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Protection of morroniside on STZ-induded diabetic nephropathy aggravated
by AGEs in mice and its mechanism
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Abstract: Objective To observe the protective mechanism of morroniside (an active component in Cornus officinalis) on the diabetic
nephropathy (DN) mice induced by streptozocin (STZ) and aggravated by advanced glycation end products (AGEs). Methods The
DN mice were fed with high-AGEs fodders, and ig administered with aminoguanidine (0.1 g/kg), metformin (0.2 g/kg), captopril (0.02
a/kg), low-dose morroniside (0.02 g/kg), and high-dose morroniside (0.10 g/kg) for 12 weeks. After that, the fasting glucose, insulin,
serum creatinine, urea nitrogen, serum and renal AGEs, 24 h urine protein, etc were measured, the RT-PCR method was used to detect
the levels of receptor for advanced glycation end products (RAGE) mRNA, the Western blotting technique was used to test the protein
expression levels, and the pathologic changes of mice pancreas and kidney were observed. Results Morroniside could significantly
decrease the fasting blood glucose levels, alleviate the symptoms of polydipsia, polyphagia, polyuria, and weight loss, increase the
insulin production, and reduce the levels of 24 h urine protein, serum urea nitrogen, creatinine, serum and renal AGEs. Furthermore,
morroniside could also anesis the lesions of pancreas and kidney and reduce the levels of RAGE mRNA and protein expression in renal
cortex. Conclusion Morroniside has the protactive effects on DN mice and high-dose morroniside was much better. The mechanism

may be related to the reduced levels of AGEs and RAGE mRNA and protein expression.
Key words: morroniside; Cornus officinalis Sieb. & Zucc.; diabetic nephropathy; advanced glycation end products; receptor for
advanced glycation end products
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B PRI 9% (diabetic nephropathy, DN) &
PRIV i DL B BRI A IR RE 2 —, FER
by 300%~40%, A O AR AR TR
M, DN R FE N B NERA R . 4 AR I 5
(ECM) $ Z FE/NEREEAL, B /Nek e e 2 1
R, 55 R IR ISTE S DR BT AL A2
AR B, WAL AR (AGES) /& 351 DN
(1 EZE R A o AFTURI, I i B ] (AT A4 ik
JEURH 55 2 1 5 A A AL N, TRk AGESH,
B R R T B & AGES [ nl ik DN fadk
Felel,

HBEZi7E DN G T B IR AT e R BT
B WURTSOR I, Ll 2R B R IR Tk 1 24 e oy A
ISR AGES J7 TR IR, (12 SRRy 11
BB BT CGEDZAT) R4 ORY Jy 1
VERERGE s SEUh T H R BN sy, ) 2 b
ICIRE . VBRI AGEs M AR & A /KT8, 1
PEFEA b, ASSZEG R AGES falkHin d B IR B
# (STZ) '3 DN /MBI, HRIC LR GO
ik s 17 AR B Sl RN, A LR gEvh
7 DN #2412 RficHs .

1 el
11 KR iER

SPF 2yt C57BL/6J /N, AT 18~22 g,
SR T FE X Z R R R A R AR, SV el e
5 SCXK (75) 2009-0001; AIN-93G Tk}, = AGEs
TRl H R R RV AR TR R A PR s ml Atk N B
T 2R, FRARFE 20~25 C, B 55%
A, s A mat e, 3K, FERREE 12 h (AR
(EZE
1.2 AR5

STz (#t5 101025). #hERZ& KN (L5
MWO09081), Sigma A #); #hEg —H XU (s
120309), JbxtstFEHIZAHR AR RAGEA A Gt
5 12020611), HINHIZY) AR AW S R
T 98%), HHVLIN KM R AR e it . IR
I IR L0 s R 70 5, I v Ik 3 e il 7 A
I e s A TR ST s IR0 o O 25 I
G I 5 IR A5 S /N BT AGES BFIE S 3 M 52 ik
&, £ BD An4r%éE; RT-PCR KMV,
FAEMARA T OE); ALEARIGRN &,
MRS YRR A R A A s BCA B R FEN
ARG, B RAEWHEARGTT; bt R

