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[# ZE] BE AR (PVB) X R M4 R GRAD MRS AN B E . Bk JERD T EE
Bt 2022 4F 1—12 JJ AT B A IR 4 25 i A0 . SR ST IR B R I R AR A Ok R T R A X PVB B SR
T3 B AT — R T T A TN PVB T A A5 1 e ] R i B AP L 0 S R B SR PVB A 3 S 4 TR 1Y B AN M
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Ao M B M b Rk gL BT L R W PVB R BT TR E L. R A HOA R S5 R R, PVB X3 A A o Ak
RP62A ATCC 12228 e AR 14 ¥k B (MIC) | fie I & B & B (MBC) 343 51 2 8,16 pg/mlL; % 3% 7 I IR B4 Ak 1
MIC\MBC 4331y 4~8 pg/mlL.8~16 pg/ml. AR HOEL R B, 5ARMZGAY X B (0. 60 £ 0) em A1 1 ,0. 2 mg
PVB I B H B[ (2.26 £ 0. 09)em;z =45, 34, P<C0.001], HINH B Hi2Mi%E PVDB 248 360w is K. e —
AT MR 25 R 2R . PVB HA AR P . HL S 25909k B2 FAE i8] 9 384 iy 4658 . B ST SR g8 K B PVB /] B
B IR R 0 IF RS54, BB T K W B . AN 1 X MIC (1 PVB 3R BT 2 104 320 A W 0 T K L 4 A
T BT R (Asrg ) AL (2.30 £ 0. 18I BN (0. 47 £0. 1152= 14. 85, P<C0.001), [[Af,1Xx MIC ff) PVB & 1] 4 54
MR CIE B0 A= PR AR B e A (2. 64 £ 0. 1O D B (1. 77 £ 0. 3050 =4. 76, P=0.009), PVB 58K R A
PR K25 2 F B P TR B0 76 v L R0 400 B 4 504 5910k 0.50.0. 31, B s R % B 10 me/kg (AT ) PVB Af
187 Jie Bk T AU (68. 83 £ 10. 68) mm? 32> 3] (35. 50 £ 10. 58) mm’ (£ = 6. 52, P<C0. 001) , FL{d i b o 119 35 B 5 A
(6. 11£0.55)1g (CFU/Jf MO W5 (3. 60 £ 0. 34)1g (CFU/kM) (¢=3.08, P=0.014), AN - ek B
PVB FH 25 20 B ik e i e 9 98 0 40 B 322 i A LU X R AL B B b T IE R . 458 PVB X R A A W 0 4R S0 A
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In vitro and in vivo antimicrobial activity of gastrointestinal antispasmodic

drug pinaverium bromide against Staphylococcus epidermidis
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[Abstract] Objective To explore the in witro and in vivo antimicrobial activity of pinaverium bromide (PVB)
against Staphylococcus epidermidis (S. epidermidis). Methods S. epidermidis isolated from blood specimens of
hospitalized patients in a hospital in Changsha from January to December 2022 were collected. Susceptibility test of
S. epidermidis to PVB was performed using broth microdilution method and disc diffusion method. The time- and
concentration-dependent antimicrobial activity of PVB were determined by time-killing assay. Ultrastructural chan-
ges in bacteria after PVB treatment was observed by transmission electron microscope. The inhibitory and clearance

