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Effect of Baihu Jia Renshen Tang on PI3K/Akt Signaling Pathway in Liver of MKR Diabetic Mice
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[ Abstract] Objective; To explore the effects of Baihu Jia Renshen Tang (BHRS) on the related
molecules on the phosphatidylinositol-3-kinase/protein kinase B (PI3K/Akt) signaling pathway in the liver of
MKR diabetic model mice. Method: Thirty 6-week-old MKR mice were selected and fed on a high-fat diet for
four weeks, followed by intraperitoneal injection of streptozotocin (STZ) for the diabetes model establishment.
The model was properly induced in the case of the fasting blood glucose (FBG) of >11.1 mmol-L". After
modeling, the mice were randomly divided into a model group, a BHRS group (12.09 g-kg'-d"') , and a
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metformin group (0.065 g-kg'-d"), with 10 mice in each group. Ten FVB mice were assigned to the control
group. The mice in the groups with drug intervention were continuously administered correspondingly for
28 days. After administration, the mice were sacrificed, followed by the oral glucose tolerance test (OGTT) and
FBG detection. Serum very low-density lipoprotein (VLDL) content was determined by semi-quantitative
enzyme-linked immunosorbent assay (ELISA). Four indexes related to blood lipid were determined by the
biochemistry analyzer. Liver tissues were subjected to pathological examination by hematoxylin-eosin (HE)
staining. Western blot was used to detect the protein expression of PI3K, Akt, phosphorylated (p) -PI3K, p-Akt,
forkhead box protein O1 (FoxO1) , insulin receptor (InsR) , and insulin receptor substrate-2 (IRS-2) in liver
tissues of mice. Real-time polymerase chain reaction(Real-time PCR) was used to detect the mRNA expression
of PI3K, Akt, FoxO1, InsR, and IRS-2 in liver tissues of mice. Result: Compared with the control group, the
model group showed poor general conditions, abnormal glucose tolerance (P<0.05) ,increased FBG (P<0.01),
abnormal blood lipid metabolism, increased serum total cholesterol (TC) , triglyceride (TG) , low-density
lipoprotein cholesterol (LDL-C) , and VLDL (P<0.05) , decreased level of high-density lipoprotein cholesterol
(HDL-C) (P<0.05) , fatty degeneration and obvious pathological changes of liver cells, reduced protein
expression of PI3K, Akt, p-PI3K/PI3K , p-Akt/Akt, IRS-2, and InsR in liver tissues (P<0.05) , increased protein
expression of FoxO1(P<0.05) , decreased mRNA expression of PI3K, Akt, IRS-2, and InsR in liver tissues ( P<
0.05) , and increased FoxOl mRNA expression (P<0.05). Compared with the model group, the BHRS group
showed improved general conditions and glucose and lipid metabolism (P<0.05) ,improved pathological state of
liver cells, increased protein expression of PI3K, Akt, p-PI3K/PI3K, p-Akt/Akt, IRS-2, and InsR in liver tissues
(P<0.05) , decreased protein expression of FoxO1(P<0.05) , increased mRNA expression of PI3K, Akt, IRS-2,
and InsR in liver tissues (P<0.05) , and reduced FoxO1 mRNA expression (P<0.05). Conclusion; BHRS can
effectively reduce blood glucose, regulate blood lipid metabolism, and improve the pathological state of the liver
in MKR diabetic mice, and its mechanism of action may be related to the regulation of the activity of molecules
on the PI3K/Akt signaling pathway.

[Keywords] Baihu Jia Renshen Tang; phosphatidylinositol-3-kinase/protein kinase B (PI3K/Akt)
signaling pathway; type 2 diabetes; glucose and lipid metabolism
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(IRS-2) \FoxO1.p-Akt.B- L 8 & 1 (B-actin) FT 4
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Table 1 Primer sequences

GEY) JF51(5-3") K /bp
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IRS-2 -3 CCAACGGGGACTACCTCAAC 180
i ACTGGTCATTGTCTCCGCTG

FoxO1 |- # ATCTGCCATGAACCGCTTGACC 129
i ACACCCATCCTACCATAGCCAT

PI3K it GTCCGTCCTGGAGAACTTGG 152
T TGAGGCGTTTCTGGATTGC

Akt2 |-i# CCCTGACCAGACCTTACCC 178

N GATAGCCCGCATCCACTC
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*2 AEMAZFI/NRFBGHENE (x+s,n=10)
Table 2 Effect of Baihu Jia Renshen Tang on FBG in mice (x+s,n=10) mmol-L"'
41 51 Flt /g ke T AT A 4 JH JE BG4 G
24l 5.46+0.92 5.40+0.62 5.33+0.47
iR ZH 5.63+0.64 14.27+3.06" 16.90+5.16"
HRmMAZS A 12.09 5.80+1.56 15.33+3.11" 8.50+0.90%
= ORI 0.065 5.53+1.18 15.97+3.67" 7.30+2.01%

