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5 (CKD) . KZH=3 N, DKD & Ll 55 A 25 L 40 I I8 A8 S 07 PR BT o0 I 38 4 1 e s 35 L B S il 1k
PAR R A . BUCHFSE & B, i 7L 3h 475 1085 R 0 1 (mTOR) AH 5 (5 538 5 78 DKD Hl 25 JCSEAE T, 7T DA 415 5 /b ek
JEARERAS, 2 5 DKD 4 1 W B 2R 4E AL AR I IR A ZE L S S A B 2 AR YT DKD R BT A ROk B
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rf 24 55 7 i AE 5 B B TR DKD AR BUR AR R 22554, DU R o S 24 16 PR YA YT DKD 4 A Lg% 5 07 =X

[REER] BRI EW; WL EMERLESD (mTOR); T2; F5iE,; &Lk

[FESZEE] R2-0;R33;R587.1;R692;G353.11 [ZEkFRIREE] A [XEHES] 1005-9903(2023)22-0223-08

[doi] 10.13422/j.cnki.syfjx.20231242 [Hgom AR B E] AR hitp: //www.syfjxzz.com B¥, http : //cnki.net

[P H bk ]  https://link.cnki.net/urlid/11.3495.R.20230907.1205.003

[M&HRBEE] 2023-09-07 16:53:19

Traditional Chinese Medicine Targets mTOR Signaling Pathway for Treatment of
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[Abstract] Diabetic kidney disease (DKD), a chronic kidney disease with unique pathological structural
and functional alterations in the kidney, is a common complication of diabetes mellitus (DM ). The majority of
researchers believe that the occurrence of this disease is associated with glucose metabolism disorders, oxidative
stress, inflammation, endoplasmic reticulum stress, autophagy, and disorders of lipid metabolism and exosome
release. The mammalian target of rapamycin (mTOR) signaling pathway, which can maintain glomerular
podocyte homeostasis and participate in autophagy, renal fibrosis, oxidative stress, lipid metabolism disorders,
and inflammatory response in DKD, has been discovered to play a key role in DKD. Therefore, it has emerged
as a novel target for the treatment of DKD. Studies have demonstrated that traditional Chinese medicine can
prevent the renal damage in DKD by regulating the mTOR signaling pathway to delay the disease progression
and improve the prognosis and the quality of life of the patients. This article summarizes the structure and role of
the mTOR signaling pathway in DKD and briefs the research progress in the prevention and treatment of DKD
via this signaling pathway by the active components, extracts, and compound prescriptions of Chinese

medicines, aiming to present new ideas and approaches for the clinical treatment of DKD with traditional
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i R 96 ' 5 (DKD) J2 e 5 UL (% 8 R 95 (DMD) Jf:
RAE Z— , St S0 P 48 M 1 E S (CK D) FZe K
W1'E RS (ESRD) 1) £ 245 K. DKD & # H LA =
WEIRBE5 T, 5l KA QI 25 0L, 5 350 2 2 2R
PEOCAE B R A LR B BG E BRI B R R
Kimmelstiel-Wilson %5 77, ¢ — 25 H 30 /N 3k 6 4 .
B /NG ) 4T 4 Ak A DI, DKD RS AR A 45 15 /D
B U8 b AN [ AR EE O B R AT R D R T
RN I ESRD. HAif , DKD B34 77 J5 ) L) 3 % 2
T 7 20l nE s PR s A 2
HAR A M6 IT 1 X RE D 4% DKD A8 i R AE R L 2%
e 5 1 L ARAT A7 A6 5 12 M B 32 0 (CRF) O I 8 35
H(CVE) kAR KB . UL, 75 2830 Ul b T f#% DKD
AH O AT T MU, T 38B0 1R 97 W, LUAS Bl I 22 92 9
HEJ 55 AR AR G AU o

Hh = 24 60 I S 1R 9T LA SRR L B,
B 22 WE ST R B v B2 R0 52 T R A B £ Fib
B4 e B3 2 5 DKD (985S A8 T B
b BL A AE BT LT HE AL R LR B0 I A1 1 A G 3 ok
SEELEE IR B B IR RO BRI Y & B, WL sh
A R (1 (mTOR)E Jy — Fh il it A= K AR
5 AR AE R R, A T 5 i A DG [ R 4%
H LA B . mTOR G [ B8 06 48 457 5 /N ER 2 41 i
&, 5B H8 R B AT RT ., RHR A
B, mTOR i [ 7 DKD 5 if e v i 31| 5 224 3 4E
FH L0 A W 2R Al AU L S R AT
I, SCEZEIAR T mTOR 5 5 3 % 19 25 14 J2 7 DKD
B9 AR FAAL 38 o 20 o 25 K iR 2 5 5
F mTOR i % 7£ DKD H % £E H #8 55, L o DKD
TR TT B AL 7 0] B SR
1 mTORZH 5@ KHE

1994 4F 78 K B2 M b % B9 mTOR J2 4 ff A=
FEAEA T A ARG 3 R TR Y O g A
T, JE T 0 e Ik AL 3-3 A (PI3K) AH OC 2R 11 %
%', mTOR 1 mTOR & & # 1 (mTORC1) Al
mTORC2 M F £ A5 5 W4 il . mTORC1 # iR
bR Ui EC A B IR 4R X 7 4E 45 & 2 11 (4E-BP1) Al
p70 A% 1A 2 11 S6 ¥ i (p70S6K)'™™' . mTORC2 1
T R R R4EE AR (AGC) & 1 ¥
R
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1.1 mTOR 1Y B (5 Sl g PI3K/ZE H G
B(Akt)/mTOR# . PI3K %1k B i BEALEZ-3, 4,
5- =W R (PIP3) . PIP3 {87l 3-Ml i UL M2 % 5t 184 it 1
(PDK1) il mTORC2 B i fk Akt ™', Aktfl TSC2 %%
G, A iF i Ras [A] J& & 1 (Rheb) & (1 5§ ¥ 06
mTORC1, Akt it i i B B2 1k fiff = IR & & 5 1 40
(PRAS40) 7%k mTORC1"*"7,

