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Effect of Huangqisan Pellets on PI3K/Akt/mTOR Signaling Pathway and Autophagy in
Kidney of Diabetic Nephropathy Rats
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[ Abstract] Objective: To investigate the effect of Huangqisan pellets (HQS) on the
phosphatidylinositol-3 kinase/protein kinase B/mammalian target of rapamycin (PI3K/Akt/mTOR) signaling
pathway and autophagy in the kidney of diabetic nephropathy (DN) rats. Method: DN rat model was
established through high-fat diet combined with intraperitoneal injection of streptozotocin (35 mg-kg"). DN rats
were randomly assigned into model group, irbesartan (0.027 g-kg"') group, low-dose HQS (0.54 g-kg") group
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and high-dose HQS (1.08 g-kg"') group. The levels of 24 h urinary total protein (UTP), serum albumin (Alb),
serum creatinine (SCr) , urea nitrogen (BUN) , triglyceride (TG) and total cholesterol (TC) were measured
after 12 weeks of continuous administration. The pathological changes of renal tissue were observed via
hematoxylin-eosin (HE) staining. The expression of podocyte split diaphragm proteins nephrin and podocin in
the renal tissue were detected by immunohistochemistry. The protein levels and phosphorylation of key proteins
in PI3K/Akt/mTOR signaling pathway, as well as the expression of yeast Atg6 homolog (Beclinl) and
microtubule-associated protein 1 light chain 3 (LC3) in the renal tissue were analyzed by Western blot. Result:
Compared with the control group, the model group showcased increased 24 h UTP, SCr, BUN, TG, and TC
levels and decreased Alb level (P<0.01). After modeling, the rats showed granulosity of epithelial cells of renal
tubules, thickening of capillary basement membrane, proliferation of mesangial cells, and sclerosis of
glomerulus. Furthermore, modeling down-regulated the expression of nephrin and podocin in the podocyte hiatus
of glomerulus (P<0.01) as well as the protein levels of p-PI3K, p-Akt, and p-mTOR and the autophagy markers
LC3 and Beclinl in renal tissue (P<0.01). Compared with model group, irbesartan and HQS decreased the 24 h
UTP, Cr, BUN, TG, and TC levels, increased the Alb level, and alleviated the pathological damage of kidney.
Moreover, they up-regulated the expression of Nephrin and Podocin in the podocyte hiatus of glomerulus, as
well as the protein levels of p-PI3K, p-Akt, p-mTOR, LC3, and Beclinl in renal tissue (P<0.05, P<0.01).

Conclusion: HQS may inhibit the PI3K/Akt/mTOR signaling pathway to enhance podocyte autophagy and

protect the glomerulus, thus slowing down the development of DN.
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JE 41 it 24 L5 2E (1 (Nephrin) |7 19 (Podocin) | A
W OC B8 43 F BEBE Atg6 [A] &) 1(Beclinl) 48 #H ¢
B 1R 3(LC3) —di AR i AL P (HRP) b1
1000 LT AR s 3R AR 1 (Ig) G L F 9T /b B 1gG
(% [ Abcam 23 7] , #t 5 43 5l 24 ab8227 . ab58968 .
ab50339.,ab62557 . ab48394 . ab6721.,ab6789) ; 7 K
F -2 (HE) 3 634050 & /R 1gG-P 20 3 S e 41
ik & (L EAY TRARA A, S 25 R
15E20C80 . 16A05G2904) ; RIPA %L fift g .+ — %ot K&
i T8 50 2R T 445 % T 458 Ji H 7k (SDIS-PAGE) i 71l £
Ry se Ak 7 ROt (ECL) M AR OL IR (38 = KAWL
A A WA w5 4 5] PO013B. PO0O12A
P0018S).

