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H E B R0 R R R Bom (DN) LA Ke R 37 4E R Bk AL . T3k A KK-Ay /s KA & i & 443 4
2 %2 B S H) DN s SR 5 2 B R o 44 /1 RS S AR A 40 R AR (FaPE R BB, 100 mg/kg) b 36 32 #7 328.( 100 mg/kg) , %
Exfﬁ Y CH7TBL/6) N SAE A B 40, B4 6 R, A4/ R B A0 0 250k B A0 A A 20 R B SF kAR 22 3E K, 4&/‘\1;};
%8R, Hm AR A M AaYE(FBG) .24 h &G , ik @ wlei-% 12(1L-12) \IL-10 & £ (BUN) JILEF (Scr) K F , LA

""4}1,,\%%5311}514 HF AT A E)Liﬁiﬂﬁl',é’éﬁ’] Ao 3 B R P W M AR R %R (RAGE) IV AR R (COL-IV ) | zﬁ%&
—BARAEE(INOS) Z G oy Rk, R LHaEF ki A 200 JOR B R 7T LA 6 K o 40 feid I8 Ae 2 e AL B Bk
%ﬂ%:‘»@iﬁéﬂ%/ﬂyﬁsz%}um) | ek B & 30 AR L FBG .24 h & & R, £ 3F IL-12 . BUN . Ser K-F , B & it RAGE .
COL-IV \iNOS & & #9 £ ik F 3 295, o if IL-10 K-F 23 B4R (P<0.01), BAEA ik, &y s ROB IR EHi45 | 4F 4
ACECE BB IR M Bk, LR AR BSR4 (P<0.05 3 P<0.01). Z5if L 7 F s DN AL A N A
H— R AGARAP AR R, T ) K R, AR IR & KT 45 A B R 4F 4L EaR AR A VT Ak 55 4 ) 0 0 b S 4 K = M/RAGE 12 5 i@
A K

KEER WL RS MR B s W AN AR M/ B AR M AT B s KR BIR A S At

The protective effect and mechanism of cornuside on diabetic nephropathy model mice

WANG Wei, GAN Xiaoyang, XU Huiqin,ZHU Yihui, SHU Anmei, FU Yingxue, YU Bin,LYU Gaohong(College
of Pharmacy, Nanjing University of Chinese Medicine/Jiangsu Key Laboratory for Pharmacology and Safety
Evaluation of Chinese Materia Medica, Nanjing 210023, China)

ABSTRACT OBJECTIVE To investigate the protective effect and potential mechanism of cornuside on diabetic nephropathy
(DN) model mice. METHODS Male KK-Ay mice were fed with high-fat and high-sugar diet for two weeks to reproduce the DN
model. The successfully modeled mice were randomly grouped into model group, aminoguanidine group (positive control, 100
mg/kg) and cornuside group (100 mg/kg), and male C57BL/6J mice were included as normal group, with 6 mice in each group.
Administration groups were given relevant medicine intragastrically, and normal group and model group were given a constant
volume of normal saline intragastrically, once a day, for 8 consecutive weeks. The levels of fasting blood glucose (FBG), 24 h
urinary protein, serum interleukin-12 (IL-12), IL-10, blood urea nitrogen (BUN) and serum creatinine (Scr) were detected; the
pathological injury, fibrotic change and glomerular microstructure of renal tissue were observed; the expressions of the receptor of
advanced glycation end products (RAGE), collagen type IV (COL-IV) and inducible nitric oxide synthase (iNOS) in renal cortex
were detected in each group. RESULTS Compared with normal group, the renal cortex of mice in model group showed obvious
inflammatory cell infiltration and fibrotic changes; the mesangial hyperplasia of glomerulus was serious and the basement
membrane had a large number of irregular dark dense deposits; the levels of FBG and 24 h urinary protein, the serum levels of IL-
12, BUN and Scr, and the expression levels of RAGE, COL-IV and iNOS in the renal cortex were significantly increased, while
the serum level of IL-10 was significantly decreased (P<<0.01). Compared with the model group, the renal pathological injuries,
fibrotic changes and glomerular microstructure of mice in administration groups were improved significantly, and the above
quantitative indexes were generally improved (P<<0.05 or P<<0.01). CONCLUSIONS Cornuside has a certain protective effect on

