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BT TAHT T 25 YA A & A AR T A . ARG SE S 25 W SRR T, BRI L PR 22— 1 BELT 77 DT 248 V5 4% (pinaverium
bromide, PVB)5 APk (oxacillin, OXA)BE FXS & M A IR W HUEIEN . FiE: R H R Im K E R T
2022 4F 1 2 9 A WA T rbmd KA AmE = B Be A g Bl o 3 G PRV R S SR A PVB R OXA 1Y S5 A1 4170 TR Ik i
(minimal inhibitory concentration, MIC). HH A FE 256 R A [H] -5 B 2 H T4 PVB T OXA K5 FH Ay 1R ) 410 1 5 50Fn
PRI B T 24 7 S50 HT 46000 PVB i) OX A T 2511 iU BE ) o AR W BETE BR S 90 25 5 O LI SR £ W s
WL R TR 30 T TR PVB 55 OXA JJR X0 3 1 7 R A1 2 T 245 A6 el IR B B RO BC RV F T . Sl i S
HLBE . i 4 (reactive oxygen species, ROS)E i SE40 A1 ATP & 1 LIRS PVB IA/EFIPL . &5 : PVB F1OXA X
& B R A BR B RS U TR R RP62A 1 MIC Y128 8 png/mL. BT RS040 W PVB 5 OXA H X Bz 88 748 Bk B s o4 P e
RP62A [ P RN TE T £5°H 0.250 0, Xl PR 43 25 TR Ak 1 B[R] A0 TR 5 4R 0.187 5~0.500 0, $27- ¥ B RIVET o T 24
PRSI K B PVB AU & =i 2, I REA Rl OXA F=2E i 25 . 1xMIC i PVB I OXA BRI, Al ffi A= #k i iy
WG (Agyy )M (2.3620.46) 870 31 (1.1220.39) (=3.504, P=0.02). oG35 M BB WL I 1, PVB Al OXA Bk
FHIE PT B S R AE e S A 254, A FET AR TR Y EL R . RIS, 1xMIC (9 PVB FOXAEF FHER A 4 h, n]{fiFE
B BT 0 DA 1g(7.73+0.21) 870 51) 1g(2.79+0.43)(1=4.143, P=0.014). I4h, PVBEEIH OXA A4 R0 AL 9 o i SR A
e R B AR AR B UE— 2L 000E . B 5T BE S & L PVB A (40 B 45 I i 3R . OXA 5 PVB BT 257 S 40 i A=
ROS, ffi ROSHIXF 558 JE M (30 000.00+2 000.00) 15 (45 666.67+2 081.67) (=10.68, P<0.001). PVB HI1OXA Bt
AT I 2 BRI ATP 19 2R B, ATP R FH X 26 5 B2 DA (565.00+33.18) 98 /b 21| (205.67+35.23) (=4.932, P=0.003).
51 . PVBIRH] OXA X R K w2 BR 1A S H A= Wi BRI 5 B8 TR LA B 5 DR Rl BU VR, A SR XA PR B 4G Bk
R W PR A DG I R )
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ABSTRACT

KEY WORDS

Objective: Staphylococcus epidermidis (S. epidermidis) adheres to the surface of medical
devices, forming highly drug-resistant biofilms, which has made the development of novel
antibacterial agents against S. epidermidis and its biofilms a key research focus. By drug
repurposing, this study aims to explore the combinational antimicrobial effects between
pinaverium bromide (PVB), a L-type calcium channel blocker, and oxacillin (OXA) against
S. epidermidis.

Methods: Clinical isolates of S. epidermidis were collected from January to September
2022 at the Department of Clinical Laboratory of the Third Xiangya Hospital, Central
South University. The minimal inhibitory concentrations (MICs) of PVB and OXA were
determined using the broth microdilution method. Checkerboard assays and time-kill
curves were performed to assess the fractional inhibitory concentration index and
synergistic bactericidal efficiency of the drug combination. Resistance selection assays
evaluated PVB’s ability to inhibit the development of OXA resistance. Biofilm eradication
assays, combined with confocal laser scanning microscopy (CLSM) and the persister cell
quantification, were conducted to evaluate the effect of PVB and OXA on drug-resistant
biofilms and persister cells. The mechanisms of PVB action were further investigated using
transmission electronic microscopy (TEM), reactive oxygen species (ROS) quantification,
and ATP quantification.

