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7.38 nmol/L F1197.2 nmol/L, 7E{& SN KB BEMS W] 1M LPS it #3877 MR BEVE FH (P <0.05,P <0.01) , X #4437 4 14 )
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Antagonistic effect of kukoamine B on bacterial endotoxin and CpG DNA

Yang Jingcheng', Liu Xin', Zheng Xinchuan' ,Zhu Yuanfeng', Lu Yongling' , Zheng Jiang' , Luo Qizhi’ (' General Labora-
tory Research Center, *State Key Laboratory of Trauma, Burns and Combined Injury, Institute of Burns, Southwest Hospital, Third Military
Medical University, Chongqing, 400038, China)

[ Abstract ] Objective  To observe the in vitro and in vivo pharmacological antagonistic activity of
kukoamine B (KB) on sepsis. Methods  Affinity of KB to lipopolysaccharide (LPS) and CpG DNA in E. coli
was detected by dual polarization interferometry, in vitro ability of KB to neutralize LPS in E. coli was assayed
by limulus amebocyte lysate (LAL) test, and inhibitory effect of KB on release of TNF-o and IL-6 from RAW
264.7 cells induced by either LPS and CpG DNA alone or by heat-inactivated E. coli and Staphylococcus aureus
was detected by ELISA. A mouse sepsis model was induced by injecting heat-inactivated E. coli and Staphylo-
coccus aureus into abdominal cavity of BALB/c mice. The BALB/c mice divided into control group, low dose
KB group, medium KB dose group, high KB dose group, and clinical drug treatment group with their mortality
observed for 7 days and compared. Results  The affinity of KB to LPS and CpG ODN1826 was 7. 38 and
197.2 nmol/L, respectively. KB significantly inhibited the in viiro coagulation effect of KB on LPS (P <0.05
or P <0.01) and the release of TNF-a and IL-6 from RAW 264.7 cells induced by heat-inactivated E. coli and
Staphylococcus aureus in a dose-dependent manner. KB played a significant role in protecting mice against
severe and extremely severe sepsis. The survival rate of mice was significantly higher in KB group than in
control group and clinical drug treatment group (P <0.05 or P <0.01). Conclusion KB, as a neutralizer of
several pathogen molecules,can inhibit the release of inflammatory cytokines and plays a role in protecting mice
against sepsis. lts effect is significantly better than that of Xuebijing and ulinastatin.
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MR BEAE (sepsis ) A& H B R R A 3 1 42 Bk R AE
J 2 1iE (systemic inflammatory response syndrome,
SIRS) , e Fa b , i J VB, JE T 28 iy, 2 3 B T
BESET I BRI A it B T —
LR I PR G T 0 M A R A [

Tl B( 44 HiH B2 &K , Kukoamine B,KB) j&
T AT B T S AR A% SRR AR 11 7 B R 1) 4, DA
LPS F1 CpG DNA BRI rp 24 3l B 2 v 3R A5 /Y — Fif
PEMIIRIE AR T Sk A 2 B A 2
AWFFE S E KB %) LPS 1 CpG DNA 26177, 735l
i KB X 9 5 B FIIBE 5 098 RAW 264, 7 21 Jifd ¢
Jil TNF- 1 TL-6 (ISR | IR F T S 308 511 74
U A B 119 1 ek o R A o B TR A B AR
WLEE KB XPAEHY /N B PR AP VR T, [ 5 1 PR H 24 1f
WHRN B w T HEAT AT AL, DAVEA KB X R AE
AN IRAPIOR

