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Antimicrobial and Anti-inflammatory Activities of Extracts from
Glycyrrhizae radix cultured with Paecilomyces japonica

Fun Kim and Meera Kim'

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

ABSTRACT

This study was carried out to investigate the antimicrobial and anti-inflammatory activities of ethanol extract from Gly-
cyrrhizae radix (GR) and ethanol extract from Glycyrrhizae radix cultured with Paecilomyces japonica mycelium (GRPM).
Antimicrobial activity was measured by paper disc diffusion assay and minimum inhibitory concentration (MIC). Anti-
inflammatory activity was evaluated by measurement of NO production in LPS-stimulated RAW264.7 cells. For the results
of the paper disc diffusion assay, GRPM showed high antimicrobial activities against Bacillus cereus, Listeria monocytogenes,
and Staphylococcus aureus. In addition, the MIC of GRPM (100 ppm) was lower than that of GR (200 ppm) against L. mo-
nocytogenes. When the morphology of L. monocytogenes treated with GRPM was observed using a FE-SEM, the surface of
cells treated with GRPM were damaged, and some parts of the cell wall were destroyed. The inhibitory effect on NO production
in LPS-stimulated RAW264.7 cells was significantly increased by GRPM treatment. In conclusion, GRPM is superior to GR

in terms of antimicrobial and anti-inflammatory activities.
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A& o)A A8 dimethylsulfoxide(DMSO), glutaraldehyde
solution, osmium tetroxide, isoamyl acetate solution, thiazoly
blue tetrazolium bromide(MTT),
Sigma Chemical Co.(USA)ollA 3k <
nutrient broth, tryptic soy agar, tryptic soy broth, potato dext-
rose agar(PDA), potato dextrose broth (PDB)& Acumedia Co.
(USA)ONA FJ3ted AHE-3FITE HEgL fetal bovine serum
(FBS), Roswell Park Memorial Institute medium(RPMI-1640
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2) Paper Disc'#
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1, syrlnge filter(pore size 0.25 um, Advantec, Japan)=
AT F=H AIEE 20 pLA 2} paper discoll 53 3
7€ mcubatoroﬂ/ﬂ 2477F Z<1 wjoFatdth. wieF & paper
disc FHoll BAAH YA 3] SH(clear zone)] A7 5 =73}
o Algel it BYE vlstglon, 38 W Aol
Tae = el

m\ru

o‘i-L

3) F2MEX s T (Minimum Inhibitory Concentra-
tion; MIC) =%
#2548

&5+ National Committee for Clinical La-

Table 1. Reference of microorganisms tested and their
culture media

Microorganism Strain Media

Bacillus cereus KCTC 1012 Tryptic soy agar
Gram Listeria KCCM 40307  Tryptic soy agar
® monocytogenes

Staphylococcus .

KCTC 191 Trypt

aureus CTC 1916 ryptic soy agar

Escherichia coli KCTC 1682 Nutrient agar
Gram Pseud.omonas KCTC 1750 Nutrient agar
(-) aeruginosa

Salmonella KCCM 11862 Nutrient agar

typhimurium
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3 1% osmium tetroxide©l] 1A1ZF *2]dta, == ethanol
(50, 70, 80, 90, 100%)< 712} 2044 A g]sle] E4=31]th
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JSM-6701F, JEOL, USA)2.2 #a3l9ith tl27& A8 b
A gl S Egdste] e F sdg o R Aeste] #

Zsisith

=
=
o
=

1) M= st

RAW264.7 A EE= 10% FBS, 1% penicillin®] 7Fe
RPMI-1640 HjA]ol|A] wjFstd o, 37C, 5% CO, =4 3}
of| A AlchulFate] A-&-sFATh

