% 38 %% 6 FRIBRFZFR(ARAAFIR) 2021 4E 12 A
Vol. 38 No. 6 J Chongqing Technol & Business Univ( Nat Sci Ed) Dec. 2021

doi;10. 16055/j. issn. 1672-058X. 2021. 0006. 002

EMEERNEEES AV

£ & 8

(R TR SR ER, K 400067)

B E.EXARAEYTA TR —KREREARMB DT B ERBERATS A AR, 5
ARERA ) 2O HRFel ZER, QIERENEN A HAFRE D TR E S K 3R BRAT
TR Ao E M, QR E G RARAE L0 3 E X E AR A KT B A8 i 20 2 | 2w FOJBL 47 h) 2m 1 iR
FrER KB AR5 W F i s e ATP &k I Hl e A2 5B F WS A ERAIPAER £ K-F LT
Pk 20 ) HE IR B 15 £ 2 AR ) 20 1 AR W T k., AR AR PE AT 5T 4 B 2l e LA ) A B T L R AR T

KRG A D B — L H X TR L F R AT ORGNE RG

Fat R TR — AR Tk,
KHRIA . £ R, AP IR A ALE
R E 9SS .TS201.2 XERFRAERD A

G RED N A IR (D SPNE Y-
FIFE T M F 2N, — H RO N R, 7
1930 AR AR 35 8 R SR I 25 mn, R4
N2 AR [ R A W) S B PG Yok A T 4%
PGSR (HBR T 80 308 S ME— B A Y Y
I

i RIUHE YA RERTF AR BT E R
B R4 T EEAEH Bl T ENMEREY &
B= B A AT 67 AT Al 2 sl JBE 0
i, S SO 25 RS2 A, B A AR A Bl ™
FR . IR, 3 1970 4R LIE, TF & 841
WER PR R8O, BB R 2 e A JE I

S — KA BN 2 — , AR
b Pk Pk B PO P BB SRR
FEE AR B 2E b U 5097 A8, 2
B TG AR B0 R L P el Pl S R, T g,
ISR B TR A 2 LB, ZEBTAR A2 R Rz T

%5 B #1:2021-03-05 ; 1& 5 H#7:2021-05-18.

L2 TP R An o R F A4 4k

XEHS.1672-058X(2021)06-0008-13

TRIT ALY B R ARSI AL 5 H RO C
I Derrone , Xif 4 22 [ BH PRI 2= G 1R 40 A 470 1R
e N SN s TR U NN TR S
JRREZR B R S A S B 7 D S a] )3z A
TR AR S e

R ARIR B 25 10 e A ik P A, 210 H AT
25100 000 FHEEHI AL I E" " AEEH A RAF
TR 52 A1 42 32 1, RL-P R U 25 4 nl SR IR 2
— 0o NS i 18 43 o 077 8 BT A P A3 L
HMITSE R R

1 EEEL SRS

KB A5 H A F B PR PR e =
B ik B2 fr C6-C3-Co HEARM R G, MRk
SRRIEERIAL C B C AR AL B 3R
55 C PRI B AR A, 8 AT LA S5 R (R

EF BN AT (1964—) , 5T VIR BN T4 B, NS RIR 251k S 25 il R



%6 EAEGC M EEG LR G E LA 9

1) SRl (18 2) EEEE (18 3) skele (Whkon)L B A A HE (K 7) AT R IR A% T2 (A
R 4) BBl (K 5) e EEE( 6) AR 8)M HARFAET .

T o
OH O

T-HHEREER (2) 5,6,7,4'5 =5 &L FHEA(3)

OH
H,CO O O HQ
Ly

H,CO
OH O OH O
3,6,7,3'4' -5 F K E(4) 5-FK 7,4 2FAKEI(G) 5,4'5' 38K 6, 7T 2FAL L (6) FEE)

OCH,

R AT E(S) 7,4 2WRAEFEEO) o—FRMEFFEE (10) e AZE (1)
OH
OH, o
H Q)
0
OH onpoO OH O
a#E(13) S (14) ABHEZ(15)
: OH
OCH, OH ‘OCH,
I
o) H,CO
HO I OH 3
OH H,CO
OCH, O o) OCH, O
FH# & (16) FMFEE(17) @& (18)

B1 EWUFEN

Fig.1 Chemical structures of flavones

HO. HO O
|
OH O o) O
SEETF AR R Bk aE A (19) X 2% &(20) FARFE(21)

B2 SEMMLFELSEN

Fig.2 Chemical structures of isoflavones

OH O
HEREE T AR 3 ZE(22) BREF(23) Z&%(24)



10 ERIMAFFR(OEARER)

%38 %

OH O
WL 28 (26)

OH O

OCH,

MR E B —3—H H HE3F(31)

Ho s OH
H(&/ O H,CO.
o L
OH

OH O
M K B —T7—R) B ¥ (34)

OH O
RE¥H % (35)

B3 BEEENLFEN

Fig.3 Chemical structures of flavonols

WL Em-3-F T#ER(27)
OH

OH
HO o O
98
OH

OH O
M A (30)

OH

»T(33)
OH
OH
[ o,
O(W)H
H oH O

A (36)

OH
ou Ho X
37 OH (;@ OH
8 2 i HO O K
' OH OH

7 O 5
6 c 6’ ’
5 4 OH of
OH
WIREEOLRE)FREE % ILEE(EC)(37)

OH
OH

OH OH o)

REBETILEE-3- A F# 8 (EGCG)(39)

0
OH m/\/\/\/

3-O—FF—FILEZE (40)
4 HREE(ILEE)HWLFSEN

OH
OH

FILEZ 3% BT8R B (ECG)(38)

OH
g
OH

OH
3,5,7,4' -3 B A HIREE(41)

Fig. 4 Chemical structures of flavanols ( catechins)



FEHRC A K F B o AR T T A S A AL

OH O
FIREAT R R R 2 ¥ 8 (42) 6,8-2F KM 2B (43) KR ZE (44)
CH,_CH,
o " -
HO O H,CO H?O o O
OH O OH O OH O OH O
Hh % Z(45) Feinz(46) M E (47) MFIZENG (48)

BE5 HMEKFEENR

Fig. 5 Chemical structures of flavanones

CH OH O
OHO

H O
A (49) KR E F(50) &@ﬁ%b”
Eo HiRMEEHLFEEN

Fig. 6 Chemical structures of flavanonols

OH
=Foh

KRBT R AR

4,2" 4" =3#K -5 —(2"-F K F R )5 F R A E REA(53) F4R (54) A EZE (55)

HO OH
: 0w
OH O OH O

FH¥EE (56) FANE & RER (57) HESZHFA (58)

HEEFEB (59) HEE ) C (60) HEEFTED (61)
B7 TEHWRMNLFESEH

Fig. 7 Chemical structures of chalcones.



