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[ Abstract | Objective: To observe the effect of Pingweisan on blood lipid, blood glucose and hepatocyte
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nuclear factor-18 ( HNF-18/TCF2) expression in mice with glycolipid metabolism disorder induced by high-fat
diet, in order to explore the possible molecular mechanism of Pingweisan in regulating glucose and lipid metabolism
in mice. Method: A total of 40 specific pathogen free (SPF) C57BL/6]J adult male mice were randomly divided
into normal group (n =8) and model group (n =32), which were respectively fed with normal diet and high-fat
diet for 10 weeks. Since the 11" week, the model group was randomly divided into model group (n =8),
Pingweisan group (n =8), metformin group (n =8) and simvastatin group (n =8). The Pingweisan group was
given Pingweisan 6 000 mg-kg 'd ', the metformin group was given metformin 300 mg-kg '=d ™', the simvastatin
group was given simvastatin 2 mg+kg ~*d "', and the normal group and model group were given the same volume of
distilled water only; that is to say, each group was given by gavage 10 mL-kg '-d "' for 4 weeks. During feeding,
body weight, abdominal circumference, blood lipids, blood glucose and insulin were continuously monitored. After
the intervention, liver and kidney tissues were taken to detect the mRNA and protein expression of HNF-183.
Result: At the end of the 10" week , compared with the normal group, the weight, abdominal circumference , total
cholesterol ( TC ), triglyceride (TG ), low-density lipoprotein cholesterol ( LDL-C ), high-density lipoprotein
cholesterol (HDL-C) and fasting plasma glucose (FPG) of the model group increased (P <0.05), while fasting
insulin (FINS) decreased (P <0.05). After 4 weeks of treatment, compared with the normal group, the body
weight, abdominal circumference, blood lipid and 4 hours of blood glucose of oral glucose tolerance test (OGTT) of
the model group were significantly increased (P <0.01). Relative mRNA and protein expressions of FINS and
HNF-18 were decreased (P <0.05). Compared with the model group, the weight, abdominal circumference, TC,
TG, and OGTT 4 hours of blood glucose of the Pingweisan group were all decreased (P <0.05), whereas the
relative mRNA and protein expressions of FINS and HNF-18 were all increased (P <0.05). The body weight,
abdominal circumference, TC, TG, LDL-C, OGTT 4 hours of blood glucose of the metformin group were all
decreased (P <0.05), and the relative mRNA and protein expressions of FINS and HNF-18 were all increased
(P<0.05). The body weight, abdominal circumference and the blood lipid of the simvastatin group were
significantly decreased (P <0.01), and the relative mRNA and protein expressions of FINS and HNF-18 were
increased (P <0.05). Conclusion: After 10 weeks of high-fat diet, a mouse model of glycolipid metabolism
disorder can be established. Pingweisan can regulate the blood lipid and blood glucose levels by regulating the
expression of HNF-18.

[ Key words | Pingweisan; blood lipid; blood glucose; hepatocyte nuclear factor-18 (HNF-18) ; C57BL/

6J mice
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10) % ,12 h ¥y B s Jo 499 (O B ) 2 45 H 8:00 %
20:00) , A MR E KK,

L2 Zhytakl i e ( B R e SE 8 S )
AR 5% AR W, 5% (1 # H BT, 23 % 1 Bk 7K
e, B 25 K- kg™ A R 15 RH(D12492,
Research Diet) :34.9% By I8 17, 34.9% 09 & A i,
26. 2% MBRKAL A, BAAE 21 924 KI-kg ™',

