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ABSTRACT: AIM To investigate effects of petroleum ether fraction from Derris eriocarpa How on glucose and
lipid metabolism in a mouse model of metabolic syndrome (MS). METHODS KM mice were fed a high-fat diet
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and administered streptozotocin intraperitoneally to establish MS models. The MS mice were then randomly assigned
to the model group, the metformin hydrochloride group, the lovastatin group, the ursolic acid group, and the high-,
medium- and low-dose D. eriocarpa petroleum ether fraction groups, with 10 mice in each group. Ten additional
mice maitained on a normal diet served as the normal control group. After 4 weeks of intragastric administration,
glucose and lipid metabolism indicators were measured. Hepatic pathological changes were assessed using HE
staining and oil red O staining. Liver tissue mRNA expressions of ATF3, PEPCK, FXR, CYPTAl, HNF4«,
CYP8B1 and SRB1 were quantified by RT-qPCR. Hepatic protein expressions of ATF3, HNF4a, PEPCK, FXR
and CYP7A1 was analyzed by Western blot in MS mice. RESULTS Compared to the model group, the high-dose
D. eriocarpa petroleum ether fraction group exhibited significant glucose tolerance improvement (reduced OGTT-
AUC, P < 0.01) ; favorable serum lipid modulation in terms of increased HDL-C levels ( P<0.01) and decreased
TG, TC, LDL-C (P<0.01); reduced renal biomarkers (BUN, SCR) and hepatotoxic indicators of TBA, AST
and ALT activities ( P<0.01) ; alleviated hepatic lipid accumulation and histopathological damage; downregulated
mRNA and protein expressions of ATF3, HNF4a and PEPCK, as well as CYP8B1 mRNA expression (P<0.01) ;
and upregulated mRNA and protein expressions of FXR and CYP7A1, along with SRB1 mRNA expression ( P<
0.01). CONCLUSION  D. eriocarpa petroleum ether fraction ameliorates glucose and lipid metabolism
dysregulation in MS mice by modulating the ATF3/HNF4a/CYP7A1 signaling pathway, consequently eliciting
hypoglycemic, hypolipidemic, hepatoprotective and nephroprotective effects.

KEY WORDS: Derris eriocarpa How; petroleum ether fraction; metabolic syndrome; glycolipid metabolism;

lowering blood sugar; lowering blood lipid
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T (45 Y18J11C116004, b iR M- BRI A
AR ; Hi=F (TG) . MHEE (TC). &
AR A EE R (HDL-C) . K% B RS 85 A H [
B (LDL-C), #H %M (AST) ., BN A
(ALT) . JRAZFR (BUN) . IMIENLEF (SCR) . &JH
R (TBA) A& (525 A110-1-1, Al11-1-1,
A112-1-1, A113-1-1, C010-2-1, C009-2-1, CO13-
2-1, CO11-2-1, E003-2-1, FgaElEAAY) TRV
JF) 5 /MR ATF3 ELISA i & (Hit5 M14781073,
RFER AR AR AF ) ; SYBR Green qPCR
Master (975 G891, i3 kR 25 Rl 45 A KR
ZNH] )3 Star Script 1T RT Kit, TRI Gene Reagent
(#£5 CG1231, CHGOTL, J7JNTiBEN A= MRl A
FRAF]) 5 B-actin FifR (L5 AC230205001, I
WA IR AR AR AE ), EHRE X Z K
(farnesoid x receptor, FXR) ZTglEhiiA, A0 [ i
To-F2 AL ( cholesterol 7a-hydroxylase, CYP7A1)
Z v B UK. BE W B T R R ik R 1L
( phosphoenolpyruvate carboxykinase, PEPCK) £ g
BEHL IR (#E 5 00121844 . 00132582, 00106521,
BRI =Y H ARG R A H]) ; ATF3 Rabbit pAb,
FFan Rz A ¥ 4a (hepatocyte nuclear factor 4 alpha,
HNF4a ) Rabbit pAb ( #t 5 0049321101,
9002085002, s & MR FEAYBHETARAH) .

