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[Abstract] Objective To explore the in witro and in vivo antimicrobial activity of antipsychotic agent pimozide
against Staphylococcus aureus (S. aureu). Methods The minimal inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of pimozide were determined by micro-dilution assay. Biofilm was cultured in 96-
well cell culture plate, and the anti-biofilm activity of pimozide was detected by turbidimetry. The effect of pimozide
on biofilm was further observed through laser confocal microscopy and SYTO9/PI staining. Combined antimicrobial
effect of pimozide and other antimicrobial agents was detected by chessboard dilution method, and cytotoxicity of
pimozide was detected by CCK-8 assay kit. A model of skin abscess was constructed, in vivo antimicrobial activity
and toxicity of pimozide was tested. Results Pimozide showed significant dose-dependent antimicrobial activity
against S. aureu, with a MIC of 8 = 16 pg/mL. It could significantly inhibit the formation of S. aureu biofilm and
disperse the formed biofilm. The combination of pimozide and doxycycline has a synergistic antimicrobial effect in

vitro, with a synergistic antimicrobial index of 0. 5. It can significantly reduce the bacterial load in mouse abscess
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tissue in vivo, and reduce the live bacterial count from (8.25 £ 0. 13) lgarithmic value of CFU/abscess to (3.31 %

0.81) logarithmic value of CFU/abscess (¢ = 3. 74, P<C0. 05). The cytotoxicity of pimozide was extremely low,

with a half inhibitory concentration of 64 pg/mL on cells. Conclusion Pimozide exhibits significant antimicrobial

activity in vitro and in vivo with extremely low toxicity, thus is promising for the treatment of S. aureu-related

local infection in psychiatric patients.
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B2 0.5 McF FFH] TSB R B 22 1X10° CFU/mL.,
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37CHIEME 24 h. 7 B WR, HIAEFE KR VE 3 Ik
EBRAR G ALBELS S WA . T EERR AR 630 nm
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W50 pL 2 BIHES AR AR AT 550 b TR L
U 4 R B K SA ATCC 43300 fiff 23 i

255X 10° CFU/mL,37C §3% 16 ~18 h J5 H|
iR AR AR K R 2 Wk B2 oy MIC, dd i it
B [ 9 B 8 2 (fractional inhibitory concentra-
tion, FIC) #IWi 4l B /EF . FIC = B & F 25 i B 24
MIC/ &b iz i Y 25 i MIC + 56 & 0 ] & 25 i
MIC/ Bl 57 ] 2, 25 1 MIC, FIC 5 %0<<0.5.>>0. 5~
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FEMH L BFFL 50 pL. T4 B AR H# RE Y T 5L
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oo FLANM R b B T A ALRIBA IR E 24 h
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HAL IO,
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7AdIETEE L BA M. B0 X R K
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FHEAT AL 38 A0 2 4 ¥ R I 0 A 3 21 2 AT oK R )
A & HE Yefa e, B AR 81 1,
1.2.7 SRt 44  RHA GraphPad 8. 0 481224
PEEATEAR i PR £ a2 (2 )
Fon . P BB R T Student’s ¢ KB, 224
(] 54 L 5 R FH B0 DR 3R T 22 40 W 22 4L 1] 1Y 7 T4 26
WL R A Dunnett’s ¥4, P<<0.05 BERnERA
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2.1 EZEF4HF SAwwmEER ALK SR
R PEBESE R X SA (L 45 MRSA F1 MSSA) B A
KA PR IS P MIC 2 8~16 pg/ml, DCE 4R
X} SE b A HUH i 2 MIC 2 16 pg/mL, {H IG5
FAREXT IS8 41 B ) MBC 2 >>32 pg/mlL, H X # UL
P8 SR 22 M T a2 A P T R R i 3 A TR B
PUAEPE, WL 1, 2 pg/ml A G R B Y DG B2 5%
FEXT MRSA A o 18 Bkt H A 535 0 30031 3% 1 m] 43
B#E SA ATCC 43300 L& 1A) Fil USA 300 (L&

