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Table 1 Classification of urease inhibitors from plant extracts
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IC,, refers to the half inhibitory concentration of inhibitors.
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Fig.1 Binding mode of bergenin with B. pasteurii urease
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Fig.2 Binding mode of quercetin with H. pylori urease**
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Fig.3 Binding mode of baicalin with Jack bean urease
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Ew, ) ZHEETHDMER WIE. AR ,
A& W B AR 2 B 3 S U R oT i
B RN A, HAk2e g5t C1,
C3.C4 IR e B Ry i PR AL, Hoh C1 i 53 5
PR WA R LSS G BRI G o 5SS
BIEWAT ; C3 . C4 7 5y B ALIE B, C4 £ &) E
BUREE PR HE TR R AE 5 I S S A6 A AR AR R BE O
[FITE A [R) R B0 30 S8 358 P 350 45 Xk il 25 1k 45 40 1)
AYTEE R OCHEE, IR RS Y R
HITHECE , TR RS Wik — 20 4 R i 2R
1t & % ( monoterpenoids ) . il 25 1k & ¥ ( diter-
pene) LA K =i 24k 5 ) ( triterpenoids) .
4.1 BiEEULEY

G 2 A58 TR BRI R, 3 R TR
[N NN A 7 N A G 7 N A e i 1 R R
ZWTRIRAEY) ., Ahmed 2512 Bk I 32 AR 1Y
B3 ) vb i Ak 1 4 3% B ( vernonione ) . 4ET#
P 7T 50K T L A B R R 1C,, A
227.6 pmol/L,
4.2 ZiEERUKED

T TN (CH,) B4 DRI AR
JeHI L, Ahmad 2" )\ K ER & ( Euphorbia decipi-
ens) FEY) T 0B 3 B9 B & PG WAL A R 0 s 2R

EXILAY—3,7,15- = -0-Z Bt -5-0 -4 Bt
JedE-13, 14- "IN T REER IZ G Y ] Sk
fiti (1) 1C, {5 4 81.9 wmol/L, 1 78 55 — i #R i
ALY T TR B K i 1 410 1 S8R B 4, 41 o)
WH(Ki) N 117.4 pmol/L, f& U FC T B MR 1 14 i
B & ccE 111151 | R
4.3 ZWEERUEY

=S Y H 6 AR T AL R A
B, LA B8 Sl DL 5 R 456 i s ls i 8 X f7
TE TP .

Akhtar 25127 )38 % 46 ( Plumeria rubra) W i
FEHYI Y LR CTRVE R b 70 85 M T B (rrubra-
jaleelol) Fl1ZL #% iR ( rubrajaleelic acid) , ‘& 1%} B4
I H2GE FF OB IR B R IC,, fEH 4> B Rk 24,2 A
58.9 pmol/L.

Kazmi 252" )48 Wk & A5 ¥ ( Sorbus cashmiri-
ana) 1 F B4R I0CY) 1 0007 7098 88 20 vh o B Y 2
BT B4R e e R =il 2 AL S T IL AL R A (sorbicins
A) LAY B (sorbicins B) , 1AL 2 A X JJ &Ik
i (14 1C. 54 85.2 wmol/L, ILZL % B X} J] T Ik it
() IC,, fH N 17.8 wmol/L, ] WLINZL K B 1 IR B
Tl PR ZE SR T 2 L R g 0 R AR IR (IC,, (6 A
21.6 pmol/L) ,

Khan %520 M\ B¢ B ¢ ( Zygophyllum fabago
Linn) 738 1 5 F 5 750 5 B 4 R 2 8 . Horh 3B,
23 - W —-O—fik Bk —23 -2 H R —20 (21) —Kis —28-13
JAIR 28~0~[ B—D—Nit Mg % 45 WA | R (A S 2
A) TEWE J9 500 wmol/L i, X % G AT i Jk il 417 7
IR 8T% o, TEVLUE T 2 L IR i 0 441 5 At JDK 1) 410
Hil#H 98% ., SAR W5 R W] ZHKAG WL
B R IR 0 70, A7 B 1R 20 5 [ 5 e 0K T 19 3% 1 oh
O Y AR G5 4 v | XoF 3 26 4k 5 1) R il 410 o1 T
PTERE EEAEH .,

