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kB (NF-«kB)/M 8 3058 B F o (TNF- )15 58 BAn 33T LA A ALhl . ik #60 R K KAk T4 B AL A EF A (R) A
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Improvement effect of Phellodendron amurense polysaccharides on gouty nephropathy in rats and its
mechanism

MA Yongzhe', WANG Yuliang', ZHANG Kai', ZHAO Hong"*, SHEN Yu', QIU Hongbin’, WANG Chaoxing',
SUN Shiqing', JIANG Zhenxu', SONG Mingming', ZHANG Yu' *(1. College of Pharmacy, Jiamusi University,
Heilongjiang Jiamusi 154007, China; 2. Heilongjiang Provincial Key Laboratory of New Drug Discovery and
Efficacy Toxicology Evaluation, Heilongjiang Jiamusi 154007, China; 3. School of Public Health, Jiamusi
University, Heilongjiang Jiamusi 154007, China)

ABSTRACT OBJECTIVE To study the effects of Phellodendron amurense polysaccharides (PAP) on improving gouty
nephropathy (GN) in rats, and to investigate its mechanism primarily by interfering the p38 mitogen-activated protein kinase (p38
MAPK )/nuclear factor-«kB (NF-«B)/tumor necrosis factor-a (TNF-a). METHODS Sixty rats were randomly divided into normal
group (water), model group (water), allopurinol group (positive control, 20 mg/kg), PAP high-dose, medium-dose and low-dose
groups (100, 50, 25 mg/kg, by raw material) after being stratified by body weight, with 10 rats in each group. Except for the
normal group, the other groups were induced to construct GN model by giving 1 500 mg/kg potassium oxazinate and 100 mg/kg
adenine intragastrically for 14 days. After modeling, the rats in each group were given relevant medicine/water intragastrically,
once a day, for consecutive 28 days. After the last medication, the levels of biochemical parameters related to renal function [uric
acid, creatinine (Cr), blood urea nitrogen (BUN), xanthine oxidase (XOD)] were detected in rats, and the histopathological

changes in the rat kidney were observed. The protein
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KYYEF-0638) ; M 1o V145 45 J& 1wy 45 °F B FE AR IF I H (No. 2022- levels of p38 MAPK and NF-kB p65 protein were determined
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group, the model group suffered from the dilatation of renal

tubules, structural damage to glomeruli, accompanied by
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TNF-a and IL-6 and the phosphorylation levels of p38 MAPK and NF-kB p65 protein were all increased significantly (P<<0.05 or
P<0.01). Compared with the model group, the pathological symptoms of renal tissue in rats had been improved to varying degrees
in different dose groups of PAP; the contents of uric acid, Cr, BUN and XOD, protein expressions of MCP-1, TNF-a and IL-6,
the phosphorylation levels of p38 MAPK and NF-kB p65 protein in PAP high-dose and PAP medium-dose groups were all decreased
significantly (P<<0.05 or P<<0.01). CONCLUSIONS PAP exhibits an anti-GN effect, the mechanism of which may be associated
with inhibiting the p38 MAPK/NF-kB/TNF-a signaling pathway.

KEYWORDS Phellodendron amurense polysaccharides; gouty nephropathy; inflammatory factors; p38 mitogen-activated protein

kinase; nuclear factor-B; tumor necrosis factor-a
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TR 8RR RK BRI Ry T B EAHAT 2R
GN AR ZG4F . JCBER =25 A ARV N RS
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H H % p38 (p38 mitogen-activated protein kinase, p38
MAPK) #3415 , 35 10 38075 #% [H 7~ kB (nuclear factor-«B,
NF-«B) , $ 33 542 40 i # 1k 25 11 1 (monocyte chemoat-
tractant protein-1, MCP-1) Y JE i, , £ (i i Ji SR AL I F o
(tumor necrosis factor-a, TNF-a) | [ 414 2 6 (interleu-
kin-6, IL-6) 55 4 E 40 Mo IR -3 Wb , fe 4 80 /N 25
4 [B] RF AEARAEY, ST b, ARWESE L) PAP ST X
%, % HAT GNAE H AT #1 , IF il 5 p38 MAPK/NF-
kB/TNF-a {5 538 #% , ¥ R L] fe 9 AE HBLEL,
PAP$T GN IR AT B8 il o
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A 22 LR AL 28T ) , DL-5-B %0 5 i 550 AL (| i
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Hh-TT WA G BT (A A AT AR A BR AR,
VERTEX-70 #4217 4N 15 (75 [F Bruker 2 7] ) , Prox 7
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1 (25 Agilent 23] ) , HI650R B 5 A R 55 O HL (K70
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Yy BE Pamurense Rupr. ()T B2 ARASCRAE TAHEA T
Fe A b (R A2k 103080201230821) 4

