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Abstract

Objective: To analyze the molecular biological mechanism of “The Spleen for Defend” regulating
glucose and lipid metabolism disorder. Method: The effects of “Jinqi jiangtang” formula on the
PI3K/AKT pathway in the liver and muscle of KKAY mice were studied by Western Blot. HepG2
cells were induced by sodium oleate to build lipid accumulation model. Inhibitors such as Com-
pound C (AMPK inhibitor), STO-609 (CaMKK inhibitor), Oxtromorine (acetylcholine receptor inhi-
bitors), Cytochalasin B (GLUT4 inhibitors), and agonist IGF-1 (PI3K agonist) were used to explore
possible mechanism of lipid regulation. It is suggested that possible mechanism on TG accumula-
tion of “Jinqi jiangtang” formula could inhibit TG accumulation through activating AMPK and
PI3K/AKT signaling pathway. Conclusion: The effects of “The Spleen for Defend” on the improve-
ment of the disturbance in the lipid and glucose metabolism may be achieved by promoting islet
microcirculation, and its mechanism may be related to intervention of multiple pathways to regu-
late the unbalanced metabolic network in the state of disease.
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1. 5|8

LR S SR AR REREAL . O . IS 25 Lo I R ) B I TR 5. B AL e Sk
WA FIE 40.40%, HHEAEARHCEIRR] 2] [3]. FARFEERM . SASIUE. FEIIAT. ShIKOREERE(L
VAT A W S 4]0 o S S\ AR IR A 6 S VAR T B 7 T 2R (51, 38 1k 2 7 B R MK,
SR LS BOE 2 995 B DR 25t S W B =610 AT, AT 98 22 4 /e BS B ORI W 8% L, HCAR L
MRS AR ST ATMIRR SR, A L7 2 R0 R A R R R L ik = G R T
SLLURE R, TS PR [7]. 2B TR L T AR “ B 7 bR SIS AR 2 I B R
ASORHE— 55 IS TR TR LA JR R B SR XS PR 1 18 LR

2. SWMHMB SR
2.1. EEHH

WRECHA, AR S B OML, £ Beckman A H] . 2 IIRETFLI 711X, 3% E Molecular Devices
N o FEKY AL, FE[E Perkin Elmer {28 /A ] . SEF 92 E 8 PCR 1L, F5[E Applied Biosystems 2 ] .
il =ER(TG) A&, PAIEEDRE R ERAA.

2.2. SEWFE

2.2.1. SEMEFES KKAY /NEAFREFE BEAL P IR IS X E B RiLK T M
4 CS7BL/6J /NRAE N EHRAL,  KKAY /N R (A6 A B B A R I A B A =1 ) ARt i I I e
BENL - A . DRI, B2 Rm L wCRE)ARAR, #5: 09120151)4(10 mg/kg, 5%HIFT
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FLAFIRE) 4 v AR v 77 R 4H.(500 mg/kg, 5% BT RAR IR« 4 B BB A7 8 41250 mg/kg, 5% BT HAAAR).
BUHS THNAIREZY, 25 A4 CSTBL/6T /N A 2] KKAY /N B SRR, #E B AR
20 ml/kg. FEHBHT 16:00~17:00 #EH —R. RKIRGATEER 12h, SERRELICSY, fH, 55 5HL
FFRE . B B 2R 0047 3R (1 R 3R BURT 2 B, i SDS-PAGE HL¥K 7 ik (FUA T BEH 10%7) B Al
S%MRAAIS, FEME JRAE 70V IHE U UK IR M I B 2 B R I T, SRS LE 100 V ITEE R
P K 2 R I W M S R JEG B AT 2 b ik, BEAT RN, (AR A 17 VOlEE U N R 45 min. KRS
IR RS 2 PR, =R RESE A 3 h, A —$0(1:800), 4°CHF B LW . Ve /5 A —$i(1:10,000),
FEin FRESIMEE 2 h JFdAT RO KRB, B2 DIRERIR 718 R G 45 G Quantity one v 4.62 B EATH RGN
I, 00T BAR S K AR, SRJEI5E PI3K. p-PI3K. AKT. p-AKT. GYS. p-GYS. GLUT4. PPAR-y
HERRIL,