5 HitEYmERNTRAgY
5.1 £

A WdIE— B RIRAFAE A DL S B, A9
BT NS B 25 A SR AR AR, BT
M LG FE ) 76 9 19 2 R AE W) 7= 42 . Ahmed %51
H MR W5 MR (Isatis tinctoria) F 578 H B 3-8 2 Fe 46
7 BK T R N 3 21 R B 3R 0T B TR 1R DR il 1
IC, {73 %]~ 25.6 F1 37.0 wmol/L, X} J] & I it}
IC, {H 43 31.7 A1 47.3 pwmol/L, SAR 3#r %
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S 33 &

W A0 W 0 32 ik e 5 5 R G 1 3 2 A5 a5 1
BA K B R R BRI iz BB Y
{18 R BT 1 5 PR 0 . 0 3—FR IR AT ER T R Ak
SEOER R ) R AL R A A ER R R £, IR g
0 3

JINBE B SR AR ) T 43 B A ) — Fh A e, B
ATz AR, KIS TEM A EER AR K
(R R RE FEAN AL, 34T R, A3 D% /N B il S LA
A=y 00 R 0 RV PR R AR £, Li FPVIRGE T
INBERRK 1Y) 1 T MR T AT TR R il S T IR A R
P, HOIC,, {6 43 # A 7.135 x 10° F1 9. 097 x
10° wmol/L, MiAH [A] 5% 14~ 2 L i il 41 1 57 £ 1k
FNFBRAY IC, (543 1M 41.294 F 25.310 wmol/L,
Bae %5 AR HIIE T /INEERE X 1A T EHE AT B B BT
T HC R I A R I B (MIC) {40 pg/mL,

Tan %52 )\ # 3% ( Rhizoma coptidis) "4y 85 5 2
/INBERR X 14 T SR TIE AT TR IR 8 %) 1C, fE A (3.00+
0.01) pmol/L, Xf JJ Ik Bl 1y IC, B A (2.30 %
0.01) wmol/L, TS b Ik filg 3 1 37 £ Mk 4 fi5 R XF
A T2 AT 1Y 1C,, {64 (83.00+0.01) wmol/L,
X 71 5 R % IC,, {2 (22.00£0.01) pmol/L,
F/INBERE 55 0K 185 AR 1 %) S R 45 A 1T A ) S
fiti 2y 7 27 W 58 S WA | 3% /1N BE B 2 WA ] 85T AT A 1Y
B5e A M ), AH N B Ki B S (10. 60 £
0.01) pmol/L, > JJ & IR 4 i 4 4 9 451 5] , 4 1
1) Ki i} (4.60+£0.01) wmol/L, 4+ F X450,
Fe/NEEGE 5 N—H - O HHEAEH 5 Wy T 12 g
FF R DR B L A% 2 25 12 5% 5E Asn-168 Fll Met-366 1H
HAEM(KE 4-A), 5 7] G IREE L 1) Gly-641 #H 1
EH (# 4-B) .

4 FRNGEELS @) BRI R AREE (A) R I ERREE (B) WA S HEE

Fig.4 Binding mode of epiberberine with Helicobacter pylori urease ( A) and Jack bean urease (B)

52 MR

Zaborska S5 HGE T 1, 4-Z5EE X T 5 IR g
4R 3 4, IC,, (0 30 pmol/L, Kot 5%/
WAL F VR 5—FRKE—1,4—ZEFER TN 1, 4—ZEFE Xt T
R B A TS PR, IC., fEH 4> W N 13,5 F
20.0 pmol/L,

Uddin %1% LR AE (L. alba Lam) f 2543
BIRE T 2—(B-D—- Mk A e ) - 1,458
Wi, 2 A A WX ] SR B 1C,, fH°R 62 pmol/L,
53R WIER 210 & W 1 R i 410 1 0% Pk 5 e AT T e
LR SR RE J A % . Muhammad %5 U
25 % (Viola Betonicifolia) #2450 H 3 —H 4 &
WOREEA , %Ak A Y% B R TR IR 8 A IC,, (AR
169 wmol/L, %Ak & ¥ /2 DK i 1) 55 40 1 400 o 511
FHRE Y Ki {0 138.2 wmol/L,

[32]

