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Abstract: [ Objective | Fibriuretinin is a quaternary ammonium alkaloid extracted from Fibraurea recisa
Pierre. and other medicinal plants, mainly including palmatine, berberine, coptisine, jatrorrhizine, ete. It has

various pharmacological effects, including antibacterial, anti—inflammatory, antiviral and antihypertensive
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activities.This study aims to investigate the in vitro antibacterial effects of fibriuretinin alone and in combination
with B—lactam antibiotics against standard strains and clinically isolated strains.It seeks to provide theoretical
support for expanding the clinical application of fibriuretinin in the field of antibacterial therapy and for
developing novel antibacterial sensitizers. [ Method | In this study, the minimum inhibitory concentrations
(MICs ) of fibriuretinin alone and in combination with B—lactam antibiotics against reference strains Escherichia
coli ATCC25922, Staphylococcus aureus ATCC25923, Bacillus subtilis ATCC6633, Candida albicans
ATCC10231 and clinical isolates of FEscherichia coli, Salmonella, Shigella and methicillin—resistant
Staphylococcus aureus were determined by the broth miorodilution method. [ Result | (1) Fibriuretinin alone had
certain antibacterial activity against the four standard strains, with MICs ranging from 128 to 256 pg/mL.The
antibacterial activity against the four clinical isolates was weak , with MICs all greater than 512 pg/mL.(2) At
64 weg/ml, fibriuretinin could partially increase the sensitivity of clinical isolates to the tested P —lactam
antibiotics,with the fractional inhibitory concentration index (FICI) ranging from 0.562 5 to 1.125 0.(3)At 128 pg/mL
and 256 wg/ml , fibriuretinin could significantly increase the sensitivity of clinical isolates to the tested 3
—lactam antibiotics, with FICI ranging from 0.375 to 0.750. [ Conclusion ] In summary, while fibriuretinin
exhibits limited antimicrobial activity when used alone, the antimicrobial activity was significantly enhanced
against clinically isolated strains and the potentiation effect was concentration—dependent in combination with
B-lactam antibiotics ,indicating the promising potential for combined therapeutic applications.

Keywords: fibriuretinin ; total alkaloids ; minimal inhibitory concentrations ; fractional inhibitory concentration

index ; B-lactam antibiotics ; combination therapy
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Tab.1 Basic information of clinically isolated strains

B G’ KR A i 241 2 A SR
Microorganism Strain number Origin ~ Sample Drug resistance profile Virulence profile
KIGFF AMP/DOX/FLR/LVF/OXA/OXY/POL/SMX/ astA/besAlfimClfyuAlirp2/
EAEC-SWUN-37 WO fim Gyl
Escherichia coli SMZ/TCY ompTsitAltsh
VI TR TR o ___ DOX/GEN/FLR/LVF/OXY/POL/RIF/SMX/SMZ/ avrA/cigR/misL/spiClsptP/
STM-HNAU-102 & RS T4+
Salmonella TCY ssel,
SR TR . AMP/DOX/FLR/LVF/OXA/OXY/POL/RIF/SMX/
SHI-SWUN-64 EEp R ] alkA/citC/leysG/dam/yphFF
Shigella SMZ/TCY
SO PR

MRSA-HNAU-4213 RS BB AMC/AMP/DOX/FOS/GEN/LVEF/SMX/SMZ aur/hlgA/hlgB/PVIL/sea/seb

Staphylococcus aureus

AMC : P BEPG IR SEHr2ERR s AMP: 2 N PUM; DOX: ZVUIRE G FLR : A JE % 5 FOS : B3 GEN: IR B Z LV L iR
TP OXA RME AR OXY : 1553 POL: 23R 2 s RIF AR F- 5 SMX - A FH IR s SMZ . Rz — FH W IE s TCY DU PR R

AMC : Amoxicillin—clavulanic acid; AMP: Ampicillin; DOX: Doxycycline ; FLR : Florfenicol ; FOS: Fosfomycin; GEN: Genta-
mycin; LVF: Levofloxacin; OXA : Oxacillin; OXY : Oxytetracycline ; POL: Polymyxin; RIF: Rifampicin; SMX: Sulfamethoxazole ;
SMZ:Sulfamethazine ; TCY : Tetracycline.
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J )53 r A SRS 728K FE A5 (G154DW, B T T BUMAL AR A FRA R 5 B 4li/KHI[ADVANTAGE A10, BR 5%
PR v AR A Ak 2R R (R I8 ) G BRZA 715 1430 K (XP205 , M4 ST A 2 BHE (R ED A FRA R 5
FAN PR BAR AR TE () B FR 3 5 A BR A F1150.22 wom FLAR I A 1 108 BES (3R o 2 S 18R v A A
Bl AR (R ) A R A .
1.1.3 =ZRXAEZ 5