H & B (4t 5 D0651201504) | Fl 2% B (it 5
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MAPK £ s TR A RO R DR A R A A
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) 5 B A AL BRI Y L AP S S BR R 1 G bt
W4 H 92 [ Jackson 23w s =S HBE L L BN (it ot
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A BR 2w\, s A 77 VF AT IR 2 SCXK (12) 2020-
0001, KEIGAJG,FFET SPFRLIE . KEICAERE
B IR RE FOVE A5 PF T 1 W AR 3% 1R, 3 a1 B
YIFK o ARSI AR B R 2 A 1) 5 B2 AR PR 0 25
o vES 5o IMSU-2022061001
2 AE
2.1 PAPHIHI &R EMFFIEEER

B2 MR R, FH 90% B IRL 3 YR Bk 2%
BT AN 2R s 253 B 5 i 15 f5 4 (kg/L) 7K 1 B B
3R, BRR 2 ho BRBURIR AR 5 N A 98% £, A5 FI)AH il
PAP, $2 MR R 4.41%, R FHARJINER [ il %R 1) PAP 32F
TR AR B, IF HRFLIZ B4 i AB-8 it ) , 7545 1l
PAP, T ZIAMEIE RAMETE I R BEIR ST PAP 2544
FRAE 5 F 1- 856 -3- 1 RE-5- it e bk i (PMP) AT 2R AL, R
JH e RO e TS0 B 2 B % LA
2.2 PAPHIGNIEH%%
2.2.1 il RS2

K EGE N PSR LS B LR T 4 )2 S5 BEAIL 53
64, BIIE A 4l (Con 41) ALAYZ] (Mod 41 ) . AP 41 Fll
PAP & . K55 & 20 (PAP-H . PAP-M .PAP-L 4 ) , £3:4H
10 H o B Cond14h, Higx 441 K B4R EL 1 500 mg/kg
AR H A 100 mg/kg BRIEPS I G HEE 14 d KR
GN AR, A, i AT R BRI S A ), eI R PR TR
PR A& &Y 8 ETHEY, B Y5 , PAP-H, PAP-
M PAP-L 21 K 23 #I3E B 100,50, 25 mg/kg PAP (L4
ittt ol NI R A 2. 1. 0.5 5 55300 &)
AP ARV S 20 mg/kg APOB G IRSERGA & ) ; Con 41
FIMod 2H K BRI B AR BUK B H 4525 11k, iE 2228 d,
2.2.2  REUME B DIREAH A AL FE bR B A

KL 2y 24 Wi, TR RURFRELMm, 2% )5 L 4 500
r/min B0 15 min, B2 M0, 50 & U B B EAS
W17 H PR R .Cr JBUN . XOD %
2.2.3  KEBAHZUREIE S ME

BRI 5K RRAR BB, BRHE B R . BB 43 K B O
JHWER £h 2% i (phosphate buffered saline, PBS) Wit /&
F10% 2 5 A b B, AR5 45 W5 D0 R (R
4 wm) , AR HE Y )5 , FH B g K U 440
P Y
2.2.4 KB H4H p38 MAPK/NF-kB/TNF-a {5 5 i
A DGR 1 AR A

