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Antimutagenic and Antibacterial Activities of Korean and American Propolis
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Abstract The antimutagenic activities of ethanol extracts of Korean and American propolis were tested using Salmonella
Typhimurium TA98 with two indirect mutagens of 3-amino-1,4-dimethyl-SH-pyrido [4,3-b]indole (Trp-P-1) and 2-aminoanthracene
(2-AA) with S9 mix. Additionally, their antimicrobial activities against acne-related pathogenic strains of Propionibacterium
acnes, Staphylococcus Epidermidis, Staphylococcus aureus and Pseudomonas aeruginosa were evaluated using both paper
disk method and agar dilution method. Ethanol extracts of Korean and American propolis showed strong inhibitory effects,
in a dose dependant manner, against the mutagenicities induced by Trp-P-1 and 2-AA. The antimutagenic effect of ethanol
extracts of Korean propolis showed significantly higher protective activity than that of American propolis against the Trp-
P-1 induced mutagenicity of S. Typhimurium TA98 at the lower concentration (1-10 pg), but significantly lower protective
activity at the higher concentration (50-200 pg). The antimutagenic effect of ethanol extract of Korean propolis showed
significantly higher protective activity than that of American propolis against the 2-AA induced mutagenicity at the
concentration of 1 pg, but significantly lower protective activity than that of the American at the higher concentration (50-
200 pg). Both extracts showed strong antimicrobial activities against all the acne-related pathogens tested, with minimal

inhibitory concentration (MIC) values in the range 1,500-5,000 pg/mL.
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94 prenylated phenolic acid, 4%<] diterpenoic acid, 12| 2]

%, 2719] p-coumaric acid ester, 5719] cinnamic acid =3 5
< w9, Ik

ZR2EY2LE 3,2-dimethyl-4-aminophenyl(DMAB),  nitrovin,
nitroguanidine, 4-nitro-O-phenylenediamine(4-NO), 1-nitropyrene(1-
NP), 2-amino-3-methylimidazo[4,5-f]quinoline(IQ), benzo[a]pyrene
(B[a]P) 5ol 2l fx=¥ E<dolo] tis] JAlEzE yehdtt
(6-8). Ghisalberti(9)o] 2]apa ZZZg|x9] g atgo] tdt A
AZQ] A= 19483 Kivalkina 5l I8 Staphylococcus aureus
of thell A2 AlZtEQtia dt}. Lindenfelser(10yE ©|=FAk
15%9] i%ﬂiivtv'—a de dIE FEES AR It
28-S ZAbEle] 39%9] Alit FoN A Bacillus barvae®) 73 &
7} =R 2 FTAH WAV RS EEEE 257 of
sto] e & 85 Yehle AS skl Takino%t
Mochida(11y= YE4t Z2Z ) 2ZHE pinosylvin?} cinnamylide-
neacetic aicd 5 259 FHEZS, Aga 5(12)2 BpEl ==
E2| 2 RE 3,5-diprenyl-4-hydroxycinnamic acid(DH), 3-prenyl-
4-dihydrocinnaoloxyxinnamic acid, 2,2-dimethyl-6-carboxyethenyl-
2H-1-benzopyran & 339 IdH4=2S FE FH3IAUCH

FUellA o]Fo ZrET|A9 FHBAo] 3 dTEE
Lee 5(13), Son(14), Lee 5(15), Hur 5(16), Park 5(17)2] ®iL
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FEAHe] 9t 'l tigk A7t ol R Aol Ea}
3, B317] F2 %A heterocyclic amines?] SPEA 4
W3k 3-amino-1,4-dimethyl-5H-pyrido  [4,3-b]indole(Trp-P-1)2F
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2 Ao ARSE FAF Z2EEAE Al U &AsE 7t
REE) AES U]% X2 EZ2] 2~ StakichiAHBloomfield
Hills, MI, USA) Xﬂ TFATI] ARSI, 40C Y] B
#3PAAM AER *}%0}9,15}. A BFEZQ] tetracycline
7} azelaic acid= Sigma-AldrichAk(St. Louis, MO, USA)S] A&
S FY3H 4°cel BFAsPAA ARE-SHA T 2-aminoanthracene(2-
AA), 3-amino-1,4-dimethyl-5H-pyrido[4,3-b]indole(Trp-P-1), dime-
thyl sulfoxide(DMSO), NADP, B-naphtoflavone Sigma-AldrichA}
A|#S, brain heart infusion, tryptic soy broth, nutrient agar,
bacto agart DifcorH(Detroit, MI, USA) #|3#-S, Oxoid nutrient
broth No. 2= Oxoid*}(Basingstoke, Hampshire, UK) #|&2-, 7]
EF Al 15 ool AFS ARSI