FAL LK Y2k (RAGE) —$i, CST A+l;
Piil NADPH. 400 BN o S A0 Bl brid — ¥,
Bioworld 7 & . /i B-actin 5| ¥, L i
5'-AGGGAAATCGTGCGTGACTTCA-3", Fiif 5'-
CCCAAGAAGGAAGGCTGGAAA-3’; /i RAGE
51 %, I Jf 5-CTGAGACGGGACTCTTTAC-
ACTGC-3", | iif 5-TATTCCACCTTCAGGCT-
CAACCA-3, LL 51435 b it 4 3 A=) TREAT B
AT
13 X2

Direct—Q H4li7k{X, %[ MILLIPORE A wl;
ACCU—CHEK IfiLH#1%, 3¢ E % KA ;s Synergy HT
fgbri, SE[H BioTeK AF; COUVTER mifA i
B0, S2E BECKMAN A#]; JEM—1011 HL 12
%, HAS JEOL /2 #]; Mastercycler gradient PCR 1%,
Eppendorf 24 #]; Tanon4200 e % 245 HE—120
ACEHLVKRE, Bl RAERHEA PR AR ; Power—pac
Basic/Power—pac200 H1yK{X. Mimi Protean & i1
VKA. SEM1—DRY P BAL, FEAAR A
LAS 4000mini j# R ik % kotie, SEE GE Aw];
XZH/1105/ABD—NZY & A Z R/ AL, 14
Eppendorf; IKA T18 basic ~J3¢ %%, ffi[E ULTRA-
TURRAX A ]
2 Fk
2.1 DN /NFRAEBIE L

IUHEMEAR N, 2B NS, S IESE 1. 4
KipSTZ (100 mg/kg), =i 8 FMlE 2 BRIfp, Hs
PEIUBEE > 15 mmol/L 117N BRAT A B PRI /N B o
22 DR

FEHE R v /N BB A WA A, 2 304 (0.1
o/kg), HXUIMZ (0.2 g/kg), RFLIEHFI4L (0.02
o/kg), SEETHHG. IR (0.02. 0.10 g/kg) 4,
41 10 Ko S5H0 10 JUOEH /N R AR AL, 0
2 /)N B R T R, FL AR 75 2 W] iy AGESS T
“A ig ST AN 2 12 JH, 6 R S
4 ig S ZEAK,
2.3 IBFRNZE

TELT 2555 4. 8. 12 JARINE %41/ 24 h IR
w2 FUNRBHE— MRS, SRR A
JEIRs: 8 12 AR /NRAEE 12 h, HRAESL,
I 5 2% 21/ SRS R 0 2K IS TR 2 LT
AKCFL I AGES 7K P K/ BRUBEIR DI 48 HE %t
05 56 W (X100) WLgHL F 2 As, H



¢ %% Chinese Traditional and Herbal Drugs 35 45% #5213 20144E 11 A

+ 3111 -

PR AR 5 e AR R B R ="k
it/ /N BRAAR T i X 10005 HCZE N B FH - W 52
ANERIN AN RN, AN EE AR, LA
S5 HK B0 E B RIS ELISA 50 k4l
20 AGEs /K, HARZYI . HE J 050057 il
B (X 400) WLgE EE AR IOH R R T
RT-PCR 74l RAGE mRNA L}z Western blotting 7
M RAGE 5 R IAIK
2.4 RT-PCR MEB4H41 RAGE mRNA F&ix
241 cDNA &% KWLl EP & ik mAs
A L EUY) . RNAL Oligo dT Primer (2.5
pmol/L). dNTP Mixture (10 mmol/L) RNase Free
dH,0, 65 C 5 min, 4 CELRAFIATAYE. B K%
Ny AEK R JCHE EP & KON FIR R N 5X
PrimeScript 2% ' ¥ . PrimeScript Rtase . Rnase
Inhibitor (40 U/uL). RNase Free dH,O, 30 C. 10
min, 42 ‘C. 30 min, 95 “C. 5min #4755,
242 PCR RN {EKW ol EP B kA Hik
)30 % 55 [ N . dNTP Mixture (10 mmol/L) .
10X PCR ZZ#3 11 Primer-F. Primer-R. TaKaRa EX
Taq HS (5 U/uL). RNase Free dH,0. B-actin: 95 'C.
30s, 60 C. 30s, 72°C. 60s; RAGE: 95°C. 30s,
60 ‘C. 30s, 72 C. 60's ‘& PCR 1% LT PCR X)WV
2.5 Western Blotting llZE RAGE &R XX
FEIUE N AR EE, JEH BCA i THEE
. HLUKSAE A 5%k tE s 80 V £ 30 min,
10%73 25 1% 120 V 2 80 min. = Ti¥ e i1 51
PVDF fi5i |, %% 0.1 mL/cm? 50\ 35 B i R i
—HUAHNPUE (4 °C, 1D . PBST IESHEIENL 3 X,
X 10 mino BRI A AR FRC ) —dt (1 2 5000)
RS E 1~2h, SRJ5H PBST 784 UL,
L 3 YR, AR 10 min. % 0.1 mL/em? S SEiH 6

