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1.1 #REIRHF

111 BREESE R ARSI % A s 42 e oy
B Al B MR S (R R TRy JF S E I 13 Fh
By B, o3 LR R AR R By p- R A
Wiz AeH R M R-3-0-mEMH KILKE
BB TIREE, EEMER, »RER-3-0-F3 L0
HOEEH FRRTEHR SR 4-TIEE 5 W
R A BEFEH-B-D-HE W ML B E N 2
ol A W e (T HOGHK S 0] TR A1 Rl 28k S
PRI HIR)

112 s sh¥ 50 2 4 J4 ik SPF 2 M 1
C57BL/6J /INER, b st s 24 e A1) A A7 RS ] (VF T IR
7 :SCXK (%%)2021-0006) ,

113 i &E TR bs s (HPLC=98%) L%
R (=98%), RHKFE A H Al =B (Total triglyc-
erides, TG) . B H[E B (Total cholesterol, TC) K%
JE B8 & F - B [ B (Low —density lipoprotein
cholesterol ,LDL -C) . & % & g & H - I8 [& f
(High—density lipoprotein cholesterol, HDL-C) , N
BRI FL i (Alanine aminotransferase , ALT) |
RITE& AR A% Wi (Aspartate aminotrans-
ferase , AST) i & , TRIINER AL A= A Bl 22 B Ay A R
23 A MR RR % 6 S O (AMPK) | 85 R 16 i
2 I 16 26 B8 (p~AMPK (Thr172)) | Z Ik 4l il
A RALEE (ACC) WM 1k S BEHH B A R ALEE (p-
ACC (Ser79)) i % fh 4 i (A 36 B 0 9836 2 1R -
(PPAR«) . WL LAl B A 34 )5l (HMGCR) |
[E B 15 T 45 G -1c (SREBP-1c) —#i#i
& ,Cell Signaling Technology A BR/AH]l; HZ B-
Tubulin FIZFHihilk, #HRREWHAARAA .
/N BRI Ak A ) (3.40 keal/g, g 5 R fE & HE 12%) |
60% i i 1 Bl (5.24 keal/g, Bg W5 36 68 i L 60% ) ,

b st R 3 B A PR A F
1.2 EF5ME

Centrisart D-16C /& #H &.0HL, 1% E Eppen-
dorf A F] ; DM2500 & {455 , 72 [ Laica /A F] ;KZ-II
1o 2 2L R Y, Servicebio 2% 7] ;FA1004B 43 Hr
KA, B R AR A PR w5 UNIQUE-R20
A ARAL TR SE A kR A IR E] 5 -80 Tl
VKA, HA SANYO A7 ;TU-1901 4551 0] I,
GGG EE T, b A AL A R TR A A
1.3 LWHE
1.3.1 CSP Z M & s myill g SR FH AR AR I 2 5
Py 09 B 10 pl 1 mg/mL i CSP /K #, inA
— B ALK AT AR R SR JE MK 1 mL AR Ak
Wi AT 1 mL 10%Na,CO; W, Ak E A £ 4
mL, 7E 50 °CF E#SE N 5 min, T K 765 nm 4k
WG RE LI B AR s i, 7158 CSP A

L

1.32 s /NEUEIRTE SPF &sh® 5,
6 4 H 12 h B, 12 h G IRE 20~25 °C, 1%
FE 45%~65% ,iE N YERESE 1 5 G c s, /MR
FEMLA B S5 41, 20 10 2, XTREZH (N 41 ) ) i ik
Rl AL, H e 41 M 60% 5 A5 T Bt (High fat diet,
HFD) , 43 5] g 5 B 1A £ % B 41 (HFD 41) | 55 BE ik
TR = (HFD-L 41), Mgk E+mAled
(HFD-H 41) fiE fg ik &+ LA F 4 (HFD-C 41) ,
HFD-L HFD-H # FHD-C #H 75 fi] M2 w5 A5 1) ) 5
filh 4 H % E 0 &5 504 20,50 mg CSP/kg F
20 mg JLZE F/kg, N 41 F1 HFD 21 H SF KRR
alizK SO A g R BR G i SR /DS BRUAR BT A R IR £
i, CSPALER 14 J 5, /NRAS R 115, JF MAHIE & ik
RAEMAE  H 21 E T 4 CHFE 2 h,1000xg 551
TS 15 min, 43S MUE A o USRI 52 A8 7
(Epididymal fat,EP), F 4= PR &R K op v FR R, &0
Sy REREAT EP /R BEL 2000 B, 5 Ah—38 4%
JHEAE-80 C¥& VR #5 HI o T A S50 78 e 1 vy v [ A
b R 25 S50 Bl W i R R B0 ) S 54 B D1 S AL U
(eSS AWT72101202-4-5) ,