1.3 fU#F 5424 B0 ML (18 E Eppendorf 22 A )
spectraMax 190 B i #7:{¥ ( 3% [F Molecular Devices 2
A ) ;1658033 AU 1 BE I F% BN & 48 (35 |8 Bio-Rad 24
Al ) BXSIWI B 1 3% 5% ( H 48 Olympus A #] ) ;
Tanon-5200Multi A4 4= H 3l 1k 2% & 6758 V6 1L R &5
(g KAERMH A PR 7)) ; Matrx™ VIP 3000 %4 /)N 5
Yy R B AL ( 3 [ Midmark 28 7] ) 5 %2 Fa 289 1 4 4 (IR
I =3 A= W A% IR B A A BR 23 W) ) s MB100-4P 2 fif £L,
M AR R 5 A (B BB A BRA ] ) 5 TS-8 T 4%
B It £ 4% DR I 1] AR DL R AL S i 1 A R A WD o

2 Fik

2.1 W o d 70 2 SD K RRE ML 7 d
J& , PEHL 8 HUPRAR F | IR X5 B PR KRR O I A
95 T E R . A B AR D A S 5 I ] 1
95T e B o R 3R Ll B2 R B I R VR S STZ
(30 mg-kg") , K H I8 I3 47 CFA 0.1 mL/H , IE# 41
R BRU T S5 A I AR ) A A R 2 A, R R 1 IR, i 2
3. 3R JE kB A 0 i W 24 h R,

K bR 24 h UTP, Ifil 4 >16.7 mmo-L" H 24 h UTP>
30 mg N HE AN I A sh A o K v R R LR AL
IR NI JE DY A4 HQS K L N R 4L, A
H 8 H
22 R OHQSIE R E N 12 ¢-d', B
UL b 3 R f5c KN 0.3 g+ d, MR R A B i 1
& AT S AR AOR B LR RN HQS K L M 4l
F 98 0.54.1.08 g+ kg, JE 1 703 27 mg- kg,
F G 10 mL-kg IR T & HEE |, IE W 41 F LR
W THRBEREK B H VIR ES 525120
BT IR H KR 24 h BRI, K RAEZE &
12 h 5 BRI, B8 3 3h Bk B IfiL , 4 °C, 3 500 remin™ &0
10 min( 50248 8.4 em, T [A]) # £ 1ML 75 , —80 °C 14
AE#5 1 5 DO S35 7 A0 U, P 0l 1R &k 92 o i (PBSS )
WUE,ZE BT 4% Z R P EE = R E 48 h 4
LA E T UK b G B B & T URAEE, Je i T
WA, FEEEAE T -80 °CUKAR %5 M1
2.3 AARARARATI A 4 HE R 0 R AR
E 25 B A il A ASCAS: 0 K B 24 h UTP K Il 375 o 9
SCr.BUN . Alb . TC.TG iy & & .
2.4 BREAZUREEA B 4% 2 8 F R E E
WA B A, YD S AT HE Je 8, 2
i R B L 5 B 2 2 AR Ak
2.5 3K SR BN ik (Western blot) ¥l PI3K/Akt/
mTOR {5 5 i #% M 3¢ 43 + M A Wi b5 35 %) LC3.
Beclinl {8 (135 BUWFAFR Y B2 4141 100 mg,
T RIPA ZE {24 i 0 , 4 0 0F I8 AL ARG T v o 2
FEAYBL# T L4 °C L, 12 000 r+min™ B 0> 10 min, X |
TR R H 4 LM A A LR b
W, 100 °C7ZE ¥ 10 min % o il % 10%SDS-PAGE
JKEJ5 T HLUKCRE Hoin AR L RE A 35 g, S 80 V E TR
1 ¥k 30 min, 7 120 V {H J& HL ¥k 60 min; 200 mA fH i
™ PVDF #% Jli£ 120 min, 5% /Bt fg 4 0% &f 4] 120 min.
oA B B 4 B9 — Pt PI3K. p-PI3K. Akt, p-Akt,
mTOR ., p-mTOR , LC3 ., Beclinl ( #i B 5 5 ¥ 4 1:
1 000) ,B-actin(1:1J7),4 °CIF & 4% . PBS LK
J& MK B4 — i (1:6 000) , = iR ¥E H 60 min,
PBS P WK Uk B, B4 % b % & 6k (ECL) & (5, H
Image Pro Plus 6.0 X443 #1 5547 i JK FEAEL .
2.6 R E 4Lk (IHC) & I K B 21 21 1 Nephrin,
Podocin ik WA LUA MY A& ML IR
2 WhE S PR 3% H,0, T B P IR M i A AL
Nephrin , Podocin — 47 (1: 100)4 °CH & i % , 37 °C
SRS, N =4 (1:1000),37 °CH#H 1 h, DAB %
. 13 .



