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Antimicrobial and Anticancer Effects of Galla Rhois on Pathogens
Isolated from Oral and KB Human Oral Epidermoid Carcinoma Cells

Young Sun Lee, Ok Kyung Han, Man Jong Bae, Kwang Joong Kim,
Sang Woo Shin', Song Kwon Lee?, Jong-Hyun Park™

Efficacy and Safety Research Center for Traditional Oriental Medicine, Daegu Hanny University, Kyongbuk Technopark, 165,
1. Department Pathology, College of Oriental Medicine, Daegu Hanny University, 2. Graduate School of Public Health, Daegu Haany University

This study was carried out to investigate the antimicrobial and anticancer effects of Galla Rhois (GR) on
pathogens isolated from oral and KB human oral epidermoid carcinoma cells. Their antimicrobial activities were tested
against Streptococcus mutans (S. mutans), Staphylocogcus aureus (S. aureus), Enterobacter aerogenes (E.
aerogenes), Escherichia coli (E. col) and Candida albicans (C. albicans). GR powder has the antimicrobial activity
against C. albicans, S. mutans and S. aureus. The extracts of water and ethanol have the antimicrobial activity against
S. sureus and C. albicans. The water extract showed inhibitory activity against the growth and pH of above mentioned
reference microorganisms. The water extract of GR declined cell viability in a dose dependent manner. DNA flow
cytometric analysis showed that population of sub-Go/Gs phase of cell cycle was increased by GR extract treatment
in a dose dependent manner. Western blot analysis revealed that Caspase-3 was reduced by GR extract treatment.
These result suggested that GR has the effect of antimicrobial on pathogens isolated from oral, and aiso, has
anticancer effect that associated with the induction of apoptosis in a dose dependent manner in KB human oral
epidermoid carcinoma cells. It may be GR-induced apoptosis was mediated via activation of Caspase-3.
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I uem, 25 GOt HEF 52 ABALE Wo| AR
Sl Ut} @A BUHE (Rhus chinensis Mill)2] Ye7io]]
SuIX}F K1 =7](Melaphis chinensi Baker)7} 71448l gHE0|Z
P07, dlZ2RE glo] sl FEAI7IE 0] Yo U
SHH MEER ele eaie 713 eE HAE X85, SH
5FH REE QIS B, srEd A} olEX Ee Rl A3t
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1. ABAE

1) Alg ZA)

B Ao 8% ulixks FRIsld dEet & 22 4
LEACH, QuAIY EXENT oEs FEWH HL 100
mg/mee] ELE 24417} 5Q1 & 5,000 rpmoil4] 1027 Y £
2]8 & AENE Fo} 02 um filterE 0]k Gl AL
SHAC) FUANE AP Y181 2uNALE PBS bufferE A}
851d 100 mg/mé STt A 24417} Q1 £, 5,000 rpmoiiA]
1087 44 228 & 4SS 2o} 0.2 um filterE 0] 851
osle] AHBBINT

2) 4giy PIYE

o] A9l i) nYEL EEQ 72, N1BAE S| FH
¥ 04§ EQ! S. mutans (KTCC 3065), C. albicans (KTCC 7965),
E. aerogenes (KTCC 2190), S. aureus (KTCC 1621), E. coli
(KTCC 1039)€ =BT FAX2YolA By wot
ALE I
3) MEZF i

TFBYMEE (mouth carcinoma cell : KB) k=2 MEIF 2
FollA] 2k wio} RPMI 16400 10% FBS, 100 U/me penicillin-
streptomycin®] 3% uiX|ol] BILSIHA Ao AFESINCT