DN model mice. It can inhibit the inflammatory response, reduce urinary protein excretion, and alleviate renal fibrosis, which may

be related to the inhibition of the advanced glycation end
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B R I% B9 (diabetic nephropathy , DN ) J& 4 IR Jii /™
UM A IFANE 2 — RV 22 B8 1 J B 2R
J (end-stage renal disease, ESRD) [ 3 22 )51 K . DN fH
27 PR AH B A I, e i s il g A PR
FOECHEY, DN 1Y B AL AR B/ NERIE R R g, 2
JRE TG 5, B /N ] BT 2T AE AL A B /N R BEAL 55 i R 32
BRI AARIFEEE R IR . JEAFEK , FIE DN Ao 2%
K T, 5 T AR A 88 (BT A R oy i s
Ji& R ESRD, 45 H: 52 i fdt 234 ok 17 B R B Y7 4
AL, 2 =56 DN & HIL I A TA R I F I & A iR TT 25
Ytorah s,

' I ) B B A5 R S R S 7 2 DN Y 21> 3222 bl
il , 2 R BE /NEK R 21 46 2 DN Y B 2R i
B 3k 28 2K 72 ¥ (advanced glycation end products,
AGEs) 7 DN [y 2 A4E B F b B S EAE Y. BT
8, AGEs 55 H:3Z {& (the receptor of advanced glycation
end products, RAGE ) 451111 7| & 1 48 A 1 A AR A Ji
N 2o FECEIRERE R T E S AR e
T RA T B BT o U AT /NSl ORIV 4 2 2 3
b e e W s e R = el NI =2 G = 5 TR NS I
B /INE B R A PR R R | R s 1A BT AT AE AL
B /INE ZE 4 AV /N ERBE AR [R] I, B - I 4 Y 3 1)
KA A 1R 9 i R - SURT i — 205 | R W5 U 14 4
100, SE TN E DN kRt o,

LI Z 858 1 (cornuside, 433X CoHaoOn) & —Filr 1L
ZRBE A TRERS T 2SS, AT RO U B M T 40 17
(T helper cell 17, Th17) i X #h 28 R 50, T A
S G e Ve B2 IRl ), iZ A5 W aT i 4% K 7 kB
(nuclear factor kappa-B, NF-kB) [n] #% N4 %5 , (A% H4%
SRTEPE , IR R Ui 90 PR [ g SRBE A - o (tu-
mor necrosis factor-a, TNF-a) . F14fi[ffd /2 6 (interleukin-
6, 1L-6)]53 W , P T 4170 i) K 400 e 2 5 19 9 E A8 28
WM AR TR A I S 5 & B, LU 2 BEET AT
AGEs 52 (1/N U R B I 5 , {HILRE 5 03 DN ¥
AR . FETF I, ARAFFE L DN BN RO X, 6 F
AGEs/RAGE {5538 g W] A5 B0 1L 48887 17 X% DN A5 7Y
ANER PRAPAE ] B AE AL, LASBI oA L 2R 84 58 H /2 DN
BIT RN RS
1 #8
L1 FENEE

Contour TS Y I W F FFH- 1= 25 fR A PR 5
Bio-Rad 164-5050 ZU SR HLIK AU [ 3¢5 Bio-Rad 23 7l ;
Image Quant LAS 4000 mini %% 5 s/ AX W 1 56 [ GE
23] BXA1 B BRI H H A OLYMPUS A Hl ; BioTek
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Synergy-HT i #75 {14 [ 2% [5] BioTek 23 ] ; Direct-Q %4
KA [ 56 [ Millipore 2w
12 FE#HRSIKA