1 #ESH®

1.1 SR

KB B A S5 % H il RAW 264. 7 240 1, K 1 % A 1
(E. coli) ATCC35218 Ml 4 #% {0 4 4 Bk B (S.  awreus )
ATCC25923 ¥l |1 ATCC; K575 [C B LPS(0111: 134, L=
109k4054) 55 CpG ODN 1826 (#£2 M355953 ) ¥y [ £ T 4= 4
FBRA T 2R (A5 1106161) , W B BEVLL AW R
AT /N TNF-o KR & (L5 E09483-1632) | IL-6 45l
T & (15 F09362-1632) 41l [ Ebiosicence /2 &) 5 I 26 ¥ VE
SR (45 1011012) A= 7758 h RERLL H 2500 B4 FRA 7 5
AT (LR 031101112) A2 R 4 T e A A B2 25 ik
BAEBRAT
1.2 %34

8 JEIS BALB/c /MR 480 H, f& JFi & 18 ~ 20 g, MEME 42,
WA T 75 D 2R B S 0 Bl O (LI A BB A W B e A
NFEEEE) IR T SPF s .
1.3 KB 5 Xk #3%4 K H LPS .CpG ODN 1826 &4 3 #=

Ry

R FXUm AR AR AL T30 &2 ( DPT) 4340 H.AE AR & 4
A5 KA TR LPS L CpG ODN 1826 7355l (6 Y AEAE il S
e R 11 AN ELRR B FE Y KB (0 ~ 1 280 nmol/L) 5 LPS
PLK 19 A He A Bk B2 1) KB (0 ~ 640 pmol/L) 5 CpG ODN
1826 (45 AR, I3 B3 P A (KD fH) .
1.4 KB s K M3kA K LPS 444k sk o o VF Al 2

4 0.01.0.03.0. 10 pmol/L ) KB 5 1 ng/ml ) K57
B LPS T IR R I E 30 min, DhZEWK A B4 %) B8
I SERBUE IR, T 37 CHFA TS BRI, 5 30 B 58 2 A
YHE R 2R 354 LPS (AL e BE (EU {H) o

1.5 KB ¢ LPS #= CpG ODNI1826 3 jk #| % RAW
264.7 tmpeE 3k TNF-o F= 1L-6 &4 394475 A

2 B 43 5 4 0. 01,0, 03.0. 10,0. 30, 1. 00 wmol/L ()
KB 73 5 fin A f R M #52 #v B LPS (50 ng/ml) F1 CpG ODN1826
(0.5 pe/ml) BN ) RAW 264. 7 4ifii (1 x 10°/ml) i1, L)
RN RAW 264. 7 21 Ay (HPEXT R, 43 A0nAEfS 12 h J5
I b3 , ELISA 34 TNF-o 1 1L-6, 5% in KB 447 LK
1.6 KB f# R & 20 18 &% RAW 264. 7 4m fo #5735

TNF-o Fo 11-6 &4 39 4] 45 A

il % BT A P B B Ak i D 0..01,0..03.,0.10,0. 30,
1.00 wmol/T. 1) KB 73 Jil il A 4K 3% K e 4 B (EC) (5 x
10° CFU/ml ) FHAK i 4 B (04 A7 BR B8 (SA) il  RAW 264.7
AHE (1 x 10°/ml) o, UK ZE 9 RAW 264. 7 21t BA 4 F
BB F AR 12 h JF L ELISA 3530 TNF-o F IL-6, 55K
KB 44T A
1.7 MAEEHRRER DR E ZRIRFREAER 6

B IR YRY EI

/N B BEDLE 1225 1 6 20 B HI N HEAH fIGVR i KB 4
(KBL) \Hif i KB 41 (KB2) =) KB 4 (KB3) | [l 254l F
BRI T, A4 20 MRS

TS K 152 A AT L 2 G 4 A P SR ) 28 MR T T
(1.2 x 10" CFU/kg) , ZJ5 0.6.12.20.28 h & R Ik4 24,
0.1 ml/20 g, %} HAZH i 5 AR B ER 7K KB 417 5T KB %3 (0. 01,
0.03.,0. 10 mg/kg) , ML AERAL 353 LT ST (5 ml/kg) , 2]
AT RS S W) T (10 000 U/kg) , WEESIC 3N 7 d SET-H,
TS T AR v TR VR G R RN R 1.4 x 10" CFU/kg, iy
A

