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Abstract: Objective To study the effect and mechanism of Corydalis saxicola total alkaloids (CSTA) on the high-fat and high-sugar
(HFHC) diet induced metabolic associated fatty liver disease (MAFLD) mice. Methods Seven C57BL/6 mice were randomly
selected as control group and fed with normal diet. Mice were fed high fat diet and high sugar drinking water (containing 20%
fructose water) for 10 weeks. The model mice were randomly divided into model group, metformin hydrochloride (positive drug,
200 mg/kg) group and CSTA low and high-dose (25, 100 mg/kg) groups according to body weight. Record the body weight and liver
coefficient, the fasting blood glucose (FBG) and oral glucose tolerance test (OGTT) of the mice. The total cholesterol (TC),
triglycerides (TG), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C) and non-esterified
fatty acids (NEFA) were investigated to explore weather CSTA could alleviate dyslipidemia in MAFLD mice. HE staining, oil red O
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staining and Masson staining of liver sections were carried out according to the manufacture's protocol. The expression of AMPK,
p-AMPK, PI3K, p-PI3K, AKT, p-AKT in mouse livers were detected by Western blotting. Results The body weight and liver index
of MAFLD mice were significantly increased, which were ameliorated by CSTA (P < 0.05 and 0.01). Meanwhile, abnormal FBG
and impaired OGTT in MAFLD mice were also normalized by CSTA (P < 0.01). CSTA dramatically decreased the serum levels of
TC, TG, LDL-C and NEFA in MAFLD mice (P < 0.01). HFHC diet could exacerbate lipid accumulation in hepatic cells and hepatic
fibrosis in mice, while these entities were relieved by CSTA. Western bloting furtherly indicated that the level of p-AMPK, p-PI3K,
and p-Akt protein in the liver tissue of MAFLD mice could be upregulated by CSTA (P < 0.01). Conclusion These data clarified
CSTA ameliorated hepatic steatosis and dyslipidemia of MAFLD mice via a novel mechanism involved AMPK/PI3K/Akt pathway.
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pathway

£ U AH 5¢ i 05 M F W (metabolic associated
fatty liver disease, MAFLD) , & H 4 A€ V8 K5 14 A 5
JiF (nonalcoholic fatty liver disease, NAFLD)!" ™, J&
T I b VP RS AR EG Atk T UG B A 451 T B0 R & T
FEC IR, LAE 197 76 I 4 1 P ok B2 BT AR Ol = B0 AR SRR AR
(DI PR B 235 fiE™ o L 32 60 8 JFF I 10 A o A 1
i g R R T AR, DL R AR N P AR 2L, a0
AL I A2 M WE 7K V- 57 T e MAFLD s — ffig ok it
JE Mg, B RO I BAVE R, 2 TR B
F H A AH OGP s A A ISR I, BT B = 7 IR B
I 5 I R SR I, i o 5 15 o — 20 Ak, T i R O R
K 14 B8 W7 PE BT % (nonalcoholic steatohepatitis
NASH) } Jif fi 4. (nonalcoholic cirrhosis, NAC) , £
. JEAEK , MAFLD [ R RIZETH R, e
A 1k E 2 B B 1 8 R A 4 BR B L 1
PERF ", 5 AR 0 28 11 25.2% 7, ™ HL 11
AERYE o3 Ho g e 7] R

JIE 17 9 BAR = 2908 44, v B 2 I W ) 100
LHL . TEFRE MAFLD B8 8K .= 71
I 2N 22 A W R R B, 4 JH i 44 DR “ T < o ¢ R
5775 A« TLA) 2=« “HABFE S, WP i rh g, (o
Ze B NHEVEL 2B, B ERA L AE 2 R,
M, H 2. HILA K MAFLD 24 J& th = 22 “ It
KRR EVIBEY . S5 I Corydalis saxicola
Bunting, X %4 A AEHEE, VR ERLE B L F4A T
KAE, N B X R 2, A i P e R, LA
T8 I TE RN | R L o Th Ak, IR TR YT
KR VRE R HH I A 2190 U IR A IR A IR
PRAERE , AR i R LW, LR A HUR R PiR
PR AR IR AR S 7R S 55 SRR
B, 25 B B e W 2 0 DY S4Bk (CCL 15 =
(/N R . [RIA , Wang 260 3E— D 1t 7t 3
N G BOEA ROEYE R A R 4ETT 0 CCL B3 1)
K4 B BE B ER, HAER TR 5

