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Effect of Astragaloside IV on Regulation of PI3K/Akt/FoxO1 Signal in Kidney of
Type 2 Diabetic Nephropathy Rats
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[ Abstract | Objective: To study the protective effect of astragaloside ( AS) IV on kidney in type 2
diabetic nephropathy rats and its regulation effect on phosphoinositide 3-kinase (PI3K) /protein kinase B ( Akt) /
forkhead box O1 ( FoxO1l) signaling, and investicate the mechanism of glycosides against type 2 diabetic
nephropathy. Method: After 6 weeks of high-glucose and high-fat diet, rat models of type 2 diabetes were
established by intraperitoneal injection of streptozotocin ( STZ) (35 mg-kg ') and randomly divided into model
group, AS-IV (20, 40, 80 mg-kg ') groups and metformin hydrochloride ( positive) group. After 8 weeks of
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continuous administration, changes in body weight, kidney index, blood glucose, 24-hour urinary protein, urinary
microalbumin, urinary creatinine, serum creatinine, and blood urea nitrogen were measured in each group;
hematoxylin-eosin ( HE) staining was used to observe the pathological changes of renal tissues; Masson trichrome
staining was used to observe the collagen expression level. Periodontium hexaammine silver ( PASM) staining was
used to observe the changes of basement membrane. Immunohistochemistry assay was used to detect phospho-FoxO1
(p-FoxO1) protein expression, and Western blot was used to analyze the expression levels of autophagy marker
protein PI3K, microtubule-associated protein 1 light chain 3 (LC3) /1, B-cell lymphoma-2 ( Bel-2) /
adenovirus E1B19 kDa interacting protein 3 ( BNIP3), Beclinl, p-Akt, and Akt. Result: As compared with the
normal group, the glomerular basement membrane of the model group was thicker; the extracellular matrix was
increased ; the mesangial was expanded; the collagen was significantly increased; the PI3K/Akt/FoxO1 signal was
increased (P <0.01) ; and the autophagic activity was weakened (P <0.01). As compared with the model group,
the phosphorylation of PI3K, Akt, and FoxO1 in renal tissue was significantly inhibited in AS-IV high and medium
dose groups (P <0.05, P <0.01); autophagy was increased; and the expression of BNIP3, LC3 [ /LC3 I, and
Beclinl was up-regulated (P <0.05, P <0.01). Conclusion; AS-IV may increase the autophagic activity of

renal cells by inhibiting PI3K/Akt/FoxO1 signal, slowing down the development of type 2 diabetic nephropathy.
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RIEEFEE . KR B R 40% ~45% [ 1 HpE
PRI 8 DL S 30% 1Y 2 AU DR B s B
DN, I e R K e AR . T HAr A
AR ZE L, — B R B 2RI B , e 17 X LA 3
B AT SMUBET , PRI K I B IR R T AE R PR
i ) R SCHE R

YL HERE F[HF O(forkhead box O,Fox0) 2 {&
AR 2 H 25 5 A% Sl i rh (R OGS R AR T 2 —
FoxO % 55 [K 1~ 52 | i 0 1 196 UL 7 3-3 il ( PI3K) /
A B (Al ) B R 10 90056 % I8 45, G ST I 4
TR RR LR R Gk, T I R AL B A R AR KA
- e R PR 15 5, DT R 5 4 3 A AR AR R R
200 PO T A L R R A 9 N A T T R A R AR
Y2000, Herb FoxO1 78 ' JIE R & s AL 1 v 2 4%
FAE . RTIWESE & B, FoxO1 3% 4k T 4 1 725 b
51 L A0 M B -T0) 70 5T 20 D A Ak B ok 0 R
/NEUEE PR R TR E L B PI3K/ Ak
FoxO1 {55 i f A A A FE )

B SRR W 58 T B B e BT R Y T R
AR BRH IR A AN TR R AR SRR R
K I S5 D0, HoAb 7 ity B2 2 2 &
LR LI K Z AR TR . P (R R
HIV) 2B EEEEY R, AARPHR

