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Role of PI3K/Akt signaling pathway in diabetic nephropathy and research progress
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Abstract: Diabetic nephropathy is a type of chronic kidney disease which caused by diabetes. It is clinically characterized by persistent
albuminuria or (and) progressive decline in glomerular filtration rate and one of the important causes of disability and death in diabetic
patients. Phosphatidyl inositol 3-kinase (PI3K)/protein kinase B (PKB/Akt) signaling pathway is a classic signaling pathway that
participates in cell proliferation, differentiation, apoptosis and other physiological activities in the human body. Nowadays, scholars
have carried out extensive research on the mechanism of diabetic nephropathy development and drug therapy, and found that PI3K/Akt
signaling pathway occupies an important position among them. The relationship between key targets of the PI3K/Akt signaling pathway
and diabetic nephropathy was briefly elaborated in this paper, so as to clarify the mechanism of action of the PI3K/Akt signaling
pathway in diabetic nephropathy. Traditional Chinese medicine that targets PI3K/Akt signaling pathway to treat diabetic nephropathy
was also systematically summarized to provide references for the treatment of diabetic nephropathy and further drug development.
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Fig. 1 Mechanism of PI3K/Akt signaling pathway in diabetic nephropathy
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Table 1 Research model and mechanism of Chinese medicine active ingredients in treatment of diabetic nephropathy by
targeting PI3K/Akt pathway

VEPERY GES R [/ (mgkg ™) IR SR
“hEHR OWEE FESR'E 5 SD KRR 5,10 20 RS PIBK/At JHRK, 28 AE RN 50
ASEH Ry #HH FHIRIF B SD KR 50 BIE AKUGSK-3B 3@, 1T 40 1 i 51

KRB/ R HBZY-1 402 — BT PI3K/AKt/Fox03, IS LI 52
WEHE iR AN HMC 41 — ] Ake (55 I0EE, Hh) R 53
FERRTE S BKS.Cg-DockTm'/" Le 254 1 ghkg ¥IN M) AkymTOR FI AkUNF-«B il#s, iRm0 54
prdb /INju /M ZAARHSE BN b A
FESRH s SD KRR 20, 40. 80 ik PBK/AktFoxOlL, 38l FoxO1 ik, $iEnE 38
T
TR whR KEUE 15 NRK-52E 4Hffy — 0% PTEN JH40 PBK/AKY/mTOR, ik A 55
TR ERE BRI R CSTBLIG /MR 15, 30, 60 BT PTEN JEH0%] PI3K/Akt, FHIRE IR ERATE 56
R LF4EAL
PRt W BB ICR /MR 40. 80 AL KR F-B1 (transforming growth factor-B1, 57
TGF-B1) /EAF LRI (integrin-linked kinase,
ILK) /Akti@Eg, Hib] Rl e
wEAE Bk NimmE/NVE b HK-2 4000 — % PI3K/AKt B, SR BRI S8
JEyET
K RE WK BRI CSTBL/KsT db/db /MR 154 30 W AKYGSK-3p i@, deEARM T SE NS 59
JideH®  EEEE BB CSTBL/KsI db/db /N 30 ik AKVGSK-3B Jdis, e R 60
ZINBETR EMIRZE KR A E GMCs 4851 — ] TGF-B1/PI3K/Akt, /D4R T 61
W% SD AR 50. 100, 200  #M#] TGE-pI/PI3K/Akt, /> LML 62-63
/NRE/INERAE BNCC 337685 41tk — k) PIBK/AKt/FoxO1 K, Htausr: 64
FEFRI B SD KRR 100 S PIBK/AKt iHK, e B ALK 65
B PRV WEPRI B SD KR 10, 40 k) PBK/AkYmTOR {5 5ilP7E M, SE BT 66
R RCEEE RUEm O Wi ILK/AK R, oSeb i O 5 8L RO 67
EFRI B3 SD KER 100 WO AKYGSK-3p JERE, b S EUL RS 68
TTER O ARER DNRRMMES-13 4l — S o R P R  frREnS — AT IR B IR RS 69
FGPE4, (reactive oxygen species, ROS) fIH4n,
D] PISK/AKt Bk, 40 R AAN g 4 A
AR Y AR
FOENEE B PRI B CSTBLI6 /M 2 (83K It AKYNF-«B 8BS, B35 40 58 AN 70
N ¥ BERZE BERAE Wistar KR 100 (BE3K) % AKUGSK-3p i8¢, S 54Tt ie 71
NE/NE [ HK-2 41 — Hit] AkvmTOR @R, HHIE/INE R AHLr4Ef 72
ELE IS REVE/IME I NRK-52E 41l — WG Akt (55188, LRI 73
H#EEEE R KER AR RMC 41 — i) AKUNF-xB JE#, FHIAINETE S KAE 74
JIE % MR EPRIR 3 Wistar KB 100, 150, 200 % AkYGSK-3p ik, meEdmpuET: 75
WEPRAE T SD KB 50, 100, 200 | PI3K/AkYmTOR 3@, H40i e s 76
LWR [ES FEIR K SD KR 300 ik PIBK/AkYmTOR i, iS40 H 77
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Table 2 Research model and mechanism of Chinese medicine extracts in treatment of diabetic nephropathy by targeting