2) Mx dEg 5d

RAW264.7 T2 A|3ES] AEEL MTT assays A5k
=7 31 TH Carmichael J 5 1987). B3t tHA M| ZE 96 well
platedl] 1 x 10° cellsymLe] F%=7} E %= 180 uLA HF3a}
o] 37°C, 5% CO, incubatorol| 4] 2443t F<F vl gl T, vl
F 3 wlA] 80 wLE AASHL, FEHE AES 100 LA 7}
wellol] H71ste] 48413 F}t 919} Tk 2l A st
Stk Wi gE 96 well plate®] 2t wellol] 5 pg/mLe] MTT &
N 20 uLA S H7Fste] 4A17F vt T vl S Al A sk,
DMSO : ethanol(1 : 1, v/v)&Y 150 pLA S H718te] 30
7+ J el <3k ¥ ELISA reader(Versamx, USA)E— 0] £-5}]
550 nm®] TelA FFEE S8 h wiF F o
21 o] g3to] 7F Al=ol tg RAW264.79] A E AEES
T-FA T

Cell viability(%) =

3) Nitric Oxide(NO) A x| 2o =

RAW264.72 1 x 10° cellsymL2] F=2 96 well plated]
235l 24 MR F, AR FEES FEUS, 50,
100, 200, 400 pg/mL)Z 2] & th3, LPS(1 pg/mL)E A=
3lod 24417 ket Al E wikd 100 uLe} Griess A <F
(5% phosphoric acid®] £33+ 1% sulfanilamide :
thylethylenediamine dihydrochloride = 1 : 1, v/v) 100 uL&
E3tste] AFLoA 108 B9 HH-A]Z1 &, ELISA reader®
o]-8-3l] 540 nmo|A FFE=E 7319 1L, sodium nitrite =
HFFAE 23] NO ke 231 th(Lee ST 5 2012).
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Fig. 1. Photographs of Glycyrrhizae radix (a) and Gly-
cyrrhizae radix cultured with Paecilomyces japonica my-
celium (B).



218 1 <.

ogt

™ 2y

1) Paper Disci#

T5 W Aol gk Ax olleks %%%(GR)T% =
2E ot TAM HH FEe s FEE(GRPM)
1S paper disc' =235} Ag%xi &gle] =7
gt A= Table 29Jr 2t} GR ¥ GRPM< I 54
3l gt &4

ot =20

ot to
o M Hr _lZ“,
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FJru;

|
w1 E. coli, P. aeruginosa, S. typhimurium®l|
= HolA| ggton], T3t FERI B. cereus, L. monocytoge-
nes, S. aureus®l| T3l & &= el o9 It
e FEEY vt SUHETE Stk AR UEhk
t}. Kim SJ —(2006)-9‘ Pz A FEE°] S aureus, L. mo-
nocytogenes ‘s 18] 13 ol el iAol mrial B
w3, ole £ AFl4 GR % GRPMeo| 18 A+
of el gt e BQl Aol dX|eh= Aot 53
A&t T S aureusol] e GRZF GRPME| gt 2]
= O PAEd Hla] AdAvkdow w7 yEpsith ¢, GR
7 GRPM &+t @7dAtele] 1935 ASe 23, B. cereus
9} L. monocytogenes®) 735 FZEE2] w57} 2,000, 4,000 ug/
discd wl, GRPM®] GRel| H]3|| fodoz =& g &4

S 7RE Ao w2 Yelth 53] L. monocytogenes©l thal]
4,000 pg/disce] F=01A GRPME 17.33 mme] v 2 A5

w2t Hoprlob & tihE ek
A& Kol 7P 2 Fo4 ApolE VERAATHp<0.01). 9
o MATAAIE O] g3to] IS A7¢ Kim MC &
(2006)2] AgrollA] LRt wiA| 2wl MAITARA] FEEo
vl d=Es5ds A 7P51 WA & wl et FEme] Pt &
AJo] ] Egttka B389 3, Kim T(2009)°] AFoA= 7+
FxZdo 2 oksl ??_tq/ﬂ -TH\};‘Q]
ruginosa CCARM21713} S. aureus CCARM3230 570l 4]
3 DS JehITka kT B8 Lee EJ 5(2013)<]

