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Efficacy and Mechanism of Shuangyi Prescription in Improving Insulin
Resistance in Type 2 Diabetes Model Rats
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[ Abstract ] Objective; To analyze the pharmacological effect and action mechanism of Shuangyi
prescription (SYP) in the treatment of type 2 diabetes rats. Method: High fat diet plus 25 mg-kg ' streptozotocin

were intraperitoneally injected to establish type 2 diabetic rats model. The model animals were randomly divided
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into model group, metformin group (ig, 85 mg-kg '), SYP high dose group (ig, 2 000 mg-kg™ '), SYP middle
dose group (ig, 1 000 mg-kg '), and SYP low dose group (ig, 500 mg-kg™'). Body weight, food intake, water
intake , urine, stool, blood glucose, oral glucose tolerance test (OGTT) , hemoglobin Alc (HbAlc) , glycosylated
serum protein ( GSP) , and insulin of type 2 diabetes rats were studied; Western blot was used to detect protein
tyrosine phosphatase 1B (PTP1B), Akt, p-Akt, glycogen synthase kinase-38 ( GSK-38), p-GSK-38 expressions
in liver tissues; Western blot to detect insulin receptor substrate-1 (IRS-1), p-IRS-1, glucose transporter 4
(Glut4) expressions in skeletal muscle tissues. Result; SYP can reduce fasting blood glucose ( FBG), HbAlc
level and OGTT of type 2 diabetes rats, reduce insulin resistance index. Compared with the model group, SYP can
alleviate polydipsia, polyphagia, polyuria, and weight loss conditions in type 2 diabetic rats in each dose group
(P<0.05, P<0.01), SY can reduce insulin, glycated serum protein and random blood glucose (P <0.05, P <
0.01), the effect of SYP was better in the high-dose group; SYP can significantly increase p-IRS-1 and GLUT4
expressions (P <0.01, P <0.05), reduce the expression of PTPIB (P <0.01, P <0.05) in skeletal muscles of
type 2 diabetic model rats; SY can significantly increase p-Akt expression, and significantly reduce PTP1B, p-
GSK-38 expressions (P <0.01, P <0.05) in liver of type 2 diabetic model rats. Conclusion: SYP can effectively
regulate glycometabolic disorders in type 2 diabetes rats, improve insulin resistance. The regulation of skeletal

muscle PI3K/Akt and liver Akt/GSK-38 signaling pathway may be the mechanism of SY in the treatment of type 2

diabetes.
[ Key words |
glycogen synthase kinase-38 (GSK-38) ; p-GSK-38
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2429EN) ; i & Z L0 & (¢ H % B AL S
2586749D) ; Akt —$it, GSK-38 — Bt (L FH T A=)
B IR 2w 4t 20 5 o 14103020, 15030920)
p-Aktl ( phospho S473 ) —#i, p-GSK-38( phospho S9)
—4t, PTPIB — 47, Glutd — i, H il -3 -8 e it 0
fiff ( GAPDH ) Antibody ( 3¢ [E Bioworld 23 &) , #5435
& CJO0101, CA36131, 11334-1-AP, CJ44121,
AA56133); Anti-IRS1 T /&, Anti-IRS1
Y612) #Hiff, Anti-MEK1/2 #i {4, Anti-ERK1 + ERK2
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antibody, p-ERK1/2 ( Thr202/Tyr204 ) Antibody ( 3%
E  Abcam /2% ®], Hit 5 43 Jil & GR46705-20,
GR184267-7,ab178876,GR197011 ,GR185138-5) ,
1.3 {Y# M200PRO %! #x ¢ ( Fif + Tecan 72y
F) s & Ea A A (=9 4 ¥ A Fl ) 3 NycoCard
Reader [T #U4H 1k I 21 55 F K I AL (90 )8k Axis-shield
Zv7] ) 3 Universal Hood II Trans-Blot Turbo Transfer
System ( 2 [ 14 %z 7% /% 7] ) ; ChemiDocCxr System J¥;
1% & 4t ,Mini-Protean Tetra System i, K #4 ( 35 [= {8 Bt
R o

1.4 zh¥) SPF MEtE Wistar KB, 8 Ji #%, 7k &
(290 £10) g,y H 4= 9% = 2= B} “7# Be (0000383) , 3
P& 4% IE 5 SCXK (%) 2014-0001, 7 52 4 4k 45 4
JUBE TR A0 3 W PR ZE 51 2 ik (201521)

2 FiE

2.1 XMasJr M5 BRICAR T5 b 25 iR
(BRI E-R A - H MR- 22 5:5:4:4:
3:2) A 6 f5 A 30% L EEI I AR 2 K, B
W15 S OB R 4 T8 HE B I o3 IR W AR 7 B
IR IE R o AR R TR B A 2

