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BARETHERAK(P<<0.05), ZRBEMNR. P . SHNBEAGTH o 2K EHF . HOMA-IR 348 B4k T AR
SR, ZFARTFELP<0.01), ZRBAE T & A FA6 PI3K, Akt .GSK-38.GLUT4 mRNA #8#f &
BARKFH G TRASRBA(P<0.05), AABEMK. P . &A TR LALF PI3K, Akt 483 & & K-F & T4
AR, ZF AT FEL(P<0.05, &g R RHETdidR S PIBK, Akt & & . A K& PCOS X &
BB EARAR A,

[XEBR] 2EIP LB M5 TR 2 RBAE S ISBLILEL 3 %8 & 9 %8s B

[FEZESES] R7TIL7 [XHiARiRE] A [XEHS] 1671-8348(2025)09-2001-06

Effect of Lingzhu Granules on PI3K/AKkt signaling pathway in rats with polycystic

ovary syndrome accompanied by insulin resistance”
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[Abstract] Objective To explore the regulatory effect of Lingzhu Granules on the PI3K/Akt signaling
pathway in the rats with polycystic ovary syndrome (PCOS) accompanied by insulin resistance. Methods Fe-
male Sprague-Dawley (SD) rats aged 3 weeks d old were selected to establish the model by using the DHEA method.
The intervention treatment was administered by different doses of Lingzhu Granules and the homeostasis model as-
sessment of insulin resistance (HOMA-IR) was calculated. The relative expression levels of PI3K, Akt, GSK-38 and
GLUT4 mRNA in the ovaries was detected by RT-PCR. The expression levels of PI3K and Akt were detected by
Western blot. Results Compared with the model control group,the rat body weight in the medium and high doses
Lingzhu Granules groups was significantly reduced (P <C0. 05). The fasting blood glucose, fasting insulin and
HOMA-IR index in the Lingzhu Granules low, medium and high doses groups were significantly lower than those in
the model control group.and the differences were statistically significant (P<Z0. 01). The mRNA relative expression
levels of PI3K, Akt,GSK-383 and GLLUT4 in the Lingzhu Granules medium and high doses groups all were higher than
those in the model control group (P<C0. 05). The relative expression levels of PI3K and Akt in the ovarian tissue in
the Lingzhu Granules low,medium and high doses groups were higher than those in the model control group,and the
differences were statistically significant (P<C0. 05). Conclusion Lingzhu Granules could effectively improve the

insulin resistance status of PCOS rats by enhancing the synthesis of PI3K and Akt.
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% FE PP 8 22 5 1F (polycystic ovarian syndrome, P-
COS) I RF I ZHE AL 45 HR IR 45 LS M R (O L 2
FERECAS B i 12 22 63T (insulin resistance, IR) 281 | IR
SR PCOS ISR ALY SCHE P 2K | W] -t 7T RE7E HE 5
PCOS A58 2 B J7 1 KA A 1 . R 8 3 2 8IE SE RE 8
58 o BT 0 e A 2R 0 A i I T e AR D 9 A
HAFE L A5 PCOS SR (Y B SR A ARRAE . SR kL
YERABE A 25 150, © 8 PCOS A7 Sl iz FH
KT ARAE R B R AT ANSE R XY I A 10 BR
2l 2H A, e FE 240 SRR A IR O B, IR 2 B
W R, 2 A R4 R HLIR e 2 D B, o5 Il 2 X
SR e I RRAR T A BIGEAE P 5 A58 A 1 K B e 1A
I B SR A B [ I AT BT - - B
HLOE BUUACLE ROV 5 25 U 2 b 1 i 2224, 2 H X 5 1Y
Y RO 787 1 D R A5 1T S 0L 1 PR . £
AE (11 PR I H 2R W R AR UKL BE 6% 3 15 PCOS J8. 38 19 7
WK B HAEBGE IR J7 1

BN T UL s 3-8 Al / 2 11 ¥ B (phosphatidyli-
nositol 3-kinase/protein kinase B, PI3K/Akt) {5 5@
Her S 5ok s AT A AR B R . H AT
CABFRIUES, PI3K/Akt f§ 5l 25 T Hh PCOS
SEUY IRV FEBE S R AR S E b IR A
fif-33(glycogen synthase kinase-38, GSK-38) 1L /& &
BN T R T 22— TEME DR BIF 50 v R By 28
W5 50 i . 2 W% 32 85 4 (glucose transporter
4, GLUTA) 24 % B ¢ b B 29 S50 8 H . 1 PISK/
Akt/GSK-3B {55538 fif 8 i 9815 GLUTY %%z, v LA
AR A AL Fh e, A T R R BORE B 2 i
PI3K/ Akt i K 22 fit PCOS (9 IR fEH . AWk 53 41

A PISK/ Akt 15 5 38 #% . TR AR R AR JORE 2
% PCOS % IR /R HLH, S iz 25 19 Bl 27 g T 4
BEAR A .