effects of PVB on S. epidermidis biofilm were detected by crystal violet staining test. The combined antimicrobial
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effect of PVB and antimicrobial agents was studied through microdilution checkerboard technique. A skin abscess
infection model was constructed to detect the in vivo antimicrobial activity of PVB. Results Antimicrobial suscepti-
bility testing results showed that the minimum inhibitory concentration (MIC) and minimum bactericidal concentra-
tion (MBC) of PVB against the standard strains RP62A and ATCC 12228 were 8 and 16 png/mL, respectively; The
MIC and MBC of clinical strains of S. epidermidis were 4 =8 pg/mL and 8 — 16 pg/mL, respectively. Disc diffu-
sion method results showed that compared with the untreated control group (0. 60 £0) cm, 0.2 mg PVB treatment
showed a significant inhibitory zone ([2.26 £ 0, 09] cm; ¢=45.34, P<0.001), and the diameter of inhibitory zone
increased with the increase of PVB dosage. The time-killing curves indicated PVB had bactericidal activity, which
enhanced with increased concentration and action duration. Transmission electron microscope observed that PVB
could significantly damage the normal structure of S. epidermidis, leading to bacterial edema and lysis. In addition,
at the concentration of 1 X MIC, PVB could significantly inhibit the formation of S. epidermidis biofilm, reducing
the amount of biofilm formation (Asy wm) from (2. 30 £ 0. 18) to (0. 47 £0. 11; ¢=14. 85, P< 0. 001). Meanwhile,
PVB at the concentration of 1 X MIC could effectively destroy the formed biofilm, reducing the amount of biofilm
from (2.64+0.10) to (1.77£0.30; t=4.76, P=0.009). The combination of PVB with amikacin and gentamicin
exhibited synergistic antimicrobial activity, with synergistic inhibitory indexes of 0. 50 and 0. 31, respectively. Ani-
mal models showed that 10 mg/kg body weight of PVB could reduce the area of abscesses from (68. 83 + 10. 68) mm?
to (35.50 £10.58) mm’(=6.52, P<C0.001), and reduce the amount of viable bacteria in abscesses from (6. 11
0.55) lg (CFU/abscess) to (3.60£0.34) lg (CFU/abscess) (t=3.08, P=0.014). Hematoxylin-eosin staining
revealed that the infiltration of inflammatory cells in skin abscesses in the PVB treatment group reduced significantly
compared with the control group, tending to be normal. Conclusion PVB exhibits effective in vitro and in vivo an-
timicrobial effect against S. epidermidis, which can be used as an alternative for the treatment of S. epidermidis-
related infections.
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1.1 At

1.1.1 KA 58 —HHE TN (dimethyl sulfo-
xide, DMSO) .PVB, JU#f % (tetracycline, TET) .4 &
Z (erythromycin, Ery).Z & ¥ & (levofloxacin,
LEV) i $6% % (daptomycin, DAP) % % (fos-
fomycin, FOS) \F %5 M i (linezolid, LZD) \J3 ity B
% (vancomycin, VAN). & “F /§ #k Campicillin,
AMP) | Bl k F & (amikacin, AMK) . K K % &
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(gentamycin, GEN) fli4h 55 # B 35 E MedChe-
mExpress 2 Al » JT A 150 Y5 il T 0 28 10K 84
DMSO . PVB ¥ KA T DMSO & 50 mg/mL
-4 s Mueller-Hinton (MH) % #1 Tryptone Soy
Broth (TSB) Il A bt 50 % 3 5 B A IR 24w MH
S RS I 35 B ST A ) B RS N 22 1 A A RS
2 EH A e B R L e 2 A R A R A F
50 mL B0 R 96 FLA0 MBS IR AR A 38 BT
H) 5 LG W B s AR RO R A A
ICR /)N B B 180 7 0 3K ve Sk sh W s2 36 A B2 A 5
FE IR 4 R W B 36 E B C A A HT-7700 37 5 L BE
W H HA B S22 A EXLS00 42 B 3l il A H 36
[ Bio-Tek 23 m] s 4 H gh 2 415 K AU B BB A K
YRR RA W 4 B 3 2 IR A8 B E
BBAA .

L1020 W H Ak KW b E R R RPO2A A
ATCC 12228 Hyliy [ 36 [ A 0 il g s . R
K FE kE S. e1.S. e2.S. e3.S. e4.S. 5.S. e6.8S. €7,
S.e8.S.e9 I S. e10 ¥y F 2022 4£ 1—12 A W& H
FKvb i Bt B2 B AF B A A bR A . T RR O i 4l 4k
J&i » i 33 VITEK 2 Compact 43 [ 3 ##2E B3 0 & 48
A S5 A B R I ] B A AT L S . T R
PR R T Hm@E sk b, — 80 CLRAF IR AE - 1 3 AR
AR b AL AR S AT