ok F2E50°] P. ge-

AFME ZFo]l HA TAAIE TES o] &3t Wit

gt o] Eohxlon, ol dAF T2 /\] 22t A=
Qg BAo] @i A WL R F553
2 AFME T2} FEFFIE ‘W'/‘]'Xﬂ A Wl st
A< w gt o] TUsHE Aoz vehdEd, I A
g ATES = W AR g elA @ s 7
EAS0] AU S7tE= Z o B, &5 FAA bl
G Al Bt 2 AR s tie 5 At 2ed A
= Yzt
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Paper discH Q1%H

< %3 GR¥ GRPMO| &3t A4S 9l
. ol el O ALYSANEEMIOS 33 A}
= Table 37} 2t} GRY} GRPME 25 94 2@ 3 paper

Table 2. Clear zone of ethanol extracts from Glycyrrhizae radix and Glycyrrhizae radix cultured with Paecilomyces

japonica mycelium against some bacteria related with foodborne illness using paper disc method (mm)
Concentration (1g/disc)
Microorganism Sample”
250 500 1,000 2,000 4,000
GR 6.67+0.58YV8Y 7 674058 7.83+0.76%F 8.67+0.58"8 9.67+0.58"
B. cereus
GRPM 7.17+0.2949 7.67+0.58°Y 8.67+0.58°Y 10.67+0.58°Y"9 12.00+1.00°%*
GR N.D” 6.33+0.58°¢ 7.33+0.588 10.67+1.53* 12.67+0.58*
L. monocytogenes . "
GRPM N.D 8.00+1.00°Y 9.67+2.08°%Y 13.67+0.58%% 17.33+1.53%
GR 7.33+0.58% 9.00+0.00% 9.67+0.58°* 12.00:£0.00** 13.00£0.00**
S. aureus
GRPM 7.67+0.58%% 9.67+0.58% 12.00:£0.00°% 13.33+0.58*%" 14.00+0.00°%

Y GR: Ethanol extract from Glycyrrhizae radix, GRPM: Ethanol extract from Glycyrrhizae radix cultured with Paecilomyces japonica

mycelium.

? Diameter (mm) of inhibition zone around paper disc (MeantS.D.)

% Values with different small letters (*~°) are significantly different among the different concentrations of each extract for the same kind

of microorganism by Duncan's multiple range test (p<0.05).
9 Values with different capital letters (*

~%) are significantly different among the different kinds of microorganisms at the same con-

centration of GR by Duncan's multiple range test or #-test (p<0.05).
* Values with different capital letters (*Y) are significantly different among the different kinds of microorganisms at the same con-

centration of GRPM by Duncan's multiple range test (p<0.05).

9 The star marker indicates significant difference between GR and GRPM at the same concentration for the same kind of microorganism

by Student's #test (* p<0.05, *
7 N.D: not detected.

p<0.01).
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Table 3. Minimum inhibitory concentration (MIC) of etha-
nol extracts from Glycyrrhizae radix and Glycyrrhizae radix
cultured with Paecilomyces japonica mycelium against some
bacteria related with foodborne illness

Concentration (ppm) MIC

Sample”  Microorganism
50 100 200 400 (Ppm)
B. cereus +) - - - 100
GR L. monocytogenes — ++ + - - 200
S. aureus + + - - 200
B. cereus + - - - 100
GRPM L. monocytogenes + - - - 100
S. aureus ++ + - - 200

Y GR: Ethanol extract from Glycyrrhizae radix, GRPM: Ethanol
extract from Glycyrrhizae radix cultured with Paecilomyces
Japonica mycelium.