W MR R P BT A A i g T A 2
BEAE S TE R I0 SbE B 05 BV 5 e Sz DN 45 5 JiiE
PR RAEEEE M L A E RN T A
7 DN I HLTHI ¥4 R 58 4 2, AP 98 5L F PI3K/Akt/
FoxO1 {55 38 F& X ) W 3% P 0 98 45 4 FH 2k — 20 i 5%
EeliRE D O R NN E A (DI
1 #R5FZE
1.1 Zh¥ SPF %% SD KR, #EtE,80 H, f& it &t
(200 £20) g, L ARG LR P o, Y&
FSIE S SCXK (£ )2014-0007 . 7 52 5 4K 15 4 B =
BERFLlE s B E o SME(HS
LLSC20180177) ,
L2 24950 W H (Rt e 2R
HBRAE LS CY170925, 4 fif =98.0% ) ; bR —
XM A ( B B2 E W AR A, H S
48170413 ) ; BEWRAL R = (STZ, gt A= YR A
PR 7w it G16S8B43561) ; PI3K, it B A X & 1 1
B4 3(LC3) I /11, H¢9sE E1B 19 kDa tHE /EH &
F1 3(BNIP3) , @Ak (p)-Akt, Akt — 477 (P FH T3 26
YA B Al S 4 3 8 WL02240, WLO1506,
WL01139, WL02908 , WL0O003b ) ; 4 14 p-PI3K ( Ik 5t
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BORBOA —EREMREM. LR AL

®1 EKPEN DN ARGRE.MBEREERHMAZM (2 xs)

B b B ARGR) A A SE T 2 KL R
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Table 1 Effect of astragaloside IV on body weight, blood glucose, and kidney weight index in DN rats(x +s)

21 53] n FHt/mg-kg ™! /g 1%/ mmol - L ™! B AR/ g kg

iEH 10 - 395.0 +24.23 5.0+0.71 5.74 +0. 85
LAY 10 - 315. 8 £20.33" 27.6 +1.50" 12.05 +1.07"
e 11 20 322.9 £16.71 26.5 1. 74 10. 49 +0.77%
13 40 336.5 +13. 532 24.3 +2.21% 9.74 +0. 89"
13 80 344.5 £20. 14% 22.7 +2.60% 8.55 =0.95%
Eh 2 = BN 11 200 336.8 +18.79% 21.9 1. 82% 8.24 0. 65>

e SIERALEYP<0.01; SHEIH LY P <0.05,7 P<0.01(£2~6[[),

3.3 % DN KB LA | i PR 2R 28 S R sk o 1 8 1
FEIE I PR CE PR AT S R R A
PitE L. 5 IE & 4 b AR AR 2H KRR R BR i L | i
PRZE R BRI A& AT (P <0.01) 5 54

LR, 3R T AR | R A R IR TR BUNCA R
BRUAY I LIS L i R 28 280 B PR R 1 3R H A A A
JER) T (P <0.01) , {5 B ¥ % 570 5 O B 2 2
AR Wk 2,

®2 EHXPHEX DN ARMNE MREARRBEAEEANHM(x5)

Table 2 Effect of astragaloside IV on blood serum creatinine, blood urea nitrogen and urine microalbumin in DN rats(x +s)

£ 3] n it/ mg-kg ™! 1 IUEF/ wmol - L~ 1R Z A/ mmol - L' R I 1/ mg L~
iEH 10 - 50.25 +9.38 10.53 £1.99 7.27 £0.96
FEAY 10 - 87.71 £16.83" 17.31 =3.02" 14.78 +1.94"
e 11 20 78.05 +13.09 16.27 £2.95 14.09 +2.36
13 40 67.22 £12.93% 13.93 +2.61% 12.10 =1.69%
13 80 60.89 £11.54% 12.97 +2.48% 10.79 +2.06%
R R WU 11 200 66.76 +12.87% 12.81 +2.45% 10.66 =1.80%

