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Effects of Couplet Medicine of Rheum palmatum-Salvia miltiorrhiza on Enterogenous Urotoxins Contents
and Intestinal Barrier Function in Rats with Chronic Renal Failure
WANG Hong', XU Juan’, JIANG Qian', KANG Li', LIU Weiwei', YUAN Ling', CUI Xiaoxue', LIU Linna®,
FENG Renrui', WANG Lei', LI Yanlin’ (1. Cardiovascular and Cerebrovascular Drug Research Laboratory,
Tianjin Institute of Medical & Pharmaceutical Sciences, Tianjin 300020, China; 2. Dept. Nephrology,
Zhongshan Hospital of TCM, Guangdong Zhongshan 528401, China)

ABSTRACT OBIJECTIVE: To study the effects of couplet medicine of Rheum palmatum-Salvia miltiorrhiza on the contents of
enterogenous urotoxin and intestinal barrier function in chronic renal failure (CRF) model rats. METHODS: Totally 55 male Wistar
rats were randomly divided into sham operation group (10 rats) and modeling group (45 rats). In sham operation group, the
kidneys were isolated but not removed; CRF model was reproduced by 5/6 nephrectomy in modeling group. After modeling
(excluding 5 dead and non-modeling rats) , modeling rats were divided into model group (water), Niaoduging granules group (2.5
g/kg) , couplet medicine of R. palmatum-S. miltiorrhiza groups (6, 3 g/kg, by crude drug) , with 10 rats in each group. Sham
operation group and model group were given constant volume of water intragastrically. Administration groups were given relevant

medicine intragastrically, once a day, for consecutive 12 weeks. After last administration, the contents of creatinine (Scr) and urea

- nitrogen (BUN) in serum, the content of urinary creatinine
ASEEIH ] AAARI2ES 4 B B H (No.2017A030313720) ;
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(Ucr) in urine were determined by automatic biochemical
analyzer; creatinine clearance rate (Ccr) was calculated. The

contents of enterogenous urotoxin [trimethylamine-N-oxide

* BEIESE B Wi BRSE T I < O LA 2 B0 2 | R E . (TMAO) , indoxyl sulfate (IS) and p-cresyl sulphate (PCS)]
022-27236137, E-mail: wh19860906@126.com were determined by UPLC-ESI-MS/MS. Real-time RT-PCR
HEEES . FATEN, . FFEm PE SR, BiE. and immunofluorescence assay were used to detect the mRNA
0760-89980746, E-mail:li.yan.lin@126.com and protein expression of Occludin and ZO-1 in the ileum
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tissue. HE staining and Masson staining were used to observe the pathological changes of renal tissue. The ultrastructural changes of
rat colon were observed by transmission electron microscope. RESULTS: Compared with sham operation group, serum contents of
Scr, BUN, TMAO, PCS and IS were increased significantly in model group (P<<0.01), while urine content of Ucr, Ccr, mRNA
and protein expression of Occludin and ZO-1 in ileum tissue were decreased significantly (P<<0.01) ; renal glomerulosclerosis,
renal tubules dilation and inflammatory invasion and fibrosisin the interstitium were all found; the intestinal epithelial barrier
structure of colon tissue was severely damaged. Compared with model group, serum contents of Scr, BUN, TMAO, PCS and IS
were decreased significantly in administration groups (P<<0.05 or P<<0.01); the mRNA and protein expression of Occludin and
ZO-1 in the ileum tissue were increased significantly (except for mRNA expression of ZO-1 in R. palmatum-S. miltiorrhiza
low-dose group (P<<0.05 or P<<0.01); the infiltration of inflammatory cells in renal interstitium, the degree of fibrosis and the
damage of intestinal epithelial barrier structure in colon tissue were reduced. CONCLUSIONS: Couplet medicine of R. palmatum-S.
miltiorrhiza can effectively protect the residual renal function of CRF model rats, the mechanism of which may be associated with

reducing the serum contents of enterogenous urotoxin, up-regulating mRNA and protein expresssion of Occludin and ZO-1 in the

ileum tissue so as to improve intestinal barrier function.
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FO R R G2 I RAEE 2, O R E
ROAFETI A (R, R, Gne] SR O &80 it 42 2% CRF
B JR 3 977 Lk I 2 i A MR IR, s I R FR 7 AR R ) A
“Wa-E R HELE Y A T CRF RS S B e B LR
VIXR B EEEL SRR R E
Ji 38 I B A5 R R4 E CRF i Jig K FLI e A= 1 o 22
Y, I, iR A O CREIGYT RBNER .

