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Protective effects of oligomeric proanthocyanidins on renal function
in rat models of diabetic nephropathy via Wnt/p-catenin
signaling pathway*
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Luzhou, Sichuan 646099, China)

Abstract: Objective To investigate the protective effects of oligomeric proanthocyanidins on renal function
in rat models with diabetic nephropathy (DN) via Wnt/p-catenin signaling pathway. Methods Sixty male SD rats
were randomly divided into normal control group (NC group), DN model group (DN group), and DN model +
oligomeric proanthocyanidins groups (low-, medium- and high-dose groups). DN models were established via

intraperitoneal injection of streptozotocin. After model establishment, low-, medium- and high-dose groups were
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given 50 mg/kg, 100 mg/kg, and 150 mg/kg of oligomeric proanthocyanidins by gavage, while NC group and DN
group were given equal volumes of distilled water. Quantitative test of the 24-hour urine protein was performed at
the 4th, 8th, 12th and 16th weeks. Levels of blood glucose (Glu), serum creatinine (Scr) and blood urine nitrogen
(BUN) were detected at the end of the 16th week. The histomorphometric changes in renal tissues were observed
under hematoxylin and eosin staining and periodic acid-Schiff staining. The activity of superoxide dismutase (SOD)
and the level of malondialdehyde (MDA) in the supernatants of renal tissue homogenates were detected. Western
blotting and quantitative real-time polymerase chain reaction were used to assess the protein and mRNA expressions
of Wnt4 and B-catenin in the renal interstitium, respectively. Results Compared with NC group, the levels of Glu,
Scr and BUN in DN group were all significantly increased (P < 0.05). In contrast, the levels of Glu, Scr and BUN in
low-, medium- and high-dose groups were significantly lower than those in DN group (P < 0.05). The 24-hour urine
protein in each group at week 4, 8, 12 and 16 was compared via repeated measures analysis of variance, and the
results revealed that the 24-hour urine protein was different among the time points (F = 102.38, P < 0.001) and the
groups (F' = 86.58, P < 0.001), and that the change trend of the 24-hour urine protein was also different among the
groups (F = 174.64, P < 0.001). Renal biopsies of rats in the DN group showed tubular atrophy, tubulointerstitial
thickening and fibrosis, and other pathological changes. The left renal index was higher in the DN group relative to
NC group (P < 0.05), while that in low-, medium- and high-dose groups was lower compared with the DN group
(P < 0.05). The SOD activity was not different among groups (P > 0.05). The MDA content in the DN group was
increased compared with the NC group (P < 0.05), while that in low-, medium- and high-dose groups was decreased
compared with the DN group (P < 0.05). The mRNA and protein expressions of Wnt4 and [-catenin in the renal
interstitium of the DN group were significantly higher than those of the NC group (P < 0.05), while they were
significantly lower in the low-, medium- and high-dose groups compared with the DN group (P < 0.05).
Conclusions Oligomeric proanthocyanidins can effectively reduce the 24-hour urine protein and attenuate the renal
damage in DN rats. Moreover, the renal protective effect of oligomeric proanthocyanidins may be related to its
antioxidant activity and the inhibition of Wnt/B-catenin signaling pathway.

Keywords: diabetic nephropathy; oligomeric proanthocyanidins; Wnt/B-catenin signaling pathway; rats
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AR IFAET RA PR R . DNAAL =) 7
RREAET RA(RAEH), HHI12 5,

132 3ok DR U I T 558 R4
RAZH DNBIAL, HARERAE . R BENR e 8 R T
pH 4.5 FP IR G, 2 18 55 mg/kg 1 LU B, I JEE T S
S DNAERL . 24 b5 SRR B # Dk I, i BEAY
W R, S S 16.7 mmol/L ARG il k2, F
RUGHIENE, A&, . BRS04 T 50 me/ke.
100 mg/kg . 150 me/ke IRRJFAE T RZPEH , NCALA
DN 4 25 T AR FRZE IR KHE S o JELEE 16 .
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ST A L 88 128 16 ARIAER R
24 hpREE, Kol 24 h JREFUE R 16 AR BUTIE I
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W R, STIFME, FEor am O e, KEst
AR AZEDE, EHRAY , il PBS VA EA
OJIE, HTIRBNT A O EAR Y —S/N T, 8 i A
o, RS A PBST, F B IEAE AU BURZE ¥, £
BREulss, FIUEAREET, PRRE R, MRS ERA
CE MR AR ), WU B B A, R IR 4V
RSB SARBIUL T 2 9, WOKIARHIK 10% 41415,
%, 2000 t/min B0 15min, R FIE BT TR0 B
2 41N A AL Y 5 AL B (superoxide dismutase, SOD)
TEPE . 9 % (Malondialdehyde, MDA ) & & . B3
o B NE 4L ST & T 10% FORE , FRAT R B AG A
Western blotting NSy Hﬂ%ﬁéﬁ'%(quamtitative
real-time polymerase chain reaction, qRT-PCR ) o
1.5 F5ERIEI
151 24hREGEE KA IRE AR 24 h
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152 e #E Ser BUNKF R4 A4 LT
ASCR I ML . Ser. BUN K-,

