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Regulatory Effect of Qiwei Baizhusan on Liver Tissue Insulin PI3K/Akt Signal Pathway in
Diabetic Mice
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[ Abstract] Objective: To study the effect of Qiwei Baizhusan (QWBZS) on liver insulin
phosphatidylinositol 3-kinase ( PI3K )/protein kinase B ( Akt) signal pathway of diabetic mice induced by high-fat
diet and streptozotocin (STZ). Method: The methods of network pharmacology and animal experiments were
used to study the hypoglycemic effect of QWBZS. Active chemical components of the drug and disease targets
selected through public databases were used to construct the protein-protein interaction network (PPIN) , and
gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomics (KEGG) enrichment analysis was
performed to identify relevant signal pathways in vivo. In the pharmacological experiment, the diabetic mice

model was established through intraperitoneal injection with 80 mg-kg"+d' STZ high-glucose, high-fat diet. The
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mice were divided into normal group (normal saline) , model group (normal saline) and QWBZS group
(18.7 g-kg'-d"). After 28 days, the hypoglycemic effect of the drug and its effect on serum total cholesterol ( T-
CHO), fasting insulin (FINS) and serum tumor necrosis factor-a (TNF-«) were determined. Western blot and
Real-time fluorescence quantitative PCR (Real-time PCR) were used to detect protein and mRNA expressions of
insulin receptor (IR) , insulin receptor substrate-1 (IRS-1) , phosphatidylinositol 3-kinase (PI3K) and protein
kinase B (Akt) in liver tissues. Result: A total of 36 active components in this drug were identified by network
pharmacology. KEGG analysis suggested that QWBZS might play a role in reducing blood glucose by regulating
PI3K Akt signal pathway. Compared with the model group, the levels of blood glucose, serum T-Cho and TNF-«
of the intervention group were significantly lower (P<0.01) , while the FINS of the intervention group was
significantly higher (P<0.01). Protein and mRNA expressions of IR, IRS-1,PI3K and Akt in liver tissues of mice
in QWBZS treatment group increased markedly (P<0.05, P<0.01). Conclusion: QWBZS could regulate the
levels of blood glucose, TNF-a, T-CHO, and FINS in the serum of diabetic mice induced by high-fat diet and
STZ. It can improve PI3K/Akt signal pathway of diabetic mice by regulating protein and mRNA expressions of

IR,IRS-1,PI3K and Akt/PKB.
[Key words]

Qiwei Baizhusan (QWBZS); total cholesterol (T-CHO); fasting insulin (FINS); tumor

necrosis factor-a (TNF-«); phosphatidylinositol 3-kinase(PI3K)/protein kinase B(Akt) signal pathway
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58 A EAER R HEM L i ClueGO 4
P (2.5.3 MUAS ) X A% 0 B8 05 47 E AT BE LA 1R (GO)
Az Wy 2 aok T R TR Ty g 3 A L B E B I T AR LR S
MEMG R 20, BROIA B #E P<0.05", 5 A% 0
SHEAT A3 0T 45 B0 A W5 Sl B R AT BT IS .

2 YL

2.1 FE

2.1.1 ¥ ikl SPF %% BALB/c /M ERL, 8 JA iy,
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2.1.3 R BEMR{E R FR (STZ, 26 [H Sigma 24 A,
fit5 WXBC2044V) ; ZH K, LK L BE, 95% £ %
(R EE K&l A BR A AL #5200k
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FEH F-a( TNF-a) i F & ( E1E QI 3R EA PR A,
# 5 AD201904) ; UNIQ-10 4 =X, trizol &t RNA Hli 2
WA &, F 2P S RZ A (INSR) , REPHUE S R
ZARJE Y (IRS-1) , /b BLUHLBT PIK3CG, /) B BT 2R
FE BT(AKtD) [ 4 TAEY) TR (L) A R
A, Mt 5 4 %k B511321, D151684, D151656,
D199077, D199241] ; /N B 4t p- Wl 3 & 1
( B-actin) , BRAR i A AL P i (HRP) A3 i £ 50/ B