H 23R YT CREJTRUTEA" b R B -PHZ 25 %0 A i
PRIAYT CRF 1Y R A2 61 s ARSI KR, K#E FFS
S HA B G3%k g 1 e I D R B DRAP R T,
T8 T -2 - O A ST R AR W) 2k
ST RE-PFS 20 HA R CRF KRS hae e,
AEARBLEIA . 36T b, ARWF5R R A 5/6 B VIBRIA R
il CRF BRI B, D U1 PR 75 2% W 1 5 o A 3 R 1)
KE-FFS 250 IE S CRF JE R A AR AL, LI A
H LT REIRYT CRE SRAESE IR

1 e
1.1 FEUES

A5 T BN B TR e (T
FIEST ERAEABRAF]) , 7080 B4 A sh AL (H
ABUKBEITRHEA BRA ) , LC-30A R = 30RA (03
) \LCMS-8040 7 = U AT B35 UB FH Z 48 (H A
HAH]) ,EGL150H # H gl AE Y4l 4 HEHL  UCT AL
Y1 R ML . RM2255 #9) F AL (£ 5] Leica (XA A FRA ),
Ci-L B8 3 Be \Ni-U B 5% B 558 ( H A Nikon A H] ) |
ME203E B T 7047 K- (AR - FE A 24 B
N Fl ), ST16R il w3 3 ¥4 1k 85 .0 HIL ( 3€ [# Thermo Fisher
Scientific 23 7] ) , GET96-PLUS %1 3 [H 4 44 (Fe N A 1E
BHEA PR ), ABIT500 R 52 I 5 56 B4 Bk 3% 5
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(RT-PCR)Y (& [E ABIZA #] ) , HT7700 %Y 375 5 B+ i 3k
Bi( HAHITACHI A H) o
12 FEHRBSIKA

AT T 222 5 50 KR PSR R
AR T A R AL #5450 G1707045-01
G1706160-01 ;K¢ P FR A b 422 11 B Fe e, K AL 2
WG W AE T R T8 1.1 g(E25) k4R, TR 75
T R (R B 250 A BRSBTS A L 415 20181168, Bk 5
g4%) R A ERRMM A LR AT S
18020402-2, ##% 0.48 g(3% C\H,:N.-NaO,S 1) ; i it 4
I 5 mL A= FRER K V], NG L 22 (A s Ak 2
A4S 020919) , WA V45 (VL PG ARG S AT FRZ | 4t
5-20190328) , AR R G ik L1 A  Masson 4 4,
Wb R FE R A R AL 5 490 o GL140,
G1100.G1343) , A4k = H i (TMAO) | X} HI 5L 28 B A
PR A Vs IR T3 A T 1 40 6 (L 0 T v A ) R B A R
], 4I5S 1184-78-7,91978-69-7 , 2642-37-7, 4l ¥ K T
98.0% ) , /NPT K B 45 2 11 (Occludin) 5 5 B Bt {4
(£ Invitrogen 23 1], 415 33-1500) , S A Bl S5 %5 i 4
1 1(20-1) Z 55 B4 (3& [ Thermo Fisher Scientific
O] HES 61-7300) , Alexa Fluor® 555 FRic 1 2E$H1 /N B,
SRR 11 G(IgG) —Hi . Alexa Fluor® 488 bRic -4t
5 1gG —Hr(FEE CSTAF] #5405k 4409 ,4412) , —
JoR TR FE 05| W (DAPD) | B 96T K 3 Rl [ & 15 ( |k
) AR A R L LS 4 5 R abs4T047616
abs9234], Trizol | . RNA 81 %% 57 & . RT-PCR X 5]
& (b mt Rt 28 A W R B BR 2 Wl Atk 43 0 oy
CWO0508S . CW2569M ., CW2601M) , Z JiF . H iR ({1 1%
afi) , KK, PCR Y1) (l AR TAEW) TR IR A A PR
Al S 9 B A B AR LK 1) 5 HAR iR
S PR
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&1 PCRIIMFIIRF=MKE
Tab 1 PCR primer sequence and product length

