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[ Abstract ] Objective: To determine whether the main components of Glycyrrhizae Radix et Rhizoma can
improve insulin resistance by regulating glycogen synthesis, glycolysis pathway and fatty acid synthesis in myoblasts
of L6 rat myoblasts. Method: Insulin resistance (IR) model of L6 rat myoblasts was established through
incubation with 0. 05 mmol-L ™" palmitic acid (PA) for 9 hours. Normal group, model group, glycyrrhizic acid
(GA, 25 pmol-L™") group, 18B-glycyrrhetinic acid (188-GA, 25 pmol-L™") group, isoliquiritigenin ( ILG,
25 pmol-L™") group and isoliquiritin (ILQ, 25 wmol-L ") group were set up, glucose content in supernatant of

cell culture medium was detected by glucose kit, myoblasts glycogen content was determined by glycogen detection
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kit, protein expression levels of Sterol regulatory element binding protein-1¢ ( SREBP-1c¢), fatty acid synthetase
(FAS) and glycogen synthase kinase38 ( GSK3B) were detected by Western blot, and the mRNA expressions of
key enzymes in glycolysis were detected by quantitative real-time fluorescence polymerase chain reaction ( Real-
time PCR). Result: Compared with those in the normal group, the glucose consumption rate was significantly
down-regulated in model group (P < 0.01), the glycogen content was decreased (P < 0.05), the protein
expressions of Sterol regulatory element binding protein-lc ( SREBP-1c¢) and fatty acid synthase ( FAS) were
decreased (P <0.05, P <0.01), the mRNA expressions of fructose phosphate kinase 1 ( PFK1) , pyruvate kinase
(PK) and hexokinase ( HK) were down-regulated ( P <0.05), and the protein expression of glycogen synthase
kinase 3 ( GSK3B) protein was increased (P <0.05). Compared with model group, GA, 188-GA and ILG could
significantly increase glycogen content in myoblasts of IR-L6 rats (P <0.05, P <0.01). GA, 188-GA and ILQ
could significantly increase the expression of SREBP-1¢ (P <0.05, P <0.01), and GA, 188-GA, ILG and ILQ
could significantly increase the expression of FAS (P <0.05, P <0.01), the mRNA expressions of PFK1, PK and
HK (P <0.05, P<0.01), and down-regulate the protein expression of GSK38 (P <0.05). Conclusion: The

main components of licorice improve the insulin resistance by promoting glycolysis and glycogen synthesis and

regulating fatty acid synthesis.
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L2 25 R (A, it E 1320417) 1861 &
IR (18B-GA b5 1320412) , B H FL R (ILG, #t 5
1321525) Fil 5 H &4 (ILQ , #t 5 1321524) Iy T L ¢
P A PR | HPLC A4l >98%