1 #RERE

1.1 ##

1.1.1 5%

SEE e T 3 R 0 e SPF 4% SD K R, &
JE 40~70 g, W [ R 7T BE R R 2= S S o, 58
B S A = RS 8 SCXK () 2021-0041, AR BF
FEC AT M P B 2 R MR R R/ AR TP s
B S 5% 2h W) B 25 B S s AL (R AL 5. 2020072)
1.1.2 XA HHE

RAWORL (E 25y 220071371, F4E 6 @), &
TR SR AR AN RS Y I AR, S iR
A Rt & R MEW (dehydroepiandrosterone, DHEA , I ¥
PE A= B A R B L S G v R R Ll 25
MABRAFD  H AR R )., SEBEDER
ELISA K I3 70 & (L il Bk A= BB A BR A 7D L 3t
A3 S G i BA e [ PR (PISK p85 . Akt.GAPDH,
IgG) \HRP 5 9 51 4= ¥ % — 41 (HRP-linked Anti-
body), ¥y [ 3¢ [® CST /A #Al. M 4h, B4 TRIzol
(Invitrogen™ , 35 [E FE 8 K /R A 7)) . ChamQ Uni-
versal SYBR qPCR Master Mix (g 5t i M % [ 57 B}
HFABRAFD 519 )7 51 £ E Life Technology 23 )
G, W1, FESE A S A B (%
Bertin 22 A (#0730 O6 B 1 (38 B FE B R A
A L HE PR AY L DO i PCR A K i3 R K&
BUR Z 58, ¥ H 35 Bio-Rad A,

1 RT-qPCR 5| #1 % 5!

SR £ Fr J5 1) g9 F 5 (5" —3D PRI (bp)

GSK-38 E 17 CAC CTG CCC TCT TCA ACT T 161
18] ATT GGT CTG TCC ACG GTC T

Glutd IE 1] CCT TTG CAC ACC ACT TCC GA 155
B2 1) GAG GGG GTT CCC CAT CTT CA

PI3K 1E 7] GAT TTC GTA TCC ACC TGT CC 222
| GCC TCT AAT CTT CTC CCT CT

Akt 1E [7] GCT CTT CTT CCA CCT GTC TCG 184
S 1) CAG CCC GAA GTC CGT TAT CT

B-actin E ) GGA GAT TAC TGC CCT GGC TCC TAG C 155

2 15 GGC CGG ACT CAT CGT ACT CCT GCT T
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1.2 7%
1.2.1 #MEXK PCOSIR A

PR 3 JA % 1Y) SPF 2 PE SD R B, 48 3% 77
R 24 R 2 A MR BE e /T AR A b B B sl ) S g v
DR B, F IR AR AE 20~25 C LB E N 40% ~
0% . 4T EE R (SRERERSSHEH
93M Wi RS AE ) HHIRE .12 h: 12 h B
WG RS, W&V EME SR 7 d 5 R FHTE S DHEA 2%
FEE PCOS KRR, 55641 K RUE I 7 57 DHEA
6 mg e+ (100 g+ &' +0.2 mL {4,/ 10 H %}
HEZH A BN 3 S5 AH 07 590 ok 7 A R AR K . 7E % 2R G
31 d DHEA J& , X K B AT 3% 22 1 A P S 390 1 1) 3 e
VAN e a2 BIE b R 40 M B AR Ak HL 3
JEV WA 5E 8% |, [] B} 25 8 1L B (fasting plasma glucose,
FPG)>7.0 mmol/L . F#HLIILHE>11. 1 mmol/L, ¥
FE AT . AN SE G 3L gk B 50 AR AR 2 1 K R
A3 RS RLT BRA VG 253897 4 L R AR ORI R S AL LR
AR IURE F 5] i 41 R SRR ORI B4, B 10
25 X B2 FBE R X B 25 7 0. 90 AR J bk, ROR
WORL AR, ey v R = A S A 45 T 0. 392, 0. 783,
1.566 g+ (100 g+ d) ' MY R AR, V5 253897 4
KA T 43 mg e« (100 g« )" ZH WINE W, B K
1 EZEREE 14 d. 25 25500 & S il R s 245 50) 2
Fe N5 R 2% T RR L 1 9T 5
1.2.2 KA REFAGR