1.3.3 i AR bR e AR 40 0] & pd B
S I E B & P A TG . TC .LDL-C HDL-C ALT,
AST & &, U T Z0h TG & i,

1.3.4 GRBRAZY) o3 A S T 7 A W4 2 2L A
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MR TE 2527 28 Ak, SR DR AORE — P 21 (H&E ) 3 (1%
XFLH S AT Y UL %E . IR0/ BT R R B S i 07 20
21, 11 10948 715 E bk i 5 W 5E e, S B K , £
AL YR (5~10 pm J& ), ARG L e (o Y
Y]  AEG 2 WA R ROk 200 %, JEAT A HE
SWEEAENZR 5317
1.3.5 FEHHFEP i (Western blots, WB) 325 FR
W B /N BRUTFEH 20 4% 1210 @9 el im A RI-
PA 2 fif v AN AR 1 G — W 2 G 0 ) R TR A ) (50
1), VKIBHFEE 4 °C 15 000xg &5 0> 10 min, W H -
TR, ) BCA H iR & & v, A I Ts
% H (Bovine serum albumin, BSA)E AR o

1 SDS-PAGE 58 15 73 B 3% A 7 48 b FE 22 o
W B EURE A, B o0 B 0 T B 1 5 e A 31 3R A
LA (PVDF) B FH 5% ) 4 W & 1] 2~4 h, I
£ 4 CT WA — bt & ,AMPK ,p —~AMPK
(Thr172) \ACC ,p—ACC (Ser79) .PPARa . HMGCR |
SREBP-1c 4L /&M #% 1:1 000 fiJH . S5)5, H
TBS-Tween 20 Z& I PEU 4 ¥, B IR 5 min; i
TWEE ZH0(1:1000)1 h,#8J5 JH TBS-Tween 20
ZE MR VETR 4 W, K S min S5, S SR AL A RO
(ECL)JEY) B/R 8 H 4717 , >R Odyssey Hif% & 4t
A I 18 1 BRI SR EAT 23 B, OF X -t
525 W) 1Y O % B2 AT 1 4k B-Tubulin 1 N
5.
1.4 HESH

a6 28 R FH SPSS Statistics 17.0 AR #E17
it oy b, BE I AR DR 22 (v £ 5) 73K
N, KRR ZE T 2580 (One—way analysis of
variance, ANOVA) H ) Duncan 2 T b5 53 1 41
[ 22 S 1

2 #ERE5RW
21 CSPHISEmEE

BB B bR e 4 iy 3 07 78 R y=12.605x—
0.1111, [FH Z % R? Jy 0.9992 , F B [a] ) )5 f H A
APEEVE . 8 TS B CSP oM A H R S
75.92%=+1.40%
22 CSPXEM/NMNRERE. BHALARERA
LY /B Fm

WE 1a s, /N EGE B PEMSR 1 RS,

RN 19.8 g, 76 M7 = JR mDRE 2 B, /0N BRI
FtE IE iR n 5 5 EE 5 N 4 #  HFD 41/
B o 2 W 35 TH 5 (P<0.05) , i 7 A Jik A 750 s A
LYy, SEE A RS N /N BGRB8 A
[(6.98+0.79)g] H L ,HFD 41 /N KLAY {4 5 & 184
[ (12.87+0.54)¢] & 3% F+ &5 (P<0.001) , 5 HFD
A, HFD-L 41 (9.18+1.12)g . HFD-H 41 (7.83+
0.81)g F1 HFD-C 41 (10.420.43)g /IN R M i o 384
I 24 2 FEAK, B HFD-H 44 [t HFD-L 4 508
B, B CSP R4 BT & BA R AR, 725
PRZG 2 B0 TR P, R0 2 B e A TR I P 2R
AT

IS Je 6 A Bl 606 I 0T A 1S i i EP
M AR, HE 1d TRLE R, 5 N 44
L, HED ZH/NEUY EP T 5 2% F 55 (P<0.001) . 5
HFD 204 [t ,HFD-L HFD-H #l HFD-C £ EP &
) R FEAIK(P<0.05) , 13X 55 /)y B T o 1
Kas R —2,

