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Abstract: In order to study the antibacterial activity in vitro of Shikuqin powder and its main active com-
ponent monomers on waterfowl-origin multidrug-resistant strains, in this study, K-B method was used to
detect the antibacterial agent resistance of the tested strains. Double dilution method of micro broth and
agar plate culture counting method were used to investigate the antibacterial activity or bactericidal activi-
ty of Shikuqin powder and its main active component monomers on Riemerella anatipestifer , Escherichia co-
li,Salmonella , Pasteurella multocida and Staphylococcus aureus. The results showed that 90% of the iso-
lates were multi-drug resistant strains. Escherichia coli and Salmonella isolates of Enterobacter were the

most antibiotic resistant strains,and the number of antibiotic-resistant strains was higher than 8 kinds. The
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MICs of Shikuqin powder for five kinds of bacteria ranged from 1.95 g/L to 62. 50 g/L.,and MBCs ranged
from 1.95 g/L to 125.00 g/L. The MICs of Shikuqin powder for Riemerella anatipestifer and Pasteurella

multocida were lower,ranging from 1.95 g/L to 15. 63 g/L. Among the six Chinese herbal monomers, es-

culetin was the strongest,followed by matrine and gallic acid. The bactericidal efficacy of the six Chinese

herbal monomers varied greatly. When the concentration reached 31. 25 g/L, gallic acid could kill all the

tested strains,and the overall bactericidal efficacy was better than the other five monomers. The MIC and

MBC of the six Chinese herbal monomers against Riemerella anatipestifer were lower than those of other

strains. It can be seen that Shikuqin powder has antibacterial effect on these five kinds of bacteria,among

which the bacteriostasis effect on Riemerella anatipestifer and Pasteurella multocida is the best. The bacte-

riostatic and bactericidal effects of six Chinese herbal monomers on Riemerella anatipestifer were superior

to those of other strains.
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130 7T R e A % 49 %
1 UHKEBEIBHRNER
Tab.1 Information of 14 isolates from duck farms
T A VR 2 5 SrEsial/ (- -H) 53 BB AL
Bacteria name Strain number Separation time/ ( Year-month-day) Separation location
I8 5 L PG RASSI 2019-03-29 RS Jixq
Riemerella anatipestifer RASS3 2019-03-29 = TS T
RAGY04 2017-06-01 B BH T i
RAGY06 2017-06-01 Bt BH S g
RAHSO01 2018-04-27 K fixq
PN Lid: ] EC5 2018-11-13 K 05T S i
Escherichia coli EC9 2018-11-13 TS T
EC28 2018-04-27 K Jixi
EC32 2018-04-27 HOK I Jixq
ECSS7 2019-03-29 = Bl T
O AT PmSS2 2019-03-07 = UETON
Pasteurella multocida PmSS5 2019-03-07 = TG B
WITRE SA1 2019-03-29 =R TR T
Salmonella SA4 2019-04-15 AT T
F2 AEEHRETEFTERS REREH
Tab.2 The preparation of Shikuqin powder and its main active component monomers
ey sl i B 7R
Chinese medicine Solvent Diluent
Z [ H & Esculin DMSO ( B Z AR T4 5<10% ) T KB A
% i 2. % Esculetin DMSO ( Fx Z AR B $< 10% ) JE W KB
T Z P Matrine B (e &R By < 10% ) JCH KB N %
R IA = 20 Oxymatrine P (I AR B < 10% ) T HF KB N
K TR Gallic acid LW (AR B <10% ) T W KB
FAETR Ellagic acid 0.2 mol/L NaOH & & T K8 N 7
A1 757 Z 0 Shikugin powder B (e &R By < 10% ) JC K BN %