P, HRP AR iC F 50 i (R DU 84 9 TR A
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BifIE % B, 4S Red Plus #% R 4 57 (92 B BBI A H]
#5435k A600014, A606695) ; GeneRuler DNA
Ladder Mix, Maxima Reverse Transcriptase ( 3¢ [
Thermo Scientific 24 ® , #it %5 4+ %l >4 B300721,
EP0743).
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B, 7N KCHE 20 min, 8 )2 20 A i Bk, IR BE 9 7 vk K
B2 UEW W4 2 1.87 g-mL", % .
222 HYERSHH RS IR EEIESE 28 d
Ja o, M8 B O 9 80 mg-kg'-d'STZ, 72 h J5 Ifl >
11.1 mmol-L" S # B LI S5 /N4 341,
T2 6 K, IE B 2H R 3 G e R R R B A LR
P AR HICZH v A v B R IR LR R B WE S L
R R BRI 18.7 g- kg d (M 24 T AJH &= Ay 2
%), 452528 d.
223 fEARIE i sk /N BLURY MR BT A L BE o R
I, # & 0.5 h,3 000 r-min” &[> 10 min, 15 IfiL ¥ .
FH ELISA 370 &, e MRt 700 65 196 BH 5 42 At 1 o7 sl
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PO BCA M E 4 MR T . & HE S B
40 g HE 5% B W8 (1) TBST (1 K ) =
W PVDF [, 2 IR 48 K B A1 2 ho 38 P10 A L
f) —$i ( B-actin 1:500, Aktl 1:1 000,IRS1 1:500,
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B, 4 °ClEHE LK. H TBST Fi B AH L HRP A
ic —Pi(1:577),PVDF iR F 4 & W,
37 °CHE IR H 2 ho BF ECL i 57 48 58 0 45 a2 19 3k
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2.2.6 Real-time PCR £ il J}f i 20 21 IR, IRS-1,
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B RNA fili #2177 & , RNA $4 F8 800 ng JZ ¥% cDNA, F 1 PCRIIMFIIRF=MAMN

15 cDNA i #i B 10 A% 4 S B AR - HLAG DU . e ) Tablel Primer sequences of PCR

IR A WL BB 45 24 95 °C 3 min, 95 °C 3 s, L) JFHI(5'-3") K B /bp

60 °C 30 s 1 FF . i1 4 BE 54 (9 96 FL AR L 78 ABI IR ¥ GTGGAACGGTGCTGGACA 213

Stepone plus Y Real-time PCR AL FF #E47 )2 i o fifi FH Fiif CTGGAAGTGATAGTAGGGTGGC

StepOne Software V2.3 % {443 7 PCR i 5 4 6 1 £ IRS-1 13 CTCTACACCCGAGACGAACAC 228

