&<

R B AR (B 5 hR)
Fudan University Journal of Medical Sciences
ISSN 1672-8467,CN 31-1885/R

£0%8

(R EZER(BEFER)) MBEH KR

H ARSI 5 S R IR PR /N B AR 25 L

= TR, UEA, xERE, RERE, BE, BA, HWE, 2%

WA H 4 2024-04-25

Mgk Hi:  2025-05-12

51 R TR, PEA, xR, R, HE, RN, WE, . RRES

R B TR AEN B RIS K RL[/OL]. B B2 (B 22 hR).
https://link.cnki.net/urlid/31.1885.R.20250508.1438.002

@NKit s

www.cnki.net

PEER: (EgER TR, FtENF B R ER TSR ER. Hoefa. B0 e
B ERERBNACSHE, HIBSRTITF. EmAad AR, HERse e A e i i
TR CRIEM L LI HERUE R, AT AR . WIS . B e R R
FRAFE 45 W1 DUIL8) O e (0 ED R Sl Hh AR A B T S 1 o S e R X 468 1 R R N 2 L 2B & (il
SR FLAG) A T H B EE ) e FARI AR BA QIR RHEERGEE, FF 6
BRSO R, AAETE S AR AT g S HARZ AT s R ) 28 BB A & [ 5 R T
HAR R AR R, ERE MG —HEIE S 7 f9 87 AU BE 1R E T AL Mo B AR S
NHIARSE e R 4 1 R T e, e R — & RAT, AMHESORSOEH | 1EE . MU A RRFISERNE,
FURHE T YmBRa AT /D S SO B .

HERBA: 400 g 5 (P ESART OefBo) BraELGRARZY, £ (hHE
FARIAT (WD) R & LA S 40T T P9 25— B 4 i, DLE RS B A O 20, 7 B
W /TR SO s i HERCE R B e Ae . R R E AR (2RO ) 2 [ 58T H
PG FEL R TR 1) R 2% S S R H YD (ISSN 2096-4188, CN 11-6037/Z), Ft LAZS LI 3T (1 44 i J4 4 1
KRS IE AR



2025-05-12 16:48:26 https://link.cnki.net/urlid/31.1885.R.20250508.1438.002

/2 & A
£ 25 8(FH0 5095 May, 5203)
Fudan Univ J Med Sci

ZRUESERITFSHERF/NRAREFEL

IORM E AM AeE OREE R 5 ANAT HEE £ B0

(5 BRSNS A MR A%, T TREREALRE  LiF 200438)

[FHE] BB BRI oMAIREGEE FA AL HR B SE )X & IR IR & (high-fat diet, HED ) 355 149 JIE /)N
S ZZ AL e 1 L o ik 7 S BB ARURHE S 1 T S /N BRSE TR | 3% 25 5 I 15 AN ) 20, A6l /s B i) 4
i R L A B A i B L A OB A A D B o A i Y 4 E X TL-6 R 3E BE Il F - (tumor necrosis
factor-alpha, TNF-a) M 4 £k 7 38 5 259 1 % (malondialdehyde , MDA ) Fil # 4 4k #) 157 1k B (superoxide dismutase,
SOD) , &5 A 1k 41 225 HL % K w Ais A I8F 5 B 3 PR iR A R 4 16 25 1 ¥ % (adenosine monophosphate-activated protein
kinase , AMPK ) £l A Bl £ Al Bt 4% #% #F 1 (carnitine palmitoyltransferase 1, CTP-1) % £ kM S iTHLH . R HA
g 25 A B G R R G 0 A B e L RE T 5 S S R AR A B K T, O I 2 AR A IR A 4 A e ik
5 (oral glucose tolerance test, OGTT ) 1 Jik & 2 fiif 32 134 5% (insulin tolerance test, [TT) &Y #h £k F i A2, $2 75 Ho s 6]
W AR I R 2 IR 5 B R R I LR P AR AT A RE ), B R AR E B T -6 R MDA K [R] F 4R
SOD i ; 4k 2k i id b AMPK/CTP-1 ik #E IR A Mm% o 6 F k3 B 2 /D AT HERR i 2 . ik o
75 35730 5 AV T U A 77 5 ek 0 e A S, AN [ 25 %) 255 3 ok A Rl 4 B BSR4 BT Rt A A 25 AR LR &
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The ameliorative effects of tea on metabolic disorders in obesity
mice induced by a high-fat diet

WANG Chen'*, BAN Xiang'*, LIU Jia-xing', SANG Si-yao', AO Xue',
SU Ming-jie’, HU Bin-wei', LI Hui'?*"
('Ministry of Education Key Laboratory of Contemporary Anthropology , *State Key Laboratory of Genetic Engineering,