2.2 Y S5y KREWEFE LG, S T&
e e B R R 4 ] $ I8 25 mg-kg R R AE BRI
3R B, S 2 RO PR R BB AL, DL I Ifi
¥i=11.1 mmol-L~' CBEHLILKE =16.7 mmol-L ™"k 2
TR PRI AR AR o K S Y K LB AL 43 S
R 10 HHEHE (ig) A= BER K 15 WU 4: T7 i
e AR 2 A 10 2 (4300 ig XaS J7 $2 50 2 000,
1,000,500 mg-kg ™", MR Hha 1 5 56 i 6 46 X35 T7
N RS B b R ), RO 10 K (ig,
85 mg-kg ') iELE4 2 8 JH, ) HL Wistar MK R
10 H AERIER 4,

2.3 AR AR ST E D A& R R 4 2 i
Ja MR AL AR M ROK & AR OB S
Ulo 4525 0,4,8 AN & 2 K B2 I I W 5 56 4,8
JA% 2 JE , KA E 10 h WE B A A 2.0 g kg™,
5 25 5 )5 0,30,60, 120 min (Y MR, 57 M F
MmA (AUC), AUC = [ (FBG + BG,,,.,) x 15/60 +
(BGyy pin + BGgy nin ) X 15760 + (BGy, .. + BG g i) X
30/60 ] ;>R FHARE Ak 1 21 25 P A I ASCAG: 0 5 R B 2% R
IR B R AP 48 B (Homa-IR ) 4% I8 2 % SCHR[ 3 ]
TiiE vk 4 BN & Ul WA I E C-Bik (C-
peptide, C-P) Bl fL IfiL ¥ 85 1 (GSP) , JBE & 3%, [ i
URAEJIE i i UL 2R P B 92 B3 (Western blot) 552
A

2.4 Western blot {il] i& it 40 21 PTP1B, Akt, p-Akt,
GSK-38, p-GSK-3g8 ) F ik WK BB & IF 41 21
130 mg, A4 M 22 /% W 1 mL, BCA 390 & & F vk
o BN S0 pg RAEEA FAEZ MW, 100 C 4
B W 5 min, 10% BN 4 Tk OBE R R Uk
100 V,300 mA 2% 0.5 h, PMSF [ FH f J] % = 1]
2 h, Western P& ¥4 W W ¥, 2R J5 8% PMSF & & T
PTP1B, Akt, p-Akt, GSK-383, p-GSK-38 — #i h (#i
AT AEWL:1000) ,4 CUKAMET 12 h, Western 1%