Results: The MICs of PVB and OXA against the standard strain S. epidermidis RP62A
were both 8 pg/mL. Checkerboard assays showed that the fractional inhibitory
concentration index (FICI) for the combination was 0.250 0 for RP62A and ranged from
0.187 5 to 0.500 0 for clinical isolates, indicating synergistic effects. Resistance selection
assays demonstrated that PVB not only failed to induce resistance but also effectively
inhibited the development of OXA resistance. The combination of 1xMIC of PVB and
OXA reduced biofilm biomass (A,,,,,) from (2.36+0.46) to (1.12+0.39) (+=3.504, P=0.02).
CLSM revealed significant biofilm structural disruption and an increased proportion of
dead bacteria. Additionally, after 4 hours of treatment, the total persister cell count was
reduced from l1g(7.73+0.21) to 1g(2.79+0.43) (=4.143, P=0.014). Synergistic biofilm
eradication was further confirmed in clinical isolates. TEM revealed that PVB caused
significant bacterial structural damage. The combination of OXA and PVB significantly
induced ROS production, increasing the relative fluorescence intensity from (30 000.00+
2000.00) to (45 666.67+2 081.67) (+=10.68, P<0.001), and markedly reduced ATP
generation, lowering the relative fluorescence intensity form (565.00£33.18) to (205.67+
35.23) (=4.932, P=0.003).

Conclusion: The combination of PVB and OXA exhibits significant synergistic
antimicrobial activity against S. epidermidis, its biofilms, and persister cells. This
combination holds promise as a potential alternative therapy for biofilm-associated
infections caused by S. epidermidis.

pinaverium bromide; oxacillin; antibiotics; synergy effect; biofilm
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& PUAE RGNS N, R R AN
T 24 PR ARG 0 . e Al 2R K 7 BR T A BE R B
T BT A5 B8R TR0 R T 25 P A A B, 2RI
PRAZYT 7 R K RIE . 3% 1 7 4 K 1 i == [C B
PEOLSBURTR , FIAE R RR B T R A, IEH
ARZE T J&— R 70 WA B XS 22 45 O B2 BRZH 4R I 8
TR . SR, Y ERE s KT s bE A (= AR
HEA AR, 3 K 7 25 BR A AT 5 |6 AH N A Je e e g
I, UG Tt 9 1 2 B 25 R R LS A T 51 & A I
FEN, W LA R R R ARG, . AT
IR R PSSR DG B LN TG T A G e 5 . (R, 4
Xof 2% B 1 A R DA B L A= Wk PSS vy i L 24 W A
TEJA IR,

PO 2590 ()t e B G N KSR ) B T 2 58 AR
B, ZGW BRI R B R TR 24 ) 1 B 5 A
Ao Kim S8 A 75 38 008 S50 e AN RS
A2 CDA37 X 4 v 0 ) 4 BR A EL A 2 AR S Al
RN AREVER . bah, CD437 iR e Rk /b 4 8 4
A ER AR B A, A EEAImIRN(H . Zhang
SRR IR T 25 AR I M F-RE A R0 b/ BROG
A ABE IR R AR, SRR E R
WHA BENFEBIEEN . HTE AW AES
R A RS 2R | A IR A B 5 B 2R R 25 4R Bl ) 2
BE, WM IR TR R LT R, A AR
TR AR