L1 28 95 307 6 B8 5 (AL 5 S-125-190404, 4l J& >
98% ) W [ ARt o5 S AE W4 A7 BR 28 7 5 s SR k)
245 (PRPEXT BR 415 079K 1734V, 41 i 1009% ) W [ 35
Sigma 22w 5 /NRPR 8 ARSI 6 (k5 20190619) L/
BRI 7 AL I (serum creatinine, Scr) £ il 32 71 & (41t 5
20191008) ¥4 [ B 3 3 A 9 T AR5 9T 5 A X 4K
W H = 2 O fd A R | /N BRI R 2 &L (blood
urea nitrogen, BUN) \IL-12 1 IL-10 i ¢ 6 72 0 B il 52
(ELISA) {7 & (L5144 201909) #41 [ - v Btk Ek A=
VIR A FR A T 5 i RAGE . IV B i Ji (collagen type
IV,COL-IV) .53 —4 {b A & 1 (inducible nitric oxide
synthase, iNOS) £ 5 ST (415 43 51 &y GR316801-2 .,
GR269410-2 ,GR3174950-9) ¥4 FH H[E Abcam 23 7] 5 i
U8 B-NL8h & 1 (B-actin) £ ve FEPLIA (H1E5 AA1217B8088
ZJ2) W H 3 [ BioWorld 2 7 ; HAR o S AL P il (HRP ) B
ICAY LA 1eG Pt (A5 7074P2) I 4 35 [ CST 28
) ; ECL &G (4165 1819702) g [ 35 [ Millipore 23 7] ;
RIPA 20 2/41 8 4/ K . 2.5%Gluta [F € W . 10% P4
IR E K I 22 W (FE5-43- 1> R0020,20190820,20190822)
By A b s 3 ERHE AT IR AR 5 Sz gl Ak A7) £
(fit*5 PH1698) W [ |- i35 87 A= W H AR A PR w] =
AR (5 CB0130912) M [ i s Ak~ A PR A F
1.3 LIz S5ER

SPF ¢ fft 4 KK-Ay /)y B 18 H [8~10 Ji #% , (& &
(28 +2)g].SPF . lfi: C57TBL/6T /N 6 H[8~10 J& i,
REE (22 + 2) g) Rl g R B DRk Y 0 [ b s AR BB AR 1)
FHE A A BR A W), 5256 3 9 28 77 18 AT HIE -5 2 SCXK
(%) 2019-0008, i 1k 5 FE 5t 7 1l 34 B
Yo ARSKG T R4 B P BE 25 R AF S s W 18 P2 B
2t (B9 45 201903A019)
2 FHik
2.1 IMHBEEERY

HUKK-Ay /N, 5 IR b e ek o 2 JA], P2
1fiL 4% (fasting blood glucose, FBG) =10 mmol/L . 24 h J}{
A% CHTBL/6T /NI i 2 10 15 2k DN ALY £ 57
DA 0 2 B K i RS AR T 1 /N BRUBE B 43 Sk A TR
20 S TZE CBH P % IR, 100 mg/kg) . L1 2 B8 35 1 21
(100 mg/kg) , 3 LA C5TBL/6T /)N BUAE K 1E % 4, 45 4H 6
H K9P RS H ARSI AT Ao 45 R i e, IF
L 10 mL/kg Y 725 FHOE )5 1E 5 A RIS 76 241 3 S S5 AR
ALK BER 1R, 828 JH .
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2.2 /N FBG #0124 h [RE B 7K F467

SITELZIIE 55 0.4.8 Ji 25 & 12 h e RAE &4/
LR b 0032, 58 P I W ARG D H FBG 5 i ok A a8
WCHE L 24 h R, 250, B VS R, SRR AR 1) B Ui
A5 7 i A AR {SCRE H: 24 h R B K o
2.3 IIMNRIMFBEHIL-12.1L-10 BUN  Scr 7K F A&

FELA 255 8 A, T /N IR AE B If., 7 2 0.5 h 5, LA
3 000 r/min B.0> 15 min, 735 _F)Z L7 , 2 BA RG] &
Ui B 77k DA AR ARz /) B3 2888 - (IL-12
IL-10) F1'Ef Py REFE bR (BUN (Scr) /K F-o
24 INRSIERERGESZMAELKENRR

TR HEE SIS, J8 SR AL BB 4% 2 /N B, 4 85 T O
RV 20 e T3 B BT 10% Hh PR R Shbk & E i
5, K, FH A FUA I VA, 20 B A T 90 AR K -
RLT(HE) Masson {0, B F Wi ™ WA H B i i
oG BB 0 AT Ak ik s
2.5 INER'S/INERIA M I 2R

