z 0] A AAl nx = GgFo] gt A7(Koh J & Choi
2, 2t B3 #3955 7PA3L 9)3U(Sohn EJ 5 2003; Matsui MA 2003), _\,—_;1%%0 22 A7} WEF A zo] B AT
S & 2004; Wan XY 5 2009; Wolkerstorfer A 5 2009), li- (Lee DH & 2002) S¢] Fadgion), )iy E33)x0]
quiritigenin A& ﬂﬂ_w‘ G7do] o, 53] 1% AT qass o] 28 ATE FAHZ o] &8 AT o}H nE
Q1 Bacillus cereus, Listeria monocytogenes®l t)3t &t &3} 3 Aol WAl Sa3t Aujea BAo xlalxmal
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WA wA el e S T 71sd S 7k 2R A
e e TEHE 7R o] HZde HAAE EA
£ jdste] dAES] e v S7HA717] e A
TEo] 8% 1 UtHZhang MW 5 2016; Ryu JS 2012). u}
A B ApdAe 2o A SdE STMA A2E
71678 AAEA ] o] & heA S A ET] kel Fhxd]
EEEFTE TARIE nAMFetn, TSl kst
g 2 A Eo Ui AEEA ZHE 459

gallic acid, quercetin, 2,2-diphenyl-1-picryl-hydrazyl
(DPPH), 2-2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt(ABTS), L-ascorbic acid, dimethylsulfoxide
(DMSO), trichloroacetic acid(TCA), thiazoly blue tetrazolium
bromide(MTT), sulforhodamine B(SRB), Folin-Ciocalteu's phe-
nol reagent=Sigma Chemical Co.(St. Louis, MO, USA)°l|A]
TS ™, potato dextrose agar(PDA), potato dextrose
broth(PDB)+= Acumedia(Lansing, MI, USA)ol| 4] T3} th
EZE A v kS 93 Dulbecco's modified eagle's minimal
essential medium(DMEM/High glucose), Roswell Park Memo-
rial Institute medium(RPMI-1640, with L-glutamin), fetal
bovine serum(FBS)+= Hyclone Co.(Logan, UT, USA)ol|A] -
skt

2. TAA B A BiAE M=

A1tE PDA HiX|o] #AMAIE HFst] 25TelA] 743t
vl eFetal, ATt A2F e L9skE #5-3 PDBA| 3
ZFoto] 25TollA 53T e kst o, wi%F = homo-
genizer(400 Mark II, Seward, UK)Z TA3}sto] AL8-319]
o xE SR 1X7E B9 JA Sk, 121 TCAA 157
b msy HEarste] Waek & Al x3 AAFTTe HEsH

o

25T k7oA 10

™y
N2
2

s Tz} FEEFE AR slFEol 208 (wiv)
] 80% olle-&-& ko] Aol 244131 Bk F=33

FEUL AR 2 A Fstar 7A9HES71(LABOROTA 4000-
efficient, Heidolph Instruments GmbH & Co., KG, Germany)

2 ¥ZA7] & ZAAZ7|(EYELA, Tokyo Rikakikai Co.,

o

3. FEE X
7

Tokyo, Japan)E ©]-&3t] FAZSI] —20TA Y H
w3k

Z2]d| & %2 Folin-Denis H(Singleton VL & Rossi
JA 1965)°l w2t =435ttt 7 5 mLe} 0.1 M sodium
acetate buffer(pH 5.5)° £33t A& 1 mLE Z33F &
Folin-Ciocalteu A9} 0.5 mLE 7}ste] 8837 W3t &
7% Na,CO; 10 mLE H7Fstith. Eqtee] 25 F917} 25
mL7t HEE SHFE AT GiolA 2412 WA &
UV/visible spectrophotometer(DU 800, Beckman, USA)E ©]
83t 750 nmellA FFE=E ST T Zelus
& A& g9 gallic acid mg T3 (mg GAE/g)S. 2 T332,
33] W d¥ete] Fagte® YehfAoh