2.2.2. SRR HepG2 S RERIIFM

1) 4RI

HepG2 4HMIFk(W T [ 22 24 RL 2 B U AL ) o 2 10%HA 24 M« 1%AF 0 5 2 LR Y MEM
BRI, (£ 37°C, 5% CO, MEIRIG FRAA R4, 35978 24 h 515 S 0040, FERA MTT HLEaiEG-4,
5- T HFEmEME2)-2, 5. ORI DU IR T TF RN AT R o A0 ER % = A s/ A s X 1005

2) X FENE TN HepG2 2 LG 5 5 AR (1 s

S EERENE A7 T B LAy SR (R HE R R 24 K 2 R R 2 AL B v 2 A 5258 %)l DMSO el 64
mg/ml, -20°CRAE, HLAMMRMZIfEA, SRR 2K N 10 pmol/Ly 1 pmol/L. 0.1 pmol/L.

¥ HepG2 4Hilfe 7 s A . AIZH(200 pmol/L JHEREN) PHPEZGZH(1 wmol/L Orli) 4 B Fap 77 Jo
Moy FIEH. HiE TG EFMAL. NZi/51EH 48 h J5, GPO-PAP ikl TG & & .

3) LTSRN T M HL L4y %F HepG2 4 g 5 &5 AR F LA A 78

4 HepG2 4/ A= (4 FEALZH(200 pM JHEREN) PHPEZGZH(1 uM Orli). 35 EER B FFH (10 pg/ml
AS). FEERERI41(10 pg/ml HT). #iE S AEVIRAL(10 pg/ml CA). &I 7477 4H(10 pg/ml JQ). 4
AL LA PIRA(10 pg/ml LA)LLAAH S ADHI 75 5B AL B 5 T 40 b atiffa, ilid TG SRR, 424
48 h J5, GPO-PAP J:K6ll TG & &

2.3. GeitFAbTE

Fr A HE R SPSS16.0 G EAT 204 o Rl 45 R DL EARHE 22 (X £ 5 )R, KR TT %
73T (One-way ANOVA)(Fisher £40)8(# Wilcoxon FRFIRLLS, 74 IEASPER IG5 2 55 PEA S0 # T F
Ko, 2P AL LSD. PRI (Tukey’s studentized range tests)al# Student-Newman-Keuls
. P<0.05 RYAAGIUFER.

3. SEHSR
3.1. SRFEFESX KKA/MNEFFBER T B P52 B X EARIAK IR

HHEE 1 FI 2 vl A, IR E B 4 i E . KR4 PIBK. p-PI3K. AKT. p-AKT HHKZEE
BT BT, AR AL GNP < 0.05); FAHE A Western FRiA & 1 iR,

3.2. SRMEBESESRASEASMESRE HepG2 LA TG FEAIX I

3.2.1. SREES REEASHIFERE HepG2 HEFERHNT MM
e 3 o, ARGHFIET, SRR AILA 7% HepG2 AA A BA Y B4 EM .
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W N AZTEAYA; C: BAIEA; R PAETIEIGIT24(100 mg/ke/d); High: 4
BB IE 7 B AL(500 mg/kg/d); Low: 4 B8 F&HE 7 K571 4(250 mg/kg/d)

Figure 1. Effect of “Jinqi Jiangtang” formula on the expression of glycolipid
metabolism related proteins in KKAy mice

1. SRR KKAy MBI SEEXERRIAKFHFE

Table 1. Grayscale analysis of Jinqi Jiangtang formula on liver protein expression in KKAy mice

= 1. EEMEEAY KKAYPRIFBERREREST(n=7, X+s)