RERGYI R o, 1EH /0N BRUAY B 52 A8 07 40 B/
HHEF S %, 5 N4, HFD 41/ BUIR 7 40 i
PRBUE K, ) — W 9 T A g 7 4 e 5 R R ok
A BEUIRE BT W E N 5 HFD 4 AR It
HFD-L . HFD-H F1 HFD-C 41 /s I 7 41 22 40 i
PRBUE BT/, ] — R0 5 0 ] PN T I 4t 1
Jin, B HFD-H U0 e HFD-L AL 9o &g, %
B CSP ] A7 % H By = AR IR B 5 i /N B 6
Jig i AL 05 Z2 TR I At M Ok, T B ok T R
H AU B Y & ek R, AT g A& CSP
BT 2 W A TR A R R = R A
I, [ B SR 35 W e, 3 008 7 40 R N AR A o
N A

5 E AT, JLZE £ (20 mg/kg) A4 B H w6l AR £
YERT, 3 55 R 3B A — 3 T CSP i & &
JLASE UL, LS AT RESE CSP 9l /35 g 1 el i
Fi /N B T 38 K A RO o 22— SR, AR R
LA ZE AR AR LA = 1 CSP A 22, nlfgJR
KJ2& CSP 2l & A 2R A sadE sy, Ty
JoT 2Z 6] (4 R g EL A BRI T, AR F i — i L
RENEHBCR T4,
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o, S WO DRI Y B AR AR L0 A
/N H R R E R MEE A, 58 CSP XtiE
JHE/IN B IE VR T2 & Sl ficf 5¢, anfsl 2
JrR N g/ R H S K, F (2.1320.11)
g, MARERMBANRD, K (4.5820.15)kcal
HFD 45 57 & g fm ok, NRE H S EERFEIE
(1.18+0.07)g H5 N ML EA B EHEZER (P<

CSP xfRER /MR R E M Z R AR RE R ARY R0

Effects of CSP on body weight, epididymal adipose tissue weight and tissue section of obese mice

0.05), 1 BE & & A A d5c &, K (6.19£0.24 ))keal , £
BRI N5 SRR G, TR DR RE R K
K, e 0 e B DR R RE T AL /N BURE H T
Voo B R i, OB B D B A BE = 4
HFD-L . HFD-H F1 HFD-C 41/ B0 H % S &
5 HFD 4140 b, B AT BRAR (R AT 3 M 2%
5 (P>0.05), 2 W CSP A LAAE — G F2 B b ik 240
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Fig.2 Effects of CSP on food intake and energy intake of obese mice

HAE /N R B SR AEH . NRE R IR AR, B
A HFD-H 21 fig W 2 40 0 I8 BE /IS B Y fig i 48 A
(P<0.05), Vh L4558 CSP Al Ly 2> ARk /D B
P JRE B R RE S A, DA A 21 98 IE A 4
2.4 CSP xfBERE/IN 5 1 RS 59 52 M

AHFsE R, IE M2 5 ZmiE b TG . TC,
LDL-C & & JF i ,HDL-C & B R AR 1 i fg 4L
WAL S IR A T BB BE /N R 83 R A
m#E 1 frs, 5 N4 HFD /0 Rl TC,

TG .LDL-C 7K F-# it #EF+ & (P<0.01) ,HDL-C 7K
- I 2 B IR (P<0.05) , 2= W RIE JHE /N B 1fi g £ 35
KAZEGL, 5 HFD 4148 L, HFD-L ZH1E Jp /)N Bl
15 (9 LDL-C 7Kt 3 B A (P<0.05) , SR 1 4 H e
I B F8 A5 AT S 2 PR 52 1 (P>0.05) 5 #2 & CSP
T 8 5 (50 mg/kg) , AT 5 3 BRI TC TG \LDL-C
IR, FH i HDL-C 7KF 5 17 JLAS 2 1% 4 #1 6E & 3%
R TC F1 LDL-C 7K°F , F+% HDL-C 7K, 4R i
XF TG MR A BA W12 7 (P>0.05),