&, WS iiinT PVDF I L. BEIRIE R 5K
LG I UG o B R A 34T 50 HT
26 FithH*

LA X £5 %o, FR ] SPSS 17.0 Ak
TG EE, 2R LAy SRR RS, i
AF#H KA HAKTR:

3 #£R
3.1 ¥ DN/MRIL¥E. MiERRSENRRRZMN

B/ BB I T, S0 A L 2= S
WE (P<0.01); %4 JHFFah, &4 2541/) RUfgl
R HXUIALIRE TR, SR L
RSB # (P<0.05); % 12 K, @R, SCift e
FEALDN RS TR, SRR S 2 5
(P<<0.05. 0.01). WL 1. BRI/ FLImITE B &
AT FRE, SxA i zEREE (P<0.0D); &
SR A/ RIS R B 2K TR, BRSCis FHR R =
Hoh, SRMANKRZERBEE (P<001), W&
2. SXPREAIbRA, MR RRUEE AR, R R
YN M AR, B TR AT A
HepI KL, RS A E . Job; A AR A
s WAk 2 MK 1.

32 ¥ DN/ 24 h RER. MEFNEFRER
=Rp=A]

B2 /N 24 h R E3E N, S50 AL s
S (P<0.01); FeA 2541/ 24 h JRE ABK,
HRRH =R BE (P<0.01), W& 3. #if
H/N UM VLT R AT, 550 B2 b
ZESEE (P<0.0D); Heh2ydl/N s N, IR
R WG, SR, XU, St m
A/ RUME I A SRR A LR 2= R W (P<
0.01); BEU 1 A E 2H /N BT PR 8 S AU A L
BESEFE (P<0.01), W% 3.

F1 HiFENDN/PMRTEMBENEN (x+s,n=10)
Table 1 Effect of morroniside on fasting blood glucose in DN mice (x+s,n=10)

I / (mmol-LY)

A Fli [ (gkg ™) 0T T 57 2
papics — 45405 47405 44+0.9 44+0.7
LAY — 17.6+1.9% 19.5+6.4% 19.0+4.1% 12.0+2.7%
M 0.1 17.942.0 18.0+4.4 14.7450" 9.94+1.4"
TR 0.2 174426 13.3+45" 143434" 94434
KRB H) 0.02 17.8+1.9 19.248.2 16.3+4.4 11.2+2.4
BT 0.02 17.0+18 15.0+36 171470 10.0+£39

0.10 17.8+2.1 14.6+4.1 12.0+4.2" 724227

At #P<0.01; SHM4ILER: "'P<0.05 TP<001, FF

#p < 0.01 vs control group; P < 0.05 P < 0.01 vs model group, same as below
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#2 EiEEX DN/IRMBERSZEKEARRFEEENTHEM (x+s,n=10)
Table 2 Effect of morroniside on serum insulin and pathological change of pancreas in DN mice (x +s,n =10)

41 5 FIE 1 (gkg ™) JBEE % [ (muU-L™ Jgsy 1A J S A/ mm?
X i — 228+1.8 1.51+0.84 0.99+0.23
R — 10.6+1.6" 1.17+0.47 0.49+0.20
AN 0.1 13.2+2.0" 1.26+0.52 0.52+0.25
T HXUIR 0.2 16.4+2.4" 1.55+0.90 0.5240.25
AR 0.02 19.9+2.3" 2.01+0.96 0.44+0.18
BT 0.02 11.4+1.9 1.25+0.32 0.66+0.22

