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M (HDL-C) L% R4 M (LDL-C) A H 4%
fiti (AST) 45 TN 2 Bt (ALT) K6 38 7] 2, B ot
WA T AR ST s BCA 2R e B 370 &, b
R F R A B2 Al s TRIZol® Plus RNA Pu-
rification  Kit,Thermo Fisher; DNA  Kit,Sigma —
Aldrich 28 5 (FH T I8 B #E DNA P42 E0) .

DK-8D =il =42 /KA | ¥ i Sl A R A
A BEIT AT s qTower® 981 % it PCR Y, 7 [ HE
MR AR A w5 H A R VR TR, AL A R
ORI R JRA B ) 5 it v R VR B DAL,
By 56 R BR 2 B s MD 4 9% K Wi A5 {1 Spec-
tra Max190, 3t 5 52 M R Q) BB & R G R A & 3 &
P 4 SR AR S, 2 G I AR fke 5 = 1 ) 5 IR IR
1 BV VR 250 ML, T2 1 Eppendorf; CFX384 £ 5 51
B¢ 5 5 PCRAY (GE HHLTK M ED R 48, L [H
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1.3 Fik
1.3.1  JFAL R T ERAS £ B I RE AL ARG mT i
PRI 2 25 A% B S U 3 i B RS T S
W RS s TR AR RN S5 R AR AET
7 R 2RI S (S h R 2 LA R
H A BB RE I 735 ) (GB/T 8313-2008)1 % 55 4
FE TR K I 2 2 1R 7 ARV Oy T KR R ARG
S22 (4% KR HPIEYGB/T 8305-20131,
1.3.2 JHbR TSRS KR TRt JFik
T TR LR 5K Y VR T #3045, 2 B8 Zhou A5RUIY)
i I LA BRI T A e T
AR TR EE 1:20 AR K, 7E 95 CHIZK T
By P2 2 5 min, SRR P, IR IR T
F 55 CTPWEWR S 2 — e s, HEmEE
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BaJ5 T VKA -65 CHRURRAT %5 H
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EIRETS L (2 glkg) ™, FEHHBKIBCES 2 i i, 5 FH il
A4S0 52 /N BLURG 25 R I B (5 O min B B9 I B
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14 I Y7 R R0 6 196 45 1 1% O ik 43 S )
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FENEFEEC (%) = (FFRE 3 /44 5T i )x 100 (3)
1.3.8  RT-PCR il /)N BF 2 2008 AR i) L (R 5

TN VA .95 °C, 1 min; 40 MR (95 °C,15 s,
63 °C,25 s, WHEDN);55~95 Cha Hith . LU
GAPDH E AWNSEH, BN EE 3 ),

W B AER [ERER 92

LY %I%lﬁﬁ‘@ﬂ ]?eacon de51g‘n‘er 7.8 Fl Primer e A R 6 S 1 AT ) 2(Ct -Ct S
Premier 6.0 F{F5E%, 5196 Ml A TAEY T T
TR ) ey A R /I SE, 51y s an sk 1 ’
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Table 1 Primer sequences
A AR LAl (5'-3") T a5 4 (5'-3")
FAS GCTTTGCTGCCGTGTCCTTCTA CTGTCTTGGCACGCAGCAGT
ACCI CGTGCAATCCGATTTGTTGTCATG GGAACATAGTGGTCTGCCATCT
CD36 CAGATGACGTGGCAAAGAACAG CAGAGTTCGTTATCTAGCCAAGG
SCD1 GCACATCAAAACTTCACCACGTT CTACTCTTGTGACTCCCGTCT
SREBPIC GCTGTTGGTGCTCGTCTCCTTG GCTTGCGATGCCTCCAGAAGTAC
GAPDH GAAGGTCGGTGTGAACGGATTTG CATGTAGACCATGTAGTTGAGGTCA