o

N oft

SetE-o|= gEt

= ZglH o= S Moreno MI 5(2000)2] *H ol
w2}t S35kt AlE el 10% aluminum nitrate 0.1 mL<}
1 M2] aqueous potassium acetate 0.1 mL, 80% ethanol 4.3
mLE o] £%3 H 0.1 M sodium acetate buffer(pH 5.5)°]
ellgh A= 0.5 mLE FH7bote] AolA 4083t A e &
UV/visible spectrophotometerE ©]-8-3+4 510 nmellA] &3
=2 S8tk T ZEtE ol S AR g quer-
cetin mg & d(mg QE/g) o2 313l om, 33] whE A sl
Boge = Yepelch

=

d

6. DPPH 2iC{Zt &7 &4

DPPH o]zt 27 4L Blois MS(1958)2] Wil wha}
S8t 0.1 M sodium acetate buffer(pH 5.5)°l &3}t
A& 1 mLe 7.5 x 10 ° M DPPH €9 2 mLE &35}
37CollA 3083 ¥H-8-AIZl & UV/Vis spectrophotometerS
ol-gsted 517 nmelX FHEE SHSATE dxwo=
L-ascorbic acid& A}-8-31%13, DPPH 2tz &7 &4 o}
Zo] 2] o] g3sted et om, 33 vy Agste] Hoak
o2 Yepldch

AAFA S (%) =
NzTe E3E —AgA7} 1o EFE

EES R S 100

7. ABTS z2iC|zh &~ &4

ABTS &)z 227 4L Re R 5 (1999)9] WS- AFE-3)
o] 439tk 7 mMe] ABTS €47} 2.45 mM2] potassium
persulfateE 1:12 Z&3te] bAoA 12413 WX A7 5, 5
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mM potassium phosphate buffer(pH 7.4)Z2 ©]-&3}c] 413 nm
°llX FEE7F0.7~0.8] === SA3tsith ABTS 3|48
ol 4 mL$} 0.1 M sodium acetate buffer(pH 5.5)°l] 833 A
8 40 pLE E3ete] 183 vESA1Z1 ¥ UV/visible spec-
ste 413 nmell A FFE=E 55K

2O & L-ascorbic acidE A3l aL, ABTS |z &
A 24 DPPH &)z 275 370l AHg-g 212 o] &3t
of Foixlem, 33 vk d3sie] FHgo 2 FAISAT

T 2 u.

trophotometerE- ©]-&-

8. M= B

A o) A3k QA FEE A549(Q1A| H S Al 3E), Hep3B(2!
A Zket M), HeLa(A A7 5%k AlE)olH, gl
F23(Korea Cell Line Bank, Seoul, KCLB, Korea)ol|A] &
Fabol AR5l wllYF Al HeLa 2 A549+= RPMI-1640,
Hep3B+ DEME HJA| & AFE-3}91 1L, 10%2] FBS % 1%
penicillin-streptomycinS B g o] H7lstd om, 37C, 5%

CO, ZxdellA Althul st
9. MTT Assay
FEEel HIE 24 oA m3E 2 A

Carmichael J 5(1987)9] WS Al83lo] MTT assays 2
Aletet vkt AHEES 1 x 10° celymLZ 3]43le] 96
well plateol] 180 uL? +53}31, 37C, 5% CO, incubator]]
Al 24A13F Bt vkl Wik F wiA] 80 uLE Xﬂﬂé}.ﬂ
Zt wellel] = ARE 100 uLA H7lste] 919k 5
7ol 4] 48A17F <t v g3l T) o371l 5 pg/mL MTT &<
20 pLE FH7bskar 4AIE wieker & vl S AlA S
DMSO:ethanol(1:1) &4 150 pL= F7}ste] 30237t 2wl
3t 5 ELISA reader(VersaMax, Molecular Device, Silicon
Valley, CA, USA)E ©|&3t] 550 nmol|A] F3=E 43t
Atk SHHE F2] A B ofle] A& o] &dte] AlE
=40 Foislon, 33] vk Agste] ko= vEh)
At