PI3K/B-actin p-PI3K/B-actin AKT/B-actin p-AKT/B-actin
N 0.09£0.01 0.14£0.03 0.07 £0.09 0.15+0.04
C 0.13+£0.03 0.19+0.04 0.19+0.08 0.41+0.12
R 0.16 £0.02 0.22 +0.05 0.22+0.07 0.54+0.12
High 0.25+0.06 0.34+0.07 0.39+0.11 0.69+0.15
Low 0.17+£0.03 0.29+£0.05 0.33+0.08 0.62+0.14

VE: N NEAH; C: BAIXIEH, R: BHKIIELTA100 mgkg/d); High: 416FHTT =78 24(500 mg/kg/d): Low: 418 FME 5 (K7
2H(250 mg/kg/d)-

Table 2. Grayscale analysis of Jinqi Jiangtang formula on muscle protein expression in KKAy mice

2. EEMEEAY KKAYVPRAIIAERREKEST(=7, X+s)

PI3K/B-actin p-PI3K/B-actin AKT/B-actin p-AKT/B-actin
N 0.14+0.01 0.13 +0.06 0.12 £ 0.03 0.12+0.03
C 0.30+0.11 0.31+0.07 0.16 = 0.03 0.17 +0.03
R 0.57+0.14 0.56+0.13 0.24+0.04 030+ 0.05
High 1.20+0.32" 1.06 +0.22™ 0.66+0.11" 0.89 +0.12"

Low 0.89+0.36" 0.78+0.21" 0.48 £0.05™ 0.59+0.07"

W HRMACMLELP <005, "P<0.01, "P<0.001, NNEALH; C: HENEAH; R: BRKIIEAIGITH(100 mg/kg/d); High: £k
B 7 w7 R4 (500 mg/kg/d); Low: &6 FRE 7 (IG5 & 41(250 mg/kg/d).
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Table 3. Effects of Jinqi Jiangtang formula and its components on the survival rate of HepG2 cells

3. SEMBYES RHEESX HepG2 T ERMNEMMN =6, x*s)

Groups Dose (ng/ml) Survival (%)
N — 100 +2.80

0.1 105.94 +7.10

AS 1 102.98 +4.94

10 112.54 +7.02

0.1 11438 £9.32

HT 1 102.16 +4.31

10 100.63 +4.26

0.1 116.18 +£3.65

CA 1 103.76 +4.22

10 106.33 +4.70

0.1 101.89 +5.09

JQ 1 108.34 +3.56

10 102.87 +3.01

0.1 106.13 +4.06

LA 1 101.16 + 6.38

10 101.48 +4.58

e AS N K RSEHH: HT MR CA NEESAEMNA: JQ NS KT &M, LA NEHRALSA IR

3.2.2. SREES REESIFEEHRES HepG2 A TG KR
W 4 PR, BEZHYIRERER HepG2 AL TG BRI, HASHAE GBI BEE 45 25K
PEARTIRES, RAMERENER,

Table 4. Effect of each group on TG content in HepG2 cells induced by free fatty acid
= 4. BEIEEEHELES HepG2 YA TG 22N =6, x+s)

Groups Dose (umol/L) TG (mmol/L)
N — 0.54+0.11""
C 200 5.39+0.06
Orli 1 4.09+0.16"

10 1.88+0.07"
AS 1 3.32+£0.34"
0.1 454+0.12"
10 1.95+0.07™
HT 1 3.14£0.35"
0.1 458+0.13"
10 1.99+0.09™
CA 1 3.44+0.28"
0.1 451+0.14"
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Continued
10 2.07+0.18™
1Q 1 3.49+0.30"
0.1 451007
10 2.08+0.117"
LA 1 3.44+0.16™
0.1 452+0.12"

SRERMAMILE, P<0.05, “P<0.01, "P<0.001.
VE: NONIEW X HRZL; C AR Orli NBFIREI M HRZH; AS MBI BT HT N RMEIZA: CA NMEELEYIA; 1Q A&
TCRRE T 2 1 LA NERAE S AR

3.3. SEMEES RELE SIS HepG2 4AMEAE R ERMR

3.3.1. & SHNHIFHEEFIFEFE HepG2 LMRFERITIE
U2 5 o, A HL R ARSI HepG2 iR # A BAT 4l 24 ]