i (5" =3") FAHRE bp

Occludin il TAGTGGAGGCATTGGAGGAAGTGG 124
TiiE: CAGGGCGGCGATGAAGATGATG

70-1 iiE: GCGAACAGAAGGAGCGAGAAGAG 1
Tiif: GCTTTGCGGGCTGACTGGAG

GADPH ii: ACGGCAAGTTCAACGGCACAG 129

TiE: CGACATACTCAGCACCAGCATCAC

1.3 3

RS T A LA SPE R e Wistar B, 15
h180~200 g, 1t [ b o 48 A1 AL 5210 s M B AR A BR 2
AL B AR IE S SCXK (51)2016-0006, 54747
TR BRI sh W s, s VF Al eSS
 SYXK(:)2016-0007, A A E35 ™45 44 HOR e i =
YR 2EIE ST BTS2 06 Sh A8 AR 56 WL E AT, Rt (e HE

: 512t (LT SC S IMPS-EAEP-Z-2018B1008-02)

2 FHik
2.1 A BEES%YH

55 HK BUE RPERESR 7 K5 BEHLE 10 R RUWE N
TR (53 B BB ARIEATIBR ) , Tl 42 K BUR FH 5/6
B UIBRIE i CRE BRI R . HARERAE AT - KR SE
T340 2/3 B VIRE T AR——ARHT 2 h L5 75 8 = 0
(0.3 mL/3) i B Ja G, 7 J0 M 3 5 3G O b 22 A (45
mg/kg) RG240 X1 B &, FIUR-75% 18
KEIHEE AT AR JJUIIF BB, 4% A B, 30 e s DA
MR e A5 B I A, BT A B b 13 FIR 173, A
EE AR VD I AT 2901 I, PR PO Y 8 VO o 1 s , K
R R s, B R e S . 1 EE KRR A E 2
R—H -0 FARELGH LB EH WELY., FHK
TS 2 ARG 1A, 204 T AR RE BRI, 000 52 1 375 Hh UL
(Ser) JREA (BUN) & i, YW H KA R T ARA 7
e B, 2 BH R BRUa A5 ok 2y (AR T 9 531 B S8 T AN B A
KBS H) o KA R BB ML o A AL PR BT
WKL (2.5 g/kg , F AR I R SERGR 40 w15 ) AR
H-PFZ 2N AR [6.3 gkg(LLAEZGRET) 7
FRE I R SRR Y 12 6 AN 5], 4L 10 H .
T ARG R 20 K B HE 1 SRR FUK , 245 25 241K R ' A
L 259 (LAZKAE R i ), W B AR R 10 mL/kg) , BFK 1
W, ELE12 .
2.2 IRARE

KRR Ly WA 1 R B 24 h PRI, ARG I PR JUL
I (Uer) it o K BB I 1 369 3¢ B2 L 2249 (45 mg/kg) JFR
WS, T FEsh kB . AR E 1~2 h 5, LA 3 000
r/min &0 10 min, 532§ FJZ MG T —20 CHRAE, LA
FHOCAEARFR bR o UM 58 B , 1A 4R BV 412, LA
4% 2 W EE 2 , T 95 R R - 21 (HE ) 4 4,51 Mas-
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son Y€ s T[] 7 , 380 FH 4% 22 B B RE [ 5 , - f s
BEFEHM , AT T —80 CHRAE , I T RT-PCR K ;
P I, FH 2.5 % R RE TS , B S ML Bemigs
2.3 KR MFEMR K S IhEEFEIRAIH N

B2, 27 T T SRAE I PRGN REAS , 22 BEAH 5G]
UL B TR R4 F B AR A 0 i SR i 98
Scr. BUN 5 5t Al R ¥ Uer &5 i, I 31 58 WUEF 55 bR
#[Cer, Cer=(Ucrx24 h R & )/(Serx1 440)].
24 KRBRIILBEHRFREERSESEHRN