27 R & b 2 64, JF >R H] Bio-Rad Image Lab
A5 A
2.5 Western blot | & & #% L4 41 p-IRS-1, IRS-1,
Glutd ik BWRERALA 130 mg, [/ 2. 4 175 % i
TT#4E 8 )5 %% PMSF & p-IRS-1,IRS-1, Glutd —
Pr(1:1000) B A VKFH 4 CHEF 12 h, Western
TRV VR, I A B i A AR ) e AR G B B
JEE 1 h, Western JE i M IE Ut , ECL {1k 2% & Ot ik 5
£ W A4, Bio-Rad #fF 4477
2.6 HiitcEgriE R SPSS 2100 43 B 4 4 p
B BRI S L v s Fon, R K T4
B3, P<0.05 2ERAG G L,
3 £R
3.1 SRR —BOR A A IEH A8 K EIR
AR R R IR B AL R BB A AL
Tt AL ERBRS, 5IEWH LR, e R
YUK R E R SRR, SR L
B, M s Ty 2 AT et 2 AU R K BRI AR E X
O SEE O, IE W 4 B R A O IR I, AR
wEHON, WK1,
3011 BUEE A T2DM K BRUA HE A% B & Tk B TRk
1Y 52
3.1.2 Wi X T2DM KRB ZAER M 2525 8
JAJG , 5 1EH 2 H 8,2 RYUBE DR s A RS 4 KRR A HE IR
i HEE & R E (P <0.05,P <0.01) ; 5EAIZH
Fo#, X as T 4% 30 o 4 fF — B L RB B R 1K 2 A
W s R BRUHE PR & HEfE & (P <0.05,P <0.01),
W2,
3.2 Xk A% T2DM K B 25 I8 b (FBG) | 8 Ak I
2L (HbALe) M52 5 1E % 4 b, B A 20 R
B FBG,HbAlc Bi5 (P <0.05,P <0.01) ;442 8 Jf
Jo , SBIRYLE LA, Ak Ty 45 7 d A 38 AT AR 2 AU
PRI A K B FBG, HbAlc /K, Horh 3025 77 5 7
A 2R (P <0.05,P <0.01), L3 3,
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F1 VWHEANESEAREERERAEHFM(x+5,n=10)
Table 1 Effect of SYP on body weight, food intake, water intake in each group (x +s,n=10)
EEN) 4252 4
205 Fl 4t /mg-kg ™!
RE/g HEEE/g kg™ MRk /mL kg /g Bt /gkg™' MK /mL-kg ™!
IE % - 359.36 +12. 66 72.58 +2.34 71.08 +2.77 390.15 +10. 16 73.03 £2. 65 70.28 +2.22
H 7 - 345.38 +14. 16 68.19 +2.25 96.53 +4. 83 375.39 £13.12  67.25 +2.05" 98.36 £4. 11
P& 2 000 356.77 +13.22 73.63 £2.92 72.68 +2. 83 331.62 +11.35 66.77 +2.36 58.22 2. 80
1 000 360. 06 +12.12 71.68 +2.72 66. 86 £2.59 368. 48 +14.03 64.05 2. 82 82.28 £3.79%
500 357.22 +13.06 70.28 +1.97 71.29 +2.80 366. 35 +12.33 63.35 £2.27 117.12 +5.18%
T UK 85 353.19 +13. 11 71.56 £2.51 65.35 £2.09 366.37 +13.16 59.05 £2.76 63.97 £1.98
w2 4 425 8 4
4571 F 4t/ mg kg ™!
/g Pt/ g kg™ OoKEE/mLkg ™! hifi/g /g kg™ PokE/mL-kg™!
iE# - 427.71 £16. 30 68.47 +2.17 84.15 +£3.52 494,72 £20. 11 61.94 +2.85 94.53 +4. 14
R AR - 400. 03 +15. 09 64.41 £2.31 147.06 £5.39%  366.58 +15.10>  73.40 +2.21"  164.51 £7.11%
& 2 000 359.12 +11.73%)  68.33 +2.18 102.34 £4.28"%) 402.16 £15.62% 52,26 +2.82"Y 94,21 £4.53%
1 000 391.58 +14.13 55.91 £2.45 80.96 £3.13%  418.15 +17. 17" 55.54 +2.81% 88.18 3. 86"
500 377.61 £13.70°)  72.16 +2.18 135.05 +5.52%)  389.78 +15.65'% 69.19 +2.73"  122.61 £5.82"
ZHUBUIR 85 391. 14 +13. 17 55.95 +£2.27 74.45 £3.82%  410.74 £17.68%  55.33 +2.15% 83.33 +£3.82%

HSERHALEY P <0.05,2P<0.01; SEEI 5D P<0.05,YP<0.01(F2~8[).

K2 WHEAMEAXRZEHNZME (X £5,n=10)
Table 2  Effect of SYP on urine output and defecation in each

group (x £s,n=10)

AR At/ mgokg ™' HERAE/ mLokg™' HEERE/g kg
EH# - 46.55 +2.15 1.41 £0.05
iR - 82.81 4. 027 3.38 +0. 13"
W s 7 500 53.46 £2.12% 1.92 +0. 07

1 000 56.82 +2.33% 2.52 +0.08%
2 000 76. 46 £3. 86> 3.18 £0.08
IR 85 41.15 £2.18% 1.55 +0. 06>

£3 WHAXMEHKXR FBG,HbAlc BN (x £5,n=10)

3.3 WzE & T2DM KB AUC A Homa-IR ff) 5% 1

5 0E R A b AR A AU 4 4% I B I W 38 B I A
3 TR, 120 min W MBS e @ AL, 8 JH B
RUZH R B AUC B B Th s s SRR A b e, WL 4s 5 ]
F AR 2 BB PR KB AUC(P <0.01), DL XYL
fit 7 v ) A AR A (P < 0.01) o 2 BUME IR
FER L] K B A Homa-IR g 25 T+ &, X35 7 45 7 &
20 AT REAIR 2 AROBE IR B AL K B Y Homa-IR
WK 4,

Table 3 Effect of SYP on FBG and HbAlc in each group (x +s,n=10)

FBG/mmol - L.~ HbAlc/%
21 3 F 4 /mg - kg ™!
0 J& 2 18 4 8 JH 4 8 JH

E% - 5.14 £0.27 5.09 £0.22 5.12 £0.27 5.15 £0.31 3.53+0.19 3.54+0.17
FEAY - 16.89 +1.73% 17. 83 £2.23% 18.42 £2.61%  21.78 £3.16% 6.17 +0.85" 6.87 +0.48"
Wk I 500 16.71 £1.71% 15.36 £1.76% 13,15 £2. 1173 12,11 £1.132% 5,76 +0. 497 5.55+0.31%