1.3 iR DMEM ;3% 3k (3£ [H Gibeo 24, it 5
1996842 ) ; Ji & 1 W ( 35 [ Biosharp 24 &, it 5
428 A047) ; a4 L3 (BT 24 | 4ib5 1705124 ) 5 i &
F (P A LS 55105) 5 KEMH R , trizol
% Sl sn i G 110 (SEE Sigma 22w #5205 o
258725,T9424 ,246875 ) 5 i % A A6 I 12X 0] & (b ot
e RS L R 4 R A BR 2 W)L 465 E1010) 5 BSA 251
& BRI AR & (e R R R A R A WL it
5435 Ry PCO020, BCO345 ) ; 52 B 240l o 1t 3R A il
f U 7 (Real-time PCR) 32 ) &, 308 4% 5% 1A &
( HA TaKaRa 2% &, #5435 & 639505, AK6101 )
W U5 B T 38 (GSK3B) Hit A (€ [H Cell Signal
Technology 24w, it =5 D5C52) 5 [& B 5 oo 14 45 &
FH 1 -1c(SREBP-1¢) #i{& ( 35 [H Santa Cruz /A &), it
5 SC366 ) ; ig Wi B2 & WU BE (FAS) Hi ik (£ W
Proteintech /A ], fit 5 10624-2-AP) ; B-Wl 3 & H
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(B-actin) HL A&, HAR 2 S 10 W) 500 19 =t (bt
RS AR ARG RA LS 45k ZB-2301,
ZB-2305)
1.4 {Ug%  HF240 A — S AL 35 5240 ( LT
AR F) s Ts2R A5 E 5 045 ( H A% Nikon 24 F]) 5
ELX800 #! f§ 5 X ( 3¢ E Bio Tek 2 #H );
LightCycler480 % PCR 1% ( % + % [& 2\ &) ) ; Mini-
PROTEAN Tetra cell & 4 & [ H ¥k {¥, Mini-
PROTEAN Tetra cell % 4t 5% 51X ( 3 [E Bio-Rad 2
) ; Tanon-5200 A1k ~# Kk 56 UAR & G2 ( 1 g R AER
BEAHRAF) .
2 FiE
2.1 Lo KENNLA MBS Mk S04k 4 Lo
KB WLAH ML AE 10% fifs 2F 103 19 /5 B DMEM 15 5%
FHAERETO% ~80% W, e Ky & 2% fif 4 1ML 19 =
¥ DMEM 15 F Be it 175 3 0 fb . Bk iR 5 ~
7 d, 502 d Bk, HE 80% 4R M A K LA B
75 30 73 A B 5 L4 R
2.2 HHMrsrig gk s Lo REURILAEAE K
W55 o0 Ak U I At P W R $h 2% vh i (PBS) T B,
FH 4% Z2 5 W EE [ 7€ 30 min, PBS 353k 3 ¥ 4K )5
A 1% Triton X-100 %3 10 min, 2818 /K E % 3 K
FRIA 0. 2% 2% Ey 7 52 W %5 W 44 £, 30 min J5 2818 7K
TRV s B B BB N OERIFHAE
2.3 7 % W AR b T R R0 R D L 3 A e b
T R AN A A - o 4E Ak ) i v (SOD-POD
) 0 7 A R R SR LT A TR R AR B
2 A D) & TR S O R BE e 401 1
TAEW  AESE SRR T HS wL 1 B3 WS 195 pl
TAEW IR &, [F i 57 pn fE 4, 37 CHFFE 20 ~
30 min, 7E 550 nm b0 25 LA IR G EE A, HARH:
T L ) 2 A A D ) i B 15
2.4 PAFFEST L6 K BB ULAH R 5 R HChU
LIS VN 0|2 7 T 2 Y S el =
() 1% F2 Wik & 4 0. 5% BSA [ TG 1ML 7 DMEM 25 4%
BEFR L RIRUZA A 0. 05 mmol-L ™' PA It &4
0.5% BSA 9 TGl DMEM & 035 32 5, F 5% CO,
Widiffi 37 CWE 9 h, WJa, LA FE,H
PBS 35Uk 1 ¥k, 4% 25 11 21 RS R 24 46 8 TG I 5 AR
DMEM #5558, 25 I e 5 R 20 FnAsE 2 i ik & 2% 4
ek A& A 100 nmol - L™ [ I 2 1) G ifn % I 4%
DMEM #4553 £, 15 min Ji5 W HU I35 WL, i %5 b %5 1k
it 1 300 A I 3 9 R A A T
2.5 MRS Atk e G E A
- 90 -

ReFa Wil &5 0. 5% BSA [ TG 1ML DMEM 55 4 £
FrHL LAY 4 R ASE AL N 25 20 ¥ A 0. 5% BSA 1Y
Te I 3E DMEM &8 3238 344 0. 05 mmol-L ™'
PA 5% &4 0.05 mmol-L ' PA () GA,188-GA ,ILG
AILQ /EHT 9 h, e J5 iF W, 1 PBS ¥ 1 3k, Jfm
100 nmol« L™" {9 5 &% Z 34 15 min J& , I S 4000,
JIA 0.3 mL 2 B0 B8 75 A A 440 L ( T %6 20% |, i 7
3s,[Af% 10 s, A 30 ) ; B EH.OE D, BT
95 C /K ¥+ 20 min, [ 5 min HREE E.08 1R, 50
BAGHEH ELERHIG,25 C 8 000 x g &0
10 min, B EVERFIN . FL AR 38 4 1 DA T 4G ) K 59
Ui e

2.6 fE R PEEIIG E: (Western blot) £l GSK38,
SREBP-1c fl FAS fJFH£iL MIEEHELS FLE,
25 [ L RN 245 4 43 00 100 nmol - L™ Y 5k 5
F B 15 min J5, KERFE IR WML T 1.5 mL Y
BEOE T RBUEE A, B BCA 5 & I 5 vk
JEo AR E W, E A 20 wg BAE, DL 8% 1Y
SDS-PAGE 73 585 11, S8 Ja i % 1% (50 V,3 h)
AR 2 PVDF B & B & 5% i U5k 1
TBST( % 0.1% Tween-20) % i & 4] 30 min 51 A
GSK3B,SREBP-1c #l1 FAS —#$7(1:1 000),4 C it
W, U S A AR i AR ) B AR e B
(1:3000),% 3 1 h, 7850 ¥e i), ] Tmager E47471
B, B J5 HH Tmage J 3R AT KB40, HIEE BT Y
AFE B 12 R A i AR B/ TE R 2 R B B E