BL2.27 TR SR A 0 LG AR, SR T 1 280 R
Tk HL IS 557 HR B — E DU AR AT 5T 1% (UHPLC-ESI-MS/MS)
B[R] A R BRI H TMAO R BRNS W5 (1S) B %
S (PCS) A it o (i 25K A (3% 41 24 InertSustain
Cs(100 mmx=3.0 mm, 3.0 um) ; ¥ K 35 °C 5 i s A K
ZE-0.1% H K IE W (25275, V/V) 5 L% 4 0.4 mL/min;
HERERE R 10 uLo BT S5k B U5 0 ESI, IE T 1
158 25 o H 43 M R ) 22 5 50 - W (MRMD) 5 i
B EE A 400 °C s DL EE Ry 250 °C 5 55 A S iy
3.0 L/min; T 33 4 15 L/min; 25 ¥ d F K 4.0
kV. TMAO.IS .PCS JEii /#2551 3% 2.

%2 TMAO. IS PCS Rt A& Ht
Tab 2 MS parameters of TMAO, IS and PCS

*IF TMAO s PCS

ERRLEN ESI(+) ESI(—) ESI(—)

Fiit 76.10-57.95 212.10-80.00 186.90-107.05

QI Pre Bias, V -28 21 11

R RER eV =21 y)) 2

Q3 Pre Bias, V -2 28 16
2.5 KREFALA G Occludin, ZO-1 mRNA KA K F
B

K FH RT-PCR A TR o HAH a0 (60 1d B 345
P B2.27 R URAF 4 25 20K BRIl i 4 24 Trizol 1711
FEHUE RNA, 31 5E RNA He B, 4R J5 B R B 250
mg/L, P47 3 4% 5%, 4R 15 cDNA. HUcDNA 1 uL ¥E4T
PCR "4, PCR JZ A4 % (20 pL) £24% : 2xUltraSYBR
Mixture 10 pL, | T U514 45 0.8 uL, cDNA 1.6 pL,
ddH.0 6.8 pL. JZ I 254k : 95 CHIAS M 10 min; 95 °C
AP 155,60 °C 3B K 1 min, 40 MEI . HH SR
95 °C 155,60 C 1 min, 95 °C 155,60 C 15 s, LA
GADPHYE AN Z:, K 2728315 Occludin, ZO-1 Y
FIRKF-. LI 41K,
2.6 kKR [ERF AL P Occludin, ZO-1 FE B R ikKF
omil|

KB NCIE A TR o K “2.27 T 4% 2R
FH 8 i1 5 4 1) [T B L UK A 38 5 D0 R (4 pm)
FHZH AN 100% 95% 85 % 75 % ) Ve W 1)
HEAT IO , P LAGGE oG A rh s B & e A R = R

China Pharmacy 2021 Vol. 32 No. 7 - 827 -



J&  DABEIR 31 92 v (PBS) BE ¥ 3 15 L 5% BSA J 4]
40 min, [a] Y] - 18 Y277 il Occludin . ZO-1 —$t (F B
JE535 29 1:100,1:50) , F 4 COKFARFF L4 ; DL PBS
PR 3 YA, ) U) R 2R TH B 50T 2 't —Ht (R B2
1:500) , Z Jib#EEHE F 2 hs A PBS Y 3 UC, i il DAPI
Qe o 52 e A0 M A% , T & RGP B 10 min; L PBS U
B3, 1 U R N B 2GR B R e R AR T
B AT A IEFARE . SR Imaging 5.10.00 #4447
BT 2168 T2 (2 DX I 95 B (41485 630K Occeludin
HE PR 4 4526 R s ZO-1 28 1 BH M
), PR Bk 2R BARiE Rk AR, LI
24
2.7 KRREBALANREFEENEMNGEFHERARER
HEHNR

W 2.2 WU 49 Z2 5 WV RE [ B 1) B EHL A, A
A B Y R (4 pm) , Y47 HE 1 Masson 4& {4, 8% J5 T
WA T OUESE H BE B BRI AR . K 2.27
TR 2.5% % A i M 25 I 280, F PBS iR
BE3 UK, LA 1% 4R 5 I B2 2 h, P LA 50% ~100% H) &
Pt RTINS G K, AR Je 3% S, T (60~
80 nm) , 17 LR B A AR A A Ju €8, T ST LB T
PUEZSIE (S0
2.8 SZitFEaHR

