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Study on the protective effect of Huangqi Xiaoke Decoction in regulating the VEGF/PI3K/AKT
signaling pathway on tubulointerstitial fibrosis in mice with diabetic nephropathy”
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Abstract ; Objective To explore the protective effect of Huangqi Xiaoke Decoction in regulating the vascu-
lar endothelial growth factor (VEGF)/phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT) signa-
ling pathway on tubulointerstitial fibrosis (TIF) in mice with diabetic nephropathy (DN). Methods A mouse
DN model was established by a high-fat diet combined with intraperitoneal injection of streptozotocin. The
mice were randomly divided into the control group,the DN group, the low-dose Huangqi Xiaoke Decoction
group, the medium-dose Huangqi Xiaoke Decoction group. and the high-dose Huangqi Xiaoke Decoction
group,with 8 mice in each group. After successful modeling,the corresponding drugs or solvents were admin-
istered by intragastric administration once a day for 10 weeks. After the administration ended, the levels of

blood urea nitrogen (BUN), serum creatinine (Scr),and 24-hour urine protein (UP) were detected using a
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kit. Total triglycerides (TG) ,total cholesterol (TC) ,and low-density lipoprotein (LDL-C) were measured by
an automatic analyzer, and the renal index was calculated. Hematoxylin and Eosin, periodic acid-Schiff, and
masson staining were used to detect the structural pathological changes of the kidneys, glycogen deposition
and TIF. The ultrastructure of renal tubules was detected by transmission electron microscopy. Immunohisto-
chemical detection of extracellular matrix deposition in the renal cortex. Immunofluorescence was used to de-
tect the expression and localization of VEGF in the renal cortex. Western blotting was used to detect the epi-
thelial-mesenchymal transition of the renal cortex and the expression of proteins related to the VEGF/PI3K/
AKT pathway. Results
gqi Xiaoke Decoction group, medium-dose Huangqi Xiaoke Decoction group and high-dose Huangqi Xiaoke De-

Compared with the DN group,the FBG and renal index of mice in the low-dose Huan-

coction group decreased in a concentration-dependent manner (P <C0. 05). Compared with the DN group., the
levels of BUN,Scr, TC,LDL-C, TG and UP in mice of the low-dose Huangqi Xiaoke Decoction group.medi-
um-dose Huangqi Xiaoke Decoction group and high-dose Huangqi Xiaoke Decoction group were all decreased
in a concentration-dependent manner (P <C0. 05). Compared with the DN group,the degree of renal pathologi-
cal damage in the low-dose Huangqi Xiaoke Decoction group, medium-dose Huangqi Xiaoke Decoction group
and high-dose Huangqi Xiaoke Decoction group gradually decreased, and the renal tubular injury index, the
proportion of fibrotic area and the proportion of glycogen deposition area decreased (P <C0.05). Compared
with the DN group,the expressions of a-smooth muscle actin, Vimentin and Twist in the renal tissues of mice
in the low-dose, medium-dose and high-dose Huangqi Xiaoke Decoction groups decreased, while the expression
of E-cadherin increased in a concentration-dependent manner (P <C0.05). Compared with the DN group, the
fluorescence intensity of VEGF, the expression of VEGF protein, and the phosphorylated PI3K/PI3K and
phosphorylated AKT/AKT in the renal cortex of mice in the low-dose, medium-dose and high-dose groups of
Huangqi Xiaoke Decoction were all increased in a concentration-dependent manner,and the changes in the expres-
sion of VEGF fluorescence intensity mainly occurred in the renal tubular epithelial cells. Conclusion Huangqi Xi-
aoke Decoction may exert a protective effect on TIF in DN mice partially by activating the VEGF/PI3K/AKT
signaling pathway.

Key words: Huangqgi Xiaoke Decoction;  vascular endothelial growth factor/phosphatidylinositol 3-ki-

nase/protein kinase B signaling pathway; diabetic nephropathy; tubulointerstitial fibrosis
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1.1 bRARIE 40 HiEd: C57BL/6] /NEL.8 F %,
R 20~25 g, B 5 KA R S P AF 5% b S 40t
BT A /N B8 2 B A — SRR 19 TG e AR | T R R
EHEFRBE P [(2242)°C, (50+£5) % 8 ], FrifE
12 hot/MEEPE . AT SEOe 7 S8 ¥ 422 e vl vp s IR e
S S 2 B S ME (45 . 201907024) , 3 4%
HECSE 16 50 4 4 1L 55 T 46 Rl Dtk AT

