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Abstract Inhibition of verapamil on quorum sensing (QS) against Pseudomonas aeruginosa (PA) was observed.
The minimal inhibit concentration (MIC) of verapamil was determined to establish its culture environment, observed
the effect of verapamil on PA growth, and drew the growth curve; The expressions of PA elastase, proteolytic en-
zymes, and pyocyanin were observed respectively during virulence factor experiment. The results showed that In vitro
verapamil showed good antibacterial activity against PA when MIC; of verapamil was within 128 pg/mL and MIC,,
512 pg/mL; the MIC

growth curve suggested that when the verapamil was at 16 pg/mL it started to present inhibition against PA growth, as

was 128-512 pg/ml, suggested that it had comparative good inhibition activity; and the
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the increment of the concentration, the inhibition was gradually increased; when the concentration of verapamil was at
512 pg/ml, 256 pg/mlL, 128 pg/ml, 64 wg/mL, 32 pg/ml, and 16 pwg/mlL, the activity of elastase was signifi-
cantly inhibited (P <0.01), and elastase had certain inhibition at 8 pg/mL (P <0.05). The concentration of vera-
pamil was at 512 pg/mL, 256 pg/mlL, 128 pg/mlL, 64 pg/mL, and 32 pwg/mL significantly inhibited the expression
of pyotoxin and proteolytic enzymes (P <0.01), and it also had certain inhibition at 16 wg/mL (P <0.05). Inhibi-

tion of verapamil had concentration dependence against PA. Verapamil had significant effect on QS of PA growth in

vitro, and can be developed as potential synergist medicine of antibacterial one.

Keywords verapamil; Pseudomonas aeruginosa; quorum sensing ( QS) ; inhibition; in vitro study; potential medi-
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1.1 #H
1.1.1 HA#  HILEAME ( Pseudomona aerugi-

nosa , PA) FRAE R (ATCC27853 ) 4 [ VU 1145 Il PR
R Ly, PR BRI HR O B8 g RO SE G AR AT
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1.1.3 EBXAEMNERE BFhmekhEz
r R I BT L AERE > 99. 9% ; MRS WK (FE ox-
oid) ; i P Bg-N| 2R £ (ECR) ( 3 H Sigma-
Aldrich) ; BB ¥ (L [E oxoid ) ; DMSO ( B} [ 1k 2
i) 5 At 3500 34 50 VAR, 40 R 22 R AR X
(MIT-P, HAS SAKUMA ) ; H 4% ( DensiCHEK , %5
AWM IR ) S EEARAX (SUNRISE , JUH 38 P 244
A1) A=Ak 5 3546 ( HPS-400B , b 5t KB IR ) 3 71
432 — A3 HT R (ESI200-4, Pr FH T J# H 7 ) 5 Ha i
B XCTRAE (1014AS, bt ik BT ) sl
W VENL(SB25-12DT, T 2 YR o
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MIC) ., %M CLSI M100-S21" (38R | ¥ PA #%
PRV, 4388 i Ak, Pk I 3 P v 4 ol R0 8 o
F0.5 Z RN (1 x10° cfu/mL) , % H M-H
W R R 1 x10° cfu/mL B, 2T
i B i A E R A K VS VR, ] M-HL PR 4 L
EREWETHN0.5.1.2.4.8.16 32 .64.128
256 512 pg/mL, KR B ERLIAK 259 5 1 x
10° cfu/mL ) PA TE % A SRR FRIR ST, T 96 1L
B A A 100 wl EREA W AE DS gL, B
M-H R 5L 100 WL, £ B 41 Bl E 3 > F
ArALARCA X B R IR 5 B S FLAR TR 7 AR TR
A1, AR SR 35 CH53F 48 h, 600 nm Ab i bR
AL SCFE(E Agyy o PA RAEKMILE AW
2k B B Ry MIC