A SA ATCC 43300

sestskesk

1B BB M (100 £ 3.99) %, (100 + 3. 80) % I />

F(79. 81 +0.84) %, (69. 58 £ 8. 54) % (q {H 4> 5 N

6.47.6.17,34 P<C0.05), H.BfZ VS 555 45 19 9k )&

v LT B M R LA B R R
2B XV B R ) HURGA B 45 5

Table 1 Bacterial susceptibility testing result of pimozide
g fﬁj‘J?j MIC MBC
KR (pg/mL) (pg/mL)
USA 300 MRSA 8 =>32
SA ATCC 43300 MRSA 8 =>32
SA 1911 MSSA 16 =>32
SA 1912 MSSA 16 >32
SA 1913 MSSA 16 =>32
SA 1914 MSSA 16 =>32
SA 1915 MSSA 16 >32
SE #5 #E B fk RP62A MSSE 16 >32
LR B PAO! - >32 >32
K7 E ATCC 25922 - =>32 >32
1T : MISSE Sy 40 74 M S0 3R B A 46 BRI 5 — R R sEAT Y AR 7
R 25 PEA I .
B USA 300
120

He e (%)

ok Sk
s FORACK

0 04
XL 1 2 4 8 16 32 64 128 YRRl 2 4 8 16 32 64 128
PESEFF 4 (ng/mL) PEBE 554§ (pg/mL)
o oxxxx R 5 X4 . P<<0. 000 1;A 3 SA ATCC 43300; By USA 300,

Bl 1 VESESF R XS MRSA TR BR ) vk B2 AR B0 5 905 1 25

Figure 1

2.2 EEFHFHRSA AHBEGER  ILEFEH
AW R PR B A I 45 R SR .4 pg/mL By DT B
SR E OB G4 MRSA AR W B 9 B B, i SA
ATCC 43300 Fi1 USA 300 [ 4 9y B % i M (100
+£13.49) %, (100 £ 6. 43) % (WL 2A) 43 Bl fs &
(62.06£10.13)% (¢ =2.99,P<C0.05),(81. 98 £
4.84) % (¢=2.64,P<<0.05) (WL [& 2B), H % It
B FE RV I 3 w6k A ) MR R SO B L R
8 pg/mL 1 16 pg/mL BIIE SRR REV] BIE R C
I 18 B A s, 43 il SA ATCC 43300 1 USA 300
F A S e D100 £18.27) %6, (100 £ 6. 72) % (I,

Dose-dependent antimicrobial effect of pimozide against MRSA strains

& 20) J /b % (55. 60 £ 9. 80) % (¢ = 3. 89, P<C0. 05) |
(9.11%£1.14) % (¢ = 23. 98, P<C0. 05) (WL, & 2D),
252k ] CLSM WL A W) B B 25 B % BRAH 2R
VIELE R e FE R G AL, R 8 pg/mL
1) UG 25 55 4% 4b L SA ATCC 43300 ik 24 h J5 68
B SA AWy BRTE 1 A 850 R AR 2 68,9 b 3 BE HL
WA (LL a0 W E L E 3A) . XA P e
TE B A= W R LT A Wl 35 3% R DRS¢0 3L L
TR A AEE LK 3B) . i 8 pg/ml LB FF 4%
AEF USA 300 B bR G A= W IR 45 40 B IR, B it
iRTR T U FAR SRS i A L E Y I
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B USA 300

XA 4 8 16

0 JE 25 5% 45 (ng/ml) 0 VE 25 554 (pg/mlL)

XA 4 8 16 XEA 4 8 16

JC 25 5745 (pg/mL) PEBEFF Y (ng/mlL)
C SA ATCC 43300 D USA 300

150 150

g 100 5 100
:Elé :Elé
= >N i . )
= 0 e = 50 —
= FIRA 4 8 16 = AIH 4 8 16
pr Xt 8 41 g e

0 VEBETFAF (/)
X414 8 16
VE S H (/L)

VB 52 554 (g/mL)