K JH SPSS 19.0 B A A T B ge it 43 B L 1 Bk
PLx s, 4R e SR AT B R 5 22 3. P<<0.05
FoREFAGIEE L.
3 H#R
3.1 KE-FSHXIXT CRFEE KR M iFH0 Rk 'S
IhaetatRAT 2SN

ERTFARA s, SR 2H K B I H Ser .\BUN 75
W&, R P Uer % = Al Cer ¥ 15 25 PR (P<
0.01) 5 SREAY AL L8, bR ¥ TH UKL ZH A K8 - P12 24 %)
T A R 4 K UL TR P Ser . BUN &5 34 i & AR, IR
W Uer & 42 25 T4 25 (P<<0.05 8% P<<0.01) , BEL 3 3.
®3 BAXRMBMEKRAEPEDEEIERANELS R

(xts,n=10)

Tab 3 Determination result of renal function indexes

in serum and urine of rats in each group(x *s,

n=10)
Eib] Ser, pmol/L BUN,mmol/L  Uer, pmol/L  Cer,mL/min
BFA4 5933379 7284098 20700£3175  0.111+0058
R 197334493 225841617 8333£971°° 001000027
IR kAL 032544927 1657£291°  143.00+34.10  0.022+0.008
KESIBUMEARE  9150£947% 16158318 13500£1030%  0.030£0.006
KEFISAMEAEE  93751665" 158255317 1325048817 0.025+0.013

T SRR AL, P<<0.01; SHULA LAk, *P<<0.05,%P<<0.01
Note: vs. sham operation group, * *P<<0.01; vs. model group, "P<<
0.05,%P<<0.01
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32 KE-HASHMWMNCRFIEEKXRGELRSERS
=0l

ST ARA A, BERILR FUAL T H TMAO PCS |
IS & i3 B 2 TH i (P<<0.01) ; S AU LK, DR BETE 9
RLZH AR B P2 2400w ARG 21 K BRUL S TMAO
PCS. IS & & # i % [ ik (P<<0.05 8%, P<<0.01) , £ L
%4,
R4 BAXRBRMBEPHEHRERSENNELSR

(xts,n=10)

Tab 4 Serum contents of enterogenous urotoxin in

rats of each group(x+s,n=10)

i TMAO, p.g/mL PCS, pg/mL IS, pg/mL
BFAA 029+0.08 031£044 1974080
ai 0774015 2294056 620+085°
[REETRA 045£0.18" 039+042% 1.68£0.71%
K-SR R 045+0.07% 0.19£0.17 3.09£0.78"
KPS R 052+0.06° 030+026% 3094133

TE: GIRTFARALE, " P<0.01; ST HE#R,"P<<0.05,7P<<0.01
Note: vs. sham operation group, **P<<0.01; vs. model group, "P<<
0.05,"P<<0.01

33 XE-F5XI% CRF#EE X R E 7 E A H Oc-
cludin .ZO-1 mRNA R iZ B30

Ej AR b, B2 R BRI 41 2 H Occludin
ZO-1 mRNA FKiE7KF-3 i 2 B (P<<0.01) 5 BRI
FUAE, R B T UKL L FH R B - P 2 24 %k 8 311 2 K R T
J7 41 21 Occludin, ZO-1 mRNA LA K K # - 112 25 XHIE
51 5 20 1Y Occludin mRNA 3k /K3 8 2 T E (P<
0.058 P<<0.01),3¥ W35,
x5 HAHAKXREFALF Occludin . ZO-1 mRNA K&

KEHWMELER (xts,n=4)

Tab 5 mRNA expression of Occludin and ZO-1 in

ileum tissue of rats in each group(?c +s,n=4)

A5 Occludin 70-1
BFAL 1.000.00 1.00£0.00
fA 034047 0.40£0.09*
IR 0.70£0.077 0.77£0.117
KSR R 069£0.73 074£0.17
KPS R 0.54£0.13° 055+0.15

