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Abstract: Hyperlipidemia is a common systemic metabolic disorder in clinical practice, and the atherosclerotic pathological changes
it induces in arterial walls are one of the primary causes of cardiovascular and cerebrovascular events. The phosphoinositide 3-
kinase/protein kinase B (PI3K/Akt) signaling pathway plays a crucial role in glucose and lipid metabolism and serves as an important
intracellular energy regulator. Traditional Chinese medicine (TCM) holds great potential in treating hyperlipidemia by acting on the
PI3K/Akt signaling pathway to influence its downstream regulation of lipid synthesis, lipolysis, oxidative stress, autophagy, and
inflammatory responses. This article therefore elucidates the mechanisms by which the PI3K/Akt pathway regulates lipid metabolism.
It reviews recent experimental research findings on the therapeutic effects of TCM monomers, single herbs, and compound formulas
targeting this signaling pathway for hyperlipidemia. This review aims to provide theoretical foundations and novel insights for TCM
treatment, basic research, and drug development in hyperlipidemia.
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Fig.1 Mechanism of PI3K/Akt signaling pathway
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Table 1 Traditional Chinese medicine active ingredients for improving hyperlipidemia via the PI3K/Akt pathway

T2 O S R AR Fi & W PIBK/AKL i H# YERHLHI
FHZR 1A SD K B i IR AR 2R 10 mg kg™ PI3K/AKkt/mTOR 2 W
FREE C57BL/6J /Il i IR MAERE Y 5. 100, 200 mg kg'! PI3K/AKY/MTOR| JE IR & A
SEEH A ALY HepG2 Jig i AL M 45 2 10 pgmL ™! PI3K/Aktt RIES B |
B B4 100 SD K B i g AR 2 50. 100. 300 mg g PI3K/Akt/Nrf21 EALRIE
ANz 2l HepG2 fig i A2 A F 1 2.5, 5.0, 10.0 pmol L' PI3K/Aktt RSN |
L SRR C57BL/6J /MR iR AR 2.5, 5.0, 20.0 mg kg™ PI3K/Akt/mTOR D 1 0

t- B L - AT

1 -upregulation/promotion; | -downregulation/inhibition.
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ISR B, R TG TC AR WillonZi&
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Table 2 Extracts of traditional Chinese medicine for improving hyperlipidemia via PI3K/Akt pathway

g AN G AR R 7 VATE PIBKIAKL 5 5@ 8% TEF ML
4] C57BL/6J /N B g M AERE RS 100 mg kg™ PI3K/Akt| lizirigsds )

PR [65] HepG2 JIg i 28 AR 5. 10, 20 pgmL"! PI3K/Akt/FOXO31 RIE P |
T FE g 166-67] HepG2 ik Il A8 1 A 1Y 0. 25. 50, 100. 200, 400 mgLi ' PI3K/Akt| AR & |

HU AR D7 40 A 20. 40. 60 pgmL! PI3K/Akt| li=f5isgaal
25 Ji W 1681 HepG2 Hg i A8 M A= 7Y 100. 200. 400 pgL ! PI3K/Aktt PRSP |
5516 HepG2 JIg i A8 AR 40. 80. 160. 320. 640 ugmL~' PI3K/Ak/mTOR] 2 B R 1
= g0 5 g IfLEE i 3 =thmAKRE 69, TR2K VEGF/KDR/PI3K/AKt]  #%ER |

., & Wistar K B = g AR 23
. V. A HepG2 JIE AR AR A
#i02)

25. 5.0. 10.0gkg’
165. 55. 110 (3:1:2) mgkg" PI3K/AKt]

TNF-a-TNFR/PI3K/AKtT  #E KM |
AR

t- LA V- RATL

1 -upregulation/promotion; | -downregulation/inhibition.