AlE 2F A HiX]

2 Ze|2e] FEAH|Ug H7HE HA$t Salmonella Typhimu-
rium TA98(hisC3052 rfa uvrB +R pKMI10I1, frame shift mutation)
© AHTIATN FARLYNN B wo HAFAL Tl
3 5 ARSI FERY 24 99 g B @3l
Propionibacterium acnes KCCM 41747, Staphylococcus Epider-
midis KCCM 35494, Pseudomonas aeruginosa KCCM 11800
=7 3|oNA, Staphylococcus aureus KCTC 19162 3=+
AT AR B o} AT, 2 @ A}
gujx)sh wjoF ZAS Table 13} 2k @#FE Zhzre] wjAolA
HiFe ok 20% 2RAIER 112 EF, % F48k] -70°C
of RESNOH, B w35 s wiA|olA 37°C, 24717 vk
ato] SstAZ] & Aol ARg-sRiT

M=o M=

AA o] TR E| S AztEEATe) B 108152 70% ©|
BeS W7kete] 40°ColAl 122417h, W FE3813 No. 2 4]
® st of cislE 9Y ¥, 54 dxoke puse
thx, DMSO°ll &8st A& AlE= ARSI

S9 =8 M=

S9 -89 ZA|= Ong 51900 wet AR, 488 5
EZE 200+10g2] 7% ¥ rat(male, Sprague Dawley, Damul
Science Co., Daejeon, Korea)s, &2 Z+= phenobarbital, -
naphtoflavone2 AH&-311t}. ZA|E S9 £3& oallEx FHo

o] 9 gt a3 695

0.5mLy EF3te] —70°Co] H@sPHA ARESINTE SO mixE
Ames?} Maron®] WH(20)0 uwle} ZA|sHA T

&hEoitHo| AIE

FgEAHo] AHLS Ames testE 7N preincubation ¥ (20)
o2 Akt e oAzl Al 4 wi=o] Holdl 50
WL, 0.5% S9 mix 0.5ml, 2} FE9] TREgx 2HE 5oL,
Oxoid nutrient broth No. 20l 359t ¥l%AIZ] S Typhimurium
TA98 HjFN(1-2x10° CFU/mL) 100 .2 E313}, 37°ColA 210
pmlZ 2057 & sttt vkl mlg] FHlE
mM histidine?} bioting &3+ top agar 2mLE &3 & min-
imal glucose agar plate[agar 15¢, Bw 930mL, 50xVB salt
20mL, 40% glucose 50mL] gl =3, H3d 1327 th,
37°CONA 48A17F v st} HASE B4 SAMOIF(his™ revertant
colony)®] & AlFste] FJEAHl LS BT F=AH
o] AIHAAL)E [M-S/(M-So)x100]0-2 AA+el3 1, E¢wio]
o s ﬂﬂ'@}"i% g 57 EARolFY] 5 M, A 5

EMo| o] 2 So, BUMe|AT AEE WAL we] B
ol 58 so® etk Z2e) A8e 20 2

plate®] AT $HH Ames testol]l AF&-3SE S Typhimurium
TA98S] A&e wX= Z2EX FE552] AESAAL Jang 5
o e wEk F3EATE & S Typhimurium TA9SE
Oxoid nutrient broth No. 225 g/L)oll 3}54%F 8] &3l a2(1-2x10°
CFU/mL), ©] ¥l-S 1/15 sodium phosphate buffer(pH 7.2)Z
107°0) 8]A31E o] g4l 100 L, 0.1 M sodium phosphate
buffer 0.55 mL(pH 7.2)2} 7} 358 Z2ZEX AJF 50 ulLE &
3rale] 37°CollA] 210 ppm o2 2087 & viFsldt). ol top
agarfagar 6 g, NaCl 5g per liter(45)] 2mLE FH7lsle] &3k
<, VBNM [agar 15g, S/ 920mL, 50xVB salt 20mL,
40% glucose 10 mL, Oxoid nutrient broth No. 2(25¢g per liter)
50 mL] HIEA] Aol ©ESL] 37°Col|l A 48A17F vlSE & A
Tt Ax5AS Yee s55 WA