1 000 16. 87 1. 64> 14.22 1. 87% 10.67 £1.43%% 9,03 £1.21>%  5.53 +0.51% 5.12 +0.22%

2 000 16.95 +1.95% 12.08 +2.02% 7.67 +1.68% 7.21 1. 12% 4.95 +0.57% 4.78 +0.21%
—HUIR 85 16.99 +1.87% 10.12 £1.61%%  6.33 +1.22% 6.21 +1.14% 4.37 +0. 63" 4.20 +0. 19

3.4 WL g Ak T2DM K B £ 2% L4 A i 2 1
(GSP) K BHLILME M50 5 B8 41 b, W35 7
AEFR AR 2 BB PR R Rl I 37 JBE (5 2% O A 1L 375 25 A
KM HE (P <0.05,P <0.01) , Heh X025 75 5
R R . RS,

3.5 Wi x T2DM K EUIF PTPIB £ 1 323K 1Y 52
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x4 BHA4,8FBEWEHX T2DM KR AUC BE MM (2 +s,n=10)
Table 4 Effect of SYP on AUC in each group 4, 8 weeks after administration (x £s,n =10) mmol- L ~!
Homa-IR AUC
21 5 i/ mg-kg ™!
41 8 J4 4 A 8 JA
EH - 0.423 4 +0.001 7 0.414 5 £0.001 5 11.89 +0. 58 12.11 £0. 50
T - 1.446 5 +0.016 5" 1.456 5 £0.011 2V 43.67 £2.45% 47.32 £2. 647
W 1s H 500 0.939 8 +0.014 7 1.020 1 £0.011 9 25.43 +1.63%% 24.54 +1.64>Y
1 000 0.820 7 0. 007 6% 0.778 5 +0. 008 6 22.53 +1.210% 21.45 +2.2349
2 000 0.638 6 +0.007 3% 0.612 8 +0.011 2% 16.53 £1.53% 15.43 +1.57%
IR 85 0.515 8 +0.005 7 0.546 3 +0. 006 9° 15.57 £0. 96" 14.24 +1.67%

x5 WHFAM2BBERFERARMFHESE,GSP, VMBI (2 £5,0=10)
Table 5 Effect of SYP on Serum insulin, GSP and random blood glucose in each group (x +s,n =10)

434 F 4 /mg-kg ™! I B 2% /mU-L~! GSP/mmol - 1.~ B AL 11 %%/ mmol - L~
E# - 412.85 £11.56 1.41 £0.13 5.69 =0. 42
FER - 675.28 +19.25% 1.84 +0.07% 19.73 =1.13%
XL as T 500 575.16 +19. 58 1.62 0. 11% 11. 62 0. 48>

1 000 531.78 +20. 18° 1.59 +0.09% 8.82 +0.52%
2 000 479.85 £15.27% 1.51 0. 08% 7.92 +0.51%
ZHOBUIR 85 465.27 £17. 46" 1.48 +0. 08" 7.82 +1.01%

R REA ZUrb i Ak, p-Akt 235 i 35 FE AL, GSK-
38,p-GSK-3B (R A B E T m (P <0.01) ; 5EAY
YL HR, AW s 7 4 AL 4P iy Ak, p-Ake 2835 &
#TF ,GSK-38,p-GSK-38 £ k& B FEAL (P <
0.01,P<0.05), WK 2,%7,

PTPIB W SN S S S S 50 D2

GAPDH s S SRS SSe s s 37 kDa
A B C D E F
ATEH 4B BRI Co  H UK s D-F. A2k 7 5 of (R R 2
(12,3 0[)
B 1 Xz 3t T2DM X R AF PTP1B 5Ri% i %0
Fig.1 Effect of SYP on PTP1B expression in liver of T2DM rats in

each group

%6 MWEAX T2DM KR AF PTPIB EEMEMREM A (x £,
n=3)
Table 6 Comparison of PTP1B protein expression in liver and

skeletal muscle of rats in each group (x £s,n=3)