F 1 CSP BB R/ ER M AR B $411d
Table 1 Effect of CSP on lipid of obese mice

28 7 TC/mmol - L™ LDL~C/mmol - L™ TG/mmol - L HDL-C/mmol - L
N 3.12 £ 0.21%%* 0.32 + 0.05%* 0.80 + 0.04%* 2.18 £0.10*
HFD 6.01 £0.24 0.54 £ 0.06 1.14 £ 0.14 1.81 £0.10
HFD-L 546 +0.11 0.39 + 0.03* 1.16 £ 0.12 1.99 £ 0.06
HFD-H 5.12 £ 0.25%%* 0.32 £ 0.03%* 0.93 +0.03* 2.13 +£0.12%
HFD-C 5.15 £ 0.40* 0.34 £ 0.03* 1.09 +0.10 2.11 £0.07*

1.5 HFD ZHAHLE = P<0.05 B AT 83528 5 % P<0.01 HATM 3 25 57 0. P<0.001 BA W35 28 5%, N,

2.5 CSP xFAERE/NRBFIhEE R 220

HE 25 S BOFDERR A & A= ZE AL, FZRM
Sk JFE B DRLR J7 p ME R MR . 5 N 41 AH L, HFD
20 /Iy BRI I A S 35 1 (P<0.01) , 3R B = R
KBSV TG R R SBUF 07, X E
Y TG FEA7 5 E & B HFD 41/ RUHIE TG
S N A A, CSP FLA R e
FHREAE TG W& &, 5 HFD 440 Lt , HFD-L(P<
0.05) .HFD-H(P<0.01) il HFD-C (P<0.05 )21 ¥ fiE
REEARJHIE B i A TG & i, ALT H1 AST J& 4 40 JH
T e i B B AR A o S D RE A2 BT 240 A3 o
SR, S A T MRS Y ALT FNZORL AR o
AST 23 RS H M, B3R 2 AT LUE & e 1

IR Mgt ALT B3 50 (P<0.01) , 8% i AST
ANoThem, KW 14 J5 0w R R A3 O 2 DR
i F A i Skt (45 AST 4hii . 5 HFD 41
A7 EE ,HFD-L F1 HFD-H 2218 &2 151475 i BT 41 i,
/> ALT (P<0.05)4Mi
2.6 BFEEVIF fRIEY 2R

FERERER KR v, 3k 22 0% i iy 4R i ik
JE W L EUE A7 I 22 vl e I R, S 8O TR 5
HeHB G JE AR 25, WKl 3 Fros N 4
/IN R 40 B 22 HE B0 0], B 448 B i 3459, L
ToA A AEVERI S AN . HED ZH /0N BUIIE IR D
AR A B M A AR T 3 AN b B Y
AEA 280k 2 g 177 2 1 L
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Table 2 Effects of CSP on liver function of obese mice
28 7| AT I 2 /g TG/mg- g™ AST/U- 1! ALT/U-T1!
N 0.91 + 0.04** 10.45 + 1.26%* 116.77 + 11.93 25.34 + 0.71%*
HFD 1.22 £ 0.04 18.39 £0.56 113.82 +7.91 35.04 £ 1.30
HFD-L 1.05 = 0.05%* 15.28 + 1.27* 118.98 + 10.78 30.01 = 1.74%*
HFD-H 0.93 + 0.08** 11.36 +0.54%* 117.12 £ 8.01 29.28 + 1.40*
HFD-C 1.08 + 0.05%* 11.86 + 1.49% 115.18 + 12.67 3371 +£2.14

(a)N 41

(¢)HFD-L 41

(d)HFD-H 4

(b)HFD #H

(e)HFD-C 41

B 3 FBFBE HAE &
Fig.3 H&E staining of liver

2.7 CSPX/MNRAFELE AMPK EESEBERERR
oy —<q:0p- A

AMPK {1t b — il 52 22 9 5 S5 4 Qi 35 I3,
2 B B T A R A 0 A P BRI X U e
AMPK .p ~AMPK .ACC .p ~ACC .SREBP —1¢ PPA-
Roa . HMGCR (9 ik 47K . Western blot %%
R, 5 N AU E A0 = 1 ke i WA /N BRURF
JIE p~AMPK/AMPK 7K V- & 3 FEAIE (P<0.01), [F]
B} p-~ACC/ACC & IRkt 3% FFE (P<0.001),

PPAR«a #% i % P& I (P<0.01) , ifii SREBP-1¢ (P<
0.001) fl HMGCR (P<0.01) ik & i & 7 . CSP
T W5, 5 HFD M b, HFD-H 41/ BT IE 241 21
p—AMPK/AMPK (P<0.05) .p—ACC/ACC (P<0.01) ,
PPARa(P<0.01) 3353 8 3% 4 ,SREBP-1¢
HMGCR Y& A 1 i FFEAL(P<0.01) . HIA] UL,
CSP [ g 1 I8 75 AT AMPK 15 538 350K e 3% g
FRISFZETL .

