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Abstract: Galla chinensis (GC) has been proved to have a good antibacterial effect, but the relationship between
its antibacterial activity and active components is not clear. In this study, gallotannins (GT) were separated from
GC water extracts of GC (GCE) by macroporous adsorption resin and GTRE was collected; The content of gallic
acid (GA) and methyl gallate (MG) in GCE was determined by HPLC; Then, the inhibitory activity of GCE and
its active components to E. coli and S. aureus was compared by the minimum inhibitory concentration ( MIC )
method, and the relationship between the content of active components and the antibacterial activity was analyzed.
The results showed that GCE had significant inhibitory effects on drug resistant E. coli and S. aureus clinical
isolates and its MIC was 8 mg/ml and 0. 125 mg/ml, respectively. Their contents in GCE was 58.3% and
22.8% , and the combination of GCE and GCE to bacteria showed additive effect. The MICs of GT and GTrE to
different E. coli strains range from 5 to 20 mg/mL, for different S. aureus strains, the range was 0. 156 ~
0.625 mg/mL indicating that GCE, GT and GTrE have stronger inhibiting selectivity for S. aureus. In addition,
the MICs of GA to the two bacteria range from 5 to 10 mg/mL, for MG, the range was 1.25 ~2.5 mg/mL, but
the contents of GA and MG in GCE were only 3. 1665% and 0. 0899% , respectively. Therefore, the results
suggested that GCE had significant antibacterial activity, GA and MG have the similar action to those of GCE, but
their concentrations in GCE were far lower than their MICs. However, the high contents of GT and GTrE or
unknown components and their combination may be the main components of gallnut to play antibacterial activity.

Key words: Galla chinensis (GC) ; active components; antibacterial activity

RIS 2 B 251 2% BURTT % (14 3 B U5
25 25% W AR YR IR T (HAUH 5 ~15% 1
I L L HME . BT, R h
T2 AR Y D RE M AR R T T SR,
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LAY, 1A% F (Galla chinensis, GC) E
H—PE g rh 25k A T A 0 T s, R
15 JRIE BCLAE | R AE | 5595 55 2 R A B VA AR
ML R Pk s SRS, 6 Rk
LY (aqueous extract of GC, GCE) &5 KA 2A
RFEREGZ W, K E TR ¥ 7 (Gallotannin, GT) |
W TR (gallic acid, GA) FI¥ £ TH2 H g ( Methyl
gallate, MG) LA B — 2 p K Ak A9 26 1 oA Al
B, HRETE 2 GCE % T LR L &9
STER(E )T GT E—FoK BT Wikl
JE GC W FZ oy, H& B S A T EW
50% LA b, GA XFRTLAG 1R, ¥4 K 3,4,5 -
SRERPIR RS R T R R R Z RS

Y1;MG o GA BIATAEY), =& Y C O BAA 5T
AL BUR UMY E YA S5 -
MRV R, T P8 fb 16 M B & & F 1k
B py g nmy e e , Hoh s 6 ~ 7 MRE TR
(9 GT XS FE VDI DRI A 2E AT T () B TR T e
Gt HL B ARG A R T R IA A 2 GCE BB 1
FICEEY R, SR, DA SN GT . GA Fil MG 7
GCE "y APt WA AT LR, i, A5
FHRFLMIEXT GCE W GT BEAT 4385, [a] iRhic 48
GT JG R (GTIE ) | SR 5 SR I 8 AOBAH 8,335 15
(HPLC)MSE W& GA A1 MG & &, 7 L 4%
43 XoF I DA 43 B i 25 B () A

2 RN E

2.1 W KGR (E. coli) F< o (03 4 BR A
(S. aureus) WG IRSTEMR, R M KB EBEEH &
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RPEAR(AMP) SKAEEENG (CTX) SkAEMERG (CEF) |
ZVHFR (DOX) . RAB%EE R (KAN) B K A&
(AMK) #8ZE (STR) , AV E (CIP) Bk 2
(ENR) 5 % (NEO) FIZEHF 1 £ (COL) 251 H
R AR BR A E (R E R 4RI AT
PR ZE VB K B SR A v ] 2 OB S A 2 W, LB 1
F2FHEW H Thermo Scientific™ , GT.GA Hl MG X I&
) B AL R P R B A R A ], HPLC 90F1 43
Mrs I B L gBThr T AR A R A