Ul

2. dEYY
1) Jusdy
R Zt Al IFE ShiEold Fal 4 IdFY A ul

Aol FE3Hd 37TolA] 24417 BRI &, o] i 01 mME
Muller Hinton HAuiXlof &I 18417 Bl & G HE
£ 0]8814] Muller Hinton SHBiXIol FYUsHA T2 AlZch
Z} Alg ol T2 A1 9lo]l 0.8 mm filterpaper discE 2TiE
S F 37TColA] 24417 S i F disc FHoll LB clear
zone (mm)2E B4 E HIWEIRATE.
2) B4 Aol B &8
Qe 2t A8 FFE shiiZoly Ha 2t #F9) AA
Aol HEWA 37ColA 24417t v e F, o] g 01 mE
7t ZEE0) 55E (0L 1, 10 ng/md) 2 EF7E AMuixlol E
B F 37Col|A] viARINCE FEEQ 558 S ade 1Y
29| MFFHTE SpectrophotometerE AF2E1d 600 nmollA] &
BTE FFL, FEES E2 AKX E blankE AHESH
At
3) pH ¥3} &3
YR 2t A dFE shiZold HE) 2t FF9 AAl oy
Aol &5t 37TCollAl 24AI3H viTH #, o] vl 01 mE
7} 2580] 5TE (0.1, 1, 10 ng/m) 2 THE AAMuiRo) B
St & 37TollA BBt 2EEY T8 pH HlE F5F5)
7] 93} siYHE 3,000 rpm 1027} 24 E2i5ld pH meterE
0|83k FFsIATH
4) YE M=z 28
QAL Mol Q8 FAHBM EYUE KB Zoj vl &
g AESY] sl HA FolE AIGEE RPMI 1640 sikHo)
100, 250 % 500 pg/mto] EEE ATIBIRH. ol 22t Aoidt
ST 879 YA S 24417 Y & 3451 MlZEol trypan
blueZ} 0.2% EEE H7Igt & hemocytometerg O]&31 4&
A Ezg 48 sidetl, 2 F8A1 vict 3814 A5l YEA
x40l BER] W ZEHRAE FEIAC
5 M Fel B
AL Melo] gt +Z4 HEAEUE KB Mjxol nixlE
gEe 4HE7] A5, M2] AES 100, 250 W 500 pg/mt S
7} HIEE sl 24A17 vl & A EQ HERE 247t F3l #old
(MPS-30, Leica, Germany)2 AMZ6lo] THASIRICE
6) A EAPH 24 (Flow cytometer)
T7 HBMEUE KB MZoll 2uAE Aelol sl 244
7} HRQ¥SH & phosphate buffered saline (PBS, Ca®", 2% FBS)ol
800 rpmQZ 557 AA & 100 p£9) PBSO|l BFAIZ] & 100%
EtOH 200 ;& 715l MZE nEet F 4TollA] 143} o]} &t
oKt AR F JBEHE HASHL 50 pg/meS] RNase A
£ 250 w H7} 8 & 37°ColA] 3027t siYSIATh vk & 50
1g/ mtQ} propidium iodideZ 250 x H7}5kd 208.7F vjtst &
Flow cytometer (Becton Dickson Co)E C|&3ld HEFI|E
BTt
7) ©HBEl ukd (Western blotting)
M ZoljA{9] Tl Bg|= lysis buffer (50mM Tris-Cl,
25mM EDTA, 650mM NaCl, 5% Triton X-100, 100 x PMSF, 100
X protease inhibitor coctail, 5x lysis buffer)& 0]&38lc] Bz
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QA7 T4 2elg ol e YRAN ¥ 72 HBAZLS KB M Eoll njXe g8

Sich F&d oidg 95TolA 527 JI€E & 12%
SDS-polyacrlyamide geloll H7|¥& % Protran(® nitrocellulose
membraneol] HoJAIZC} 5% skim milkE -3+ PBST (0.1%
Tween 20 in PBS)E 0183} incubationdlH4] B]|E0]AQl tt
wxlo] tHFl blockingS 4JAl3L1, Caspase-3 BHAISH &M
-incubation & ECL 898 H&&]7) t}S X-ray filmo] Z-ZA|A
Caspase-3thl T W3 S RARBIACE thE ThBZ =2 HSP70
2 ARSI 4719 ST HOE BESKNCH