T 525 (4L AV P<0.01; 54 % 2 P<0.01
/N AUC R 45 5 i ZARMK IO R 241 —
XA AEMASHA =“HEH., 5584
P B4 0.15.30.60. 120 min I BE (R B 5 7+ 55

£3 HEWMAZZX/NR GOTTHEM (f+s,n=10)

(P<0.05) ; 5 RS Ho B NN 237 4 A — 1 XL
JOICZEL i % 1 347 B Jb B A (P<0.05) o IR IMAZ 7 40
5 TR 22w g it Lo k3.

Table 3 Effect of Baihu Jia Renshen Tang on OGTT in mice (x+s5,n=10)

OGTT/mmol-L"

24 5 H /g kg AUC
0 min 15 min 60 min 120 min
A EE! 5.90+1.25 18.33+3.77 16.65+4.55 14.65+5.30 6.95+0.99 24.27+5.82
LRI 14.60+2.02"  28.00+3.64"  30.94+3.71"  22.76+6.63" 19.32+4.37"  45.85+8.13"
HEEMA S 54l 12.09 8.43+1.23%  22.23+431% 19.50+4.95% 13.63+2.58% 8.72+1.40°  26.44+3.52%
T RUIR 4 0.065 8.30+1.14%  25.08+3.022  20.18+3.02% 15.70+2.43% 8.23+1.96"  28.05+3.90”

TE 525 4L A Y P<0.05; SRR 4 A 2 P<0.05
3.3 /R AR R RS R BN, 5
P 2H be %, 455 30 20 1fn 3% TC . TG .LDL-C.VLDL /K
B E T (P<0.01) , Ifl 7 HDL-C 7K F 5 32 FE A% (P<
0.01), SR 4, BRI AS 4 M — F XUIK

F4 BEMASHINRBEHRBEHIIE (f+s,n=10)

ZH /N BUIML % TC . TG . LDL-C . VLDL 7K *F I & % 1%
(P<0.05) , Ifil #§ HDL-C 7K °F B 2 3 %5 (P<0.05) 5
RMASHAS —F XY 2 5% i
B, W4

Table 4 Effect of Baihu Jia Renshen Tang on fat metabolism in mice (x£s,n=10) mmol-L"'
21 5] Fl /g kg HDL-C LDL-C TG TC VLDL
2 HU 4.06+0.47 0.52+0.25 1.35+0.08 2.30+0.85 6.31+0.28
R TR 4] 1.53+0.70" 1.84+0.27" 3.99+0.50" 5.87+0.71" 15.38+0.38"
HEMAZS A 12.09 2.54+0.11% 0.930.16> 1.66£0.67% 2.67+0.76% 7.93+1.33%
U A 0.065 2.73+0.65> 0.92+0.15> 2.15+0.70% 3.19+0.11% 7.92+0.31%

528 4 e VP<0.01; 5884 114 Y P<0.05
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IEEETCR AR, I 40 3 LARURZ A2 420 WL, 98 25 T8 0l
SRV AE MU B o) DO AR PEIR AT I S 45 A T
SR UL R PRI o RS 2 )N BT 2 ZURT DL
VT 400 JH 2% R A 2 LR 20 i i i B, R BRSO T
240 Y0 T PN A R RN AN S 1 IR R L BE T E R B
ZANZEWL IF LU TRIE RIS 7 AL MO T AT LA Bk
MR FHRMAZS T W SUNC A A 35 A
A1, BT 40 M 2R HE 5 s, IR D S s b i
- 118 -
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T 4L A0 Bk s e B S T i 2, R MR
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BRI 20 20 9 P AR AR AT — 58 22 ff AL HOBUNIOR T
JHF JIE 240 B 1 s 38 04728 A 1 BRI N 2 RO T A
LI 1,

3.5 W/ BURFIEZH 40 IRS-2 . InsR \FoxO1 2 |1 ¢ 14
M52 M 528 (gl bR, B A /N BRI IE 4 4
IRS-2 . InsR % [ 7% & W] i f# % (P<0.05) , FoxO1 &
F a8 T & (P<0.05) . SRERIALLE, (R
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E1 BEMAZH/NRFEARBENZE (HE,<100)
Fig.1 Effect of Baihu Jia Renshen Tang on histopathology of liver
in mice (HE, x100)

N2 M W AT ZH InsR IRS-2 4 [ & ik 2 1]
W F (P<0.05) , FoxO1 & [ & & W & F B (P<
0.05). 5 W XUIKA e, H RN A 2% 4 InsR 2K
1 3% 35 i W B A (P<0.05) ,IRS-2 . FoxO1 % 1%
KEESTEGITFE L, WE2.%KS5.

