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3 FERAE A MEIRE Escherichia coli Oy BYHEAIE K
X /N BR B PR A F
BEE RERET TAE KER AR

(1. W RNRF B YIBE2EBE NEEHT PERITERE  010018)
(2. WS RFERE G NS EANERE  010018)

W OE. (889 A5 3525 5 75 58 R Escherichia coli O ¢937 AAIE AT B E. coli O,
DRAREE, [FE] 05 RA BRI R E. AL, KF &k f40m K B-D-F 5L
b (ONPG)E M 3 A5 A F 3t E. coli Oy A KWK, iR E@BAKM. a0k R g%
FEHEA. R, RAATRE D RENE LS Re9kyrE, [£R]) 3 HRAHLF7HHET
BIALE Mo B B Rt E. coli Oy, A3TATRS E. coli Oy 89 RARIPER, P RHBEF514%
PP EEHRARYE L, HEF] 50%; TAREHERNGRH I FTINKAFER T E. coli O, AL
B, BT LRI, HA KA oA 69 38 KBRS n IO AR 69 7 b, Bt do AR 4B AR 5T
LA EN, RAFHMILEMBIR, MR IH1ER . [4£] 225 57511694 N s
BRREME, ABREREEZHRAVEMSE.

X BHE 5, RAMKMATE, WENE, RipE

Inhibition of pathogenic Escherichia coli O, and protection of
infected mice by three Mongolian medicinal compounds

YANG Si-Qin' CHEN Aorigele’” WANG Chun-Jie> CHEN Yu-Jie'! ZHOU Ting'

(1. College of Animal Science, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010018, China)
(2. College of Veterinary Medicine, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010018, China)

Abstract: [Objective] We studied the antibacterial effect of three Mongolian medicinal compounds
against pathogenic Escherichia coli O; and their protection of mice infected with E. coli O;. [Methods]
The effects of Mongolian medicinal compounds on the growth curve, cell surface hydrophobicity, the
cytoderm and cell membrane permeability of E. coli O, were determined by turbidimetry, the microbial
adhesion to solvents method, reagent kit and membrane permeability assay with ONPG as a substrate.
In addition, the protection of mice was evaluated by E. coli O; challenge. [Results] All three compound
recipes inhibited the growth of pathogenic E. coli O, and protected mice against E. coli O,. The highest
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protection rate (50%) was obtained for mice treated with Mongolian medicinal compound recipe III, as
same rate as ciprofloxacin treated mice. When acting on the E. coli O; cells, the decoction of
Mongolian medicinal compound recipe III consisted of 7 herbs firstly changed the surface
hydrophobicity of the cell and secondly destroyed the integrity of the cell wall over time, and then
destroyed the cell membrane and changed the permeability, which eventually destroyed the cell
structure. [Conclusion] Mongolian medicinal compound recipe IIT showed the best antibacterial effect
against E. coli O both in vivo and in vitro and its protection rate in mice infected with E. coli O; was

comparable with the antibiotic ciprofloxacin.

Keywords: Mongolian medicinal compound, Pathogenic Escherichia coli, Antibacterial mechanism,

Protection rate

S B 2 S WS B RE | It S iR = 24 2 B
WK 5 5 L X R 1 25 B AR 455 T B
MRS 2 R R R A A
E/INE RIS BN o = VIR N (YA

HURTERIAFTE (Pathogenic Escherichia coli)
B A BRI IR bR WRAR R 2 — . B
Wtk E. coli AMUZSESHYIENER | 8T K IBULAE
SR IR, EL At v Rk E R 4 LI TS
(B IR D U E. coli RITPUEZA
57, [HIEAER, Pk R a9k H S 800 IR 6 A i 24
PR H ™8, RIREF KRR | RO A .