K FH Western blot 32 A7 A5 o BCHS 43 B 21
21, FH PBS PRI L N AR (1 24V 50 0 IF s O 75 i
%, vk 30 min, 2R J5 7E 4 °C F LA 14 000 r/min 2.0 15
min, ST, DA ERESE iR S, B 10 min, %
SR A9 e ) L K VS VAR T JE , A e 0 T e 1 I g st
M [ 72 T Pk A, EREFLA I 5 pL B A RR A 7E
100 V HL T HL gk 40 min, 2R J5 {7554 2 PVDF I, il A
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5% I B W k3 #E 37 °C K 5 H1 90 min; Ml A p38 MAPK .
p-p38 MAPK NF-kB p65.p-NF-«kB p65 .MCP-1 ,TNF-a,
IL-6 .GAPDH — 4t (R B HLAF134 4 1:1 000) ,4 °CHF & 1L
P ; TBST BEME 4 YK AR 5 min, A 4, Jo = IR $5 K
30 min, FF7E 37 °C F ¥ H 1 h; TBST PEAR 4 Ik (AR K 5
min, ECL i 52 B, R G B H U3 & B
HE R, LI BinE S NS E I (GAPDH) 4444 F47
6% Y E A 2R H bR R I R E KOF, DL p-p38
MAPK H1p38 MAPK . p-NF-kB p65 I NF-kB p65 2 [ 17
Ik B FEAB 43 91 278 p38 MAPK . NF-«kB p65 & [ (1 B iR
K
23 FitEFE

i GraphPad 8.0 A HA TG T 2400 M. BdiaR
X s 3R, Z UL BRI Oy 22400t , 4L 1R PR R
AR H LSD-t k. A3 7K ifE a=0.05,
3 HF#R
3.1 PAPHIHIEELEMIFENELE R

LTHNETE 3 M 45 S0 PAP & A B S BRE I
W, AR N 2R B . RN T A R R
PS8 A0 AT L Bl N TE i , R BH 44k )5 1) PAP A
SHBEAFMZER ., F s eRss R, PAP 2
R, FMTHDRE , Z5 A HEGIRA L, 850 A LI . X LR A
BAREAR I A O B B R] I AR R 0 AR T3, W] PAP
P H R B R AR P LRI R A b
FUAE SAHE S 7 Fh S AL, 7 A SO AL A EE R N
2.00:12.09:1.00:1.63:2.99:10.55:10.44, 55 LK 1,

0.1 o -

200 220 240 260 280 300 320 340
WK /nm
B. PAP 245

4 600 3000 2000 1000
PHem ™
A. PAP LA

— iR bR,
PAP

0 20 40 60 80 100 120

t/min
D. PAP SR 2 L5 BT i (535 5]
Lo H #8052 BRSNS - 3. A WEIE MR s 4 2 FUBETE IR 5 5 A 2 0
6 < VUM 5 7 ACHE 5 8 : BITREAFME 5 9 - 7 Mhil
Bl XEHSENEHRIEEERR

C. PAP 4l L BE 4]

3.2 PAPXARIME B INEEME KX ENIEFRII I

5 Con 41 k488, Mod 41 K BRI 375 H R 2 . Cr . BUN |
XOD % ¥ & (P<<0.05 8% P<<0.01) ; 5 Mod 21
%5, AP 2H Fil PAP-H ., PAP-M £H K B IfiL 3 H IR 182 . Cr.
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BUN . XOD % # ¥ Ip 2 [ IR (P<<0.05 5 P<<0.01) ., %%

R L,

*1 BAKXRMFFKE . Cr.BUN . XOD 2=l
R(x+s,n=10)

415 JRE/(umol/L) Cr/(umolL) BUN/(mmol/L) XOD/(ULL)
Confll 38274291 58604156 7212061 1384091
Mod4l 141611284 N4 1693 £041° 37674084
APH 68.91+322 60.16+3.12¢ 7644052 1934£122°
PAP-HY PAVERRES 6229+ 179" 90424043 2068+ 113
PAP-MA] 83.56+297° 64.7614.23° 1045047 23.16£097
PAP-L# 93.15+2.74 68.13+291 12114064 B/TH0.T4

a: 5 Condl %%, P<<0.01;b: 5 Con4l k%%, P<<0.05;c: 5 Mod4l
HAsE, P<<0.01;d: 5Mod4l Heds, P<<0.05,