T80/ 0 S8 S AT B P JEE S A AR R 1 4 4 A AF G
BRI oK. o 3 SRy o 0% B RO AL, o
FEME R 4E T (dehydrocavidine) /NEER (berberine)
A YT (palmatine) 55, H &~ 48 T & & &
e R, ARSI S 3 AT O W A AL L, DA
2 JIE B RE 5 S MAFLD /) R 7Y 2% 82 4 3 i
ST MAFLD 25 8%, FE 9 2R b HoAE AL .

1 Mg

1.1 )

SPF 2} C57BL/6 I PE/INERL 35 A, 4~5 JE %, f&
Ji B 18~20 g, M H L A= Wi RL DU A= o B4 I
PRA A, SE5G B 4 A 72 VF AT HIE S SCXK (82016
0001 I/ V& PR 58, IR FEVR B2 0& &, e B 25 RHK
P AN S AR IR & R NSRS AT
MAFLD i 5 i 2
1.2 HARERFEERF

EELT W AL A RA R,
a5 160801, 4 HPLC A&l , A <4 T (B iR B2
LT ER TR /INBE R TT & 43 053 N 13.79%.8.38%
1.52% ; £h18 — FXUIT, e B o 25 E g it 5t 5 il 245
BRAH, = Stk 5 ABE4994,

S B A K BB 1 k) 60% AR it i = R 1
BECE 60% LG 40% HEAl AR, 185 TP240000) 5
B, 3500 P T R SE R R A PR A A 5 e AR [E
i (total cholesterol, TCO 7 & (5% 5 A111-1-1) . =
1% H 7 Ceriglycerides, TG 71 & (925 A110-1-1) .
ik % FZ I 88 &1 JH [# B (low density lipoprotein
cholesterol, LDL-C) 7 & (585 A113-1-1) | = %
JIg & 1 B [ B2 Chigh density lipoprotein cholesterol
HDL-C) R 7 & (585 A112-1-1) . §if 5 JIg i iR (non
esterified fatty acids, NEFA) il jfl] & ( £% 5 A042-2-
1), 3530 H w5 8 BE YRS A IR A A s AMPK Hit
& (% 5 2532) . p-AMPK #7i #& (phospho-AMPK
Thr172, $2 %5 2535) . Akt HL 44 (7 %5 4691) . p-Akt $



- 470 - $F44% FE3H 202138 ‘ﬁﬁ-i‘ﬁﬁi Drug Evaluation Research

Vol. 44 No.3 March 2021

A& (phospho-AKT Ser473, 1% 5 4060) . PI3K p85 #
i ( B2 5 4292) | p-PI3K p85 Pt /& (phospho- PI3K
p85 Tyrds8, T 5 4060) , ¥4 [ 3% [H Cell Signaling
Technology 2 7 5 Ll 2t e — $1 (15 5 ZJ2020-R) .
i 2E P00 B P (585 272020-M) \BCA & 9K i
I E R B (525 P0010S) , B [ 1 i 28 25 R A1)
FEARA PR 7] s ECL Ak 2% 5 ' i Bl 68 55 2 (B
5 36208ES76), I H gL AV RHECA R A A .
1.3 FEUH

FR A R 2 0 WL (5415R Y, Eppendorf, £ [E] )
PB303-N H F K *F (Mettler Toledo, f& & ) ;
MULTSKAN Sky 4= K 71X (Thermo Scientific,
EED s oT A XA LI FE IR I R A IR A
T 5 A R IR R 4% U 75 £ R 57 W & PR A
F] D) 5 HLKAX (Bio-Rad, 3¢ [H) , %% (¥ (Bio-Rad, 3
ED, A RBERH A TR A FD s % HEH Direct-Q3
SRS AR ABATK— ML R G B, SEED
2 7
21 SHEEERGY