+Z

yud

o

Cytotoxicity(%) =
Bz R A8

HATe) FB
EES R

R

%100

10. SRB Assay

SRB assay+ Doll R & Peto R(1981)2] ®H S o] &3}
o} vj ket A EZ 5 x 10* cellsymLE 3]413}] 96 well plate
o ¥F3laL 37T, 5% CO; incubatorol|A] 24A| 7t vl 3k &

X AR 100 iLE st FL g 21604 48413 &

oF wjokaltt. vk = wjx| 2 A Ak 10% TCA 100 uL

vle}

=

oMo} frkini sk

=

£ F7ksle] 4CollA] 1A13F Bk ARSI 1§, TCAS
AAstL Gz 53] AH g ddA dxd H
0.4% SRB €92 100 uLA FH7iste] 303t A5kt
O] & 1% acetic acid2 53] A F sl THA] ALA] AZAZ]
%10 mM tris buffer(pH 10.5) 100 uLE 3 7}st3 ELISA
&3t 540 nmoll A FBEE SIS 2
o] et HEZEALS MTT assayt FL3F 2] o2 Aileld o
™, 33] vhE AFsie] Fagiez Yehidoh

readerE ©]

= HEf BHE

= A7 Al Az FeEEkd ws)
A549 cell 2 96 well plated] 1 x 10° cells/mLE l‘i:—zr*é‘]-@]
37T, 5% CO, incubatorol| A 24A]17F St vjokst & »rd
2¥2y A 2)ste] 48417 HllYF Fol inverted micro-
scope(Axioplan 2 etc, Carl Zeiss, Germany)E ©]-8-3}o] A3
P& HEA

=}-_©
B2

1l

FE=ES

12. SAXE
£ 3o A5E-2 SPSS(version 20) program -2 f-test
2 BEAFEX(ANOVA, analysis of variance) &2 4% 3}
Row, = ] Fod A5

A& A<+ Duncan's multiple range
testE ©]-g3te] ATk

[

o gl o

1. & E2lHs

x FEEGRY 2 wEFFotR A vk
ZE(GRPM)9l| th3t & Ze]uls S Table 1] YER)
Ak GR % GRPMO| F E|d& dFS 27t 50.55 mg
GAE/g, 63.97 mg GAE/gC. 2 Ueh}, 7Hxo)] F2E3dx
TAHAIE gdls o 2 2B fojyor F Zejd
o]l Tk RS 1
(2010)2] Aol M &= Hi F7] 3kl
B & ZEuE dHS
H] 3l MATAA 2 v et <
Ol Eﬂl L‘rE}Ur AT
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Table 1. Contents of total polyphenols and total
flavonoids of ethanol extracts from Glycyrrhizae radix and
Glycyrrhizae radix cultured with Paecilomyces japonica
mycelium

Total polyphenols? Total flavonoids®

Sample"

(mg GAE/g) (mg QE/g)
GR 50.55+1.98 6.87+0.76
GRPM 63.97+0.44"9 11.39+0.48"

D GR: ethanol extract from Glycyrrhizae radix, GRPM: ethanol
extract from Glycyrrhizae radix cultured with Paecilomyces
Japonica mycelium.

? Gallic acid was used as a standard for measuring total poly-
phenol content.

% Quercertin was used as a standard for measuring total flavo-
noid content.

» Means are significantly different between GR and GRPM by
ttest (1 p<0.01).