AW CAH , AHXS 3k & ] 29k AT E . 517 T iif AACCTGCCAGACCTCCTTG

UL, A T A TRELE)BRMDARA A PI3K 3 TCTACCCAGTGTCCAAATACCA 188

Bt Tl AAATGCTTCGATAGCCGTTCT

227 Gt srHr R SPSS 19.0 BFE 1T 48 Akt Fif CGACCGCCTCTGCTTTGT 219

AT, AR S5 A48 bR FH x5 Ron IR BRI R T Tl AAGTCCGTTATCTTGATGTGCC

ZERG Y oAb B[R] 22 57 DL P<0.05 8 22 5 A Gt B-actin |1 GTGCTATGTTGCTCTAGACTTCG 174

3 &5
3.1 W42 BRI 2
3.1 AU G T

F2 EHRARBIAFERS
Table 2 Active components of Qiwei Baizhusan(QWBZS) powder

L OB%=30%( H % & OB%

Fiif ATGCCACAGGATTCCATACC

>60%) , BBB=0.3,DL>0.18 Ky i 3% 4 14 , FT 15 36 4>
TP W3R 2, o se S A7 144>

e AL KX E3/ AL/ ER
e a-spinasterol e frutinone A
W perlolyrine W5 taraxerol
W diop W stigmast-7-enol
e B ZINC03978781 5 methyl icosa-11,14-dienoate
e stigmasterol w5 glycitein
5 7-methoxy-2-methyl isoflavone 5 stigmast-7-enol
W spinasterol W5 11-hydroxyrankinidine
K= trametenolic acid R= ergosterol peroxide
K= stellasterol = eburicoic acid
EFN a-amyrin EEN 8 B-ethoxyatractylenolide IIl
A 24-propylcholesterol HE licopyranocoumarin
H glycyrol HE 7,2',4"-trihydroxy-5-methoxy-3-arylcoumarin
Hx licochalcone B HE shinpterocarpin
R formononetin AR beta-sitosterol
R diop EE genkwanin
R 5-hydroxy-7,4'-dimethoxyflavanon i irisolidone
N mairin KA stigmasterol
N sitosterol AN benzocarbazole
3.1.2 PPIMIZ S5 4E M4 DIE RN 0.7, /& BRI, 5 s B e s, 5 AW & 1 A AT

4L A AR B 43 -4 A5 PPT I 25 DL IR 1, P e 4y

AR S Y T ] A 2 SN H Z Y

FHEL AR O A, SO AR B AR o6 & il o &1 vh &

AT S R B AN ) B 52 RN A A 2 A

ATl o A BT AR B 5, DT AT Y

SERIR AP KB, FE STRING $U 48 4 i A B/~ 36
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Fig. 1 Component -target PPI network of QWBZS
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B2 #ERF-ERPPIMSE
Fig.2 Diabetes-target PPI network
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Fig.3 Core target PPI network

AR IR 45 W A FH ) DG B A A0, mT BB 5 0 I
f & MR YT A G S .
3.1.3 GO/ #r Ml KEGG 43 #r  # LA degree=28 H
o o U 22 A5 2] 9 A% 0 0 A 1Y L R 3 A DAVID S04
J& AT GO 43 H M KEGG 230 M, GO & 43 #4531
525 54t L KEGG 73 B 48 BAH X (19 110 5515 %
i ML 18 R Count=20 Y M 45 51, L% 3,4,
GO Ui e E F = AE T 5 RNAR G [ )5 3)
TR S B R GO U T R A B Y A
BT AT AR SR U R E AR B RS LY
R, XA Y MR AR T Lk
AR BT P 0 T Xt g L e P L A A R
KEGG 43 # 45 t -& Bk 11 R BAT fig 2 38 2o 98
PI3K/Akt, MAPK, HUR BRI R , ol &8 2 I 745 (F
530 % R AR TG .
3.2 LR AR O HE R /N B 1R
3.2.1 X BE RS /N B A SCFE AR I B2 5 OE
WA LR A A 2 A R 2 5 B R R 1A ot A
TR (P<0.05,P<0.01) , Pd WA U 29 5 - ok 1 R HE
2H S B AL SRR A, 4 2 e B
P AR A I B 5 B IR (P<0.01) , R B -L IR A
ARECRT A RS mAEE WLk s. SIEw4AL
B BRI ZH TNF-a, T-CHO . % 7+ 5 (P<0.01) , FINS
WEREAR(P<0.01). fE42528 dJF; SREEARIA LKL,
LR AR AT i 2 B AIK TNF-a, T-CHO( P<0.01), i
& J1 & FINS(P<0.01), lL % 6.
322 XEHERBE /N BUFIEH 2R S /N
JFRELLZR Y 7 T2 WA B T~ WL, Lo A [a] 4131
IFAE LI SR, EFARLEH A EE
() 48 21 (0 1 JRUBURE A TR 2 g R B /D B4R AT (0 b
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Table 3 Analysis results of GO
Term Count C/%
Positive regulation of transcription from RNA polymerase II promoter 50 38.8
transcription, DNA-templated 36 27.9
negative regulation of transcription from RNA polymerase II promoter 34 26.4
negative regulation of apoptotic process 30 233
positive regulation of transcription, DNA-templated 29 22.5
signal transduction 28 21.7
regulation of transcription, DNA-templated 28 21.7
negative regulation of transcription, DNA-templated 26 20.2
viral process 24 18.6
apoptotic process 22 17.1