1.2.2 AKkw&eh%h FEEBRMEEO.5
FRME AL, B M-H W% BEES x 10
cfu/mL R, A5 LUAR BT ) 48 AR ii oK v i,
M-H R B ¥ £ 4 . 8.16.32 .64 128
256 512 wg/mL, ZM1.2.1 Ps2i 58 )5k,
FIEEF0.1.5,3.4.6.8.10,12.14 16,18 .20,
22 24 h SE Ao VABTTH] Ch) AR AR TR , Ay IHN
ARER 2RI AERIIAORAVE T PA 19 24 h AR HRZR
1.2.3  3ba kst PA A BT REG Y0 5Lk
OZERLIFK B R 5 VR 2 0.5 %
FCoh BE B 47 B M-H [N 37 Fs B 45 35 x 10°
cfu/mL P TATR . A5 LOAR BRI I 25 Ak ho i oK W,
FH M-H R 37 5 B JoT i e BE %8 816,32 .64 128
256 512 pg/mL, S8 1.2.1 Pocmb ik & i,
Tl B R R o v B 4y 1k 4.8 116,32 .64
128 256 512 pg/mL Y B W, A H A M T 5 5%
24 h, M Agyy o QZERLIAKXT PA SPE R B R IA
FsZIA . G O Y & 25 R, 12 000 r/min 4
CE.L 8 min, BRI LIEWRZ 0.22 pum A HL
TENEIE BB S ECR 2% thif #2 R A FR L 491 TR
A1, TREHEIRAIL 15 t/min 37 C M 16 h, filA
EH EDTA (120 mmol/L) &EW, & T K I 10
min, & 1k i, FF 2 000 r/min. 4 °C B> 8
min, B 150 pL _E3EWBINA 96 FLAR , BEEbR {0 &
Ay o BB BN IRALHA 0. 5% DMSO X BE4H | 4%
WREARE 3 D FATHL, A/ Agy LLIH TR FPE

FABRG M, OUERLIRXT PA 8 K il ik
FsEA . UGS R O S 2, 4 0. 22 pm 7
HLUE RS 08 OB 150 wl & T & /ML 2F
WBE M 37 C I 24 h, BB B WO IR 410
0.5% DMSO X R4, 25 Wk FE2H i 3 A FA74L.
JIVE 24 b Jg, /NFL O BLAE B B e L E AR L,
L/ Ao FLAEL BRI A B8 1 K i G P . @4 hr i oKkt
PA £ i35 B M2, BGE 5 O il & 2518
W ,8 000 r/min 25 °C B> 10 min )i, BBIRAGEL 4
mL I, INA 3 mL CHCL, ,J&4), & 5 min, T
8 000 r/min 25 °C &> 5 min,H 2.5 mL A CHCI,
JZ, A —E & HCLIEA) & 5 min, F T 8 000
r/min 25 CE.0 5 min J5 , lCHCL )2 Ay, . RE
BT FRZH AN 0. 5% DMSO Xif BB 4H | 449k Ji 20 %
B3 AEATIL, Agy/ Ay HUAE 7 B TR P 43 Ik 75
EJIiEs

1.2.4 %S94 RHSHHHEM SPSS 24.0
HATEIR G T o0 B . BHE S HEAT IE AR IR, 13
B+ bRIEZE (x £ 5) o IEA AT AR 5 P 2K
FOoRAEIES AL, ZA R 25001,
SR BOR 2 A 55 MR A Dunnett-¢ 6 55 75 74
HE AT 5 DL P <0.05 Fm2Z R A G,

2 HR G
2.1 HERAKMAINT PA HRIENEIRE
FHEZH (0.5% DMSO M-H W) H PA 2K
R, R TP RAE N, 4RI IKPT PA 19 MIC,,
512 pg/mL, W1,
F 1 HRKEIMNT PA HEERIMERE (n=3)

Table 1  The results of verapamil against PA activity(n =3)

LERIMOKRAIMIT PA 1 BARAN R/ (g - mL™")

LS
M1C9‘) MlCSU MIC Range

PA 512 128 128 ~512

T s MICy, 7R 259196 90% BMR AL K i /NI BB 5 MICs, Fm
LN 50% BBRAE K 0 SNV BE 5 MIC,, 55 25490 /N 7
e B3
2.2 HERMARMRSIM NN PA B4 2k

r & 1 A5, X IR ZH (0. 5% DMSO) X PA )
ARTCHEM . NFE 3 h 5, S 4EHba oK 5T & vk B
H 512 we/mL B, B A0 PA A2 K (P <0.01);
JOFE 4 h 5, S e R R OK BT 5 vk Bl 256 128 .64
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pg/mL B X6 PA A= B /R T 2. (P <0.01 ) 5
JNFE 8 h 5, YAERLIAK BT R EE A 32 116 e/ mL
I, X7 PA AR K B B — E WA AE T (P <
0.05) . HAERLIAK BT i My 8 (4 wg/mL B, X
PA WA TC B B IR .