PI3K/Akt pathway
T2 R B/ (mgkg -d) YEFIBLI SCHR

JREEEARY)  HEIRF S C57BL/b/db /MR 300 B0 PTEN ¥5 £ MG #05] PI3k/Akt @B 1I80E, Wk 78
R SR 7 A AN B AIG B I £ A R

AREEKSEY)  BEPRFE W SD KE 100. 400 ) e 5 B E AL PI3k/Ake FOFRHIER, 79
] A P O (R A B A T
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1t
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T 00 1) 2 B8 R o AR 5 B R AT 44K,
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SR CA K 5 H R K SR D R B 1) O
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(T BELEKT 7 AN TGF- 15 S8 SFH .
33 HHEFEFF

HAT, KEIH25E 5 il LI 22 45 301
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JRETT SR 1) 25 52 77 Sl FITE A8 IR s 5 0 Hh e o 1
FH B AL BIE FE 320 3, e HARSI) K AR F AL L
£ 3. WNEAYIMHRE KR, BRSNS,
FFSEE ALK, KIESEREL, ZHMZPE,
RERE R RAF MBI R, X IE 5 28 S 7% B I
SEVRMIARN . anbEREZ, AR N—DLEA L F
MR TT, TTREEHEE. 5. 'K, Rk
TE SRR, ANV, fRk. SEIEERG
K, PE5 . WIS MALRE, HLFZ520. Hong 25034
Xof FLHEAT 25 R 7T R AR B i T Ak b PR
PR R Zh ) AT B, S AR,

X B OGS PI3K/AKt 8 B 3E T B NF-«B p65
R IK T, ol B I S8 R A BT il A OG, HoA
BRI E TR o
4 HiES5RE

BT, EEXPHEIRIE BRI i, PIBK/Akt 5
S SIERRNS 5 LFRERE LS 2 WARE .
PI3K/Akt 15 Sl EKAE N AR N EE (S 55 %
1#, Z5ZMERES), BT TR RE A GRS |
IR I RN AN E W PSR T
FIM LA AN 05 2 P A G B 2 S50 PR 075 (1)
K&, PTEN. FOXOl. GSK-3B. mTOR %5 5ck40
MEAZSHHA, RS IR AR
s (B 1. SR, 5REAET TR e s — 30
&, BRI TR IR B0 T PI3K/Akt {5 = 8 B4 [ i
FOHHRE M AL, T I S 1208 B B e ATk
FEYT H MRS, X ] Be 5B AL BT K13
IR TY DL KW BRI 0 B AR AR OR0ST, ke, dEid
T I TTE PR B AR R RE SO AN e, AL
28 MLBE 5 B N 3%, TOVE R G WiZ M R 7R B TR
Wi RIS SRR, 5 HAMS 5@k aE BAEH
[FIREME DL R Ge iR o
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Table3 Research model and mechanism of Chinese medicine compounds and preparations in treatment of diabetic nephropathy by
targeting PI3K/Akt pathway