1.2.2 B4 BRBFE DITRE &80
A BRA A T MH AR RS BT
37 °C 200 v/min Z5fF FHi 9% 12 h, B2 X HEE K
FERHEFD T & MH AR B 572 5 (5 5% 1075 ) il
BT 37 °C 200 o/min 5 R B SR 18 hy, KRS RE
HICFF R T & TSB WK KT 3523 (% 0. 5% BBk
W) 5% Mg ) Bl BT 37 °C .200 r/min
ZAF R R SR 18 b 43l FH L AH IO 4 VR A B o R 0
W) ODg,, A 0.8, FF A1 5 240 B 1 000 £%, 4H
MTHRHE ] 10°~10° cfu/mL, %5 1 .
1.2.3 @hpAeyn g S MEEIGRKLE SR
WAL Z= 5 2= ( Clinical and laboratory standards institu-
te, CLSI) W4 5 J5L 0], >R FH 24 S0AR 7 32k A DU A F 5%
T Y 3 BRFRAERE A 14 R 2> B R X 21 Rhi 24
Y g . Hod LR BRI ATCC® 25922 1E2H
JREE R . RIGFFEE VDT IR TA | 4 B (07 25 2R 1A BT
FH¥EFRIEA MH 3585 7 A 5 22 4% P B IRAT 18 9 1 5
T I NN 5% A A L A MH BRSS9 588 1L G
FFTE BT 55 97 2% M0 59 3 A& 28 1355 /Y9 TSA B iR
AR

H T2 CLST b 1 9 385 A 15 2% BL IR B 19 24

Y U B A, 52 3 2 W 0 5T 4 3 R R B T A5
FIWi bR £ 2S5 % CLST o) ¥ VR 40 11 25 S0 560 4 v
NS CLSI 4 18 24 B0 50 45 M B2 1935 T K
FETR IR E br i . 25025 5 S % CLSI HLE
R ( Susceptible, S) . H 41 ( Intermediate, 1) | i 24
(Resistance , R) 97 15 {8 15 [ 2 Wr 2%
1.2.4  F @R E(MIC) #9m & K HMENR
D AR, TIEH 96 FLAREE—FLH A 100wl
W, B 35S — L in A 100 WL B 4 45 19 24
W RS JE RS e R, BB R — LIRS R 3 &
100 pL AW . BFLINABL & 4519 100 wL 40 B 76
BV, R 3 8 BH X B (TR AS i 24) B
X R (ORI INZy ) o 1A 7E 1E R 5 2 1 b
T B A WL X BRZH | BT 4 bk AT A LA )
B0 B 3, 4 24 R A A AL R (R | £
DMSO) , M 17 I 52 BE A% F BT A (13 1 Bk A7 5% 10 4 K
e i, DA ) 5 2 V0P FE I ) R I T U
., 37 CHEEE I 24 h 5B, W40 5 A KR
o, AREZEPER 3K,

K H TTC % MIC 25 SR A7 #E o ] bak B
I% 24 h J5 H9 96 FLACEEAL M S NA 20 pL 0. 5% /Y
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2,3,5-% b =R EL WA M (TTC) , 37 C ik 8 3%
2 h W EE TR Y €8 AR Ak ke 2 AR ULV RV
0 R A AR A B SR A 2 0 I kR A Dk i 2
B MIC.,

1.2.5 ZADFHEREMBC)# M Z ¥ FRIKE
2 V8 T B & FL TP R IR 100 L 34 A6 TR Y B 3R
RigedE b, F 37 CH5 5% 48 h MZEEE 5 LU R W
G T A ¥ HE A R SR I 245 90 J5 6 9k B2 S H: MBC

2 HER 5T

I PR 43 B8 Bk it 25 R BY

PIRIFEE ATCC® 25922 1 Jy Jot 45 1 bk, 356 1]
M2 B AR R ¥ e R N, W IR ATCC®
13076 [RXTARAT e 28 142 R ow bRaE R 25 40, X H
4% 20 P2 BRI & B A B B ATCC® 6538 X

2.1

JIt v FH Y 21 B2 4 35 4 VD T R TA ATCC® 13076
e OFERE ATCC® 6538 1 A 5 UJson) 18 41,
K 3 14 B 6 R 43 B Bk Bk PmSSs 4h, A b £
N 258K . BT BR @ i K B8 RN U0 1 EG TR 43 5 Bk
i 245 M B i, T 25 R AU 2 S | 1 8 B, Hh EC-
SS7 it 25 FP AL R 35 13 g L VRO WG 18 L LA I it
B T 5~ 8 Fl, 32 S X a1 HE b AT 28 it 2 ™
i, 2 BRK & IR £ 8 P L EOFF B 38R FUE, PmSSS
AU FEAREE 2 AN T4 B BT BR 24 T S 0 s T
2y, FOMRCER A T 2 B PH T B 5 1 A 45 R g
PEPEIE X B 2 TG B M B AR I ROCR 22 3 o L TR TT
PR A4 A LA it P40 G bR 4 € 48 Bk T ( MRSA)
MY BRI YN LB E N T & P 2y
Y, 14 ¥R BRI HM 25 (% 3 .4) .