1.2 ER5ERF A Ak Bl I 5= R R
RO ml B AL s 1 B i 0 OBE e HOAS AR R A R
it WEEHE H A B ILH A b2y 25 B 2 v PE
R S E A S 30 g, RAEM) 20 g, T HBET 30
g, M IIZ 20 g . L 0T+ 20 g, M4 10 g, =L 6 g, FF=
6 5% g . BREZ 6 g, B2 3 i KA 3 ML, 75 AR fl
Prer (HE) %2 238057 & [ Solarbio CFp [ JE 5T, 77§
H3#%5 G1120)., —#i VEGFA #i{& W B ABclonal
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(P ERI, H#S A12303,.A5609), i 1l F4i f
IgG (H+1L) Alexa Fluor 594 § H Abcam (3 [# 1]
¥, B35 ab150080)
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Ho BT B Ah , Hog /N B 25 7 16 I v O % IOk A v
#(STZ,50 mg/kg, ¥ T 0.1 mol/L ¥ B’ &4 2% vp
W.pH 4.5 FETE 4 d. 7 d J5 8 FH i B {SORE I /)y B ZS
& 1B (FBG) , LA FBG>13. 9 mmol/L 138 bR i &t
SLIY) . ZJEMRIEREIRKE 8 LS DN AL, &
SRR T iy N F Bl I R 25 1 45 R00R) o 4 B8 A =X
(BTN R E A H =R A 2557 & /70 kg X
9. 1), Wi E B EE I VB 19 B s R iR 220 g/70 kg X
9.1=128.60 g/kg, WHEWEME N 7. 15,14. 30 Fl
28. 60 g/kg. 73 i T AL HE 1% D) 5 25 7 AH R ) o
KBS 8 H 1R, %L 10 J8, XFIE4LF DN
H/NR T iy 55 AR R K,

1.3.2 BEIfefm R A iril g A4S HE,
PR /N B T AR B H A R ROK 24 bl
EIRWREA, B IEES 2. 5% K E W Z 8 (50 mg/
k) JBREE ), B8 d K R I I 0 FH I % A3 i FBG.,
ARERER I, R 5 1 h,4 °C.2 500 r/min &L 20
min Y& 2. R R &R R R A
(BUN) ., L ILEF (Ser) .24 h JR#E F (UP) K-, A 543
B A & ifn 3 B H Il =R (TGO I [ B (TCO) AT
NG HE 1 (LDL-C) K-, B BE48 5L (mg/g) o A
B JUE A o it 5 /N B R Y LU AL

1.3.3 BN ZUmEEadr Btk o s a4/ RE
M AT R IR DI W2, — 2R — 80 C KA &
M. 50— HANZRHPERE 48 h, A 5F1T 4
pm JEY) R, RS BRI & Ui, il i 4T HE.
T HLR 75 I (PAS) 1Ty by = 0 Y o, A6 I B U &5 4 7Y
e A AR R DR 00 & TIF R B8, 3 0F — 25 PE A
B /NG S50 T8 B £F AR AR T AR b BB DR O AR X A
FE o DL A0 R b A AN [R) 28 5310 /0 B JOE 9 B A A A 7
R

1.3.4 BHH 7RSS NS BMEH B
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1Y [ 22 2 ho 5B B B A VO B RN B R 2 T b
K E R R L A ) B s Y AL AR
i 2 b R AT R TR AT U £, 358 S FRL - 8 OB T 48 /)
M .

1.3.5 e 44k R il B e ot 4 i A R B CECMD L
ORI D R H IR, R O BEK A
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Pom# 5 min FATRMIEFIIRBEE. REH 3%
H, O, £ F 15 min, IA B 5 F IV F1Z RS % 8 1 $e
(1 : 300 MR, 4 CEFE . WH, VA fEBER
R (PBS Pk 3 . 5 P E 45 min; bl
Ja  H ZE ORI & B A, IR AR TR
Yoo O B REE R BEHLEE B 10 A B2 Y A i AT H i
¥4 . XM Image-pro plus 6.0 E& 5 Bri 4 472
FE AT IE A, TR SR AR 1 IV R 2R A 1 BH A X
Wb