HiZ 75 Il A i) B (mgkg -d) TERIBL ik
HEASR RHEL HEL 2 FEVRE C57B/6 - 0.1, 0.5 s PB/AKL 8IS, RTAIIIET, JRlE— 83
MR A5 NF«B PAE—E M HIER, 25%
S R
2] HEREL, FFS, ST, FIRE, KK-Ay /MR 2. 4.8 B PI3K/AKYNF-«B JBEEANHI R AE K& 84
IE
HE P PR KR, IDZEBE, Bt BEPRER Wistar 0525, 2.1 S PI3K/AKt SR, AR T 85
MR R PR PN
TRE WL W F15. %2 T, KK-Ay /MR 0.75 PEMR ROS K3k, FRlE—D#0EH ROS #IIfT 86
MEFW. TF. KE PI3K/Akt 15 53K, cic A - SR
L) F3Er Il TS, H OFREER GK KR 39 BT PTEN JH40%] TGF-p MTidiid] PI3k/Akt 87
AR bt e NG DIREN® A e it
&, MREAR
WK WS, PR, RIEK, 4. BB CS7TBL/ 012, 0364 1.08 A% IRSI/PBK/GLUT {5 58K, sl 88
HURT HE, db/db /MR
TR R M. BEES. 2USE. LSRR, BEERIG'ER CSTBL/ 337 WS PBK/AKt fE 518, deENUARIRE R 89
AKIE, Koe, ARG db/db /ML Heht, P K
AR MR FEIRAER SD KR 1L 2 k] Ak/mTOR/P70 #2¥EfRTEE S6 WEHES 90
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with pharmacological activity of protecting patients with

diabetic nephropathy
ThaeZn T2 A B0y
*hREZ ANZEI S (NSRBI Rg). HK (K

B, LT GrEURED. HEFf
(FAEF R AR (UFERE). HHE
€:3:'CYD)

R4 FEE (PERFD . 3IE ONEERD . BIR%E
AT, &2 CGEZHD. 0%
(FOEABR. RE CREZO. 1t
€:3:'CYD)

1LY AKKET OKKEIRD JTRE TREF.
NE QUSB. £3] (EHE). KRR
€:3:'CYD)

i 2l AT (FHRTFE

52 Kig CREERD

T2 #r (AEED

BRI EARK GRIWD

tgribinzy =t (=-L2EF RD
MRpz (B R H)

(Y]

BB, BOMERE0T F— AR, WEFEAT
TEERI A, X 0] R S8 A BT s F (R s s 2
Fh2E. PIREANE DL A SR I 25 A 4R 2557
BAFEM. A, BRI 2 DR — R ek
U DR B R AT BR 1 R K A S 3 A IE A W
B AR RGN B S B AT, B R
MM EAER, XK 2 AR 5T H 75 2 a5 A 1 ]
o AT EINAE, CLHATHIB AT R E, 8
It PI3K/AKt {55 38 67 B bR 975 B 1) o 24 i 2
LKL, KIS S 250 [F R RE B 17T PI3K/Akt
GO B ETE S SR BRI RO, 454 PIBKY
Akt {55 38 I 5 PO PR PR B8 R AR R Hp
ER, $7R8 PIBK/Akt {5 5 38 B B VR REBSVE i IR
99 B IRTRTT 2R ) H AR, 2B 2% 5 2 BH IS R
B R R, T RERSIE T PISK/Akt 15 5@ % R AFEAE
FH T H 25 B B A R 0 B 2 R R 7
], AWK FENE. [, 6K s penss
L PBK/Akt 5 S IEEEAE AT T m, el
HERG G IR R, IRBE IR R

22 LR, PI3K/Akt (2 58 SR IEITHEIR
o3 B 998 1) — IO 7 FLAR LI A s S n %, %)
HHZj ) PISK/AKt I8 ESIEITHE PRI B R T 5 N
RGMWWE, BT RE B0 s 5 s T 4
R, MIGRAZHES —EMiE S, AAE
FLHYImPR R o ASCER X R 2385 PI3BK/AKt %76
ST W PRI B R FLEAT T RAMILRR, AN
PRI B I (R 25 0 Fed i — 0 S B AR 3E

RBFR AR ENRAEEA R TR

SE R

[1] GBD Causes of Death Collaborators. Global, regional, and
national age-sex-specific mortality for 282 causes of death
in 195 countries and territories, 1980-2017: A systematic
analysis for the Global Burden of Disease Study 2017 [J].
Lancet, 2018, 392(10159): 1736-1788.

[2] Thomas B. The global burden of diabetic kidney disease:
Time trends and gender gaps [J]. Curr Diab Rep, 2019,
19(4): 18.

[3] National Kidney Foundation. KDOQI clinical practice
guideline for diabetes and CKD: 2012 update [J]. Am J
Kidney Dis, 2012, 60(5): 850-886.