20 5 Flt/mg-kg ™' PTP1B/GAPDH

EW - 2.96 +0. 10
LAY - 5.50 £0.21 "
X i T 2 000 3.7320.16 ¥

1 000 5.28 0. 19

500 5.09 =0.21

— HOBUIR 85 4.54 +£0.18

3.7 XS H KRB B4 p-IRS-1, IRS-1, Glutd
HHRIKWE R 5 IE R 4 A, 2 BB IR A8 7

Akt WEEE S S— a— S— s——— (0 kDa

p-Akt S — — — 60 kDa

GSK-35 " wn e - — 47 kDa

— AT Y — —
GAPDH s s s s s s
A B C D E F
B2 3&AKXRAFHESR Akt, p-Akt, GSK-38, p-GSK-38 EA K
Rix
Fig.2 AKT, p-AKT, GSK-38, p-GSK-33 expressions in liver of

p-GSK-33 47 kDa

37 kDa

each group

KRB B8 ML Y IRS-1, p-IRS-1, Glutd 33k &t 3%
FEAR (P <0.01) o 5 HEAIAL LA, X457 K B i
LAY p-IRS-1, Glutd &3k HE 8 3% Tt & (P <0.05,
P<0.01) L& 3,% 8,
4 tig

ASLE SRR, XA T 8 S A, il AE—
BRI b G2 M 2 OB IR KR Z IR 28 2R ZE
L AR IF R )RR DL, B 78 XU g 7 AT e 2 BB DR R
B AG R AA F  AA

A 21 8 AR I PR L B A2 TR R
BB PRI T T R AURRA B, 2 A R 2 B DR
7 R IR 9 4 0 B T 2R AR 2 — T B AL
75 2 P DU A 2 R PR 8 IR P A
A 19 B0 A M 4 A s Homa-IR il R 1 J T -4
2R DRI S0 TR B AR AT DAY H AR AR A L
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®7T BHEKRBTAE Akt,p-Akt, GSK-38,p-GSK-3 X RLBM LB (v 25,0 =3)
Table 7 Comparisons of Akt, p-Akt, GSK-38, p-GSK-38 protein expressions in liver of rats in each groups (x +s,n=3)

24 5 # 48 /mg-kg ™! Akt/GAPDH p-Akt/ Akt GSK38 /GAPDH p-GSK38/GSK38
% - 11.70 0. 52 0.82 0. 04 4.48 +0. 14 0.65 =0.05
A - 6.09 +0.23 0.60 £0.04 V 5.96 £0.21 V 0.48 +0.03 V
500 13.18 £0.53 ¥ 0.66 +0. 04 6.04 £0. 13 0.95 +0.04 ¥
W28 T 2 000 9.41 £0.36 ¥ 0.64 £0. 04 6.09 0. 20 0.59 £0. 03
1 000 11.13 £0.48 ¥ 0.61 0. 05 6.03 0. 15 0.83 +0.04 ¥
— HXUIR 85 9.34 +0.41 ¥ 0.63 0. 05 4.74 £0.16 ¥ 0.82+0.04 %
rs1 T 2 o- S L, 3% 7 AT AT A BTG 2 TRi SR 2
- b ¥ y vk by 2 J
RS- S— 180 kDa R 020 25 1 T Al L35 2R 1 R A 2 ML o
soiD K AUC, FEAIR 2 BUBE PRI K BUBE & 2 % Homa-IR |, 2
Glut4 P — cl NN X \ . I .
" - N g T AT ek s 2 UM PR e R B 2 HR B, O T O
GAPDH s S soe e s sum 37 kDa Rt

A B C D E F
B3 &EAKXRIFEL IRS1,p-IRS-1,Glutd FEH K FL
Fig.3 Proteinexpression of IRS-1,p-IRS-1,Glut4 in skeletal muscle

in each groups

S WY X 45 J5 R) A 2 OB PR R BT R p-
Akt ()R8 2 TH R, PTPIB, GSK-3B [ R ik it i
FREAR, BLWI X4 J7 o) e JE O W W AT L AU B R

*8 HHEXRBHA IRS-1,p-IRS-1,Glutd EEHMNRIEEBMEILR (v 5,0 =3)

Table 8 Comparisons of IRS-1,p-IRS-1,Glut4 protein content in skeletal muscle of rats in each group(x +s,n=3)

20 5 F#t/mg-kg ™! IRS-1/GAPDH p-IRS-1/1RS-1 Glut4/GAPDH
E# - 0.44 £0.15 0.57 +0.03 0.95 +0. 14
% - 0.29 £0.05 0.30+0.01 " 0.51+0.05 "
& 2 000 0.64 0. 11 0.22 +0.02 0.63 +0.13

1 000 0.52 £0.09 * 0.30 0. 02 0.55 +0. 10
500 0.43 +0.09 ¥ 0.97 +0.01 % 0.76 +0.09 *
OB 85 0.47 £0.10 ¥ 0.28 £0. 02 0.69 +0.11 %
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