TEAGIRTARA LS, " P<0.01; I LLEL,"P<<0.05,"P<<0.01
Note: vs. sham operation group, **P<<0.01; vs. model group, "P<<
0.05,"P<<0.01

34 XE-FS7X CRF#E X R E 7 A LA Oc-
cludin 1 ZO-1 E A RIZRIF M

SBFARL e, AL KR B 212405 Occludin
Z0O-1 1 [ RBKF B EREIR(P<0.01) ; HEAYL [
B, PRBE TR OB ZH RN R 8- 2 25 X6 e AR k2 K Bl ]
A2 Occludin . ZO-1 8 3R IA K T34 i 2 75 (P<
0.01), LA 1. 26,
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DAPI ZO-17EH Occludin & [

Merge

AT AL BRI

(N7 20 Uik | D. K-

PR Zp N il | E. K H-FIZ 25K

E1l &AKXKREFGHEZLAD Occludin.ZO-1EARIZHIRIE 7L EHE (x400)

Fig 1 Immunofluorescence micrograph of protein expression of Occludin and ZO-1 in ileum tissues of rats in each

group(x400)

#*6 FTHEKXREHALF Occludin, Z0-1 EHRIEK
FHMNESR (xts5,n=4)
Tab 6 Protein expression of Occludin and ZO-1 in

ileum tissue of rats in each group(x+s,n=4)

A5 Occludin 70-1
RFAL 1.000.00 1.00£0.00
f 0.080.01"" 0.16£0.02°
IR E TR 048£0.05 0.63+0.05"
KEFIBAM R AR 0.71£0.027 0.79+0.09%
KESIBHM AR 0.62£0.03 0.73£0.07"

e SERF AR,
Note: vs. sham operation group,
0.01

35 KE-FSZXX CRFER KR IS HAARFEER
:&E@aﬁﬂrﬂ]

HE Fl Masson 4 (0,25 35 7R - BT AR 4K BUEF /)
BRIEH , B/IME b R o3& R IR M SR8 R 1 ]
JOT A DL A i 240 M i i) RN 2T 2 Ak 5 BEARY 20 R B 4 1 /N ek
Ak, B /NPT 5K B IR 0T UL A E 40 IR T RN 2T 4k Ak
SRR L, DR AR T OB AL K 8-S 255 i KA
e 21 K U 0] 5 48 4N M 32 10 2T 2 fb Y5 4G AN TR R
W TEILIE 2,

3.6 KE-FSHMITCRFIERKXREFA
Al EA
T ALK FIA R T 5z 40 B A2 oK i, 240 e s 5

*P<<0.01; S5#ERIZ Hed, “P<<0.01
**P<<0.01; vs. model group,“P<<

HABI LS

HIEZE D 2021 AR5 32 4545 7

MBS AR S A R T B R
FERK R — R WL A iV s bR A A R R
e RS 2 PR R i e B s B
Bz BB gtk e 4 . LR B b Rz A M E K M, |
i) N AV /e O Y s & Y oW I e
PRECE T A0 R K 5 T B HE A B L R T R
Vi 5 b R AR IR S i P R BRI B R R
DX/ IN AT D/ s AR, A ] B B 3 5, b Rz 4
FA o B T R 40405 0 DR B T R RN R B - P2 2%
AR 2 2K U R B iz 40 o e B K ke, 4 5 4
LIS PN A S S = B T TR B R R S K
R Y — | JRy M SR 6 5 B A B ) B i A | e )
B 2 MrbL e, A HRIR] B/ INX 3 58 5 i b Rz e
SER R R AR A R, R LR 3,
4 itig

CRF J& W25 B RE KRB 557 el S5y
9 SR M K BRI T B 2 5 S CRF 1 S Ei R, TR i
7T CRF [ MG Rty 3% AR kA 0, KBy
AR 2 AR ECET T B AL S
G AR5, A AR A B AT Mk 2 3 BT
I, AR SCIIFFT K #8712 25 5% X CRF A58 50 K U TR JR
B R A B DIRE 2, DL CRF 2 ffE
AR . PREEUE ORI I RIA YT CRF (% 259, 763K
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Fig2 Pathomorphology micrograph of renal tissues in rats of each group(x200)