ANERIE MR R 1 S BE AL 7 R E
HRZH, 4 NI HEAT IR 5 R 20 3h 4 M8 DL IE 3 1A
BE, &L /N B 45 T R R AR RS OK (B 20%
FREAOU, FELEMEIE 10 A B i N R A R
B B 20 B B, A B B L s ) = (25
100 mg/kg)"ZHFA Eh 12 — H WU (200 mg/kg)™", B
M7 RN GRS DL e i R . X IR S AR
RV /N R 25 T 25 7 0.5%CMC-Na R =2, A 35 i
W5 AR — AN ig 48 TH N 25, sk 4
2551,
2.2 {FE KRBT BEHE BRI E

o 245 11 1) B J& 6F /N BRI AR 5 £ 3R AT I E O il
Ko ARG 2 I BN 58 BUG , 7N BB SUAE b BT, HX
JFFRIE , 3 BRI SR B I A8 W R T 4S5 0 /0N BRI
J i THEN BT IR 2

I 0 4 = JFF IO S5 (m) /A 2 (@)
23 ZFEM#EKFE(FBG) R ORAEEMNEX
B (OGTT)NE

KIRE ), /NREE 12 h, B UK, IH H
R 5E FBG ; & 2H /1N B ig 7 21 M A R (2 g/kgD » Wl E
ig J§ 1523060120 min /> 5 [ 108 7K P, FE1F 5 il
L8 T (AUC),
2.4 MBEENIERNE

RN 2 45 o /N BRI ER UL, W 8E T 1.5 mL &S
O, F I E 2 h, 3 000 r/min 20 15 min, B_E

TH B T -80 CCLRAE % , #7050 1 B 5 4 i)l
3% TC.TG.LDL-C.HDL-C }2 NEFA [ ¥ .
25 FFELHERGBRHLIO%E

HE Z% - U/ BRI B T 4% 2 K A
SE , TR FE SRR - = W ORIE B A S Y] B (D)
R 4 pm) JE AT HE Yy, i A i 5 e

AL O Yo /N IERE 2 J5 B T 25%~30%
1) FEE RV VB 7K 48 h, OCT A 1 751 4 1 5 1 UKk i 1)
FHLUTECLS wm (KR D) 5 2808 7K R BE 5 60% S T4
R V2 Ja HEAT 40 O Gett, K a5 7 R B E , 9F
BT 4 CH&MF R,
2.6 BT4HZE Masson s

VR I 3] 7 5 i 0, B S 5 P 28 TR /K U 3
60 s; YL IR B0 50 s, F G800, PR IR 30 55 K
Je RS €820 s, 7 L0, PPy gk 30 s FE L (B
Wt 8 min, ¢ YL ; BB IS (OB Qe 4
4 min, FF 40, F K SBE P8 T s T S
H P,
2.7 Western blotting #& 71|

FrHOE & FF 2 20, B B OF 1% & (@) 51k
AR (mL) EE 1:9 [ ELI N RIPA S48, 219 5135 54
fi#,2 500 r/min 20> 10 min B _E & , BCA iEI 52 & A
W& B . E 5 5 X loading buffer P 4:
119 EE A7) VR 2T, 100 °C 7% 6 4% 14 , #3E 1T 10% SDS-
PAGE i B HL UK , T B LUK 45 o5 UK 3R 5 /K F L
Pk % PVDF i |, 5% BSA = iR 3 FIE 2 h, — i
B (4°C), R H TBSTEY, “HiWH,ECLE
5, Image J 850 BT H 8 A 26717 K P
2.8 SZitFALIE

K SPSS 19.0 G it 8 A4 Fr 43 48 24T G it
IINT, T TR DL ks R, AL LU R FH B R 2R
#2931 (One-way ANOVA) , 20 8] Eb 5543 41 K F LSD
V(5 235 A Games-Howell V£ (5 Z A58 .
3 %
3.1 FBHEELSEX MAFLD {22/ NR AR E BT
B T2 755 K2 BT Bt 8 30 B 52 i

U 1A o, 38R EE G A5 8 40 /) BRI 44
5 A R R E T (P<0.0D): H4 4575 14
AL , I SRS i 7 = AL B A B S A
R L B 2 T P& (P<<0.05.0.01) , J 445 2 9256
SEOR . /NERUH TR B R R S W E 1B A C B,
L B4 e, A 2H /N RO 48 2R 3 T (P<
0.01); SR LU, 4 0% SOOI L w77 & /0 B
JREFE BUE 3 T M (P<<0.05.0.01) , H 5578 A0 i,