Table 5. The survival rate of HepG2 cells induced by various target inhibitors/agonists

5. BB SINEIFHENFIBSE HepG2 HAMTEERE N =6, X+s)

Groups Dose (umol/L) Survival (%)

N — 100+ 0.01
Compound C 1 105.23 £2.65
IGF-1 50 pg/ml 106.56 + 1.14
STO-609 1 108.03 +0.35
Cytochalasin B 10 108.78 + 0.80

3.3.2. SEMEESRHEASSF HepG2 AR REFIERIEIMNTHR

1) AMPK #1#1/3f] Dorsomorphin (Compound C)X} 4 1 B 77 S H %40 7 #i1] HepG2 4HAEIN TG EH
faf=A 8

Wi 6 fion, SARGININEFIZA L, dmAnsFIZ0Q M CAMITI AN TG & FLIIE FH B 55 5%
TH .

Table 6. Effect of compound C on inhibiting the level of TG in HepG2 cells
= 6. Compound C Xf & 4B %] HepG2 4RAEMA TG K ERIZ MM =6, X+s5)

TG (mmol/L)
el
Drug (10 pg/ml) +Compound C (1pmol/L)

AS 0.48 +0.06 0.58 +0.04

HT 0.46 +0.03 0.51+0.01

CA 0.39 £0.02 0.52 +0.02*

IQ 0.39+0.01 0.52 £ 0.02%*

LA 0.42+0.04 0.55+0.02

VE: TRINIEIFA S 24 (Drug) b, P <0.05, "P<0.01, “P<0.001; AS AEEMIEITA, HT NEE B EEL, CA NEELEY
WAL JQ AETEMM 44l LA NERIE ST HURA
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2) CaMKK H17] STO-600 % 4 & M7 1 H 4 41 4 186 HepG2 4L/ TG E R
f# 7 FiR, SARFIHEIRIG L, I RAS. HT A1 IQMIHIAIILN TG BB {E
R B R

Table 7. Effect of STO-609 on inhibiting the level of TG in HepG2 cells
%< 7. STO-609 %1 & 4HHNH] HepG2 ZRAA TG /K FHIFEMMn =6, ¥*5)

Bai! TG (mmol/L)
Drug (10 pg/ml) + STO-609 (1 umol/L)
AS 0.20+0.01 0.27 £ 0.00%***
HT 0.19+0.01 0.25+0.01*
CA 0.17+0.01 0.19+0.01
IQ 0.20 £ 0.00 0.25+0.01*
LA 0.18 £0.02 0.22+0.01

VE: RN I S 2 (Drug) LS TP < 0.05, TP <0.01, TP <0.001; AS NE ST, HT MR EIL: CA NEESEY
B JQ NG TSR 274l LA MR A HLERAL.

3) PI3K #3857 IGF-1 X 4 WM 77 L H % 2073 40 HepG2 AN TG &R0
W 8 i, SARUS A2 LEB, A I 70 0 B B RERE U R & A I ZH N TG BRI
FH S5 485 3055 B B o

Table 8. Effect of IGF-1 on inhibiting the level of TG in HepG2 cells
% 8. IGF-1 X} & LB HNH] HepG2 MM TG K FHIFMI(M =6, X+5)

P! TG (mmol/L)

Drug (10 pg/ml) +IGF-1 (50 ug/ml)
AS 0.15+0.01 0.22+0.01*
HT 0.13+0.01 0.21+0.01*
CA 0.17+0.01 0.22 +0.00*
JQ 0.17+0.01 0.23+0.01*
LA 0.14+0.01 0.22+0.01*

VE: TRINIEIFIA A 525 Drug) i, P<0.05, “P<0.01, TP<0.001; AS NEEHETH; HT AEEMENA: CA AEEME
YIRAL: JQ NATERENE T & s LA NS RIS A HUIRYL .