F R NR B 77 %L . SS(Salmonella—Shigella) 15 72 % . MH (Mueller—Hinton broth ) A 7% £ 7 % . MH B
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W, AL LR R 200 plo 37 “CHEFR 12 hFiC SR Ia4s . S B8 CLSUHERE bR i A E #4510 25 A i
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221 SFEFEAARER NGRS B MIC 893
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Tab.2 The MIC of fibriuretinin against reference strains and clinical strains isolated from chickens
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FrifEE R Reference strains I EF# Clinical strains
Kigra MR (EEkE RPHATE ek
a & B0 R B M EAEC- I STM- g
bk ATCC25922 BT ATCC6633  ATCC10231 j(ﬂﬁﬂ:lil IR SHI-SWUN- MRSA-HNAU-4213
. o ATCC25923 ) . SWUN-37 HNAU-102 i}
Strains Escherichia Bacillus Candida o . 64 Staphylococcus aure-
. Staphylococcus aureus . . Escherichia coli Salmonella .
coli subtilis albicans . Shigella SHI-  us MRSA-HNAU-
. ATCC25923 . . EAEC-SWUN-37 STM-HNAU-102
ATC(C25922 ATCC6633  ATCC10231 SWUN-64 4213
TYNTES
W/ (pgemL™) 128 128 128 256 1024 512 512 1024

MIC
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222 FwiEFE A B- M BERE K A0 E A IR A W B AR VE R
MR 40T LUE 64 pg/mlL 155 T 3 AE DI PR 73 25 B80S 32 1 B~ PR I S 470 2 3R A St P 41

AR E L FICTA T 0.562 5~1.125 0, 128 wg/mL 1256 pg/mL Y 5 2 BE U I A 43 25 18 4 32128 B — P M
i A i A 2R I SR 2 L FICT A T 0.375 0~0.750 0. FiRZ5 KT, 64 pg/mL ¥R 5 -yt
9 AT A 3R B — DAY T 9 410 A ) 5P T e PR 5 4 R BT PR 320 B TR AN B A . 128 pug/mlL
F1256 wg/mL 25 B 28 55 B — PN TG 1 S T 26 3% B — P Bt M T4 ) 790 IR FH XGH 11 PR 73 75 4 R T Ak 349 A b ]
YU
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Tab.3 Synergistic antibacterial effect of fibriuretinin with B-lactams and their inhibitors

against Escherichia coli EAEC-SWUN-37 and Salmonella
STM-HNAU-102 of clinically isolated from chickens

i KT
KIpFF# EAEC-SWUN-37 T
Y1 STM=HNAU-102 ATCC25922
Escherichia coli
Salmonella STM-HNAU-102 Escherichia coli
EAEC-SWUN-37 "
B-BE KA 2 ATCC25922
B-lactams BN/ BN/
e R R T EERR B MO
(pgemL™) (pgemL™) .
FICI FICI (pgemL™)
MIC MIC
MIC
A B C D B C D A B C D B C D
BTEE P Ak Amoxicillin 256 128 128 64 05625 0.625 0.500 128 64 32 16 0.625 0.5 0.625 2

(B S PYAREA) :m (FERLAERR )=5:1

m(Amoxicillin) :m(Clavulanic acid)=5:1

16 8 4 05625 0375 0375 32 16 8 4 0.625 05 0.625 2/0.4

ZARTGHR Ampicillin 256 128 64 32 0.5625 0.375 0.375 128 64 32 16 0.625 0.5 0.625 2
m(E RV m (FF L) =211
64 32 16 8 05625 0375 0375 32 16 8 4 0.62505 0.625 2/1
m(Ampicillin) : m(Sulbactam )=2:1
3LAENS Cefotaxime 8 4 2 1 0562503750375 4 2 1 05 062505 0625 <0.125

mCRAAVENT ) :m (EF L IH)=2:1

4 2 2 1 0562506250500 4 2 1 05 062505 0.625 <0.125/0.063
m(Cefotaxime ) : m(Sulbactam)=2:1

Sk ABET: Ceftiofur 32 32 8 4 1.0625 0375 0375 16 8 4 2 0.625 05 0.625 <0.125

m (G FABER) : m (FFELHH) =211

8 4 2 1 05625 0375 0375 8 4 2 1 0.625 0.5 0.625 <0.125/0.063
m(Ceftiofur) : m(Sulbactam)=2:1