1.3 % Nanodrop One #HE %R I EAXL .
Step One Plus %% 6 & @ PCR X (3& [ Thermo
Fisher Scientific 23 & ) ; CKX41 3] & 2% 56 i 5%
( HA Olympus A H]); 7100 4= H 3l A= 1k 3 511X
( HAS HITACHI A7) ; Epoch 49 K EEFRAN (35
[ BioTek AF]) ; 2ERCHIE RS (dLms—4
YR AR .

2 A&

2.1 EREBLHBBEBRIHE KEEXTW
EREABVI R, B, & 60 B, A 95% &
FER AL 12 h (L FES B R R A R Lt
10 : 1), IR 2 b, EE 3 KIESIFIE
W, We4n, MEIERMAHEOERTE, RIEIMALAH
Bt ZE I, VRARAEBOR, 13 EIRRE IS BR ARG
TP

2.2 MSHEAZS /NFIENMHEMRSE T dJE LY
MIEHH (10 H) FERA (70 H), ERH/N
B MR LE DL, RS /)N BRUAI M 3 i et ]
HEYOK, 5 HEESEAZK 12 h, HRHERUm, W
FEM MY (TG, TC, HDL-C, LDL-C) /K,
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mmol/ L., T WA i WA AR 57 2y, MIS AR % 2y
EHIFRWES 2 SChk [23-24] HRiE, BRI 4 44 i
A E AR AR 1.4 4%, BHEDWRE T4
PEhRg 2, (1) BERI4] FBG & T 1E % 41 F3¥(E
) 1.4 4%, (2) BEBIZH TG K-8 T IE % 41 - {E
M 1.4 5 (3) BRI R = T 15 W 41 F I {E Y
1.4 1%, (4) KERIZH HDL-C /K- S8 A% T 1F 3 4
SEYIER 1.4 15,

2.3 BT B ER R TIR/N BEE LS
R XK (200 mgrkg) & Al 7T 4
(10 mg/kg) . AERMAZL (200 mg/kg) H1E Mk
AMEEEE R . o, R4 (800, 400, 200
mg/kg), HH 10 B, #EBHZ, W MEAIHL
TAEEAGEK, HEEREE 10 mL/ke,

2.4 wvRAEMRE (OGTT) M ELE475 28 d
&, NS OR AR K 16 h, HEAT O IR OBE
(OGTT) 5246, M5 0 min B FBG J5 7 B #E B
T HITIREAI (2 g/kg) , BERPUIZE 30, 60, 120
min A () FBG, F£315 OGTT Ay #h £~ AL 43 i AL
(OGTT-AUC) ')

2.5 ARARE DNEEEEASKE, IRIE)S Fik
DAL, BERDBESALSE, 7RISR, BGH A R4
ZUT 4% Z R EEEEW T, TR BT R A,
HAH LT BV A -80 C KA A& H . /DB
[ XIRY a  = 3 (17 2 e B = vy i LS

2.6 A ARAAR  BUNRIMTE, %R
A6 A5 %E H ATF3, TBA, TG, TC., HDL-C.
LDL-C, BUN, SCR /KFJ AST, ALT i,

2.7 LRI FIK

2.7.1 ML O Geft LU E J K AL F], W
T2y e OCT 3 3 vEAT vk iR W A, B0
JERE 8~10 pm, KFAHLY R M T T a3 i -
FEUE AL, 60% 53 P9 BEVE WIEVE 2 min J5
ML O Y EAT e A B, T VRS B A T 40 I
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AEPR 1 min, FHFAREGLEYL (D 3~5 min, EHPES
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2.8 RT-qPCR % # | if 40 4% ATF3, PEPCK.
FXR. CYPTAl, HNF4a, CYP8B1, SRB1 mRNA %
B HU50 mg FFAEZHZUINA 1 mL TRIzol {5, ik
IR 743 WF S, 4 °C . 13 000 r/min 2.0 15
min, BCEFEWIMA 200 wl & 45, RIZUHERIE S
L, BUEWERIMA 500 pl SNEE, FHREL, 5
% B3, MBI 75% OB, B )RS R0