RI UHROIEHX 2 M ELSYHTHEER

Tab.3 Resistance of 14 isolates to 21 antibiotics

AR T TH A& 45 Strain number

Drug sensitive slip RASS1 RASS3 RAGY04  RAGY06  RAHSO1 EC5 EC9 EC28
ZFVIA Ampicillin S R S S S R R R
Sk fUMENG Cefotaxime S S S R S R S S
LA MLIE Ceftazidime S S I S S S S S
LAPE T Cefoxitin S S S S S S S S
Fi] 52 P Ak Amoxicillin S R S S S R R R
B B Enrofloxacin 1 S R S R 1 S S
HH U A Ciprofloxacin S S S R R I S S
e Levofloxacin S S S S S S S S
Bl >k < &£ Amikacin I S R R R S S S
K K% ZE Gentamicin R S R R I S S S
AL K Kanamycin R I R R R R S S
B E Neomycin R R R 1 1 R S S
BEFE & Streptomycin S S I S S 1 R 1
PUIRZE Tetracycline I S I I I R R R
5k 1 B & Doxycycline 1 I S 1 I R R R
AR Chloramphenicol S S S S S R R R
FAJE# Florfenicol S S S S S R R R
414 % Erythromycin 1 I 1 1 I R 1 S
7i M B Z Clindamycin R R R R R S 1 R
Z i H % B Polymyxin B R S R R R S S S
it J1iz 55 3% ¥ Sulfamethoxazole R R R R R R R R
284k 45 Strain number

Drug sensitive slip EC32 ECSS7 PmSS2 PmSS5 SAl SA4 13076 6538
ARPEA Ampicillin R R S S R R S S
LEWENG Cefotaxime S R S S S R S S
LA IE Ceftazidime S S S S S R S S
JALPG T Cefoxitin S S S S S S S S
B 55 5 Ak Amoxicillin R R S S R R S S
Bi# 7 B Enrofloxacin S R S S I 1 S S
RIS A Ciprofloxacin S R S S S S S S
e TP B Levofloxacin S 1 R S S S S S
Bl K £ Amikacin S S S S I S S S
KK ZE Gentamicin S S S S I S S S
R % % Kanamycin S R S S R S S S
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Tab. 3( Continued) Resistance of 14 isolates to 21 antibiotics

U i R 4 % Strain number
Drug sensitive slip EC32 ECSS7 PmSS2 PmSS5 SAl SA4 13076 6538
B % % Neomycin 1 R R 1 R S S S
HEREF Streptomycin R I S S S S S S
PUERZE Tetracycline R R S S R R S S
ik 1 B & Doxycycline R R S 1 R R S S
S B # Chloramphenicol R R S S I S S S
A2 % Florfenicol R R S S R S S S
1% K Erythromycin 1 I S S I I S S
7E M B % Clindamycin S R R R R R R S
ZFi1# Z B Polymyxin B S S S S S S S S
1 %2 57 M Sulfamethoxazole R R R R R R S S
TE S RBUR 1 A R T2,
Note: S is susceptible,I is intermediate and R is resistance.