1.3.6 FRPEDICKIME B Bt VEGF RikFER 1)
Ay E R . 10% 48 7 A & A &3 E A 30
min, H# VEGF —#$i(1 : 200 7F 4 CWHFTH. K
H AR R 2T 65 e b i i 1 24T 5 1eG — i (1 ¢
10O E 50 min, fFUI R TG .47, 6- Pk IE-2-2%
Fms|WE(DAPD Y4 BHE 10 min #RiC 20 M %, PBS i
VE 3 WKL, BRK 5 min, TS BP0 B KR % &,
G BB T W IF I R . R A Image-pro
plus 6. 0 FMGR BT 8 #4720 2 & o A 07 43, 1 4L
U IR g
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40 - [8) T %4 Ak (EMT) 1 VEGF/PI3K/AKT i #% 4H
KEERE  FHW 0w R 5 B 00 A G
) T 55 B 8 DT T 0 L % bR AR N B L,
I IR Y R 2 P ARG T ) & T E R R R R LI AGE =
RELR VR H 40 pg BB 2 TbE R A R T
Wk M B I HE WK SR 5 % & PVDF IR |, K IER A 5%
G A iR B B 1 h, LA B-WLBh & 1 (B-actin) A
Z A o1 NS A (- SMA) B 2 F
(Vimentin) . ¥l i 25 3 ( Twist) . E-45 % 45 H (E-cad-
herin) . VEGF . # iz 1k, PI3K (p-PI3K) . PI3K . B /2 1t
AKT(p-AKT) ,AKT Hl B-actin —¥i 4 CHEF LR .
WH &R 20 B9 Tris Z2 wpER K PERE 3 WL IMA — 9t
HEEWRTIEE 1 h, RANEAEEIEE B A, Image
TR A R R

1.4 SEitaghb s R SPSS26. 0 48 i+ 475K
PoAb s, HRYERI DL s Fon, P4 ) e B R A
SIREA ¢ K Z A ) HL R AR R 5 2 40
(ANOVA) . £ 6] # P H %2 % Fl Tukey's post hoc K
¥, P<<0.05 RARZEFAZITHEX,
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0.05), 5 DN 41 buAe, 5 (I 18 17 A0 i 41 L 2 RS
T8 T R 2 RN B R V8 e R 4 B FBG AN E
JEF BUFRAR (P <<0. 05) , SRR BEAR A . WL 1.,

2.2 WIENE AT DN /N B BR A A 35 5 19 5
54 HE . DN 4/h BUN,Ser, TC.LDL-C, TG
L UP KFE T8 (P<<0.05), 5 DN 4 &g, i1
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TH V8 17 AR i 4 8 RS TH VE  h R) a  R R VB
EFlE 4 /N B BUN, Ser . TC.LDL-C. TG #1 UP 7k F
PIREAG 5 vk BEAR % (P <<0. 05), WLE& 2.

2.3 WX DN /N EUE G BE 45 0 5455 10 5
M X#Hﬁéﬂ/lxﬁﬁt'%‘/leﬁn'%‘/J\%,M’AJ«%ME,LB&H&H@
TEASIE &, 8] 5t JC B 0 B J 2F 4k DL dE . 5 %) BE 4 A
FE s DN /IS BRUEF I 22 30 B /N ER 2R 40 il 5 A L R R A
FL S 2 BER G R B N A Ak, B NS L0
T8 B0 27 A b T R b RO TR R X b S T
F(P<<0.05), 5 DN 44, S EHE B P&

TR 2T AT R B BB BT AR DX L R R

A FEAR (P <<0.05) ., WA 1.5 3,
x1 FHEMR—BBERER(n=8,2+5)

415 FBG(mmol/L) W JUE 4 2 (mg/ )
X IR 4 7.35+0.96 10.7241.08
DN 4 23.5146.73" 16.7341.36"
B EE I WV MR R 2 14,3744, 637 14,3741, 207
BEETH W U R 2 10,2744, 327 12.974+1.137
T 18 1 e 0 8.3742.417 11.05+1.217%

TE 5 A e #, T P<<0.

05;5 DN 41 4. ™ P<<0.05.