Paper disk&0ll 2|8+ antimicrobial activity Al
Z2Zg|29] 7 a 7= National Committee for Clinical Lab-
oratory Standards(NCCLS)2] A]%(22)°] =3} disk diffusion
method® 24313t TR2Z g2 AEE DMSO £33t 400
mg/mL TEZ A5 YdIE A v SN AS Az
Tl Table 1°] ®iA] 9 wikz=zdolA] v ek zk2te] FA1+#F 0.1
mLEF HEFE 10’ CFUYE =X3 agar plate ¥ $]ol paper
disk(diameter 6 mm, Watman No. 2)Z 7174 &HE3L 25-5,000
pgmLe] F=Z ZAIS A5 25 uLE FFAIFTE P oacnese
H7NZ2A (5% C02)°ﬂ/\1 48217}, S. Epidermidis 2 S. aureus, P
aeruginosa’= 1277t 37°CAA] wget & A A X Zk(clear zone)
9] Z7]E analytical pakimeter(TESA-CAL IP67, Bergdietikon,
Switzerland)2 S35, ZHzke] AES 20kE 27 plate & 4
Al AR ZRe] 7= [W=T-D)2|2 A, A5

Table 1. Media and culture conditions of tested microorganisms
for antimicrobial activity

Medium Incubation condition

Brain Heart Infusion (BHI) 37°C, 5% CO,, 48 hr
Nutrient broth 37°C, 200 rpm, 12 hr
Nutrient broth 37°C, 200 rpm, 12 hr
S. Epidermidis  Tryptic soy broth 37°C, 12 hr

Strains

P. acnes
P, aeruginosa
S. aureus
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AA%ke] A7 (mm) W, paper diske} AA]|Zke] A AL T,
paper disk®] 73S DZ YERNATH?23).

Minimal inhibitory concentration(MIC) A&

Z2Eg 20 HAANFEMICKE NCCLSS *13](24)0 e}
agar dilution method= 37}elit). 5ol wp& Zhzhe] wjA] A
iz (Table 1)elA BMiFE 420 FAFF 0.1 mLEF 8%
FE 13-18x10° CFU)E Ztzhe] A|uA] 9ol &7]3L glass
spreaderg AME-3te] BlA] Aol ZAF BAHEE =33 OF,
Z47ke] & ollA 12-48 hr vg3te] #4E ASsIATE. AR
= Ztzke] uiA] 19mLe DMSOd HE F%=71 25-5,000 pg/ml
7b HEE ZAG FUish vt 22Ee 2 1mLE Efete
Azt MICE AA8AIZF wig F mAES] Ass #F
T e ZEEFY2Y AL FEE AL, AlF PAES] A
55 50% Adlshe A& F=E MIC,CZ 3t ZFEd=
azelaic acid®} tetracyclineS ARE-31SIt}. 2t A2 29HE- 2 plate

% A s

SHEY

Sharaka) wl=pate] =2 Ee) 2 H)a= SPSS program®]  t-test
o 2 HABIIoH, p<0.05 FFNX AF3ATH