53 HHEEXUKED

Akhtar %57 LT A5 (P rubra) WU T 4T 3
WEH . AL G YR 1) SR E AT TR IR 1Y) 1C, 18
45.7 pmol/L, Firdous %'%' )\ ¢ IR T~ ( Heliotropi-
um ophioglossum) T 44k 4 2 Fir 5 59 85 fig 1) <8 4
—HEERE A (ophiamide A) F1ZB 2K — H Bt A% ( ophi-
amide B) , Xf JJ 2 Ik i 19 1C., 1843 %1y 23.1 Al
12.6 pmol/L, SAR #F5EEM iZRALG& Wity
W (A 25 W% ) 45 A8 0 1 R o) s M K
R
54 BWmUEY

Fahey %' AP > 4 (broccoli ) F 4355 i A+ 11
MK (iberin) A1 %8 D & & ( sulforaphane) , 2 Ff fk &
WXt o) GO0k B OIC,, {H 4 Sk 178. 8 Al
190.5 pmol/L , XJ B | TR AT P& MR B 1 1C 5, 1EL 20 3 A
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216.8 fil 225.7 pmol/L, Juszkiewicz %" M\ K 7
H 2R B KR K (allicin) |, % T IR A4 1C, {8
21.8 pmol/L, SAR A5 B, K K A Ik it 10 1
T 5 RIS A PO R Cys592 7 5 1 SH -3 4]
ZIPEEAH X,

6 /I £

YRR GRS+ 5, 2 IREY
TEVE (B R IS B D A 410 o R0 B BEAECR IR 2 —
1113 A A AR K S8 7= W0 A5 0 A D T 410 <] 791
FEEMEIRTT A < 1) FEARRME T, NSRRI
T B ) T 2 — o B R R = B e & 90
FBFFEA [ B FEAR ) K R 7= Ak 5 0 14 IO 410 1
ROR e H 4% B — o A 5 W 0 A 2 25 5 LR
B0 A P RO P 5 O AR, S EL AT U Al A 4 4
LA 2% 2) It — BB R R IR BE ke
T 2HS R I 4 K 5 A 5 22 9 B TR T A Y
P2 B R Z I 9 AR G AR, O K A 1 e = Ae 5
Yy K KIS Wy e i 55 DL A 42 (B . 3)
FI I T A8 3 By b R AR AL & W0 1 P A ik 45 B
A7 TR B P R T8 355 1 T 3 g 2 A K X5
TP RZ %A IR, B — 20 DLR SN Wy 5 57
LSRR P 3 2640 5 W, BR D E T3 R B
DX B E e S A 7 S8 AR BRI I 45 1 3 W)
A R LR ISR TR A B R SR A )
2Rt , N2 07 AT IF 4, 4) TFR ALY K AR
PP E W RS R, LA T Tl A A O R
A A
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Research Progress in Plant Natural Products as Bacterial Urease Inhibitors

ZHANG Zhenyu'? ZHAO Shengguo'? ZHENG Nan'® WANG Jiaqi'*"
(1. Ministry of Agriculture, State Key Laboratory of Animal Nutrition , Beijing 100193, China ;2. Key Laboratory of
Quality and Safety Control for Milk and Dairy Products, Institute of Animal Sciences,Chinese Academy of
Agricultural Sciences ,Beijing 100193, China)

Abstract; The overactive urease activity of ruminal microbiota leads to the excessive release rate of ammonia.
This could reduce the efficiency of microbial protein synthesis, which in turn lower the utilization of microbial
proteins by ruminants. Urease inhibitor bind to the active site of the urease and inhibit urease activity. Compared
with physical coating methods and chemical synthesis methods, urease inhibitors have the advantage of simulta-
neously controlling the decomposition of exogenous and endogenous urea. Thus, it has great application poten-
tial. However, the current urease inhibitors have some problems such as strong biological toxicity and strong
side effects, which limits the application of urease inhibitors. Plant extracts are one of the ideal sources of ure-
ase inhibitors with low biological toxicity and low side effects. In recent years, with the development of chemi-
cal purification technology, a series of plant extracts with urease inhibition bioactivity have been obtained.
Through the structure-activity relationship analysis, these new compounds greatly enriched the urease inhibitory
chemical skeleton structures. This article summarizes the plant extracts with urease inhibitory activity into cate-
gories and the structure-activity relationship and inhibition mode of different types of urease inhibitors, which
aims to provide a reference for the development of novel urease inhibitors.[ Chinese Journal of Animal Nutri-
tion, 2021, 33(3) :1306-1317 |
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