12 ERIMAFFR(OEARER)

%38 %

A-E RiLH % (62)
B8 HftXEMLAMBILFESEN

Fig. 8 Chemical structures of other flavonoids

R E G Y B A S B i P R 2R
(2R S H BT AT 0 S T A
o At Al AL BRI SRR LI BOR S
Yy AT E S RPN )45 A0 AR bR
ME RN, LUK SRS [ A BT Re ST vE

2 EEMRAEEINRE

e B AR K A F v AR A A
WIRE Sy (g SR BHOGR L E AN AR O v AT
5 R RS SR G A AR e S D T ) R
AR R A . AR Y
G oA REAS [ AN [7) 2 SURAR ) 4 i A 728
A AR IR 227 AR AR S B

TEAEYI & E X 2oL 5 W AT 2 P A BRI RE
EHAEFCR B RAET R, 5 AL R (3% ik
Wb SR AERR RS e, %
T3 3 0™ A B AR T 2 A (5 3R S B, 5
Pl T P 5t o 7 TR A 4 P R P 2 A %
PiEe R IE S S R R R AR
JREISI 25 21 AN 5 NS IR R R 1 S i S U

KRBT AR YA A i B v S B
JEH B IPURR , MY SE R e ), B A
BB B B -5 A ) JZ 0 B 75 A S, B L 9 Dt
AL I b AL 2 (47) , KR T2
A4S 99 DT AR, 4 440 BT AT AL T R el 1 AR TR 0
R 1 PRS0 o J A ) 4= ke, 2K S R Z2 4
TEM IIAEAEHT LA, T 20 28 B Bl DA AL R
Yy Joit 8 i MR AR i e 20 AU v T ORI S0 B R
S5 SRR S A A SR W) 5 T A ) 2 18 2R AT A5 S

OCH,
F& B (63)

SR S0 A s 2 R
3 ZHEMATMENH

WFFEAT X A 0 8 T A e T 0 P A A 1)
VEZ S, b A7 8800 F XL A A, BLAT
S FALGEBT B 25 W BT R BILT 240 TR 24 PR AR, 3
L INaSE N PSR Y)W AR
3.1 WEIRAEMARRE

HRRE BR BB B VAT IR RS R AR AR
RS IR A A R, 20 40 e B B B
s EL Al A S | A T e B AT, de 25 U T AT
1‘:[23] .

2 H A, AR R LA SR W 2L [ BH AN
WM E AT 2R, LA R (E 4) Bt
WRIAEHT, 1 555 240 TR B 0L 53— 22 i 7K P BB A 4 1)
et & W s A, R G 5 e oA M 2 P &
R 1 e R A AN I B e I 8 A S B i
e

SRR, LA R SRRFE A, KOG A 40
41 M P9 A Bl A R, 4B 40 A R w2
Bouayed %77 SR FHAN MU TR | 45 3 28w R 4n 28 JLAS
2 (37) \EGCG(39) Ffii e 3= (30) A B AL 1

Fathima %6 #2380, JLAS 338 i & W ¥ EGCG
PR MEA(ROS) 1B &, 1B S AR BB Bk
R0 5 | R B AE ] . Cushnie 257 B3, LA R
SEE FH AP AR A LR A BRI (MRSA) B4,
FEANINR , FLEAS T AR Y 3 -0 M- R ILAEH
(40) , HhEm 2 LA 2 (37) A H AP Hi s ROR , =W



%6 M

ERBHMEEWY LR R G HE LA 13

BN E AR BRI AE R GBI R LAS R PUmE TE

HABSEHTRAN 2,4 ,6" -3 F2HE-3"— H 3L A /R
(52) SO 4% BR B M ) o 4 2 1 J5 R i
Tt ok IR 3R (30) RERFAR 42 5 (L 44
BREA T3 S 3 SEs B R ShiA R
PR R FE S R A DRSS

HEAh BRI ER (7) RIRR B R (8) DL B i
PER R (24) M ER (35) , Ml ELIR A 7
L HE B, 5] A5 R R R, B R B
TR

Tsuchiya 45" $8 , FOBEER 2 2 (45 ) AR
BEl G (48 ) X i Y 420 PG Ak 4 B3 (5,7 49 3K 7 ( MRSA )
AIBT IR TS T, 2 DR AR A B R P At sl e m ke .
FZZ (30) T(33) AR (36) AT/ IME R F
JRIERE  BERRR HLR R

BEI C— 3 0BT J5 FEHAR 50 4 8 €6 26
BREA 22 A ER TR 5 2 Bk A 5 | 4 AN R A R 4
@ N o e S e s S PARE /) 7 ) B R =0
BRI TE

FEHR -OH RYHCE: A, LA K C BR P AL 55
L5 NS 55 FAUZ Z A A E AR
3.2 HPHIAEAEAAER MR E & A

1 7 T 200 M 5% B2 4 4, 00 R G O R
B (FAS-I1) 7EVF 2 J5 T AN [ T Wi 2L 30 0 G 7 1R
B B (FAS-T) |, SXHTR IR FAS-11 A fh R 1958
P, BT RGE R 2 S B FAS-IT il

Wi ZR (30) R ER (7) SHEAER (47) RESMIHI
B TIBFT R 9 3 - FE R BEE - ACP JBE/K ™ . Jeong
SERFSE T 1L A ASIRI R 1 0 35 8 o D X 2 3k
3-FiAfEEE-ACP & B Y520 45 H 2% 5l (42) Al
R (45) M2 R (51) A LRyl 8cR . SE B
B ¥£4’ 5'-OH #il Arg38 Fll Phe308 [iff 2 FE 2 5% 55 (1]
TV B VR, X BT R A DG A