RNA YR S Al 2 I, 4 BR300 e s o) & 1 ] 43 1
VRN ILI % 5 cDNA, W E cDNA WREE, K454l
cDNA & & 2 A [/ W &, B 5 R 5 Blas Taq 2X
qPCR Master Mix i & Ui B 45 #£47 RT-qPCR $71
FB, Kl MS /N BRUFFZHZUr P DGR 9 mRNA 3R
B, SIMRAETAY TR (R BOARA
G, PR 1,

VE, M = 2K R UiTE, 15 28 RNA, I &
*1 31%F75
Tab.1 Primer sequences
HEH iE [ JF 51 S [] J5 51
GAPDH 5'-GCCTTCCGTGTTCCTA-3' 5'-AGACAACCTGGTCCTCA-3’
ATF3 5'-GAGGATTTTGCTAACCTGACACC-3' 5'-TTGACGGTAACTGACTCCAGC-3’
PEPCK 5'-AGCATTCAACGCCAGGTTC-3’ 5'-CGAGTCTGTCAGTTCAATACCAA-3’

FXR 5'-GGCAGAATCTGGATTTGGAATCG-3’

CYPTAl 5'-GGGATTGCTGTGGTAGTGAGC-3’
HNF4o 5'-TGGATATGGCCGACTACAGC-3’
CYP8B1 5'-CTAGGGCCTAAAGGTTCGAGT-3'

SRB1 5'-TGTCTCCGTCTCCTTCAGGTC-3’

5'-GCCCAGGTTGGAATAGTAAGACG-3’
5'-GGTATGGAATCAACCCGTTGTC-3'
5'-CAGATGGGGACGTGTCATTG-3'
5'-GTAGCCGAATAAGCTCAGGAAG-3'
5'-GGGTCTATGCGGACATTCTTG-3'

2.9 Western blot & # M AF 28 22 ATF3. HNF4a.
PEPCK. FXR, CYP7A1 & & &k  FRUL 50 mg i
HZ, M A 1 mL RIPA %W, BFEES 12 000
t/ming.0 10 min, B EEWRANM TR EE A, R
JH BCA MEHEHWE, 48— E#EE 5 mg/mL,
il bR, Bk, FEE, EHTEE ., BE—
Pr. R ZPUREE, BEERRE . R, W, &E
i Tmage J #RAEXT 25 IR BEAEIHEA 74047

2.10 %itFE oA alid SPSS 27.0. 1 B EFT4b
B, OSCEREELL (xxs) Fon, ZAEGECR A H
RZE I 250071, P<0.05 XnEFHAGIFES
3 £R

3.1 MSAERRA FEBALAHT, BN
R TIE®4M 171 £%, FBG m FIEH 4110 2. 95
%, HDL-C /KPR FIE R 4F 0 1. 61 %, TG
KEE T IEW AL 1.46 %, K0 MS BRI ST
eI

3.2 ER &R L ER B RS MS s R o g w9 R
KFeGFa WK PR, SIEWALR, BA4H
/NEUIM TG HDL-C K -FREAE (P<0.01), LDL-C,
TC M TG /KFFHE (P<0.01); SHERIZH A, —
FOBUIRAL | 3SR TT AL, RESR MR 41 A At e A vl
Mk, PR AL/ R HDL-C 7K T
(P<0.01), LDL-C, TC & TG /KFFEMK (P<
0.01), BARMPEAMEEEIGR 4 LDL-C X
TC /KA (P<0.01)

3.3 R &FEL MBI AT MS R OGTT #9
Fom WE2 PN, SAUNRAEESST 2 o/ke
WEIBRAWUS , MUBEAE 30 min BAFIE(E, 72 h
WIZ KRS EARRZS . IR OGTT-AUC &3,
B A0 TP U 25 R R A IR T MS /MR
OGTT-AUC /K (P<0.01), H@EHlEHRR0R s
THOBUIRA B, DR B R A A T B B AT DA
$& 1 MS /)N B 4G BT 52 g

x2 HFANMROREWHELLE (x+s, n=8)

Tab.2 Comparison of mouse oral glucose tolerance in each group (x+s, n=8)

OGTT/(mmol-L™")