x5 BEWMAZZI/NRIFEAZLE InsR.IRS-2.Fox01 EA RIX

70~80 kDa

FoxOl e A T S
DR — —
IRS-2 - Cowm Sems S 150-185kDa

e D

A B C D
B2 FHANRFFAEAL InsRIRS-2.Fox01 & B RiX Rk
Fig. 2 Electrophoresis of InsR, IRS-2 and FoxO1 protein in liver

135 kDa

42 kDa

tissue of mice in each group

3.6 XF /0 B UE £ 48 PI3K ., Akt 2 2 35 1Y 52 1

5o 2 T 1A 2H /) UM IR 2 2 PIBK Akt
p-PI3K/PI3K | p-Akt/Akt ] & [ fik (P<0.05) . 5
BERUZ L H, BRI A 27 40— U4 PI3K
Akt. p-PI3K/PI3K . p-Akt/Akt B & T} 25 (P<0.05) .
5RO 3, AR A2 4 Akt i R ik
R, 22 5 A g B X (P<0.05) ,PI3K .
p-PI3K/PI3K . p-Akt/Akt 22 SF LA it = & L. W
3. %6,

JRM (X+s5,n=10)

Table 5 Effect of Baihu Jia Renshen Tang on InsR,IRS-2 and FoxO1 protein expressions in liver tissues of mice (x+s,n=10)

2090 F /g kg InsR/B-actin IRS-2/B-actin FoxO1/B-actin
4 0.61£0.03 0.57+0.11 0.40+0.02
T 41 0.24+0.02" 0.15+0.02" 0.57+0.30"
HRIMAZ A 12.09 0.35+0.05>* 0.30£0.03% 0.50+0.04>
ZH UL 0.065 0.50+0.06 0.42+0.07> 0.46+0.02>

s 525 U4 8 Y P<0.05; SR A P P<0.05 5 5 HURUNTZ [ A% > P<0.05( 3% 6 1))

PK WD = S —— 110 kDa
PPI3K SR * o s e 84LkDa
Akt N - — — 56 kDa

P ——

e o T e
A B C D

B3 &H/NRFBEAS PI3K.p-PI3K Akt p-Akt T H B ik
Fig. 3  Electrophoresis of PI3K, P-PI3K, Akt, p-Akt protein

42 kDa

expression in liver tissue of mice in each group

3.7 WA 2/ B IE 412X PI3K  Akt.FoxO1 .InsR .
IRS-2 mRNA KK M 525 4 i, #irl 4
JIFE 41 21 PI3K Akt . InsR \IRS-2 mRNA ik i B i
U 7 (P<0.05) , FoxO1 mRNA ik & W] & 8 fin (P<
0.05). SHIAUZ LLEL, F RIS 1 40 A — 1 3UIRE

JFMEZH 2] PI3K Akt InsR . IRS-2 mRNA ik i i %4
Jn(P<0.01) , FoxO1l mRNA % ik & i 3 W /b (P<
0.01). 5 H XA AL, [ g A2 4 PIBK,
Akt.InsR . IRS-2 mRNA % ik & B & 3 /> (P<0.05) ,
FoxO1 mRNA £k w U BN (P<0.05), W7,
4 itit

PI3K/Akt {5 5 i % J2& i i R T ilE iy F 240+
W, S5 A AR R IR TR, 5 DM R B
% A A4y . InsR FIl IRS SN PI3K/Akt {5 5 i #% |- i
{5557 F o InsR i 240 T 40 i B AM 2 1 o T3
2 A T 40 M P 1) B S AA B2 T TnsR i
REAIR (S8 R 5y R 2 AR BT Y 7 AR 5 S B
ER QR I NP a7 B 15 7 O e s
AR RN, B R R 5 2 A2 RS N B AR S
B Y R R IRPL R DM Y R R 5
B RZIKGE G REBE SRS, YRS R
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x6 BEMASZN/NRFE PI3K. Akt p-PI3K/PI3K .p-Akt/Akt B B R EWFIE (x+s5,n=10)
Table 6 Effect of Baihu Jia Renshen Tang on PI3K, Akt, p-PI3K/PI3K, p-Akt/Akt protein expression in mouse liver (x+s,n=10)

21 5] /g kg PI3K/B-actin Akt/B-actin p-Akt/Akt p-PI3K/PI3K
24 0.69+0.03 0.64+0.08 0.89+0.04 0.67+0.07
IR 2] 0.27+0.03" 0.15+0.03" 0.64+0.06" 0.38+0.11"
HRmMAZ A 12.09 0.44+0.03% 0.35+0.08>% 0.78+0.08 0.58+0.04%
ORI 0.065 0.51+0.08% 0.51+0.03> 0.87+0.01% 0.60+0.09%