HAET, CT A2 12 R A=)
(A S NIV BR VAR PO TR 7 T8, T T D B4 R AL 3
FTREEGT R . IR G o — R FN S5, X
SRR T THR5E -
1 RSk
1.1 #HRAERNZREAES

BUWRTE Escherichia coli O, (E. coli O)) 52454
T ¥ i NSl RO R A= S YRl 2 2 B sl ) Ak 5
FofRfit, 3 MhS2YS 5 (AR A B Bom b
E. coli Oy EIMIBEVERIBIR) /30 . 52255 7111
(Mo, R, W, MIH. BT, ZEfEE, L
Bk 2:1:2:2:2:2:2); SRAE IV (L1046 K& [T
FIRCAIAIR, HeBh 2:1:1:2:2); SE258 7V (40,
WA OKEL WL KRR, MR, R
2:2:1:2:2:2:2),
1.2 iRIE 4 Rk

2042 g /NI B NS K2y

LW TR IR . LB WY, | AR
BHEABRA T n-T75kE E i . LR . KNO;
WERRER 22 1P (PBS) M SR A S48 B-D->F FL Ak iy b 1
(ONPG), i [ 24530 A7 PR 7] 5 Btk R B (AKP)
W&, MY TR T,
1.3 FEUEH

AL IR (RS TC-SPI-480), TRk imsx
WAXES A RA T 4 H 3 R S 28K
v, DIEERSO A RA RIS T %45 Multifuge
XIR B.0HL, ZEE Thermo Scientific Heraeus 2~ H) ;
AR, €[ BioTek 2],
14 3 FERAGEHKREFH &

W 3 SR T A SR 52 2 4 LU R TR
W, RAVEZGAS, A 10 Rk, ERRIER,
AW 15 h, WUEZGM; EEIN 5 A5 UK, &k L h,
BIF 2 G, /N B AR 2N | g/mL.1x10° Pa
R, 4 °C A M,
1.5 BURM E. coli O, BRI HI &

FORTE E. coli Oy B FRBURAIAL 3 K, 1514
Vo A ROR L B B I T SR IE Fa T — 2, OF 53R
HRFHEAST &M T LB W, T 37 °C.
110 r/min ¥53% 16 h, 4 °C 15475 1P,
1.6 3FRHBEAI E. coli O, F KRN

W 3 Fh 525 T K B R E SR R 53 i e i ik
2 MIC (Minimun inhibitory concentration)¥ /i [\ 24
W, LVEFRREENETEXTIR, 0.013 g/mL KL
IRV B (HE TR AR X IR, DL gl
VWA 5 mL. BAEW T 200 pL FAEK
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(1x10° CFU/mL), 37 °C. 110 r/min E£e85 3%, 4R
2 h BURE—IR, BEARUNSE ODgso 18, FEANH B2
FOE R A , IR R 3 4L, BCFE,
bl K e,
1.7 3#ERZBEE AR E. coli O ABRREFK %
=R

B K BREAN Y E. coli O; 5 000 r/min &5.0>
10 min, 3 B3, WAUTIER 0.1 mol/L X T# PBS
(pH 7.2)Pk% 3 K, FHFEHBEF T 0.1 mol/L KNO;
(PH 6.2)1, JHILFH W (4o)H ODso=0.4 (%)
10°-10" CFU/mML)., #3 1 IMAKIER, EhE
10 min, W HE 2 min, HA R TR G, FiHE 15 min
Ja P VS, A ODago (41)o E. coli Oy Xf
BARFN BRSBTS AR (1-41/40)x1007
1.8 3 #RZGE A E. coli O, AREEHI ST

PR BINEOHAY E. coli O1 5 000 t/min Z5.0>
10 min, ¥ L3, WEADIEH 0.01 mol/L PBS V¥
3%, 3 0.01 mol/L PBS 43k 3%& A 10° CFU/mL.,
W IEFIRFR E. coli Oy W S5 255 I A TR A&, fill
152255 Jr R BE Sl 2 MIC ¥k, 37 °C., 110 r/min