N HFD HFD-L HFD-H HFD-C =gm
AVIPK [ g W BB B 2 = 20 | Bima
2 0 HFD-H *

PAMPK [l B S B ey | 62 ko e g s | | OHP-C s .
ACC [ w— - - - 250k ) E ** —
ACC - = 230k {-I% o sk * sk *% sk *k f **

SREDP-Ic [ e W - - F

HIMGCR [ (D - - - 0k T o . i : . .

B-Tubulin _{ L. 1L 1 1 JEIt = p-AMPK/AMPK  p-ACC/ACC SREBP-1¢ PPAR« HMGCR
(a)Western blot 10F M &1 (LA ROE 37

B 4 CSP xfBFAE AMPK & B i 5 )

Fig.4 Effect of CSP on

AMPK pathway in the liver
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1) CSP XF g 15 A BRI AR 7 FH i oK LA 3E AR
SCHG KB CSPARE T, AT LA & iR ik B8 S
14 /0N BRI S5 B g U 20 455 () 388, st T IR
JR K6 3 11 B P 400 A A B B S, b Ab i
A DL A 2 AMPK B2 1k , 30l i 17 R & 1, £
HERg R S Ak, e I A8 3 DA T i AL AR
JE JiE AR AR 25 L

PediE , MW RILEFERELT R HEA
VAT | R B D, W LS AR A S READ
il | 75 R e A AT 7 2L Ak DT R 3 i 1 1
FHRY I H A A i L 2% & Bl i 0% AMPK, 7
P R A LS A R e DR G LS A AR
Pt AL 2 ] LUE 3 0% AMPK {55 3 [ ok
W HepG2 41 M fig 4G Z5 AL, Rtk , CSP gk
LR RN B BRI AL, nTRERE S CSP & & L
HRFE JEAETE R E AW E Y, IR 2R 41
O R BRROCR o P AR 2 AR B, HFD
WM IE RS O @08 74l i b IR LB A
S L A 7 I AN AR BRI X AT e SO
U i 7 74 1, 5 I SE 1 B AR I T B L ASHIE Y
K E IR R E S REOUNRIFIE R TG & & W% T+
B, X S FAE H&E e o i 45 T A0 — 30, 45 4 P IE
ALT Fl AST $8¥5 , RIS IR B S S8 —E R
45, T CSP B & B E = IRk & BT
Bt

I R 1% A 2 1 (AMPKO) 8RR S 40 it i

TR AR R A M — e A Y A R R
T 2T IR RE /N BURFBE T AMPK
TGP SR > A S e R IR 25 i 2 A
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der in obese mice and its molecular mechanism. Methods: Male C57BL/6] mice were divided into normal diet group
(N), high fat diet group (HFD), high fat diet +20 mg/kg CSP group (HFD-L), high fat diet +50 mg/kg CSP group
(HFD-H), high fat diet +20 mg/kg catechin group (HFD-C). The body weight and food intake of mice were measured
every week. After 14 weeks, the weight of liver and epididymis fat of mice and lipid levels of serum were detected. The
morphology of fat and liver was analyzed and the expression of key proteins of fat metabolism in liver was detected.
Results: Compared with HFD group, the gain of body mass in HFD-L and HFD-H groups decreased by 28.67% and
39.16%, respectively. Fat mass of epididymis decreased by 23.63% and 42.80%, respectively. CSP can reduced food in-
take and accumulation of liver fat, reduced serum TG, TC, LDL-C, ALT and AST levels, increased HDL-C. The ex-
pression levels of p—AMPK/AMPK, p-ACC/ACC and PPARa in liver tissue were significantly increased, however, the
expression levels of SREBP-1C and HMGCR were significantly decreased, which were better than those of pure catechin.
Conclusion: CSP can improve lipid metabolism in obese mice, which is related to the activation of AMPK signaling
pathway.

Keywords chestnut shells pigment; high fat diet; obesity; lipid metabolism; adenosine monophosphate activated protein

kinase