[4] Liang S, Cai GY, Chen X M. Clinical and pathological
factors associated with progression of diabetic nephropathy
[1]. Nephrology, 2017, 22(Suppl 4): 14-19.

[5] XI55, AP PRI B I R A R SEBLRI BT FERE R[],
R B ATE 7T LT 248, 2013, 2(4): 197-200.

[6] ZFKk, s, ve—, 5. B B0 A LT 7L
HER (1], WEPR'E A 44 &, 2019, 19(11): 860-864.

[7] WangT, Gao, Wang X, et al. Calpain-10 drives podocyte
apoptosis and renal injury in diabetic nephropathy [J].
Diabetes Metab Syndr Obes, 2019, 12: 1811-1820.

[8] AR, MR, E¥EH, 5. BRI HE R E R
HIRB LR [J]. REAIRIKARE, 2017, 29(2): 285-
288.

[9] Al Dhaybi O, Bakris G L. Non-steroidal mineralocorticoid
antagonists: Prospects for renoprotection in diabetic
kidney disease [J]. Diabetes Obes Metab, 2020, 22: 69-76.

[10] 7255, H#. WPV B T IR TT I FE Rt ).
HJi BT 5 2405 25, 2019, 19(98): 135-136.

[11] Chen X, Chen Q, Wang L, et al. Ghrelin induces cell
migration through GHSR1a-mediated PI3K/Akt/ENOS/
NO signaling pathway in endothelial progenitor cells [J].
Metabolism, 2013, 62(5): 743-752.

[12] ¥ou%y, Rk, FHEZR, 45 3T PI3K/AKt 5 5 i@
PRZR U ILA% KT 28936 77 W8 PR 9 R4 P AL



¢EH 202167 £52% B 128 Chinese Traditional and Herbal Drugs 2021 June Vol. 52 No. 12

= 3713

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[J]. RERFIEEZY, 2018, 11(8): 1196-1203.

SEERY, FERTE, XEERE. 8 SRR PR R R
S, PI3K/Akt JEER MR SCIR T 7T (1], PU)ITHER, 2016,
34(1): 48-51.

B 95 . Ao 2% o 24 o W R ' s KR P DR 4 Y B
X A28 PIBK/AKt {5 5 1% S BRI SR AT 7T [D].
A FAEEFRR, 2018.

T, BERE, BREZE. LREORX 2 BUR R KRS
FF AL R A5 5 A0 PISK/AKt 155 @R (540 [J].
[E &S, 2020, 40(4): 831-834.

PhoE, G, 080, . OB ROR B DR R ERE S T
JE M S ME BB SR (D). W R B B A L 2020,
20(9): 757-760.

MR, BAHEE. BERRE R ST PIBK/AKt {55155
WL [A] 7/ 2016 A E R AED S 0
FHEMZEZWILE [Cl MM FEAEMES S
T 25, 2016: 237-243.

TREFe. PI3K/AKt 3 EEAEHE BRI ' 2 20 0 453 13+
fER [D]. AZHE: WALERIR, 2012,

Xue M, Cheng Y, Han F, et al. Triptolide attenuates renal
tubular epithelial-mesenchymal transition via the MiR-
188-5p-mediated PI3K/AKT pathway in diabetic kidney
disease [J]. Int J Biol Sci, 2018, 14(11): 1545-1557.
LM, e, 20, 55 FHLE ki PI3K-Akt-
mTOR J& ¥ D5 Bl PRI B0 B s (0], He P RHCR
e AR, 2017, 46(4): 466-470.

IR, JTUME, AR, S LEH LR AR
R BB OR PR LIRS [J]. h 25 25 B Sk K,
2019, 35(3): 127-133.

fTRESS, T, EmeS, 4. E T PIBK/Akt/mTOR H
Wt A5 5 3 R T 9 7 A TR 22 T v X PR Y A L U
BOTIERIERT [J]. HREZ527, 2020, 18(6): 905-909.
Piao Y L, Yin D H. Mechanism underlying treatment of
diabetic kidney disease using Traditional Chinese
Medicine based on theory of Yin and Yang balance [J].
Chung I Tsa Chih Ying Wen Pan, 2018, 38(5): 797-802.
Wasik A A, Lehtonen S. Glucose transporters in diabetic
kidney disease-friends or foes? [J]. Front Endocrinol,
2018, 9: 155.

RENG, RIAN, ZRR, 55 PIBK/AKT {5 5@ % 55 5k
PRIGHIWEFLRERE (0], AR AL BOR— B 25 AL,
2019, 21(6): 1264-1269.