1.3.9 Western Blot &l /)N 2041 AMPK {5 %
i 1K R A RIPA Buffer % /)N BUIF 4140
AT B AR, BEALN 60 peg B AT
FE 1€ 10%19 SDS-PAGE H LK 2 2 h, SR )5 K 25
H¥#% %2 PVDF I b (S BEIRIE 20 5),
MR R B 58 T AN —3T (% 3%BSA) ,4 °C
WFE R, B T-TBS EEVEEOR G , 5 =958
(% 3%BSA), M E 1 h )5, H ECL T/E# it
ATBEMER  Western Blot K 35 43358 56 78 AT
T A W R A BR S R 58 MUk I 43 #T
1.3.10 /NG IE R AT 16S tRNA V3-V4 X
JERREI T AE S LN ROERELS I
2 (2 2~3 FL) , B R AR Ok, FEah R AL 5T
BRI R A R A 2T 16S TRNA HE [ & il
P IR AR I Z5 5 . DNA 4IRS0 &
YL . ] USEARCH (version 10.0) 7EAH I
97% (BRIN) WK P X 3 8 idE A7 5 28 I % H: i
1500 2824 1 BERRAE 1 )7 91 R A ) Z e AT
1.4 H\HITHH

B R OF B B AR e 22 o on  BE a r fl
FH SPSS 20.0 %4, 3 A Origin 2022 7EE . R H
FLIR T 2290 M7 M1 Duncan #5560 547 £ & HiE, P<
0.05 #FmREZEFREH P>0.05 BREFARE,

2 HERE55H

21 FUEMEFEENEER S HIK N

2.1.1  JFAR e T &% 25 T T ok i S BE R 1Y
SIS HT R A RS e TSR I i TR
PE | ARBIF 5T SR 48 AL T TR A i T 45 IR0 FE i,
TATIFARUOR 00 R N 4k 56 2
WAE A, IF X 32 Z o RE o AT A I, &5
Rk 2 proR w2 2 & AR SN (29.36+
0.34)% , $2 5 h 2 Z B & = Jm i R (21.46+£0.34) %,
IFHAS TP ARt 45 2 1 o PR 9 22 (] 349 S22 0
FE M2 5 (P<0.05) 5 & b o ME B i B = ok
(4.16£0.01)%, 1513 1545 it o Ml 25 1 e 1A
(1.96+0.01) % ; fif it 7K 43 & & B i R (75,18«
0.07)g/100g, 4 & oK 43 & & & K (4.13%
0.09)g/100g, Jf H 4 TIFAFEM K & WP Z
[B] 35 ¢ B 4 3% 22 5% (P<0.05) , Hivh % 5 5 (8] )
TP ZE K GRESARE (P>0.05);
ZPA TSR RS (2.1340.01) %),
852 WA A RE T IR S O (1.37+
0.01)%, BT B FI4E A TP A58 2 18] T i v b
T RN 2 5 B3 (P>0.05) 25, & T ¥ 7%
FER TR S P 2 R B R R R
(P<0.05) ; fif it v jife 12 2 i R % 1 e 5 o (8.70+
0.01)% , &AM e ey & 5 & /& lh
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(2.50+0.01)%, %5 1.5 25K B & LR &
Wi 22 [a) 35 e B W 35 1 25 7 (P<0.05) 5 [a] 3] Fh K
2o B M (35.77+0.08) % , 25 R RE S bk

= W& B R AR (30.30+0.95) % , I H 181 5 5%
. BB 2 RAH TR A Z B KR 1
Wy & RN 22 7 W2 (P<0.05)
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Table 2 Main functional components in Kaihua Longding green tea