2.3 AEFREBEHHEE A GC MM 100 H
IR A, FRELS. 0 ¢ JIA 50 mL 258 F /K Al &
2 hy ¥ KFURGE 1 Whatman 1 598 4% DL 25 B 0k
Yy, DR 22 T i 78 R A VR e 4 Vs TR K T T
PEHE ] 0.5 g/mL, 4 CIRAERH"

2.4 RIAMBRMERREEFHRET(GT) M
BT E 4 B 2.3 WO EEIREUY KRS GCE
AR (XDA -6) # L, XDA -6 Big5>
2 GT Wi T2 SHR 1) R 2548 . 02 B I
JE28 C KEARE L 1: 8, YERHE 2.0 by, WK
1.0 bv/h;2) fif W - e 50 S /K s e/ B (15 85
v/v)  UEBR AR 2.0 by, i3 1.0 bv/h'"™) 43
B HORAY GT FIE GT R WAS ) (GTIE ) 435
W T FREEAPLS g GC R ARIEEY b2 5
PAZH) GT F1 GTeE 4350 2.915 ¢ Fl 1. 14 g, 8
Je PRI 5 I ] SR VR B RS GA I MG
R THREIE TS

2.5 BREATEE AN GCE GT f2 GTrE # GA
MG & & A bR ES AR AR ST H AR R
HHPLC R4 A, 43545 4 Inertsil ODS - 3
C18(4.6 mm x 250 mm,5 wm), LAHEE(A) 1
0.5 % H,PO,/KIFW (B) AiishAl, HPLC )% I
1R EAARUN 20 pL AETR Y 35 CL X
GA, BEF A 1 mL/min, FishAH A/B HLBI A 15/
85 %} F MG, i # K 0.5 mL/min, i 3AH A/B [
4 40/60 , P35 A I K 428 275 nm,
2.6 HEURI A E AR AR A
ficE PR R BRI 8 A2 1T AE 2 GCE B H Ak 24
A% LR BRI PR 43 58 B bR MICHY | ARYE CLST
FITE BRI BE MIC 2553, DAAR M TR R ATCC25922
I ATCC29213 1E IR E BT 14 .

AR FTIA3HS GT FI GTrE X 45 7 8 Ak i MIC
{8, R FAML A0 B 22 GT Al GTYE 191564 18 43
2% 0 B W BE ( fractional inhibitory concentration,
FIC) : EK: GT 0 GTrE 4351 FH 25 2 18 35 i JC
MH P 15 e #s B 2 MIC, 1 MIC, 1/2 MIC,
1/4 MIC . 1/8 MIC ., 1/16 MIC 1 1/32 MIC, %% Ht
50 wLA3HESITE 96 FLAR AT 551 I SR 5 AL
A 100w Kb T F AR R J 0 00 TR A R
JEH'5 x 10° CFU/mL, [RGB MH A 17 1 4 3
PEXT R AN 55 24 ) 1 s R R RLAE Ay PRV X B SR
1E 37 C FHiFE 16 ~20 h 2 HEE 8, US40 Ak K
HYRARZ Yk B 2 MIC, GT Fil GTrE 2 [8] (1) AH A
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A Ao 153 0 50 i vie B 48 B (FICT) SR
SERFEAREL R . FICI< 0.5 NI FEAE ;0.5 <
FICI <1 NAHMAE R ;1 < FICT <4 B3 BEAEH;
FICI >4.0, A4S Pu/E ) R HE s  BH A A A 4
XL, N R B0 EE 3 K,