EREE, PR, G, PG RE EO R AR K B
JFHZY IRS-2-PI3K {5 Tl IIER [J]. Rz
22,2013, 31(11): 2450-2452.

SV PN RS A2 AR XZS g N T e

(28]

[29]

[30]

(31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

SR B 22 IR F LY (1], e
2452491, 2015, 33(3): 630-632.

Hu X, Wang S, Xu J, et al. Triterpenoid saponins from
Stauntonia chinensis ameliorate insulin resistance via the
AMP-activated protein kinase and IR/IRS-1/PI3K/Akt
pathways in insulin-resistant HepG2 cells [J]. Int J Mol Sci,
2014, 15(6): 10446-10458.

Brucka A, Szylto K. Immunoexpression of the PTEN
protein and matrix metalloproteinase-2 in endometrial
cysts, endometrioid and clear cell ovarian cancer [J].
Ginekologia Polska, 2013, 84(5): 344-351.

Myers A P. New strategies in endometrial cancer: Targeting
the PI3K/mTOR pathway: The devil is in the details [J].
Clin Cancer Res, 2013, 19(19): 5264-5274.

T, BT, VM, S SRR /NBERRO R R KR
B I J5 2 4 A 5 A T Kk PTEN/PIBK/AKT A5 538
BEEZR [J]. 3T ER 2GR AR AR, 2020, 22(3): 26-30.
TR P2, (IR, Bbk, %5 PTEN fERE R B 3 2
AR EIE R (0] PR S5 SCi B 22878, 2014,
30(12): 1375-1378.

JEREH, ZFEZE, BBET, 5. GSK-3p fil 7 b R
B KR BE RS (0] PR FEERS S E RS,
2017, 18(11): 950-952.

Liu E J, Xie A J, Zhou Q Z, et al. GSK-3p deletion in
dentate gyrus excitatory neuron impairs synaptic plasticity
and memory [J]. Sci Rep, 2017, 7(1): 1-11.

Wang P, Zhou S J, Ge Y, et al. Valproate hampers podocyte
acquisition of immune phenotypes via intercepting the
GSK3p facilitated NF-«B activation [J]. Oncotarget, 2017,
8(51): 88332-88344.

Culbreth M, Aschner M. GSK-3p, a double-edged sword
in Nrf2 regulation: Implications for neurological dysfunction
and disease [J]. F1000Res, 2018, 7: 1043.

Liu J X, Feng X J, Tian Y, et al. Knockdown of TRIM27
expression suppresses the dysfunction of mesangial cells
in lupus nephritis by FoxO1 pathway [J]. J Cell Physiol,
2019, 234(7): 11555-11566.

are], BEME, PRiET, &5 MR 2 BOBE IR
B K BB 4140 PIBK/AkUFoxO1 5 5 JFE I [J].
Fp S8 7 R 2 K, 2019, 25(2): 74-81.

Guo F, Wang Q Z, Zhou Y N, et al. Lentiviral vector-
mediated FoxO1l overexpression inhibits extracellular
matrix protein secretion under high glucose conditions in
mesangial cells [J]. J Cell Biochem, 2016, 117(1): 74-83.
FE, RIFVZR, 2/K, S5 EARZEG N 2 TR R
TR R B S 4 TRS-2/PT3K-Akt SBEK (K52 [1].



3714«

¢EH 202167 £52% B 128 Chinese Traditional and Herbal Drugs 2021 June Vol. 52 No. 12

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49] #t

[50]

[51]

[52]

[53]

Rk, 2018, 59(11): 973-977.

AR, FIR &K B E 4 FoxO1 Rkt 2 AUHk
PRI K BB AR 105 RO RE 7E (D). AR - i BE R K2,
2017.

#KiF. mTORC1/2 7£'H I 15 AL 4 0F 5ot
[7]. EFRIR RG24 &, 2018, 38(6): 1046-1049.

Xu Y, Liu L, Xin W, et al. The renoprotective role of
autophagy activation in proximal tubular epithelial cells in
diabetic nephropathy [J]. J Diabetes Complications, 2015,
29(8): 976-983.

Lu Q, Zhou Y X, Hao M, et al. The mTOR promotes
oxidative stress-induced apoptosis of mesangial cells in
diabetic nephropathy [J]. Mol Cell Endocrinol, 2018, 473:
31-43.