School of Life Sciences , Fudan University ,Shanghai 200438, China)

[ Abstract] Objective To investigate the ameliorative effects and mechanisms of six types of tea
(green tea, cyan tea, red tea, white tea, black tea and yellow tea) on metabolic disorders in high-fat diet
(HFD) -induced obesity mice. Methods An HFD-induced obese mouse model was established,
followed by intragastric administration of different teas for 5 weeks. The body weight, liver weight ratio,
fasting blood glucose, and lipid profile of the mice were measured to assess glucose and lipid metabolism.
Serum inflammatory factors including I1.-6, tumor necrosis factor-alpha (TNF-«) and oxidative stress
markers [ malondialdehyde (MDA) and superoxide dismutase (SOD) were measured. Additionally, liver
histopathology and the expression of key glycolipid metabolism-related genes, adenosine monophosphate-
activated protein kinase (AMPK) and carnitine palmitoyltransferase 1 (CPT-1), were analyzed to explore

underlying mechanisms. Results Cyan tea significantly suppressed weight gain, demonstrating superior
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weight control. White tea markedly reduced fasting blood glucose levels and decreased the area under the
curve of oral glucose tolerance test (OGTT) and insulin tolerance test (ITT) , indicating synergistic
improvements in glucose metabolism and insulin sensitivity. Yellow tea exhibited exceptional anti-
inflammatory and antioxidant effects, reducing hepatic IL-6 and MDA while enhancing SOD activity.
Green tea activated the lipid oxidation pathway by upregulating AMPK/CPT-1 expression. All kinds of
teas significantly attenuated hepatic lipid droplet accumulation. Conclusion All six types of teas
alleviated metabolic disorders by reducing hepatic fat content. However, different types of tea exert their

unique effects on improving metabolic disorders through differential mechanisms such as glucose

metabolism regulation, lipid oxidation, and anti-inflammatory and antioxidant actions.

[Key words] tea; high-fat-diet; obesity;

metabolic disorders

msulin resistance;

inflammatory; oxidative stress;
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L, 15 & B B B R ARBL E IR S . A
Ji 17 23 7 AR R 43 6 22 IR 3R RN AR DR, % gl ik
JFF IO 565 20 20 28 B 2 A 5. AR A 7 T2 R £ 1
EALTREE 2SR 6 28 A H R VA A (E
BRLIRA) LAMBA . A 2 Wy B
Z2 0 S 1 MR W S5 N A e R Y R A AR O AT
I R ok S R 2O R Y i R A 2 R i
1 A R AR A DG AR 3K AL . Sh e a5 R
TR, AN ) 2R ) 4% 1 T80 AT A7 8RR A e /D BRU A
AR5 2 I G | A K s L LA R ot 3 P A MR U 3R
i, RIS RPN R R AR Yk
R = W3 (Can 2 i A AL R B AT AR R R/ R A
LU | B 2 AR B A ) e e ) A ) L PE ]
FASTR] £ 30 s, DT & 4 2 S 1 1 AR O s A
FHUS S 56 T A0 Bl B AR 0 52 B A K AR
LR A HL A 6 B S I BF S MG 3 /0 o AR BIFSY B 7 3l
1t H RS S A IR C57BL/ 6 /N B R, R 4E
PP AN 5] b 25 1) 25 X A 50 43 T ek 2 T T e 1) 5
Wi, G I e A ) A 75 S 0 B R /N LR P ) 4R RE 2 4R
A6 N K S I 8 3 A3 A IR OG B 3 R 1 3R G5 1
B B F AT AEVE AL L DL Sk F 5 18 R AL 61
TRV I 8 535 092 o) AL PR £ D S 4R A B 2%

ok
LI AME 4 A # C57BL/6J 1 M/ i

(SPF %) W H i 5 v A7 PR =] o /I B o e
SEHG A S A SR IR E 23 °CL 12 h B R AEER , T A

MR EY MK, Y LmaE BRIy
PR B2 U (HEUE S 0 202010012) o /N BRR A o
R (4.5% N85k, 3¢ B Purina 24 ®)) 18 5% 1 4 )5
BEMLAT 2 (B34 7 ) AR HERR WA & (NFD) | = g i
KE(HFD) 4 #2X (HY)4H a5 (HR)H . H &
(HW) 4 %2 (HG) 4 B 2% (HB) 41 ¥ 25 (HT)
H . NFD 2H 4k 22 F 3% 58 okt i) 75, At /s B &
60 % JIE Wi (4 & N8 4F B (D12492, 25 [ ResearchDiets
AEDmFE 12 SRR E 2R, N HEE
AU, FIESE 0.1 mL/10 g(R T &), % B2 /N BUE
B ddH,O, 748 0.1 mL/10 g &) , 3 5 &, 1A
BEARAR o B JEE S/ BRUR Tt 55 — K AL K
/N B R A s R . W 2Rk s R B R
P BRI /IS B, B4R B8, SR A L AE , 4 CR## 3 h, 1
500X g B .0> 15 min, 275 L7 .