Zim Ak 2 A& A (TSC)/mTOR i % .
TSC & /1 TSC1,TSC2 #l TBC1 45 ¥4 3 5 it i b1 7
(TBC1D7) 41 A 11 5 5 = 44, 2 2 (1 Rheb (1934
WM, B35 mTORCI 454 - L,

Ji% 2 3% AL 25 (A P (AMPK)/mTOR i # .
AMPK A DL # B8 Ak I 300E TSC2, #1 ] mTORC1 1Y
TGPk . AMPK W Al 3 oo 58 5 4% 8% R /£ mTORC1
5 M 19 Raptor 45 #4 2 11, 38 i A% A4 B0 S 3L
mTORC 1 G TR
1.2 mTOR F W Fi#fF 5 B+ mTORCI i i
WK T I 9 4E-BP1 FIl p70S6K 7 ) 4% B 14 55 (1 S6
P 1 (S6K 1) e #F 8 11 5T & B> . 4E-BP1 B K
W B 4R [N T 4E(eIF4E) , {2 #F 4 11 54 hl 40 i
WG DY S6K 1 B R 1k 40S A% B K B 11 S6.(40S
RPS6) 1] LB 3 mRNA WAL B, 2 5 & A A W,
20 A R AR AR
2 mTOR% 5 DKD &fF it 2

B IN A A0 i R 8] T A ZF 4 40 B h mTOR {5
SRR G R, & S 8O NER ALK | a) A 4 1R
Mo FIEWFIEER, YU N % R -424(miR-424)
R, T3 A Akt B 7E DKD K B 80 ] Rictor
/K, 38 it mTORC2/Akt il [ 2% it DKD K RS AL
R R
2.1 mTOR 2 5 DKD H W [ W& —Fh 45 35 40 i
RS A R R i o B, 9 22 R R I3 IR B (INK-
1) %555 8 L 8 o 5 R 1k B 40 a4k 0 9% -2 (Bel-2)
i il 1 W AR G 2 1 Beclin-1( Atg6) /B R JUL I 3-354 il
(Vps34)JE BUAF AR o S A OG B 1 1 484 3(LC3)
A WA BT B A WA . AR S R R A
T TV A TR K A R AR A S Y. AW B
2 DKD B 2 , e 5 2 15 2 200 0 0 AR R A 1 G
SRR 38 b T R ) R A a2 i DD Rk 2R
724 (AGEs) B fif | 24 F5 41 B A 7 AR s
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mTOR 38 &3 FH W7 15 W 385 776 AH OC JE PRl
mTORC1 7P 5 [ W&, # 6 [ W UNC-51 # 34 i
(ULK) 1/2  Atg13 58 1% 1 , {2 F 1 W e 46 A [ i/
R 52 ULK 2 4 YE B . mTORCL & AJ
LB R 46 JF BH 1E %% 5% N 7 EB (TFEB) I 4% 5 7,
TFEB J& ¥ B & A1 A w3 I 6 0k 9 5= 2 9% 1
SRR

R S 3 mTOR 3 [ (1% 5 229 Jiit , = Bl
1 AMPK K30 PI3K/Akt {5 5, /% mTORC1
BT 28 S6K 1/2 F1 4E-BP1 B IR Ak , 31 B /N BRI
N E L 7 X DKD K B FH T R AR ) 1
£ ik (Elabela) 5 & B , 38 i % PI3K/Akt/mTOR &
A ULK LB R £k, 400 il 2 40 M 1w 75 3R f
Al LIRS DKD K BUHE R &3k, 7T fE 5 U AMPK/
mTOR/ULK 1 i #% , 3 il DKD K B 40 M [ W /M A
M8 A L5, mTOR {5 5 38 #% /v 5 DKD H 13
QUL 1
2.2 mTORZ Y5 DKD B [H] Fi£F 4 {5 [a] ot £F 4k
b (RIF) /2 5 8 DKD 1Y 3= 205 # [H 2 , DKD 41 ifg
AR VB NE -] BT AL (EMT) AR 8
HEE SN S A A A B A1 BT A 1 (BECM) 3k 15
5| B /NER B AL A RIFY . WA % R (SRL)E b —
Fr 2 A mTOR 404 7] , G 9l 52 55 2F 4 1k L 2 [l
i 4 9 . mTOR 7 DKD [y RIF H 42 3 56 5 F
o LU & Bt & 3% M A (ROS) B R i fb A K
K-, (TGF-B,) KL, 3 EMT & 4 | X & il
if TGF- B,/PI3K/Akt/mTOR 1E #% # % 51 & 19 .
mTOR {5 53 & A 5 DKD B 25 4 4k 1 00 19 3% iR
B Tkt Ak
2.3 mTOR £ 5 DKD HAlK 2  mTOR &2
5 DKD B 48 Ak 3L R R B g AR 48 . LU
S AR X v MR NS A0 B ROS 4 5
ARG , &I TGF-B, Akt fl mTOR [ 45 fb 34 15 51 2
o Toll #5214 4(TLR4) Fl 1 4 ffd 4 % -17(1L-17)
S BB AR E SNV 1 B P, YU S5V 7E STZ #% Al
% B SRL i jof ek /b TLR4 38 #& A1 Th1 18 % 1 5
DKD 3 JE . ZHAO %55 BF 5% Kk B 25 1 Ak 10 0 ks 9
A0 P9 R AR R I, 4] PI3K/Akt/mTOR/f5 5
ST O o (i A O B N (A% - [ s = 8
-, i3 DKD K U IR AR i 35 L -
3 FZ5E T AE mTORME XS S8 8 FH DKD