ot Y nE

s=eiHo| S3t

Ames testol] X FAl FFo #F TheE EARC 9A
A2 e0E F o] #F9 AES JAEA E= A
AFsk= Zlo] wle Fasith F+4ES JehiA &de 58
TF87] 8l FUAkE) v)Salk T2 EE 0] 70% AHE FEE
< ¥4 v=2 S7MA S Typhimurium TA98Ol thgh M=
A& HESIS FAtg vl 25 250 pg/plate?] &0l A
A&AAE Yel7] Algsigenz S| oA gy Ay
AN ZEAS JERRA] &= 200 pgplate S5 olstolla] AA|8H
ol ZHRol ]l Trp-P-13F 2-AA9) 93] Ewolrt e S
Typhimurium TA98ll thslix] ZREFg2o] o] a5 3
7V8la L, AFE Fig 1, 28F 2T} Tip-P-122 f=9 E9Ho]
o el ZEZg)2e ¥EE assayd 1, 5, 10, 50, 100, 150,
200 pgo 2 STHIAE 75, FWA mlsAke] ZH2) 0.9-91.3%,
0.5-104.2%2] &% 9]F2 B0l JAEHE Yepien, 5-10
pg FEAAME FAR AR} KOO R RO H(p<0.05),
50 ug ©1’de] FEolAE At Z2Z e oAl gt 9]
Ao R EFUTHp<0.05).

2-AAL E FEFH EdHold tisiM = U4 37.6-94.4%, W
4 21.0-97.7%°] &% &4 FdWo| JAEHE e
3, 1pg FEAAs FUke] Al a7t 37.6%= =4k
21.0%0 BBk folAd Al E=Reu, 50 pg ol FEolAE
2388 AR u=te] A gt foH ez EA U
BTHp<0.05). Uitz w]S4l Z2Ee)ro] FdEehHo|dgd e
200 pg =N 90% o3 ¢ E2 AAEAE ey, 5
L7t Hold4E ulilo] tha A3 JAEHE YEhdS & <+
AUSATE Rao F(6)S ZEZT 2o FHiEo] AU 3572 caffeic
acid ester’} S, Typhimurium TA983} TA100914] DMABe] 2|3
S=g sdWold| ti3ll, Cizmarik®} Lahitova(7ys TREEZEXA 3=
ZE9] S Typhimurium TA972} TA1009A] nitrovin3} nitroguanidne
o] oJaf fFx® Sl tiE] JAEAE epdTia Hist
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Fig. 1. Antimutagenic effect of ethanol extracts of Korean and
American propolis on the mutagenicity of Trp-P-1 (0.5 pg/plate)
in S. Typhimurium TA98. Values are mean+SD. Values with * are
significantly different between the Korean and American propolis at
p<0.05 as determined by t-test.
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Fig. 2. Antimutagenic effect of ethanol extracts of Korean and

American propolis on the mutagenicity of 2-AA (0.5 pg/plate) in

S. Typhimurium TA98. Values are meantSD. Values with * are

significantly different between the Korean and American propolis at
p<0.05 as determined by t-test.

At} Jeng S(8) S Typhimurium TA989] 21o1A] 4-NO, 1-NP,
1Q, BlaJpll <J3fl Fx® E<¢idold Uldh Hepdal 2 Ze|x
o] 40% oletE FEES] o] A EHE A 80 ng/
plate %014 4-NOo| sl 45%, 1-NPol| thal] 22%, 1Qel thal
70%, 16 pg/plate 5ol BlalPoll thall 79%2] JA&AES et
Wt Busigon, dAaxrt Eud el 1Q,
Blapell et Z2F e~ oeke FEE 47 o&F dEdd
o] 3= 1) $9¢] A oA cytochrome P-450(CYP) &4
A, 2) &S FE2E Fo 4EF 1Q B[aPY proximate
mutagen?}2] AF A&, 3) S9ol EA&= CYP 1Al-linked
ethoxyresorufin-O-deethylase 2}  1A2-linked ~ 7-ethoxy-coumarin-O-
deethylase 5 wlo|a2% a4 243t 5ol 7Isttar =4
Stk 371 Fe i heterocyclic amine$! Trp-P-1<
CYP 1A 9J3l(25), tA widz Fe]9-alet 5ol 2= 3
+ aromatic amineS! 2-AAE CYP 1A2¢] <J&(26) &3}
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Table 2. Inhibitory effect (clear zone diameters in mm) of Korean and American propolis on the growth of pathogenic strains related to
acne

Paper disk clear zone diameter (mm)"