R A &t ot %A *H = Bk F2RFH #AE
%8 /% 29.36 £ 0.34* 2837 +£0.73" 26.30 £0.42° 25.51 £0.58' 24.73 £0.49° 2320 £0.14" 21.46 +0.34#
ohn ik 5./ %o 4.16+0.01" 3.02+0.01° 3.56+0.01" 1.96+0.01" 337+0.01 228+0.01" 3.69x0.01"
K44 F/(g/100g) 75.18 £0.07° 68.14 £0.44> 40.92 + 1.37° 42.15+1.09° 38.63 = 1.25' 17.61 = 1.55° 4.13 £0.09
T AR 1.90 £0.01" 2.13+0.01* 1.76+0.01° 147+0.01° 1.55+0.01* 1.37+0.01" 1.91+0.01"
B R % 8.70 £0.01* 6.86+0.02" 4.12+0.01° 4.55+0.01 4.57+0.01° 2.58+0.02" 2.50=+0.01¢
Kz & Y 1% 34.46 £0.39" 30.30 £0.95' 33.22 £0.08™ 35.77 +0.08" 31.59 +0.01* 31.97 + 1.32! 34.56 + 0.97"

TE [ — 85 /NG T B[R] 22 7R 22 5 . 3% (P<0.05) , R[],

212 FOKIEWET B EEIRER S MR TF
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PEHE (3.0020.01) % , Wit HE B (8.54+£0.06) % , F] 75 P
1 (4.85£0.05)% , 45 % 9y (48.2420.47 ) %o Filf7 15
IR (5.08+0.04) %,
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U A5 B W 22 S (P>0.05) , 48 1 JA] Y 3 N
PEIRFRAN 8 JE Y T HSC I I, 1E H 4L R = AR 41/
R LA TR Lee's 1RECAAT B EWE R (P<
0.05) , [A] B 25 & A Ab 48 b A6 0 45 S | 136 B =5 g AT
JHE/IN BB A ST BT, TR, 5 i AR AL AR L, 2
Te TR KB T AU, m Rk E /N B 24k T
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Fig.2 Effect of Kaihua Longding green tea water extract on glucose metabolism

1) AUC 5 2 T (P<0.05), 1 Jg Lk 28 4 (1)
AUC A 2 E K TR g4 (P<0.05) .

223 Xb/NEUM AR AR A A AN B I T
& b5 (TC TG .LDL-C .HDL-C .AST I ALT) # il
g andk 3 s, @R 4/ BUM T T TG TC.,

LDL-C AST Fl ALT 7K V-5 1F % 28 /N B 2 T
(P<0.05) ,HDL-C 7K~F-Jc W it 2% & (P>0.05) ; i Til
225 /N Bl TC TG .LDL-C .AST HI ALT 7K °F %5
o HE 21 1 35 R AR (P<0.05)

® 3 FUEMEZKRYT MAEH RN

Table 3 Effect of Kaihua Longding green tea water extract on serum lipids

F8 A% JEH 4 &0 4 VRIE &3k

¥ = B B TC/(mmol/L) 3.12 £ 0.26¢ 5.52 +0.37* 4.23 +0.20"
B = 8 TG/(mmol/L) 0.57 +0.07° 0.99 +0.05° 0.76 = 0.03
&5 B % % & LDL-C/(mmol/L) 0.21 +0.04° 0.51 +0.05° 0.34 +0.02"
% % JE g % & HDL-C/(mmol/L.) 3.12+0.22° 2.60 +0.23° 2.63+0.15°
-3 45 2 B AST/(U/L) 29.40 + 2.23° 48.77 +2.42° 32.98 + 0.63"
B/ # 2 8 ALT/(U/L) 7.65 +0.30° 15.51 +0.92¢ 12.93 + 0.46"

23 FUEMRFKEDSEXR/NBRIFA
48 B AR 15 B9 T I R

23.1 X/NRUFALUES MM TS5 50T
TR Wesh Wy AR AR BSR4 Ik
e T 255 25 7K & 9 %8 I 48 EORUIE TC TG & &
FIREIR R 4 TR0, 500 4/ B E, 5 i 41
e 02 A% 20 /)N B D JHF I i 0 38 38 15 m (P<