33 FHER

W22 7 R AR R R A LIRS, BA 2
ROy ZRE . 2R . VAT R UE
(R 252 )7 MR RIE . JH AL . LA
F, HMUi 3@ H % PI3K/Akt & T mTOR.
FOXO1. Beclinl &% AH5CIEEE, 75 ATGL.
SREBP-lc. HBEHE M OCHE H4E 3B (LC3B). Il

EKIBIEEA (AQPY). IMIEHAEEMA B (ApoB).
HFAABE AR (MTP) 507K, Z5/E06 -
PGty Ihff s S A 1 e S OC B BA 1 R HE A T
EH.

33.1 #HIE R AMNHE 7 A EEER (B
MBS, T EMARERNE, SAESREIIAT,
ZHIE, FLCYHEG IR, A, 7%
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DAARAT Ho JIE S B i s, 407
BNV IE MBS TR TS MO 3R] F A SH b
FigIRIT m R RN S R IR RE KRR, 45 SRR
MiEFHE DA (FAK). BEARBLALES 4-BH9R 5-34
fitt. PI3Kp110B. p-AKT1/2/3 (Thr308) & HFKIL &
B R B, 3R B AN FH IR T3 T 0@ ik d i) FAK-
PI3K/Akt {5 5 38 B A0l g Joa JE B, AT VR 97 i I
NE o FEE RSO I, #PHIE 197 T BB G5 b
JE B3 51 40 M A4, [RIINHEEE PIBK/AKL (55
AR B R 428 AR TR T AH G B 1 R JORE A OC ER ET IY
Fik, FNHIH BT TR SORE SN, AR T
332 AFREIRTT  WIRSEE T IR B
KX 2. %5 )15 FEH. BEE. %
&9 RPN, B AR DR
AL IR J7 Be A RO PR i AR A5 B OK BT AR
PI3K. p-Akt. p-mTOR & [AZRIEKF, HE5HFAEH
Wk HE [ LC3A/B IRIA, (Edb4uf |mg, A& 4%
P R MLE AR FAUS). ARAMIGIER A, (It iy
A {§ HepG2 4 N i T B2l HAMHI p-Akts
p-mTOR. SREBP-lc¢ fE R, REFH LC3B &
R R IA S GF B AR R AL K 5 AT adE A
PI3K/Akt/mTOR {5510, R4 H WK PRk
3 e IR IS0,

333 HFiEY FEHREE (SRR, Hidd.
COTEXR, HAWER, BEHEZ”. %R
REFEERIKB @A, BRI, 85K,
207 FBERIKERIR . RIS BB 2 V). IAHTEFEREH,
FEEHEA PTG PUallkis i 55 2 B 253
FAEHUT, EHEWRNEE D@L
PI3K/Akt/FoxO1/AQP9 i 1% it JIT ik A 7K A -H- ¥l 117
g, (Ede AR, RIERIEER . s
WEFE R I, FETE @ T PIBK/Akt 15 5 i@ i i
e M HRE K BRI B R AHOCER - (Beclinl v ATG3
ATGS. ATG12) BIKiE, T p62 EHMIFKIE, &
B E AR R, EE AN W, I R T R R
MAERIVER s[RI BRAR 2 5 DR 1Rk, g hn$isafb
N s A 1 NRF2. HO-1 (R IEKF, HAHL .
PUEACHIVE R o 5% 2 SR B01R FH I 28 24 B 22 N3 )
SIS AR S5 A 07, KRS 7 A a0
miRNA-21/PIBK/Akt 15 F i, T~ PI3Kinase
pl10B. p-Akt (Serd73) /K-, 8> SREBP-1¢ £ [
[Pk, AT AR B A B o