9 _: No growth, +: Inhibition of growth, ++: Growth.

disce] Ao} XA 2 54919 E. coli, P. aeruginosa,
S. typhimurium| A= MICZ} 1,000 ppm °]d o 2 YE}LS
™, a3 AT B cereus, L. monocytogenes, S. aureus©
el A& 200 ppm ©] &2 YERGTE Kim HI 5(2013)] &
TAAE T4 A= dehE FE529 MICE 1%
ol B. subtilis®} P. acnes®l I3l Z}2} 625 pg/mL, 10,000 p
gmLo 2 YepPgou g 3479 E coli®} P. aeruginosa
o e e at S e eskttar st 2 A 2
e} A 23S HodF0th GRY B. cereus©l] tiEF MIC
= 100 ppm°] 12, L. monocytogenes} S. aureus©l TSt
MIC= 200 ppm o2 YE}STE 3 GRPME| B. cereus®} L.
monocytogenes®| & MICE 100 ppm©| 2™, S. aureus©l|
g MICE 200 ppm 2.2 e} AR 22 7131 GRPM
9] L. monocytogenes®l| T3t &t E/do] GRET} Folxl A
= R F Uk A= e FEEAE S UE
= flavanone 3}3HE2] €91 liquirtigenin®©] -7 )
o HuEQ=d(Ahn EY 5 1998), ¥ Aol A = AR
Hj ok Al gt GAo] STtEw A e® vehd, ol g gt
AEEe] Wi FEE B8l SRS e R A

3) D|MEo| MEZHE] S}

L. monocytogenes®l| GRZ GRPM= 2]t T3} A 2]3}X]
e T AZFEUE FARARANAE S o] 8ot B
t}. Fig. 2014 B nieh o), FE2ES Ao &2 vz
T Al E7F 29 @3hte] FHE Belen #uo] v
Hal A% eh ¥, GRI GRPMS A2|eh &2 tlaT

2ESENE B NG 23R BT BY 2L 99F B9 24 219

o vla) AE7} FEE L AE FHo] 43S Wol AR
o] Alxdo] gtHEglom, o2 Qs Al f =Zo| T
FE fE=d Zo] AU T3 GRS A2 g ol H]
&l GRPM= A28 oA o B2 AlxE FHo &3] o
ot M2t S E A & F UdTk oS A FH e
113 &9 Ao = paper disc®t MIC A4 vepd g+t
24 Ao} Xt Ao x| w2 EEsE HARE
HjeFgto 2m] A 4] F7HE Ae E1E & ddth
Park SB} Cho GS(2011)2] AollAle 23 9 23 o F

3 FZ259 gt &4 21 Al L monocytogenesll FEES
Aelet 75 I AlxHe] w7t el e, Jeon YH
F(2012)9] AFAAE A dehE 55 AT Al #59
AR ot o Al 20] A §F TR ] S0l oAy
ta BHausiled), ¥ A= GRY} GRPM A ] Al
TYG Fgo] HEE o ol FEEo] wF AlxH &4
= doA Azt s AlE g o] AE FE fF
Hozm AAE Aoz Atgdr

32

o F4) 9 Aol

1) M=Z MEE

MTT assayS ©]-8-3l>] GRZ} GRPMe]| tha RAW264.7<]
AE HEES 3 A= Fig. 33 2l RAW264.7°0
ABE FEE(25, 50, 100, 200, 400 ppm)= ] 2]e A3} =

Fig. 2. Scanning electron micrographic images of L. mo-
nocytogenes treated with ethanol extracts from Glycyrrhizae
radix and Glycyrrhizae radix cultured with Paecilomyces
japonica mycelium (%20,000).

GR: Ethanol extract from Glycyrrhizae radix, GRPM: Ethanol
extract from Glycyrrhizae radix cultured with Paecilomyces japo-
nica mycelium.
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Fig. 3. Viability of RAW264.7 cells by the treatment 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 japo-
nica mycelium.