153  FALRSODERAMDAASE RAHERE
ACBEZAGIN SOD T 14, A UL HE R EEAGI MDA &5
1.54 AR — 4 (hematoxylin—eosin, HE) % it st
B4 X (periodic acid—Schiff, PAS) # &, 3L 5K B 40 22 % 32
W& (D 10% rh vk I 15 E QB IEZE 2124 h,
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5K, QPASY( . B LBEMIE 2K, Ml Ak
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1.5.5  Western blotting # ] B~ 40 2% Wnt4 ., 3 —catenin
Fawtak  BERE AL, SRMBEI S AN
M), ol it SDS-PAGE #E I e yik xF He itk 47 43
B, inA 50 wL Pt B Wntd 2 vd BEHTIR (1
200) . B-catenin Z 5 FEHLA(1:100), R H ELCHE
5 R % G WK I Wntd | B —catenin 25 [ £ i5, LU
B-actin W NS, TTHHESHE M EILE.

1.5.6 qRT-PCR #& | B 40 2% Wnt4, B —catenin
mRINA ﬁ’l%li ®£‘%EXE\ RNA : Hﬂ;’;gﬁkﬁilgéﬂ
21, A Trizol i 7], $#2HUE RNA, HU5 pL RNA
W, FERE 10015, FH S8 A0 o oo B T A I 45 R A
OD {8, %M 11 0D260 {EAH 4 T 40 pg/mL RNA i}
T RNA VB, 5 RNA ¥ B =0D260 fi x 40 wg/mL x
100, RNA 4 Jif DL A260/280 71, HAETE 1.8 ~ 22K
SRR EOR . QRNA 0 S -l B SRR R AE VK 1
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£ DEPCK % 12 pL, ¥ 25 20> 3 s, 65°CHFH 5 min,
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2CHEF 1 h, 72CHF 15 min, @qRT-PCR: LA
% S T 1% cDNA S BEHR | 75 R 45 B 4 1L T i 17 PCR
Py, It A Rt B T AR TR AR
HBRAF R, S P FI L% 1, PCR R & R I
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#*1 gRT-PCR3I#F3l

EL7IS

I
JEH 3141751 5

1EM[]: 5'-CTGGAGAAGTGTGGCTGTGA-3'
Wnt4 108
JZ: 5'-GGACTGTGAGAAGGCTACGC-3'

1E[[]: 5'-GCCAGTGGATTCCGTACTGT-3'
B—catenin 101
S : 5'-GAGCTTGCTTTCCTGATTGC-3"

1EM: 5'-GTCAGGTCATCACTATCGGCAAT-3"
B-actin 147
J2I5): 5'-AGAGGTCTTTACGGATGTCAACGT-3'
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AR 23 B SR 1 SPSS 19.0 G i . i TR
DIFSEL + R 25 (x £ 5) Frn, HORHI N &R I 225
Br ol 8 W R T 22 00T, iE— 2 T LA
FHLSD-t i85 . P <0.05 M 2ZESFH G FE X

2 #R
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F2 BHEKRIMYE.Scr.BUNLLE

(n=12, x+s)

NCH4 3.63 +0.49 2648 +4.11 511+1.78
DN 4| 26.94 +3.317 5847+7.74Y  19.41 +3.467
G A 22.15+£2.79%% 4948 +8.480% 1721 +2.74?
rp gl 1994+2917%  44.15+7.16"% 1533 2472
TR AL 1736 +3.1172 4241 +6.63"%  14.06 +2.29"?
F1y 126.689 34367 53.990
P 0.000 0.000 0.000

¥ . M5 NCHLER, P<0.05; @5 DN 5, P<0.05.,

NC#

HE m@ g!

o . . .