T HAAE 72 ) FH 6 48 BR TR S 4 T X 1 806 A 2 [
B i 24 i 7B 48 B JR) (Food and Drug Administration,
FDA)EHE L T 25T T PUpiG PEofi e, & B0 81 Fp
i AE 2 25 BA W AE W] 5 52 A0 B0 % 3R R s T
PR, Anya YT AR AP I sk 2D 5 s 24 4 S it A
FIE 380 2o B D 240 A1 1) S5 3 1 VBRI AR B 4 v (0 7
%G BROB T M, [A B IR A& 3R DT 4E V] £ (pinaverium
bromide, PVB)XJ %5 BK 1 J& 24 1A 1Y 3% B2 i A BR A
HAWBPTEENED . PVBE—MHTIRIT S5
ZRAE R L BYES B 38 18 BH W R, Mao S8R 1E
PVB X 4 ¥ (0 A BR P A BUid i v, (E e o DL
Ehu Az 2 B0 TR SR BT 3R B A A ER TR BB TR
VB FTAIL I B AH G0 o A 5236 % i I 9 2 X6 70N
ST T miE R, R B PVB B Gt
e F IR PG AR (oxacillin, OXA)K 3 i #i A Bk 1 B4
—E R EANEE - . KL, AR o R
M RS . ALREAR RESLIS | AR W B AR o ST 0 R B
li] - A TR 255 5 vk R e PVB 5 OXA Ik G4t
WRCR, IRt — it E A BT . 1 1 4 (reactive
oxygen species, ROS)ll & Fl = 2 it H' (adenosine
triphosphate, ATP)xE #5577 12:48 8 PVB HIAEFIALE] .

1 #R57FE

1.1 EFENSESIKH

2, 7T -ZFPOLE T LRI (H2DCFDA) %GR
. PVB, OXA. — Hl LK (dimethyl sulfoxide,
DMSO)F1%5 i 55 YL 41 1 5% [F] MedChemExpress 22
Al o Mueller-Hinton(MH) [A] 7% 1 i 25 F i K 5K %
(tryptone soy broth, TSB)¥JI4 H b5t &3 FFHEL AR
AF]. ATPRESERNAG & A FIEEE A RAEYEARSA
PR F] . 3 M B AR AR W B 22 1 A B A BR
Iy H]. 96 FLAH A FR MR A 50 mL 5.0 B 1 S
FETAT . A AN KA Bk E g IR ]
fEIRFEIR . IR IS FRAH FI-80 “CARIR VKA 1 55 [F 5§
AT Bio-tek 4x A ShEE bR X4 A £ F AR A
Al BSTHEEI A HA H AL AR, BOGIRE B
Bl B R E g R

1.2 Fik
1.2.1 AR RAR G

¢ J7 7 2 BR TR AR VB TR BR RP62A W [ 55 [E b o A
PR WA o0 o 3R B2 T 2 3K A I IR 1A R SEP101 .
SEP102. SEP103. SEP104. SEP105. SEP106,
SEP107 #1 SEP108 #4 T 2022 4F 1 & 9 H It A RSk
PR = B e A o R B A I IR bR AS . 2R TR 2
F M IR AR o el s 5, I 5 B B O b
LS - RATH R B E AT 40 o BT TRTAR S T H il
TR RN, —80 CIRFF, TEFIMBEAE P FAZ1C21k
JE AT RS 5
122 % WA fkE 5

P HCE 1 B A A B TRV T TG TR A B AR
KA, 2 M SCOE 2 0.5 22 FQ i (McFarland,
McF), 5 MH A7 1:100 k)G & . 17 96 FLA
HrE£L 2 BN A 50 ul Ji MH A9 BE4 745 LU B 2
0.031 3~32.000 0 ug/mL PVB FI/E OXA, F4:HIHnA
50 uL 2 H B . DMSO B A BT R . 96 Lk
CEFRET, F37 ClERER T E TR 16~18 h,
52 B A G 4100 8 96 & (minimal inhibitory concentration,
MIC), B4l 240 T7 184 5 114 e (I P oA 25 e ST
1.2.3 M AAFH £