2.7 Real-time PCR & 0 5 fig S B 5 i 1 ( PFK1) ,
P9 B 7 5 ( PKC) T COBE B (HK) mRNA R34
WA A L, 42 1R 6 16 I 4 RS RNA L A R 4R
H AT 3 i $2 RNA &g Mg, 10 wL &by
RZE ' PCR 1Y 37 C v 15 min,85 CAF P 5 s,
A7 10 WL AR R ,95 CHiAE M 10 5,95 °C A8 Pk
10 5,60 C B k/4Efiff 31 s, P34 40 D5, 7E
Real-time PCR {3 I & H4< mRNA 35, DL
1 -3-BE R i =L B (GAPDH) Sy 4 2 i, M 17 & & 47
Bro 5IWMA TAY TR LE) RGARAR S
o PAZE VR AR, MR C, (7 A 41
FIk N A PSS, DS B E e it . 51T 5
PR BRRENLRIL,

2.8 geitsedrtr RA SPSS 18.0 Geit# 4, geit
SRR 2 25 RoR, SLIR 45 R OR H SPSS 481t 2% K
AT B R J7 2293 T (ANOVA) , P <0. 05 2y 22 5
HA G258 L,
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%1 PCR3|#FKFI
Table 1 Primer sequences of PCR

519 J¥3I(5'-3") KB /bp
HK i CTGTTTCTGGAAACGCGAGG 178
i GAGTCGGGGTCGAGTAGAGA
PFK1 |3 TTGAGCACCGAATCCCCAAA 168
Tt CCCCTCACTCCAAAGTGGTC
PK ¥ CAGGATCTGAAGTACGCCCG 264

T AGAAATTCAGCCGAGCCACA

3 #R

3.1 L6 RSN ME w2 e % il s i gt
AR R 80% LI b i 40 ML i BUILAT 4, 52 KRR
BRI TR I S 0 ATk Ul se el 47, L
K1,

VA,
g L 7
A
A FES e B B S b E
F1 L6 xERNERFSHERABESTAX(F SR

W, x200)

Fig.1 Morphological changes of myoblasts of L6 rats before and
after induction( CBB, x200)

3.2 PAXF L6 K BB UL AR A7 156 22 014 44 05 T AR
MISZIR AR & 2 B 2S LA e, T i R ORI
A% T 2 1 i L6 R B A AL 240 it XoF i %67 B 1 3 #E
(P <0.01) AR5 i & 28 25 A b, e 5 %
WO AN BEAE E PA ZH 40 Jf o) 45 B FE . R R 5 R
FRECT B9 PA VE A L6 K B AR UL 41 i 5 % 44X
AE T ARG, B L6 200 M 1R 15 3% A S0 1k 1 B I, 1
B AT LLIA R A 58 dE 57 PA 51 L6 K B L
Y AR i R ARPUAE A (IR-L6) . LK 2,

3.3 HEEE AR IR-L6 KBS IL4H L bE It &
W 5 IE R A A, B R IR-L6 21 i
BB & W W R R (P <0.05) ; 5RIRIA i,
GA,18B-GAFN ILG 41 7] LA A i 36 % TR-L6 K Bl #%
JULAH L N B J5 % i (P < 0.05,P <0.01), 1M TLQ 2H
AT DA — 7 B2 1 0 240 oA B D i (H R A
HuE, 25 LEEE, WEK3,

3.4 HE FE N R IR-L6 KB A4 il GSK3B
FIEWEm 528 P4 g, B 2 40 L GSK3B &

F2 PAMLO ARMNARGIXZMAHEERENZLMW (v 25,
n=3)
Table 2 Effect of PA on survival rate and glucose consumption in

L6 rats myoblast(x +s,n =3)

15 35 | 17 % ﬁfﬁﬁ%nﬂ?
/mmol - L. /% /mmol - L.
2 - 100. 00 1.00
S+ g% 1x10°* 103.92 £6.76  1.57 +0.23"
PA 0.05 90.39£2.33  1.46 +0.55
PA + i FR 0.05+1x107* 97.42+4.18  1.01 +0.09%