2 =

1. QuiAIe] FZolA 228 vldEY srFE

QHiAF B2l AL S. mutans, S. aureus % C. albicansoj)
Al Z}7} 11 mm, 16 mm % 17 mm9] & HAh7} B ACE
QUIX} EXRZNO AL S. aureus®} C. albicansoll4] 2+z} 20
mm&} 22 mme] A7} BEFEACH, oEtE ZEN] HP
oA E S. aureus@} C. albicansollA] 2+zt 20 mm&}t 22 mmQ] &
FEN7E BEE YK Table 1).

Table 1. The screening of antimicrobial activity

Inhibition zone (mm)

Strains Ecoli Eaerogenes S.aureus Smutans C.alpicans

Samples

Powder Galla Rhois - - 16 11 17

Extract Galla Rhois(D.W) - - 20 - 2
Galla Rhois(EtOH) - - 20 - 2
Ampicillin(10:z) 16 - 47 - -

_ Carbenicillin(100ug) 22 25 50

Antibiotics
Karnamycine(30ie) 20 21 26 20
Penicilline - - 48 0
(10IU/IE/UD

2. 2R} FZAn|YEo it E4] HHBEE FH

2HBXIS E. coli, E. aerogenes, S. aureus, S. mutans I 1
C. albicansoll tigh ght &S H&SH] Yol BHL Nutrient,
Saboroud dextrose(SD) Al xlel 0.1, 1, 10 mg/ S S E A
718 & 2t g7 E ShllFo|W HESKH 37T 271004 244]
Hujeet & EBTE £8¢ ZIe Fig 13 2t E coliof] &
¢ AN A5 E duE 2 QAL "I $2 uE
oAl 0.443+0.0159] EZEE UERIRL, 01 ng/mS] AP
0.242+0.003, 1 mg/méS} 10 mg/mt ST AL AHY 7 B4lo)
BEHA FUTE E. aerogenesoll &9t S @E S el H
78R k2 thxETolA] 0402400129 FHTE UERAIAUL,
0.1 mg/meQ] AL 0223+£0.023, 1 mg/meS} 10 mg/ml L AL
He & B4lo} BEHEA AUUTt S. aureusol] Pt FAEFHES
LR VIS &2 TR FollA] 0170+0.0019) EEEE v}
ERAQL, 0.1 mg/meS] AL 0.190£0.009, 1 mg/mé<} 10 mg/ml &
E9] A% A o SAlo] BAEEFA RUTt S. mutansol] FSH
FHEH S QuARE HIVEIA 2 tiETolA] 0.55710.0049)

EETE LIERIRT, 0.1 mg/meS) A 0.4801£0.003, 1 mg/me

£ 0.133+0.016 &) FHEL7H FEFACH, 10 ng/mS HL
Ao # 4ol BEFA] FUTt. C. albicans?] FS LMALS
HIWSHA) &S tETA 0638100179 SELE VERNRIL,
01 mg/meol AL 0.649+0.005 1 mg/m2 ZL 0.26610.0129
BTV BEREAUCH, 10 mg/meQ] B2 AY & Filo] BEE
Al SQITHFig. 1).
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Fig. 1. Effect of Galla Rhois on growth of several oral microbials at
various concentration. A : E. coli, B: E. aerogenes, C : S. aureus, D : S.
mutans, E @ C. albicans.