You Y K, Huang X R, Chen HYY, et al. C-reactive protein
promotes diabetic kidney disease in db/db mice via the
CD32b-Smad3-mTOR signaling pathway [J].
2016, 6: 26740.

Salminen A, Kaarniranta K. Insulin/IGF-1 paradox of
aging: Regulation via AKT/IKK/NF-kappaB signaling [J].
Cell Signal, 2010, 22(4): 573-577.

Meng X M. Inflammatory mediators and renal fibrosis [J].
Adv Exp Med Biol, 2019, 1165: 381-406.

R TE, BrsEl, FvEE, 55, EETIRRIEIE AKT/NF-«B
55 I B A O SR PR s T AL A IR T (0], K
RN ELA &, 2020, 34(10): 70-74.

e, BB, kT, S 2 RERE R T KRy
PI3K/AKt/NF-kB {5 5 18 H10f1] KK-Ay /> USRI
RIE [J]. Z4WPEMATA, 2017, 40(10): 1389-1396.
Huang G D, Lv J, Li TY, et al. Notoginsenoside R1
with diabetic

Sci Rep,

ameliorates podocyte injury in rats
nephropathy by activating the PI3K/Akt signaling pathway
[1]. Int J Mol Med, 2016, 38(4): 1179-1189.

Shi Y M, Gao Y B, Wang T, er al. Ginsenoside Rgl
alleviates podocyte EMT passage by regulating
AKT/GSK3 fB/B-catenin pathway by restoring autophagic
activity [J]. Evid Based Complement Alternat Med, 2020,
2020: 1903627.

X, Bk, Bk FASET Ry 1 @
PI3K/AKT/FOXO3 L%fﬁﬁ’im%ﬁﬁ?%ﬂﬁ”X/J\Iﬂ%/%ﬂ%éﬂsl
M AL BB R B[], e 2E 4 3, 2020, 36(4): 285-
291.

SunL, Li W, Li W, et al. Astragaloside IV prevents damage
to human mesangial cells through the inhibition of the
NADPH oxidase/ROS/Akt/NF-kB pathway under high

glucose conditions [J]. Int J Mol Med, 2014, 34(1): 167-

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65] 4

176.

Sun H, Wang W, Han P, et al. Astragaloside IV ameliorates
renal injury in db/db mice [J]. Sci Rep, 2016, 6: 32545.
Chen J, Cui Y, Zhang N, et al. Oleanolic acid attenuated
diabetic mesangial cell injury by activation of autophagy
via miRNA-142-5p/PTEN signaling [J]. Cyfotechnology,
2019, 71(5): 925-933.

Song Y'Y, Liu W, Tang K, et al. Mangiferin alleviates renal
interstitial fibrosis in streptozotocin-induced diabetic mice
through regulating the PTEN/PI3K/Akt signaling pathway
[J]. J Diabetes Res, 2020, 2020: 9481720.

Zhang Y H, Wang B, Guo F, et al. Involvement of the
TGFB1-ILK-Akt signaling pathway in the effects of
hesperidin in type 2 diabetic nephropathy [J]. Biomed
Pharmacother, 2018, 105: 766-772.

Chen F, Sun Z Q, Zhu X G, et al. Astilbin inhibits high
glucose-induced autophagy and apoptosis through the
PI3K/Akt pathway in human proximal tubular epithelial
cells [J]. Biomed Pharmacother, 2018, 106: 1175-1181.
Liu Y, Ye J, Cao Y, et al. Silibinin ameliorates diabetic
nephropathy via improving diabetic condition in the mice
[J]. Eur J Pharmacol, 2019, 845: 24-31.

Zhang Z, Li BY, Li X L, et al. Proteomic analysis of
kidney and protective effects of grape seed procyanidin B2
in db/db mice indicate MFG-ES8 as a key molecule in the
development of diabetic nephropathy [J]. Biochim Biophys
Acta, 2013, 1832(6): 805-816.

Wang Y Y, Tang L Q, Wei W. Berberine attenuates
podocytes injury caused by exosomes derived from high
glucose-induced mesangial through TGF1-
PI3K/Akt pathway [J]. Eur J Pharmacol, 2018, 824: 185-
192.

Ni W J, Zhou H, Ding H H, et al. Berberine ameliorates

cells

renal impairment and inhibits podocyte dysfunction by
targeting the phosphatidylinositol 3-kinase-protein kinase
B pathway in diabetic rats [J]. J Diabetes Investig, 2020,
11(2): 297-306.

