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Protective effects of snake venom antimicrobial peptide OH-CATH on
E. coli induced rabbit urinary tract infection models
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Abstract: To investigate the potential protective effects of the snake venom antimicrobial peptide OH-CATH, we used a series
of rabbit urinary tract infection models successfully induced by cephalosporin-resistant E.coli and E. coli ATCC 25922. The
experimental models were administered saline, snake venom antimicrobial peptide OH-CATH, Cefoperazone and Sulbactam
through the urethra. Urine was collected on days 1, 5, 10 and 14 after model establishment and urine culture was done to check
the infection in each experimental animals. On day 14, all the animals were sacrificed and the bladder tissue specimens were
taken for observation by H-E staining light microscope and transmission electron microscope. We found that the snake venom
antimicrobial peptide OH-CATH reduced bacterial count in urine culture in both cephalosporin-resistant E. coli and the E. coli
ATCC 25922 infected animals, while Cefoperazone and Sulbactam were only able to reduce the positive rate induced by the E.
coli ATCC 25922 but had no obvious effects on animal model induced by cephalosporin-resistant E. coli strains (P<0.05). We
also found less necrosis, degeneration and inflammatory cell infiltration in bladder tissue in OH-CATH groups as compared
with the other experimental groups. The snake venom antimicrobial peptide OH-CATH had stable antibacterial activity against
cephalosporin-resistant E. coli and E. coli ATCC 25922 and exhibited protective effects on both the cephalosporin-resistant E.
coli and E. coli ATCC 25922 rabbit urinary tract infection models, suggesting that the molecule may have potential clinical
applications in treating urinary tract infections.
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FIRE BB IG ARSI T SRR, A
FIRARM T 51 & B E T IR E A G E IR % S
(CAUTI), 90% LA I (Y1 Bt SR A1k PR g 2 e 5 /1 &
SRS % (Burke, 2003). SIRE B E 3 d KAERE
JRYL RGN 31%, >5 d b 74%, 1301 B )
JLT- 4 100%(Wagenlehner et al, 2006). 3 [H < B sk
Yerb R B E TR 51 R DR YL 1R LB 20.8% ~
31.7%(Hu, 2005). MbBEGATIT L Z M REDR &
e, AR S EOR BIHH, o R IR 45 B (E
coli)i& CAUTI i N\ PRI d5e 35 3 1) 11 7oy (Warren et
al, 1982). T K A& wEHrA R M A, w2541
AN 2 B 25 PR o, i B dE”
WAL BRSO BE, RILE PO A B 2 Kk T
Bt T BRIk .

WA, BT IR DAL K (R 0 v % fh 92 1 1 55
VERAEA AT AT H 2R N« B B i~
Bl £ Cathelicidin HT 5 JIK B R IR B sha s
RE NBPIRHLEL” st = “AEYHRS AR
PN ERHH T SR, A RIE KB 24
)7 A K IS 4 IR R AR v I R . T 5 1
P PRI 245995 Jo PR B Qe e 2500 53 e oI )
Cathelicidin XJ VF 2 Il PRI 25 0B 9 o T AR5 )
AN TE, IR ARG 40 B B DSOS M5
PE(>400 pg/mL), [FINF, 75535 (1% NaCl) J I
FEAE PR REORFF LU BE TR, Bon T 8w G R Y.
FHHT 5 (Zhao et al, 2008; Li et al, 2008). A& JRiE
FiL5p W Cathelicidin (hLL-37), 7EE4EREd, |
B 41 f 3 E 4 B0 Cathelicidin (35, i8id hLL-37
() PR AT AT 1 Sz R H, S At
Iy IR ORI PRIEAZ 4 1R 42\, Cathelicidin 5
T LB IR W PR T (0 P AR N R W R
(Chromek et al, 2006).
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PR ER, e B8Pt IK Cathelicidin ¥4 K (1)
e A . FH 42 ST Al «
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L1 20 TR e FH 4 b R 5 38 K i 32 A5 11 (.