Elmasri %' % ¥,5,6,7, 4',5' -5 R AT
(3) TN 532K 7,4" -2 WA FL TR (5) T N 1%
W A TR AR R TR R fabD , 5 40 FAS-
10, PRI 33— B B TN Ay S BH T 448 7 A= A i i
UE2TL7/8

2825 EGCG(39) REIM I 40 B FAS-11 & I6 J5
fit (FabG Fabl) "'’ FabG i ( 35 HE ACP if J5

it ) 2 B 608 1b A D400 A A B B — TR 3 ) T
EGCG(39) iR REIN I 2 5 41 B N8 M e A= 10 & i iy
40 3 — A i Bk & — ACP 145 JIE Bt - ACP 38 J5
it O 3k Bt & AR R AR AT

OIASRT B2 5 | — S X LA I T ™ T e T
B0 AN FAS-I1 Fl FAS—1, — % %40 KL H R
A= B BT AR F L R 22 20 O T A 5 A R
(30) ILZSW; (26) ARBEEI (22) @ E (24) Mol
i (25) BEAF (12)  ARBFEE (15) LK EGCG
(39) 1l FAS-T") X $65 8 Eil Xt FAS-1I, £ 4§
N - ACP I8 B | BT B It — ACP 34 IR i | B — 7%
et - ACP /KB, A M HITEHE, SO (54) .
SHRE (56) MR (22) |, REFAR A 45 4% 20 Ko AT
B R AN FAS-IT iR

R 22 R SR M Jo SRl I 52500, o )
B U H WAL Ge bt B 259 MR BT B VR LS 2
—, WAE(12) AT EGCG(39) 5 iy ik R b
P, BRI (23) IR E(28) ANl K -3-
HERET (29 ) AT TR BT 55 78 bR K A B8 A DL B
T T L REAT A R SRR R A 1, 30 7 e P 711
T Z5PE T JLASE S R &, -0 40 7 40 it i
B, EGCG(39) HFR 22 4 1 3 [ 410 1 40 Jif BE &
B, 5 Bk (PRI VG MR B R H A AR R
PO | Sk f00 S0 ) T4 ) 42 L i O SR, DA 344 3
B- M BERE LB 25 HE P
3.3 HIHEIZERE B

¥ T A # F S A4 i 30 ) ) 5 4, Ohemeng
SEUSL UM 3R (30) TSR E (T) M3,6,7,37 4 -
5 FRILEEHR (4) A% KRG FF B DNA R BENE, 15,
Wil Bz 2 S0 hERE B WL A, 4:5,7,3'-0H 5 DNA
R e il ) e TR % B0 I U, 38 D- TN iR -D -
N RIR e ATP 455480 KRB REL LH A
B R HERES A e R, WA E (13) Fl 25 i
(26) BEEIGHF (16) FIARIE Z (18 ) 58 5T 47 Hb 4 i
KIAFF B DNA GEERE, (H 5" FE KK/ T H A0

JHH S DNA fEERE B W3 (GyrB) — B2 IF
T (ATP) BB s R AESEG RN, 2B DNA Bk
FRIRTESE AL, 2R 5 DNA 255 RE
DNA-fE e &2 44, 51 DNA 2 g™ ) 3 -



14 ERIMAFFR(OEARER)

%38 %

OH,5-OH, 7-O0H Fl 4 - I A, JE 2K B 5
GyrB JRILZE A EIL A Ulanowska %57 %
PR, SRR ORI (21) AR - SO (4 7 =X, 3]
BEINTA AR LR U Y bR R A 404 R
11-DNA 2452 5 WA e o | 5 300 M 43 24l e £
(ISCR S

iR THE B TOARASTE Y B3R 3 14, /B ATP 7K figt
Befe i, /B  EHER R OEE Y BT
PTG (2 HERG , J&: DNA T b, WFoT R X s
B TR 2 BT 1 43— B0 A, 2 RO A S R 11
FEARE ST, TV b I T o4 55 9 7 22

ARFRREZR (15) B L2 A6 HH AL A4 35 T e, 0 B AR
(24) A7 MR (25 ), B UE B 300 &2 ) B4 AR e e N
DnaB il RecBCD f# g/ E. coli B>, iy
T 4 2 FCBAPE A B A K, B R 214422 DNA I
RNA RA ML Ko B 5t i i A0 s A0 5t 194 47 20400
il

AR SR ( DHFR ) S 18 22 25 W A 46 B A
250, UL HE S, DHFR 76 1R 4 1R 12 42 At ms
I RN AT JE4RAE , EGCG (39) 4 i 1 42 2
SRR MR 45 % 4y BOAT TR R AT T Y
DHFRs"™" , EGCG 55 3 s H b 10 41 591 , nfidk i
FEWEE R 2 e T 1 A BRIz 7

BTG )2 DNA , 400 ) 200 B8 A% R A B, th A
NRE—FIPUENLE . Mori 258 H] EGCG(39) W
B (25 ) FIAE R BT 3R (17 ) 15 37 3 18 A8 T AT 7 A <6 B
(A ERE , 51 DNA RNA I (5 & AR, 3%
J& A BFJC6-OH il B #5-3" 4’ 5'- 3 OH &5#AY3E
B, 5 A% R B 2 TS

R rgEss th 76 NS hr 4 s | 28 B A
P S AL B0 A DNA )2, S 3830 VR AL
3.4 HNHIBRFIZIEEFR ATP § R

B A7, 2B A R G ILT T A A2 B T 1) 3=
BB TR, 2 20 TR 40 R AR A AR K B A ]
R, AR IS ANE IR A KA (57) Fil 65 1 —
TR R (10) Wb H 4 B (R A BR T , 5 35040 TR 5t
FEWAL . Haraguchi 251" $H , H 54 2K 7 0 i)
TR o7 240 ML ST G, A ) 7 A A T F A% o
LR C il CoQ ZIH], HH A /KE] A B,C.D
(58 ~61) ENRTER IR —Im S, A B T ENBE

S 4H P 4

Pz 18, 26 ¥ W BE 40 % K B AT R F, ATP
filg') . ATP GRS F, FF, PS> R 5T
BB, 75 RBAFE P, F, & oa3p3yosab2cl0 4
B, F Hoab2e10 4, ATP K fif FiL G ik A 7R
F, #8453 MR | TR & AR R i A