TR NBEBIOCTHE BRI R SRR B R 4 K
XTALZRNE PIBK/Akt JEERAGFZNT [D]. AL ZRIEF}
K2, 2016.

XA, EEME, WS, % NEERE T PI3K/
AKT/FOXO1/Bim {5 5 JH B 25038 bl 175 5 ) A2 A 454
5 [J]. P EZGHELAE], 2020, 36(3): 329-334.

PNIAZR, S, T, S5 /DNEERGEIS PI3K/Akt JH % if
FRKGHEIE 8 -1 FRIE DG E R K B DRE (J]. A

2L L+

2202019, 42(6): 561-564.



¢EH 202167 £52% B 128 Chinese Traditional and Herbal Drugs 2021 June Vol. 52 No. 12

* 3715

[66]

[67]

[68]

(69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

BRAEME. ¥ S H0ET PIBK/AKT/mTOR 554 S il
Z 5HE R KRG Dh R4 0 KL B 7T [D]. i fH -
FatER%, 2019.

Lu H, Li Y, Zhang T, et al. Salidroside reduces high-
glucose-induced podocyte apoptosis and oxidative stress
via upregulating heme oxygenase-1 (HO-1) expression [J].
Med Sci Monit, 2017, 23: 4067-4076.

FMEUR, B, ZEFE, & RRERE R B
KAV IT VR R HHLHHR D (0] LR B2, 2017,
57(10): 34-36.

Jeong S I, Kim S J, Kwon T H, ef al. Schizandrin prevents
damage of murine mesangial cells via blocking NADPH
oxidase-induced ROS signaling in high glucose [J]. Food
Chem Toxicol, 2012, 50(3/4): 1045-1053.

Ji X, Li C, Ou Y, et al. Andrographolide ameliorates
diabetic nephropathy by attenuating hyperglycemia-
mediated renal oxidative stress and inflammation via
Akt/NF-kB pathway [J]. Mol Cell Endocrinol, 2016, 437:
268-279.

Jing D Q, Bai H, Yin S N. Renoprotective effects of emodin
against diabetic nephropathy in rat models are mediated via
PI3K/Akt/GSK-3f and Bax/caspase-3 signaling pathways
[J]. Exp Ther Med, 2017, 14(5): 5163-5169.

$257, T, A, & KSR Ak/mTOR JE#
PUE/INE B AR A A RO A T (0], 20,
2018, 21(10): 1707-1711.

Tong Y, Chuan J, Bai L, et al. The protective effect of
shikonin on renal tubular epithelial cell injury induced by
high glucose [J]. Biomed Pharmacother, 2018, 98: 701-
708.

Xu F, Wang Y, Cui W, et al. Resveratrol prevention of
diabetic nephropathy is associated with the suppression of
renal inflammation and mesangial cell proliferation:
Possible roles of Akt/NF-kB pathway [J]. Int J Endocrinol,
2014, 2014: 289327.

PG, BRi, Bk, 55 SRS H PI3BK/AKY
mTOR I8 #4175 T [ W S50 W PRI B K SR (0],
FEEEEZ, 2019, 47(4): 395-400.

Rai U, Kosuru R, Prakash S, et al. Tetramethylpyrazine
alleviates diabetic nephropathy through the activation of
Akt signalling pathway in rats [J]. Eur J Pharmacol, 2019,
865: 172763.

Tu Q, Li Y, Jin J, et al. Curcumin alleviates diabetic
nephropathy via inhibiting podocyte mesenchymal
transdifferentiation and inducing autophagy in rats and
MPCS5 cells [J]. Pharm Biol, 2019, 57(1): 778-786.

(78]

[79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

Yu S, Zhao H, Yang W, et al. The alcohol extract of
Coreopsis tinctoria nutt ameliorates diabetes and diabetic
nephropathy in db/db mice through miR-192/miR-200b
and PTEN/Akt and ZEB2/ECM pathways [J]. Biomed Res
Int, 2019, 2019: 5280514.

Wang S C, Lee S F, Wang C J, et al. Aqueous extract from
Hibiscus sabdariffa Linnaeus ameliorate diabetic nephropathy
via regulating oxidative status and Akt/Bad/14-3-3y in an
experimental animal model [J]. Evid Based Complement
Alternat Med, 2011, 2011: 938126.