H: C /R Count/HZ 0 HE A x100% (£ 4 17]) o

#4 KEGGEBHWHER
Table 4 Analysis results of KEGG pathway

Term Count C/%
PI3K/Akt signaling pathway 30 233
MAPK signaling pathway 24 18.6
thyroid hormone signaling pathway 23 17.8
neurotrophin signaling pathway 23 17.8
chemokine signaling pathway 23 17.8
ErbB signaling pathway 22 17.1
Ras signaling pathway 22 17.1
FoxO signaling pathway 21 16.3

JEUBORL , v RE A R SR TOAR . B R R B S
T R, 58 0 (0 B JRUBURE 5, v RE 400 M A A
MR g AR R B . UL 4.

£S5 LHRERBXHERRENRERE. IR0 (3ts,n=6)

AEF BRI CB R AR B

4 EtHRBEABMERFNMNRFEAARSFELZTHIZM
(HE,*200)

Fig. 4 Effect of QWBZS onhistopathological changes on the liver
of diabetes mice( HE,x200)

Table 5 Effect of QWBZS on weight and blood sugar in diabetes mice(x+s,n=6)

1fiL % /mmol - L T i /g
215 Fl /g ke!
25 2l A 4 25T A
I - 6.22+1.07 6.03+0.72 30.20+1.27 30.57+1.11
AR - 11.50+2.97? 14.26+1.39? 27.30+3.26 26.85+2.19%
EUNEF N 18.7 12.08+1.34Y 7.47+2.769 27.80+2.59 27.33+3.86
W 5 IEH 414V P<0.05,2P<0.01; 5 HERIZH ) P<0.05,4P<0.01( £ 6~8 ] ) o

£ 6 LHRAARBXHERRE/NRIME T-CHO,FINS, TNF-a & # [ (X+s,1=6)
Table 6 Effect of Qiweisan onserum T-CHO, FINS and TNF-a in diabetes mice(x+s,n=6)

21 51 FlR /g kg T-CHO/wmol- L' FINS/pmol-L-! TNF-a/ng-L"!
I - 258.78+18.80 47.94+2.07 405.93+37.74
H Y - 378.93+18.87? 35.90+0.87% 561.32+20.94?
Bk AR 18.7 336.66+13.699 42.20+1.28% 506.65+16.849
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3.2.3  XFmE IR /D BUIR, IRS-1, PI3K F1 Akt 25 M
LR 5 EH A &, R 2 /N BUIFBE IR,
IRS-1, PI3K Ml Akt 55 H £ ik B & B 1K (P<0.05,

P<0.01) ; 5 BRI A BB, B vk R B4l /N U IE
R & A £E W B I & (P05, P<0.01)
%7,

£ 7 LKA AR B HER R /N BRATAEH L IR, IRS-1, PI3K Fl Akt B A RE MM (+s,n=6)
Table 7 Effect of QWBZS on protein expression on liver tissue IR, IRS-1, PI3K and Akt in diabetes mice(x+s,n=6)

215 /g kg IR IRS-1 PI3K Akt
IEH - 0.62+0.18 0.53+0.17 0.51+0.08 0.75+0.12
A - 0.20+0.062 0.16+0.072 0.39+0.62" 0.64+0.002
AU NEP N§ 18.7 0.43+0.18% 0.34+0.129 0.48+0.05% 0.60£0.00%
3.2.4 %P PR %% /) BUIR, IRS-1, PI3K HI Akt Y P<0.01) ; 588 b &, B R R B /N BURF E

mRNA F£EMFH 0 5155 4 i, B8 4 /N BRUTF
JUE IR, IRS-1 F1 PI3K mRNA 3 ik B 5 F&AI% (P<0.05,

IR, IRS-1, PI3K fil Akt mRNA & ik B & F+ & (P<
0.05,P<0.01). W38,

* 8 LRRERBHERR /R IFAE IR, IRS-1, PI3K #1 Akt mRNA R iZ B #0 (x+5,n=6)
Table 8 Effect of QWBZS on mRNA expression on liver tissue IR, IRS-1, PI3K and Akt in diabetes mice(xX+s,n=6)

21 51 F 4t /g kg! IR IRS-1 PI3K Akt
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