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Effect of Grape Seed Proanthocyanidin Extract on Renal Lipid
Deposition in db/db Mice
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Abstract The purpose of this study is to investigate the role of the grape seed proanthocyanidin extract
(GSPE) on renal lipid deposition in db/db mice. Sixteen male db/db mice were randomly divided into two
groups: diabetic nephropathy group (db/db, n=8) and grape seed proanthocyanidin extract treatment group (db/
db+GSPE, n=8). Sixteen male non-diabetic littermate db/m mice were also randomly divided into two groups:
control group (db/m, n=8) and grape seed proanthocyanidin extract treatment control group (db/m+GSPE, n=8).
Eight weeks after treatment, fasting blood-glucose (FBG), blood urea nitrogen (BUN), serum creatinine (Scr),
total triglycerides (TG), total cholesterol (TC) and urinary albumin excretion (UAE) were detected by semi-

automatic biochemical analyzer. Expression of sterol regulatory element binding protein-1 (SREBP-1), fatty
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acid synthase (FASN), acetyl-CoA carboxylase (ACC), peroxisome proliferator-activated receptor a (PPARa),
carnitine palmitoyltransferase 1 (CPT1) and acyl-coenzyme aoxidase 1 (ACOX1) in kidney tissues were detected
by Western blot and Real-time PCR. Lipid droplets formation in renal tissues were observed by Oil Red O staining
and transmission electron microscopy. Compared with db/m mice, the levels of FBG, BUN, Scr, TG, TC and
UAE were significantly increased in db/db group, while db/db mice treatment with GSPE exhibited a remarkable
decrease on these parameters. The results of the ransmission electron microscopy and Oil Red O staining revealed
that GSPE prevents lipid droplets formation in the tubular cells of diabetic db/db mice. In addition, up-regulation
of SREBP-1, FASN and ACC and down-regulation of PPARa, CPT1 and ACOX1 induced by diabetes were
markedly prevented by treatment with GSPE (P<0.05, P<0.01). These findings indicated that GSPE inhibited
renal lipid deposition in db/db mice through inhibition of fatty acid synthesis and promotion of fatty acid B

oxidation.

Keywords

B PR 5 B 9 72 B PR 5 B 4 5 I 8 9 R
JiE PR UE 2 I, 4R 2 R R WT BRI B T e v
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seed proanthocyanidin extract treatment control group,
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124 BHOEMRFASLHMEN 1 mm’F4H
G AR 4% VA € fa, K. BiE. B,
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1.2.5 Western bloti] I ZH 2R (A R4fRW, A
B%, 4 °C. 12 000 r/min£>20 min, LowryiE il %€ 1
TERE IR 21 o SR R -5 T T i
(SDS-PAGE) %t [l FLJK J5 HL %% #2 £ PVDFJE. il ig
4y %5 & P2 h, 4 5 i ASREBP-1. FASN. ACC.
PPARa. ACOXI1. CPTI1 /% B-actinfiifk, 4 °Cid7,
Ve 5 0 BRAR 3 Ak P e B A0 1 2F B/ BR B AR T
R(1:4 000%5FF), 37 °CHFE2 ho YEf 5 IMECLAHA,
ODYSSEY Iz 41 4h XUt 7% S 14 & 4t ¥ 5% (L1.COR
GeneCompany, USA). H 3 [EUVP/A & LabWorks 4.5
I3 HT R G AT T S AT 8 B AT

1.2.6 3% A FE B E FPCR(Real-time PCR)A& M mRNA
RETA TrizoBEFRIUERNA, BT REEF. X
JSEI 2 BEPCRE F20 pL % B4k & 410 pl SYBR
Premix Ex Taq™ I1(2x). 0.4 uL ROX Reference
Dye(50%). 2 pLR #3774 6 uL ddH.O & b~ i
SR N ng/mL)#%0.8 uL. M EHEN: 95 °C
30s;95°C 55,55 °C30s, 72 °C 30 s, FE40ME L.
MR o3k v B R R A A &, SR A 2t
SRR Rk AN R Ak . S5 FH B 51 )
FIHAE TAY TR R ERA R A, 5197
HItn . 18S F: 5'-ACA CGG ACA GGA TTG ACA