Kigto KifkZ= 0. 1. 2. 3, 4, 5. 6 h, &HHEL
BURE—k, BBURRR AW 3 500 r/min #.0> 10 min,
R A Wl R T (AP )55 6 10 I 5 2 AKP 1) 75
o MRE AKP & AR b i SR 25 52 O RSO E.
coli Oy 2L EE 5200
1.9 3#MEHE A E. coli O AR N
FECRTE E. coli Oy M T3 2%FLBHHI LB N
AR FIEOHE 5 000 /min B0 10 min, 7 1
W, BERDIIEN 0.1 mol/L K PBS ¥t 3 ¥k, I
0.01 mol/L (pH 7.5) PBS ¥4 B %4 10° CFU/mL,
T 96 FLAR i E PR RAFL . BHEXT BEFL AR
fL, BFLIIA 200 uL BOWRTE E. coli Oy AR AN
10 puL 0.03 mol/L ONPG. ItAh, BHMEXTBEFLINA
10 pL AE3ERK, PHMEXTHALIMA 10 pL 2%
TritonX-100, WEFLIMAZZIE I IV, V (2 MIC
WYV 10 uL, F 37 °C., 110 r/min FEPREGFE, I
£ 0.10.30.60.90 120 min B4 FLIATRIY ODy1s,
4 OD {HIH5 Bl R, 1A
ONP (min/mL)=[44;5x1 000/FE i AR TR (WL)]/ B i i
] (min)x4.86, HHT, A4s AT HIEBRIEOGE

R1 FHEAMEBRE E. coli O ARREHR K MR IR R

Table 1 The experiment protocol of the effect of Mongolian medicinal compounds on the hydrophobicity of
pathogenic E. coli O,

205 Group i3 /%€ Experiment protocol
25 X IR 1.2 mL E. coli O B #+0.2 mL 0.1 mol/L KNO;
The control group
A AR A 1.2 mL E. coli Oy FEH+0.2 mL |75 k%
The non-polar solvent group
Bl P 75 2 1.2 mL E. coli O B&#+0.2 mL LR LM
The alkaline solvent group
Ak 24 1.2 mL E. coli O B:&#+0.2 mL & {jj
The acid solvent group
SR I 1.2 mL E. coli Oy FEH+0.2 mL 2MIC ¥ 52255 J7111
The compound Mongolian medicine Il group
SR ITIVA 1.2 mL E. coli Oy BA#+0.2 mL 2MIC ¥ 522552 )7 IV
The compound Mongolian medicine [V group
AR TTVH 1.2 mL E. coli Oy F&#+0.2 mL 2MIC WS 25 )7 V

The compound Mongolian medicine V group
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ODy5, 4.86 & ONP {HY6 A %U[L/(mmol-cm)],
1.10 3 FERAEAXEE E. coli O /NRIRIPE
B9 E

S TR GEEURTE E. coli O /NRURPTR
e R IR A 2 T R WK 2. R TH 4 K
—KHEE 1 h 5, SR8 N SIS EESS 0.3 mL
(80% MLD)EURTE E. coli Oy, WELIFA0 348 2H e
J& 72 h WIMFET 1RO, TR R,

PR R=CRIGIT HIE TR AL B FE T 50/
BIF AT Hx100%!,
111 EES

K Excel 1R, FrA%dE M x +s Fn. RH
SAS 9.0 i 4k ANOVA X8 G HEAT )5 227007,
P<0.05 HA WEMZER.

2 HRE4M
2.1 3MERAEFWNBURME E. coli O, KM%k
pp=A10)

3 FhSe2h B X EUR M E. coli O, 42 K 4 52
e LI 1. HPE 1 AT, EFRRGAL E. coli Oy K
MMERE ST, Bifif 7 o ) ) 0B 4 BTV R 3 T
. N B 552255 514 E. coli O A=K 23t
REHKF-RE, MHAEHFNMVLA E. coli O
B 55 7 B T 9 ARk B WA H ke, AL 3 e
R IFTHMANY RS EFRRAGAMLEIL, E. coli
Oy WAERK W b SZ BN25 Wy A Ve . 2RI 3 Fh5e 2y
ITAE E. coli Oy A KA REFIIIHIVER, Horh &
FrTTRHI IR 5 R T B ARY