3. 2uA}] FZu|YE] it pH HE}

28lx}9] E. coli, E. aerogenes, S. aureus, 5. mutans 12|11
C. albicans®] F4lollA] pH Hloll vlAls G288 A&7 A8
BHI, Nutrient, Saboroud dextrose(SD) ARl 0.1, 1, 10 mg/
w8 L8 H7IS & 4 FFE ShiZoIY AESI 37C &
271041 24417} BHQFS} F 3000 rpmollA] 1027} YR EZ|E &
48U g ot pHE FF$ Fik= Fig 29} ZTh E. colio] o
¢t pH H3l= QuiXHE HIISHA &2 thiETolA] 7.621£0.058,
0.1 mg/meS] AL 7.301+£0.021, 1 mg/mS) AL 6.931+£0.047 1
2l 10 mg/meS] A 6.256+1.0662 57t 2E4E pHII 2
Ol Ao| BEEHJLY. E. aerogenesol] tidt pH Hzl= 28Xt
£ HII8IA LS R PolA] 7260£0.022, 01 mg/me] AL
6.930+0.040, 1 mg/mtQ) AL 6.617+0.008 12111 10 mg/meS A
2 5182+0.0562 L7t &5 pH7I RolAle Aol #EE
At S. aureusol] ti$t pH H3lk= QBiALE HIISHA] &2 tiE
wollA] 6.896+0.011, 0.1 mg/mS) AP 6.980+0.041, 1 mg/meS]
AL 636510.040 12]1 10 mg/mS] AL 5.109+£0.0588 =k
7t 845 pHIL LolXle Aol BEEUC

S. mutansol] thSt pH HEk= 2ulALE HIIGIA] 948 X
TollA] 5.40610.001, 0.1 mg/mS] &S 5412£0.009, 1 mg/mS
AL 53710022 1211 10 mg/meQ AL 5451106562 =%
7} 848 pH7} olxls Aol FEEF UL} C. albicansol T
¢ pH Hsle QRIS MI7ISHA 22 thiETollA] 5.08310.017,
0.1 mg/méQ] AL 5.033+£0.002, 1 ng/mS AL 5189+0.012 1
211 10 ng/meQ) B 482700432 B57} 248 pHIL 2
O Aol HEERUTHFig. 2).
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Fig. 2. Effect of Galla Rhois on pH of several oral microbials at
various concentration. A : E. coli, B : £ aerogenes, C : S. aureus, D : S.
mutans, £ C. albicans.

4. QUi EZENHO] 77 HBMZAE KB M E Y& % el
e W3l

LUAIZL 74 BFHZYUE KB £9] AMEe| njile ¥
& gorR7) sk 100, 250 Y 500 pg/ml SEO FENES
B ZUE KB Eo) Soigh 5 2441700 S & AZE
ol YE MESE ST 20 BB 557t 2248 A
GH = ALY &7t FI16HCHFg. 3).

5
¥
3

—_

Cell viabliity(%)

Fig. 3. Photomicrograph and cell viability of KB cells with Galla
Rhois extract for 24 hrs. Cells were seeded as described in Material and
Methods.

5. QUIX} RENY ETol WE NZF79 H3il

QR ZEHo] Tzt FHHEAZYE KB ZolA Al ZANE
ol Fsl=XE TANS) Askd, 2uiAF ZEHE 100, 250 U
500 pg/m SEE 74 HBMEE KBoll 22t MZI5I 244]
7+ %o HZE 58610, A ZU DNAE propidim iodideZ &
A3l flow cytometerE 018510 M I DNAGEIS 2415}
ot HEZAIES JEE Vel E sub-G0/G1719] H3lE 4w
2 Hib= Fig 49 2ok iR FolA 7.0 %, 28Xt HEH] &
T 100, 250 & 500 pg/méoll Wt sub-GO/G1717F 7.1 %, 14.0
%, 237 %2 A ZEHI 5Tt F1E 8 SrkEol B
Z=]UCHFig. 4).
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Fig. 4. Flow cytometry analysis of KB cells treated with Galla Rhois
extract for 24 hrs. The Cells were harvested, fixed with ethanol, and stained
with propidium iodide.