4) GLUT4 #Iil771] Cytochalasin B % 4 B HE J7 S H &2 43 #0H1] HepG2 AL TG & FA 20
5 RV LA, TR Il 790 ) 4 6 B 7 S S A I A TG B RAE 38 4 0k 55 B
MR, 9,

Table 9. Effect of cytochalasin B on inhibiting the level of TG in HepG2 cells
%2 9. Cytochalasin B %t & 4B 1% HepG2 A TG K EHIEMMN =6, x+s)

Wi TG (mmol/L)

Drug (10 pg/ml) +Glut4 (10 pmol/L)
AS 0.31+0.02 0.51+0.03*
HT 0.22+0.03 0.51+0.05*
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CA 0.39+£0.01 0.54 £0.01***
JQ 0.39+0.02 0.52 +0.02*
LA 0.37+0.01 0.47 £0.02*

VE: IR A 5244 Drg b, P <0.05, T"P<0.01, TP<0.001; AS AEIEHEIA; HT NEEAEIRE; CA AEERE
YIRAL; JQ NG TSR T & Al LA &AL G WIERAL.

4. g
4.1. “BERID” W IEEREERSLEHENEERR

BB K HERL, 7o A, A7 DANSEThAEE, B “pohz T #ig. ZHERETEWE (R
WX o TOREESAD) TN, DAL B2 T, BAZ TS MR, (RARK < Jifk) 750 “
FHENT” BH. R P DIREIRE LET8]: AP RATRI AR, ORI (e &, ek
RRATR S A IRARER SO HERAE g RIS T-2Um R =28 £SO EEA,  HAE Al _F 3 mT b [ A A&
PRI . A R BRI T AE[5 ]

o RS A0 R A 5 P W A A TR 2 7 P — BR[O WL TR RS IR 10 2 A BB 5
“PRoER T DREIE R AL IR PR I BB AR 10). EWMAAIEN R P2 E I, D ERA
K7, ERNEZTE A, KRREHORAL, R H A “iBih. B, MU ORI <R
FORFR” , MOAREIS R, KREIEIR SR G 4y BN [11], B BT B Cd” L ABEAS. M
HARHE, SEWIMERA . £ % R SR E R HL BRI R IR — Bk 12].

4.2. RIMERESAER “BEAD” BENAHFILAXCHEIAT

FHEEFTRR “BISFRHEL” STEEAT S “WIHRBRES” B2 @ AHIHLA B 5T HLH SZIL[13].
AiEE 2 s 2. 2N REEH, FDTH050 KA KR Z A RET L BB IENIA A
fads, BB URAR” BIER, JEFEIE A PREE R G0N & 8 K AP R R e . WA R
B HE AR AR IR EL, HpEe “RRER” RE T IEIhRe, KGR RS BT A, B R
NP RAEARAERE AR AR S FE A B e EE1E A

Hp 24 e ek R B 2 2% 3 % DAV T RS T SR AT ) AR D 08 R P AT AR [ 14 BRAR R 5415 5 i
A H S AL EBTIRS, (RIS B4R A HAER AR, Xavrpeg “MIh
T IRATIE S 2 2 B GE R R A SR AL M SR AN SR AT AT E . FEARSEEG TR, SR PRNE R
P KKAY /NREBALA PI3K. p-PI3K. AKT. p-AKT EAMEL, HAFRMEMIERT AMPK A it
AN . SRIest TR, SRR RAZH @R -G - 1K), ZERR - M- 3R 2%
(M - RNE - LR RS 55, T [E I 0% AMPK F1 PI3K/Akt 3848, &AL AMPK Al AKT i3k 350
558 GLUT4 %00, IR & 58RI A, 33k <ot 20 B o 1) A I & AR 204 I E T, T R iR 7 “ B E R L7
AT E AR AU R AL IR 2 TR

TEWRFFHHERIA MEAE B, PRI T I S REAR AR LR s AR G . i Hh g
P, AT HE A AR R B TS R B[ 15] [16] 38 035 HML325 T LA A 25 REE 20 £ FH A v 2 P

FUF B SCESEBE “ AR ERIAAI 7 HIEAR, RN ELARHLAR AR Rt MOTIMEHLRIBR 6L T S,
S5
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