PR fif Y% T TSBH, 137 “CF LA 180 r/min
FER IG5 2~4 h EXTEUE KW, JFHZ2 R3O 2
0.5 McF, Fl MH ¥ 1:100 # B )5 4 o it
MH A8 PVB 5 LR B 2 0.25~16.00 pg/mL, A&
FHTR A BCK OXA A AR BE 22 0.031 3~2.000 0 pg/mL,
1] 96 FLAR F BEFL 4 B 50 uL # B I Y PVB Fll/ak;
OXA. ¥ 96 fLB R RIRA & TR, 7637 ClE
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TR T A P B B 55 16~18 ho ARE B 2 IBUB FH
() MIC {58 i Fr A3 A T 630 nm &b 119 W % &
(absorbance, A), FFiT 5t [A] 9 & 48 X (fractional
inhibitory concentration index, FICI), 2z & FICI=
(MIC, 4/ MIC,, 1) + (MIC, 5 /MIC,, 1) FICIS0.5
W FEAPER, 0.5<FICIs4 T XAER, FICI>4 4
AR,

1.2.4 BHla-FH wh &

HE 0 B A K % 3% K T A 3K T RP62A I ZZ [C L
MUY Z 0.5 McF, JfH MH R4 1:100 2E1 756
1] 50 mL B0 A AN 10 mL, 15455 Hh 23 5]
Jin A A e RS ) PVB. OXA Il PVB+OXA, fifi
PVB Fll OXA 24 B2 430 4 1/4xMIC, # B5 08T
BT 37 A F UL 180 /min#EF B 55, I
F0. 2, 4, 8, 12F124 hWHL 100 pL @217
M BE TR VR T 22l s TRl - B 20
1.2.5 @ 24 i ik £ 3

1 i 25O KK PVB AT OXA i MIC, K 1/2x
MIC L 7 4 B B R MH A ¥ 4% 1:1 000 1355 Be e
1] 96 FLAR HAEFLIINA 50 L FiBe )5 i B i . P AL
SAHIIMA S0 WL H MH P17 73 5% LU 22 1/167°xMIC
1) PVB fll/a OXA, BRRERYFE TR &, 7
37 ‘CFHIEE 24 he g MIC{H, ¥ 1/2xMIC
FLH A BB TAE 1:1 000 15 e S Ak 22084 T MIC Kl
W AR W 15 d, 30 EER M MIC{EM.

1.2.6 2 Ak B i I 5 B

PRBCH # # 75 T TSB 1, 37 ‘CLA 180 r/min $%
WIEFE 24 h 25 KRB HTHT & TSB 4 1:200
R RE)e, 96 FLAR AR FLINA 200 pL. T 37 “Cifre:
WEE 24 h, (HEHIESAEDIRNE. sk L, AfLInA
200 pLAEHRER K, EEVE3IR. SRIE REFLINA 200 uL H
TSB #i B¢ (1) PVB Fl/8k OXA, SR )5 T 37 ‘Cak L
B4 haFE BiE, FMAEMIKEE3 WG EE.
FEALFES AN 200 pL 0.25%(w/h)2h e g, T2
T FHEE 15 min 55 1, HARE KIEDE3
o Bl IE I 570 nm ALY A, BRI Ry 2wk
AR R
1.2.7 #hER BB BBEIE A M RN S

W 15 77 R K Y 3% B2 A5 4 BR BT RP62A H
Bt TSBH#% 1:200 %R, 7] 6 FLAR 1 AEfLINA 2 mL,
FIIA—3 10 mmx10 mm THE 53 . ¥ 6 FLARE:
F 37 CHEBER R D8 BT 24 h i@ Y e,
FHPBS B2V 3k, DAL PR A 5B A 45 & W77 F
B, BFLEA A 1xMIC ¥k BE () PVB FI/E OXA .
Jin#T DMSO RYFLIEE X R . K 6 FLAiL B 1E iR 8 77
T 37 CTUkLLMEE 24 h, I PBSIEYE3 G, [