2.7 Gt R EE DO+ bR iR
(Mean = SE) 7K, 32k H PRISM (6. 0 iz ) {2t
TEFBEIT,P <0.05 FFEREFRE,

3 GERS5H

3.1 RS BHEETAMEMNRER 11 Fzikbt
BT E. coli F1S. aureus i R AR A MIC 5
ZERLER 1, ARHE CLSI HE bR i, X BEF AR KT 11
Py Z R AR R i 254, ez itk 4
PRIGIRIY B E. coli Y95 6 Rl L _EAGHAE LI
B S8 TR 241 53 Bk S, qurews DU 32328 1 DO Fr i 2
2 (STR \KAN CIP ENR) & 9 i T 25 ¥, 3 38 ]
GBS TRRIE S 2 25 2 AR

3.2 GCE ZEA 453t E. coli ¥ S. aureus H ] 4|

TR etk 5 i T RALR R 43 51 GCE \GTrE
FIRT AL GT GA 1 MG X I PR 73 25 T (4 970 7T
YEH ,MIC 3R 45 R W% 3, GCE XF E. coli 1 S.
aureus FRRAY MIC 435124 8 1 0. 25 mg/mL, Bl E.
coli ANTRIEERRIF) MIC 2%t S, aureus MIC 1) 32 £,
UL GCE X S. aureus (A HIVE R, A —E 1Y
VEREE . RIARY GT 5IRATKALBE 7351 GT
Xof P 245 TR A A VR IS 8L, B S GCE 261461, %8
XF S, aureus A BRIV EIVE N, 4 GA X E.
coli ) MIC 5 GCE #23 ,(HX S, aureus ) MIC 1|
J& GCE 19 20 %51 40 £%; MG L2 8L 1 28l 4
O GA I MG XT S, aureus IR B BAK T
GCE GT, GTrE ¥ P 1ief 24 T i) 410 ) 7 FH g 5
F GCE,

P EBEY) SN, GCE . GTYE [ GT X S. aureus
AR A FH S5 T 46 5 GA I MG X E. coli
S. aureusf MIC AL, GA F1 MG XF S. aureus FIH
HI1E IS5 T GCE .GTYE .GT (£ 2)

F1 TEKERXNKGHENEEBBEHKEIRK S BEHRE MIC fIlE

Tab 1 MICs of different antibiotics for clinical E. coli and S. aureus isolates.

MIC(pg » mL™")

EUNEEN
bR AMP CTX CEF AMK STR KAN DOX NEO CIP ENR COL
E. coli 0301E1 - H2 >2048 >2048 1024 4 256 512 32 64 8 4 1
E. coli 0310E1 -3 >2048 >2048 1024 2 128 64 32 32 64 16 0.5
E. coli 0220E1 -1 2048 2048 128 4 512 1024 32 512 16 4 1
E. coli 0501E2 - H2 >2048 >2048 1024 4 512 1024 2 512 32 8 1
S. aureus 150420G 0.5 0.25 0.5 0.5 128 64 0.5 2 8 4 4
S. aureus 1803D3 2 1 0.5 0.5 256 256 8 4 32 32 4
S. aureus 1708 D7 16 0.5 1 0.5 128 256 4 4 32 32 2
ATCC29213 0.5 0.125 0.0625 0.5 1 1 0.125 0.125 0.25 0.0039 2
ATCC25922 4 0.125 0.0625 2 4 0.5 0.5 1 0.0078  0.0039 0.5

HE. coli MANRIYTLA: Zit 25 9 H0 5 bR ifi . AMP: MIC<8 pg/mL AHURR, >32 pg/mL Hifit25;CTX: MIC<1 pg/ml HHUR, >4 pg/mLAy
245 ; AMK; MIC <16 wg/mL MUK, >64 wg/mL M2 ; KAN; MIC<16 pg/mL NHUK, >64 pg/mL NiiH25;DOX; MIC<4 pg/mL NHEUR,
>16 pwg/mL HTif2h;CIP: MIC<1 pg/mL HHUK, >4 pg/mL At 24 ;% CEF, STR, NEO Al ENR & Jotrii (CLSI, 2017).
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Tab 2 MICs of GCE and its components for clinical E. coli and S. aureus isolates.