0.05) , Tl . 100 4 5% 4 1) JHF I 48 40 3 254K 1 =i g 4
(P<0.05) . 734k, 3t T HUSE 50565 9 J8 45 4/ U
AU TC A1 TG & 1 W P 22 ] 3 S 90 I 35 Mk 22
5t (P<0.05), Hor, @& g 41/ R 4142 TC #1 TG
G E S TR W 4 (P<0.05) , i g 0 4% 2% 20 Y
TC il TG & & % & Mg 41 7 3 F B 6.30% Fi
28.95% , HA B EF M2 F (P<0.05),

x4 FUARTEF KW FEREHMAFAE TC.TG 2 2020

Table 4 FEffects of Kaihua Longding green tea water extract on liver index and the contents of TC, TG in liver

Fik oy IE R & Mg 41 TR R

T e 35 £/ % 3.16 £ 0.06° 4.02 + 0.04° 3.67 +0.04

JF R ¥ R B] 8% TC/(mmol/L) 0.12 +£0.01° 0.16 £ 0.01* 0.15+0.01°
AT BE % ¥ b = 8% TG/(mmol/L) 0.12 +£0.01° 0.38 £ 0.01* 0.27 £ 0.02"
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Fig.3 Staining results of mouse liver tissue (200x)

232 XF/NERTFAH ST AMPK 15 51 5 35 [ 5 55K
TR TWAER ke Tk A K 32 P it/ B2
ZU1g AR AMPK {5 5 38 [ A ¢ 5 (FAS,
ACCI .CD36 .SCD1 Fl SREBPIC) %% 5% /K )52
W, N S i, SIEH A, SIgk e S 85U/h

BUIF4L21N FAS ACCI .CD36 .SCD1 1 SREBPIC
FEIN % 5K .35 T i (P<0.05) . Sl e,
Je T2 4% 2/ B 4H 2L FAS ACCI .CD36 .
SCDI F1 SREBPIC 5 557K 1 ZEBEAR (P<0.05) o

F5 FUETMEFKRYIAFERKSE AMPK (S5 EBREEXEEZRKENIZMN

Table 5 Effects of Kaihua Longding green tea water extract on the transcription levels of genes

of AMPK signaling pathway in liver lipid metabolism

KR Fok R EF A & R 4 J TR F
FAS 1.00 = 0.01¢ 3.28 £0.03* 2.62 +0.05"
ACCI 1.00 = 0.01°¢ 3.04 +0.02* 2.41 +0.02
CD36 1.00 = 0.02¢ 3.38 = 0.06* 2.35+0.02"
SCD1 1.00 = 0.01°¢ 5.12 £ 0.05* 3.52 +0.04
SREBPIC 1.00 = 0.01°¢ 4.16 +0.07* 3.33 +0.08"

2.3.3  XP/NERIFAZUE BT AMPK {5538 #% 4
FIZ AR RN, R IR oAk 55 K 329 1 11/
U 4L 8UI8 BRI AMPK {55518 5% 1 11 2635 7K F
mak 6 FE 4 fin, mARIKE ST L/ RTFHSR
H FAS SREBPIC il ACC1 & H %35 /K F 8 % 7+
1 (P<0.05), A B £ B ACC1 (p—ACC1) B 1R 1k
IR BEAR (P<0.05) , 48 1 Ak e ToU 2 A5 K 42 4 T T3
SR /N ERUIFZH 4% FAS SREBPIC 1 ACCI 1Y
TR AKFAF R H (P<0.05), [FHEF,ACCL (p-
ACCI) BB A KV 2 2 T (P<0.05) . 734, &l

REFEUNRAFA LU APMKa (p-AMPK ) B 8 iz
b K S K8 AR (P<0.05) , 28 33 I Ak e T 4 2% 7K
BT BUR , Hus iR ek F 2% ETF(P<0.05),
24 FUEMEFZKRYMNSHEAXENRH G
i T B 45 4 5 4B AR SN 9 B i