6. QuIAL FEHY 772 HEHZYE KBojjA] Casepase-3 Wl

28R ZEY0] 7 FBAZUE KB ZA] A ZAPE
ol ICE/CED-like protease family &£ apoptosis {Fiatol £Q¢8t
HEE She Caspases-39] AP S ZAlS) Ak, QulAL &=
ENE T2 HBANEIYE KBH| Zol| 2|5k Casepase-39] gt
BT E RSN 7 HEMEYUE KB M 2ol QuiA}
Z&Ho) A3} Casepase-3 32KDa w0l vlx|= FatS AlHE
23, thRTolAlE Caspase-3 32KDa®] wlgio] BEE LY,
QX ZEHO] Aglol 9} Caspase-3 32KDa9] wlsio] &
A 2ERYchFig. 5).

[ 100 250

Galla Rhois extract (/8/ml)

Caspase-3

. HSP70

Fig. 5. Effect of Galla Rhois extract on the Caspase-3 protein in KB
cells. Cells were incubated with Galla Rhois extract for 24 hrs. The protein extracts
were prepared, and then the samples analyzed for Caspase-3 expression by Western
blotting as described in the method. HSP70 was used as contro! protein.
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QuiRiZE ol 22lE nldEd St ST AR B 74 BEYEYS KB A Zof wiXle Fg

SjglolMe TAAEe RKE AE B BERE L
KESH, BREE S22 UFL 34 w2t dEe 583U
WEE, JR, &% B SN 89 sHatEE B 886t A
T, AB/ULEE dix, 4EFIW Je dEE ABSHAU

B2 Sk R80T UG £5417)1 YAE AR &
o
kS)

LfEFE FER/FOIL BIESI] 8AI7]e 480] Aol W
56 FiEE Qe e 1AM 2HiE HALE XRsH, 4t
FSHE BBE QIS BE, frg@ill A7t oAl & Aol &
7h Ao TEANAH, ol “RIRE 7IEL LB Uk 5
A, Aote] mAAFES AESL 1 3lom, TAENE, ‘0

g AEokH BUE ulA ekl ol TAEM
B "Bk BES X5, ER, BEE A4ATIH BES -
ol £ES X230 L 516 O THREEE, ‘TR ¥
Aul yigo] 4A 7Ig1 1E e IE0] 32+ AL AtA 8t
o, ojglo|gl L3 Fol 43 fE, o129 ¢ o] § HE A
Bt 1 gle] 77 o1F B H 29 figol EHK s &85t
I U= ejolci.

olo] & dFoliE 2uiAE BUTHS B H dUe &
He THEo] ARl 7oA BelE 78 vdENAY BFE
WE HELIrk L A% QoA 829 Z2 C albicans 9} S,
mutans, S aureusollA] PFFN7F BEAEACH, 2uiX} EFE
A oErE RENo|A] S. aureus?} C. albicans TFFolA] &
B3} BEEICE @8RAKA] E. coli, E. aerogenes, S. aureus, S.
mutans I2]32 C. albicanso]] tigh St &4E TESP] Hdk
T &4 358 SELE 432 23 2R 5571 ng/me
ol FR o S4lo] BEFA T, LuAN E. coli, E.
aerogenes, S. aureus, S. mutans Z12] 1 C. albicansoll 9] &4l0j
Al pHE SO miX]= Fekg BES 23, tiREY fdFollA £
wixtel st £71eeE X9 pHY} Holkls Ao] BET
AUCt olet FE Ak T F29 A7} pHY ¥HEie} Hdo]

2 ALE dzgct

#Z A FAFYTYHEL O1F FAUMEFE YL
2 F4%0] aNAQ) sloniut HHES &1, 28718 E ¥
TA} sk J7r) ) AYEL YT, 2uiApt 74 B
M EUE KBMEY Abol vlAle &S YotEr] sk 100,
250 & 500 pg/mt BEO EXREUE HPMEUE KB M 2o
Fo3l H 441701 T8 & A EZE 34510 BE NELE
EE8 27 R st 2845 AlgE e MEY 471 571
BT oleie AFEEIE M Z4=8] 57171 apoptosist TH QU=
AE HE7] A8, QAL ZEAE 100, 250 H 500 pg/md =
T2 77 BBAEUE KBoll 24zt XTislo] 4417 Foll A2
£ 483510, MEZW DNAE propidim iodideZ E4U5KH flow
cytometerE 0]&31] AZ DNAGZIE 2431t ME 714
=29 A#e UL sub-G0/GL71Y ¥W3lE dmle 23 ux
TollA} 7.0 %, QUAX} REMO] =T 100, 250 L 500 pg/méol wh
2} sub-G0/G17)7} 71 %, 140 %, 23.7 %Z QuiA} FEHY
ST7t &7t £8 SrkgEol FEEUCE o218t apoptosisd] &