JeAEH Ceftriaxone 4 4 1 1 106250375 0500 2 2 1 05 1.125 0.75 0.750 <0.125

m KAL) s (FF L 3H)=2:1

m(Ceftriaxone ) :m(Sulbactam )=2:1

4 1 1 1062503750500 2 2 1 05 1.125 0.75 0.750  <0.125/0.063

3LAINRER Cefoperazone 8 4 2 1 0562503750375 8 4 2 1 0.6250.50 0.625 0.25

mCGLAIVRER ) - m(FFEIH)=2:1

m(Cefoperazone ) :m(Sulbactam)=2:1

2 1 10625 0.625 0500 4 4 2 1 1.1250.75 0.750 0.125/0.063

AR HEIER s B~D #3438 64 pg/mL 128 pg/mL . 256 pg/mL. KIHFFE ATCC25922 Jy s Hibk .
A': Fibriuretinin not added ; B=D: The concentrations of fibriuretinin were 64 pg/mL, 128 pg/mL and 256 pg/mL.ATCC25922

as reference strain.
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Tab.4 Synergistic antibacterial effect of fibriuretinin with B-lactams and their inhibitors against
Shigella SHI-SWUN-64 and S. aureus MRSA-HNAU-4213 clinically isolated from chickens

KIHFH
FRIEFT I SHI-SWUN-64 SO R MRSA-HNAU-4213 ATC(C25922
Shigella SHI-SWUN-64 Staphylococcus.aurew MRSA-HNAU-4213  Escherichia coli
B-INEERE A & ATC(25922
B-lactams I e [ N — T
o iﬂfﬁgl W (Jui?fff/ M (J:g[.’f‘ff/
MIC FIcl MIC Hc MIC

A B CD B C D A B C D B C D
BT SEPE AR Amoxicillin 128 64 32 16 0.625 0.50 0.625 256 128 64 32 0.5625 0.375 0.375 2

m (BT EEPGRRER ) 2 m (P AERR )=5: 1
16 16 4 1 1.12505005625 32 32 16 4 10625 0.625 0375 2/0.4

m( Amoxicillin) : m(Clavulanic acid)=5:1

FARVEHR Ampicillin 128 64 32 16 0.625 0.50 0.625 256 128 64 32 0.5625 0.375 0.375 2
m(Z WP :m (P EH)=2:1
m(Ampicillin) :m(Sulbactam)=2:1
e ENT Cefotaxime 8 4 2 1 0625050 0625 16 8 8 2 05625 0.625 0375  <0.125
mCRABENT ) m (£F L3 )=2:1
m(Cefotaxime ) : m(Sulbactam)=2: 1
S FEHEL Ceftiofur 16 8 4 2 0625050 0625 32 16 16 4 05625 0.625 0375  <0.125
m(SRAUBE ) s (£FELI)=2:1
m(Ceftiofur) :m(Sulbactam)=2:1
oAU Ceftriaxone 4 4 2 051125075 0625 8 8 4 2 1.0625 0.625 0.500 <0.125
m R ) m (EF L 3H)=2:1
m(Ceftriaxone ) : m(Sulbactam)=2: 1
S AIURER Cefoperazone 8 4 2 1 0625050 0625 16 8 4 2 05625 0375 0375 0.25
mCGRAWRER ) = (£ EL3H)=2:1
m(Cefoperazone) :m(Sulbactam)=2: 1
A AT HEHEZ B~D R R E 73 M 64 wg/ml. 128 pg/ml 256 wg/mL, KIGHFTFHE ATCC25922 H 5 Btk .
A : Fibriuretinin not added; B=D: The concentrations of fibriuretinin were 64 wg/mL, 128 pg/mL and 256 pg/mL.ATCC25922

as reference strain.
3 #

UTARR  FUR 2SR iz SRR, 51 R T I 2GR ARSI £ i 25K -4 s | 22 EL I 25 B G N R 45
[T 200 T T 245 1P 1) T2 428 S0y A A5 i 2 ) A R X AT, HAN AN B0l R T IR AN AR, 3k %o A S AN 3y
Yy A BT OB o BT BT B 2GR AR B AT R, EL I PRA A (7 30 ok st i 245 0 i 3k 2
C I A e I ARG T oK o FET, B A ANRHIE A 2 a8 3 4Rt 254 5], 40 se 4R R A EH b
W L 3E R P EUECR R (CCCP) \2,4- TR 31 (DNP) 458 LGZ i H 25 ™ F AT 25 PR, s i me &7
LS SH At L XE A Sy @ — PR e T 0 790, %o 7 @ — PN M i ) o =2 T BRI M R 40 ) R R, ELEH Tl PR
BT . BARAI I . CCCP  DNP X 40 B i 25 P A7 — %2 B3Rl VR T (H A B i 2RO S BOR R iz
T ImRIGST o B, WA AREE AR5 RETH BRI e 25 AL A9 30 il 500 B A B A R (B B A1 5
JAE P 2GR AN IR BT B PR (B 2 IR R B 25 7 R R TP I T 8 BT 0t (i) 20
[T U1K % NSk Loy 1R 2 N L 0K v i ¢ o = N B e N T TR i Bl s A L)