PRI 4 08 €020 7 R O T M T A Y o R Lo R o
7 x 10" CFU/ kg , % T AR B 250 ol 30045 9 x 10 CFU/kg,
KB 25553 584 0. 1,0. 3 1. 0 mg/kg, FoA Rl #OK G K
75 TR MR B AR 5250
1.8 %its447

K FH SPSS 18.0 Git#fd . B LA  £5 3Rom (RIS I 45
FOR PR 7 225001, /INBU A7 5F 18] A1 2 7 3k F Kaplan-
Meier A= A7 M1

2 HR
2.1 KB 5 X ¥4 K #E LPS .CpG ODN 1826 4 % =
Jy ) 72

KB Ft LPS il CpG ODN % AE WY 25 45 SO, 52 B e 3%
MIREE R, S84 KB 5 LPS il CpG ODN1826 4 HA & 3%
G, KD AE4351 7. 38 nmol/L A1197. 20 nmol/L([& 1.2)
2.2 KB 3 XA KH LPS 694K 91 &P Fa 4 Fim) 52

BRI Xk BE A L KB (0. 01 mg/kg) AN 1 4 35X ) B £
Mo AHIAIAERE (1 ng/ml) BRI A TR LPS BES 5 |2 4 157
FRBESE SN, T 70 S AR BE 9 0.01,0. 03 0. 10 wmol/L ) KB
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5 LPS Wi B J5 , # AR5 M e SERE B Y RRAIR, 31 2R 15 3] 60%
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1WA REs 182052 KB 4853 LPS 2854 LPS +0. 01 pmol/L KB 41
5:LPS +0.03 pmol/L KB £1;6:LPS +0.10 pmol/L KB 21
a :P<0.01,5 LPS 4034
B3 KBxABIRAKE LPS Bk FntEM

2.3 KB xt LPS #= CpG ODNI1826 £tk 4 % RAW
264.7 tm Bk TNF-o A= 1L-6 &4 37 4) 4E A
KA i LPS Fl CpG ODN1826 Sl 3l i #75 1k RAW
264.7 4, FBRIES i TNF-o 1 1L-6 [ BRI =38, 17 [5]
A KB(0.01 ~1.00 wmol/L) A7 T WAL F i , A1 My 1375

TNF-a Fl IL-6 /K- 55 5% (P <0.05,P <0.01) , W] KB fig
BINHIELE| & 1 RAW 264.7 4IBRPMETEIL (1 .2),

%1 KB X XkFEREKE LPS #13 RAW 264.7 aFE 5 TNF-« 0

IL-6 FHPHMER (x +5)
21 5 TNF-o (ng/ml) IL-6 (pg/ml)

B %o B2 0.277 £0.044 103.851 £119.016
KB 41 0.256 +0. 040 53.070 +33. 566
LPS 4 52.273 +3.464 2 364.925 +197.089
LPS +0.01 wmol/L KB 4 4.820 +2.661" 1 244.542 +172.796®
LPS +0.03 wmol/L KB 41 8.308 +6.303" 680. 505 +72.658
LPS +0. 10 wmol/L KB 4 2.801 +2.029" 1.498.430 1 147.931°
LPS +0.30 wmol/L KB 41 2.925 +1.585b 869. 260 +358.793°
LPS +1.00 wmol/I KB 4 2.286 +0. 818" 663. 812 +120.215"

a; P<0.05, b: P<0.01,15 LPS 41k%k
%2 KB xf CpG ODNI1826 #li# RAW 264.7 % i TNF-o 71

IL-6 FHNH4ER (2 £5)