H B 22 FR DM R i i AR Koo AL H =
HAANGG SR 48 HH®\ B A, B &, 0
KA Ja R Z A BUE B W . DM H A3 & B

K JE i DKD. DKD # 1A 2 J& iy A 42 1 K 73
Wi, B 2RI VB RS R £
7 I T U ML AR R R S T A R AR 5
B OCA bR S 2 WL A T EE RS I IR T £
D AEE R 25 B SRR T AR 2 kT
A 55 K U], mTOR {5 = if #% 5 DKD H & |
AL B R AR SR R AR EIH S — B R
i, ANREAR RS, SR A I, 1 A S, AR, 1 ER
ANE7, BN ZEDYN K mTOR Gl J& I8 #2551 ik 5 vh 2
B e b A H A M % YT AR ¢ . mTOR 38 B 5 % 300 |
SEUIE MR Z AL ML BA BH 2% 98, Jin & DKD i .
SRR AR 2 1R A1 Al IR 5 5 R BB B A N A 9 R
B, o 2 R S AR RO 4y, B 25 5 et R 4R
mTOR A1 A5 538 f , 2 ¥ S T B 0E A 50
DKD ' 45 17 , 2% fife 5 i i I
3. R R 2 4R L)
3.1 EEIRAGY  EST R MNEE PRI
— i R 2k, ELA BT A I e g I A )
B, OU &Pk BHL i 25+ 38 1+ 410 il PI3K/Akt/mTOR
i Y 5 51 H % & 1 (Nephrin) L 2 % & H
(Podocin) .45 1 (Desmin ) %15 -8, 18 2% DKD 2
1D R (TR S S NP S RS L /3 QTR = R S =
b VA AR AR T A . WANG 2501 % B 4T A !
FHRE Y A WS 8 & 1 1(ULK1D) 5 AMPK # iz
1k K S, B& {% mTOR # i 1k , i i3 ¥4 75 AMPK/
mTOR/ULK 1 38 [ , 34 58 J2 40 B [ Wi o 5 21 % 4F R
MR B B IR A PR BT R L
TREMN T 2 8 S PR BUR S, 7T LA DKD K
LAY A AL I 3 . DONG 2540 sk 3 T 38 5 8
PI3K/Akt/mTOR & 42 I il 44 & H Wt & Bt 5 il 1
(HDAC!1) ,BH I EMT Jf-% & DKD H W, = R Z &
2 B2 AR g B Y, AT L) 2o 4 PISK/AKY
mTOR i [ , 410 il %20 fk 17 38 , ik /> DKD 40 ffg i 7=
B 2 BE AR A I rp B B, A BT R AE R AR
sk . WEL %I 58 & B, 8 A5 % 38 12 AMPK/
mTOR & A2 H % [ W, 30 4] 5= B 400 Jf 1 24 S Ah I
FECM B . L2351 A LU AS A vh S i mi 75, BT
b PR A ME S FIELC3 1 Beclin-1
A5 RN A WS AR SR 1 (p62/SQSTMI) , 417 41 ity
H W o[RBT 9 bk K 2 1 (Caspase) -3 LA £ RE
KT8 (4 Bax, b9 Bel-2, 301 5 40 M 08 T, i
T 5 1L 25 W H 5 AMPK/mTOR {55 53 S 9
312 HEAEY RETFARNBRE T HE
153 3 0 — Fh B Br A AL BUR GEVE 0 =g RS
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AW . TR AAT AE o U8 185 JE R AR R G
U84 T8 984 1 2 (CaMK K2 )/AMPK/mTOR, # 5% DKD £
R [ g N P SOR R JA T8 1 Bax A ML C
(Cyt C) U8 T ¥ % X 7 (Apaf-1) Fil Caspase-9 [
FIk REmE R b B b SR Y, CHEN 451 %
PHLFE I fig 98 5 DKD U2 28 g /2 28 il 5 , Nephrin 1
& fih 22 5 F1 (Synaptopodin) 235 T 8 23 , mTOR %
PEIDH 2 AN s, EH R ORAE
w2 E B AR PR . B
BT RN DKD K BUA N mTOR ik , 13 AMPK
Feik R AR RE AT T 2 DR R A3 i
AL AW, ok A S A8 % B L B 4 i) AMPK/
mTOR/ULK 1 342 , #4558 DKD /& 40 i [ 1 5 30 1l 5
JIEE 5 I 1 A B o A A L D S DR A AR 25 v i B
A, BB R R RS IR . PR,
i A A D3l i 3 ) PI3SK/Akt/mTOR {5 53 %, T
E SR RE R 7K, 400 i 4604k 78, 9 1 B B A, Bl
3% DKD B 4H 4451

313 MEAEY AHERENRHERHEY
HEAEPRIGE ZHMELEY  BATR SR
b HOBE R 6 AR . QIAO 255 BF 5% 31k 52 Hool it
mTOR/B-%% 7 H# 5 M 72 8 1 (B-TreP) /&% N 1 E, #
ST 2(Nrf2) 38 B T I8 AL W B, ] ECM = A
TR R EMNFE AR PRIGE WM, BA fim
Wil PLREEM . R AR, HABERRTLLE#
P06 DKD K 5RZR 6 40 i 3 5, 7T 5 A1 il PDK 1/
Akt/mTOR i f# A 5"