24.1 o ZHEMEST o ZREVE 3RO EE S
WA RS o R R E S
Jii7R o HHIE 5a Fi1 5b AT, 3 20 /0N U T8 TR RE PR
Z A %) Shannon 4§ ZUF1 Simpson $& %% JC B & 4% fk,
(P>0.05), H1E 5¢ f15d o] 1, 51E & 4 AHEE, B
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Table 6 Effects of Kaihua Longding green tea water extract

on the expression levels of AMPK signaling pathway

in liver lipid metabolism

Ba kAP I 2 & Mg 4 TR R

FAS 1.00 £0.01° 2.52£0.05* 2.13+0.01"
p—ACC1 1.00 £0.02* 0.29 £0.02° 0.59 +0.01"
SREBP1C 1.00 £ 0.04° 4.21 £0.09* 2.48 +0.02"
p—APMKa 1.00 £ 0.02* 0.43 £0.02° 0.80+0.01"
ACCI(p-ACCl) 1.00 £0.03* 0.16 £0.01° 0.52+0.01"
APMKa(p-AMPKa) 1.00 +£0.01* 0.36 £0.01° 0.71 £0.01"

T2k 25 41/ U 38 o B ACE 5 201 Chaol 48 %k i
T (P<0.05) = Ag 20 A T0 ¢ 255 4 /N UV 36 B
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Effect of Kaihua Longding Green Tea on AMPK Signaling Pathway of Hepatic Steatosis
and Gut Microbiota Dysbiosis in High—fat Diet Mice

Zhang Yifan', Yuan Yiwei', Xu Qianqian'?, Gong Mingxiu', Ye Jiangcheng',  Zhao Jin'*, Ma Zhanyang'
('Institute of Food Nutrition, Quality and Safety, College of Life Sciences, China Jiliang University, Hangzhou 310018
*Key Laboratory of Specialty Agri—product Quality and Hazard Controling Technology of Zhejiang Province ,
Hangzhou 310018)

Abstract Objective: To explore the effect of Kaihua Longding green tea water extract on intervening AMPK signaling
pathway of liver hepatic steatosis and gut microbiota dysbiosis in high —fat diet mice. Methods: Detect the dynamic
changes trend of main functional components of samples from each processing procedures in Kaihua Longding green tea.
After acclimation feeding for 1 week, 30 mice were randomly divided into the following three groups: normal control
group (NC), high—fat diet group (HF) and Longding green tea group (LD), and were continuously administrated (NC
and HF were given normal saline, LD was given tea water extract (300 mg/kg bw) for 8 weeks. The changes of body
weight, Lee’s index, blood glucose levels, serum lipid, pathobiology in liver tissues, AMPK signaling pathway in liver
and gut microbiota were measured. Results: During processing procedures, the main functional components of Kaihua
Longding green tea undergone certain changes. Compared to the "Fresh leaves" sample, the contents of tea polyphenol,
free amino acids, caffeine, and moisture in the "Drying" sample were respectively reduced by 7.90%, 6.20%, 0.47%,
and 71.05 g/100 g, while the contents of soluble sugar and water extract were respectively increased by 0.01% and
0.10%. Compared to the HF group, the LD group exhibited a significant difference (P <0.05) in body weight (26.67 g),
Lee’s index (3.13), area under the glucose curve (1 505.25 mmol-min/L), and serum biochemical indices such as total
cholesterol (TC) (4.23 mmol/L), and total triglycerides (TG) (0.76 mmol/L), and also reduced the level of AMPK sig-
naling pathway related genes and proteins of liver tissue in mice (P < 0.05). The results of gut microbiota analysis
showed that Kaihua Longding green tea water extract decreased the ratio of Firmicutes/Bacteroidetes (F/B), and increased
the growth of beneficial bacteria, including Rikenellaceae, Blautia and Alistipes. Conclusion: The effect of Kaihua
Longding green tea water extract on intervening AMPK signaling pathway of liver hepatic steatosis and gut microbiota
dysbiosis in high—fat diet mice was effective.

Keywords Kaihua Longding green tea; high—fat diet; liver hepatic steatosis; AMPK signaling pathway; gut microbiota
dysbiosis