ZH 5 TNF-a (ng/ml) IL-6 (pg/ml)
X 2 0. 183 £0.004 103.851 £119.016
KB 4 0.176 £0.004 53.070 £33.566
CpG 41 25.040 £0.723 431.257 £32.947
CpG +0.01 wmol/L KB 4 20.068 +1.701 291.593 +22.983%
CpG +0.03 wmol/L KB 4 16. 156 £0.4942 224.856 +29. 0438
CpG +0. 10 wmol/L KB 4 17.518 £3.7142 173.015 £37.321¢
CpG +0.30 wmol/L KB 4 15.079 £5.1622 260.393 +69.988%
CpG +1.00 wmol/L KB 44 13.256 £2.027? 129.453 +25.343¢

a; P<0.01,5 CpG 4Lrbix

2.4 KB xt# X & HA R % RAW 264. 7 2m fo £ 5K
TNF-o Fo 1L-6 & 39 4] 4 A

RGALILLATAIMA KB(1 wmol/L) ) RAW 264. 7 4}y
RAEA BT TNF-o Fil IL-6 [ K AR #AKTE EC B (5 x
10° CFU/ml) Kb PR RAW 264. 7 40 il 48 AiE A i TNF-o Fil IL-6
FRBECR S 3G, T [R] B i AL KB (0. 01 ~1.00 jumol/L) T4k
P, A0AE 35 TNF-o Fl IL-6 [ 7K - 2 R (P <0.01),
I HzeAE A2 AR RO R R (R 3) .

ZHURTE SA BE(5 x 107 CFU/ml ) 4b 38 (1) RAW 264.7 21
MLfmA KB(0.01 ~1.00 pmol/L) T HiAL 35 , 5 A in KB 4141
EL, A3 o TNF-o B 7K S8 35 BEAIG, 17 TL-6 7K SR BEAS B
AR EE KB 41 (1 umol/L) FEAK (P <0.01) , $2/5 KB Xf
G " 4HTE SA G &) RAW 264. 7 41 48 M 15 4kt A 4 il
A ARBCRAINNT G~ 415 EC R4l /ER R (£ 4) .

%3 KB xf EC %% RAW 264.7 4Hia%E# TNF-o 0 IL-6 [

MEMER (3 £5)
20531 TNF-a (ng/ml) IL-6 (pg/ml)
14 Xof HR2H 0.183 +0.004 -20.913 £1.095
KB 4 0.176 £0.004 236.493 +6. 661
EC 41 52.738 £1.870 5987.083 +413.173

EC +0.01 wmol/L KB 4{
EC +0.03 wmol/L KB 4]
EC +0.10 wmol/L KB 4{
EC +0.30 wmol/L KB 4
EC +1.00 wmol/L KB £

30.403 +4.199*
12.975 £1.048?
13.539 £2. 180
12.653 +3.680*
8.280 +0.241°

4 371.018 £992.7032
4 037.778 £628.724*
4 291.704 £864.992*
3 124.892 +418.430*
3 300.911 +£702.233%

a: P<0.01,%5 EC 2atbd
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%4 KB 3t SA #illi% RAW 264.7 i FE# TNF-o F1 IL-6 1
MHEMER (x £5)

205 TNF-a (ng/ml) L6 (pg/ml)
A% R AL 0. 183 £0.004 103.851 £119.016
KB 41 0.176 +0.004 53.070 +33. 566
SA 41 31.035 £6.153 2 340.623 +170. 055

SA +0.01 pumol/L KB 4 26.963 +1.085 2 012.525 +280. 186

SA +0.03 pwmol/L KB 4] 21.761 +2.883" 1 .970.722 +279. 392
SA +0.10 pmol/L KB 4 20.048 +2.015* 1.927.127 +319. 817
SA +0.30 pwmol/L KB 4] 21.395 +1.828" 1.990.229 +53.642
SA +1.00 pmol/L KB 4 19.470 +2.427° 1 687.181 +310.013*

a:P<0.01,%5 SA fa1bé

2.5 KB s # R E K W3 A 8 B 254 5 R A0 )
RO ER

KB %4 5 5 e e /MR (BB TR 80% ) KA - VB, 4
KNI T], S50 B A e 2s g B 2 (P <0..05) 5 i I
WAL EI M T AR A, S A 22 R SR X
(P>0.05,%5),