i 0. 15 mL/100 g A& 1 7 it 25 7 K BRUE s
P30 W L SR AT BRI . T R BB 2R S 6 H
A7 B 5E S AT TF I S G 4 R T s 5k il i 5~
7 mL, W E IR AE, F 40 B IV . — 80 C R AE A .
A3 W BP L, PBS Wk s 43 T SR AR
W EGE R SR JE — 80 C URAE .

1.2.3 FPG.® M M & % (fasting insulin, FINS) | #&
B Z 3 F 4 (homeostasis model assessment of in-
sulin resistance, HOMA-IR) # ]

K IMBE A 72 FPG, il i ELISA K0l FINS
KL I A HOMA-IR, i H 24 X8 HOMA-IR =
FINSX FPG/22.5,

1.2.4 9P 44 % PI3K, Akt,GSK-38 & GLUT-4
mRNA A8 5 & ik K -Fn) 2

PLHUON L4141 RNA 12 ] RT-qPCR 75 46 1 [
B F YA L fF 5 4 7 PISK. Akt, GSK-38 J&
GLUT-4 f mRNA X} £ ik KF, RT-qPCR
Zh .95 C S PE 30 5595 CASHE 5 5,60 CiB Kk
30 5,72 ‘C #Eff 30 s, It 40 DFEIR; 72 °C G LEfip
7 min; Y PWTE 4 CORAE,

1.2.5 9P g4 PISK, Akt 485 & & Kl 2

2003

AHXF R IE K, $E IR B4 21 88 (. AR BCA
B A VR B RS AT b B R A
SREVR s 5 1 458 Jit L 9K (sodium dodecyl sulfate-polyac-
rylamide gel electrophoresis, SDS-PAGE) . #%5 fi& il 5
P ARG BE TS 1 —P0 .4 °C T b 1% RS in A B
R E AW EGE bR iE B R P, EIREE 1 h; Welke.
L: 1RGmRBEAS AL AW, B, D
P -3-H 12 i & i (glyceraldehyde-3-phosphate dehy-
drogenase, GAPDHDAE N N2, #l FH Image ] #4447
BT Ak B AR 2 R T A 45 1, 115 PISK., Akt AHXF 3%
BIKF
1.3 %t a5

K SPSS22. 0 A AT G =400 . TR BORE
FH x5 KR, Z A R 7 22 57 B s 4L T P PR
FeBCR A LSD: K50, Lh P<C0. 05 Ry 22 5 A G it 2
2 & R
2.1 PHFMATE LA KRR T ILE

RIS 2 N o3 A R B 10 HLFE 259 T
Tt b PRI A 3 R RIE T, R R
A 1 2R 2 HORBUAE T, I n] BE 5 KB
TEZG W HE B AL R P ORIE A OC . 2 T i BB XS
MAMKEHEE FEANBA. 2R A5 FE X
(P<C0.01) . RARJURLAR T it 2H 55 155 B0 BRZH Lo 85 22
SHGEITHE L (P=>>0.05) . R AR 57 & 40
TR I, 22 F A i L (P<<0.05) , R AR
R e 7] e 2 W AR TR A X B, 2 R A St R
M(P<C0.01), L% 2,

F2 SEXRPATRNEHEELR(TEs,g)

% F Western blot A5 BP 8.2 21 Py PI3K ., Akt

215 n oh 25 1 WA 2T U

25 X IR 10 168.5+16.5 223.3+14.9
A5 D %6} R 20 10 177.8417.2 247.6416. 0
PB4 7 183.14+14.9 238.6+15.3"
TR 1t 21 10 185.6+22.3 253.4420. 8
R AR TR 7 4 4 9 187.6+8.1 250.3+23.1"
RARJTURE e 7] 2 41 8 182.04+19. 1 237.6+21.2"
F 1.372 8. 789