1.2 RKEFH &

12,1 #HEAZHBERE PRI mIE-F ik -
MIATE P T 0 A= IR K b T4 B 322 IR EE ik AY
P 0.5 Z K7 (McFarland, McF), Al MH A%
i B 100 f5 5 % 1l ¥ PVB A MH Wiz e # #E
0.5~64 pg/mL, 311 96 fLAR P A 50 pL/ 4 fL.
A DMSO f)£L 3 B B XS B2 . i ) 5 L
S 50 pL 5 TR B W . 4 96 fLAR & T
&L 37 CHEIRE B E 16~18 h J5 A R M
& F (minimal inhibitory concentration, MIC), BJ
I e PR DR R 400 ) 0 A R I B IR e . D
MIC 2 fi ey 3 B2 o 45 AL 70 0 W IR A 15 97 W T
F M BAR VA b 37 Coid i & 5 » 3 e AR % T Ik
J# (minimal bactericidal concentration, MBC), HJI
REAS K 99. 9 06 1 23 T 75 1 B AR 25 vk -
1.2.2 KA ¥ # R Pk RPO2A it [ % T
TCHEBRER K L IR R 0.5 McF, I EEME T
3 e SO B WU A T MIH B R Ul BT
- ARERe 607 JG AR S iR A 1 3, —2LIR A 3 . 4%
PAROCE F R 15 ming T TR R S 4 WU, G T B

F IS AR R T SR R T A AR A
HACH B 0. 2~0. 4 mg PVB, 344 0. 2 mg
VAN F1 DMSO 43 5 35 5 Sy B % B 21 0B 7 XoF #E
. BFAUE Fi& b 37 CHHRFEMRE 16~
18 h JiF . A B 5%, bR R U B 1 AR .
1.2.3 B E—F W a4 PRI RP62A B fif 14 7%
FREAEFEE K P ZE 0.5 McF. 31 ] TSB # B
100 f5J5 A 10~50 mL 2.0 %, F 1) 250
AR PVB A E 0.5 X MIC~2 X MIC, ¥
DMSO B & A BAPEX I, B0k E T 37 CE
TR B 180 r/min 5 B 55 5% . 9020 0 T 0.2.4.8,
12 F1 24 h A ALIRHC 100 pL BRI AT - AR
PR 75 10, 22 i ] — S B 2R