E R #EFFS G 4L

T " RoR M bR AN I ) S R, & RO ) i,
“ e RO, ¢ T RIR R E

Note: “ < 7 means tight junctions between intestinal epithelial
cells, “ % ” means intermediate junctions, “ <= ” means desmosomes,

“ 4 "means microvilli
3 BHEKXREMAREHBEEMEMERE
(x2500)
Fig 3 Ultrastructure micrograph of colon tissues in
rats of each group(x2 500)
I I AR SR LR, 5 KB 2060 I A 123
AL, DR ASIF S e 6 PREE VT ORLATE S BT 2 . A
WFREE R, K -FFS 250 Bt 5 PRIk CRF A5 A
K EUMLE o BUN Ser 7 &, FF# R Uer 1% 1 M Cer,

- 830 - China Pharmacy 2021 Vol. 32 No. 7

PERIZ T RENSE L 2 UE Ser AYHEIER &R 9" CRF K
FUE DIRERIEH -

7£ CRF #F i # b, Wil R 40 2 & AR 7% 5 i B
52 W38 B B R Y R 2 A S5 AR EE YR YT CRF Wi ig
B AE  F AELE CRF JERE Wl 22 B i 49 S B AV O I A0
i AU 5 HA ORI R R R IE T8
L FR 0 T TR I A A 0 — 2 B AR s G -
ol A - I 3G [R) 4 BT P TPk DR B R AR A ik
TR T A B T B M VR K B 2 A PCS AN TS 43 i
Wb iy R A AT AR AR 5 S IR AR
B /N b R AN s oy i RS AL HE B RSN, CRF
B 1Y) T BRI DR 1 AR A R IV B T R EE R TR
AT Rk T i I5 L PR 85 R 19 A4 A IR CRF (&
BBz HE R EARSZ B, S BUB IR R 2 R 1A N
BRI, MSFIT R, B AU A TR PR B K nl i
AR I B R ARE N S5 HIL T AR E A R AR
Fe - TR AL, N B AT AL E AR, DR, BRI DA
PEJRTE R S AEA AE SR CRE #HR . AR LUR R
TMAO . PCS FIIS J4845 , 455 T K& -FHZ 250 1E BRI
JEPEIRTE R O, 25 5 & B0, 122 25 % B A S50 A1 1L 75
Rl IR PR 2 ) SRR BB R U A TR IR
HEM, DA T B0 M {47 CRE AR BRAR A7 1 1 ik

Ji7r b Bz I I vh — 2 5% B2 0 b Rz 4N AR L Rz 240 i
Vi) [t 22 s ke Py T i 14 492 52 5 AR ZEL G, S P 1 i 1)
BlYeE R W AEREIA I NI A LR R A 1R
AZERFEY M5 KB, IR 8 R AR T ik
ity R AFE 1) 1 B 2 1 T 38 N 24077 A 2 e s A R
AR, AT 51 E pH (B I SO R b Rz 20 i R) 5
R CBIR" . W BT REAZ 40 18
I N BE R AN | & SAE SN, 2 INE B G, ASE
AR B A R R 2 2 Occludin, ZO-1
mRNA J 8 [ 14 235 K73 88 3 IR (P<<0.05 5 P<
0.01) 5 B A ZUE/NekbsEAL , B/ IVEY 7K, B 15T AT DL AR AR

HEEZG 202145 32 55 T



IR FNLT AL s 45 b e 5 B 4 i T P A L 3R
CRF A LAY B A SURI g 8 B s T RESZ 40 . 28 K-
FEZ 2% T HUE , KB A% 2 2L Occludin, ZO-1
mRNA Je 8 [ 3 3K 7K 8 33 1 25 T (IR 41 109
Z0-1 mRNA [ 4h, P<<0.05 B P<<0.01) ; ' [] /5 48 it 41
LR LT AR RE L FNZE W b B S W b AL 451 475 HE 1 0k
B2, L2 0 AT % CRF 155781 K U i 18 F B T fig
it

25 B RTR , K -PF2S 2550 e AR 3 CRF B ALK

BRBRAT (4 B Zh B s AR FHAILH 7T R 5 A S BRI Hh

JEPE R 3 2% &, B g 4120 Occludin, ZO-1 )

mRNA N4 3B K 1 DT 5 13 B s D BE AT G

ST

(L] PR, 250 H X, 45 R B8 1 B il e
BT 1k R[] v [ 52 36 5 R 24 2R A, 2019, 25(24) : 219-
225.