3.4 S SRR IR R RE A T R R
e, B B OB KRR A . BRSRIE T, IR
1% 3 3 10 ) miRNA-142-5p By % 3k, i m A &
B K BB 40 (NRK-52E ) Fp il & 2 [ (PTEN)
122 3k K, M T PIBK/Akt/mTOR il B% , 12 #F H
W, U e DM B LT Ak . AL KR NEHEA
s T R S B FRLAAR B W, T LA ] G P AR R
KB AT HEAh . NIE 5 % B 2 Bk 20 2 ] DL )
PI3K/Akt/mTOR 5 5 i f% , T W #% %% 5 K + -«B
(NF-kB) %35, 4EfF DKD 24l fa 5. AS R4
Rg BB AZ TS E P2 BUR R, A PR
Ak A0 200 B O T S 2 B . WANG 55 R A
% 54 Rg, 18 o 4 [1] mTOR/NF-«kB/NLRP3 & 1% , {4
/' DKD /& 4 s 2 52 B Jot o5 5 451 403 -

3.5 2y RO R R Iy R FREA EAL,
A EER A WL B R bR AR TR
‘B 38 it 4% AMPK/mTOR {5 5 18 % 1 il AMPK &
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H Y Ik BE K mTOR 25 1 19 3R 35, 3 o 2 40 g A
W, U 2 R R G, [ U8 Nephrin 25 [ £ 35, 0 6] I-
BARET, REZHERZ WA Z—,
REMS T o PR, HUSC B STIE L R 2 £
B BE % DKD K B AR PR A S 1 WUEF K P ix 5
1 PI3K/Akt/mTOR 3 B% , ¥ 76 40 fg 3w , 310 6 58
it SN A O o A T 2 R N B B A
R 42 B B v MR VR S W, B B AR L g o AN
PU IR S AR . RS ARGE TR 2 AT e E BE Ak
DKD 4fi Jifd H} 8 EMT, iX 1] G 5 38 & mTOR/AH
AHOCHE 1 (Twistl) i@ # , & 94 mTOR #% M2 16 A
KT A T 2 6 RE A a3 1 1T PI3K/Akt/mTOR
AR 1 5 DKD 40 [ S o 7 3K R N p 2 B
SREFN UL = S I = A /101
W I AR S 25 BRAE . LTSS 058 A8, B0 Rl ad
1 mTOR/P70S6K/4E-BP1 {5 51 % , i 7% 12 40 i
H g U 2 A T . B % R A R E i AMPKY
mTOR &2 % A W, 23 DKD B A 24U 451, e
IRFZ M 2 R 7 3R U & TR AN, 1T
PLRE I BT R 8T S e A o b PR 258 L 1
PI3K/Akt/mTOR il [, I I8 TTER 5 15 & 11 1(SIRT1)
K- B A% DKD B 21 446,

ZE b TR, h 2 AR R SR U AR B B LR
b PUR B e B R A 4R S 2 BRAE T AR
Z AR HIE S E — 25 S B, 3 4 rp 2 7 B B 8 % i
iF mTOR {5 5l ## I~ JH Nephrin , Podocin , ULK 1 %
KAF, T R Bel-2 41 5¢ X 2 11 (Bax) .Cyt C %K F,
DI E N NS 2 R AN =W I A I 1 B
HE 2% DKD i i (3 L3 5 R B m #4 4 ) .
32 s R AE T B ARRERL R A S AR
X AT 2R, B R S AR R K G )
o WFIE & B, 25 B A0 J0RE AT L3R 15 DKD K U
W5 7 -, 4 ) PI3SK/AKt/mTOR {5 53 B, A
TR B CH IR R AE K OF 2% DKD g AR 5
AL

RGO R S I E S rh 2 A, B
A AN M, b 25 UE S TR, WS R B, 4R N
1 75 # 5 p-Akt . mTOR . S6K 1. LC3 %5 () % 35 K F,
i 3F mTOR/S6K 1/LC3 38 [H I 45 J& 41 M 1 Wis , % ik
W0 AGEs, 24 IE AR AR B

A1 A T i A B B ORI, T L2
T i TN = W S I G e N | I £ ) S
CHEN %' % 8 A fith 4 770 30 i DKD K BB 4 41
PI3K Akt #l mTOR Wy 82 1k , 34 it LC3 \Beclin-1 7R
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H Fl mRNA 3K 3k7K -, i o 40 ] PI3K/Akt/mTOR {5
5 3E P PTG AN R A

frfE &R E TR LS 1S HREELY
M, BA S GBS B M. kM, %
B8 25 P B J7 AT fig3E o 4 ) PI3K/Akt/mTOR 3 % ,
B 5 DKD R B 20 i e il /b 2R RN

BRI DA 25 BB SR A EE N —
Fofr e B 24 461 351, BE 98 ek /> DKD & (1 R 2 4 il RIF,
FLAT W AR T I BE R DAL . WU ST R
W, B 25 e % 3 o 9 ) Akt/mTOR/p70S6K i [ 1%
PE W 5% DKD K BUE /N BRIE K L /N BR O IR
(GBM) M4 & Ji % RIF .