0.10 16.0+2.0" 1.51+0.83 0.60+0.18

RALEAH

SEH R

E1 SHHNRERBRRERESER
Fig. 1 Pancreas pathology in mice of each group

%3 EiFEHEHI DN/MR 24 h REARIUENEF R ZRKFHEIE (x+s )
Table 3 Effects of morroniside on levels of 24 h urine protein and serum urea nitrogen and creatinine in DN mice (x +s )

e _
20 5 (zui ,1/) 2 E " ﬁ%éﬁ#ﬁ‘; fmg (n _152) " WUET / (umol-L ™%, n=10)  JRZA / (mmol-L ™, n=10)
pujict — 0.6+0.2 0.7+0.2 0.7+0.3 44.4+26 8.2+0.9
A — 5.7+0.7% 7.5+0.5" 9.1+0.6™ 86.9+3.4" 15.6+2.3"
EzR-5il0 0.1 3.9+08" 48+0.6" 54407 70.7+2.8" 135+25
UK 0.2 3.4+04" 52406 58+06"" 78.6+3.8" 144424
Rsinceil 002  41+047 524047 53+03" 84.4+36 147+19
LA 002  5.0%06 6.2+0.5" 6.6+0.4" 84.6+4.1 146+2.1
010 37404 45+05" 53+05" 7194347 12.8+1.3"

3.3 X DN/MNRSHERES T RIS

331 4f DN/MNREATRE s AL/ R
WAL, Sxfidliezs T 22 (P<0.01); Frk
FE RIS 25 A AR s GRS 1 =
AL S B b2 5 3% (P<<0.01). WL 4.
3.32 X DN /MR IE4LZURBLSAS 5 m B
RIS /NER RIEIL T 2, R HE T 58, B/

BN AR s S AL A R s S
HamEd SR R ZER B3 (P<0.05). I
* 4K 2,
34 FHENRBERAKRMAM. RIRME. EHME
ekl

TS BE SR A LR B, B/ U R A
FE A, anifa e, a0 IE AN, LR
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x4 RIEEX DN /MR BIEAKAEIRIESL TR
(x+s,n=10)
Table 4 Effects of morroniside on kidney coefficient and renal
pathological change in DN mice (x +s,n=10)

41 5 R I(gkg™)  EERE EMERAEES

pugit — 1.1940.10 0

A — 1.87+£021%  1.42+0.77"

AN 0.1 1.52+0.22™  0.08+0.20"

ZHIRUIR 0.2 1.69+0.20 0.3340.45

RAEEH) 0.02 1.8840.18 0.25+0.27"

LA 0.02 1.50+£021™  0.33+0.41
0.10 1.40+0.26™  0.08+0.20

B e *P<<0.05

#P < 0.01 vs control group

TR e,
RAELF

RS, MRS, Pt iRkEE; &AL
AR, LK 3. BT RGN M AR, FREE
A, AP, A A IRIE R ZR TR, 4k
FZTEAKIN], AL ARAR M S Qe TSR s &2
AR, WL 4. BEESZL R AN AR IR BE,
S MBEANTERE, RS AR, L S RS A Tk
Bl CGEAERKR, Mo IUIRE =D, 4
WUAZAZIE A, AN b A S e 0 ST 3 5
FER MR REE, W 5.
35 X DN/NRIMERSHEH AGEs KFRIF N
FEAIZH I3 BT AGES 7T S A LU B 2T s
(P<001); Shzhdlilis. "Bk AGEs 7KFRIG; B R
FEERIAAE, Seh2Id ST e 7 2 (P<<0.05.
0.01); ZHNMUWERESE, LUChZOFTT. WARS.

o

BT ER (il

B2 FHNDRBHEFERLENRER
Fig. 2 Renal pathological changes of DN mice in each group

RAEEA

ERvRER (il

ST A

B3 FHHNRS KRN EEMEELES BRENE
Fig. 3 TEM observation of endothelial cells structure of mice in each group
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RAEEAH

BT ARA A

BT ieh 77

B4 FHHENREERARMEEES BENE
Fig. 4 TEM observation of mesangial cells structure of mice in each group