ol

Toll Caspase®) AL E ZALBY] Al thREEQ] apoptosisZt
R MZolM 52 BHEE BAFE Caspase-39] 2 A%
£ ZAIBINCE Casepase-39] A% E43lE HelZ #alzledd
EEY gelol 32KDag] &uiE ukso] So|gHLt 17KDa Y
19KDao] 2AIEE 7= TiZo] AEL]ojoRsict. 72 sid
M ZQUE KB M 2o QuiAt ZEH [ Casepase-3 32KDa
wilol] pjXle FEe 4niE d3, tEToAE Caspase3
32KDag| digio] BEFACLL, AL FEHI Helol Qs
Caspase-3 32KDaQ] wi3io] AT A QRUct 774 BB ZUE
KB Ml ZA] @uiXloll 95t apoptosis Fetol] Caspase-3 43}
Sl HEB EE7 BH US ALE Yt

a4 &

AN FAAE ot 2 X Fol 0| &3 EHE AT B
sl 7oA HelE Hddw TN EUE iRl
ggte ZARSE 2, QuiA 29l A% C albicans®) S
mutans, S. aureusoil A EF 7} FHEEIQOM, iR EFE
B} NErS ZZHO)A] S. aureus®} C. albicans FFoIA] St
Tt BAE 2, E. coli, E. aerogenes, S. aureus, S. mutans
Z12]1 C. albicanso) thgt Bt 8 S BESY) o) 454 H
TE S3EE 42 Zy QA 5571 me/m o1&
2 o BAlo] BETA LUk £ olE 779 F4olA] pH
Holol] nAlE EEge #EASH 2 QRS 5Tt UM #
£ X9 pHe Wol= o] BEEJTE 2uiAH] 72 HE
A ZUE KB MEQ Aldol plXlE GEE 4uis 20 F29
9 BTt E7He £5 AgEE AEY 7 EriEHE Aol #
FEACE LHlAL FEAo] F4 HAPHZUE KB M ZolA] Al
EAHol BASH=AE ZAG] A8l AlZEAIES] J@E
ER e sub-G0/G1719] HElE 42 21, 28R FEHI] =
T Ekel Wk sub-G0/G1717} E71do] BN e, +24
BEAZUE KB MZoa] Xl 9$t apoptosis Fgtol]
Caspase-3 B30} Hag ZAZ7 B U ASE HEHAU
T} 0]40] MEMRSRE S35l BH, LAk TZ0A 2e
¥ By n)AEo) oidt SHEaH e, 72 HBEAZYES
KBAj| Zol] Caspase-3 4310} A#E HAZZE apoptosisE ot
sl SUENE 7IE = Ae ALE FEEICL

EAT R |
12X 3, YYS, BEF 72T BSE U YSEH. o

ZA SIS A]. 4, 69-76, 1998.
2. 4A gL £238, 84F T4TY 4249 g 45 g
¢ @&k Sh=A4skE A). 4, 81-86, 1998.

3. #AA3F, olFd, Y, €Ed, €dEE EAD
(Streptococcus mutans)oll THEH TiInt Z&E9 SAEHy.

Br=22418}5) K], 35, 191-195, 2002.
4. FEH, W78, Al Yol B FIFY Streptococcus
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10.

11.

12,

13.

14.

15.
16.
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