FSEARNMBES Z D P <0.01; 5% (1 n 55 £ i
»pP<0.05,

3 HEFEFSXIR-L6 XERANABMANERESENE N
(xxs,n=T)
Table 3 Effect of main components of licorice on glycogen content

in myoblasts of IR-L6 rats(x +s,n=7)

21 51 e i/ wmol - 1, ™! W A /mg-g ™!
EH - 1.00
LR - 0.71 +0.09"
GA 25 0.91 +0.22%
188-GA 25 0.99 +0.26%
ILG 25 1.08 +0.27%
ILQ 25 0.80 +0.15

EEA AR P <0.05; SHIMA LR P <0.05,7 P <
0.01(E£S5 ),

KB (P <0.05) ; SEIAI [ AL, GA,188-GA,
ILG Fl ILQ 41 7T L4 B f B AIK IR-L6 K BB 8% L 40 it
P GSK3B 761k (P <0.05) , WK 2,% 4,

GSK3p N - 6 kDa

B-actin S S S——— 48 kDa
A B C D E F
ATEW 4L B BEBI 2 ; C. GA 21 ;D. 188-GA 4 E. ILG 41 ; F. 1LQ 41
(&3 [)
B2 L6 XEAALMM GSK3p EAKIE

Fig. 2 Electrophoresis of GSK3B protein expression in L6

rat myoblasts

3.5 H R FEFRS X IR-L6 K B UL 40 ig PFK1,
PK Fl HK mRNA KA 525 4 i, Al
41 PFK1, PK il HK mRNA ik § #F KK (P <
0.05) ; G 4, GA,188-CAILG Fl TLQ 413
HEHA & I 98 PFK1,PK 1 HK mRNA ik (P <0.05,
P<0.01), %S,

.91 -
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x4 HEFEHRS IR-L6 XRAAMAE+F GSK3g EARIEM
FMW(x+s,n=7)
Table 4 Effect of main components of licorice on protein expression

of GSK38 in myoblasts of IR-L6 rats(x +s,n=7)

2531 e )/ wmol - L ! GSK3B/B-actin
%5 H - 0.69 +0.22
LAY - 1.00"

GA 25 0.66 +0.31%
183-GA 25 0.83 £0.19%
ILG 25 0.74 0. 12%
1L.Q 25 0.63 +0.29%

TE: A ALY P <0.05; HRIBIAL L E P <0.05,

*5 HEFERS 3 IR-L6 X R A AL 4 Mg PFK1, PK 1 HK
mRNA RIEWFI (2 +s5,n=3)

Table 5
PFK-1, PK and HK mRNA in myoblasts of IR-L6 rats(x £s,n=3)

Effect of main components of licorice on expression of

70 5 /W:ﬁrﬁ i PKF1 PK HK
LY - 0.75 0. 11" 0.67 £0.06" 0.67 +0.29"
GA 25 1.55+0.61% 1.21 £0.45% 1.14 +0.15%
18B8-GA 25 1.94 £0.39" 1.10 £0.54" 1.08 £0.21%
LG 25 1.24 £0.92% 1.22 £0.24% 1.22 +0.23%
1LQ 25 1.09 £0.41% 1.51 £0.58% 1.30 +0.47%

TE 8% FA % mRNA S840 1,

3.6 H AR FZ M IR-L6 K EUBL LA ML SREBP-
le fI FAS A FRIAME W 525 A i, BEA 4
() SREBP-1c Ml FAS % [4 73k i % F 8 (P <0.05,
P<0.01); 5 R4 [, GA, 188-GA F1 TLQ 7] L)
B 5 310 ] SREBP-1c 1 FAS [ 8 12535 (P <0.05,
P <0.01),1fij ILG AJ LAy /> FAS 12 11 3R 35, HAS
s SREBP-1c ) 3Rik, WL 3,% 6,

swanr-1c () = >
——
exs T 2o

[B-actin  S——— — —— 1) kDa
A B C D E F

B3 L6 KRAMZAN SREBP-1c f1 FAS & B &R iZ Bk
Fig.3 Electrophoresis of SREBP-1c protein expression and FAS in
L6 rat myoblasts

4 itig
25 W 2 AR P OB 2552 R X TR R R S
At AR L AR AR T 80% 1 M Ak A7 75 B S
L 220 T2DM R B B 2K R BE ) T R, X
Tl ok 5 ) 55 S T 2 MO A BRI DR 2
. 92 .