Bl JEAXRBSAARELE

24 HBHAXREGEHILR

NCZl. DNARAL, . milsEdl A B 50y
S A (022+0.07) . (046+0.11) . (0.37+0.09) .
(0.33£0.07) .(0.29+0.06) , & J7 Z 0¥, 227 H 4
P12 2 X (F =14.605, P =0.000) . 3#F— 5 W W L 4%

22 EZFHAKXKBRARMESR24 hNREBEENTH
HAKRRES4RE. 8. 12/, 1624 h

PREE A€ i b, SR E D i h 19 77 22 34T,
it OARFEE S 24 hREAERAER(F=
102.38, P =0.000) ., @41 24 h JREH EBH 2 H
(F=86.58,P=0.000)., 37424 h R &t Ek
A 2R (F=174.64,P=0.000), W#*3.

*3 HEXBRAEMESR24 WREBEEILE
(n=12, mg/24h, x+s)

NC 4 9.76+1.19 981126 979121  9.83+1.33

DN 14.69 £2.14 40.16 £3.79 7279 +6.83 109.41 +19.46
fEAIEEA 13.1521.98 36.59+4.46 53.49+588 71.46=12.33
FRFIEA 1203+ 1.84 32.47+3.97 47.95+7.46 52.74+10.06
R 11.16£1.93 2779 £4.11 42.63£847 45.79=11.79

23 HHEARBSERRETK

B U1 F HE Y (8 F0 PAS Y (B B A 45 R oK
NC A AT DR B /NR AN, B/ INE B ARk
G, DN LR RS LU o BN 2248 . NV
(i) J5e DX BT 3G ) JB A L K AR E A i3,
6] 5T 27 44k . B /NE B A A s v L B
%o AL v AL DL b e B AR 1 3 DN 2 )
59, HAAR A B R s . WK1,

5 ek 2 Hh e 2 [kl

( x200)

45 DN 21 22 B R B0 NC 4 T (P <0.05) 511K

rv e AR A A W e B DN A AR (P <0.05) .

25 HEAARGHLASODFEMER MDASELLE
HH KRR SOD I ME b, @ 208, 25

TG 2 L (P>0.05) . &4 R MDA & & bk,
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15 Wnt/B—catenin {5 SR IR PR K U DU BE AR 1R IR ST

LI 20T, ZRAGIFEE X (P<0.05) . #F—
AW ISR . 5 NC 4L, DN MDA & i
T (P<0.05), 5 DN HE, AR EL4 MDA &
K (P<0.05), W4,

2.6 RHAKRELHL Wnt4, B—catenin mRNA F1
EHFRIE

£ KB 412 Wntd . B —catenin mRNA FITE
FAHX R B E, @5 200, ZRASi
B (P<0.05), HE—LWPHESA: DNA KK
"B 20 21 Wnt4 . B —catenin mRNA Fl 25 [ AH X} 5 &
BT NCH(P<0.05), AFFIEZH Wnid | B—catenin
mRNA FIEE AR A BT DN 41 (P <0.05) . I

®5 BAXRE

R4 HBAKXRBHLASODEER MDASELLE
(n=12,x%s)

215 SOD/(u/mg) MDA/(nmol/mg)
NC i 6233 13.15 0.38 +0.08
DN 4 53.41 +12.06 0.63+0.117
isnlEees| 59.47 +11.74 0.58 £0.12%
2 62.46 = 10.49 0.51 +0.09%
=B lEe] 67.15+12.16 0.45 £0.15%
FAE 2.175 9.576
P{H 0.084 0.000

# o 5 NCHA L, P<0.05; @5 DN AR, P<0.05,

F5ME2,

AL Wntd p—catenin mMRNAFIE AN RIZELLE (n=12,x+s)

E2ER| Wnt4 mRNA B—catenin mRNA Wni4 4 1 B—catenin & [
NG 6.49 + 1.45 16.44 + 333 1.32+0.19 3.63+0.56
DN#H 26.78 + 4.167 69.47 +4.137 38.74 +3.83% 16.78 +2.79%
IR 4 21.69 + 3.4802 51.79 + 5.0502 32.12 £ 4.14%2 11.83 +2.8192
i 17.21 £3.037% 42.15 £ 6.320% 27.46 + 3.897% 9.15 + 1.74%%
bk 14.48 +2.79V2 34.69 +7.779% 23.16 + 4.5202 7.03 = 1.65%
F1H 73.722 154.113 183.290 69.516
P{E 0.000 0.000 0.000 0.000

i Q5 NCHA L, P<0.05; @5 DN HAR, P<0.05,

NC4l DNl Rl rhoflidsl wiliadl
Wnt4
B—catenin
B-actin
El2 &AKARBZHELWnt4,p-catenin EARIFRIE
3 itig
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JRAETE 2 AR A A0S K B DN B RS 44 i R 2230

SOD J& — R & A & Ja 1Y A ALk el BEAME AL
ALY, HIEE S HUA B i AAUE BREE D SRR OG,
MR e Z A AT R 4. MDA S 41 214
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0] e o P E AL A T Wntd/B —catenin {5 5
W, RN, IEA B DN IR YT
259

& £ X B

[1] NAGIB A M, ELSAYED MATTER Y, GHEITH O A, et al.
Diabetic nephropathy following posttransplant diabetes mellitus[J].
Exp Clin Transplant, 2019, 17(2): 138-146.