AR R AR HEF U
B, HA s AR T . DR R 4R
S BE AR S 1T el 2 #% PI3K/Akt/mTOR Al
AMPK/mTOR il % {2 #F /& 40 ffg [ & | 3k 2> DKD '
EEEATE 7 B

WRE=EHHERE. =t Y% h 2y, fiE
3 2% i CKD W 27 44k, B AT R IRFC 5 , (14 25
I, AW R, B =L 07 i i ok
mTOR/PTEN % [ ¥ il (PINK 1)/ 4x & 4 ( Parkin)
{55 18 % , 32755 DKD A& 20 M 1 W K S,

W TR R BT ISR,
B ROE 2 IRB AP, . XU ST i
W B 5 B DL s DKD AR 40 i 1 g KG9 P | s A2 A
Ji 45 475 , 5 %258 5 0 ] mTOR/P70S6K 3 % 35 A

T HbOBE B OB b RS AR M K g AR R 2 A
B, BT 35 B AN HURE A DAk . WANG S
WF5E & B, 16 bWl B A0RE  aoF TH AMPK B85 2 1L
T 9 mTORC1 7K F, ## 2 AMPK/mTOR 15 5 i f# ,
W% DKD JE 40 i 3 W, 410 i) RIF

RO B R B AR R, HA g
B SR B A D . B E AT A DKD K R
Nephrin,Podocin 7K *F-, iX i8 12 J# #% PI3K/Akt/mTOR
{5 5 3 % 1 5 ok S

25 52 J7 R R 2 R AR T R R 4R 5 N R L
16 9T DKD (A &40l K 7 71, BoA 45 B g g 0
I AR A B A DR, YA SR ] X s A T
WO 24 i A] DL i mTOR {5 5 3 8% | 4 Atg.
Nephrin , Podocin , Beclin-1 28 7K °F , 8 15 [ 1 5 £F
HE AL AL R L R E RN B R AR i 2R AL A5 e B R
N, 9iE 2% DKD B 9 12 i (UL 3 it R BRI A4 ) o
4 INEERE

mTOR 13 5 il J% £ DKD (1 % % 1 & v i 3] 56

S AR AL HE 7E A0 A e RIF SRR L R
PN AN =0 TR AV 1 B ol SR T A A S N B 0 D
W, 7457 mTOR {7 5 % J& ¥4 J7 DKD 1Y &8 73 HL
il 5 ARIT I A . Hod  l T R 2N
AIVE /N Clie R 7 3007 45 v 22 A 3, HH 45 mTOR
{5 5 18 4 B 16 DKD 2 W A-F 58 #4050, IF B BLA 505
B UE 52 P 2 B8 1 25 0 R DKD B 412U 0, JE 52 9
Wk . R SIS E I b e S b 2 S AR )
255 77 N 2538 i % mTOR 5 538 i, & £
S VE R B i DKD. o, 2 D25 B IR L3 ol
A T P DAL TR, X 5 DKD A&
HE AL 55 B 5, A SR TR BE IR BRI 1 0 AL AH X
N, A mTOR & 42 3R 97 DKD $2& 4t i 357 75 1] .

iz JH o B 25 4 4% mTOR i #% By ¥4 DKD 1) f£ 15
Jay BRAE : OXF T BE G AEIRA L R 2
05 IF AR XS H Ay B VR R B AR i 4y, R I
REGY) M4 o 7 AR F A AR 24 22 A R AR )
FHEOR IR AR h 25 5 7 BRIEPERL 7 . @mTOR
SR — XTI G172 B O 25 5 2 DKD PRk
HE R 30 OR 2 77 AR e, W] F 45 mTOR #H
AR5 18 BT A R TR BRI AT R . O
Z W5 F£ W, Akt/mTOR 5 AMPK/mTOR 2 1 25 i
# mTOR A 5 A5 5 3 #% B 16 DKD 1Y ) 4% H 25 5
AR H I T A5 R AR 22 A) e 5 H At 3 % 2 1) 58 AR
FH I AL w9 A B A B w6, BT DL R Ok 7 TR A W 1
mTOR & f#% A6 B AE L, LAk o 257697 DKD 2
PETT S AR . DB 19 SC 56 B g 22 ok S5l F
SR | X ST 5 LA Bl i A Y 5 A0 A R Oy T i
2215 R A VI 56 U e, 5 T IOE A I A i AL X I
56 o 1k — 2D 52 FLAE R A A RO

i LR, CE ARG MR T mTOR 5 %5 38 #% 1
WOE 515 'S 38R T mTOR {5 53 J& 75 DKD iy {5
AL G R AL IR Ty Ak 5 BT
mTOR 5 53 [ 7F DKD H i 7 I HE 5 o Ak £ FL il
WFFE 2 B, v 24 58 ) 9 9% mTOR {5 5 38 % v] M IR
J7 DKD BB AL 0, X R ETE Z AR AR S 5
o AR IS NI PRIA T T B 25 1, Sk 2R
7 DKD $& 5 4 iy v 97 I =

(&% 30Hk]
[1] ALICICR Z,ROONEY M T, TUTTLE K R. Diabetic
kidney disease: Challenges, progress, and possibilities
[J]. Clin J Am Soc Nephrol, 2017, 12 (12) : 2032-
2045.
« 227 -



520 H4 22 1) FESREHFFFELRE Vol. 29,No. 22
20234E 11 H Chinese Journal of Experimental Traditional Medical Formulae Nov. ,2023
[2] THOMASM C,BROWNLEE M, SUSZTAK K, et al. 2015,11(7):1946-1954.