21 5] - - - - OGTT-AUC
0 min 30 min 60 min 120 min

EHA 6.31+0.71 8.91x1.86 6. 1620. 97 5.89+0. 63 13.60+1. 54
FERILH 22.46+7. 48% 30. 822, 14* 27. 14+3. 79% 23.30+3. 62* 53.50+5. 51%
ZHXUIRA 9.33+4.23™  23.61x2.56*  20.10+£3.30** 14.14+4.15™ 35.87+3.57**
AT 11. 66+4. 05 25.72+7.71% 21.216.40™ 16.71+3.57* 40.75+4. 69 **
Red A 10.46+4. 77  24.94£5.86*  20.71+4.32" 16. 61£3. 59 ™ 39.07+7.43*
B £ £ T R IO ) 9.89+4.24™  24.00+3.47* 19.88+2.73* 13.49+3. 45 35.46+4. 65
B SR A1 T BRI P ) 13.05+6. 02 * 26.59+4.77* 21.91+3.75* 16. 83+5. 06 ** 41.08+5. 64
B 2R 00 A Vi P R U A ) e 15.64+6.46™  28.62+4.53 23.00+4.25* 19. 88+3.59* 45.10+5.01 ™

. HIEWA LA, #P<0.01; SR A, * P<0.05, ™ P<0.01,
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TE: HIEW4IE, " P<0.01; SHEIA HE, ~ P<0.01,
E1 &4A/NRMFE TG, TC, HDL-C, LDL-C K Ftb# (xxs, n=8)
Fig. 1 Comparison of mouse serum TG, TC, HDL-C and LDL-C levels in each group (x+s, n=8)

3.4 AR GE GBI T MS > R e iE AST,
ALT #&MHA= BUN, SCR K-F#9%a WK 2 Pis,
HIERW AR, BARA/NRIIE AST, ALT & PEA
BUN, SCR/KFE¥F i (P<0.01); SHAIL L
B, WU, #AkAhiT4l, AESRERAL T Al
Tl IR kR B 5 50 e AL/ BURLTS AST . ALT 364k
1 BUN KRR (P<0.05, P<0.01), EHfA
JEEA M EESR I R R AN Ui AST . ALT 31
H BUN JKFREAE (P<0.01), 5 8 £ k42
HUYMISR) m 4L/ BT AST, ALT 3§ PEREAR (P<
0.01), S55EMT, B 5l By T 2L
0 MS /N BRI 405 A A 47

3.5 ER GG BRI T MS s KT IR S AL
BB LE I B 6 R v

3.5.1 JFFAEAMIEULEE ANl 3 s, BEARLZE/NER
JEREDR S, Bita k1, R4 B WA s D
R B AR A I AR HRY 25 50 R AN U E R AR
iAEREARA Brdcst , Horbim | Pl EASCR 5 =
XA | W& ERMITA | RERRALIRSIERE, HAWK
S BOE RS

3.5.2 HE Je{a %8
HMHEI AT . TES
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W 4 firs, IEH 4N
NI 1) 2 N I B VA

Jarfroe s RIS /N B AN IO AR P, SRR
B, FFLHZUH R RN g 2506, A0 HE
GINZETL s B A A T Bk B2 B o 79 e 4N B4
LU i3 A AN 40 M HES ZEBLAR BE A P g i Ak &2 5
Yiff i AU, HORAESSIERA . —H U, 3%
AT RERRA R, TR Ed A —E ek
HROR

3.5.3 ML O P Mg iRl 5 Fron, iEE /D
PS5 A W%, AR B, 2
&, MR, KB K/NARERLLEARTE;
HIEwA R, BN RITFHR SRR, M
B 3l A RN LL AR, MR (0 ) 2 A
grfa ) JFAMIHEIIAEE S, —HOBUNIRA | I8 ARt T
21 R T S A e A Tk AR R 1 ) o D RO A
AEMGIERE AR ek, ARREE, 5
IEF AT, AESR MR AL S B S fa e A il k4R B
FlEHAWA —ERCR, WA EIRH R R,
3.6 R &jEGhESE B AT MS A R i TBA
ATF3 R-F ey % WK 6~7 i, SIER4E
B, BRI TBA . ATF3 KSFEETHRE (P<
0.01); SR ey, —H XML, EMEAMAIT
4, RERFRYIM TR A A EHE Y . PR
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W, HIERAE, ¥ P<0.01; SHERI4E, * P<0.05, " P<0.01,
E2 &REH/NRIME AST, ALT ;&M BUN, SCR /K FELLE (¥+s, n=8)