3.4 Xt DN KM 24 h JR A A& i SRS S T
ERYRE M PR 5 WU R I 2 W 0 R 2 1 4
HH 17 D B — R 09 AT AR D7 U L BERS WD SR A Sk 24 h
REA®E, SIEWAH LR BHAKRK 24 h JRAE
F % 24 h JR A3 A/ RIDUEFTH 5 R LETE AR, 22 5

BFH(P<0.01); SEEAIL AL, 8 0 B H v | o)
o R R R U R R LB A B 5,24 h
PRE A K 24 h JREE /DR IDUEF A S W) 72 5 69 B
(P <0.01) {H 3 B Y H %50 42 JC W1 2 ok 3% 4 D
W 3,
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®3 EKPENDNAR24 h[REZER.RANE R 24 h REA/FRANEHZIE (5 +5)

Table 3 Effect of astragaloside IV on 24 h urine albumin, urine creatinine and 24 h urine albumin/urine CRE in DN rats(x +s)

2057 n ik /mg kg ! 24 h JRAE T/ mg FRILEF/pmol-L™" 24 h JR& 4/ IR WLEF/g- mmol ™'
I 10 - 11.52 £2.03 88.95 +17.23 4.98 +0.94
[ 10 - 23.98 +4.60" 51.38 £8.83" 7.65+1.16"
A 11 20 21.60 +£3.79 57.73 +9.69 6.90 +1.23
13 40 18.96 +3.40% 68.90 +10.74% 5.57 £0.95%
13 80 17.53 +3.33% 76.83 £14.23% 5.48 +0.98%
Eh AR — B UK 11 200 16.19 +2. 68 75.57 +12.99% 4.74 £0.76

3.5 Xt DN KR BHALUsHEESNEm  XHE
NEAZRY) f 43 ) #F 47 HE, PASM %t {4, [ Masson 4
0, T U TE B 2H B P 45 AR N oS B TR ARE U,
Bk Z AN A S 3 5 A D3 A JE I IR TE B IR JC £F 4
ZH UG A 5 MRS A e n U 2R 4 B RN P Rz 40 8 A
ZEUE ARG £, REYT 5K, B A0 I A BRI B
RO, SRRV LA, B B TR A A Y
HAEHL AR BREY A SE. WK1 ~3,

B3 H#EFHENDNEBERARE
(Masson, x400)
Fig.3 Effect of astragaloside IV on renal collagen expression in DN

rats ( Masson, x400)

SIEW AL, SR 4L HE p-FoxO1 iAW) g £
(P<0.01); 5 A L, B H b v 7 4 21
Kl = HOBUICZE (4 p-FoxO1 2 H R A A A 2 JE
MFEAR (P <0.01) 2254 Giit -2 30, s e i
ACIER B BIORAL C ~ B ST FAE b @A R ALF B PR AE I E R, R 4,584,

UKL (152 ~6 [F)

Bl HEEREX DN BRAREAARSHRI(HE, x400)
Fig.1 Effect of astragaloside IV on renal morphology in DN rats
(HE, x400)

B4 HRFEX DN BEFAR p-FoxO1 Rix#m (REHl, x
400)

Fig.4 Effect of astragaloside IV on expression of p-FoxO1l in DN
rats (IHC, x400)

B2 HEFEX DN ERAREASHASHI(PASM, x400) 3.7 %t DN kBl PI3K/Akt/FoxO1 {55 (4 19 % ik

fngASZM Efie(t)cot)of astragaloside on renal morphology in DN rats ?ﬁ ﬂlﬁl Western blot 2%%?}3577\‘ ’ 'QE%@H thﬁ ’ *ﬁﬂ
, X e

2q p-PI3K/PI3K, p-Akt/Akt, p-FoxO1/FoxO1 i Z& F}

3.6 XF DN KE'E NE p-FoxO1 & 1 58 ik /) 52 M B (P<0.01),Pi08 PI3K/Akt/FoxO1 {5 7€ ¥ IR i
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F4 HEKPHEI DN XR p-FoxO1 EEREMBM (2 £5,n=3)
Table 4 Effect of astragaloside IV on expression of p-FoxO1 protein
in DN rats (x +s,n=3)