63
Fo™ s

CRIER , 25 Fh 2 By A 8 i 55 FE 46 T ATP & il
F, # MR 2 G4 o BRI y WA LSS,
RELRS: y— 7 T 41 B 306 1) @ 2, 44 ATP 45 i
B RRPR G A RS KT, 2
SR ASER B BEAR ST ARG A W 45 5 32 B3 b
M AR KIAAT R ATP i FF, 410 55
HEAEE(12) RO FE(4) RILEKE 3T) UK
K KHTZE(50) . Mtz 2 (30) bR Rz i - 3 -7 24 Bl 4T
(31) FIVRR B2 B -3 - 2= Wi (32) , A ATP &
L, AHRER 1 ATP /KA ) EGCG(39) i i 3 il 2%
SRR ATP B F R, 35 P, 300 7 B A0 R
E, Ulrey 251 &80, A BIRY AL £ (73) 4b
PRERRAT IR, ™0 ATP A Gl B2 H Rk
3.5 E&EBFERESY

ST 5 P A R S A RS B A R Y
T 20 R 4 S, X 2 H B P ) R S
FUH A SRR (1, O H LA PE LS, SR Y
AN EALRE A PRE B FRH4E-0H .C 3£ 3-0H 5
C FR—4-Mf3E 5 A 3£ 5-0H Fl C PR -4 [ IL07 B
BAREEA Y P BE IE MEAR KRR IR T 4 R B
T B YR R S B S B R 2 A R
pH A AF 5 B M J % (30) 5 Mn™ | Hg™ |
Co™ Cd™ & & W Xof 4 B €00 1 46 3R TAT | 95 0 28 it #F
R SRIRFT R K KA 8 RN 4% 5 5 1 B A R AR
FH. 25, & (0K (24) Ca™ Mg “ZEGWIR 4 B
R ER A MR A BUEAE T 37,4 -2 R
HARE(9) 5 Cu™ Ni¥* Zn™  Co™ | Fe'* Cr'*,
CA™ I M? "G, X KA AT B 4 o8 €00 8 768 Bk 1 R
HE AR TEAT A BUR RO
3.6 HPHIAEEMIER

BRI % S A VR I 5 I A R A R
Bt RE S S RE ORI AL (QS) , 41 il 41 18 A= 4y RS ST



%6 M

ERBHMEEWY LR R G HE LA 15

I AN TR A R R SR S 7R BT A
AV B 5 AR B IR L R B e AR R
Pl ™) 5 PRI AN R A L, 20 A 0 RS T A
15 FPE R G HA R SRS ) (R B 7 A HE BT
77, LRI AR 4R = 10 21 1000 %) , 2 B0™ E Y I
PRIGIAR , 51 8 78 22 18 P FIuE 3A B Y 0% 1 I 2 &
B

20 R A 0 N IS A T B 280 A = 4 A 2 T 119
BEALF, t AR 3 2L R e 3 AT 43 1 4 22 W
A RN i e S R R R 3 Ll S = Ok
LA R Y K B A T R A = R AR R A K
e w2 SR RIGYT, RERANTE A W AR R
AR,

AR Y S 2 R S R A0 B R 4E. Stapleton
U HE ] EGCG (39) M 3-0-FRlE-£ILEKEE
(40) HHFSHOMEIRE, RN EHZAHMRE,
B B AN SR AR R R E R (23),
SRIMTAN TSR AR ST, AR TR 3 KBl . PT RE 22 I
PO A AT SR A 7 A AN AR R | AR T PR
A7 R TR RRUE PR 53 43 (A R AT, S R T &4t A A= PP
Awolola %5 7 S A4HIRFF (14) (EC(37).5,7,
4'-3 £ R W (41) X 4 v (5 ) 4 3K ATCC
20213, 0 W& WP AW G P, [RAE, El- Adawi
LIS FE EC 2 ~ 15% |, A8 SEBEER B A W K
B D 55 ~ 66% , SR A i, >k H Acacia
karroo B EC X234 FC B AE W R JC ARy 78

KIGHFH IR spp F1 R ZEVDTT T A 1y gt
ML, QS TLHUE AW -2 55 0 TN 2
IR T BT & M ARG S R G S
F(7) AIAE (26) Mt E (30) Fifili 2 2R (45) , &
HESYI-2 (550 TABIEHHY BRik, itk
F DA B 7 S SRR R 1 7 A S BUE Y
HRY LIt R HPORG B B I 2 S B TR RE A N -
22 R N TR (AHL) 9519 QS

AFREA R W E 3 ] B TR A 1 Ak
HAFE, BREVEV Y ST Fe* ¥, Roy &
B, L A5 W (28) L ECG (38) Fll EGCG (39) /- & M
LuxR—type 5L #0HG B (b B 40 AHL 427, (1
W& (13) MEFR(SS) Fl L (45) Tl QS &
fifi/ Z AR X Lasl/R A1 RhlI / R A BIJRAEEH £

(62) S 2 A5 HAL B VAT A ORS BT, X e 45 4
J& B TR RS I Al TR A MR 1

SRR HN e 5 R A 455, B 1k A &
W) 55 A RV P, I 400 B A R B BT
W 6-ZFEHH (1) 7-FRFEE (2) JFHEHE(T) A
WE(13) SFEMRTEER (20) MIPRIAR (21) 5
A EL AR K 2 (55) W KA FF B 0157 . HT AL
WL AL G Y (4R C MR E) A X
PO 156 A g BEL L 24 A T 1, He S At A 2
ME—JE R A AR 3R B BRI 0157, HT
T B A= T 1, e U A B 2 AR 7= 2B 5
TR (63 ) XoF K FF v A P B ol A 2R ARLIER T

WERMEAEYBIE R EZHRNER, HTHRE
2 (68) il csgA F1 csgB F R ik, WD R
0157 H7 W B L, M H 3 40 i v ol 3 3 5k A
(IR hlyE FEEPIHER 2 se2) , B hrisi s A
U marRAB Fll hesBA k"™ XAk i 2544 1
AR

MHEZ 2R (30) FPHAER (46) A 4l B8 SN HEZ 0 571
(EPD)YER . EPIAMYARFH I AMHESE i HLRH 1L A= 9
IR S WFSE M. EGCG (39) REA S i V7 i
FERRTA A, T REID T A= W TP A DG BE R 1 23
ok F R AR S AR A T B ) 2 R
b 2P T A B B