700 ZH /0N U IR LA A R R R I A L /N A A

*2 FHNR MR E IR R (n=8,7+£5)

@3 BUN TC LDL-C Ser TG UP

(mmol/L) (mmol/L) (mmol/L) (pmol/L) (mmol/L) (mg/24 h)
Xt HR 41 5.3440. 85 4.1140.94 0.5740.11 50,3426, 72 0.8140.12 0.9740.07
DN 21 11.2341.87" 7.5941.26" 1.6840.26"  118.23417.36"  1.8440.18" 2.6840.14"
BT B A R i 4 8.37+1.57°7 6.13+1.18 1.2840. 237 84.55%14.437  1.4240.117 1.6740.137
BIETH 18 ¥ ) Rl 7.1141.487 5.2241,267 1.0340.187 68.19+15.46%  1.18+0.137 1.3340.157
HTE I T v e ) Al 6.094+1.327 4.68+0.837 0.7540.147 59.13410.33%  0.93240.087 1.034:0. 097

T S L EE . P<C0.05; 5 DN 4l 1k#. © P<<0. 05,

HE

D=

PAS

._'::,: R

| Ao

LA

REHEAER
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| FEwamsn
PR L IO Y

ﬁﬁ:ﬁ:&@?’f DN IJ\E%%H'%HEFEEEME‘J%HH(HE\EH”‘EE‘PAS %é,n:& ><200)o

1
x3 EHNREHREEMRGEE
k& (n=8,x*s)
A BN R é‘ﬁﬁif ﬁ’iﬁf’;{fﬁ
it AR 0.7570. 25 7.630.78 7.23%+1.59
DN 21 2.4740.32"  34.2846.93"  22.67+1.62"
WA i 2 1.93+0.217  21.63+5.93%  18.27+1.487
HEH B TR 1.5240.24%  16.23+3.277  14.23+1,297
BT T8 1 70 e 4 1.2440.12% 12,3442, 147 7.89+40.967
TE SRR L. T P<<0.05; 5 DN 41 [L#, 7 P<<0. 05,

2.4 HEEIHIE X DN /MRS /N RS
M) O BRI BB /N b R A0 IR 28 KN IE S TR
EHEF B 5% %5 4, 2R MR JE K IR S8 B 3 5) TE W ) 4
JE . X RAIA H L, DN /N BUB /N Rz 4 K B
V. 240 5 ) S, RO AR i i L U 3 A L Ak B D
JE %0 JRE L AN B T S WA R E . 5 DN 4l b
B, T ST TR T AR AL B V8 v R AL R
BT 18 e 1) i /D B /NG B R 2 B R TS A 3
B 0 L U] D 240 2o A e e K R s i
REAR VR BEAHIE . WL 2.

2.5 HWEHBE B DN /NRE KR ECM UL 52
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M A A R R, 0 IR e, DN 41/ BUE
N L B A TP RS SR IV R RS o R B A DX
A TR . 5 DN A R, BRI Y 1 ARG A

pag:epizl DN

TE « 210000 5 I A 3 DX g i i i 0

ﬁﬁlﬁﬁlﬁﬁ&?ﬂ]g_ﬂ

PRSI Y 1 ) AL ORN R W T R e A B
JNE R A TP AR IV R E RS 5 2R 1 PE M X
L YIREAR (P <C0. 05) , MR AR . LR 3,58 4.

ﬁﬁ ﬁ%:ﬁ‘i‘-‘ﬁﬂiéﬂ

HEH BRI E

R DXL X 7 £ 5 % B Sk 7 TR B 2D 20 G Sk n ZoR (A ik

2 HEHBHIM DN/NREABNEBREMHZM(EHBETFERME,n=8),

RREBN

BHEER

x4 BHIREERREEENNEMEESD
PR S (n =8, 7 %5, %)

415 JiE IR 11 IV JE R
X B 21 31.4742.37 27.3943.47
DN £ 58.29+3.46" 58.29+3. 44"
R 18 7 IR ik 4 43,28+4.137 51.2843.27°7
R T 35.28742.397 42,1343, 487
HLETH 18 T R sl 26.38+1.367 31,2344, 437

SRR L E . T P<<0.05; 5 DN 41 1L4, ¥ P<<0.05,

2.6 HEETHWIHX DN /N NS LA EMT
IR 5XF R4 &, DN /NEUE N B i e
a-SMA | Vimentin 1 Twist % ik 7+ & , E-cadherin %
KRG, 5 DN 4 IR, 3 i TH B AR = 41 L v
TH V8 7 R i 41RO Ve e R A U L
1 -SMA . Vimentin fl Twist %3k % X, E-cadherin
FikThE (P<C0.05) , EYRBEHCHIE . WK 4.5 5.