GA-3', R-5-GGA CAT CTA AGG GCA TCA CAG-3";
SREBP-1 F: 5-GGA GCC ATG GAT TGC ACA TT-3/,
R-5-AGG AGG GCT TCC AGA GAG GA-3'; FASN F:
5-GGA GGT GGT GAT AGC CGG TAT-3', R-5-TGG
GTA ATC CAT AGA GCC CAG-3"; ACC F: 5-AAT
GAA CGT GCA ATC CGA TTT G-3', R: 5'-ACT CCA
CAT TTG CGT AAT TGT TG-3; PPARa F: 5'-TGA
GGA AGC CGT TCT GTG AC-3', R: 5'-GCA AAT
CCC TGC TCT CCT GT-3; CPTI F: 5-GTG ACT
GGT GGG AGG AAT AC-3', R: 5-GAG CAT CTC
CAT GGC GTA G-3"; ACOX1 F: 5-CCT GAT TCA
GCA AGG TAG GG-3', R: 5'-TCG CAG ACC CTG
AAG AAATC-3'.

127 %itFL®E SR HE UxkesE R, KH
SPSS 13.04¢ T+ R A3 T Seit, 20 18] LLBCR A HRL R 2=
Ji 50T, P<0.05 7% 5 B Gt 245 3.

2 H#R
2.1 GSPEXI/NRAEBEARSHIEFRHIF N

db/m /N BRUEER, [SIEE, shE B, AR
R1F. db/m+GSPEZ /R 5 db/m/) IR IR A 2
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¢, db/db+GSPET- 1l 2H /) B3 T ¥ 2 B S5 98/ (E12)
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/N BB 4 2{SREBP-1. FASNKACCIHE I E W& P<0.01, Bl4C).

AP HI255; GSPET-THHI E.4M%| 7 SREBP-1. FASN 2.5 GSPEXJ/INR S¢ALPERAfEpE LB X EE R
FACCHIFRIE(P<0.01, F4AFIE4B). F4L/NRI KRS

mRNAR A 5 8 [ R iE B HHE— B (P<0.055 Western blotZf R {7, 5db/m/IN 3 AH B, db/db

x1 BEHPNREBERSHIEFHNEL L)
Table 1 Changes of basic parameters in each group (x+s)

RAEZH IR/ B TEH 29T 3N R JA 7 /) B TETT HRIQITRE IR/ B
Parameters db/m mice db/m+GSPE mice db/db mice db/db+GSPE mice

Food intake (g/d) 3.40+0.13 3.46+0.13 5.01+0.20%* 4.58+0.34"

Water consumption (mL/d) 6.64+0.36 7.03£0.32 29.57+2.36%** 25.59+3.89"

Urinary fluid excretion (mL) ~ 0.38+0.15 0.32+0.17 15.90:£4.92%* 5.74+2.04"

Body weight (g) 27.30+0.93 27.10+1.13 53.50+2.81%* 44.80+1.62"

Kidney weight (g) 0.18+0.01 0.17+0.02 0.27+0.01%* 0.20+0.02

#%P<0.01, Sdb/m/I LA LE; *P<0.05, #P<0.01, Sdb/db/N RALAHLE .
*%P<().01 vs db/m mice group; “P<0.05, *P<0.01 vs db/db mice group.
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Liiia

db/m db/m+ db/db db/db+ db/m ‘g’é f;g db/db dGbg ‘iPE*
GSPE GSPE
A~F: ISR 2 3 2 A 2 5k I 4% 40 /N BRFBG(A). BUN(B). Scr(C)s TG(D). TC(E)KUAE(F)HIZE fk. *¥P<0.01, db/m/Is &R 4 AH L
"P<0.05,"P<0.01, Hdb/db/NRHAH L -
A-F: FBG (A). BUN (B). Scr (C). TG (D). TC (E) and UAE (F) were detected by semi-automatic biochemical analyzer. **P<0.01 vs db/m mice
group; “P<0.05, #P<0.01 vs db/db mice group.