UEAb  FE BT A AT SRR TR, B
14 2 DA 2 2% W03 SRR G , 76 2 D R R AL A
(10375 WA S R it , 386 In 485 4 AL 2B 36 R I A4
BHREDO S U R, A0 A7 MR (25 ) R &R
(30) BB S A 0 LA BR TR 175 A O 224 A it 310 461
), HAM B S 28 SR RO SR 2K
BRI LAS R AL TS 2, fe b A LITE LAY
PR G | 4 B O A BR TR AR BT T | TR MR 2F M AT
BRIANEE 3R, 2B, SR 3 (24) S0 4 8 (o ]
AIREMIIMEER  ILZE M (26) (ILZE -3 -7 T B A
(27) A B BTN H] ¢ REEFFIA PR TR,
TR ER (46) , — W WL R, LA vk B 3020 42 %
EERIRE oI MR 4, EGCG(39) Fl GCG
TR e E KRB BGE B R R R
LA LAS T AR I KIS R B Yh .



16 ERIMAFFR(OEARER) %38 %

i#

=
I

REEEAE Y )2 A A, BAT R AP
F JEHIE XA R 24 A 240 AR SR BRSO HZk
WEWIA Ty LT 254 (R 2SS -5 0 A A £
L ARARAZ  AREREE A28 B BT 1
BT RITR A, 26455 X8 35 TRLATC iR 245 ) 1) 0T 2 3t
o) S 1B SN I

£ 2 3Lk ( References) :

[1] DAR K B, BHAT A H, AMIN S, et al. Efficacy of
Aqueous and Methanolic Extracts of Rheum Spiciformis
Against Pathogenic Bacterial and Fungal Strains[J]. J
Clin Diagn Res,2016,10:18—22

[2] SALEEM M, NAZIR M, ALl M S, et al. AntimicrobiAl
Natural Products: An Update on Future Antibiotic Drug
Candidates[ J]. Nat Prod Rep, 2010, 27.238—254

[3] PISTELI L, GIORGI I. Antimicrobial Action of
Flavonoids. In: Patra AK (ed) Dietary Phytochemicals
and Microbes[ M]. Springer: Netherlands, 2012

[4] CROFT A C, ANTONI A V, TERZULLI S L. Update on
the Antibacterial Resistance Crisis[ J]. Med Sci Monit,
2007,13:103—118

[5] HARBORNE ] B, WILLIAMS C A. Advances in
Flavonoid Research Since 1992 [ J]. Phytochemistry,
2000, 55.481—504

[6] TERESCHUK M L, RIERA M V, CASTRO G R, et al.
Antimicrobial Activity of Flavonoids from Leaves of
Tagetes Minuta [ J]. J Ethnopharmacol , 1997 ,56:227—
232

[7] TOFIGHI Z, MOLAZEM M, DOOSTDAR B, et al.
Antimicrobial Activities of Three Medicinal Plants and
Investigation of  Flavonoids of  Tripleurospermum
Disciforme[ J]. Tran J Pharm Res,2015, 14:225—231

[8] SCHMIDT T J, KHALID S A, ROMANHA A J, et al.
The Potential of Secondary Metabolites from Plants as
Drugs or Leads Against Protozoan Neglected Diseases Part
M [J]. Curr Med Chem,2012,19:2176—2228

[9] VEERESHAM C. Natural Products Derived from Plants
as a Source of Drugs[J]. J Adv Pharm Technol Res,
2012(3) :200—201

[10] HENDRICH A B. Flavonoid — membrane Interations:

[13]

[15]

[17]

[20]

[22]

Possible Conesquenes for Biological Effects of Some
Polyphenolic Compounds [ J]. Acta Pharmacol Sin,
2006, 27 27-40

CHEN L, TENG H, XIE Z. Modifications of Dietary
Flavonoids Towards Improved Bioactivity: An Update on
Structure—Activity Relationship [ J]. Crit Rev Food Sci
Nutr, 2018, 58.:513—527

CUSHNIE T P, LAMB A J. Recent Advances in
Understanding the Antibacterial Properties of Flavonoids
[J]. Int J Antimicrob Agents, 2011, 38.99—107
HAVSTEEN B H. The Biochemistry and Medical
Significance of the Flavonoids [ J]. Pharmacol Ther,
2002, 96.67—202

NICOTRA A B, ATKIN O K, BONSER S P, et al. Plant
Phenotypic Plasticity in a Changing Climate[ J]. Trends
Plant Sci, 2010, 15.684—692

SCHIESTL F P, JOHNSON S D. Pollinator — mediated
Evolution of Floral Signals[ J]. Trends Ecol Evol, 2013,
28.:307—315

ANDERSON E R, LOVIN M E, RICHTER S J, at al.
Multiple Plantago Species ( Plantaginaceae) Modify Floral
Reflectance and Color in Response to Thermal Change
[J]. Am J Bot, 2013, 100:2485—2493

FALCONE F M, RIUS S, CASATI P. Flavonoids:
Biosynthesis, Biological Functions, and Biotechnological
Applications[ J]. Front Plant Sci, 2012, 3.222—228
HARBORNE J B, BAXTER H. The Handbook of Natural
Flavonoids[ M]. New York: Wiley, 1999

PIASECKA A, JEDRZEJCZAK R N, BEDNAREK P.
Secondary Metabolites in  Plant Innate Immunity:
Conserved Function of Divergent Chemicals [ J]. New
Phytol, 2015, 206(11) :948—964

CHO M H, LEE S W. Phenolic Phytoalexins in Rice:
Biological Functions and Biosynthesis[ J]. Int J Mol Sci ,
2015(16) :29120—29133

LESLIE A. Flavonoids: Their Structure Biosynthesis and
Role in the Rhizosphere Including Allelopathy [ J]. J
Chem Ecol,2013, 39(5) :283—297

PANDEY A K, KUMAR S, Perspective on Plant Products
as Antimicrobials Agents: A Review. Pharmacologial J].
2013(4) :469—480

HARTMANN M, BERDITSCH M, HAWECKER J, et
al. Damage of the Bacterial Cell Envelope by