*2 RBPERBLGARE

Table 2 Dosage regimen and experiment grouping

bl S i EEELPIE S

Groups Animals Dosage (mL/each) Dosage regimen
RIAITLH 10 0.2 MR K 7RI, %2 7d, 2 %d
The untreated group
Wb ] 10 0.2 HEMBRNIDE 0.13 g/kg, #LE7d, 2/
The ciprofloxacin group
S5 540 10 0.2 MRS E )71 0.54 g/kg, %L 7d, 2 W/d
The compound Mongolian medicine III group
S IV 10 0.2 MENNZEZE IV 0.54 glkg, %ESE7d, 2 W/d
The compound Mongolian medicine [V group
ST VA 10 0.2 HEMEZERITV 0.54 g/kg, #EZET7d, 2%

The compound Mongolian medicine V group

0.50
0.40
2030
S 020}
0104
0.00

-~=The compound Mongolian medicine Il group
-o- The compound Mongolian medicine IV group
—— The compound Mongolian medicine V group
- The nutrient broth medium group

—~ The ciprofloxacin group

0 2 4 6 8 10 1214 16 18 20 22 24

¢ (h)

E1 3MERBGELNBURM E. coli O, £ 2B SN

Figure 1 Effect of 3 Mongolian medicinal compounds on the growth curve of pathogenic E. coli O,
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22 3MRAEHFWBURY E. coli O, BiEFRHE
FRk MR 220

3 Fh 522452 I WBURTE E. coli O, 41 15 7K
PERGSZ IR LI 2. IR 2 AT, Bk 2R SRS
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FRYE ST 411 25 57 1B 3 (P<0.05) . 2% (A X HR 4 i 7K
P2 TR N 3 Fh 52 5 T 4 (P<0.05),
[i) i i I TR S 4 (P<0.05) . B0t E. coli
Oy X TR DR BHEAE R XM 2 R £ g AR
PR, XA ARG BRI, PR
HBURTE E. coli Oy HA BRI ER HLAHXT 52K R -
3 P2y T BUWRTE E. coli Oy K IE, H
5t 4R OBEZEFA R E(P>0.05), W 3 Fh5
255 7 MRRAE TR W, T EEBORE E. coli Oy
FK
23 3MRAGEAMBURMEE. coli O AREER
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3 SR 5d i EURTE E. coli Oy ZRMUBE B0
DL 3. FHIE 3 AT, EFRRA AKP SRR R
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3%, AKP S LT IOk T 3 PRS2 T FIER TN
R AKP & BigHT EIHEH, s AE T
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60.00

The hydrophobicity (%)
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3 Fhe 2 B E. coli O, 4N 405
BRI L 4, R 4 a7, A 3ERKEL Y oD
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Triton X-100 F1 3 #5255 Jr 411 OD (B BT[] (1)
FERC TG, 2R 20 1R 20 R BRI | S Y
o, B-2FFUMET AR S ONPG i A i s
LB-HEEA T (ONP) . 5255 7 TIN5 32 1 1Y)
M5 2% Triton X-100 AT, & J7 VATV X240
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Figure 2 Effect of 3 Mongolian medicinal compounds on the hydrophobicity of pathogenic E. coli O,
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1.20
1.00
0.80
0.60
0.40
0.20

AKP content
(king unit/100 mL)

0.00

-~ The compound Mongolian medicine III group
- The compound Mongolian medicine [V group
~ The compound Mongolian medicine V group
-~ The nutrient broth medium group

-~ The ciprofloxacin group

¢ (h)

7

3 3MRAEFMNBHRMY E. coli O, HEREERIFING

Figure 3 Effect of 3 Mongolian medicinal compounds on the cell wall of pathogenic E. coli O,

1.00

B- Galactosidase release
[umol ONP/(min-mL)]

-=The compound Mongolian medicine Il group
-~ The compound Mongolian medicine [V group
-~ The compound Mongolian medicine V group
-~ The saline group

—=2% Triton X-100 group

100 120 140

El 4 3FEAEFFEIHRMY E. coli O, AR AR S BB M0

Figure 4 Effect of 3 Mongolian medicinal compounds on the cell membrane permeation of pathogenic E. coli O,