[4]

[10]

[11]

[12]

[13]

[14]

[15]

Diabetic kidney disease [J].
2015,1:15018.
e BR =0k . LEG BRI 2 HE e ——2014 4E i
FEL W B 93 o B 7R e R AL RO i B2 [ 1], S8 I PR 2 2%
#,2016,32(1):1-3.

DEERIE, RARPH, P48, A5 b R 2 B G OB PR
JUES5 /N B s AT ST e [0 ). b [ S 0 ) A A
&, 2022,28(24):261-273.

LIU X J, HU X K, YANG H, et al. A review of

Nat Rev Dis Primers,

traditional Chinese medicine on treatment of diabetic
nephropathy and the involved mechanisms [J]. Am J
Chin Med,2022,50(7):1739-1779.

LU Z, ZHONG Y, LIU W, et al. The efficacy and
mechanism of Chinese herbal medicine on diabetic
kidney disease [J]. J Diabetes Res, 2019, 2019:
2697672.

HUBER T B, WALZ G, KUEHN E W. mTOR and
rapamycin in the kidney: Signaling and therapeutic
implications beyond immunosuppression [J]. Kidney
Int,2011,79(5):502-511.

LI D, LU Z, XU Z, et al. Spironolactone promotes
autophagy via inhibiting PI3K/Akt/mTOR signalling
pathway and reduce adhesive capacity damage in
podocytes under mechanical stress [J].
2016,36(4):e00355.

DAI H, LIU Q, LIU B. Research progress on

Biosci Rep,

mechanism of podocyte depletion in diabetic
nephropathy[]] J Diabetes Res,2017,2017:2615286.

YUAN T, RAFIZADEH S, GORREPATI K D, et al.
Reciprocal regulation of mTOR complexes in
pancreatic islets from humans with type 2 diabetes[ J].

Diabetologia,2017,60(4) :668-678.

LU Q,ZHOU Y,HAO M, et al. The mTOR promotes
oxidative stress-induced apoptosis of mesangial cells in
diabetic nephropathy[]] Mol Cell Endocrinol, 2018,
473:31-43.

LIU G Y, SABATINI D M. mTOR at the nexus of
nutrition, growth, ageing and disease [J]. Nat Rev
Mol Cell Biol,2020,21(4):183-203.

FANTUS D,ROGERS N M, GRAHAMMER F, et al.

Roles of mTOR complexes in the kidney: Implications
for renal disease and transplantation [J]. Nat Rev
Nephrol,2016,12(10) : 587-609.

GUI Y, DAI C. mTOR signaling in kidney diseases
[J]. Kidney360,2020,1(11):1319-1327.

ERSAHIN T, TUNCBAG N, CETIN-ATALAY R. The

PI3K/Akt/mTOR interactive pathway[J]. Mol Biosyst,

- 228 -

[16]

[17]

[18]

[19]

[22]

[23]

[25]

[26]

[27]

[28]

INOKI K,LIY,ZHU T, et al. TSC2 is phosphorylated
and inhibited by Akt and suppresses mTOR signalling
[J]. Nat Cell Biol,2002,4(9) :648-657.
LIEBERTHAL W, LEVINE J S. The role of the
mammalian target of rapamycin (mTOR) in renal
disease[J]. ] Am Soc Nephrol, 2009, 20 (12) : 2493-
2502.

INOKI K,LIY, XU T, et al. Rheb GTPase is a direct
target of TSC2 GAP activity and regulates mTOR
signaling[J]. Genes Dev,2003,17(15):1829-1834.
GWINN D M, SHACKELFORD D B,EGAN D F, et
al. AMPK phosphorylation of raptor mediates a
metabolic checkpoint [J]. Mol Cell, 2008, 30 (2) :
214-226.

HAY N, SONENBERG N. Upstream and downstream
of mTOR[J]. Genes Dev,2004,18(16):1926-1945.
MAGNUSON B, EKIM B, FINGAR D C. Regulation
and function of ribosomal protein S6 kinase (S6K)
within mTOR signalling networks [J]. Biochem J,
2012,441(1):1-21.

GANLEY I G, LAM DU H, WANG J, et al. ULK1,
ATG13, FIP200 complex mediates mTOR signaling
and is essential for autophagy[J]. J Biol Chem, 2009,
284(18):12297-12305.

GLICK D, BARTH S, MACLEOD K F. Autophagy:
Cellular and molecular mechanisms[J]. J Pathol,2010,
221(1):3-12.

TAKAHASHI A, TAKABATAKE Y, KIMURA T, et
al. Autophagy inhibits the accumulation of advanced
glycation end products by promoting lysosomal
biogenesis and function in the kidney proximal tubules
[J]. Diabetes,2017,66(5):1359-1372.

WANG G, YAN Y, XU N, et al. Upregulation of
microRNA-424

relieved diabetic nephropathy by

targeting Rictor through mTOR complex2/protein
kinase B signaling[J]. J Cell Physiol, 2019, 234(7) :
11646-11653.

HOSOKAWA N, HARA T, KAIZUKA T, et al
mTORCI1
ULK1-Atg13-FIP200 complex required for autophagy
[J]. Mol Biol Cell,2009,20(7): 1981-1991.

JUNG C H,JUN C B, RO S H, et al. ULK-Atgl3-

Nutrient-dependent association with the

FIP200 complexes mediate mTOR signaling to the
autophagy machinery[J]. Mol Biol Cell,2009,20(7) :
1992-2003.

SETTEMBRE C, FRALDI A, MEDINA D L, et al.