1.2.4 #HRWENEITRBMEN PRI RP62A
PEEEVE PR B3R 2~4 h BEXEUEKHL5 120 r/min
15 min 2.0 5 BT TE , I TG P A 2 4k 7K I8 0k 5
HETHH 5XMIC ) TSB #,DMSO & & b H 1
SHHEZH . 37°C 180 r/min ¥ERKF: 1 h 5. IR
UVE - FFEEVE 3 . &4l A 1.5 mL 2.5% /% —
f# . 4°C [E5E 24 h J5 . FH 0.1 mol/ L i B2 B1 2% vl Bk
VERUTTE , IF F 100 DU Ak B i AT Rk T . 4k 2k
FHK FIEy f 8 30 28 vh W PR U JF A 106 & T Al Tk
WFE 1 h, BSR40 AR B VR B (300,50 % .
70 %1 90 %0) L B K L I AL AE Spurr AR Z B A%
B BIEDEMY) TS 226 21 il Tk A0 A A R A
HEAT Y 8, 5 2 G o 5 00 5 4 R e s A
1.2.5 A EH S fnoE X B A B K
By Pk RPO2A S ff 18 7% T i& & TSB 1,37 C
180 r/min $E IR 55 21 6 . 9 3 2T
fif TSB 1:200 # Bt J5 . T 96 fL A v & 4L Jn A
100 L. I TSB¥ PVB 75 B & 2 X MIC~
8 X MIC, & fL 43 A 100 pL, 34 DMSO & & K
B B, B 96 FLARBCE T8 & b . 37 C i
BIWFE 24 h 5.5 LI AR B KSR 3wk, AL
A 200 pL 0.25% Cw/v) 25 b 58 QL il . 2 TR 5 0
H 15 min, 7 1 H 462 AR BER K EEVE 3 R L BR
RGPS A B 25 28 P W IR R 570 nm &b
14 W BB CAD BRIV Sy A 40 ) AR R . A 400 3G Bk ik
B ¥ RPO2A $EIKI I EE 355 .l TSB 1:200 # B
FEIA 200 pL & 96 fLAH .37 CHEMFE 24 h, 57
IR A R KRR 2 AR TR . AL
S TSB % H# B ) PVB & 1 X MIC~4 X MIC,
37 CHER & B F 24 h, 5% LI, A OKER S
PP AR e o, HARB IR B,
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1.2.6 #AMBRLE  PHCRPO2A i fif 14 7% . 7
IRIGESR 2~4 h FEXHAERKWL M E 0.5 McF, RH]
Frik MH R 1:100 # B & . F PVB H] MH %
B2 1/32 X MIC~2 X MIC J5, F 96 fLAk H &
BEHEAEFL M A 50 pL. DMSO # # hy FA 6 B 4,
TR F & MH R 175 556 158 T F8) B 1 25 0 3% L
B2 1/32 X MIC~2 X MIC, T4 "% HE 45 1L 43 51 fn
A 50 plo WRAEH 96 FLARBCAN & . 37 C 18 i IF7
H 16~18 h, FEFRIUCRE I Ao wn I35 U0 [5] 30 5 45
%4 (fractional inhibitory concentration index, FICD)
= MICagey /MICysgy + MICpyepy /MICyppy o Horr, A
B 23 51 S PRI A BT 259 . FICT<C0. 5 Jy B
[FAE T, 0. 5<<FICI<<4 i Jo RAE . FICI>4 5t
FERM
1.2.7  BBRMKBY R AR AL BRI 6~8 JR i Ay
ICR /N EA TS5 . PREL RPO2A B 50T 75 L 12
PREEFE 2~4 h FRPECE R O 40 R DT TE O T
FA#E KA. F 31250 ] F) & ICR /N B &6
TR EAH 107 CFU B 240 8 B 15 % T 5 2
AN, R G 2 bR 2 B /N BB AL 2
3L 6 N HEAT R R R ISR YT O
14 %4 DMSO BRI K. 25 2 41:10 mg/kg
PVB, % 3 #4115 mg/kg PVB), J&J 24 h J5 Il &
Jog o T AL o J e 2 2 R B S I TE 40 2 R
s AT I AR — A (hematoxylin-eosin, H&.E) Jb
o, [l B U0 B Bk Jie 20 0 A6 A= B R K Hh e 4 ST
W 51 B LU R J5 R AT P AR B A TR T A
AT H O 38 o R R SR S e B 24l
T v 48 PR A A 2 5 - XMSB — 2022 - 0199)
1.3 %itFat FAERBYMEL 3R, W
M GraphPad 8. 0 et 2= 5173 0. IES 5010
() e 278 B AR £ AR e 22 (2 £ ) Ko . AL [E] L
R ¢ KK, 22 41 8] He B R SRR E O 22 0 0
(ANOVA), P<<0.05 NERASRIT¥ZE XL,

2.1 PVBsTAHGKSIRAERE L0 R
7R, PVB X 36 ) A5 M B #k RP62AATCC 12228
() MIC .MBC )43 514 8.16 pg/mL; %t 4 lIfi K
PR R 5L B A B O L H MIC L MBC 4351 4
4~8 pg/mL.8~16 pg/mL, L& 1. 48 ¥ # ik
95 45 3 8 R, 5 DMSOXT B4 (0. 60 £ 0) emAf b »

0.2 mg [y PVB HA B 0 #0 E B (2. 26 £ 0. 09) cm
(t=45.34, P<<0.001), H PVB Ay & & B 12 >
[l VAN B0 # Bl B4 B PVB R T
D B P AR K UL 1. AR R R
7~ PVB HA A0 M FL R 245 9 ok B2 358 Jn i 3
58, JF HL A — % I I ] RO ML 2 X MIC (1) PVB 5
FANE R 24 o] {9 TR RRCEE R I 2 SR AP A B A
DL 2A, bk, B S B R PVDB Al g 2 iR &
1 T S5 AL S SO0 A A I DR AE L L AT DL A R K
iGN R W S S ol N A B 3 NI E R S O
WL 2B,

R 1 PVB XA b5 M B bR A I PR B bR A9 MIC FT MBC 45
H (pg/ml)
Table 1 MIC and MBC of PVB against standard and clinical
strains of S. epidermidis (pg/mlL)

bR MIC MBC
RP62A 8 16
ATCC 12228 8 16
S.el 8 16
S. e2 8 8
S.e3 4 16
S. e4 8 16
S. e5 8 16
S. e6 8 16
S. e7 4 8
S.e8 4 8
S. €9 8 16
S. e10 8 16