Derum total cholesterol (mmol/L)
o
1

Urine albumin excretion (pg/24 h)

Bl FEPNREUIEFEN

Fig.1 Changes of metabolic parameters in each group
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Az ST/ B: AR5 IR T X HEVINER C: BRI/ R D: 167 IR TR R /N R
A: db/m mice; B: db/m+GSPE mice; C: db/db mice; D: db/db+GSPE mice.
E2 HTOREBMNESHE/NR SHLOMERR

Fig.2 Lipid droplets formation in renal tissues was detected by Oil red O staining

A : NS o~ 5

Az /NG B FETE 20067 X HEAN B C: BB R /) B D FET5 200 T RE OB /N e SRR IR .

A: db/m mice; B: db/m+GSPE mice; C: db/db mice; D: db/db+GSPE mice. Arrow refers to lipid drops.
E3 R TURXENREAREHK

Fig.3 Lipid droplets formation in renal tissues was detected by transmission electron microscopy

%
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Bl N B %4, GSPET TilBH 2 30 T PPARa.

CPT1 X ACOXI[f] £ ik (P<0.01, FISARIESB). &% 3 1ig

/N B M mRNAR & a3 5 i B Rk o — 5 W PR B 5 A — A e e LR 2 ). 2R R I



Fh A BH A5 #8 &5HF JE A6 Fo db/db /)N BB AL SUIR BRUTAR IR 2 293

(A) db/m dbdb  db/m+GSPE  db/db+GSPE

SREBP-1 /M ———— . L G5 kDo

T o — - G — e - D
ACC M S S S S e - D

Bactin M MR AN AU AN AN A S 2 D
(B) ©

[ SREBP-1 B 4cc
2.5 . FASN

2.0

o B
1.0+
0.5
0 -

db/m  db/db db/m+  db/db+
GSPE GSPE

A. B: Western bloti& lISREBP-1. FASNFIACCH [1£IA 1% ; C: Real-time PCRIGIMSREBP-1. FASNFIACC mRNAFK AL, **P<0.01, 5
db/m/IN LA EE; #P<0.01, S db/db/)s LA L -
A,B: the protein expression levels of SREBP-1, FASN and ACC were analyzed by Western blot. C: the mRNA expression levels of SREBP-1, FASN and
ACC were analyzed by Real-time PCR. **P<0.01 vs db/m mice group; “P<0.01 vs db/db mice group.
[El4 GSPEX{#EFKfmdb/db/)N iR 'E AL RS ATER & A B X B FaRIERIFZN
Fig.4 Effect of GSPE on the expression of gene related with fatty acid synthesis in the renal tissues of db/db mice
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Relative expression of mRNA levels
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PPAR: W D w wvs @D SIS auuD GBS 52 <D:
scoxt . . - o
CPTI Q!L - "‘- 88 kDa

et - - - - - - - e D

(B) ©

1.5 ] PPARa E= CPT1
E ACOX1

1.57 1 PPARa. E= CPT1
H 41CoxXI

oy
#
s
. *E e
0- | % E

db/m  db/db  db/m+  db/db+
GSPE GSPE

A. B: Western blothiillPPARa. ACOX1FICPT1E [A#iA 1 1L; C: Real-time PCRE I PPARa, ACOXIFICPTI mRNAZFKIATEIL. **P<0.01, 55
db/m/NRALALL; “P<0.05, #P<0.01, Hdb/db/N LR LL .
A,B: the protein expression levels of PPARa, ACOX1 and CPT1 were analyzed by Western blot. C: The mRNA expression levels of PPARa, ACOXI
and CPTI were analyzed by Real-time PCR. **#P<0.01 vs db/m mice group; “P<0.05, *P<0.01 vs db/db mice group.
El5 GSPEXT#EERAEdb/db/\ R B AL AR AERPE (IR X E F A MFM
Fig.5 Effect of GSPE on the expression of gene related with fatty acid p oxidation in the renal tissues of db/db mice
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PSR A P R o A i PR Rk, [ I 3 5 R 1

4k & % [ (sterol regulatory element binding proteins,

SREBPs) [ i %5 4t ¥) lig 1 58 3% 1k 32 48 (peroxisome
proliferator-activated receptor, PPAR), AJ £{ & 4 K 5
SRS B IE R, W WA o AR 4 35 L AERE PR B R
RIRISFE A R AT BARIAE PO DRt #R 5T
A RRIEIT $E RUORA B A 240 575 1 s BT AR,
W 1 B R B 9 B V6 TR DB R