2. & Z2lEo|lE &2t

GR ¥ GRPMY] % Zg}H wo|= 32 Table 19 #|A]
3 A3} 7+o] GRE 6.87 mg QE/g, GRPM-E 11.39 mg QE/g
o7 FEHU wEZEE5R AR E R R FEE
o] T FefEol= ko] folH o R A UERsiTh Park
MH & Kim MRQ2017)% &5 GAHA FAHH 2 vl st
e 22 FEEG F SepE ol ko] SUHvaL
B39 o, Kim DB _(2014)c EEZFolMAS o] &
sto] &3 77 FEE] Mot FEERDG
% ZeiH ol o] Fria Husle] B el AR
27% 85tk gely] o5 A7 ARES B ) FAR <}
LRI St ZetE o= A E—Ol 7Hre glE &

ATk

¥0 o

3. DPPH 2iCZh &7 &4
DPPH ]z Hlw# <Hg3t slgtez gitsl g4
Zte B4S T ool A so] g
g3to] itk &S AAsked A

DPPH 2tt]Zt &7 &2 ghdsiiis = &
kst 2 S dEAom ARHI Sle WRoltt
(Yoo KM % 2007). GRZ GRPM2] DPPH it Zo]] &7 &

/3 Fig. 13} 2t} o] 2 Z o3t ICs#= 73+ 2
I}, 272 L-ascorbic acid= 29.87 pglassay® 7Fg =2
gz &4 S B30, GRS 200.47 pg/assay, GRPM
< 181.32 pglassay®] @2 YER GRel|l B3] GRPME]
DPPH 2}tz &7 &do] =4 Yelstth. GRPM] 2tz
&A AL 300 pglassay ©]FoAl GRETE foj& o2 =9k

il

I

xETotE: A WldFEE

o] gakst 24 B A=A 191

—B—L-ascorbic acid
——GR

DPPH radical scavenging activity (%)

——GRPM

0 50 100 300 500 700 1000

Concentration (ug/assay)

Fig. 1. DPPH radical scavenging activity of ethanol

extracts from Glycyrrhizae radix and Glycyrrhizae radix
cultured with Paecilomyces japonica mycelium.
GR: ethanol extract from Glycyrrhizae radix, GRPM: ethanol
extract from Glycyrrhizae radix cultured with Paecilomyces
Jjaponica mycelium. Means with the different letters are
significantly different at the same concentration by Duncan's
multiple range test (p<0.05).

o1, 500 pg/assay, 700 pg/assay, 1,000 pg/assay©llA] 85.25%,
86.71%, 87.42%°] =& S|4 &7 &5 Hof 500 pg/assay
o] FEANANE ETF g Aolrt gt Joung
EM 5(2010)2 95 A4t FE2E 1T WATA 2 vl et
Q14 F=E2] DPPH vz &7%50] A Vst st
9121, Shin YK 5(2008)% A5AHaHAAl AR = 2HEA|
7J ghobA) 529 DPPH &z A4 %S 243 43 &
oFAfell wet 2ol AR LE A gekAlo] Hls) TR
SeFAle] gl Aol = vEhgtha Baske], &
ATFA I A ke vk A dtst ido] ST o]
ATt A8tk

o

ot ‘Irr‘

ﬂﬂﬂ

4. ABTS 2tC|Zzh &7 gy

ABTS 2}tz 27/ 5% potassium persulfate 2]
whE-o® AHE ABTS gie|zto] AAl e ikt &4
of ol AAE ] G 5ol F 5] S = dels
o] &3sto] =45t WHolt(Won JH & Kim M 2016). GR
3} GRPM®| ABTS 2to|Z 27 /02 Fig. 29k o] Yyt
th Fig. 28 B2 ¢ 2} Al59] ICs#ks vluet 23, of
Z}] L-ascorbic acid 25.06 pg/assay, GR- 37.99 pg/assay,
GRPM< 35.53 pgf/assay = YEIY GRZ} GRPMS| ABTS 2t
gz &4 &2 L-ascorbic acidell v]3] weton), GRI}
GRPM| e}tz &7 A% 4dd] 5 202 YT
£-3] GRPM-2 100 pg/assay©ll A 92.79%, 300 pg/assay©l Al
98.47%°] gtz A S B g & s
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Fig. 2. ABTS radical scavenging activity of ethanol

extracts from Glycyrrhizae radix and Glycyrrhizae radix
cultured with Paecilomyces japonica mycelium.
GR: ethanol extract from Glycyrrhizae radix, GRPM: ethanol
extract from Glycyrrhizae radix cultured with Paecilomyces
Jjaponica mycelium. Means with the different letters are
significantly different at the same concentration by Duncan's
multiple range test (p<0.05).