®7 BEMASFIFEAS PI3K.Akt,FoxO1.InsR.IRS-2 mRNA &%

80 (X£s5,n=10)

Table 7 Effect of Baihu Jia Renshen Tang on mRNA expressions of PI3K, Akt,FoxO1,InsR,and IRS-2 in liver tissues (x+s,n=10)

251 Fl /g ke PI3K Akt InsR IRS-2 FoxO1
sk 0.90+0.11 0.91£0.11 1.00+0.17 1.02+0.14 0.77+0.21
HL IR 241 0.26+0.09" 0.12+0.03" 0.28+0.09" 0.24+0.04" 3.14+0.38"
HEMAZ %4 12.09 0.46+0.06>> 0.31+0.08> 0.58+0.12>% 0.48+0.11% 1.44+0.29*>
UK 0.065 0.73+0.09 0.59+0.10 0.82:+0.17% 0.80+0.14% 1.04+0.227

5258 HA L VP<0.05; 5EEEI 4] A Y P<0.01 55 — I SUIRAL L 4% P<0.05

2 35 48 4 2N 5 58 5 A2 AR AT o I FE S L SR
Ji VT VL TR 114 BT A JBR B RS2 A R Ak HE O O
IRS. IRS &5 4 ok B b (1 G gl I 1, e i 3
ZARR £ Fh Rk R oy F e A o OR K B S B A
S HWFSEEER, B IRS-2 Rk K- e B S
BUNMLThBE , FA el T2MD e, IRS BB R
TBI5 L 23 i — 20 0% PI3K, A7 SE I WF 98 R B, IE % A
TRTE B 5 2 B9 3% F , PI3K mRNA % ik & &8,
M T2DM B #H & JA KA., PBKE—Ff %
WA AW, o R 3 1 p8S A AL W 3L 1Y p110 44
W, 5 5 8 R PIBK/AK S 5 55 S 10 SC {5 5 4
T o BEUE JE 0) PI3K, 76 I b= AR 2R AR 1 3,4,
5- = W B NS e LIS (PIP3) B MG LR e 56 B ¥E 25
F1 Ak, 2 8 20 0 XI5 SC B 2, BE S T A
SEAS S5 NREZE WA Y AR A A
R PG R A R B O 0 ) 4 A T S
XEIGTE B e 5 AP E EEER . HA
Wi 32 F 4(GLUT4) i 2 0 e ia 1) = 23k, I
TR MR 1 5 3R 00 i, R AR S ) Ake R L iR
GLUT4 [ /K-, $2 e JBE 1 2% SR 2 200t ) 4 1 1 4
B, 4140 P 1 R 7 W T R 8 B R R U A
R R OB IR SRR HE — 25 A BB R A R 3
(GSK3),GSK3 M He i #F 4 Jt i1 & B, 7] B PI3K X
T GLUT4 %= 21 i 2 T8 1) % 48 0, %6 YA ¢, X T &
A RS S B OCHE B, MK IR AR I B
% —Fis W 3B(PDE3B) y Akt ()24 Bl #y , 37 I fig
T RR 00 53 M, 25 8 45 4 2 R 5 2 SRR D AR
. FoxO1 f& Akt [ i 43, 2 B 5 R BUR L A
- 120 -

FR) 7P B SR T R BE A AERBR B 3R U L Fox O 1 1Y
T Ak e A2 F A = 2E 1Y 2 4> OC B PR 3 B G6Pase
FPEPCK 1R 3A , 9 4l 1t ¥ 9% 25 N5 10 R (FFA) AR
Fit (4 3% 1, S SO TR B BT HE AR £ R R R R K
oA o WS JE B9 Akt BE I ] FoxO1 1Y i 4 , s 2>
AR AE K, FoxOl B fE S & IEE A C-1
(ApoC-M) ji& s F IF ¥ AH 25 & 12 JE ApoC-TI Y 3%
ik, AT 52 0 I VLDL 28 5%, 2 5 58 5 24 Fis
B, HOH AR H R e I N IR BT AR R A A e
Rz,
AR B R WK, H RIS 17 A SR
2H /)N BRHFJDE 41 20 PI3K , Akt InsR (IR S-2 £ [ 7% 48
i, PI3K Akt % 2 Ak /K F- 34 i, H FoxO1 & 11 & &t
WA 5 P 2H 21 PI3K , Akt, InsR . IRS-2 mRNA % ik
N, FoxO1 mRNA Rkt b ., SCo 25 1L 5 81
WHIWI A HOA A T PI3K/AK (5 538 B A0 (5 5
G3F BYIEPE 2 R NN S 5 s i AR A B AE
Pl z—.
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