Dose

(ug/paper disk) P, acnes S. Epidermidis S. aureus P, aeruginosa
Kor? Am? Kor Am Kor Am Kor Am
5,000 5.7+0.4% 5.7£0.2 5.9+0.4 6.2+0.5 6.8+0.5 6.7£0.2 5.2+0.8 5.9+0.5
2,500 4.9+0.4 52403 5.5+0.1 5.9+0.8 5.8£0.2 5.9£0.3 4.3+0.3 5.340.2
1,000 4.0+0.7 4.8+0.3 4.4+0.5 5.240.1 5.4+03 4.8+0.1 3.540.2 4.7+0.4
500 4.0+0.3 4.7+0.3 4.3+0.3 5.0£0.6 5.1+£0.4 3.7£0.2 3.0£0.3 3.5+0.3
250 4.2+0.8 4.7+0.6 4.5+0.7 4.7+0.3 5.0+0.4 3.5+0.1 2.840.5 3.0£0.2
100 3.5+0.8 3.3+0.3 3.740.2 2.840.4 3.5+0.4 3.0+0.1 2.6+0.1 1.9+0.2
50 3.3£0.9 2.6+0.1 3.4+0.6 2.0+0.6 3.2+0.1 2.6+0.3 2.7+0.6 1.9+0.4
25 3.0+0.9 12404 3.940.2 1.8+0.5 3.0+0.3 2.340.2 2.840.7 2.0+0.5

YPaper discs (6 mm in diameter) were treated with 25 uL of the anti-acne substance purified and inhibition zone was measured against various
microorganisms after incubation for 72 hr. Clear zone diameter is W=(T-D)/2 (W: the diameter of clear zone excepting paper disk, T: the diameter
of including paper disk, D: the diameter of paper disk).

JKor: Korean propolis.

9Am: American propolis.

“Values are mean+SD.

Table 3. MICs determination of Korean propolis against pathogenic strains related to acne

Number of CFU

m g/rgg:: disk) P, acnes S. Epidermidis S. aureus P, aeruginosa
Kor" Am? Kor Am Kor Am Kor Am
5,000 0 0 0 0 0 0 0 0
2,500 98+19% 164+56 0 0 0 0 0 0
1,500 273+11 281+13 0 0 0 0 0 0
1,000 365423 349427 168+21* 277+7 48+12* 19547 34+14 43+16
500 636+11 654+29 213+23* 428+11 194+23* 308+10 146+34 170+18
250 841+£21% 891+37% 479+32% 731£27% 389+32% 495+12 321425% 463433
100 1108+86 1146+62 718+29% 820+22 658+29* 763+19" 56777 536+37
50 1300+36 1300+37 875+35 879+61 927435 919+81 780+56" 739+111"
25 1508+63 1598+83 953423 959+39 1306+43* 1500+82 1137+53* 1255+37
0 1666+115 1413+76 1462+123 1600480
50 (Azelaicacid) 568+130 580+70 633+89 683+59
25 (Tetracy-cline) 719+62 680+115 596+23 632+76

YKor: Korean propolis.
YAm: American propolis.

dValues are mean+SD. Values with * are significantly different between the Korean and American propolis at p<0.05 as determined by t-test.
“MIC,, was the minimal concentration inhibiting about 50% of visible bacterial growth.

SH3ME Trp-P-13} 2-AAE DNASF F-FAa%sle] 902 o
o1t} S Typhimurium TA98IA 7HE o4l Trp-P-134} 2-

o o8 fE Eddole] e T2~ ok FE2E9 o
AEI= 89 EASHE CYPY &4 A8, Z=Ee|x i
Trp-P-1, 2-AA2] proximate mutagens}2] ThA}ZE}, vjola 24 &
20 B3 Foll 7Qlskes AR FEEAA, A7
B S e o B AT} o]FojHol & Aow
AlE )