PG 8 4% (em)

PLH 251

. o« 0 P<0.05,
B 1 403 HOE R R X PVD SOt
Figure 1 Susceptibility of PVB against S. epidermidis de-

tected by disc diffusion method
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o
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T 2L Sk 5 7R o B s 4L
2 PVB [ B ] T 1 2R CAD i 5 i SR 45 2R (B)
Figure 2 Time-killing curve (A) and transmission electron

microscope observation (B) of PVB

2.2 PVBsTAMAYBAGRAER S EAH
.1 X MIC PVB £ B 24 h W] f 25917 i1l 2% i 2E 4
PR TR 8 o HL 2B 0 B ) D 3t ( Aszg o) DA (2030 £ 0. 18)
W FE] (0. 47 £0. 1156 =14. 85, P<<0.001); i &
PVB v B T o Hoxk A= ¥ BT B %) 490 i) 1 4 4
S A — 1Y) RO DL BT 3AL A, PVB
R RETE BR R C 2B Y. 1 X MIC PVB &b
FEIE I AEYINR 24 b J5  RAE Y 5 (2. 64 £
0. 1O WL R (1.77£0.305:=4.76, P=0.009), H
& PVD ik BTt a . ook 34 28 W I8 v R e )

I

E WY WK 3B,

A B
-3 -3
S2 <2
o o
tﬂql pas] sk
: : :
# - #
0 0
AR & &
EESS A

PVB i PVB ik &

T A Sy PVB XA A4 Y IRTE sUA #0140 45 T s B PVB X3R4
CIEIRA YRR BR AR .« SRS X B L P<<0. 05, »x
F 50 AL A P<<0. 001,

3 PVB R A Y B i 45 2R
Detection result of PVB against S. epidermidis
biofilm

Figure 3

2.3 PVBERAHZHBEAGHRARAIER
MEEL R BRI 0 48 0 ik PVB 5% BT 259 (AL 35
TET.E.LEV.DAP .FOS, LZD, VAN , AMP, AMK I
GEN IR GAEM .. 458 W/, PVB 5 AMK GEN K%
FHEY FICT{ESAR . 43 514 0. 50,0, 31, 42 R B B A
PMEHCR AR T PV 5 H A 470 18 245 Y0 3K 24 2R B
TRAER L Horp . 5 TET B FICT {855 (Cly 3)
5 E.LEV,FOS,LZD, VAN 1 AMP (¥ FICI {§ ]}
2,5 DAP B FICT{E 1, DLIET 4A, A P& v 2
(19 PV FUE A 5 & 79 AMK 50 GEN Bt n] i 2%
O 46 ) G G IR R AR A R B2 L I AT 4B,

| |

IxMIC

L, 12xMIC

2 14xMIC

2 1/8xMIC

=

& 1/16xMIC
1/32xMIC

w

I 74 4 2
5]

<o

&

PARS N
FFEPIFES
I ESEY]

TE: Ay PVB 5 ARG 25915 i FICT{H ;B 2 PVB 5 AMK 5% GEN I I 9 45 88 7 B il 50 .

B4 PVB 5RIF R 25 YK A 5T R ROR

Figure 4 Antimicrobial effect of PVB combined with different antimicrobial agents

2.4 PVBAHOAARAZFR N5 PVB
XoF 2 1 1A PN B T T M A I R R A TN RO R e
i SR MR 55 R i 24 % REZH A EE 5 10 me/kg Y
PVB A {8 Jfe Ji 1 R (68. 83 £ 10. 68) mm?* 3 /b 5|

(35.50 £ 10. 58) mm? . Jife b [ B 42 35 45 /N (£ = 6. 52,
P<<0.001), WL 5A, 10 mg/kg ) PVB ¥ 1] i 3
ok It e A5 8 v 1 4 T A i 5 X BERCZE A L R e
TG T AL (6. 11 £0.55)1g (CFU/ Jife Ji) 3 /b 3|
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(3.60£0.34)1g (CFU/Jefif) (1=3.08, P=0.014),
LIE 5B, HEE e 0 5 7% xF B8 28 fie i vp A9 48 1k 4
M B &, 1 10 mg/kg F1 15 mg/kg PVB H 2541