L3 249 akn FEHBREAR 12 ¢, 849 ¢, K
6 g, A3 g U, h 2k Tl A AR BE 2y
R 2 [ R, 2 28 p AR el IR 24 K2 24 2 B M IR
PR E , F7 5 2015 4 [ 24 ) 4 e B —
FRUIR (v 36 b i it 5t 52 1 25 47 PR 2 W), ) 2 4
H20023370) ;=E Al 7T (77 R B i 25 PR A, [
24 4fE % H20010750 ) ; & 0[5 B (TC) , H 0 — Pe
(TG) , /& % & JIg & 1 JIH 8 B (HDL-C) , ik % 2 s 45
1 IH 5 8 ( LDL-C ) 9 o 3500 &0 ( m ot AR 9 TR
BF5E T HE 243 51 20160412 20160415 20160415 .
20160415 ) ;75 5 e & 2% (FINS ) 3 & (b7 5 7 A=
YIRHH A PR w45 201605112) 5cDNA 36 4% 5 i
&, S P Ot E B R A B 8E 20 B (Real-time
PCR) X ) & ( H A& TaKaRa 2w, 41t 5 73 5]
AK8606, AK5601 ) , i ¥ 52 48 1k ¥ W A i 1L = 1 %R
B RRE 1 (1g) G(H + L) 3 MR i S A0 9 B b i 1l
FH/NR Tg6(H+ L) ( RlEE R RAEWH AR LA,
it 5 7> 5 o5 120104, 116816 ) B-iL 3 & H
(B-actin) $ & (3¢ [ Sigma-Aldrich 2% ], it 5
065M837V) ; HNF-18 HifA (3£ [/ Abcam 2 7l 3t 2
GR193624-1) .

1.4 {¥#% Mastercycle % Real-time PCR 1% ( & &
Eppendorf /3 7] ) ; NanoDrop 2000 U #8 1 & 48 4h 43 ¢
Y63 4t (35 E Thermo 2\ 5] ) ; Trans-Blot SD &l > 4%
Ef  PowerPac %I 3 B i ¥k & 4t , ChemiDoc XRS +
BIE 2 RO AR 7 58 (SE 1 Bio-Rad 24 7)) .

2 FiE

2.1 Ziyiilg P EBOKA 2 K, &K 30 min, it
DB R & A 2 i 600 g LT AR A€ AU L4 °C UK
FEARAE A . I AT, 0. 9% A= ¥ 3 7K 6 0F % I
(9 H SO A = Al VT BC R BB R vk R 43 i
30 g+ L7, MI0.2 g- L7 W

2.2 FhWEIRIAE ST ENPERSE 1S R A
FEALI A 2 L, o0 O IE R 8 H, DL i e i
I, iR AE 32 H DL IR AR SR SRR SR 10 .
S 400 1) A B 2 A 2 /) R AR B o R L
JETE 4 L5 10 R A8 A EEK 12 h 5 R HE #

ik AR 1l 0. 3 mL, 43 B 1L ¥ , 9 1fi B ( TC, TG, LDL-
C,HDL-C) #0175 i i & R (FINS), B i bk M i
0. 1 mLW =5 7 L4 (FPG) . 45 A o 2 4% 136 W] 45 ik
1o AT bR o - A IR 0 o I L 25 T
I Ag 5 1E % A I, 2 50 ge it 2 LRV R WIS g
PRI B s e

2.3 LI A A BEB IR 32 HUN
B A% M 5 et Bl ML 20 A AR TR A4 S B AL L ORI 4
FIE AR AT 4 . e RN 55 3h iy 70 et 40 A R SRk D
NS 25500 5 N 12 A5 2 6, BAR 4G 245 )
BT, FEMAL T FE6 g-kg™'-d™',
CZH 25 T — F UK 300 mg-kg ™' -d ™", SE (A 7T 4 %5
TAHEARAMTT 2 mg-kg ™' -d T IR A B R4
TAH AR L ZE K, B4 AHHE B 10 mL-kg ™' -d ™', 4
b I 1 I o 18 G [T o R i U (S S
25 21 e AR TR 5

2.4 WM 4 REEEAREK 12 h JEFRIE
JE, DN R OIE R, OE AT O OIR A OB R K 5
(OGTT) - I =5 5 1L Wl 5, N s S5 0 2650 W 7K %5 W
1 g kg™, FHM 5 30,60,120 min Il & & fik 1M # %
B AR Bk B 29 1 mL, 4 B 0l W, S % IR A
F -80 C vk, M F 4 Ml i A ( TC, TG, LDL-C,
HDL-C) Fl1 25 R & R (FINS) o #24E o 4 3 W] 45
HEAT o 4k MR BRI, S00AE B 9 A AE , JBOX 1 [ 38 47
B BB AN T 21 81K /N2 0.5 em x 0.5 em x
0.5 cm, - 80 C %ifE, FlF HNF-18 ) mRNA F17&
P A X 2R 3 A