R R 43 B3 NG 10 umol/L i SYTO9/PI({4&
M LD)ES®. BT 4 CFEEME 15 min,
PBS UL 2 RT3 OG IR AR I
WS DRSS T A 2540

1.2.8 HF@ At %%

¥ RPO2A R R FE 2T 51, F TSB#4 1:200 74
B, 196 F LA P AEFLINA 200 uL, 37 'CF FHEF
A 24 higE AN, 3ok B, RHLASIIA 200 pL
TA 100 pg/mL TR, T37 CPTHE4hESR
i, BFLESINA PVB 5 OXA s B F 06 . 43
BF0. 1. 2. 3F14 h WS Tip L THUE Y9,
FEOMRAE . W 100 WL E4 TP AR B B v T4
1.2.9 FE 4 w4

52 B A BR# RP62A 7E TSB A h 1 47 2~4 h
EXFECERI, L4000 g B0 8 min BUUTHE., JH 1x
PBS(pH=7.4)JE U UITE 2 K5, A 5xMIC PVB, F
37 CFHEHPFE 1 he FL44 000 g B0 8 min YL
VE, A1 mL % ZREEERES, JFH 0.1 mol/L —H
Ik — PR 22 ol VE R DTVE . T 1% DU 4 Ab #6/1.5% 0
BREALEP S 1 hIS VeV, JFTESA 1% SRR
LORRZE MR P E | he ZEKRUEER 2, HZ
BERREEVREE LK, FERE NG E 1 h 5 7
L, JFHE 60 'CF A 48 he TEVI A ML U IR i)
R, WSO T A b, R ERR A L . R G
P B UL 4 T R s A
1.2.10 ROS % ¥ %3

JH H2DCFDA 541 K6 ROS . B 36 B ) 2 BRI
RP62A 7E TSB AV 1555 2~4 h ZXPECAE K, BEisk
JFE B A IxPBS ' & A, =0.5. AN BIF M5
10 umol/L H2DCFDA ## /5% & 30 min. 5 PBS %
%25, B 10 uL PVB B¢ OXA 5% PVB+OXA fil A
90 pL 45 40 P B VR TR A 30 mine Bl , 7EIM
& WA 488 nm ALK M I 45 525 nm T K I 2¢
SREN,

1.2.11 ATP % & 52 3%

B2 B A BR# RP62A 7E TSB A h 1 97 2~4 h
BXHAERKY, RKEESET IxPBSHIFANE
Ay n=0.5. FIPVB 5 OXA 5% PVB+OXA b # 1 h )7,
T4 °CFLL4 000 g B0 8 min UITIE ., Zr7INA 100 uL
96 fLHH, FEAHIINA 100 uL TAEWR, KR
SR iR B

1.3 ZritFatE

¥ FH GraphPad Prism 8.0 4t i1 2= 84 #4743 #71 »
THE ORI B 22 (es) 2 o 2 BRI
Student’s ¢ K %, 22 4 FL R MR K J5 2 50 17
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(analysis of variance, ANOVA). P<0.05 K 25 747 4t 5OXABMEA U WA RIBTEIEN, HFICI Y

E- 38 0.25(K 1A), iE—- it i (] -5 R i 2 %8R 1/4xMIC
) PVB 5 OXA X 38 Bz 45 4 2K o JC A8 A E FH 8R4

24 R A TEEN s PTG, AT I 2 sl 7% T 4
L, VB 12 h BT 58 408 R R A BR A, ELAm il

2.1 PVB5OXABAEBHRNEAFE M BORK L 24 h(E 1B). IL4h, PVB 5 OXA B XTIl

38 3o 0 HE TR 7 R S5 46 U A RP62A X PVB Fil PR3 B RAR S A B S 9 B RIVE R, JEFICI S 0.187 5~
OXA i MIC ¥ 1y 8 ug/mL., ML 4% B 3256 /R PVB 0.500 0(F 1),

(=]

S E -e- Ctrl
5 = -=PVB
e s & -+ OXA
0 5 ) - PVB+OXA
£ g o
2 100 @ S
o 2
Q
2 -
=
=
pS
1 1 1
16 0 8 16 24
OXA/(ug-mL™) A Time/h B

E1 PVBEXF OXAXIRZHAEIKE RP62A K EER

Figure 1 Antimicrobial effects of PVB combined with OXA against S. epidermidis RP62A

A: Antimicrobial effects of PVB combined with OXA determined by checkerboard assay; B: Time-killing assay with 1/4xMIC of
PVB and OXA alone or in combination. Dash line indicates the limit of detection. PVB: Pinaverium bromide; OXA: Oxacillin; MIC:

Minimal inhibitory concentration.