[2] GBD Chronic Kidney Disease Collaboration. Global, re-
gional, and national burden of chronic kidney disease,
1990-2017: a systematic analysis for the Global Burden of
Disease Study 2017[J]. Lancet, 2020, 395 (10225) : 709-
733.

[3] MEUIERS B K,EVENEPOEL P. The gut-kidney axis:in-
doxyl sulfate, p-cresyl sulfate and CKD progression[J].
Nephrol Dial Transplant,2011,26(3):759-761.

[4] MEIJERS B,FARRE R,DEJONGH S, et al. Intestinal bar-
rier function in chronic kidney disease [J].Toxins(Basel) ,
2018,10(7):298.

[5] BKIE, BETE, TN, 55 52 B Dy A8 1 B g il Wt/
B-catenin {55 5 34 £8 B4 52 W [J]. A [ S 06 7 ) 24 4 il
2020,26(24):89-95.

[6] Wik TR HE AT 20 AR08 B 5 rh 24 F 245 LA F
FEDLAI : TEERR, 2019.

(7] AIREE VAW, B, 55 8 e 2 PR R 1 i
3 W AR A A BIF 5 TR (0], v [ o R U0E , 2020, 29(4)
732-734.752.

[81 ZHeA, Sh 5, FhHele. KB 2 s R R AE i LB e
U0 BRI 5T BE S []. T [ R 2, 2019, 28(3) « 542-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

545.
PRt EVE VTSR SR e R 5 W R OB S
JE[T) W T H S 2 K244, 2017, 41(2) 1 171-174.
JI C,DENG Y, YANG A, et al. Rhubarb enema improved
colon mucosal barrier injury in 5/6 nephrectomy rats may
associate with gut microbiota modification[J]. Front Phar-
macol,2020,11:1092.
FWTFE WIS, WA S B v R IR 23 B T AR
BLILPG BE2ZY ,2020,51(1) : 72-74.
HUB A F KR REF SR G 2 RIETTIRT At
L8 0 X M UUEF IR 2R ZUKF-52 mm [7].87 Hh B2, 2016,
48(4):70-72.
XX BHL PRBE UKL T8 1 W Sh RS i SR BT R Y
i RS [T [ BRAR 2593, 2016, 10(22) - 104-105.
T2 B S IR R R BEAE 5 18 T e T UK
W (0] G R 2 G B A4k, 2020, 21(1) : 79-81.
LIU Y, DAI M. Trimethylamine N-oxide generated by the
gut microbiota is associated with vascular inflammation:
new insights into atherosclerosis[J/OL]. Mediators In-
flamm, 2020[2020-11-14].http://pubmed.ncbi.nlm.nih.gov/
321484381.D0I:10.11551202014634172.
EDAMATSU T, FUJIEDA A,ITOH Y. Phenyl sulfate, in-
doxyl sulfate and p-cresyl sulfate decrease glutathione
level to render cells vulnerable to oxidative stress in renal
tubular cells[J]. PLoS One,2018,13(2):e193342.
G L, ETLEL AU, 55 A IR DR BRI 7 2% 76 B VRS 4
B AT 5 R (0], b [ SE g2 W, 2019, 23(3) - 561-
563.
VAZIRI N D, YUAN J,NORRIS K. Role of urea in intes-
tinal barrier dysfunction and disruption of epithelial tight
junction in chronic kidney disease[J]. Am J Nephrol,
2013,37(1):1-6.
HUANG W, ZHOU L, GUO H, et al. The role of short-
chain fatty acids in kidney injury induced by gut-derived
inflammatory response[J]. Metabolism,2017,68:20-30.
CISchi H #9:2020-12-14  f&181 H 1 : 2021-01-05)
(Gt : ISR )

(PERRE) RE—PEREZINAT, B 1T

HEEZG 202145 32 B T

China Pharmacy 2021 Vol. 32 No. 7 - 831 -