2.5 Real-time PCR {il] . HNF-18 fJ mRNA ik /K
- HNF-18,B-actin & K 5| 9 )7 51 W% 1, B[R —
A~ cDNA JgKif #E47 HNF-18, B-actin ) PCR JZ I .
MK Z K cDNA 2 pL, B[4 0.5 uL,2 x SYBR
Green PCR Master Mix {5 12. 5 pL, in#8 4l /K
R 25 plo RN ZHH 95 C 30 5,40 MEH
(95 C 55,60 C 60 5,72 C 30 s),Melt Curve, 75
WA PG 26 R C, . R A X S 5K
F =2 M0 A REA Y mRNA M xR A

x1 5|#MF5
Table 1 Primer sequence
GIE7 BN 519 1751 K /bp
HNF-18 [ 3% 5'-TGGTACGTCAGAAAGCAACG-3’ 20
T 5'-GGTCGTAGGCCTGGTACAAA-3'
B-actin 3% 5'-GGCTGTATTCCCCTCCATCG-3 200

T 5'-CCAGTTGGTAACAATGCCATGT-3’
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2.6 EHHPEENILEE (Western blot) ] iIF HNF-18
HHARIKKFE FNAT PMSF [ RIPA 2L i 42
BHZUE T, BCA WA H ok 2 . MR DU 2
BAL EFE 40 g, R 10% SDS-PAGE JIE #17 HLIK .
HL UK 5 # 8R H  ED S PVDF 5, 5% [ 1R W5 4 = i 34
B2 b, F 4t (HNF-18,1: 800 ;8-actin, 1 : 2 000)
4 CHFE LA, TBST BEBE, — 40 (Hrfe,1:4 000; 4t
F,1:5000)37 CHEHE 1 h, TBST yEjiE, ECL &,
14 PVDF B 2R ] Image J 474040 H 8 17 K B2
g X 45 2H 18] 2 3R Gk 1Y 22 57 o

£2 BERERFMNRGEREJEENHM(+s)

2.7 geitsEdrik SR SPSS 20. 0 AR X #i 4 g
FPAbPE  SEB 5 DL & + s 2o, T 1 ORI 40 7] 1
BRI AEA ¢ K56, Z2 21 ) LE R B I R Oy
ZH, L P <0.05 HESALGITHE X,

3 &R

3.1 NERBENR I AR 5 IE R A R, AR
AR JE T 2 I G W (P <0.01)
B4R, ERA LDL-C & FIERH 4 (P <0.05),
5510 JE K, 40 TC, LDL-C, HDL-C #1 FPG 75
TIEHH,FINS K TIE®WH(P <0.05), W&E2,3,

Table 2 Effect of high-fat diet on body weight and abdominal circumference in mice (x +s)

i/ g
21 51 n
0 JH 2 4 6 & 8 J& 10 J&
N1 8 18.65 +0.90 21.62 £1.13 25.05 £1.26 26.68 £1.01 28.21 +1.17 29.41 +1.26
¥ 32 18.65 +0.90 24.85 +1.35% 29.53 £2.40% 34.12 £3.04% 38.39 +3.98% 42.01 +4.61%
16 B/ cm
21 51 n
0 J& 2 4 & 6 J& 8 Ji 10 J&
IEH 8 6.66 £0.30 6.78 £0. 34 6.97 £0.33 7.40 £0.21 7.80 0. 34 7.77 £0. 34
YA 32 6. 66 =0. 30 7.20 0. 33% 8.09 =0.38% 8.60 =0.41% 9.30 =0.39% 9.41 0. 60%
W HIERAEY P <0.05,2P<0.01(£3[).
3 SEWRF4,10 ARMMREBLIERAOZM(x£s)
Table 3 Effect of high fat diet on physical and chemical indexes of mice after 4 and 10 weeks’ feeding(x +s)
g TC TG LDL-C HDL-C FPG FINS
. n ?H%‘J 1 1 1 1 1 1
JE K /mmol-L "~ /mmol L~ /mmol-L "~ /mmol-L "~ /mmol -1~ /pg-L”
4 7 8 E# 2.22 £0. 14 1.55 £0.39 2.36 £0. 18 1.19 £0.04 6.30 £1.15 6.01 £0. 16
32 YA 2.36 +0.29 1.74 0. 30 3.27 £0.20" 1.53 +0. 38 7.31 1.57 6.00 =0. 65
10 JH 8 EH 2.31 £0.50 1.55 £0. 45 3.20 0. 63 1.63 +0.24 6.58 £1.04 7.09 £0.52
32 by 3.14 +0.55" 1.74 +0. 58 4.51 +0.56" 3.00 0. 62" 9.66 +1.53" 6.40 +0.57"