Ooi=E& =0l CHgt SZEs Lot

ATES do7le FA @5 gigh sty v=it Z2%
2]229] 70% NetE: FE2E9] FHE4dS paper diskHOZ H7t
3t A3= Table 29} 7l P acnes, S. Epidermidis, S. aureus,
P. aeruginosa®l W8] 424 JeER7] AR = Sujat
I} nEpE Z2EZE) 2 5 25 pg/paper disk®]AL, 5,000 pg/paper

disk FoA A& AX&e] A7l 242 FliAt 5.7, 5.9, 638,
52mm, U= 57,62, 6.7, 5.9mme|ATh S aureusel] ek 7t
A% s JeEpi e, Uik vk fAkSE 3
424 AEE YA Lee 5(15)2 AY AFolA AHS
ZZ2EE 29 70% e FEF2] 5.0 mgpaper disk F=0 U
X S aureus®t P aeruginosa®l W3t clear zone 2732 ZHzt
14, 11 mm2 R I3IAEH clear zone2] WHE F71E =43 A
A5 AT Ao} vwgds o A 22 Fxo JH4dHS
eSS ¢ F A

TRED|AQ FAX SE

Z2EY2 70% NHE FE2E FA F5Fo I HiA s
FEMIC)E =43 A= Table 33 7ok 34 459 50%
A5 AsEAS el MIC S =ulike] A9 P acnesoll ©
3l 250 pg/mL, S. Epidermidis, S. aureus®ll T3] 100 ug/mL, P,
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aeruginosa®l] W&l 50 pg/mLE YERGIL, w]=2ke] 739 P acnes,
S. Epidermidis®ll ti3ll 250 ug/mL, S. aureus®l] ™3] 100 ug/mL,
P aeruginosaoﬂ 3l 50 pg/mLE ERST uAEe] Ago] &
ZeA] o= MIC &5 Sl P54 5% P oacnese 5,000
pg/mL lﬂ 3L, S epidermidis, S. aureus, P aeruginosa's-
1,500 pg/mL F== eI Fuiake nl=at 22 Ee]2o] o
=5 #ol st FHaIAMIC)E ETEAR] azelaic acid(50 pg/
mL), tetracycline(25 pg/mL)Z} B w3132 w] ZE2Z2]29] 70% ol
e FEE0] BAEA G S FHIH A=F #5
gl g dEaAE U ¢ 7 Ak @ Suiska
v=Ak z2EE2] tig HAA TR Folde dotry] ¢
3l Ttests AAISH A3} S epodermidis?}t S. auresus? A+ T
AAog stF4to] wFART 733 SAHaHE JeERf o
(p<0.05), P acnesS} P aerugmosaoﬂ daire oS YeERIA
2UTHP>0.05). Lee S(13)> 75 of|dz Jdit Z2Ee|2]
100% oleke FEE2] MIC & 7} S, aureus®l &l ZFz+ 0.25,
0.25 mg, P aeruginosa®l EHEH Z¥z} 0.20, 0.15 mg/mLE}al 23
s, AAES ATelA] ol AFele 6-10u19] xfol7t
UATE o] 3 Aol AqEE FF LY ZoldA Q1T F
= 9lov} Parkal Tkegaki(18)E 60-80% oEhe %% oA fz}
w4270 7P =3 ¥4 UEhli= flavonoid®] THEFE 7}
d Bor, 90% o9 oes FroXe o3| FHddT
flavonoid &% E5F 743ttty M 33k vl )y T2 E g9
A EZAZ Takino S(11) pinosylvin} cinnamylidene acetic
acidE w2 5L, Aga 5(12)2 BHapAi 22 Ze|agi
B 3,5-diprenyl-4-hydroxycinnamic acid(DH), 3-prenyl-4-dihydro-
cinnaoloxyxinnamic acid, 2,2-dimethyl-6-carboxyethenyl-2H-1-ben-
zopyran 5 3% g EAE Eo AL Bacillus cereus,
Enterobacter aerogenes, Arthroderma benhamiae®] T3 DH2]
MICE Z+7} 15.6, 31.3, 15.6 ug/mLolTEal B3I Metzner
5(27)2 galangin, pinocembrin, pinobanksin <] flavonoid”7}
Bacillus sp., S. aureus, Candida sp. 5°l W3l a5 Yepd
o Buskom, Park# Tkegaki(18)e ZEZET2E 60-80%
Q]%%i F=92 v pinocembrin®] o] 7P =T B
gk vk

2 A7 A3 ZREFEEe FEdve] 84S UERlHA
A=g F4 ddwel giE A JAEHAE vehlo] o A
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