&1 PVBERAEREKAMNREIEKENREIER
Table 1 Effects of PVB combined with antibiotics against S. epidermidis

S. epidermidis Drugs MIC,,.. MIC,, e Fold change FICI Outcome

SEP101 PVB 8.000 2.000 0 0.2500 0.500 0 Synergy
OXA 0.125 0.0313 0.250 0

SEP102 PVB 8.000 2.000 0 0.2500 0.3750 Synergy
OXA 0.250 0.0313 0.1250

SEP103 PVB 8.000 1.000 0 0.1250 0.187 5 Synergy
OXA 4.000 0.2500 0.062 5

SEP104 PVB 4.000 0.500 0 0.1250 0.3750 Synergy
OXA 0.500 0.1250 0.2500

SEP105 PVB 8.000 1.000 0 0.1250 0.3750 Synergy
OXA 0.125 0.0313 0.2500

SEP106 PVB 8.000 2.000 0 0.250 0 0.500 0 Synergy
OXA 0.125 0.0313 0.250 0

SEP107 PVB 8.000 0.500 0 0.062 5 0.3125 Synergy
OXA 0.250 0.062 5 0.2500

SEP108 PVB 4.000 1.000 0 0.2500 0.500 0 Synergy
OXA 0.125 0.0313 0.2500

SEP101-SEP108 are S. epidermidis clinical isolates. A synergistic effect is defined as FICI<0.5; an additive effect is defined as
0.5<FICI<1; an indifference effect is defined as 1<FICI<4; an antagonism effect is defined as FICI>4. PVB: Pinaverium bromide;
OXA: Oxacillin; MIC: Minimal inhibitory concentration; FICI: Fractional inhibitory concentration index.
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2.2 PVBHI#H OXA THZ5HIF= 4

TRl et R 7 s 86 S 163 1 75 3R T3 V0 B (ciprofloxacin,
CIP) %} RP62A f MIC 7 0.5 pug/mL. 3V 1 5 ¢ i CIP
BELEES 15 d, A CIP B MIC b7 64 4%, Rl
TR e B2 1 PVB 4255 15 d, HXTRP62A [ MIC B

Fold change (MIC,/MIC,)

5 10 15
Time/d

2 PVBHOXA B A= Bk AiF SR EBEEKE RP62A M 250

Figure 2 Resistance detection with PVB alone and OXA alone or in combination with OXA

LAEHFAE 8 pg/mL. AR VR FE 11 OXA 5 3% ¢ i 4 3K
WAEF 15 d, Al MIC BT 1645, M4 OXA Hin
A 1/8xMIC 1 PVB B, I & & 410 il OXA 5| 2 (1 Tiif
24, {# OXA [ MIC IR Z4EHF7E 0.5 pg/mL(1&2),

64 -
—— OXA
- OXA+PVB

© 48t

2

Lj

=

S 32

an

g

<=

3

=

< 16 :

=9

0 5 10 15

Time/d

CIP is used as a positive control. The concentration of PVB used in the right panel is 1/8xMIC. PVB: Pinaverium bromide; OXA:

Oxacillin; CIP: Ciprofloxacin; MIC: Minimal inhibitory concentration.