21 51 # &/ mg-kg ™! p-Fox01/ x 10°
EH# - 6.57 £0.59
HLHY - 24.97 £0.92"
W H 20 22.51 1. 15
40 18.72 +1.60°
80 16.83 =1.17%
SRR — UK 200 17.32 £1.97%

B o B b gk O, M H b m A
p-PI3K/PI3K, p-Akt/Akt, p-FoxO1/FoxO1 F 4l , i3
BB R H P 0] BBl 1 W #2 PI3K/Akt/FoxO1 {5 %5

B A R B R R . WLIRT S, K S

PI3K Gy ww== Swen Smae SSh S 35 kD,

p-PI3K — — — 54 kDa

Akt GHEED GEED ew=e Saub emd SMS 62 kDa

paie = 8 S 8 = 00

FoxOl.-—-_-- 82 kDa
P-FoxOl s &us Smme ssmn s w382 kDa

[-actin D NS > @ @S @S ,5(Da
A B C D E F

B S5 KR PBK/Akt/FoxOl S EHHRERK]K
Fig. 5  Electrophoresis of expression of PI3K/Akt/FoxO1 signal

protein in rats

x5 EHEFE DN AR PBK/Akt/FoxOl 5 FEMREEM (v +s,n=3)
Table 5 Effect of astragaloside IV on expression of PI3K/Akt/FoxO1 signaling protein in DN rats (x +s,n=3)

415 # 4/ mg-kg ™! p-PI3K/PI3K p-Akt/ Akt p-Fox01/Fox01
EH - 0.19 +0.02 2.36 +0.26 0.33 £0.02
FER - 1.08 +0. 12" 0.71 =0. 12" 1.04 +0.08"
pigeeliRes 20 0.98 0. 10 1.23 £0.25 0.91 £0. 06
40 0.71 0. 06% 1.88 +0.34% 0.89 +0.09%
80 0.39 +0. 03" 2.16 +0. 44> 0.72 +0. 05"
EhAR ORI 200 0.24 +0.02% 2.14 0. 45% 0.78 +0. 06"

3.8 X DN KR AMMRICEAWERERN HH
EIGE 45 R 7, 5 IE & 41 b &, 15 AU 4] BNIP3,
LC3 I/LC3 I K Belcinl &/ (P <0.05), A
W Vit P DR 5 o B RS Y H b L f = A4b B S BNIP3,
LC3 N /LC3 1 }% Belcinl 335 Ei# (P <0.01), H
W 3T P 44 i, 1 B B R HR T T O B R S

KBGEWIRF SRR ERE., WE6,%6,
O — ——— 2 \Da

BNIP3

LC3I A e e e e e

LC3T «iS aas e NN o oy

Bectinl (D e S BN B B 00

p-actin

16 kDa

14 kDa

- e GuEd GEES NS WS 5],
A B C D E F
E6 KREMEIKZEAMRILBEIX

Fig. 6  Electrophoresis of expression of autophagic marker protein

in rats
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Table 6 Effect of astragaloside on expression of autophagic marker protein in DN rats (x +s,n =3)

2 5] #) 4t /mg-kg ™! BNIP3/B-actin LC3 NM/LC3 1 Beclinl /B-actin
EH - 2.32+0.13 0. 80 0. 02 1.85+0.13
iR - 1.49 +0.09" 1.52+0. 11" 0.79 +0. 11"
prgelineq 20 1.59 +0. 10 1.35 +0.08 0.95 £0. 14
40 1.91 +0.09% 1.22 +0.05% 1.30 £0. 10
80 2.13 20. 12% 1.09 +0.08% 1. 46 +0.09%
LR R — UK 200 2.06 £0. 12% 1.11 0. 04% 1.42 £0. 15%
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ST MLAAR AR A 14 5 Ak R T R S R S T
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