Signals from the lysosome: A control centre for cellular



520 H4 22 1) FESREHFFFELRE Vol. 29,No. 22
20234E 11 H Chinese Journal of Experimental Traditional Medical Formulae Nov. ,2023

[30]

[31]

[32]

[34]

[35]

[38]

[39]

[40]

[41]

clearance and energy metabolism [J]. Nat Rev Mol
Cell Biol,2013,14(5) :283-296.

LIEBERTHAL W, LEVINE J S. Mammalian target of
rapamycin and the kidney Il pathophysiology and
therapeutic implications [J]. Am J Physiol Renal
Physiol,2012,303(2):F180-F191.

ZHANG Y, WANG Y,LUO M, et al. Elabela protects
against podocyte injury in mice with streptozocin-
induced diabetes by associating with the PI3K/Akt/
mTOR pathway[]]. Peptides,2019,114:29-37.

WANG X, GAO L, LIN H, et al. Mangiferin prevents
diabetic  nephropathy

progression and  protects

podocyte function via autophagy in diabetic rat
glomeruli[J]. Eur J Pharmacol,2018,824:170-178.
AR, SO OB PR R T i AL R AL R
J7 O T R (0], S5 BE 25 2% AR, 2022, 38(2) -
326-331.

LU Q,WANG W W,ZHANG M Z, et al. ROS induces
epithelial-mesenchymal transition via the TGF-8,/PI3K/
Akt/mTOR pathway in diabetic nephropathy [J]. Exp
Ther Med,2019,17(1) :835-846.

YU R,BO H, VILLANI V, et al. The inhibitory effect
of rapamycin on Toll like receptor 4 and interleukin 17
in the early stage of rat diabetic nephropathy [J].
Kidney Blood Press Res,2016,41(1):55-69.

ZHAO T, XIANG Q, LIE B, et al. Yishen Huashi
granule modulated lipid metabolism in diabetic
nephropathy via PI3K/Akt/mTOR signaling pathways
[J]. Heliyon,2023,9(3):e14171.

SRR XN AR . PR R I g 4 R TR R MBI T
(] 7 rpEE 2%k, 2012,39(1) : 52-54.

et B2 I AR BT R B . I 18 e O bR
) RS YT 7 %2 (2017 4RO L], T E S & R R
H:245,2017,24(8) :66-68.

EER T R N T R S a1 D 7ok N
AMPK/mTOR {5 5 il f 5 B WERI R (1], h e =
2% 1),2023,41(3) :80-84.

OU Y,ZHANG W, CHEN 8§, et al. Baicalin improves
podocyte injury in rats with diabetic nephropathy by
inhibiting PI3K/Akt/mTOR signaling pathway [J].
Open Med (Wars),2021,16(1):1286-1298.
KAMALAKKANNAN N, STANELY MAINZEN
PRINCE P. The influence of rutin on the extracellular
matrix in streptozotocin-induced diabetic rat kidney
[J].J Pharm Pharmacol,2006,58(8):1091-1098.
DONG R, ZHANG X, LIU Y, et al. Rutin alleviates
EndMT by restoring autophagy through inhibiting

HDACI1 via PI3K/Akt/mTOR pathway in diabetic

[42]

[43]

[45]

[46]

[49]

[50]

[51]

kidney disease[ J]. Phytomedicine,2023,112:154700.
LIAO J, LIU B, CHEN K, et al. Galangin attenuates
oxidative stress-mediated apoptosis in high glucose-
induced renal tubular epithelial cells through
modulating renin-angiotensin system and PI3K/Akt/
mTOR pathway [J]. Toxicol Res (Camb) , 2021, 10
(3):551-560.

WEI L, JIAN P, ERJIONG H, et al. Ginkgetin
high
oxidative stress injury, inflammation, and extracellular

matrix (ECM) an AMPK/mTOR-

alleviates glucose-evoked mesangial cell
deposition in
mediated autophagy axis [J]. Chem Biol Drug Des,
2021,98(4):620-630.

SHENG H, ZHANG D, ZHANG J, et al. Kaempferol
attenuated diabetic nephropathy by reducing apoptosis
and promoting autophagy through AMPK/mTOR
pathways [J]. Front Med (Lausanne) , 2022, 9:
986825.

ZHONG Y, LUO R, LIU Q, et al. Jujuboside A
ameliorates high fat diet and streptozotocin induced
diabetic nephropathy via suppressing oxidative stress,
apoptosis, and enhancing autophagy [J]. Food Chem
Toxicol,2022,159:112697.

CHEN Y, LIU Q, SHAN Z, et al. Catalpol ameliorates
podocyte injury by stabilizing cytoskeleton and
enhancing autophagy in diabetic nephropathy [J].
Front Pharmacol,2019,10:1477.

ZHONG Y, LIU J, SUN D, et al. Dioscin relieves
diabetic nephropathy via suppressing oxidative stress
and apoptosis, and improving mitochondrial quality
and quantity control [J]. Food Funct, 2022, 13 (6) :
3660-3673.

s O AR L 51 2% . B R T E i AMPK-
mTOR-ULK 1 i 42 40 ] B /N Bk 28 6 3 i ) A0 9 0
FI W38 7 W PR B R RIS [0 ], SR PV R 45 5 2%
#,2021,30(11):1180-1186.

S AT R T, 4F RS BE Y Dl G A 5 PI3KY
Akt/mTOR {5 538 (#1951 17 380 o5 35 0 B s '
BRI EH I PEGE Y SRR R RE,
2022,36(3):170-176.

QIAO S, LIU R, LV C, et al. Bergenin impedes the
generation of extracellular matrix in glomerular
mesangial cells and ameliorates diabetic nephropathy
in mice by inhibiting oxidative stress via the mTOR/
B-TrcP/Nrf2 pathway[J]. Free Radic Biol Med, 2019,
145:118-135.