, 300 pg/assay ©]’d<]
71 %]—/Ho] 95%, ]}\Loi
ojul Ae] FHAX|ol] =a}57] wjiEell GR¥} GRPM S| &}t
oAl zfol& HolA]| Tt At
A FAAE ol gste] TR A 1‘:"31@“91
ABTS 22 A5l that IC5ahs ST Aol =
B34 2.6 mg/mL, HYEEAL 52 mg/mLE L}EM
AHAE o] &38te] ES Sk el AA o] sk
3 B3l thRyu IS 2012). ¥ A3o)x =43 DPPH 2+
gz &7 &4 ?‘3’%9} ABTS EM%? a2 24 AnE

Ao AWE u, T Aijdr BF HAHOZ GRPMO]
GREE} =2 gud 24 48 04 TEEFIE TAR

[€)
o]-g3to] wiFstE e T FAsHo] TS &
o1g 5= IStk Kim SJ 5(2004)& HAFAIAI S an 2 )
7h iR el A wjFAT = T mAlTe] e A 5
o o3| ujR|o] -eE gakslgo] vre l3tEo] glalalg
o] & EAE AUt s, ¥ OHOME

LmEzglz FA 7 2ol vk s abgoA] Qe A
3 S 93] ZuE 3E, SoE ol F5HE S9
Paks} BAEo] =73l Ao g Vehdt) £ ofe] Aggad
TollA gaksl Sy & Eelds 9 SelE o= ek AL

olol oFe] ARBA} Jdvka Husle] o5 A F7t

Gatsld Z7te] 93-S ka5 =|(Kwak CS 5 2005,
Kim EJ % 2012), ¥ AFA= GRPM2] iﬂbﬂ%—ﬂr =
EetH o) = o] GRET =7 Yehd o] 50| gz &

o .
=

ulet HOFA o} EAEELERE

A 24 371l 71edle AR Azd.

5. MTT Assay

MTT assayw= olle AEol] EA)eh= Rl EZE=E] o}
o] BFAE ARG o8& =S T MTT tetraxolium
o] Hepo] B8/ MTT formazano. 2 == A E ]
43} WHo|tHDenizot F & Lang R 1986). GR 2! GRPM<
o] g3lo] A EQ A549, Hep3B, HeLaoll i3]l MTT assay
2 AAg AFE Fig. 37 Zrh T AR BE A ALS-
H BE A E el s oEH o2 AERY EHE
Efilon, 1 A e Almel A2 SRl wet i}om

ATt A HF AL A5499] 7% 200~800 ppm F
oAl GR2 3.77~35.23%, GRPM-< 16.15~81.96%2] Hli%
A8 YeRATE 400 ppmS A 93 ZE FEo|A GRPM
o] GRY| Hl&l] E=2& AlEX5AES UEer, 53] 600 ppm,
800 ppmoll A& GRPME] AlE=Ao] GRo B]8] 2u) o]4F
Ei A Ueh A digh Al S22 A Bt e

= BT} 1A TFGA EZQ] Hep3Bell thet Al 25743 5
3 23}, 200~800 ppm FEolA GRS 12.46~65.78%,
GRPM< 52.20~91.34%%] AEX54E Hlon, RE &
o|A] GRell H|a GRPMO| A|Z=Ao] fol2o g E3dth
T3 GRPM-2 600 ppm*E] Hep3Bell thall 90%7 H& =
S AEEA RS YERNTE 273 5ot AlEQ] HeLacll
g AZ=EA =3 23 200~800 ppm FEo|A GRS
14.54~86.22%, GRPM-E 27.77~96.10%2] A ZE=A4S B
om, BE FEoA GRPMO| A EZ=/Jo] GRET} fo4 2
2 =94t GRPME 400 ppme] S FZo|A = 92.89%2)