coli ATCC 25922)Riii S 781 b 25 K a5 A5 B s AR T
R BB 2250 — M s B B A 30 B 7 B IR 2
SE) AN LB 85989, 37 CHEEFRIE R ik H FEX
20 pL FEBCEAT R BEWOINA LB B8 (2 mL),
37 CHEFR 150 r/min 4k£EH55% 3 he

1.1.2 PR IL OH-CATH HIhI% e 4t
Ik OH-CATH H 30 M2 JERR AR AR 20 1k, o i,
5 R BRI A BR A 7 G, SRR AN
KFFKKLKNSVKKRAKKFFKKPRVIGVSIPF, 4l J¥
>95%. S0 BT FFE el b R B “ Bl 5 N
RPIRHLEL” TSI = “AWRE R NI
RIS SIS APE AT B KM BEZE
SR IR E BRI, B AER SRR s
) SSEEHERES ) SCXK () 2005-0008
1.2 KWHE

1.2.1  HEPE R WA PR BRI PR R g v MRS
(2.5 kg) H B BERER =S80 s bty 525630
YIS G HZE K5 3% 8% 2 HE 2481 mL/kg) Bk
15, AMEME L RSB, 10F AU $ R (Bard 2
], Foley XU TR 10F Catheters) i i 41 iy i
WEAT SIRA, R e, BRI S 3 mL A2
FHKME FIRE; 423 REESR 1 mol/L HCL 5 mL
I PR 5 min J5, F 4 1 mol/L NaOH 5 mL
A, Bl e A2 3 ER K e IBE IDE 3 X (Asahara et al, 2001);
KH, &3 RETFEE R EFE R 1 mL(100
cfu/mL) (Kang et al, 2004; Desnottes et al, 1981;
Mever-Siegler et al, 2004), 431 & P B v 43 21
K I T VA1 b 1R A S T S 700 181 25 K W AT A T 24 R Uk
YU R b PR R B YL Y

122 SERrA ASEERsr 5 4(A. B. C. D Al
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Ml &7 CUHZH . D R Sk B 3 KA B 45 T i st
FIIE OH-CATH 41 LA & B Wi Sk A 18 28 KT 14 45
F L IRETEF B 4H4H . B. C. D A1 E 2403 B BUK
T AR A TS Sk 7 BT 38 DK A 7 1 4% 1 A e K
B, KHFIRE 0.5 h G, SIREDHIES 1 mL 5t
PEIK (4 mg/mLx200 plL )% Bk S 0 R i 7 B 5
(30 mg/kg), FHJRE 2.5 h JakH FRE %
FEo A HRSEE S R AAH IR, (HR AR B ER KB
AN ]i) N K ] RE

1.2.3 FdnfbrARE HHESE 1. 5. 100 14



134

R EPIEE: AR PRI OH-CATH X AT 1 5 S 5 S ilb bR ARG (K g 1 H 29

K, FRITTIRAR, WP BIRbSAS . SCH 2R 14 R

PRACRAR SR AL BN Y, AP BUR E4LZR, &y
FHAR /R By BRI 8 5 A H-E Je i D) o gg, 65y

FH G g I i Oz S R 2

1.2.4  WBJRIRIGSR b S HEG A W 5 o) Ay A
RP IR, ARG BURFR AR LB 35 IR R
10* % 10° f%5)5, B 100 uL 47 P40 #8595, 37 °C
ARG TR 24 h G WETHEL. BEFRAEIC T . 1%
145 1 35 e B (Sigma A6013), 0.3 mg/mL B2 (i
(Oxoid 7 ih)# T 10 mmol/L pH 7.4 F7 45 R - 4L
M . KIE S 20 mL B IR R PR AIE HAE H AR
76 mm 577 ML 34 5] AT £ H .