RAEEAH

BT ARA A

SCUTT

E5 FHENRSEEREHELEDIESBENER
Fig. 5 TEM observation of podocytes structure of mice in each group

%5 RigHEx DN/NRIEF S AGEs KF a0
(x+s,n=10)
Table 5 Effects of morroniside on serum and kidney AGEs
in DN mice (x +s,n=10)

il AGEs / (pg-mL™)
41 5 . -

(9kg™) 3% B
pagict — 550.3+ 37.9 5141+ 57.0
] — 902.1+ 63.5% 930.3% 57.2%
ALK 0.1 582.6+ 88.67 608.8+ 822"
L HRUIR 0.2 787.9+1159°  811.5+127.8"
RACHEA 002 869.7+1248  879.7+140.7
SOR 002 8624+ 57.9 8415+ 558

0.10 7167+ 9157 6729+ 7227

3.6 Xt DN /MR KR RAGE mRNA RixRIS M0
FERI L] 2 )5t RAGE mRNA F ik 1, L5k
M, ZHEEN, Zovi 1 mfl 4l RAGE mRNA £
RIS (P<<0.05. 0.01), HAKMAL M,
HESARE, WK 6.
3.7 3 DN/NREBKR RAGE EHRIEHMN
FEAI 2 17 it RAGE 2R [ 3Rk 8 s SR
Ped, &AM, —HXUIK. 52T 741 RAGE
EARIEFHE (P<0.05), HAXHL N,
HESARE, WK T,
4 e
IACHESC R DN A /N ask o 26 % A
A, Gy SR AR RIVUET RIS R 5 2K T
DN R EZERRE AN B R s i, iR b
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0.6 }
4 0 X

3 B

== T\

0 — U
RAGEA
SR
BB S R

RAGE/B-actin

Bl 6 ZHigE* DN /IR B K RAGE mRNA RiARIF M
(x+s,n=10)

Fig. 6 Effect of morroniside on renal cortex RAGE mRNA
expression in DN mice (x +s,n =10)

e Sos wes e eee oee  RAGE
- e SED GRS GRS GER @S GAPDH

[ R0

3

= ZE30

m — IR
RIGEF

U8 s (ISl
B =

0.8 7

RAGE/GAPDH

Bl 7 RisE* DN /MR B R RAGE EHFRIARFMN
(x+s,n=10)
Fig. 7 Effect of morroniside on renal cortex RAGE protein
expression in DN mice (x +s,n=10)

PR EE B AR AE A DN [kRUE. DN 95 2
FRAE & B /NER R AN 3G . I )45 . WFT
RI, KER o B F il 5 L AR S My R B K A AGESs
VTR, Wi 2. RN, 2 4n LA
B LRz e, AGEs n{Rfd B - ELE AN . R
ML SE I AE R 7, T /DR MRIGIE . S
RS JREE A2 PR E B IRE AT DN
A RR B B . B NEREAL T, e
76 DN I HA 3 83 BRI
ARBFFTIE S 10 46 588 76 o A sk S AGES (1)
TR T A R PR RS 128, ] PR
PRITR BRI R 1, R4 AGES R 4N
R,

ARSI 2R KW, KT AGEs N STZ £ DN
/N, BRI GEIL “ =2 —/07 SRR, G
MoH, PRGBS, D IR, BRARIIE R %

o Bilb A RAIN . RGN L g A AR
DR R A, b RIB R RS Bk
K, MZZf# DN R ke R4 B i
(VR HTA] RE L FRARIILE . B AGES /K1, Rl

B it RAGE mRNA. RAGE % [ #1517 Ko Ak

AR ) 3 ASBHME 5% DN A — & 1B 1

H, Ferh AGEs il 71 s ZETHE PR/ BUILYS A2 B

JIEH AGES 7K1 HEOXSUNUA e i (e e/ D

RILEAIER ERNGY7 S A AEBE DN, PRI S

FACARUNE IR AR FAZ, 93D JH i 5 2% 1) B

RO, AT PAT S, I T ST

DN A8 RN, A TIRABRI SR DN AE

B, 3675 2is RS ik . DUBREE B XS

AGES-RAGE [ Rl Bk BEATIRER, LA S 1

APE AR R 5 TP 253097 DN BT HcdR -

S 3k
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