L5438 YERfo] HeLaol thdt E2 AL 52 JA
HE 1 F AUk FaHA AR wjFet Hx

Eo] ot F9E 2443 Bae MJ & Ye EJ(2007)9]
Tl A= Hep3Boll tlall 1~3 mg/mL T=oA Ax FE55
°] 33.26~52.77%, 3 A FEE<] 78.81~100%2] Al
E A JAES UEhilen, & FElA HeLa°ﬂ o

3 7% FEEo0] 4.62~7.16%, 1FZE TAH =5

b 2
e I-H

~97.73%2] AI3E F2] AdA&S YeRlo], = %%%ED}
Hz dAA FEEC HE S JAEC] g9 o
Baskgdct =g g1k A Z9 MCFE-79] 4] JA&3 11
ot g aY e 72 FEEd) vl 72 W}zﬂ %%% 1
vy Hausle] 7o J}xﬂ% Fohe=

6. SRB Assay
SRB assay: sulforhodamine B(SRB)E Aro}l3l& Al Zuj
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Fig. 3. Cytotoxicity of ethanol extracts from Glycyrrhizae radix and Glycyrrhizae radix cultured with Paecilomyces
japonica mycelium on human cancer cell lines by MTT assay.
GR: ethanol extract from Glycyrrhizae radix, GRPM: ethanol extract from Glycyrrhizae radix cultured with Paecilomyces japonica
mycelium. Means with small letters (a~c) are significantly different among different concentrations of GR by Duncan's multiple range
test (»p<0.05). Means with capital letters (A~D) are significantly different among different concentrations of GRPM by Duncan's multiple
range test (p<0.05). Means with star marks are significantly different between GR and GRPM at the same concentration by #-test (p<0.05).

ki3 AAste] M X 542 S35k " 2= (Skehan
P 5 1988), & ATolAe v5 212 de 23E 471 9

St MTT assaySEqt

olyz}, SRB assay= 7 AA5ke] Al

£542 29T SRB assay® ol 881 ZHF GR3)

GRPM2] A=A
=4 =% A3}, 200~800 ppme]
37.45%, GRPM<
GRPM< GRoJ H]&| &

100

P = =]
> > =1

Cytotoxicity (%)

[
=]

A549

OGR ®GRPM

Cx
Bx

400 600
Concentration (ppm)

800

35.66~80. 94%94 ME=EAGS

d AZ= Fig 49F 2t} A5499) tigt Al
sZoA GRS 3.77~

qE 1Y D} E3] 400~800 ppmel| 4] GRPMS GRE.T} 40%
o] o] =2 AEEAS YeRUTE Hep3Boll gt Al 25
A =3 A3}, 200~800 ppmollA] GRS 5.43~58.35%,
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Fig. 4. Cytotoxicity of ethanol extracts from Glycyrrhizae radix and Glycyrrhizae radix cultured with Paecilomyces
japonica mycelium on human cancer cell lines by SRB assay.

GR: ethanol extract from Glycyrrhizae radix, GRPM: ethanol extract from Glycyrrhizae radix cultured with Paecilomyces japonica
mycelium. Means with small letters (a~d) are significantly different among different concentrations of GR by Duncan's multiple range
test (p<0.05). Means with capital letters (A~D) are significantly different among different concentrations of GRPM by Duncan's multiple
range test (»p<0.05). Means with star marks are significantly different between GR and GRPM at the same concentration by r-test

(p<0.05).
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Fig. 5. Photomicrographs of A549 cells treated with ethanol extract from Glycyrrhizae radix (GR) and ethanol extract from
Glycyrrhizae radix cultured with Paecilomyces japonica mycelium (GRPM).
A: Control, B: GR 400 ppm, C: GR 800 ppm, D: GRPM 400 ppm, E: GRPM 800 ppm.
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