2.7 HEKHIEHX DN /NRE BEH VEGE 4 & 1)
PISK/AKT @B 520 5% B4 £, DN /b U

| EREBAENRE

'K ﬁﬁlﬁﬂlﬂ?ﬂlsﬂ - ER ﬁﬁlixm?ﬂlgﬂ

.?S?Teﬁ

K VEGF 28tk B Ml VEGF A £ ik & p-
PI3K/PI3K #l p-AKT/AKT ¥R %, 5 DN 4 It
B HETHE NN AL B ) A
FETH V8 7 = 0 i 41/ BRUE R BT VEGE 2t o B il
VEGF % [ #ik & p-PI3K/PI3K #il p-AKT/AKT
FhEn, EUR BB , B VEGF %8 %38 BF 338 48 fk &
BRAETHE /NG LA, WK 5.% 6.

a-SMA I’-* |42 x 103

L

Vimentin [ s s e s o | 57 x 103
Tuist [~ - ——— | 2 x 105

B-actin | GHEED GEES NS SN @S| 43 x 103

& 4 Western blot # il & £8 7]\ F&
Rik(n=28)

REER EMT HXER
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x5 BANMRERR EMT BXEBREEE (n=8,2 1)

21 51 a-SMA E-cadherin Vimentin Twist

X 20 1.0240.02 1.0140.03 0.99+0.03 1.0340.02
DN 4 1.6940.31" 0.6140.02" 2.474+0.73" 1.61+0.32"
B HIH 18 1 150 1 41 1.4840.077 0.82+0.057 2.13+0.687 1.3140.277
WEH BT PRl ad 1.3440.047 0.94+0.047 1.62+0.427 1.224+0.337
18 1 ) = A 1.16+0.057 1.05+0.067 1.32+0.237 1.05%+0.077

W XA #, T P<<0.05;5 DN 4l b4, © P<<0. 05,

xfERLE DNZH REHEARTIEE

DAPI

VEGF

Merge

REHE AP NIE4E REHE A= EH

DAPI

VEGF

VEGF

P-AKT |-- —-z‘eomos

— —— —— 10 10

Merge

AKT

A B -
A RGRPES IR B B2 BT VEGF 2635 Ko i (DAPT Y (@R i 41 L 4% . VEGF MLL A5G, X 200) , Merge 14 % DAPI 5 VEGF %G44
ZR A IR ;B R Western blot ' (% Bt VEGF/PISK/AKT i A1 & 28 [ % ik
& 5 Western blot il & A /NR'E K& VE(:F/PI%K/AKT BEMEETZEARIZE(n=238)

*6 FHHMNRE KR VEGF/PBK/AKT BREXEARELLE (n=8,7E5)

20 73] VEGF p-PI3K/PI3K p-AKT/AKT VEGF %G5 B (RFU)

PO 1.04+0.02 2.3740. 34 3.2740.45 1.02+0.06

DN 4 0.4340.08" 0.8940.07" 0.9440.117 0.35%0.03"
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gk HHNMRE KRR VEGF/PBK/AKT BEHEXERARELRK (n=8,x+5)
26 5 VEGF p-PI3K/PI3K p-AKT/AKT VEGF %658 & (RFU)
B 18 17 10 = 41 0.56+0.047 1.35+0.217 1.59+0.317 0.42+0.047
oS W ) 0.8940.127 1.5840.137 2.7540.457 0.5740.077
BT 8 7 5 ) 1.06+0.237 1.78+0.277 3.14+0.647 0.85+0.127

S xF AL, " P<<0.05; 5 DN 4114, P<C0.05,

3 i i

49 7 R OB A Sy 2 U PR G T AR AR,
T8 DN AWM EERNE, K, 8 B S 2 E5 A
(a0 1 AR B W 24 961G 1l % /K 7 J& H A7 DN B9 32 2233
JroEmst . B NE O T A 2 B R R
80 %4, fu ot B /N A R W AL, G A B T NV B
B 20 A W R . PR IR P A S K I
MBEFTRE T8O A AR B /NS L A N R &
BN S50 TIF &A1, TIF —H % 4E, 78 DN #f
WA, I A SR AR 4, H . fEFE
WA B T LT TR S F 88 DN AY3R )T 2%
HE,

HEEIA R DN J& F“ /577 R 7« IR 15 ¥ 7
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