R4 14 B 5 BRI 20 3k BY R Y 20 Fh 8

Tab.4 Resistant phenotype and Resistant species of 14 isolates

T R 2 Tii$ 24 i % 259
Strain number Resistant species Drug
G " NV Sk ALE NG PR PIAR KRR R B R MR ROGR AGR HAERE A%

ESN T e
EC9 8 FURPEAR PTSE VAR BERE R (MUK SRR AR KR e
EC28 8 FUNVYAR BTSEPUAR DU R RSB R AR R AR SO R BT
EC32 8 UV PTSEPGAR BER R UMK BIER AER FOREH B s
- 1 FUNTEAR S AWENT BTSETOAR BE R RV R RIBER SR WHR BAIER A
SAL 9 BURVGAR BTSETGAR KRR R B ER UM R MIER R TR
SA4 8 BV Sk AUE NG Sk fLAE BTV bR | DUPR R RO R TR R M S
RASS1 6 RRGR FMWHER HGER AMRGER ZSHER B B E
RASS3 5 FURVGAR BTSETUAR BT R AR R B S
RAGY04 8 Bmib B PORR R RKRER FIRER MER AER SHER B S
RAGY06 8 SkAEuENT RN R PR R RRER CRIRE R RS R SR B B G
RAHSO01 7 BV E ANUE PIRRE FIRGER wHGER SHER B B S
PmSS2 4 LGV R B R AR R B
PmSSS 2 SOMRER F B S

22 AERHROOMEIEEFTUERSBEGCHNINE
R

M2 S Al A, A ZEEC 6 Fh AR 17 BR A
WHMEAER, f8EE0 17 BRAE Y MIC T
1.95~62.50 g/L; H X155 BLICAT 18 F1 2 4%
ELERAT B 9 MIC A T 1.95~15. 63 g/L; X K #r
VU T TR LA B 4 €0 7 760 3K T 11 410 T 2080 AL A X6
55 —48 MIC 4+ F 15.63~62.50 ¢/L,

M1 AT, 6 ol 5 4 00 B AR O BRo 1 o %
W OR RN ESW KB TR, SR 4R
O % BRI 6538 19 MIC (15. 63 ¢/L) B w4, Hi4
PR T 7.81 g/L, Ak S 06 50 0T 08 55 L QAT 147 19
MIC AHXFHAK, AT 3.91~15. 63 g/L, X Hi 4 4 Fif
AT 1 MIC $4 K T 31,25 g/L, A WL, %A Ak ¥ 5 5
A0 R AE F WD S 58 T S0, 28 1 PR R X 22 [ B

PR T 4 B (57 2 BR B A9 MIC &5 T 55 4h 4 Bl 22 [C
P TR, R e B AT T Y 40 B AR B, MIC Ay
F3.91~7.81 g/L, Z& M £ R X 2% FCBH % B 1) 3
PR AR R T 2 [ PR B, X 4 R 2 QR
W MIC #/NF 1,95 g/L, BE& TR X195 B K
FE TR R 22 28 1 B ECAT T 2% B0 ) 5 1) 410 11 80 R, XF
5 28 B G AT I8 9 MIC 4T 0.03~0. 98 g/L, X £ 4
PR AT I 9 MIC N 1. 95 g/L, 846 R X A [A] il
& TR PR B A TR A A AR R 25 5, X i L IR I
B0 TR SO B 4, MIC AT 0. 49~1.95 o/ L BR AL TR
XoF R B B J AN TR Al P AR 22 R, KA
25922 ECSS7 1) MIC 43514 0.98 /L H10.49 g/L,
T H A 4 % R I FF 18 19 MIC ¥ T 31.25 o/L,
KIBHTFH# ATCC® 25922 F5 ik g U Bk, (2
FH A 22 5 i 25 K FF AR T MIC IR0 A R, 13
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BF A 25 K 6 b BRI B AR S T AR Y R
FETL XK, WITRE ATCC® 13076, 4 # (0 4 %4
BRI ATCC® 6538, & 4% 1 B [C AT 11 43 B5 ¥k PmSS5
B9 o WO R, R L b 24 TR AR R EE R 3 B 3R AIR
1 MIC.,
2.3 AEEHEEcMIERUASTERENRE
€A

HH 25 AT, A A 6 B LR XT 17 k2
WA ARWEBOR . AW ZEHOS 17 BRE Y MBC A T
1.95~125.00 g/L, 6 Fi B4R K 4h 5 B 00 45 2R 3R
B YR k) 31,25 o/L B, W T ER AE A AL