LuQ, Zuo W Z, Ji X ], et al. Ethanolic Ginkgo biloba leaf
extract prevents renal fibrosis through Akt/mTOR signaling in
diabetic nephropathy [J]. Phytomedicine, 2015, 22(12):
1071-1078.

LiJ, Lee Y S, Choi J S, et al. Roasted licorice extracts
dampen high glucose-induced mesangial hyperplasia and
matrix deposition through blocking Akt activation and
TGF-beta signaling [J]. Phytomedicine, 2010, 17(10): 800-
810.

Ying C, Mao Y, Chen L, et al. Bamboo leaf extract
ameliorates diabetic nephropathy through activating the
AKT signaling pathway in rats [J]. Int J Biol Macromol,
2017, 105(pt 3): 1587-1594.

Meng X, Ma J, Kang S Y, et al. Jowiseungki decoction
affects diabetic nephropathy in mice through renal injury
inhibition as evidenced by network pharmacology and gut
microbiota analyses [J]. Chin Med, 2020, 15: 24.

Hong J N, Li W W, Wang L L, ef al. Jiangtang decoction
ameliorate diabetic nephropathy through the regulation of
PI3K/Akt-mediated NF-kB pathways in KK-Ay mice [J].
Chin Med, 2017, 12: 13.

FRE, g, wIF, FOPEE R E R
SOEHMIE T & PI3BK/AKT {5 Sl rasem 1], 5
Bl AR EZ IR, 2019, 21(9): 1909-1916.

Cui F Q, Wang Y F, Gao Y B, er al. Effects of BSF on
podocyte apoptosis via regulating the ROS-mediated
PI3K/AKT pathway in DN [J]. J Diabetes Res,2019,2019:
9512406.

Huang W J, Fu Q, Xiao Y H, et al. Effect of qufengtongluo
decoction on PI3K/Akt signaling pathway in the kidney of
type 2 diabetes mellitus rat (GK rat) with diabetic
nephropathy [J]. Evid Based Complement Alternat Med,
2018,2018: 8421979.

Chen X, Wang H, Jiang M, et al. Huangqi (4stragalus)
decoction ameliorates diabetic nephropathy via IRS1-
PI3K-GLUT signaling pathway [J]. Am J Transl Res, 2018,



« 3716«

¢EH 202167 £52% B 128 Chinese Traditional and Herbal Drugs 2021 June Vol. 52 No. 12

(89]

[90]

[91]

10(8): 2491-2501.

Gao X, Liu H, An Z, et al. QiDiTangShen granules reduced
diabetic kidney injury by regulating the phosphorylation
balance of the tyrosine and serine residues of insulin
receptor substrate 1 [J]. Evid Based Complement Alternat
Med, 2018, 2018: 2503849.

Wu W, Hu W, Han W B, Inhibition of
Akt/mTOR/p70S6K signaling activity with Huangkui

et al.

capsule alleviates the early glomerular pathological
changes in diabetic nephropathy [J]. Front Pharmacol,
2018, 9: 443.

Zhang L, Yang Z R, Zhao Y D, et al. Renoprotective effects
of Gushen Jiedu capsule on diabetic nephropathy in rats
[J]. Sci Rep, 2020, 10(1): 2040.

[92]

[93]

[94]

[95]

[96]

X, T PI3K/mTOR 3B FHF 723 0485t STZ $EFRIR K
RUFMERIARIER D] 881 FdNERIRE, 2018.
FEE, fkT. PR E PR E T PBK/AKYmTOR Fl
LKBI/AMPK/Sirt] {5 5% iR B K Rl
FHRFSE (0], HedrEziZei, 2018, 33(5): 1853-1857.
ATHE, A4, E3E, & TSRS RR S
9% KR ML SREBP-1c. SREBP-2¢ 7K1 & B 4141 IRS-
1. PI3K. podocin. CD2AP FEHKIELM [J]. HHZ
FLSIRER, 2017, 33(5): 140-143.
A PI3BK/AKt Fll Wt 155 20 7E 5 FRI B9 K
FIERREF [D]. SFH: SENERIKE, 2011.
2N, IR, I, % BREIIE BT IRTT &N
FRIVE B 93 of ¢ i BRl -1 BN A% 40 B PI3K-Aket 388 2% [ 5%
W [J]. SepEEaeak, 2018, 34(8): 683-689.

[T EHm]