Antimicrobial Peptides Gramicidin S and Pgla as



%64 TR YL FEEG LS T E 17
Revealed by Transmission and Scanning Electron Experimental ~ Modeling of  Flavonoid—biomembrane
Microscopy[ J]. Antimicrob Agents Chemother,2010,54 ; Interactions[ J]. Langmuir, 2016, 32;13234—13243
3132—3142 [36] BUDZYNSKA A, ROZALSKI M, KAROLCZAK W, et

[24] TSUCHIYA H. Membrane Interactions of Phytochemicals al. Synthetic 3 —arylideneflavanones as Inhibitors of the
as Their Molecular Mechanism Applicable to the Initial Stages of Biofilm Formation by Staphylococcus
Discovery of Drug Lead from Plants [ J]. Molecules, Aureus and Enterococcus faecalis [ J]. Z Naturforsch C |
2015, 20.:18923—18966 2011, 66:104—114

[25] ARORA A, BYREM T M, NAIR M G, et al. Modulation [37] OTEIZA P 1, ERLEJMAN A G, VERSTRAETEN S V, et
of Liposomal Membrane Fluidity by Flavonoids and al. Flavonoid—membrane Interactions: A Protective Role
Isoflavonoids[ J ]. Arch Biochem Biophys, 2000, 373: of Flavonoids at the Membrane Surface? [J]. Clin Dev
102—109 Immunol ,2005, 12.19—25

[26] REYGAERT W C. The Antimicrobial Possibilities of [38] ZHANG L, KONG Y, WU D, et al. Three Flavonoids
Green Tea[ J]. Front Microbiol, 2014(5) :434 Targeting the Beta—hydroxyacyl-acyl Carrier Protein

[27] BOUAYED J, BOHN T. FExogenous Antioxidants— Dehydratase from Helicobacter Pylori; Crystal Structure
Doubleedged Swords in Cellular Redox State: Health Characterization with Enzymatic Inhibition Assay [ J].
Beneficial Effects at Physiologic Doses Versus Deleterious Protein Sci,2008,17:1971—1978
Effects at High Doses[ J]. Oxid Med Cell Longev,2010 [39] JEONG K W, LEE J Y, KANG D I, et al. Screening of
(3):228—237 Flavonoids as Candidate Antibiotics Against Enterococcus

[28] FATHIMA A, RAO J R. Selective Toxicity of Catechin— Faecalis[ J]. J Nat Prod,2009, 72.719—724
a Natural Flavonoid Towards Bacteria[ J]. Appl Microbiol [40] ELMASRI W A, ZHU R, PENG W, et al. Multitargeted
Biotechnol ,2016, 100 :6395—6402 Flavonoid Inhibition of the Pathogenic Bacterium

[29] CUSHNIE T P, TAYLOR P W, NAGAOKA Y, et al. Staphylococcus Aureus: A Proteomic Characterization
Investigation of the Antibacterial Activity of 3-QOoctanoyl— [J]. J Proteome Res, 2017, 16:2579—2586
epicatechin[ J]. J Appl Microbiol, 2008, 105.1461— [41] ZHANG Y M, ROCK C 0. Evaluation of
1469 Epigallocatechin Gallate and Related Plant Polyphenols as

[30] MATSTMOTO Y, KAIHATSU K, NISHINO K, et al. Inhibitors of the Fabg and Fabi Reductases of Bacterial
Antibacterial and Antifungal Activities of New Acylated Type II Fatty—Acid Synthase[ J]. J Biol Chem, 2004,
Derivatives of Epigallocatechin Gallate [ J ]. Front 279 :30994—31001
Microbiol ,2012(3) :53 [42] LI B H, ZHANG R, DU Y T, et al. Inactivation

[31] SATO M, TSUCHIYA H, AKAGIRI M, et al. Growth Mechanism of the B-ketoacyl-[acyl Carrier Protein ]
Inhibition of Oral Bacteria Related to Denture Stomatitis Reductase of Bacterial Type— Il Fatty Acid Synthase by
by Anti—Candidal Chalcones[J]. Aust Dent J,1997, 42; Epigallocatechin Gallate [ J]. Biochem Cell Biol, 2006,
343—346 84.755—762

[32] STEPANOVIC S, ANTIC N, DAKIC I, et al. In Vitro [43] LI B H, TIAN W X. Inhibitory Effects of Flavonoids on
Antimicrobial Activity of Propolis and Synergism between Animal Fatty Acid Synthase[ J]. J Biochem,2004,135.
Propolis and Antimicrobial Drugs [ J]. Microbiol Res, 85—91
2003,158 :353—357 [44] BROWN A K, BHOWRUTH V. Flavonoid Inhibitors as

[33] OLLILA F, HALLING K, VUORELA P, et al Novel Antimycobacterial Agents Targeting Rv0636 A
Characterization of Flavonoid—biomembrane Interactions[ J ]. Putative Dehydratase Enzyme Involved in Mycobacterium
Arch Biochem Biophys, 2002, 399:103—108 Tuberculosis Fatty Acid Synthase I11[ J]. Microbiology

[34] TSUCHIYA H, IINUMA M. Reduction of Membrane 2007,153:3314—3322
Fluidity by Antibacterial Sophoraflavanone G Isolated from [45] FUJITA M, SHIOTA S, KURODA T, et al. RemarkablE
Sophora Exigua[ J]. Phytomedicine, 2000(7) :161—165 Synergies between Baicalein and Tetracycline and

[35] SANVER D, MURRAY B S, SADEGHPOUR A, et al. Baicalein and B -Lactams Against Methicillin — Resistant



18

ERIMAFFR(OEARER)

%38 %

[46]

[47]

(48]

[49]

[50]

[51]

(52]

(53]

[54]

[55]

[56]

Staphylococcus Aureus [ J]. Microbiol Immunol, 2005,
49.:391—396

EUMKEB G, SIRIWONG S, PHITAKTIM S, et al.
Synergistic Activity and Mode of Action of Flavonoids
Isolated from Smaller Galangal and Amoxicillin
Combinations Against Amoxicillin — Resistant Escherichia
Coli [J]. J Appl Microbiol ,2005,112;55—64

ZHAO W H, HU Z Q, OKUBO S, et al. Mechanism of
Synergy between Epigallocatechin Gallate and B—Lactams
Against Methicillin—Resistant Staphylococcus Aureus[ J].
Antimicrob Agents Chemother,2001, 45.:1737—1742
OHEMENG K A, SCHWENDER C F, FU K P, et al.
DNA Gyrase Inhibitory and Antibacterial Activity of Some
Flavones[ J]. Bioorg Med Chem Lett, 1993 (3):225—
230

WU D, KONG Y, HAN C,et al. D-alanine- D-alanine
Ligase as a New Target for the Flavonoids Quercetin and
Apigenin[ J]. Int J Antimicrob Agents,2008, 32:421—
426

PLAPER A, et al.