Fig.2 Comparison of mouse serum AST and ALT activities, and BUN and SCR levels in each group (x+s, n=8)

B3 REANRFFAEINR

Fig.3 Liver appearance of mice in each group

H/NBIMLTE TBA . ATF3 /KSEHFEE (P<0.01),
B A I Tk B IO IR 4/ BRI 9 TBA 7K
FFEAL (P<0.01)

3.7 EREFELHEITEY T MS D RAFAR
ATF3. PEPCK. FXR. CYPIAl. HNF4a. CYP8BI.
SRB1 mRNA & A # %  WE 8 iR, SIEHA
Feds, R /NRIF4LSY ATF3 . PEPCK, HNFAa .
CYP8B1 mRNA £ ik F+ & (P <0.01), FXR,
CYPTA1, SRB1 mRNA FikF&fk (P<0.01); S
RIL g, AR AR AL R B S £ e £ i Tk H2 H ) s 77

A/ NEIFHL ATF3 . PEPCK, HNF4a, CYPSBI
mRNA £ k&K (P <0.01), FXR, CYPIAL,
SRB1 mRNA KikTHE (P<0.01); HAbZa2i2HY
Al N[FEREREFEAR ATF3 ., PEPCK ., HNF4a, CYP8BI
mRNA % ik (P<0.05, P<0.01), Jh#& FXR.
CYP7A1, SRB1 mRNA %3k (P<0.01),
3.8 ER &R 5 BB AT MS ) AT AR
ATF3. PEPCK. FXR. CYP7Al. HNF4a % @ & ik
aFrn WE 9 FR, SIEFAE, BRg/N
JF4H 40 ATF3, PEPCK, HNF4a EHH XL T
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4 FE/NRITHAL HE L& (x400)

Fig. 4 HE staining of mouse liver tissue in each group (x400)

B 5 HHENRIFHZHMI OEE (x400)

Fig. 5 Oil red O staining of mouse liver tissue in each group (x400)

TE: HIEFAIR,#P<0.01; SHHEI LE, * P<0.01,
B 6 KA/NRIMEF TBA KFELLE (xxs, n=8)
Fig. 6 Comparison of mouse serum TBA levels in

each group (xzs, n=8)

(P<0.01), FXR, CYP7Al & 1 F ik BFE (P<
0.01); S b, RESERRLFN B A e A T ik
PR R EA/NRIFA 4L ATF3 . PEPCK, HNF4a
HHFIAEIL (P<0.05, P<0.01), FXR, CYP7AIl
BEARBTIE (P<0.01); HAh4 254 ATF3,
PEPCK . HNF4a % [ £ BB B (P<0.05, P<
0.01), FXR, CYP7Al HHFEATHE (P<0.01),
2908

. HIEW4IE, ™ P<0.01; SHL E, * P<0.01,
E7 fHANRIMEATF3 KELLE (X5, n=6)
Fig.7 Comparison of mouse serum ATF3 levels in

each group (x+s, n=6)

4 it

FEE MS BRI ki &, 2G5 % i i
WL R o e v MR AR B T YA A A MS B IR
SRR 2 /N FRUAR L3 K, TG, FBG /K F-F+ i,
HDL-C 7KFREAG; AW K, #E s IRk E
AR I ST STZ Fyg MS # ) B ARIZH /)N B B0
JEUE s . TG, TC. FBG /KRy m> . A#F5E
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IE: SIEWHILE, ¥ P<0.01; SHBIH LEE, * P<0.05, ™ P<0.01,
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Fig.8 Comparison of mouse hepatic mRNA expressions of ATF3, PEPCK, FXR, CYP7A1, HNF4«, CYP8B1 and SRB1 in

each group (xzs, n=3)
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Fig. 9 Comparison of mouse hepatic protein expressions of ATF3, PEPCK, FXR, CYP7A1 and HNF4« in each

group (x+s, n=3)
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