0
XA 4 8 16
VC L5 4 (pg/ml)

A H B A3 R VG BSR4 SA ATCC 43300, USA 300 1 2= 9 A 5 7B Fi 5 C 1 D 43 31 Jhy DG 25 55 45 % SA ATCC 43300,
USA 300 14 Wy 20 BV T 5 5 % BRZE LR * R P<<0. 05, %x 7R P<<0. 01, »xx FR P<<0.001, *xxx 7/ P<<0.000 1,

B 2 VUSE ST 0 A 0 IO 1 1 S A A I 4

Figure 2 Quantitative detection results of anti-biofilm activity of pimozide

Ve A g A R 18 P 5 B 2 W S A
3 CLSM WLZEIESESFHEXT MRSA SA ATCC 43300 F A= 1) E 40 i) K 73 BAE A9 25 258 (400 X))

Figure 3  Biofilm inhibitory and dispersion effect of pimozide against MRSA SA ATCC 43300 observed by CLSM (400 X )

2.3 REFHERABDRESLALR /ilik
BOAS ) 25 1) 5 DL 18 24 90 15 DG B8 S5 R A T IG5 24
O, 45 R BRI s 55 RS VAN L CLA #il P k&
BRI R XA L FIC {2 2, PEELFF4E S GEN,
LEV A B 5 5u/E L FIC fH¥>2, {HIT 55 5% Ff
5 DOX Bt & H A7 B 8 19 B [ ¥t & 1E B FIC 2
0.5, W 4, BHIL, J52: 8 PR, 3% £ U0 55 5%
Fi 5 DOX I PEA 1A 9 B o s ok .

2.4 EEFEHEHFEAKRARE EELE N LR
CCK-8 50 A I, VL 5L 55 R e ik 2 =64 pg/mL,
0 M REPEARA o BE S o 38 e ) )N B P A e R
30 mg/kg Y UC 555 K¢ AR B AR A HEL S
30 mg/kg DOX 5 - w] 58 35 B AR e i 1 R /s (L
KISA) R AR PrEFEH] . PR 554: + DOX

2 3 g 1Y Sk AT i 2E 2 e 1) 4 T 2k o (9 T
(825 £0. 13) Xf % {6 CFU/ B ik > 3] (3. 31 +
0. 8D X EH CFU/ b (g = 3. 74, P<C0. 05) (LA
5B), MMAHAI R 2 e @5 R E R, SR
B X B 20 B A2 L D 555 4 + DOX 4 ik i v 11 38 46 41
PR D (DL 50 5 R H 2 0) i+ HE e (a2
SR X B H A BT Y 8 Pk 4 R IR T L T DG B 5 R
+DOX 4 7] A R FEAG 4L 20 rh iy 52 PR R (I
5C), FAMNZ ryxf BALAH L, PE 5555 FF + DOX 44
XERF O RE A fb 5 4% ALT . Djge A= fb 5 b5 Urea Al
DL REA Ak A8 bn CK Y 23k 2 1 Jo B i 52 ey (3
P=>0.05, WL 6 GLRIHL R | A IL B 5 Rr B A R
U B R Y 52 P
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4 LSRR RS I DT B R A S W PR 25 % MRSA SA ATCC 43300 f B4 T T R

Figure 4 Combination antimicrobial effect of pimozide and conventional antimicrobial agents against MRSA SA ATCC 43300

tested by checkerboard dilution assay

¢

TE - A S UEBESFRR T sl 15 DOX I G /N BUBZ T B I 64 AR I 1 1+ 400 € 7 S 327 e b 4 2 5 SR b 1 A9 18] 1 30m R L
b H A AR RO 2.5 mm; By Wb b 4 4 14 C Oy HE B (R4 22 3 (0 0L5E IR s 1k A% L AR RO 20 pms x 7R 5 %) B4