5528 B4 7 ) PEXEAHFRE Vol. 28,No. 7
20224F 4 A Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2022

o ARRE G P s B R RSk Y) A Bl BL ik
B 5 A PLF (x200) . Image Pro Plus 6 A% 43 # 4K 14
HEAT P8 =T o

2.7 GEAteE T B4R R AT SPSS 17.0 #4748
oA, B AT G IE S R U7 22 S5 I, 4% 21 [A) L R
KRR I 200, T A BHE SR x + s £,
LA P<0.05 %R 22 5 A G2 18 Lo

3 &R

3.1 X DN K BRUE R SRR sz me SEae i), iE
HHRRKRERIER, A EEDIER, KB
WWoORM AR, HEAKREZIR, 28, 2K, K5
TR, B B EL L H Y Vg A s 46 i 5, g

®1 HQSYWDNAREINGERIMAESERFM (x£5,1=8)

ME, IR RS SFEING . B )a & 4 25 4R B AE
AR AR AR A 39 — 8 203, H BTG S,
B BOGPE EEAp e o b, Do R R 2R R Y
i PR AARAE WK 2 e e .

3.2 X DN KR'E U6 LR sEm  5IER 4t
A BEAIZH KL UTP . SCr.BUN \TC . TG /K ¥ g 3
Fh 5 (P<0.01) , Alb 7K I 3 T B (P<0.01) ; 5B
b, HQS & ¥ 1 41 UTP /K - B 2 F % (P<
0.05), %% 4 2541 SCr . BUN TG /K F ¥4 A [A] 72 )&
T [ (P<0.05,P<0.01) ,HQS #% 5| & 40 TC /K i #
T B (P<0.01) , HQS f&1 7 & 4H A DL v0 30 2H 1 Alb
KB 2 TF(P<0.05,P<0.01). W1,
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Fig. 1 Effect of HQS on renal pathophysiologyy in DN rats (HE, x400)
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Fig. 2 Electrophoresis of PI3K /Akt /mTOR protein expression in
kidney
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IR DR N B2 A0 BTG T A O AR 0 A R B /N BR B U
BBz . DN 055 & 40 i B 25 2 Bl 728 £ 45 2 40 i e
Ko b Bz -] 78 R Ak (EMT) | 2 40 i B 25 oA
T R A TR 3 Y 2L B B R 7 R R
200 60 18] 3% 42 Bl 1 2 R A0 0 48 Bl ) 2 b R 2 G
PEAE HT, 4 F 38t % 2% BF 98 % W], Nephrin-Nephl-
Podocin 37 1K & & W) % - # 57 F2E F5 e 5 1 B/ Bk
Ve R EAY . WFSEUE I, DN (Y 28 LB I AR

x2 BEHMAXY DNARPBK/AK/MTORESEREARIEMNEM (x+s5,1=3)
Table 2 Effect of HQS on expression of PI3K/Akt/mTOR signaling pathway protein in DN rats (x+s,n=3)

215 /g ke p-PI3K/PI3K p-Akt/Akt p-mTOR/mTOR
EH A 0.58+0.06 0.38+0.01 0.56+0.10
IR 0.76+0.04" 0.69+0.14" 1.21+0.22"
JERIRIS:EE ] 0.027 0.67+0.06 0.44+0.01> 0.48+0.15>
HQS k7 = 41 0.54 0.61+0.06 0.29+0.02 0.67+0.10"
HQS & 7 4l 1.08 0.45+0.07" 0.36+0.02” 0.75+0.11%

B3 FHEAMAIT DN KRR Nephrin Rk # 00 (411, <400)
Fig.3 Effect of HQS on expression of Nephrin in DN rats (IHC, x400)

B4 FEHMAI DN KR Podocin Rk # M (frE411k ., x400)
Fig. 4 Effect of HQS on expression of Podocin in DN rats (IHC, x400)
<15 -
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£ 3 HQSXIDNKREHLH Nephrin,Podocin T iXHIE M (X+s,n=3)
Table 3 Effect of HQS on expression of Nephrin and Podocin in kidney tissues of D rats (x+s,n=3)
21 5] Fl /g kg Nephrin Podocin