B 1 ZERDARERSM NG PA B4R HIZE (x£s, n=3)
Fig.1  The growth curve of verapamil on PA (x s, n=3)
SXPERLAAAI, = P<0.05; = = P <0.01, FEF
VS. control group, * P <0.05; * * P <0.01, the same below

2.3 HRIDAKIT PA EHEFRIENHIN

2.3.1 HYedata Rt PA SRR G B R E W R0k
T I 2 AT, LR 0 BRZE 6 PA A S R 1 R O
SO, 5ROV R LA LU, ZE BT A K TR R e
256 128 64 32 .16 wg/mL I, A B I 4070 ] s 2
PRI 2635 (P <0.01) ,8 we/ml Bt w] 17 4
PEFE AU 23K (P < 0. 05) , H 230 HY e J32 4 i
P, AERLIOR TR E N 4 e/ mL B X3P 2
R I EIVER

2 HETIRKXY PA SEIEE AEBAIRN (X £s, n=3)
Fig.2 Effect of verapamil on expression

of PA elastase (x +s, n=3)

2.3.2  ZeFiha Rt PA & & KRB A GK 09 %00

H1PE 3 ATRA, PRZEXT IRZET PA SR KA B T0 R
Wi, 5 PRVBON HRZEAH LU, AE AR BT B iR B 512

256,128 64 32 wg/mL W B A4 K A i e 3%
(P <0.01) TR A 16 wg/mL B, X2 7K fif
FEEATIPHIE T (P <0.05) , 4MHIVE P A He 2 40 #si
HERIMFOK BT EE D 8 4 g/ mL I3 2 7K A Bt
PETCHHIE

2.3.3 ‘gEbakxt PA ZMRFEREG YW W
4 AT, LT BRAIXT PA S RE A F 35 T
SRR, 5 RO R A AH EE, 400 oK B v
512 256 128 64 .32 pe/ml B, X Gk EE £ A
PHEAPEI (P <0.01) ,¥EEH 16 pg/mL B, AT
—EBHMEIE T (P <0.05) , 30 4F A e B4k
i, AEPLIOK BTV 8 4 pg/mL B XTIk E
RICMHIER .

3 SRR PA REKFBEERIEHIRNG(x2s, n=3)
Fig.3  Effect of verapamil on the expression

of PA proteolytic enzymes (x +s, n=3)

4 EHIRKST PA RERE R
RIEMFN(x xs, n=3)
Fig.4 Effect of verapamil on expression

of PA green pyotoxin (x s, n=3)
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A B QS MR, A8 AT 58 U 2 4 Fr e ok
MIC 5255 Hr, S 4Ehr ik BT W 128 wg/mL
AT ] 509% TR AE 1 MIC,, 512 peg/mL, fi
AP TR VR BE YO L 128 ~ 512 pwg/mL, 5 /KB
FL(MICy, >512 pg/mL" Y M EL , ZERLIFK ST G
PERY 4T 5 5 74 2K H1OF ( MICy, My 256 wg/mL"* ) #H
Eb, AERIMOR PR TGRS 25, dERLMR ARSI PA
A 2k 5 e R B A0 oK T RV R 16
pe/mL BF FF AR R B X PA A KA I Bt i
FERS I AW/ g Ok, RIS R AR W 4T
MAKXT PA A8 %14, #9025 BH 8 2 B2 0 oK vl B
HAMH QS e,

WFFEUESE PA 5 71 TR A QS 2 VI
00 QS B 5 PA R LR IR, AT R
PA 1 50 PE 3R (G B K R G SR M RE R R
KU AR g A, 2 4k ROk T W B R 8
e/ ml B T Ui S0 HE 00 o] 3o R e ) 0 e
16 pg/mL I AN, 4 2ERLbr K BT & T
16 g/ ml B T2 50 H 40 25 1 /K S i 11 3
SRR Y235, 1 32 peg/mL B, WY &30,
FTREBR A R QS H RS Z R Als 4 AL, 1T PA
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