He 7N

R SR TR /S N Y i e N (R LR N
(E2), BWES0 FR BT R FRCE
4 i SR K T FE TR VD 0T TG B R A B0 2 BR A
AR AR 55— 26 MBC H 125.00 g/L, EK 2
£ ORE TR 2 A E KAFRE A MBC Al MIC
A5 R 0.12 o/L FI 1,95 o/L, WX 2 A 2y
PRI 22 % M B ECORT A 0 R A5SR N RS B AR A
Al A Z2 i 5 H A 6 o 25 Bk Xt 5 Rk
HGHH A9 MBC A1 MIC ¥4 22 48 K, ¥ MK T H
b TR R, 10 B 3K 2 v 24 Xof G 28 B AT TR Y 0 TR R
TR TR 3R A X B4

x5 AEFHREHOMIEFEASAFHMNE/ RERR

Tab.5 Antibacterial/Bactericidal activity of Shikuqin powder and monomers of six main active components g/L
. FERLE 31 e AL S BEAE TR
Shikuqin powder Matrine Oxymatrine Ellagic acid
Strain number MIC MBC MiC MBC MIC MBC MiC MBC
25922 15.63 15.63 3.91 15.63 31.25 125.00 0.98 125.00
ECS 31.25 62.50 7.81 15.63 62.50 125.00 62.50 125.00
EC9 31.25 62.50 7.81 15.63 62.50 125.00 62.50 125.00
EC28 31.25 31.25 3.91 62.50 62.50 125.00 31.25 125.00
EC32 31.25 62.50 7. 81 15.63 62.50 125.00 62.50 125. 00
ECSS7 15.63 15.63 3.91 31.25 31.25 125.00 0.49 125.00
13076 31.25 31.25 3.91 7.81 31.25 62.50 1.25 125.00
SA1 31.25 125.00 3.91 15.63 62.50 125. 00 31.25 125.00
SA4 62.50 62.50 3.91 31.25 62.50 125. 00 62.50 125. 00
6538 31.25 125.00 15.63 62.50 62.50 125.00 15.63 125.00
RASS1 15.63 15.63 3.91 15.63 15.63 31.25 51.95 1.95
RASS3 3.91 3.91 3.91 3.91 7. 81 7.81 1.95 1.95
RAGY04 1.95 1.95 3.91 3.91 7.81 7.81 0.49 0.49
RAGYO06 1.95 1.95 3.91 3.91 3.91 3.91 0.98 1.95
RAHSO01 3.91 7.81 7.81 7.81 15.63 15.63 31.95 1.95
PmSS2 15.63 31.25 7. 81 7. 81 31.25 31.25 31.25 31.25
PmSS5 7.81 62.50 7.81 31.25 31.25 125.00 15.63 125.00
S ZHETR HELR BETFR
Strain mumber ‘Esculin hydrate i i Esculetin i i Gallic acid i
MIC MBC MIC MBC MIC MBC
25922 15.63 125.00 0.49 125.00 7.81 15.63
ECS 15.63 125.00 0.98 62.50 7.81 15.63
EC9 15.63 125.00 0.98 125.00 7. 81 15.63
EC28 15.63 125.00 0.49 125.00 7.81 31.25
EC32 15.63 125.00 0.49 125.00 7.81 15.63
ECSS7 15.63 125.00 0.98 62.50 7.81 15.63
13076 15.63 125.00 1.95 125.00 7. 81 15.63
SA1 15.63 125.00 0.98 125.00 7.81 15.63
SA4 15.63 125.00 0.98 125.00 7.81 15.63
6538 31.25 125.00 15.63 125.00 7. 81 31.25
RASSI 7. 81 7. 81 0.12 0.12 0.24 15.63
RASS3 3.91 3.91 0.12 0.12 0.98 0.98
RAGY04 7.81 7.81 0. 06 0.06 0.03 0.03
RAGYO06 1.95 1.95 0.03 0.03 0.24 0.24
RAHSO01 7.81 62.50 0.06 0. 49 0. 49 0.98
PmSS2 15.63 31.25 0.12 0.12 1.95 1.95
PmSS5 15.63 125.00 0.12 0.12 1.95 1.95
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Fig.1 MIC of Shikuqin powder and monomers of six main active components
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Fig.2 MBC of Shikuqin powder and monomers of six main active components
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