P 0.251 <0. 001

“.P<C0. 05, 575 X BRALHe A" P<<0. 05, SR B4 H 4R

2.2 PHFMATE &M KK FBG.FINS,HOMA-IR
7 b a

W2l S R 6 ALK U FBGL FINS &
HOMA-IR # 17 b #% . 45 R B oox, #5882 %) B4 Y
FBG.FINS.HOMA-IR & F25 H XA 2 7 F 5
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PR (P <<0.01), 1 R A FURLAR A, & 75 4l K
PEZ5I897 4119 FBG . FINS. HOMA-IR 5] g ik F 4
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HINXFHRAL , 2 R H F i (P<<0.01), IL# 3,

%3 B FREEEAKXR FBG.FINS,HOMA-IR 7k E L8 (= +5)

, FBG (mmol/L) FINS(mIU/mL) HOMA-IR

i ! v 24 i 2 FHiE i 24+ T s v 24 Wil 2T HE
75 % I 10 5.240.4 5.340.6 25.1+1.8 25.6+1.9 5.840.7 6.0+0.8
RN BE 21 10 8.341.3" 8.7+1.7° 34,9+1.5° 34.5+1.5° 12.942.1° 13.442.7°
[LESRER g ] 7 8.64-0.9 7.440.5" 34.6+£1.9 27.1+1.1" 13.3%+1.4 8.940.6"
RAPHRALT A 10 8.5+0.9 7.940.9" 34.140.5 26.1+3.1" 12.941.5 9.2+1.8"
RABR hFIREA 9 8.540.4 7.240.7" 34,941, 4 25.9+2.5" 13.1£1.0 8.441.1"
RAPR R EA 8 8.5+1.0°" 6.9+0.7" 35.0+1.5 25.4+2.9" 13.242.1 7.8+1.6"
F 22.767 14. 347 59.414 22. 465 36. 627 22. 130

P <<0. 001 <<0. 001 <€0. 001 <<0. 001 <<0. 001 <20. 001

" P<C0. 05, 525 IR IR L He Ak ;P P<<0. 05, SHET xf IR4H oA,

2.3 PHFME LML PI3K, Akt, GSK-38,
GLUT4 mRNA #g 2} & i K 49 pb 25

LR B2 i) B HE 4 21 PISK ., Akt GSK-3.
GLUT4 mRNA HX R B AR T2 HX A, 25
HEAT2EE L (P<<0.01), SHIAIXF A A, RA
WORLAG . L8 R 20 B9 PISK mRNA A X 36 3k 7K F
W ERAE SR L (P<<0.01), 7 A FURAK 5
HAH Akt mRNA FXE 2R 35 KF- A B3 &, (A 22 57
TG 3 L (P =>0. 05) 5 1017 R A UKL H L 7] 1 26 1Y
Akt mRNA X R IR 3 5, 22 7 A Ge it 2% X

(P<C0.01), RARBORAL ., o, w7 &2 419 GSK-38.
GLUT4 mRNA AR 3K 7K i T B X B L 22 57
Gt (P <<0.05), WWE 1,
2.4 PHFEL ML PISK, Akt A8 & ik K P
BT X} IR 2 7y O S 20 21 rf PI3K FI Ake [ AH X 3%
B FE AR BA, ZRARITFEL(P<
0.05), RARAR i 77 5 4 1Y PISK AHXT 3k 7K
S TR IR L 25 A Ge i L (P<C0.05),
RARIFRAL L 7 4L B Akt A 2R IR KR = TR
RUNFRRAH L 25 5 A Geit 22 L (P<<0. 05), WL 2,

2.0+ b 2.59
BE b b BF b b
2 % 2.0
ﬂ1.5- b X
#® Ky 54 b
z a %1.0- a
E E
%0.5- 0.5
E <C
0- 0-
O @ ® @ 6 6 B o @ @ & ® ®
FAzE
4 3.0- ] . a5
2 b b B4
5257 2
1"‘R‘z 0 ol
' b b %2
[arns
1.5 i)
&z =
= 1.0 a z 1
% 0.5 =
5 3 0
() 0_
¢ ® @ ® @ ® ® D ® @ ® @ 6 ©
2B 35l A
O 2 A IRH ;O AR A Q. TR @ RARPFRACH EH: O RARPK P HEH:©. RARPFR EHEH, A~D il s

PI3K ., Akt .GSK-33.GLUT4 mRNA i %F 335 K T Fe 4% . * - P<C0. 05, 525 (A0 IR 4 435 . P<C0. 05, 518 750 % PR 20 e %
1 £ A 0P &4 8 PI3K Akt GSK-38.GLUT4 mRNA %t K&k E 8L &
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e