2 4 R

P ER RIEFE

IEH R T, 25 W B % $>10°/mL,
R R A IR R A AE G (W, 2004). b 5 HEHf H)
W RS AR LK, ARSI AR UK AREE 1L 5. 10
K14 RIBBFEAT LB B 980iMR 10* A1 10° 1%
GRS B, 107 cfu/mL WARuE, #ike o ks
FRGE RSBy 9 h>2x10"efu/mL K>2x10 cfu/mL
yBAE, M<2x107cfu/mL B=0 JyFHTE. H5 s
HE, LU & ST I 41 R W S R 4 R G B %
G D.

2.1

F1 BRI LRA[E B8] B PR 153w PR 2R (BRE B/ 2 51) b3
Table 1 Urine culture positive rate (positive cases / total cases) among experimental groups at different intervals (%)
REU285) AH B4 c4l D4l E4l
Days /Groups Group A Group B Group C Group D Group E
1 100 (6/6) 0 (0/6) 0 (0/6) 0 (0/6) 66.7 (4/6)
5 100 (6/6) 0 (0/6) 0 (0/6) 0 (0/6) 83.3 (5/6)
10 100 (6/6) 0 (0/6) 0 (0/6) 33.3(2/6) 100 (6/6)
14 100 (6/6) 33.3(2/6) 50 (3/6) 66.7 (4/6) 100 (6/6)

Ar RIBAT B AU A 2 R KO0 B B AT B ARHERRSS T e TR Ik OH-CATH 4H1; C: KIAT B AR UER LS TS FDR I A AL D: i Sk K
IR B4 FIE R SURT K OH-CATH 41; E: it Sk AU AR A WAT B0 T Sk AUURKAEF E24R41. P<0.05.

A: The E. coli ATCC 25922+saline control group; B: The E. coli ATCC 25922+0OH-CATH group; C: The E. coli ATCC 25922+Cefoperazone Shubatan group;
D: Drug-resistant E. coli+OH-CATH group; E: (Drug-resistant E. coli+Cefoperazone Shubatan group. P<0.05.

2.2 FEBRARAK

221 H-E R tpiivlr Kghrd g s b ks
I K BV HIF A A )RR 2 1) 4 234 A (Wang,
2003). AIEVIA SRR, A ARG BEARHERE S
P ) F A B R 7K 2 B e 4 20 AT LK R SR R 4
SR MR, FHUUZ nr Wrb kg i ; B 4l
KT RARERE S, T e BE DU Ik OH-CATH 4115
R W BIRFEA LR, n] W/ 2RE 40 i, Tl
JAAR W] W AEAN R, C ARt b dEdRes
T Sk AW & LI LR WL RARAEAL R, AL
AN, D 2 SRR 2 KA w45 T e dE b
Ik OH-CATH 4B el 24 W] IR FEZ0 2R, mT L
DERIEANL, E A Sk 5= KA gs 7k
Wik 1] 7 £ 20 I I 2 2R n] DLIR AR A ZH 2R, 0T 4
IR SN NG 7R A Rl G G
OH-CATH 0% (& 1)

222 BEHHE EHNHERAS RN A 4K
T BRI b Y A 2 3 0O L % I B e 201 22 4 it &4
FZETL, T WK 98 1 40 i S SR 040 W AR, ) o
K, R AT HEHE A GAA (] 2A); B AR IAT B bR
HERREE TR R PR Ik OH-CATH 415 2 20 K6 7>

IEF AN HHES, Ar WA B RPE AN, S tdin) SR,
KEWIREFYEHFIE 2B); C 4Rt Bibr ek 4y
TSk AR A 5 4R 20 I DE 2 23 K ¥ 0 1E s 4R i
B, AW RS PE AN, FRAIR TR, KRR
YRS 20); D AN kAR Z= KT 25 7
FEUURIIK OH-CATH 41B5 L2 H 4 fu s, R
WARNEN L, Rl B, KR R 2T 4 HE 51 (14
2D); E A1 Sk LT 32 KT 45 1 Sk AR i & EL4H
AUB HEA LA N A R 2L, AT KR 8 P A A2
A1 BUKE, IRIREFEHE SRR, 5 A AUARLL(E 2E).