334 /NEIZ NRERRZ 8 AR DK A S A A

7 /NIRRT GAE I E 35 7, HHREE . S E
TOE 3 R A . AT, NREBAAC
R (3.139. 6.279. 12.558 g-kg ™) Al AR
JE/N R PIBK. Akt J2 mTOR ] mRNA 7K~
BETR, HhmmlEd i, Rz
b #i PI3K/Akt/mTOR 15 5 3d 1%, F06H i i3 & s
N 2 v g LA /) BRI i 7K P81
3.3.5 @A T AR T R A AT IR
T HIMFAEIR 2T, RS, KR,
AR, PRE. ERE. RE, 5. KEESEHZ
LR SR BUKIBZ ThRL. (@ RAk%E T T BE
= A UAE KBRS NO. TGF-p Al FA % 4H ffitadt,
wH-1 K, EMMENEER 1. p-PBK/PBK. p-
Akv/Akt 5L, FREVE AR I AT e iE i /2
TGF-B/PI3K/Akt 15 ‘T iHEE, 535 N B4 M EAL AR
JiE SN, AT A AT i I TLRE R A FH 82
3.3.6  ATATUHARICEE A AT R R B H AT v
AT O IR 4 WRZGH K. Tang S5 H]
AT PR B BEv6 T i AR AR L /N BR, R B0 BRI
&9 TC. TG+ LDL-C. AST #1 ALT 7K B 2 [&1I%,
PIK3CA. Akt. IMLGERTHIIRZ NS &l 2 F1
TNF 1) mRNA K52 TR, 3k B4R A5 1 G i 2
Al @] PI3K/AKt 15 8 2%, Wb g 40 B g o
T, o5 R o e R LA
337 EBHAHE ZTEAHZHHE (SRER):
COTNARRG WSO, BEZ, EERHBHEZ.
ZJTIRIT A B IR OR IARER T, BARE
BER. AR, RHEHR, BAERMLR. R
BRI B ET AR, R Z &
wn I HE /D BRI PI3K. ATGL mRNA Fik /K F,
I B TR £ BOFH G £ K] FASN 5 SREBP1 mRNA
K, RZFEARH B Re@ S 757 PI3K/Akt 15
IR NE TG 20, SRR G e, AT
oS LI S i AR 1) S AR O g 7 e 5 7 A A
R
338 MA=FE WA -RiBEE (PUHEL),
AABHHH. WEMHEGEAIEH . RENESIE
e i IMLRE /) BRABEZRY 9 MR 25 24 )5 /N B PI3K/AKkt I8
FEARCER AMIRIE, RIKZ5 — K7 A PR AR 2H 21
H1 PI3K. Akt BEER 1L HFRIAKF, T RN B
MR, REETE R MAE IR .

H ar#t 70 & BLEL 1 PIBK/AKt {55 8 H L
35 e M THURE P 6 22 R 25 52 07 R AR ML W3R 3.
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Table 3 Traditional Chinese medicine formulas for improving hyperlipidemia via PI3K/Akt pathway
Y 2 LI R AR & PI3K/AKt {55 i@ % 1EFHLH
WBRIE T PR, M2 SD KRR MERA  14.0. 3.5gkg”! FAK/PI3K/AKt]  JER& R
C57BL/6J /MR IR LSE 3.7 7.4gkg™ PI3K/Aktt RIS |
R
IFABIR S8 ol PSS SD KR MERAE 045, 0.90. 1.80gmL~'  PI3K/Akt| 41 ff 3 Wi
HepG2 i i A A5 10 mL kg™ PI3K/Akt| 41 i 5 Wk 1
B 77880 BEE. AR SDKREHEMAERA  0.945. 1.890. 3.780gkg! PI3K/AKYFOXO1T HEFASHH 1
SD KR fRIMAERA 1, 25g kg™ PI3K/Akt| Y P
KM /MR IR ERA  3.0. 6.0, 12.0gkg™ PI3K/AKkt| N B3 &
/INE i iz 181 JRZE, FE.  ApoE/NRERIMERR 3.139. 6.279. 12.558 g kg PI3K/Akt| N B &
HE
BRI S, KRS SD KREARIAERRA 445, 8.90. 17.80 g kg™ PI3K/Akt} FREIRNL |
ATV B e FEBS At ARATEE CH7BLG /MNREIARIERZY 4.16 g kg™ PI3K/Akt] 2 B
KEHREHE K%, RS C57BL6I /MRS AR IME — PI3K/Akt? iy
R A
A =R W, KH ApoE/NR mE M ERA — PI3K/Akt| JIE B |
T BT
oA |- FIRADEL.