2y MIC/(mg » mL™")
ERZ3 GCE 4l 6T 4l GA 4l MG FESh GT GTrE
E. coli 0301E1 - H2 8 10 5 2.5 20 5
E. coli 0310E1 -3 8 10 10 2.5 20 5
E. coli 0220E1 -1 8 5 10 2.5 10 5
E. coli 0501E2 - H2 8 5 5 2.5 10 5
ATCC25922 8 10 5 2.5 10 5
S. aureus150420G 0.25 0.625 5 2.5 0.625 0.156
S. aureus 1803D3 0.25 0.625 5 2.5 0.625 0.156
S. aureus 1708D7 0.25 0.625 10 2.5 0.625 0.156
ATCC29213 0.25 0.3125 5 1.25 0.625 0.156

IE: GCE, FAEFIINY; GT, FAGFFILT; GA, FfEFMR; MG, FAFFRHEL; CTiE, A FHNTRARY .
3.3 KALWAEL#H GT 5 GIE A E MG K28 E. coli TIPS BME(E. coli 0301E1 — H2 Fl E.
WE AR BRI CUEM GT M GTYE X W coli 0220E1 - 1) FI RN ICAH HAE AN, 9 & B4 R
P2 A ) B W 0 s VR L (BB AR I AR BRI o AR IVE I (R 3) .
PNAANTERE , A 20 FICT 2 & B, B T %)

&3 58 GT # GTrE MK Bk 3 RIVE R EIEH

Tab 3 FICI of separated GT in combination with GTrE for clinical E. coli and S. aureus isolates.

. MICs (mg + mL~! MICs of GTrE (mg + mL ™!
I L GT( : i35} ();TI'E ¥ GTrE : gﬁé&% GT) Fi HERAAE
E. coli 0301El — H2 20 10 5 5 1.5 TCAHEAEH
E. coli 0310E1 -3 20 5 5 2.5 0.75 HEIMAEH
E. coli 0220E1 -1 10 10 5 2.5 1.5 TeAHE AR
E. coli 0501E2 - H2 10 5 5 2.5 1 AE A
ATC(C25922 10 5 5 1.25 0.75 AR
S. awreus 150420G 0.625 0.156 0.156 0.078 0.75 AHINYE
S. aureus 1803D3 0.625 0. 156 0.156 0.078 0.75 AHINE
S. aureus 1708D7 0.625 0.156 0.156 0.078 0.75 AE AR
ATCC29213 0.625 0.156 0.156 0.078 0.75 AHINEH

H:GT, BT Gk, B T RIAY , FICI < 0.5, WREVERT; 0.5 < FICI < 1, #HAYEM; 1 < FICI < 4, no interaction; FICI > 4.0,
FEHUE
3.4 GCE # GA f# MG #§ HPLC = &Ml & LAk Edh&(E2) S mIE R, Wi bniE fh £ 09 A1
JE X Al TR Y R, W T GA MG bR SRRBEIRT 0.999, LR R AT,

a. b.
3500000, 1600000
30000001 y=58282x49743 1400000 J=131695x421462
1=09997 R=0.9992
2500000 1200000
5 1000000
£ 3000000,
= = 800000
3 £
£ 1500000 5
=4 600000
]
1000000 = 100000
500000 200000
0 0
0 10 20 30 40 50 60 0 2 4 6 8 10 12

ng/ml pg/mlL

2 GA(a) Fl MG (b) (b 28 e [0 5
Fig2 Standard curve of GA (a) and MG (b), and their regression equation
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GA 1 MG IZMETER 73900 2 ~ 50 wg/mL il
0.5 ~10 pg/mL(F£4) . RIzE 2 B9 BH 7 FBRAAE
vt R W TET AR TS AS ] i S T A i v GA R MG
WS EAS (R4, GEEATHR 2 MEER AT L
& GCE XA BB E. coli 1) MICs M 8 mg/mL,
SR, GA 7E GCE " i & 5N 3. 1665% , 3% &K
& GCE " GA MySE PR B4 0. 25 mg/mL; {H 40
GA Xt E. coli i MICs N 5 ~ 10 mg/mL, iXJ& GCE
T GA SEPRUREE R 20 A5 LA L, 5 2Z AR, 4l
MG XF 32 3 B bk B9 MIC B ARG T GA, B H:AE
GCE "y s AR, (A 0. 0899% |, S Brifk B2 Il oy
0. 0072 mg/mL, 4 & MG X} E. coli f) MIC N
2.5 mg/mL, J& GCE ¥ MG SZFRk FE 1 340 Z4%,
AR 2 I, 4l GA RN MG Xt S, aureus 1)
MIC #4812 & F GCE .GT #1 GTrE, X785 GA Al
MG W AZAS 2 TUAS TS B 0 TG PR =28
%4 GCE.%E GT 1 GTrE # GA 1 MG &2 E0AE