A B * G
= s !
< §7 =
g
£ S 6
= :05
= =
= ¢
oy i g
B ol
=2 2

X B 21 PVB(10 mg/kg)

B4 B2 JER e Jirb e LT R UL 3 6 MR L R Tk 1 41 5L OE
HARZS L ILE 5C,

PVB(15 mg/kg)
A
¥

T A Ay B R e T R 5 1B Ay B IR S o 24 B 5 C Sy HLEE e (0 W5 e i 2 4 vl 1 € A 332 1 5 21 €6 7 Sk T 45 S e i 30 5%t

* fLFP<C0. 05, »x 4% P<T0.001,

B 5 PVDBTE B Uk e A e A58 0 b 1y 0 1 7

Figure 5 Antimicrobial effect of PVB in skin abscess infection model

3 itig

A H R B AR A 2 sk PR T A8 AR R R R
WIRR , B A A B A 5| A i B g . A A S Y
PR ARG IR IR YT R AR K R ME . AR W 58 K
2y PVB B AN KX REEA B EN
RSN R NPT R R R AR A R
PUREYE . BAh AR B R PVDB 5 & b
A £ AMK.GEN B 24 B [5) o e 16 v
B4 PVB Al #5 AMK ., GEN 1930 B 808, A% H:
ot 700 o o DTG B AR L FE 4

PO 259 W & S0 S 34 o i 24 1 s i
BT TA 25 W) 1 Bt e A RN LI RIS L i PR AT R G T
I )R ) 5 HAR S . ARk, 2 258 7 IR & R
A R AN B T AL SR TN RO T 25
WF & #5 . Stokes 251 g ik N TR BETRE 22 . &
PIGIT W PR % 25 4 halicin AT 38 1 % SR 40 7 40 i A
WM 8 e R HEURAE A . Yu &5 R
PO IR 24 W 4 v 25 T T H 24 0y s A JOk 3K 5 fef
Xt 22 T 24 24 BAVE AT T A D R VE . A
F L PVBAE R 5 W B Ak — LB IT 259 X &
e A Y TR AT WY S BT LG A A Py
VORISR WA FES . teah . iR 9E™ &3 PVB X} B
8 2 2 A P A T H 2 HLE - PVB A]
ER T AT BRSS & 45 0 UM A8 8 Ay i 4 1, O
0451 240 L P AR TE B 1 Hsp70 FEAB 8 A TE M, A

55 e 20 IR R 1

PVB Hi RO W% . B A ARG M H MBC 2
8~16 pg/mL. FEHHHE UL Zox . PVB Al 5] & 41
PR 7K M e ¢ S B0t R 4 A HE DU PVB A B 3 i
WA NSNS B A S IME . B THRENSE
JE 2 A A Y BT g O A A L PVB
A FH AL AT e ¥ K5 T 3 1 BB . i3 )
ok e CAW) FlE IR BT 1B B CApHD P AR 3 4
B FEZE B L T 3l D) ORI 2 A0 A R Y
HL Ak 20 B L 6 40 B TR 35 &5 # F0 OE R AR BRI RE Y
ey Cn ATP & BUF & FE I i i 55 BoA &
BAERY . SIS & B PVB 5 2 b
TPk £ AMK, GEN B H A 8 5t @ 7E H
iR = & e E /WA S i | o 2 B TR O RS
JiL PN A 53 3h ) 4R UK Bl 3E A A1 R 200 B P i A T
PRSP X — B UESE T PVB X R A R T sh
Py THRAEH

PVB (¥ {4 Py i 52 1 K45 o B 8 OR )OO, H
B S 470 TR 245 0 o R ) 22 4 v s 2 T T R
PVB % WA B O 32 A8 0 Sk | IR T
FIE AT - 5 3N 3.7%.3.2%.2.3%.2. 3%,
— 01 Z v Bl AL AT BR AR B 40 A 2012—2013 4 8] Y
1 5 B LE A AE SR X PVB (3¢ S pEE A7 PR A . Ho e
218 i & 5 H 45 7 PVB 3 (50 mg/ ), Xif i
41 209 B R AR H 5T 3 YA R ) i R 2
RWRHEEZ PVBIRIT M B E L E AR,
AN, PVB i BAT B E i RAEH . Chen % & 3
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