K FHIZ S LB AT ULEE o B /N BR 2 N iz o
i i, 7E 2.5%Gluta [ 2 W [, 430 H 50% . 70%
80% .90% . 100% PN Jlil 6 B 5 7K, 34 S8 g (2 38 )5 1)
R TR R A - B TR A e (o, B TS S L BE T OUER
B /NERTBOR A5
2.6 /RS R B RAGE & H PR R AT

SR S AR TR IR TR . B 2,47 3R 45 2 /N R
W R D) e, BT R P A2 20 min X 2 YR DR
PRI B TC K 21 95% £ 18 . 85% L% . T0% £ T it
K, BRI 5 ming K 0Pk, SR TR 01 92 vl 64 740
JEAE 5 s FHBEIR L 22 whif (PBS) 1 1% 5 min X 3 YK, JH 3%
1AL S TR 35 U0 F 20 min HEAT P IR o A Ak A
I LA IME A R R E A 1 h I RAGE —471
(5 BEEE 1:100) , F 4 °C F i & o 7% ; H PBS ¥ Uk 2
min X 3 Y, MAFHR, —HT (FRERE 1:100), T2 N
1 h; FHPBS #7E 5 min X 37K, IILA DAB .t ; 7K sk,
IIANE I G4 2 min; /K bk, & CEEIK W87 ]
Ja AR IR £ A, BT SR T WSS RAGE & 1
PH M 228 (AR BB 15 D0, B Image J x5 28
SR A TR AT
2.7 INRBEBFHRAGE . COL-1V iNOS & B RiA#

K FH Western blot 7 FEA RGN . 7E VK BYHUAS 2H /)N
BRI B B B i B, BT 10 mL B0 A T, A S 1
mL, 5 2R 25, T 4 °CF LA 12 000 t/min 5.0 10
min, YA LT, DA BCA ME0EAT /8 5 1 L i 5 5 X
FA LR R AR A 1IRA TS, T 95 cCE WA
5 min; BUIE P AR 1 e, HEA T SR DA IR A R I FRL UK S e
B ER W IO L, LLE 5% 4 3G 1 8 (A 1 A

TEZD; 20244555 35 55 41

T % A 2 hi A RAGE .COL-1V | iNOS B-actin—$1T
(WREEE 1:1000), T4 °C M E 117 ; H PBST & s
VB3V AR, — BT (B 1:2 000) , ZIEIFE 2 h; LU
ECL &6 B )5 , B TBER BURAL T if%. LLB-actin
HNZ: R Image VI3 HT 4 BRI AR A .
2.8 HitEFHE

K HISPSS 22.0 BAF X B #- AT ae 150 Hr . Bl LA
X T s RN, ZA MRS ZE T 200, #E— LB L
BRI LSD-t ki, KK ifE =0.05,
3 H#HR
3.1 WEEHMEX DNEE/NR FBG 24 h [RERK
TR M

SRR H IR, /NS 2555 0.4 .8 Y
FBG 124 h JREE /K3 8 3 T8 (P<<0.01) , SA5EAY
/N LR, £ 254/ AR 25 )5 56 4 .8 JE Y FBG (&L
FEARLL LR 25)5 50 A RSN ) 24 h JREE 38 B 2 R (P<
0.053% P<<0.01), Z5HRILFE 1,
F1 WFREHEX DNEE/NR FBGHN24 h[REHK

FHRNEN (x+5,n=6)

s FBG/(mmol/L) UhIREH/mg

SRR AARRAR BURESH AAREOR AURRIE LURHESH
54 55505 53307 50£08  0.06+008  011£015  006£0.11
fi 181438 19934 2L1£67 137004 1522042 123£023°
LM 171439 210240 136£52 L1900 1051028 054£0.14
UPZESHTFA 179447 169£41  109£35  130£006  L16£0.16°  036+0.11°

a: FIEF AL, P<0.01;b: SHIFIL LA, P<0.05;c: SHEAIAH
4, P<0.01.