3.2 XHMEARAC AL /N B AL A8 bR, OGTT 1) 52 i

Y52 4 JE T R 2 MR 5T A R TR L O B A e T OE
WAL FINS IR TIE# 4 (P <0.01) ;7 15 H 2 14 T
L HE L TC, TG ¥ Ik T AL AL 41, FINS & 4 7 4
(P <0.05) ; — B XUNCAH 44 ot & , i 1], TC, TG, LDL-
C YK THEAI 4, FINS &5 THAIZH (P <0.05) ;4%
b VT2 A4 T B L LI AR B IS AR A AL FINS &
BRG] (P <0.01) ;3 R AhiT 41 LDL-C & F K T —
XA (P <0.01) , HDL-C ik TV H 84 (P <
0.05), W4, 4254 ), BRI 4 48 8] B i
B FIEE A (P <0.01) ;P B #d . = H 3UIAH
4 A~ B[] B i B I8 TRV AL (P < 0.05) 5 9 £ ih
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VT#H 30 min I[85 ,60 min 4%, 120 min MBI T
BRI (P <0.05), WS,

3.3 xb#EAR AL ZE AL/ BU HNF-18 mRNA Hl4E A
AHY FRGA B I 52w E R R R 4 2, A
H 5697 4 HNF-18 mRNA 2 [ A X 3% 3k &
B T IE % 44 (P <0.05); % i 7 4 HNF-1B
mRNA FIEE AN Rk B @ TRBH, 2724
Gt L (P <0.05) ;7 #4l HNF-18 mRNA
IR A RIAEYM T2 RMITH, 25 AR
HEE L (P <0.05) ; —H XKL HNF-18 (1) & A
FHXF F ik /AR F R MIT4 (P <0.05), WK1,
#6,
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*4 THEHMEEARMZILIREBLERBEZM(x+s,n=8)
Table 4 Effect of Pingweisan on physical and chemical indexes in mice with glycolipid metabolism disorder(x +s,n =8)

5 )4 N 1 TC TG LDL-C HDL-C FINS

s /mg-kg ™! /g /cm /mmol-L ™! /mmol - L ! /mmol -1, 7! /mmol -1 7! /;Lg-L"
E# - 28.94 £1.07  7.77 £0.17 2.64 +0.27 0.91 0. 10 1.80 0. 21 1.10 0. 28 6.92 +0.47
(X - 48.31 £3.13% 10.13 £0.47>  4.66 +0.47% 1.64 £0.30  3.38 =£0.20%) 3.10 =0.67% 5.64 =0.17%
B 6000  45.83+3.61% 9.77 £0.62% 4.10+0.32% 1.37+0.11" 3.08+0.11?) 2.88+0.17° 5.87 0. 42%
I UIR 300 44.83 +3.50% 9.69 £0.66% 4.10 £0.36% 1.13 £0.18%  3.12 £0.42%° 2.84 +0.55 6.65 0. 44"
SEARARTT 2 42.93£3.16Y 9.28 £0.40  3.70 £0.49Y  1.06 £0.06"  2.66 £0.24"  2.28 £0.75% 6.28 =0.35%

HESIEWALKP<0.05,7 P<0.01; 5HRAH HEY P <0.05,YP<0.01; 5 H&MITHHE P <0.05,”P<0.01(£5,6F),

%5 THUEERSEINR OGTT MIBHIHI (<51 =8)