GOLOB M, HAFNER 1

Characterization of Quercetin Binding Site on Dna Gyrase
[J]. Biochem Biophys Res Commun,2003, 306 :530—
536

FANG Y, LU Y, ZANG X, et al. 3DQSAR and Docking
Studies of Flavonoids as Potent Escherichia Coli Inhibitors
[J]. Sci Rep,2016(6) :23634

ULANOWSKA K, TKACYK A, KONOPA G, et al.
Differential Antibacterial Activity of Genistein Arising
from Global Inhibition of Dna, Rna and Protein Synthesis
in Some Bacterial Strains [ J]. Arch Microbiol, 2006,
184.271—278

SHADRIK W R, NDJOMOU J, KOLLI R, et al.

Discovering New Medicines Targeting Helicases:
Challenges and Recent Progress[J]. J Biomol Screen,
2013,18.:761—781

XU H, ZIEGELIN G, SCHRODER W, et al. Flavones
Inhibit the Hexameric Replicative Helicase RepA [J].
Nucleic Acids Res,2001, 29 :5058—5066

GRIEP M A, BLOOD S, LARSON M A, et al. Myricetin
Inhibits Escherichia coli Dnab Helicase But not Primase
[J]. Bioorg Med Chem,2007, 15.:7203—7208
BHOSLE A, CHANDRA N.

Structural Analysis of

Dihydrofolate Reductases Enables Rationalization of

Antifolate Binding Affinities and Suggests Repurposing

[57]

[59]

[64]

[66]

Possibilities[ J]. FEBS J,2006,283:1139—1167

NAVARROMARTINEZ M D, NAVRROPERAN E,
CABEZAS H J,
Gallate

et al.  Antifolate  Activity of

Epigallocatechin against  Stenotrophomonas
Maltophilia[ J]. Antimicrobial Agents and Chemotherapy,
2005 ,49 :2914—2920

MORI A, NISHINO C, ENOKI N, et al. Antibacterial
Activity and Mode of Action of Plant Flavonoids Against
Proteus Vulgaris and Staphylococcus Aureus [ J ].
Phytochemistry, 1987 ,26.2231—2234

RUSSO P, DEL BUFALO A, CESARIO A. Flavonoids
Acting on Dna Topoisomerases: Recent Advances and
Future Perspectives in Cancer Therapy [ J]. Curr Med
Chem,2012,19.5287—5293

DZOYEM J P, HAMAMOTO H, NGAMENI B, et al.
Antimicrobial Action Mechanism of Flavonoids from
Dorstenia Species[ J]. Drug Discov Ther,2013(7) :66—
72

HARAGUCHI H, TANIMOTO K, TAMURA Y, et al.
Mode of Antibacterial Action of Retrochalcones from
Glycyrrhiza inflate [ J]. Phytochemistry, 1998 ,48 ; 125—
129

CHINNAM N, DADI P K, SABRI S A, et al. Dietary
Bioflavonoids Inhibit Escherichia Coli ATP Synthase in A
Differential Manner[ J]. Int J Biol Macromol,2010,46.
478—486

SENIOR A E, NADANCIVA S, WEBER J. The
Molecular Mechanism of Atp Synthesis by F,F,
Synthase[ J]. Biochim Biophys Acta,2002, 1553:188—
211

GLEDHILL J R, MONTGOMERY M G, LESLIE A G, et

- Atp

al. Mechanism of Inhibition of Bovine F1 — Atpase by
Resveratrol and Related Polyphenols[ J]. Proc Natl Acad
Sci USA,2007,104:13632—13637

CHINNAM N, DADI P K, SABRI S A, et al. Dietary
Bioflavonoids Inhibit Escherichia Coli ATP Synthase in a
Differential Manner[ J]. Int J Biol Macromol,2010, 46
478—486
XU X, ZHOU X D, WU C D. Tea Catechin
Epigallocatechin Gallate Inhibits Streptococcus Mutans
Biofilm Formation by Suppressing Gtf Genes[J]. Arch
Oral Biol,2012,57.678—683