3.2 WZFEEFHEXS DNAZE/N R MiE H IL-12 . 1L-10,
BUN . Scr 7K F B 2401
5IEE A e, B /N BT A2 48 I TL-12
BUN ., Ser K-35 8 3 5, $L A K IL-10 7K - Ik 2B
R (P<<0.01) ; SHEAIZ oA, & 252 /N BUML i IL-12
BUN . Scr 7K~F-34 i EBEA, IL-10 K1 i 25 T (P<
0.01), &R IFE2,
F2 WZFEEFHE X DNAZEERU/NE MEH IL-12 . 1L-10,
BUN .Ser 7K FHIZM (x £ 5,n=06)

415 IL-12/(pg/mL) 1L-10/(pg/mL) BUN/(mmollL) Ser/(pmol/L)
E#4 4841154 290,15+ 24.16 1359219 17424581

A 5731739 233791093 2881 +245° 65.61% 1491°
A 4471380 290,15+ 11.62° 2032+15 4103+ 11.68°
R 44082245 28530+ 1242 1745+139° 4820+ 664"

a: HIEHAIHEE, P<0.01;b: HHIA LT, P<0.01,

3.3 WIFREHEX DNEEUNR B B BRI RG T
RIS

5 IE A A RV /N U R T B /N BR R R
JoT ) b TR L A Y AR P 0 43T B X3 AT L ] ek
RACANMIIZNE . SHIIH LUEL, 2% 292/ BUE R i rh
B /NERGE R RN SR B /NIRRT AR AR AR
[F] 5T A A i A L2 0 A Tt b . 5 SR LI 1
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RS S S BT
%

C. 2L D. N2 BCH 2

LT (55 Sk RN o
Bl LZEEHE DNEERNR G B RFE IR G =0
FEHME(HE$®)

5 IE A A AR /N BUEF B o 2 4 P s (.20
JRLRA S 1500, £/ U R o e I IO ARG 22 (] J5T 41 4
KT . SRR A, 45 2541 IN B R ST 2T 4
BE P e o 200 B A T 2L, 26 B /0N B B o e it 1 AR D
A TR BT ALK TR S5 RILIA 2,
o Lo s VEL

Ccmmm
LT e ST M (o A

2 WHREHENDNEE/NR G ERTENLTE

N &Y 244 E (Masson S8 )
34 WZEEHEX DNREENR BE/NKBUEHH
A

SFIE R 2 A A2 /N U /N R R ARG A 7

SEJHE 22 IR RRERE JEE I 1T L DK e AR U bR i € 30
YR, SR LU, 45 25 A/ BUEE /N R R A
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S A= ol TR I TS IR G A i it , AN ML R B
Yot Bl o SR DLIE 3,
. ,,'_’\\.\

C. 5 ML D. IS 41
3 WIZFRBEFFE T DN ZE/N R S /NI S5 220
K BB GESBEE)
3.5 IWWEHEFENDNEE/NRSEEFR T RAGEEH
BRI A% B S i

L IE R A O, AL/ U B 5 RAGE 35 H FH
PR WL 2, PO i I 0 (P<0.01) . 5
RERUZE U, 2% 25 2 /N BUF B 50 RAGE S YRR
BRI/, HPOnm B 1 2558 (P<<0.05) . 4521
ULIE 4,23,

C. & FENNA

L1405 3k - RAGEHE [ APk

4 WFREFHEX DNREE/NREERHP RAGEEHR
PRMER AN BB (B ENE)

D. 2R BCH 4

hREZG 2024458 35 BT 4 ]



3 WEEHEX DNEE /RS K K F RAGE,
COL-IV .iNOS EHRIEZHIFM (x +5,n=6)

a3 SRR Western blot 5245

(RAGE) RAGE COL-lV NOS
FEA 317640571 0.172:40.034 022340010 0.169+0.050
fA 10,0294 1.813° 0457£005T 0.676+0.151° 0.556£0.106°
LM 5.663+0.680° 02720047 03860.160° 0371£0.020¢
WA 5380£0517 026240068 0306£0.139" 0344+0012

a: SIEF A, P<<0.01;b: S5AILH R, P<<0.05;c: ST
M, P<<0.01,

36 WEHEHFEHEXIDNER/NRE
COL-IV .iNOS E B RiZHIZ M

5 IE R A T, BRI 2 /N B R B RAGE . COL-
IV (INOS & F 1y A 5 14 3 T s (P<<0.01) . S5 AY
HHLHE, 25 25 A /N BUE K B RAGE . COL- IV (iNOS
R A Y B IR (P<<0.05 5 P<<0.01) . 4%
LK 5.3 3,