3.3 PAPX KR BHLRERSFHHM

ConZH K U /M HEFIBE 57, P /INBRSE B, TOIRAE |
LAl RAEIR I AFBLGE 5 5 ConZ] HLAK, Mod 41K FU'F
ANEDTR BENERGSA IR IR RAE I AT 4EAL 5
28 AP KA [AI R PAP T TUS , R BUE 400 3 X947 BT e
HACA R PAPH LI il B PAPRYSCR e i S5 5RL

¥ A : <
A X

" K

L} o

A

F. PAP-L 41

E.PAP-M4
T RO Sk I B /INER 21 B Sk i B /N
2 BHXRBARRERSFUREHE(HERE)

3.4 PAPITAREHLAH p38 MAPK/NF-kB/TNF-a {5
SEEEXEARIENZIT

55 Con 4l Fb#5 , Mod 4H R BB 44U MCP-1  TNF-at
1L-6 7 [1 334 7K F-F1 p38 MAPK \NF-«B p65 75 [ {2
K TR (P<0.01) ;5 Mod 41 HeAs , AP41 R PAP-H.,
PAP-M 41 K [l B £H 417 MCP-1 ., TNF-au IL-6 25 4 ik
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JKF-F1 p38 MAPK \NF-kB p65 4 [ A4 i 12 1k 7K - 1 i
SRR (P<<0.05 8% P<<0.01) , PAP-L ZH K KLU £H 4 TNE-
a EAFIAK BEFR(P<0.05), 45 ILKES3 %2,

P-P3SMAPK | s S — a— — — 41 kDa

P38 MAPK 41 kDa

PNFB PGS | o w— — — — ] (0 (D2

NF-kB p65

— . — —— - |
.
GAPDH --..-- 20kDa

Con4l Mod4l AP4l PAP-H#4l PAP-M#] PAP-L#{
A. p38 MAPK \NF-kB p65 & Hie (b5 1

MCP-1 e — e | D

TNF-a — S — — — — | 26 |Da

IL-6 — A — — — — 20 kDa

Con4l Mod4l AP4l PAP-HZl PAP-M4| PAP-L4
B. MCP-1 ,TNF-a,IL-6 2 [

3 HHEKXREHEEF p38 MAPK/NF-kB/TNF-a 15
SEREXERKRNABEXE

R2 BAKXR'SHAH p3S MAPK/NF-kB/TNF-a {5
SHEBEXEARIEKFEEMNER (x+5,n=10)

2 p-p3SMAPK/  p-NF-kB p65/ MCP-1/ TNF-o/ IL-6/
p38 MAPK NF-kB p65 GAPDH GAPDH GAPDH

Conffl 0.42£0.03 0.27£0.02 0.18£0.03 0332003 0.13£002
Mod4i 087004 069005 0692004  082£003  048£0.03
AP4L 057004 0372004 0202002  042£004  015£004
PAP-HA 0612005 0422004 0312004 0442004 0162003
PAP-MA4L 0752003 049£003°  054£003  063£00 0341002
PAP-LA] 0.84£0.04 0.65£0.05 0.67£0.04 068003 0412004

a: 5Cond %, P<<0.01;b: 5Mod4H 8¢, P<<0.01;c: 5Mod4H
ks, P<<0.05.
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R . AR B, 5 Mod 4 He AR, 45 45 24
2K VB L SO PRI 25 24 A8 A A5 B Bl 38 | 40 0 15 Vi Uk
B LTS A B S, 13 PR R L Cr . BUN,XOD
Py 2R e X AR PAP A BT GN YR

GN [ % e 55 9 E B v 2 DI AR M s R ] 3
p38 MAPK,, {# H:i# 1% 4 p-p38 MAPK,, p-p38 MAPK i
— 0% NF-kB p65, i NF-kB p65 % A= B2 1L , p-NF-
B p65 F1 4 i 4% 1o 22 4N Az H il MCP-1 9T A,
HE T ICRE U A SRRE IR 05 53 7R R IL-1B.
TNF-ou 55 JAE A M 7, R BRET A an i iy A 4, e 5
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