®6 HEIZERSX IR-L6 KRB MM+ SREBP-1c #1 FAS &
BRIEMFHZM(x+s,n=3)
Table 6 Effect of main components of licorice on protein expression

of SREBP-1c¢ and FAS in myoblasts of IR-L6 rats(x +s,n=3)

215 e E/wmol - L =" SREBP-1c¢/B-actin FAS/B-actin
=] - 0.57 £0.32 0. 65 0. 09
GA 25 0.33 +0.25% 0.57 +0.21%
188-GA 25 0. 60 +0.22% 0.69 £0.22%
ILG 25 0. 64 0. 09 0.58 +0.21%
1LQ 25 0.37 +0. 38% 0.55 +0.22%

FE:H5EAARKP<0.05,7 P <0.01; SHMAHHE P <
0.05,Y P <0.01; BB K HE SN,

JRG WM L2 3 R Y B R,
e B MR 5T 0 IR /)N BB % UL DR AL i) & A
TEH X B W] Rk, B s LB, PA i 1Y
IR-L6 #5574 rp i 50 & i W 35 1 B, i H 5 b 32 B R
43 GA,18B8-GA HI ILG W] L) I 2 Wi %% IR-L6 41 iy
WEJE O T R o BB A B L A2 e B 2R Rk
P B0 8 9 32 B B IR A R (GS)
GSK-38 3l 5 # N h TE M 5t G il iy 1 42 b e 3 o
(IAEH], GSK-38 A ffi GS Ml 2 1k 2% T , A il {87 ¥ )it
A R P AT X 30 i) T2DM R
F1 30 1 B & 1 % LA 59X 4 1 T2DM JR & 5 £
X R AH He B GSK-38 & H K- & Th i o B S5 F
AL, o R R R SR A S TR K R L
GSK3 R EETEFH, A TERER, KRB
B L GSK3 kA B2 W B R '™ . AT 0L, iy
SEYG R N AARFE AR W I 4 4R R GSK-38 TEHLIA H i 5+
HRIL G m R VA G, IR A R R B, 7E TR-
L6 K BUH B LA i b GSK3p 3R 35 B W 38 i, m A
GA,188-GA,TLG il ILQ J&5, 5 A1 20 tL %5, GSK3B
FEARBHE TR, U EERER GAL188-GA
HILG W] fEJ2 il o 0 GSK3B ik , 1k 52 4 )5t & il
it 5% P DA T 185 om0 248 B oA 8 D 1 5 1, 38 B0 R B 1
o BRI, ASHIESE b TLQ A 3 Sl ] GSK3p &
ik E IR 1 5% TR-16 B I & & F [, 3275 W] BE A7
TE GSK38 LUAI i Ho A PR 2 5% i 8 I A% B B, EL AR AL
il A fr it — 205 .

W AR AR W R AR e i R B AR
YRR A R B 3 SRR B E A
b W5 A A AL TN B R OB i 42 . b B 0 4
SEAK SRR B T8 fi# ( Glycolysis ) ™" o i 1% fift 75 B %
WUBEAC S A 5 2 4E 1, PFKL, PK AT HK 2 8
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BEff R e B 1 L IR R B I R IR
R FURE B WL 0 o I A 114 G e i 1) 35 TR 25k B
BeAmEl o 5 HA R A KL, FE AR, PA 5 S
() 18 & 25 ACPU AL AL i PFK, PK ORI HK () 3R 3K 34 i
R, T GAL188-GA,ILG 1 ILQ 37T L) i 35 14 fin
IR-L6 K BB 8% WL40 g + PFK1,PK A1 HK mRNA 3
iK% GAL18B-GA L ILG 11 ILQ X} PA % S HY L6
R BB UL 200 6 B A St Il LA T A A
F A B F 08 R B E L.

K UE R, FFAs T+ & 5 05 R A
S FAS S FFAs & g B o — A 56 g, L
SR RN G IR B S RPN &R KB A
500, SREBP-1e J& #5554 AR 56 il 2 11 % 3
fi) S G 53 PR 7, LTS A S ) FAS 2 3k 1 T 8 4%
e it & g F2 . To 77 W58 £ W] SREBP-1c
() 2 1 55 B8 b IR 5 25 K 0 A i Bl S 19 & 99 ML
A Ko SERKBLE PA S IR-L6 K BUSLAN
1t SREBP-1c 1 FAS & £ A B 7 &, GA, 188-
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