$F44% F3H) 202138 ﬁ’fﬂiﬁﬁti Drug Evaluation Research  Vol. 44 No.3 March 2021 - 471 -
-o- X ## B
- 1A * *% *%
60 -
- ATOESM 25mgkg! O
o0
>- . . 6‘)
- A FIELHL 100 mgkg™! & 0.
—— EhER —HXUIN B
W&
£ 204
ES

PR AR 25 100 thE— g
BEEEL(mgkg™) XK

S ——
»‘__% i
[
o ; h
TR L e
pupiis i) AEESB 25mgkg? CAFES 100 mgkg™! hR — HXUIK

XA ELEL:#P<<0.01; S LA . "P<<0.05 ""P<C0.01
#P <0.01 vs control group; "P < 0.05 P <0.01 vs model group

B HEELHE MAFLD /NRGKRE (A) BFE (B.C) BRI (s, n=7)
Fig.1 Effect of CSBTA on body weight (A) and liver (B and C) of MAFLD mice (xs,n=7)

Eh R H UITAR B8 2 % % {K MAFLD /) & i 45
H(P<0.01). [FII 555 A4 L, #5229 20 /) BRI
JUE HE BB S AR K, EL A 2 TG, ek R s SR Y 4 L
B, A R SRR 7 B 4 88 R S G I RE K
IR IR IR R RS /N B R AL, B 5 BB
SEIRRI, R EbE R B 2 /N B4 5T 2 L 3
e JFE HE R B SR KRR, 5 350 VB RE % B PG
MAFLD /MM H s H ARSI .
3.2 B HEIE BB X MAFLD #% 84 /)\ i B9 FBG &
OGTT RIS

W 2 Fios , BB 2H /N BRI FBG 5 0] HEVZH b A

BE TR (P<0.01), 7 3 7 SR & 2 4 K 3
i — T2 /N B FBG 5 R4 L i B % F
F(P<0.01). OGTTEERE R, ig MG 15 min, 45 7%)
H /)N BR IR B S5 5 L2 B B 35 TR (P<<0.01), 7
B R v R R 2 R R R R OB 4 /S BRI
MpEAE 5B LE B 2 T B (P<0.01). ig i
%M J5 30460+ 120 min &% 2H (1 14 KV 2 3R B~ R
B 35, SR ABE 28 2 /)N B8 % B 00 555 119 I A8 A7) 42 3 1
T HRZH /N R (P<0.01) , 75 B S B = 77 2 41
T #h 8 — FXUICZE /) BRI 5 45 0 28 b g Ve =3
TRE(P<0.01). BRI /NR K AUC 5 %) B4 b %

. ]
#H " - HHEERR 25 mgkg! Lo did

T 6 ** *k 12 v HIVERH 100 mgkg! ’ *k ** *%
= — a % - ThEE — HUOWI o
E 2

4 S
< g S 05
9] E - <
@ = S I
2 g 43 #x ke
i £
E

0 0 . . . 0.0

X OBRL 25 100 HRERHIXUIL 0 30 60 90 120 X A 25 100 EhEE— UL

HEE SR/ (mgkg™) t/min

A EEN/ (mgkg ™)

5 2 LA #P<<0.01 s S L% " P<<0.01
#P <0.01 vs control group; P <0.01 vs model group
2 EFEIEZHEI MAFLD /bR I ¥E RS0 (ks , n=T7)
Fig.2 Effect of CSBTA on blood glucose in MAFLD mice (X+s,n=7)



- 472 -

$F44% FE3H 202138 %ﬁ-#(«‘[ﬁti Drug Evaluation Research

Vol. 44 No.3 March 2021

BETE(P<0.01), 75 3% SR =77 i 4 K
iz — B U4 /N B AUC SRR A it B 2% T
Fe(P<<0.01). 255K, millR mpl e 2/ R
FBG Ft & , % 38 3% s i ] DA 25 B 1K MAFLD /) &
{10 IR K- T I 3 v i v B AR 2 3 B BRURE
TR} 8 52 458, LA I8 U 55 8 R B A TEE RO
RE 3 22 Al EREAR
3.3 EEEREWEX MAFLD #8/0R 55 5 TC.
TG.LDL-C.HDL-C.NEFA H 220