ULREY R K, BARKSDALE S M, ZHOU W, et al.
Have  Anti-biofilm

Cranberry  Proanthocyanidins



%6 4 ERGCHY L E T ARG TE LA 19
Properties  Against Pseudomonas Aeruginosa. BMC 78 :220—227
Complement[ J]. Altern Med,2014, 14.499 [80] VIKRAM A, JAYAPRAKASHA G K, JESUDHASAN P
[68] SAMSONOWICZ M, REGULSKA E, KALINOWSKA M. R, et al. Suppression of Bacterial Cell—cell Signalling,
Hydroxyflavone Met Al Complexes—Molecular Structure, Biofilm Formation and Type Il Secretion System by Citrus
Antioxidant Activity and Biological Effects [ J]. Chem Flavonoids[ J]. J Appl Microbiol 2010, 109.515—527
Biol Interact, 2017, 273.245—256 [81] OUYANG J, SUN F, FENG W, et al. Quercetin is an
[69] KASPRZAK M M, ERXLEBEN A, OCHOKI ]J. Effective Inhibitor of Quorum Sensing, Biofilm Formation
Properties and Applications of Flavonoid Met Al and Virulence Factors in Pseudomonas Aeruginosal[J]. J
Complexes[ J]. RSC Adv,2015(5) :45853—45877 Appl Microbiol ,2016,120:966—974
[70] PANHWAR Q K, MEMON S. Synthesis and Evaluation [82] ROY R, TIWARI M, DONELLI G, et al. Strategies for
of Antioxidant and Antibacterial Properties of Morin Combating Bacterial Biofilms: A Focus on Anti - biofilm
Complexes[ J]. J Coord Chem,2011, 64:2117—2129 Agents and Their Mechanisms of Action[ J]. Virulence,
[71] WANG S X, ZHANG F J, FENG Q P, et al. Synthesis, 2017(9) :522—554
Characterization, and Antibacterial Activity of Transition [83] PACZKOWSKI J E, MUKHERJEE S, MCCREADY A
Metal Complexes with 5—hydroxy—7,4 —dimethoxyflavone R, et al. Flavonoids Suppress Pseudomonas Aeruginosa
[J]. J Inorg Biochem,1992,46.251—257 Virulence through Allosteric Inhibition of Quorum—
[72] BORGES A, ABREU A, MALHEIRO J, et al. BiofilM sensing Receptors[ J]. J Biol Chem,2017,292.4064—
Prevention and Control by Dietary Phytochemicals [ M ]. 4076
Badajoz; Formatex Research Cente,2013 [84] ULREY R K, BARKSDALE S M, ZHOU W, et al.
[73] ABDULLAHI U F, IGWENAGU E. Intrigues of Biofilm: Cranberry  Proanthocyanidins ~ Have  Anti-biofilm
A Perspective in Veterinary Medicine [ J ]. Veterinary Properties Against Pseudomonas Aeruginosa [ J]. BMC
World,2016(9) :12—18 Complement Altern Med,2014, 14:499
[74] KON K, RAI M. Antibiotic Resistance: Mechanisms and [85] OTEIZA P 1, ERLEJMAN A G, VERSTRAETEN SV, et
New Antimicrobial Approaches [ M ]. USA: Academic al. Flavonoid-membrane Interactions: A Protective Role
Press, 2016 of Flavonoids at the Membrane Surface [ J]. Clin Dev
[75] COSTERTON J W, LEWANDOWSKI Z, CALDWELL D Immunol 2005, 12:19—25
E, et al. Microbial Biofilms[J]. Annu Rev Microbiol, [86] LEE J H, REGMIS C, KIM J A, et al. Apple Flavonoid
1995,49.711—745 Phloretin Inhibits Escherichia Coli 0157 H7 Biofilm
[76] STAPLETON P D, SHAH S, HAMILTON J M, et al. Formation and Ameliorates Colon Inflammation In Rats
Anti-Staphylococcus  Aureus  Activity and  Oxacillin [J]. Infect Immun,2011,79.4819—4827
Resistance Modulatingcapacity of 3 — O —acyl - catechins [87] VASCONCELOS M A, ARRUDA F. Antibacterial and
[J]. Int J Antimicrob Agents, 2004, 24 .374—380 Antioxidant Activities of Derriobtusone A Isolated From
[77] AWOLOLA G V, KOORBANALLY N A, CHENIA H. Lonchocarpus Obtusus [ J ]. Biomed Res Int,2014, 14.
Antibacterial and Anti—biofilm Activity of Flavonoids and 908—918
Triterpenes Isolated from the Extracts of Ficus Sansibarica [88] SANA M, JAMEEL H, RAHMAN M. Miracle Remedy:
Warb Subsp[J]. Afr J Tradit Complement Altern Med, Inhibition of Bacterial Efflux Pumps by Natural Products
2014(11) :124—131 [J]. J Infect Dis Ther,2015(3) :1000—1011
[78] ADAWI H. Inhibitory Effect of Grape Seed Extract [89] KARIU T, NAKAO R, IKEDA T, et al. Inhibition of
(GSE) on Cariogenic Bacteria[ J]. J Med Plants Res, Gingipains and Porphyromonas Gingivalis Growth and
2012(6) :4883—4891 Biofilm Formation by Prenyl Flavonoids[ J]. J Periodontal
[79] NYILAM A, LEONARD C M, HUSSEIN A A, et al. Res,2016,52:89—96

Activity of South African Medicinal Plants Against Listeria
Isolation  of  Active

S Afr ] Bot,2012,

Monocytogenes  Biofilms  and

Compounds from Acacia Karroo[ J].

[90]

GIRISH K, KEMPARAJU K. The Magic Glue

Hyaluronan and Its Eraser Hyaluronidase: A Biological

Overview[ J]. Life Sci,2007,80:1921—1943



20

ERIMAFFR(OEARER)

%38 %

[91]

(92]

HERTEL W, PESCHEL G, OZEGOWSKI J H, et al.
Inhibitory Effects of Triterpenes and Flavonoids on The
Enzymatic Activity of Hyaluronic Acid-splitting Enzymes
[J]. Arch Pharm,2006, 339.313—318

AHMED S I, HAYAT M Q, TAHIR M,

et al.

Pharmacologically Active Flavonoids from the Anticancer,

angustifolia Vahl [ J].
2016,16 ;460
SAWAMURA S, SAKANE I, SATOH E, et al. Isolation

BMC Complement Altern Med,

and Determination of an Antidote for Botulinum

Neurotoxin from Black Tea Extract[ J]. Folia Pharmacol

Jap,2002,120:116—118

Antioxidant and Antimicrobial Extracts of Cassia

Physiological Activities and Antimicrobial Mechanism of Plant Flavonoids

REN Jian-min
(School of Environment and Resources, Chongging Technology and Business University, Chongqing 400067, China)

Abstract ; Flavonoids are a large class of small molecular secondary metabolic produced in different parts of
plants. They perform a variety of physiological functions in various organs of plants and display a wide range of
pharmacological or beneficial health effects for humans, which include antioxidative activity, free radical
scavenging capacity, coronary heart disease prevention and antiatherosclerotic, hepatoprotective, anti—inflammatory
and anticancer activities. Hence, flavonoids are gaining high attention from the pharmaceutical and healthcare
industries. Notably, these compounds have been found to be a potent antimicrobial agent by destroying bacterial
cell membrane, inhibiting synthesis of bacterial fatty acid, mucopeptide layer, nucleic acid, electron transport
chain and ATP, as well as inhibiting the activity of bacterial metal enzyme. At the cellular level, they can also
prevent bacteria from attaching to host receptors, and inhibit bacterial biofilm formation. They can not only
selectively target bacterial cells but also inhibit virulence factors and other forms of microbial threats. Moreover,
some plant flavonoids manifest the ability to reverse the antibiotic resistance and enhance action of the current
antibiotic drugs. The development and application of flavonoid —based drugs could be a promising approach for
antibiotic—resistant infections.

Key words :flavonoids; physiological function; antimicrobial mechanism
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