E oM 90% oo AEES Hol o5 AFI} BE
g FEolA RAW264.79 tisl] A2 545 UeRA] &
= & IRlskith mebs] RAW264.791 thsl] Al s 7} Al
=4S VERA g $5E2 25~400 ppme] =2 A 2js)
o] NO A4 A &4& 233

tlo i

=

2) NO 4 x| 24

M EE HAAA NN AS0-H U7
= TR A EZEA, 97 A0 o) &St &
& AYAAIA Alo] E7FR](cytokine) ¥} 2 ElZT

o
A5 BHe2 fddith o] & Now= W )
A= ASuZiA e AR S S8t d5= AsAE
T Utk 2B EE NO9| 4& SATe=EZN A EAE
o] AE AR ST 4 UthKim YS 5 2012). &
AT A 1 pg/mL FE2] LPSS 23k RAW264.79 GRZ}
GRPM< A g]3te] NO A A &S 5743 Z3+= Fig.
49} 2t} LPS A2E B3 NO A 4% 23 NO &)
21.92 yM=E LPSE A E|sHA] &2 wHo} oF 3v] J= 57}
= sk 1 F diAAE] AlEE FEHE(2S5, 50,
100, 200, 400 ppm)& *2]3}]S W, NO ¥&ko] GR A2
Al 19.59~12.14 uM, GRPM A &] A] 15.22~9.59 yMZ &}
wow, AR FE7F S7H] wek NO A o] 2hekol 2t
2¥E AP BAT £ BE FXolA GRO HlE
GRPM®| NO A oA &do] o)A ez o A yepsk
th Jung IS 5(2007) &AL TARA wlj Fol] 312 gk
oldn] FEE2] NO A Al &/do] dn| 9 Holdn| 3

rlo

vz} Okl o} A A
a5 4
ns
a
20 A 7 a
b a
b b b

o 15
3 .
o
] b
‘H 10
=]
o ns
B
il
= 5

o -
Sample (ppm} - - 25 50 100 200 400

LPS - + + + + + +

B GR B GRPM

Fig. 4. Nitric oxide production in LPS-stimulated RAW
264.7 cells by the treatment of ethanol extracts from Gly-
cyrrhizae radix and Glycyrrhizae radix cultured with Paecil-
omyces japonica mycelium.

GR: Ethanol extract from Glycyrrhizae radix, GRPM: Ethanol
extract from Glycyrrhizae radix cultured with Paecilomyces japo-
nica mycelium.

Eof| vjal] o] vt shed, 2 A Aol FASH &
o] dAZE vl = E Bl FUkE AT B
19T} Bak JP 5(2011)& RAW264.7¢] 7% oeh-e 3
5 ng/mL A 2] Al NO Ao] Zadtty sl o,
9] licochalcone E A2 5 &35 7/HHve= Hu
oJ(Park GM 5 2011), ¥ Aol M= o]2{ gt A o]
G TS FUS Ao AGEA o, TAA

%9 FAF JEol v S7HEAS Aoz FHEHAT

ol 01)4 m{}l-
e
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o
S

N
-

ot
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> o ¥

o
o

~
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&
2B 2
# 2497} 9% 2L ATEUY. GR 2 GRPM
=3} 918 671K el A @ 2, o5 1%
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o
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fr o Mt ofy

VeSS, paper discoll €3k LA |3 =7 ol A

B. cereus®} L. monocytogenes®| Ta|lA1= 2,000~4,000 g/
disce] F=oNA, S aureusoll A= 2,000 pe/disce] =
o A1 GRPMY] ASA&lg =7]7}F GRO| vl Aoz =
7kt 3k MIC Z7g9llA= GRPME] L. monocytogenes®l|
gk g+t gA4Jo] GROll Hlal] S7ket A2 ERIE 4 AUATh
L. monocytogenes®] GRZ} GRPM<= 2|3t 73} *z2]3}A]
B wo AX JuHE AR AR A Ay,
GR¥} GRPME A 2] ¢ -2 thxtel Hla] A2/}t +55%

AL AIE o] &3S Wl AN AlEHo] g HloH,
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