- | —
-—
hd v

IEHR4L Ik RGBT A
B5 WZEEHEX DN EE /MR S KR F RAGE,
COL-IV .iNOS F| B ik &N iy FB ik E

4 g

B 5 A 05 7K B o RV B 25 F 1 B0AE , DN Y &
R R . DN Y BURLGBRARAE 2285 R, L&A
K J 55 B /INER UG o B 5 A 45 #) 5 R AN ) RE A iR
BYIFHIE", COL-IV J2— Pl 3 2 43 A 78 3R A58 X 45k
4R D F LA Y /NIRRT R ST rp 2 2R 388 T 33
Y 2 it #E J5T (extracellular matrix , ECM) #EFR 0] 585 5
PO R B S AEAE O KM B R 2 T R /N
YN B /INER P B A0 5 R AR RE RN, LR A4
Srub ER A4 AL 1 1 (monocyte chemotactic protein-1,
MCP-1) , #3% AR 3 5 0 200 i 1 5 DR 54, 430 IL-12
TNF-a,iNOS %5 5 5iE K T, e 2415 & DN R AE #1405 5 7]
B, B T REAZ 0 5 ARAE R AL [FIFE F  iff— 25 i T DN
fr ke,

HH B 2578 DN B3R YT HHAG KA D s A0 G 25 7
R, LABE PV B AN B L 25 KRB R0, LR
B TR I M , AT TN B BH L TRORS LI A A
FECE BN ) B AL (BEFR PSP %) IR 46
DB, o 36 THIRIE” . AR AT IR oE &
IR, L2 B B0 1k i 2 B o3 S R P A 40 AGEs/
RAGE {5 53 R R4 B Dfg , I Al i ECM HERRRITGE

JR H RAGE .

TEZD; 20244555 35 55 41

JEDUR, S 2 A T [ R, AR AT de ) 28
TESE T 55— L1 4 80 B0 Ik 1 2 A o L0 4 857 Xk
AGEs (il o ZHENUR — PR B HE L AGEs il

il 7] , P E o B AGEs FOTE R SE S DN 9% , m] kst

DN AR R JIE 2 A B 0, FEF AE AR K SOA I 5

Hg HAE N FRPEXS BR2GM) , HET%F DN A ML AL 2R B

BHPTR BRI, AT L CHTBL/6I /N X IR,

PAKK-Ay /MR (CH5TBL/6T /N5 KK 422 AL 7Y 2 T p

PRI /NSRS 2 BB T A ) A DN/ FRUBERY, Ao

IR BB E T . S5 R B IR A T

ERARL/INELAAR AR 26 R TL-12 ) 43 M6 FTINOS Y335

EIABT A A IL-10 A9 7335 , D8 1L B SR AE B 5 BR &

FEFURAE IS LA OB 34 7T 8 2 el A8/ N LAY PR

H H/KF A1 COL-IV AR B B it P A UCRL, i Ser . BUN

K, G P LT YA I e BB A

AGEs/RAGE {5 58 % 7% DN i 2 AL v B AT #%

OAEA™. Horb ,RAGE H HZ 5 Z 55 Ik (IR e LR

3- /2 1 e B/ FL S ) TR AR R 2 BRI

TR 240 A/ 5 O S T ) B £ S, Tl i

SRS A o PRI (e 02 58 PR 7 1) 77 A=, A4 i

INBRAEIR | ZRIREEE AR SR | R A0 25 R RN 1 PR A L Al

PEE IR AE LT ALY K A R , S BB kgl fx

KFEEIIRERAR, T DR IR T RE

T L 52 AGEs/RAGE {5 5 1 11 DN, A5

T DNAERL/ N BB RAGE 3 H YA O . &5

SR, L2 BOH 1 AT R 98 DN ACEL/N BB B2 I RAGE

HEIFRIL W15 BT DN AR/ N U S48 H AT

R S 13 ] AGES/RAGE {553 B S ST

25 TR, LI ZEBEH 4 DN LA/ N A —E 1Y

PRAPE T T 00 ) AR A S RE BN, R /) B 2 11 7K

-, Gefi B MELT AL s iR AT RE S0 AGES/RAGE

fH Tl A K

S LBk
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