Wi 3 s, B2 /) BRI i TCL TG
LDL-C. NEFA ¥ & 5 X B 20 b 3% &8 3 J & (P<
0.01), 7 P8 7 S B IG « /=0 77) B 4 % 3R e — F UL
/INBR LT HF Y TC TG LDL-C \NEFA ¥ & 5 # # 4
b35S 2 PR (P<<0.01) o A28 20 /)N BRI 75 1)
HDL-C ¥ Ji 5 5% B 20 L 3 2 35 PR IR (P<<0.0D) , 75
TG IR « 5 7 R 2 B B R OB /) BRI v
H i) HDL-C i & 5 45 780 2] bb g B AR B B T
HOHIE LB ER . &RRY, 5 HERNTEE
225 PR 1 MAFLD /s B AR 7K 7 5 2508 /N B T
AR KL -
3.4 HEESWX MAFLD 4 8/)\ 55 49 BF 4B 48 7%
bR = oA

W 4 Frow , % B /)N BRI HE 4 8 2 7R HFAE
GERE SERE o S RS BRI B (B R Sk a5, BLF
ESEE LIPSy € RN 71 IR AN WS RN H IS

DL B I 98ORE 41 IR 3 5 5 6t R A B R, AR A N B
34
#
T: 24 *%
g ** *%
-
S
=
o
X BR 25 100  #hER — HXUIK
A E S/ (mg kg ™)
61 # 1.54
T 9 o
S 4 . 3 10]
£ .
S <
é 2 ‘é 0.5
~ T
0- 0 -
ST MR 25 100 EHEE HIXUIK X AR

HFEESR/ (mgkg™)

JHF 7IN T 65 A6 A5 B B, o FEE 44 LR T 5 o ol 5 ik
JFF 200 i o 3 ™ B, TR 5 9 s v (T o B
SKETRD 5 /NI 58 24 R 32 i B 2 HL 40 g 2 B A
) — (A% ] 48, A% L DL AL IS R R 5
PR 2 LU, o 380 S B R R — PR OUAI 2 = i3t
JHF 240 PR A Joi AR DA S A B R T I R

WA O etttk — B HEoR , BEAY 4 /)N B2 i A
T 6 (1 i HE R (B b Sk TR ) . SRR
O, 55 B0 SO e 7 B 4 e 2R R — XU
/I GRVF 40 B M R HERR R IE A B B . DL R &
FHI5 UL A 5 T S AR S 3 20 MAFLD /) B
i 5 AR SE AR
3.5 EHEESWEX MAFLD #8855 B BT 4F 4 14
ERpAL

Wt TR B, 18 PR Bl 52 M I 43 10 e 4 R = 3 3
JF 5 4 A0 A2 B, LLAT B B A1 52 5 (ECMD & 11 32 22
72 R A I FEARR RO RRAER Y AR AL 2
MAFLD /™ 5 £ 5 ) 3 B F0 48 A5 IR Uk, At
TN /N BB I 7R 4T Masson Je th ok 3k — 25 25 82 5 3%
ST T MAFLD 5| & ) A 4 s B .
5 BT » 6ot 8 T 4 203t A e ] R ) /0 i DR
Ao, RREG,BIEF R . BEAEANHLRANK
R A 4D, R A HOR , B X E A
ANIEAR , 2T 4 2% R IBOHL HL e o 3 (R IR, R I i R
Ui % AL A4 B0 SERA L,
PO SR AR R OO I 2H 44T 4 AL A B

31 i
':]'o 2 %
E *%
g 1 - *%
=
0_
X BR 25 100  #hER — HXUIK
A EE S/ (mgkg™)
2 1
T 5
(=}
E 1 *% "
~ * $x
E —_—
sa}
Z
0
25 100 EhEE—HIXUIK X AR 25 100 ERER—HWK

B FIE B/ (mgkg™)

HIE SR/ (mgkg ™)

SRR LLE . #P<0.01; SR LLER - P<<0.01
#P <0.01 vs control group; P < 0.01 vs model group
3 AEEREI MAFLD /MR IME A TC. TG LDL-C .HDL-C % NEFA B 201 (¥ts,n=7)
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