1 -upregulation/promotion; | -downregulation/inhibition.

4 5B

e i HRE DAy i DL PRI AU 2R L e s R 26
AN T o W R A 22 P QU 98 B %of 1 i 42 il 5
PR, s BBENRIE Y], (RmIE AR 2
S ITRCA PR A I R ROV 55 2 H R BR
M2, FEZTE R R M R 2 AR T T %
H &3 i . PIBK/AKt 15 5 IE BRAE i 40 i pe & A
P B G N A A% OB, A e IR I 9
A PR R OR HE EE B E FISOL, BT I SCRR R,
o BE 25 EE A PIBK/AKt B AR & %5
FOXO. mTORC1. Nrf2. NF-«B £ M@ %, MT
TR A RS . SORE RN AR A1 A
MW 2 22 AN R VAT e I I o by, U0 P R A
PR S e . B 3 S A i L W R A, PR
ATAE N 257 PIBK/Akt 15 538 % e g A Rt
KEENLH], S JaHFE— ST, b, HhorHhaha
. PRI ATER T PI3K/Akt. JAK/STAT.
AMPK/SIRT1 22 AME SiE, @ik . dréatb.
PN T 2 AR R R IEE R, AR TTE
GBI . IR T A 7 E i = b i PO i
PI3K/Akt FiiF 2 4 M SCIE B SRR T 701, 7EF# I
HE T (RN 58 P R 3545, SR s Bk oks AR A ) R 2E

SRTIANZAIEAT I R R4 5, RILH RTKIH

LA RSB (1) PBBK/AKt {5 5@ B2
S PN B (Y R EE I, A I IR S AR M
H S HARAE 5 258 X, TTEA 9L 2 AR
T PI3K/Akt JEER LR MR HLH], %t PI3K/Akt 5
AMPK. JAK %5 5 BLIE B 7] (1) sh 2558 B WX 25 AT A
JEs (2) YRTTFH PI3K/AKt 15 5@ R VAT i Ig LE
F BT ) S AR AN AR, B A IR
BRI =LEAMEGRIEERN, Az KRR,
SRR IR TR R HAG 25, A R4 A DA
AL TP 257 PIBK/Akt 15 5@ EKIGYT = g HUAE
IR R, 5 BRI 70 17 e AR S R e A B 2 5
(3) H AT AN [R]If R R I 00 v g I 8 A T I e
6, R MCAE AR IR R 25 v 4y Dy s A ] B IAURE 5
SEEHhE . AR IUAE . Km SRR EA
IMgE, HAjiE = o = 25T 1l PI3K/Akt 15 5 18 14 5%
ANTRI 287 1 e M S (R T SRR 7T s (4) 23R
WIS T7 O 22k, B2 AR Y AR L A
A, 24 AR P2 B AT A %t PIBK/AKt L
W TR BAFEAS B a b e e TR — PR R .

H A 80K R 22 2% 5 I e v 2596 97 i IR ILE 1)
FRbA AL, B8 gy AL E T8 s o 2GR R A
FH L e 258 i 4 o S el K ZG BRI HEA T AN TR
Ko KL, Kok nr i — 55t AN [F 2R 1 e A IUAE i3k
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ITHHED W TT, RN ES S M2 2585 EME R
Py BB AT S BURERIR R P 45 AR
PI3K/Akt 38 # ) EL AR HL ] J 5 HAb A5 5l i 2 [h)
MIZZ AR, DI PRIT A5 22 i 25 8 ] 25 1R ALK
B/HS%,
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