AT, 43R0 ] PR B s 0 G A2 2 2R 0 R 9 1)
RIRZAE BB . T 28088 IR A1 A B 2 1) e
JRERT i i R AR, tH IR o A 2K AL T L3RR &
KERF TR, N5 PR ELZ 28005 R0 IS T
47 1) L B LR A Y. db/db/ BRAZ B T Leptin®Z
A FUR AR T 30/ B IR ) 1 R PR RE IR,
M A4S R TT AR BRI H I T AR R B AR
JUE o A 8 2% L AN vy IR SR AU R LR B AL, BER~12
JEBRER B A 2. 5 LI, db/db/) BUIE T H
P ALFE B IR AE N 2 A48 B BB IR 0T ROE, 5N
FRHTHE PRI B AR AR, R, FEARSEEG R, R
TR AT db/db/)s BRR 52 56 558 G R W 82 4 40 FF S5 e
T 2 HE R B AL 2R o AR R s

GSPE & i & ¥ AW It B oy 2 —,
HILZR R RILRER L EE IR E T C4-Coml
H CA-CILAN AR K 2 R4k . GSPEZr 14514
B ZA B R R IR 4, R B R Y
Prea A RE 77, 2 B AT R L o Ak 1) A E AR B
AR o sk S A F ) L. Bl 5 A A VR N, GSPE
X N P ¥ AE AR AE IT A 51k T R
ST . 5 IR A TR 2 (streptozotocin, STZ)
753 HBE PR R SRR o, 167 2 ] b ol 3 1
JUE P v A B OIR s, 38 I 9 D 1 1 S (reactive
oxygen species, ROS) S 41 iil] 15 /)N BR 28 i 40 Jfa 52 11 4k
% 1B R )tk R, TakikawaS5U'H B S AL E
FH Ll S 52 B 1 M2 2R PR AR KK -Ay /) B
KI8T BRI B AR T = AT DA R 2
R 14D v IR i B AL, TEARHE T, AT A
GSPET-Tildb/db ) B, /I B ) 4% = A0 2 1) S il

ZE. W ZIREOPERIER R 2568 3141
BE— A TN B ML PR FR A BN, GSPERENS 35
F#fKdb/db/) B IFBG. BUN. Scr. TGFITC, J /b
PREE IR, $27RGSPEXHE R 5 B 7 I PR IR
L AR — SRR .

WAL, EH =B 1 BA R EAE R 2 E
S Th R AL, & A SeE e A ZE BL4E R AR A
Jig AU - 465 (1 F . GSPE:# i 41 ] JiT ik SREBP-1
P12 35 SR 22 ik KBS v IR 0B P 80D v R L A s 7
JHO . LEB K AR B b JE 3 F Ol 1 Ak
WIBEHE E TS A0 52 Ay (peroxisome proliferator-activated
receptor v, PPARY)-} X532 /& a(liver X activated
receptor o, LXRa)f5 5 J# B L i = B R I £ 45 &
[X ¥ iz & [ A1(ATP-binding cassette transporter 1,
ABCAD)H) Ik, # UTAAE ML BE N 1 H il =15 &
R[] i 2 3 4 0 AHL 2, LR T Bl ik A R AL 5
(K e, A2 A SIZIG B PR ZHdb/db/)s R
N b B PN R S IR OAR, R DR A R
#H 2% Al ¥ SREBP-1. FASN X ACCH¥ £ 4 JxmRNA
FIL KV S 2 T, T DT R A A I AR ) oK B il
PPARa. CPT1MXACOX1H] 4 H &AmRNAZK & /K ¥
A, GSPEF 1 3 il /N b Bz 40 i N R i 2] (2.
I/, SREBP-1. FASN & ACCH#ILIMHAK, PPARa,
CPT1 X ACOX1 R IE T i, $27RGSPER] fE /& il if
Xof gt 7 G ) 5 P8 A PR P 13 A2 ) R 19 SR 5 W P
T /I B A IR BT

25 L ik, JATTHIHE TR W, GSPERE W8 527
B PRI A db/db )N B B 2HL AR T SRR, vl g et
3t P TR P 5 1S A 64 o g T T ) S A 20 A S B o
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