2.3 PVBIRi# OXA WA KR ERIERFMIFER
i

1/2xMIC 1 PVB 5 1 xMIC OXA X % 17 7 45 BR
I B AR Ve T BRAE T 2 W B T I
A e A 0t £ DA(2.36£0.46) /0 #1] (1.12+0.39)
(=3.504, P=0.02; KI3A). SYTO9/PIZHE YLt % FL .
FH PVB B Ab P 3% 7 6 75 R 1A A 0 s (A
FITEBRVERT, A OXA R CHAEYISVER , i 24
TS, AT AR AR W el B, Y nsE T A
WA LB (&1 3B), BIEARSS 2GR B EAR(E 3C), 206
BEC GG (K 3D), PVB 1 OXA B 138 7] B[] s
A R I TR A B R AR, ELRE A VR R B TR RE
HPTHEAOR T, Y PVBIET OXAME TH i
4 hf, AT B A Y B DA 1g(7.73+0.21) /0 2 1g
(2.79+0.43) (=4.143, P=0.014; & 3E). EH 4 Bkl
PRAT B TR PVB 156 OXA 4 R R 470 A= Wk sl S
PEATIRAE, & BLBA (i F OX A AN RE B B 75 Ik I

PR T PR 5 B2 A5 2 BR TR A= IR, 24 1/8XMIC
PVB I, W i & 42 5 OXA X 2 ¥y 4 W5 1) 5 B4 fiE
F1(K 4y,

2.4 PVBHIFLEWLH

75 S B LB S PR PVB AT B I 1 R 9 e A 2 Rk
PROEH 25, (HA0 M RE ST, 4 N 25 P HE
e, H MRS R AR e IR (K] SA, 5B). X 7] fiE
S PVB IR T 4 G BB 197 A=, DT G 32 46 40 200 f
WAHNBIEE ., ROSER KM PVB Hushfdi ] B ] {2
PEROS LI, 24 OXA 5 PVBIEEHET, MInf g &1
HEYA TR 7= A= ROS, il FHAH X 92 658 B M (29 966.67+
1903.51) 7} & 5] (45 666.67+2 081.67) (=10.420, P<
0.001; & 5C). #t— 2l & ATP £ il % #L PVB HI
OXA I FH ] B A% ATP YA, [l ATP 194 i i
M (565+33.18) Ui /b #] (205.67+35.23) (=4.932, P=
0.003; [K5D), Kk, PVBIEEH OXA BYFLE P AT
HEV M ROS 477 A48 Z2 L ATP 195 1 .
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Figure 3 Antibiofilm and anti-persister cell effects of PVB combined with OXA against RP62A

A: Biofilm eradication effects of 1/2xMIC PVB and 1xMIC OXA alone or in combination against RP62A by crystal violet staining;
B: Biofilm three-dimensional structure observation by SYTO9/PI staining, scale=20 um; C: Biofilm total biomass quantification by
fluorescence intensity analysis; D: Proportion of PI fluorescence intensity; E: Anti-persister cell effects of 1XxMIC PVB and 1xMIC
OXA alone or in combination. PVB: Pinaverium bromide; OXA: Oxacillin; MIC: Minimal inhibitory concentration; PI: Propidium
iodide. ns: No significance, *P<0.05, ***P<(0.001.
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Figure 4 PVB enhanced the biofilm eradication effects of OXA against clinical isolates
The concentrations of PVB and OXA used are 1/8xMIC and 1xMIC, respectively. PVB: Pinaverium bromide; OXA: Oxacillin;
MIC: Minimal inhibitory concentration. **P<0.01, ***P<0.001.
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Figure 5 Antimicrobial mechanisms of PVB
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A: Ultra structure observation of RP62A after treated with 5xMIC of PVB with transmission electron microscope, and the arrows

indicated the representative images of single cells. B: Enlarged images of the cells indicated by the arrows. C: ROS quantification
after treated with 1XxMIC of PVB combined with 1xMIC OXA. D: Intracellular ATP quantification after treated with 1xMIC PVB
combined with 1xMIC OXA. PVB: Pinaverium bromide; ROS: Reactive oxygen species; MIC: Minimal inhibitory concentration;

OXA: Oxacillin. ns: No significance, **P<0.01, ***P<0.001.
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