TE T JE e AE /D BB (BE TR 65% ), Il 26151 1 ]
MTHERPER, SXTRALBRERFRITFEL(P<
0.05) ;M KB {84/ S35 % B4 o 22 S B S5 20 0
X (P<0.01), 5Mgdl b E=5H B EE(P<0.05), W
#£5,

£S5 KB XRAREKRGRSERSEDNRORPER

2151 e B IR RE /N B AR T e AE /N U AR
L% HE 2 20.0% 35.0% °°
EC +KBI1 41 40.0% 95.0% b*
EC +KB2 4] 30.0% 95.0% b*
EC +KB3 4] 45.0% 100. 0% bde
EC + Il 47541 20.0% 65.0%*
EC + &) th T4 30.0% 75.0%*

a: P<0.05, b: P<0.01, 5 RAILE ;c: P<0.05, d: P<
0.01, 5 f il 204k se: P <0.05, 55 5 3] 46 T 40 b4

2.6 KB REEFEH HHRAMEEHLERE
JE N R AP A
3 AR RSP 1 A 22 , R vk BE KB 4150, H:
AT 0 A TC 25 5 (P > 0.05) 5 fE MR T ) (BET- R
95% ) R B (FET-% 69% ) Syl v | g5 v B KB 4332 B
A FE LA 04 2 5 T (P <0.05) (£ 6) .
*6 KBWHMRESEBHHRERSENRHNRIPEAR

415 e T e R E /N AR AR T MR /N BUE AR
L B4 5.0%1 31.3%
EC +KB1 21 5.0%" 50.0% "
EC +KB2 41 10.0% 4 55.0%
EC +KB3 41 25.0% ™ 80. 0% ae°
EC + I 5752 0 17.6%
EC + 5w fih T4 10.0% © 18.8%

a; P<0.05, 5B BaALE, b, P<0.05, c: P<0.01,%5 f%
Hark#s, d; P<0.05,e; P<0.01,5 5 & 4T 413k 4%

3 itig

IRTEAE S S R A T 1 4 B VR S SV £
ik I3 1 S R RO 32 1R 45 5, S BOOR AT 20 37

Ak, 38 JR R SRE A T AR IC , 4 T 5 | A R MR 25 2
ML g i3 BE TG AR, R EUR A5 9 R i kA, R A
LA IRE R L R A0 E A S BT
95% L) .. HA 2 50% F) 20 e B oRE A LR G4
Wolk, £ G 4, LPS FI4N A DNA J& Wi 4 A
BN 2 A o T PAMPs ARk, 22
FE I T e B 0 & R 4E BT, 2 20 4R 90 4EAR
O eI R 21 40 % LA L, 340 FHs i, 3L
Hh 4 0 ) 2 BR T R SR e o, LB I R 2
i 24 PEAS DRI 5, T 550 M 4 i 114 977 3 8 B BRAR ] 45
AN} e T [ T s B xR 2 — 0 B
XF T WEEAE BB 1A WE ST , 325 LLAS BT S RE 2 Hh il ¢
BRI IEEEIN AMAE RGN T, FEA
25 Tl 4 L PR () B R B G AZ R R, TNF B dAk L F1 4
A 25-1 (IL-1) $4K IL-6 R LK NO #5314,
FIHAT ML, iR 2G5 A BUSH T e ni ke
FEU X HA B 41 DR R ) 5 s I AS B AR
AR M RERE DA RS, R, WS BT £
IS0 14 Ff B R &, DR Sk BELIBIE & SR 52 17 44H L ) 3
b, G R T RN 2o B vl S U B R A 5 SRR
KA, T REA DR (] ) G