Hede, P<<0. 05,

Bl 5 DUSESERR YA A B0 BT A 0 4 R

Figure 5 In vivo antimicrobial activity of pimozide

ALT Urea CK

o & &

T VE S FF 4R + DOX 214 N 2 M4 i 25 3, Horp ALT  Urea
CK 434G AF B Ao LTh e A fb 16 b
B 6 VG 555 RF 1 44 PN B 1 G 0 45

Figure 6 In vivo toxicity of pimozide
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YU 25 W) IO A AN m] i o 28 2587 L BA WF A
R e 2005 i A A0 A BN 25 B 5 A R
AT FEE 1 F 50K 5 K B R IE 288 470 R P i 24 DL B
FERE BAT A RO RS M X SA B MIC Oy 8~
16 pg/ml. B2 TH 000 000 B9 UL 55 55 45 18 fE W] 2
T SA LW RE T I I RE T R B B A P I
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AN I8 & B L UL 555 45 5 DOX B A 5 A (R 4 Fin ik
PN P R T T 4 AR AR 1 200 e R P 7 4

SA A Py R A TR 1 e i 2 e R SR A AR IR
AT SA, HH 2544 B2 AR B (14 77 R = 10~1 000
FEANGE R R M W 2 — AR
PR AR H TR SR B TR L A B T A T Y — AR BIR A R
53 436 5 ELAR P9 AR I TS T ARG, X R L BT R 25 2
Mif 24 . 5 B B AT B A A KR T B A N
6, 2 20 B JE A R BT 2 A AR I R R T B
F5 00 1 KA 107 2 7 i 18 B 5 RS 1 440 7 AT B
AR R MR AR F A A Xt A W TR ) S Y
2590 © U AR . AR5 R IR IE 25 24 Y [T
BT R HA B 00 A RO A ) 0 R AR X T 24
AT ) 7% A1 R a5 f G L A% 9 e 1 24 o 5L S L
EPUBFITA : Lee 0 K& BUIR YT R K 2 1 /MR I
A SR 2 24 ) 3 Dk e MRSA H A B g i 1A
HNFIAR N BE 8 35 1 5 Oliveira 28070 % B AR 65 7k K bt
R SF BE A RO SA A Wy I8 T8 B OT g
HE— 25 Tk R 4 A0 R 1R B N N A s T
. SN AU 1 R R R BB S X SA e H 2
T 245 TR EL A B ) PR AR AR T TR TE M . BB B i
AEVE B SA TIE B A= P B . LA PN 2% T ik T Al it
B 2590 5 RN B VANES

D 2 55 AR EL A A K 174 240 5 e R R 1 R 4 it
e KRBT L D8 5L 55 Ry 1R 24 19 2 S 8oe
R IR 1100 mg/kg, /N B 21 B80E ) it i ik
228 mg/kg""" . AAA D i WF 5T 4 , VT 55T Ry
HH M50 B 20 mg/d B AT 5] R ORE B
FEAE . H55 H AR 190 255 25 A 1L o DE 53 5% e 1Y
AR AT R /N o ASBIEFE /)N BB O i G DG B2
FRER R AR 30 mg/kg. Toie A Bl A 2 5 B
A DOX BEG L /1 BRUARS i Az BER S B koK
AR S50 A i, 2 F WG #E L.
AHIFSE 22 B o Ak B A [ B DT 5 55 /N BT LB AL L
T RE A H B 2 B AR, U BH Y DT 55 55 KR A e 24
Py fefi I BsF s FEA 8036 97 ) A AL 3 B B R /) B A
WHEEMEEUN ., BRI RRIIIFZRAGAEGS
XFALAAR = 25 B 3 R T S W — 2 o (H % R
3 SA FE LS BRI LU Ry e o £ R
A D8 B8 55 R A o Jm B e F 25 A0 L RAB A AR
KR . BEAh, J5 823 AT 1 — 25 X6 UG 52 55 55 56 H Bt
W 2T AL B AR R A 4 2 70 B R 45 25 0 % LU
BRI 5 50 R iy B . BT o =22+ DG 5 55 45 75 I R
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