3% ik

T2 JE A SCRR 7V 3 T R A b R AR I
YeZ) Wi (Asahara et al, 2001; Kang et al, 2004;
Desnottes et al, 1981; Mever-Siegler et al, 2004), 5Z
B2 RAEW], U PR AR GBI G ST AR E AT AT,
LI AR S B T R I ) TR A ) 8 Ak BB I bk ik
AT, AR T AN R I

B PR ISR 4 S R AR B ER KO R4/ 24 h
DA b PR TR 45 R BIPER I 100%. KT
PRUERR S T b #5 PR Ik OH-CATH 417558 14 KR
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Figure 1 Investigation of bladder tissues in different experimental groups by H-E staining
A: KGR RRIERRAE O BAL B: KIGFFEFRUERR S T S50k OH-CATH 41. C: KIGAFHARHERRA Tk IR &F B0 41; D: i Skt p %
K w4 T i S HUR Ik OH-CATH 41; E: i Sk 25 KM AT B 45 T S AR &7 £ 30 20
A-1: BECAZAT o] WARFEAZR; A-2: BEDEULE RT e PR 40 N A-3 IR DEAULZ T 0 b 2 o425 B-1: I IEAL 2 ok LT BARIEA 2R B-2:
IR IEZH A R W] AR 2R R RRE AN B-3: DR R R W RIRTELH LR B SN C-1: B DEZH LR WIRZEZR; C-2: ML R L) &
RPCA LT J B RAEAN N C-3: AL PR WS RIRGEAL U n] WL D4R SOIEAN M, D-1: B SUR WIRFEALZR; D-2: B LG b ) /b i AR
s D-3: BEDEALL D SOEAN M, B-1: ALV SRS B2 SRSk vy WL AOEANHY; B-3: B IBEALZ v brn] I A AE AN L o
A: Saline+tOH-CATH group; B: The E. coli ATCC 25922+0OH-CATH group; C: The E. coli ATCC 25922+Cefoperazone Shubatan group; D: Drug-resistant E.
coli+OH-CATH group; E: Drug-resistant E. coli+Cefoperazone Shubatan group.
A-1: The necrotic tissue in the bladder; A-2: Neutrophil invasion in the bladder muscularis; A-3: Neutrophil invasion in the bladder muscularis; B-1: No
obvious necrotic tissue in the bladder; B-2: No obvious necrotic tissue and inflammatory cells in the bladder; B-3; No obvious necrotic tissue and inflammatory
cells in the bladder; C-1: No obvious necrotic tissue in the bladder; C-2: No obvious necrotic tissue in the bladder but a small amount of inflammatory cells; C-3:
No obvious necrotic tissue in the bladder but a small amount of inflammatory cells; D-1: No obvious necrotic tissue in the bladder; D-2: A few inflammatory
cells in bladder tissue; D-3: A few inflammatory cells in bladder tissue; E-1: Necrosis calcified tissue in bladder; E-2: Inflammatory cells in the bladder tissue;

E-3: Inflammatory cells in bladder tissue.
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Figure 2 TEM images of the bladder tissue in different experimental groups
Az KJGFT RRRERR L B0 KO BB I AL (7 SR AR AN R); B: KIAAT bR ERRSS T IR 25 DUIRTIK OH-CATH 4B IEZHAY; C: KIAT i br v bk
2T R FDRE A AU ALY D: W kAR AT 45 T I REHUR K OH-CATH LIS B: il S AR B 3 AT IR 25 T K AL DR A &7 LI 2B
ALY (35 K R AN ) -
A: Saline+OH-CATH group (the arrows indicate inflammatory cells); B: E. coli ATCC 25922+OH-CATH group; C: E. coli ATCC 25922+Cefoperazone
Shubatan group; D: Drug-resistant E. coli+OH-CATH group; E: Drug-resistant E. coli+Cefoperazone Shubatan group (arrows indicate inflammatory cells).
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