1E 4 0.016 9+0.004 6 0.029 3+0.002 9

AR 2 0.000 30.000 1" 0.001 2+0.000 2"

[ENARUS: ik 0.027 0.002 1+0.001 5 0.016 7+0.003 0>

HQS {I% 51 & 41 0.54 0.002 9+0.001 9 0.011 4+0.001 5%

HQS = il i 41 1.08 0.005 70.001 7 0.017 8+0.001 9%

LC3I 19 kDa
LC3l 17 kDa
Pl - .-

[-actin S e S— i — ) ],

A B C D E
5 DNAKREHELLC3 Beclinl & HRXAEk
Fig. 5 Electrophoresis of LC3, Beclinl protein expression in

kidney of DN rats

#4 HQS3 DN X R 'EHLAH LC3, Beclinl EH R IE MM
(x+s,n=3)
Table 4 Effect of HQS on expression of LC3 and Beclinl in

kidney tissues of D rats (x+s,n=3)

20 51 Fld/g-kg'  LC3M/LC3 Beclinl/B-actin
% 4 0.563+0.105 0.710+0.089
AT 2] 0.320+0.075" 0.360+0.108"
JE Wb 3H 0.027 0.463+0.093 0.743+0.148%
HQS & 1 & 41 0.54 0.413+0.086 0.590+0.123%

HQS = 7 41 1.08 0.507+0.076> 1.130+0.106%

ST, KRR, e d s R Eos,
HQS A I b [ 4 & 4f i 3% % &b 1) Nephrin , Podocin
FEIR , DT -7 f2 20 B 1) ) % 422, B GBML, it — 20
P4 B /NER 3T 8 B s

A WF 5T B A0 A [ W ZE DN gl A
I DN AN A8 5 i i ', HARTLEBEN 452"
NSRS B Lk R AN A N N ER A A 1
F BB R 2SN Bk s O A G
B I RE e e 1y — SR E BB . S 41, PI3K/AKY
mTOR {5 53l &2 5 2 40 [ 0 17 1Y A 22 HL I
Z— o PI3K/Akti BHE N KA T 1 B 40 B B9 A7 05
ifii mTOR B ¥ iIF 3L 7E Akt A5 A9 41 i 77 106 v & 4% ¢
FEVE A A 52 1 22 20 0 2o R A R T 400 i
A E AR PR EEZEN . Z M BT,
PI3K # % fR L )5 , Akt 38 i B R 1k 1 384 7% , F imi
mTOR # B2 AL 0% mTOR & &y, #— L4 T
Ui 1) 00 PR 7 Ok B2 [ R O 5 DR A A Sk RN

. 16 .

PRV ARWRSE R, SRR AL LA, 4 HQS IR YT 1Y B
Y1, B A4 PI3K/AKt/mTOR 15 5 38 #% 1 2 15 W] i
TR, A WEbR &9 H LC3, Beclinl A9 2 ik B & 1
hin, W3 HQS 7] fig i 1 PI3K/Akt/mTOR {5 53 % 5k
LR Wi E NS ) 2 7 TRl = 0 N> R A o
R

DN Sy Hfv B 8 i TP R T AR v B
FC IS5 A IR KRR BL, 7f DN H & T /g 95 7 %
B 7K A R L DRI, DARN A L 3R B
Ak % 17 B 11 B 57 3k & BE I DN B G, A5 5K
WA BRAEILRIN, B Z AR, T
1ETE  HE AT 0 5 AR R G A &k % DN B H 1 5 1)
fig K i fg ' B AN 2R FE R HEM , FR AL,
HE A B RE PH AEE  HE RE A ORE  AAE, TR
B AL SR B Y - W L AT KT i, AT 0 R 3R
HH 5% 0 (9 4 U RE B0 DN Y 2R A DR IEAR . 3
B, =2 M, A AR S 0B I A
1B IR R A Z 8. AR, &t
HQS W+ iR I7 I . KA UTP B &0 > | B E
L5 T RE A B 0 o

Zr LIk, B OO e A S0 DN SE IR
TR NER U % DN B LSRG 3407, SiE 2% DN gk A
HHL AT 8 5 40 6 S 41 21 PI3K/Akt/mTOR {55 5 i
B FR I8 o 2 A1 B WE A OC .
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