06 39 s s

2005

PISK W S — W 50 < 10°

Akt - e —— 0 < 10°

GAPDH W S e @ 36X 10°
o ® @ @@ @ & ®

@2 EXT A Q AT ;O FI25ET4l: @ RARPRARF E4 ;O RAPR HHEH;© . RARPR F =L P<<0.05, 525 {xf
TR ;" . P<<0. 05, SAETIXT R4 LA . ALB /MBI 452 PISK. Akt % ik /K 9 b 455 C. PISK , Akt BEIR R A%
2 FAPEAR PI3K Akt EAMEITRIEKE

3 it it

TEH BE W, BTy IR £ 5 W s
DI RE R H BB ML, M R T RE R e, &
IR RN R Z A M s SO K A, 3E R
T R L T 25 R AR P 2 W A S B HL R R R
XS T W) 5T A 4, A AT IR B 2K RN A 2 0 L s
S PR M LA IE R 35 ok it A KR AL 24N L R IR
MmN R 2 —

RAORLAE Ay vh 245 52 & 1500, D gk A58 BT L #b
@My EE DR, T WE AR B R Y A BN IR
B, RERRAR A IR IR T 4 1F IR, & #1015 2 1 %
PR,

A B A R A TR AT 8 4 A AR S . SR
PPk IR ZEALAR b A B8 5 A, IR &
25 Tl 5 R 500 AL A ke B 5 3R AN R, DA AR A il 4y
Witk 2 JR I 2R, 5| v TR R I R R
A MR L BE RE DT IR £ 4 PISK/Akt/
GLUT4 {5 5 i# #, 1 PI3K/Akt/GLUT4 {5 5 i i%
S X — R IR B R & B BB G IR, It
Hb,PISK/Akt/GLUTA {5 5 3 % %) P 5 D) BE 0 A 52
Wi, BEAEWFZE R, 2 IR & A A, 2 il T 00
SR 20 0 HEE % TR 19 JBR 5 3R A2 A R A VR T
X g PCOS 5 ME i 28 26 BUAY 8 3 9 22 — 7Y,

AW HOR R R R i8R PCOS M 655
i [ PR A i 42, Hh 2 1 Bl PCOS 3% 3 1 iF 52
PoH, A BRI, PI3K/ Akt 5 558 % 32 255 ot
E T OE DB B ARk B2 TR R B A I B K OF
BE A £ 56 F v 25 k38 IR ML Y BF 55 2 B PISK/
Akt {55 30 6 76 20 3% IR Jr m B A BURPE . BRI
SR g AR L b i BV BE ) 24 ik T S8 i g g1
PI3K, Akt mRNA Fl# [ 3 35 7K F, 31 25038 K B
IR, MRZe g 255 F 98 & PR, fd 9 b % 7 ol Bkl o
PI3K/Akt/mTOR Hl PI3K/Akt/GLUT4 {5 5 il
Z i KB PCOS £ TR, V35 48 R A5 B e 38 1 3 oK
S BRI T L RIS R L AN AR O

T s PCOS fF IR KB EKT, % 2%
B e TR IRZ, HAE A MLHI W A8 5 M PISK/ Akt
RS A 56, RIRES KRB LBE Xt P-
COS ALK B OP 5L N B &5 A5 518 300 7 B A &
PR AT L i3 B0 8120 40 PISK 15 514 50 Bl 21 8l
LR E . AR S LR o5 O LA
7RO L 38 a2 ROR Uk A 1L KRB IR 1R AR
P 0 P g2 i, ELOP 40 40 PISK/ Akt {5 5 1 #% 2 AE 15
) BA o 23

ZE L TIHR , AHE 5E 45 R WoR . ROR UKL R A AL
i PCOS £ IR K ELH FBG.FINS &2 HOMA-IR, £
R, R AR ORAR L AL R 2 40 B9 PISK, Akt, GSK-
3B GLUT4 mRNA AH XJ £ 3k 7K 7 B &2 14 i , [w] b B
i PI3K Akt RIkAKEALAG FIrigm, i sbfei, R R
WUORL AT REIE T PISK/ Akt {553 # ok 3% PCOS £ IR
KB AHSCHEAR S J5 Se T S 11 T AR 40 .
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