2.5 3MERAEFIEELE E. coli O /MNRFRIFE
7Y 82 i

3 Fh 52252 I WYY E. coli Oy /INEURA ST
SELEHR L 3, 3R 3 WA, S 80% MLD E.
coli O Ji, RIBIFH/NEAENG 2 K, HRNVEEME
FIAVNREAANE 6 H, RN 50.0%, Z IV
VAL S HAT4 1, RRI 518 37.5%F
25.0%. IS E FIIHERYE E. coli Oy /MNRATR
PR EIRHV R —FL,
3

(PG RN D AR VN st 7/ IR LN
ARARE, 2Pl YA R IR AR AR
TN BAN R AR, 1T L s 255500 55 B
TR A AR BT SRR IS 3 25 4 AR B
Xt 2L Bl BR R AN TG 2L B BR 0 AR K i 26 A R AR
JEE AR o A7 37 AU U S B 24 A R B L 2

ST R A K th 2 A B R RIfE T . 52
YR TLERIREGY), Ho AR %L . AlGE
faHh, FZG R 2o R AR 5 TR 5
11115 L8 B o 240 B A B AL AT BRSO 7™ £ i
PN AR R, 3 B2 B X BORHE: E. coli O,
Az K R 500 5 SR [9-10141E — 3k, AT
FEREAHMRIVER], b S5 T AR 58 152 07
WA DTV o IREHER, 5275 VRIS 7 V b gl
oAl REN A S PEEE VB IR, RIS S A i
Ylsi, HMEY LSRR 2, IR A
MAIE I,

A AR L AR, RS BK LA A
FARBLRL o SRKNE R T Z g By (R, KL
PRI BRERERE R SR YR T
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R3 IMRAGEF TS E. coli O, NRIRIFE

Table 3 The protection rates of mice infected with E. coli O, of 3 Mongolian medicinal compounds

ZH % Groups

%L Animals

8L Survival FRI13% Protection rate (%)

RIGTTA

The untreated group

BINTSRAY

The ciprofloxacin group

ST TITAH

The compound Mongolian medicine [l group
SR ITIVA

The compound Mongolian medicine [V group
ST VA

The compound Mongolian medicine V group

10 2 0

10 6 50.0
10 6 50.0
10 5 37.5
10 4 25.0

WL T UL B B T2 PR (R R
EIEEPIRSARAE, E. coli Og MHIN 3EKE, S5
BB IRYE s MR R IR E. coli Os FUBR KM . AT
FEARIR, 3 PSR TT IR E. coli O
2RI T RS K | S SRBR S PR TR (5] 2); H5E
R ITEIRT E. coli Oy WBKYE, ARG RS PRE
SEWTFEA R B

290 T 240 L B 114 T2 BT BE D DR 2 M S ME R
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B, I AKP BgE R Ak o P & 40 a5k AKP
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W 1 5t 52 245 52 7 X R kT i A D BE AT — 7 O
IRPE  ARBEFTE RN, A 3 #2552 75 ) , AKP
UL, B A HL BT, 530ER15)
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BRI B A it o RIS 05 T P R 85 2

MEAMMIEN TA B-FILBE . SBAHELE
B-D-FZLIL T (ONPG)JE: B-FFLM H G I,
B-FFLBEH M AR ONPG /KA it UM A 3 (0 1
ONP. IEFHUL T MIAMEIA R HAE M, (H 4401
BRIESH R RIR, ARIRSEENRAE, B-FILb
AR R M/ s, ONPG HE A SR N, Rt 5

ILIEFRM T ONP B (A5 1k A R0 240 A 2 5 IR
BB MR 45 R R, A 3 FiR2§ B e,
B-FZU T Rt B Sl e TR 3K A, R
XoT A AT — 7 P RBER T o o &2 D TR AR R s o
R, HEMHMESSZ TERNME TV H
IR

AWFFR T, SR RHEGEORYE E. coli O,
INERA AR AR ROR . KRR R, 5
2455 )7 SHE A TR/ N B R ik 75% !,
Wi A T A, AR S5 245 52 J7 X R AT TR N 43
O PR TR A TR /N R DR, AR R
kF] 87.5%!), AT Fh 322 5 7 LA 3 5
I, SHAERARYE—, 55 50.0%. HAEP
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NE TR BT FIORIR . SEa /N AR ZE R
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