HAN F, XUE M, CHANG Y, et al. Triptolide
suppresses glomerular mesangial cell proliferation in

+ 229 -



520 H4 22 1) FESREHFFFELRE Vol. 29,No. 22
20234E 11 H Chinese Journal of Experimental Traditional Medical Formulae Nov. ,2023

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

diabetic nephropathy is associated with inhibition of
PDK1/Akt/mTOR pathway[ J]. Int J Biol Sci, 2017, 13
(10):1266-1275.

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].
Cytotechnology,2019,71(5):925-933.

NIE Y, FU C, ZHANG H, et al. Celastrol slows the
progression of early diabetic nephropathy in rats via
the PI3K/Akt pathway [J]. BMC Complement Med
Ther,2020,20(1):321.

WANG T, GAO Y, YUE R, et al. Ginsenoside Rg,
alleviates podocyte injury induced by hyperlipidemia
via targeting the mTOR/NF-«kB/NLRP3 axis[J]. Evid
Based Complement Alternat Med, 2020, 2020:
2735714.

LIU H, WANG Q, SHI G, et al. Emodin ameliorates
renal damage and podocyte injury in a rat model of
diabetic nephropathy via regulating AMPK/mTOR-
mediated autophagy signaling pathway [J]. Diabetes
Metab Syndr Obes,2021,14:1253-1266.

HU Y, WANG S X, WU F Y, et al. Effects and
mechanism of Ganoderma lucidum polysaccharides in
the treatment of diabetic nephropathy in streptozotocin-
induced diabetic rats[J]. Biomed Res Int, 2022,2022:
4314415.

TAO M, ZHENG D, LIANG X, et al. Tripterygium
glycoside suppresses epithelial-to-mesenchymal
transition of diabetic kidney disease podocytes by
targeting autophagy through the mTOR/Twistl pathway
[J]. Mol Med Rep,2021,24(2):592.
BB RAUAR R TT, 55 T 0N I 221 XM IR B
KL 20 41 NFAT2/COX-2 F ik 152 m [ 1], v [ 52
B 72 2% ,2023,29(5) 1 16-23.

LI C, GUAN X M, WANG R Y, et al. Berberine
mitigates high glucose-induced podocyte apoptosis by
modulating autophagy via the mTOR/P70S6K/4EBP1
pathway[J]. Life Sci,2020,243:117277.

BB . /N SE B 3 AMPK/mTOR 3 8 17 ) Wk 175 i
PRI e o S8 IR P O ML R R [ D] R s Kt
BE R K2, 2020.

EWefl, A/ME, B &, % IR T Rl PI3K/
Akt/mTOR 3 f#% X B bR ' K BT 2 4k & HSP9O |
SIRT1 Y52 W [J]. v [ 38 4F 27 2% 40, 2023, 43(6) -

+ 230 -

[62]

[64]

[65]

[68]

[70]

1446-1450.

CHEN L, DAI L, LIU Y, et al. Yiqi Huoxue recipe
regulates autophagy through degradation of advanced
glycation end products via mTOR/S6K1/LC3 pathway
in diabetic nephropathy [J]. Evid Based Complement
Alternat Med,2021,2021:9942678.

CHEN Y, ZHENG Y F, LIN X H, et al. Dendrobium
mixture attenuates renal damage in rats with diabetic
nephropathy by PI3K/Akt/mTOR
pathway[ J]. Mol Med Rep,2021,24(2):590.

JIN D, LIU F, YU M, et al. Jiedu Tongluo Baoshen

inhibiting  the

formula enhances podocyte autophagy and reduces
proteinuria in diabetic kidney disease by inhibiting
PI3K/Akt/mTOR pathway [J]. J
Ethnopharmacol,2022,293:115246.

WU W, HU W, HAN W B, et al. Inhibition of Akt/
mTOR/p70S6K

signaling

signaling activity with Huangkui
capsule alleviates the early glomerular pathological
changes in diabetic nephropathy [J]. Front Pharmacol,
2018,doi: 10. 3389/fphar. 2018. 00443.

XUAN C, XI YM, ZHANG Y D, et al. Yiqi Jiedu
Huayu decoction alleviates renal injury in rats with
diabetic nephropathy by promoting autophagy [J].
Pharmacol, 2021, doi: 10. 3389/
fphar. 2021. 624404.

WEN D, TAN R Z, ZHAO C Y, et al. 4Astragalus

Front

mongholicus Bunge and Panax notoginseng (Burkill)
F. H. Chen formula for renal injury in diabetic
nephropathy-in  vivo and in vitro evidence for
autophagy regulation[J]. Front Pharmacol, 2020, doi:
10. 3389/fphar. 2020. 00732.

XU J, SHAN X, CHEN C,

attenuates high glucose-induced podocyte injury via

et al. Tangshenning
restoring
mTORC]1 activation [J]. J Diabetes Res, 2022, doi:
10. 1155/2022/1610416.

WANG X, ZHAO L, AJAY A K, et al
QiDiTangShen Granules activate renal nutrient-sensing
associated autophagy in db/db mice [J].
Physiol,2019,doi: 10. 3389/fphys. 2019. 01224.
FUAR R  RE DT Brlst e, S B RS HIORIOAU X B
K B E PI3K/Akt/m TOR 3 s I [ Wik i s iy [ 1], o
[ 52 58 7 ) 2 A4 R, 2022,28(7) £ 11-17,

[EERE IMMN]

autophagy activity through inhibiting

Front