PGN .CpG DNA I LPS JZ 5| 2 e B AE 1Y 3= 2895 i
FHIEAF , Horp AT A B — 31 35 AT A S BOE M e i
PR R A SR TTING DR L A il e i g i 3 0 A 2 R —
(), PR I K e — s B 4 A A s, HEAS BB 58 2
PR FHIEBT AR B, R, eS8 3 FlR R4 A
YT AR 6 114 R B SR AE IR
LY PEAT O BE , SR A 1] 43 15 A DI 358 A 114 v 245 1 i
Bz AR KB ARSI R KB 54 T e REAE
1) 32 B0 i PR R 3% 4 [Q TR LPS Fi1 CpG ODN 1826
FUA R A0 M, LA B T 0Ch nmol /L /K-, 3
] KB BENS-55 | K MerEE 1Y 2B 543 F LPS Fil CpG
DNA 7= A= R4 A4 A, X Rl T e e L & 15 2
ROEPER TSR LAY . R, KB BEAE 1R LPS %) %
WAL EEVE R, 2680 KB RAU AT 454 LPS, [al i)t fg
HRILLPS, & #5555 LPS W5 PG o AR Hh 4 i B 752
IWaE R B R, KB AN X —J il 431 LPS fl CpG
ODN1826 #illi RAW 264.7 4l i Bkt 48 hiE £ Jfe TNF-a
F L6, i X A 7% 2693 Jt A9 9 A KT 240 T ) 33
RAW 264.7 4 B 5 A Jit TNF-o Fil 1L-6 #EHA
ARG A H ) 36 PE , I 52 B0 B A 1) 50 ROV R R R
KB 3@ 1 5955 57 45 A, BB [ 437 XS LA fo g%
20 A SRSV L AT DT Sk 2 4 %ot 4 R A SRR L 114
HIVER o

H Wi 2238 2o B J5L 00 T Bt sl A o R B i
T ELIG PR b e T E 1) %2 A A A AN S R — 195 S 40
TAEE, HRRRE TR RIVE R, B — bt
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LPS gy, ML 75 20 A PR 5K e BRI f
Wb B 5 Ji 03 1 1A R B AS R A5 e A5 DL 75 0
ARG IR FA SO B I K R R A T
<5 B0 R 4 PR TR T Sh W ST e R S AR . PR
T R 4 A T 45 o 22 IR T 1 B A I 0 1 LPS
L CpG DNA, FR I 45 B (0 7] 20 B ol ) 32 2835 A g It
53 ¥ PGN [ CpG DNA, H 8 — 5 J5i o0 15 | 1 ik 25
MR B T i PR _ AR 5 DR R e REAE . (AN SETR
BN, W o 3 nl ] A M A R T AL, T B E A TR
TNF-oc Fl IL-6 [ BE ORI  no fEL by T i A8 e 3 5
PR EREOR /N SRR TN, R Ik 5 5 5 1 sh ke
FEHET WO IS 05 8 o

LA SFFBUR LA /AT HI I P20
Wi 24 S BCA SO i PR S, B I PR |
T LA SR IEARARAE DR, 5w T2 o T 28 )
MEAT I E A B R R R R, B ATz
FAF e AE A I R IR YT EA B I S KB 1L
BV KB ORI o 4R, AR AE K R A
PR I 2 4 B (0 2 BR TR T UM RRAE /) BB TR KB
IR RIER, X AT RES KB 455 H AT N
TR 5 CpG DNA A6, MUK BELIBT T MeREAE Y K HE K
J& , [R] R 8 TNF-o TL-6 7K F-, 9 2l 49y 2 45 58 E

5 L Prid KB RE 3 T A0 S o054
5 P I JRAE S, 388 o IR e A R S A A7 R AL T3
A B IR 2G5 B m Al T, A ARG R IF A0
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