[2] KHAN N U, LIN J, LIU X, et al. Insights into predicting diabetic

nephropathy using urinary biomarkers[J]. Biochim Biophys Acta

Proteins Proteom, 2020, 1868(10): 140-145.

XNWZE, 2%, J R . R IRALTT FON A A i iR R RS

PRI B B IR E ] SSHIBE 243K, 2019, 35(17):

2683-2687.

S HORE IR X R B R U B0 ) LR 4 B Wnt/B-

catenin {551l I 1Y 52 [T]. H 2y, 2019, 41(10): 2518-2521.

SRHE, 5 55 B R X BR O o K B 8 B Wn/B-

catenin {5 58 B2 WA [T]. B IE BE 455443, 2019, 28(24):

[3]

[4]

[3]

2656-2659.
WARIE, B, BEAEES, 45 | JET YKL-40 Fl Wnt/B-catenin 18 JE £ 1+
LU AR B AU XS RIS B 7 1 DR AP 1 FH[I]. TR 2577, 2020, 43(4):
961-967.

[7] &€, maatk, Rl SRS R BRI CO2 iYL
SR TR A A (0], BE AR AR 2R AR, 2021, 34(8):
845-849.

g, A e, sk, 45 . AL E RIS A R E XSl kol ke
fifi Ak RIS Ko B AL ISR [T]. B4R A 2R, 2019, 39(4):
889-893.

TRER, Brik, XIBH, 45 . SR AL T 2 al i) e b 75 S S A% 40 i
FPET[]. TP EHZUTRERHSY, 2019, 23(21): 3426-3431.

[10] FERIfL, £/ a, ArLra, 5 FATFIRALTT R/ Bl
FEAEVEF]. ZRIERIR 24, 2021, 56(6): 925-931.
LIUMY, YUAN H, YIN J J, et al. Effect of hydrogen-rich water

(6]

(8]

[9]

(1]
on radiation-induced cognitive dysfunction in rats[J]. Radiat Res,
2020, 193(1): 16-23.

[12] GUGLIANDOLO E, PERITORE A F, D'AMICO R, et al.

Evaluation of neuroprotective effects of quercetin against

aflatoxin Bl-intoxicated mice[J]. Animals (Basel), 2020, 10(5):

898-900.

MELCHIORETTO E F, ZENI M, VERONEZ D A D L, et al.

Stereological study and analysis of oxidative stress during renal

aging in rats[J]. Acta Cir Bras, 2020, 35(11): 351-353.

CALDIROLI A, AUXILIA A M, CAPUZZI E,

Malondialdehyde and bipolar disorder: a short comprehensive

review of available literature[J]. J Affect Disord, 2020, 1(274):

31-37.

MORALES M, MUNNE-BOSCH S. Malondialdehyde: facts and

artifacts[J]. Plant Physiol, 2019, 180(3): 1246-1250.

BT, ZE0RTT . WtSa 2K FER IR B HH RO S HE R (9] A

TCAIEFT SRR, 2020, 27(8): 1435-1439.

WRME, P4, B4, 4% . BT YKL-40 1 Wnt/B-catenin i B4R

T L 2 B RORE %) A PR R 9 1R 4P VR T[], Th 2, 2020,

43(4): 961-967.

BRI . TR 2T B HAR I IR 70 B 1B s (VR AL ) A B

FEHEIRT]. MR R, 2021, 32(6): 774-777.

WA, 200, FEL WX R R B K Bl Wnt/B-catenin 1

TGF-B,-Smad2/3 {5 538 4 (149 5% 1 [J]. mh 2, 2019, 41(12):

3033-3038.

[13]

[14]

et al.

[15]

[16]

[17]

[18]

[19]

(FEFT %ifh)

A5 AR FAE, AR, kA, . RIS Kl A
5 Wnt/B-catenin {5538 [HXHE F 1B 6 K BUE D RE G A b /B
FFE[I]. B R 2524, 2022, 32(10): 7-12.

GAO L C, GAN L W, GENG L, et al.

Protective effects of oligomeric proanthocyanidins on renal function

Cite this article as:

in rat models of diabetic nephropathy via Wnt/p -catenin signaling
pathway[J]. China Journal of Modern Medicine, 2022, 32(10): 7-12.

- 12 -