Tab 4 Contents of GA and MG in GCE

and its different extract.

— 2B AREEERI & E (w/w% )
IR R Wi

(pg/mL) GCE 438 GT GTiE

GA 2-50 3.1665  0.3958 3.1818

MG 0.5-10 0.0899  0.0799 0.0066

4 Fie5%it

FURIT , 22 2415 24 Tl 1) A4k 12 FU T 24 81 il (1 1
JE, 518 THEON M E A AL DA G, WK IAHE
Py e v 24w i e R D BRI A SR O S R
RBACHAT VU 25 & 28 iy — P S HLAT 43 AR
Ko EAFRIDIFERY], TAE T (GC) SR I
HAR G A HUR B PR L DRAT | 1RVS AT A AL
PSS FEGTR T T S K T B RS T4 R 7
PIRERE R TE W ELA i m e A e

RAEEATRZE GC LB BL B 1 A i , 5
HAR TR B KRBRAE R A 52 20, X GC
ARy A5 R 5 T R RN S AR R 2 IS R
GCHLERY) B e 1o B A 28 B B R ACR , i T
MY & A ZRe ey, JAYE R Z P a1
PRI P AL SRS BUAE T RO 45 2R, i H RIS AN s 2

HA Iy pLE® . #1598 % B GCE Fl GTYE Xt
PRI AR 53 B8 T 24 T 1) EL A ) 0 8 0 o T 1, P
X R 4> B AR (E. coli A1 S. aureus ) #) MIC A
WL ABEATRE E. coli 189 MIC & S. aureus 1) 32 1§,
VLI GC IR S, qureus 301 VE T Y e 6 5
s, A B T B S, aureus 51 A YL, A
WA KL AR AR5 19 GT, T4 J5 FR i & 38 v)
ikE] GC TH MY 58.3% , S5 GT X HWFoE k3K,
WEXT E. coli A1 S.  aureus ELAG LAY 0 = 1 H
JIR BT 5 R A B 3 0 T AR B G, 7 £ 34 2
GC THAY 22. 8% , HH X Wi Fh 52 3K 5 9 90 1 7
W4 GT, WD GT F1 GTeE R W REJE GC & 4%
PUEAEH A 0847

PEAh BRI E T GCE H GA Al MG 7%
IR T IR S, R ILE AT B coli 1
MIC 5 GCE 8 GT 421z, {HX} S. aureus HIVE W] 2
55T GCE, /S #r Wi 75 GCE [ GTrE " )&/ & BE,
PIETE GCE Fl GTrE h & s A 2 LA, GA T8
GCE & 88 3.16% A4, SHIEM 2 ~4% 15
Fl—27) T MG AR 0. 0899% |, Fb i 1) 75 g
B U R AR L ARG, 7E GCE
FA Ve B HL I i AR T L4l i A MICs (3R 4) . T LA
N GA F MG BEZ AR GC HEBUY b i) = Z A
TR

25 LR, GCE 5H A & 5B 1Y GT Xt K
3 B 25 T DA R 4 1A A 3 AR
ALK 455 7 T 4 0 )V P iR A B A 4 o T R
Yeffe 259 ; GA F1 MG 3 HA P 36 v, (B AR
GCE " & BEARMS, Wl T RBAS 2 3= B2 0 18 AL 43 o
i GT b, GC i fi R &% AL & s 4 A B
AR I ETE R T B — 2P 5E

SEH .
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