64 64 16 8 1.125 050 0.625 64 64 32 16 1.0625 0.625 0.500 21

~
—_

0.5 1.125 0.50 0.625 8 8 4 1 1.0625 0.625 0.375 <0.125/0.063

4 2 1 0625050 0625 16 16 8 2 1.0625 0.625 0.375 <0.125/0.063

2 1 051125075 0750 4 2 1 1 05625 0375 0.500 <0.125/0.063

2 1 050625050 0625 4 2 2 1 05625 0.625 0.500 0.125/0.063
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FRRIE T, B AR S BB TR YT 5o %P 25 BT 25 W IE B AT, SRR (ARG
PRAMINEE A% B SR HAE DR A VR T, 10 97 A4 397 B W s AR P 25 B IR ) Ife T 7 48k, Hh 24 v ]
RE 2 A7 AT T 245 T8 Bl R L G35 VR FH %) 40 B i 25 10 161 59

TR LA Z B2 PRI RS I R 1 AN AT I RE 0, X 2 P 2 [ PR R B A A
JEHBRAPCE Y, VR R 2= He il S B 25 FPU s 25, 50 R AR by Bl Al 11 22 0 s 245 SR 241 L i e
BRI N 24 0 B2, X 77 A 22 F T 24 M HESE TR AR DO B R AR 0 38 TS B i 25 55 AP oe 2 SR o |, e
FXF 4 BRI PR B PN B T R B MIC 35K F 256 wg/mL. 33X 1 g S 4 RR I R 18 A2 A B— N LBl , 38
FAAE 22 T 25 A MR AT 25 0L o AR A B, 128 wg/mL 1256 pg/mL BT R 5 B- N BE b A =Bk
FHXF 4 kI R 7 B~ PR BBE I 1 R 14 FICT A T 0.375~0.75, Bl 128 pg/mL F1 256 pg/mL 85 1 2 fE il BP9 Ik
B Az FERF I A B— PN Ik Fig A1 ok 1) R 0 2 4 v o DA L 5 SRR B e R TV M DL B 2 s ), i 3
YRS B~ PN I 0 T 24 0 % 16 DA 40 88 TR B B 88

XI55 I e B A P T 2 A S AL Ji X 7 ESBLs KR A T T IS bl o~
blayx o 1 mRNA F TR KFIFBA Wt 5200, 35 W38 2% A0 BR84S0V FH AT R O AN J2 38 ok 52 1 B — PR e
JHe T mRNA 12 TA KPR I o T Zhang S5 WS & BLER IR T 57T IS P—WE 2R IS4 , 3] P-4
A FUOR A 5 A 32 M L 3 PT RR SR Fh MR 1 S5 VT 400 200 7 22 T 24 S HE SR AN HEVE TR PLE . 32950
WA B A 3R B P BT A 3 00 i FH 42008 bk 4 25 €236 % 3K 0 (MIRSA) 9 Bl IRI 470 18 1 FH o R B, el %
N MRSA 777 B— P T e i 04 176 AL VA 300 3 0 )V D A 825 3R e o 245 2 1) 33K ol S FE ma k7
MRSA B {4 P 110 25 Bk i Sl S48 0, OIS  MRSA 19 [V il 2R 40, 6 MRSA F [ IR RE SR 14 fin , sl e il
VRS Tt /K Sk 200 ML BE (9 T M3 5 . SRS R AT RE T T DNA 9 B2 I FMB 52, 52 i i FEY A g B A i A
RS, NS T 1EH A8 U0 A G A 30 T PuA: %0 MRSA R sEtEE T . 256 iR ioe,
AT G 25 5L 07 1) B 2E B B— P IR M e 2 FGT I R 7™ B — DAY T i il AT e 1) SRR 0 3 A v 5 2 U T
PR A 56, HL v o 22300 o 4 B 22 ST 25 MRS AMEVE I AT B R e L R R . (R UE, B E R 5 B
BERL A BT AE RIS T 48, N0 H 2 ™ 02 1) 240 T ik 24 P [ R R AL 7 — bl B R s T i i S . AL
AW FEAN T S A AR, f5ie = e P JER A5 U B0 F , LT P ik 24 TR AR A B, 2R SR 75 b 2 s S L P4
HAR NGRS 0 3 KB PRI UL PPAN H T 2520 25 B A O, S AR R TR
BILTH , A 7 R0 T 1 B B L 0 S Ay S il

4 &

ARG, E R B H YU R AR A @S 8P EHER0N , B K2 - N e S bt
A NI PR 43 1 B AP T R 77, L Ao SR 5 B o i v AR, LR 128 g/mL 5 256 pug/mL Y B
R FEE B, BBBCE 2 FICIFEZ 075 LT .
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