Table 5 Effect of Pingweisan on of blood glucose OGTT in mice with glycolipid metabolism disorder (x +s,n =8) mmol -1 7!
215 & . 0 min 30 min 60 min 120 min
/mg-kg
EH - 6.73 £1.22 17.82 +2.58 13.06 +2.51 10.58 +2.94
A - 9.30 +0.97% 29. 86 +3.55% 23.98 £2.04% 17.34 £1.02%
I H 6 000 8.42 £1.26 26.22 £2. 844 20. 46 £2.18% 15.50 £2.08%
UK 300 7.37 +1.76% 24.74 +2.80% 19.34 =2.35% 11.38 +1.58%
FEARALTT 2 8.72£2.48 24.32 £3.85% 18.28 +3.57% 12. 14 £0.91%
e 4 itig

HNF-15 | “““"" ——— 45kDa

[-aCHI s S— — — — 43 kDa
A B C D E
'

HNF-13

45 kDa

[-actin - 43 kDa

A B C D E

AIEF B BRI C B AL D R UG B 3 b T 40

B1 &A/NRIFERSHEHALR S HNF-18 EERE

Fig.1 Expression of HNF-18 protein in liver and kidney tissues of

mice in each group

A 5 8 1o = N8 Rk R CSTBL/6) /) BRE
I, E IR SR Ja /N BB S A B R (2 /), B3k
IR IE I RE o Bl A = A ) Rk 46 B[] 7 AN T A
o, PR B 0 4 0 I AH 4 HR 3 i A | i
B, 33 5 G 2 25 01 5 4 R — 2T U e e ik
ISR 10 J8 ] & o0 B T A2 o R A B AR
ZEAEL/D R, {E1F —$E A 2 C5TBL/6] 7 i fig M
7 10 J&J5 M JE U TC,TG,LDL-C ,HDL-C # T} &5 ,
HAE B &g EE TC, TG, LDL-C F+ & , HDL-C [#
RAFRIEAAT . X AT e TR IR E B KR

F6 THHERNRGEFE /RN SAS HNF-18 mRNA M ZEQHELERIEEHHM (v 5,0 =8)

Table 6 Effect of Pingweisan on expression of HNF-18 mRNA and protein in mice with glycolipid metabolism disorder(x +s,n =8)

2571 it i i
/mg kg ™! HNF-18 mRNA HNF-18/B-actin % [ HNF-18 mRNA HNF-18/B-actin % [
E# - 1.05 £0.37 0.29 +0.02 1.00 £0.05 0.46 0. 02
iR - 0.59 +0. 06" 0.20 0. 04% 0.72 £0.20" 0.33 £0.05"
-5 H 6 000 0.78 0. 05> 0.25 +0.08*% 0.88 £0.38% 0.38 £0. 07>
— H UK 300 1.03 +0.37% 0.22 +0. 06 0.94 +0. 38 0.37 0. 06
FEARARTT 2 0.94 +0.34% 0.25 +0.02% 0.90 £0.06% 0.39 +0.08%

WA T) s HDL, fie 1 IR [ e 44 336 1) e o
TR R 2 B S OB R AU 2L, AT 5 R A R

o
.
=}

=il

=x
=]

Jig

HMLAE E PRAG S5 B B K e o IR R AT, IR A
B o FEU KAz, AN GE D B AT R, B
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KA IHIE AR 88 R Rk IR BN 2R
RHBORLZ —"" 3 A R A
V- 18 HCRAT B R0 0 AT SO E Z IR, REAT SRR A
MRS AR . T AR SR AH OGRS WAESE T — o &
e E B g R W OF B R AL RE A AT PR R
AT AR I A S A b BE IR A, T HLBE W R A
1 4% 0 BEAG A A . KR 25 B9 & B A
B AR e P R ARG A £ 5 i R Y A B R
AN ST A AR A S P Sk 1 o % o
S I AT 8 52 e 1 BEL v £8 9IE OR BOBE 19 M 3 428 v I T
wWEES R, AR LW, EBUAIT G, /N BT
it K OGTT 4 AN a] B i 4% , TC, TG B {Ik T4
RIZHFINS i TROBIAL, 22 Ay Geit 22 B 3, R F
AT g AR i A ZE L D BRI R s A AR AR
WAL/ B AR | bE B K. E—2 o B
FICARI PA I FH 2 (4t T S ) S 56 AR 0

HNF-18 i 745 17 5§ @K (17¢21.3) &
9 NS, B gt A R 557 AN SRR A A, B
3ATIREX . TEIRE B AN A P E S U A
Feik o FRSEL PR A 0 HE N R R L ( L-pyruvate
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