AN F A s . BIR CH R A,
il e A 0.1 g/mL 27, B 2% L R A A
WK ML W 0.1 g/mLs

F1 FMHRIE

Tab 1 Characteristics of tea

Category Name Origin
Yellow tea Golden Buns Jiangkou, Guizhou Province
Black tea Golden Fungi Qiyang, Hunan Province
White tea Old Eyebrow Fuding, Fujian Province
Green tea Green Pearls Meitan, Guizhou Province
Cyan tea Titkuanyim Anxi, Fujian Province
Red tea Yunnan Red Yongping, Yunnan Province
EEEX e IR M SEEE AR 463050 & (D¢ [5 Abcam

2 mD) B AR I & W o R SRR [ R (total
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cholesterol, TC) . H it = g (triglyceride, TG) | & %
& 8 ¥ A (high density lipoprotein cholesterol,
HDL) | ik % B JI§ %8 H (low density lipoprotein
cholesterol, LDL) \ J#k & 3 (insulin, INS) ¥ J& . #R ¥f&
ELISA i 7 & (9% E Abcam 23 &) vid B 5 0 55 B AE
H A T8 % (malondialdehyde , MDA ) | # % 1k ¥ 1
1L i (superoxide dismutase, SOD) | 11.-6 . i J& 35 L
“F-a(tumor necrosis factor-alpha, TNF-a) ¥ J& .
H AR 2 2 #E o 2 03 A0 IR B SR Y 52 1 3K

N BUEE 12 h R R AT 1R A A R T A 5 (oral
glucose tolerance test, OGTT) , M T 0.5 h i % 4
HH (2 g/kg) , A I B L (ACCU-CHEK
PerformaNano, %ii - Roche 23 w] ) Il 5 J& #t ik 42 1L 1L
B W0 90 4 (O miin)) Hf B R BT S 78 30,6090,
120 min if P IR IC SR . /N RAS 4 h5 24T B
1 Z it 5% £ 032 (insulin tolerance test, ITT) . JES

F ([ sigma 2y w) ) BT BLEL , 7 T A4 PR K i
B 150 mg/mL (Y 198 5 235 W, A AE T 4 COkAf . %
H800.75 B kg 1) 300 o B2 T T G R 0 2 W, 1
IAEAUAE 0,30 .60 .90 min B 0] ¢ I

FFARARREEMNE IR A 40 ZRH
BEWW T 24 h G B (75 % ~100%0) K, £
WAL, YR RN 4 pm HE e i O Yefa,
FH Ot 2% 8 fU8E (Eclipse CI, H A% Nikon 23 7] ) W% Jf:
E{EDiEN

XA EE PCR WA R IF 0 43 &5 ih i
JIE R Y B RNA . i F Nanodrop 2000( 3 [ Thermo
Scientific 2% &) ) 23 AT RNA ¥ i F1 4l BF 0 5 5% &
.25 °C,5 min; 42 °C, 30 min; 85 °C,5 s, 5|4 FF %1
Z LR, U B-ILsh & AAE A R B . PCRAGER
PHE KA 95 °CL15 5560 °CL 60 5540 DFFR . fHH]
AT 2 TR H A TR A A X 2 A A

®2 LWATAMSIMET

Tab 2 Nucleotide sequences of primers

AMPKa CTCAGGAAGGCTGTATGCGG
ACC ATGCTATTTCTTTGTTTGGTCGT

CPT-1 CTTCAATACTTCCCGCATCCCT
GAPDH TCATCTNCTGECCCCCTCLGECT
G-6-Paes GTAGAATCCAAGCGCGAAAC

ACGGTTGAGATACTCCGGGAT
CCCAGCACTCACATAACCAAC
AGCAGCCTCCCGTCATGGTA
CGACGCCTGCTTCACCACCT
TCTGTCCCGGATCTACCTTG

FZitF S GraphPad Prism 10.0
IBM SPSS Statistics 27 #1784 4 Hr M B . f
AW R 2 4 B (ANOVA) B 5 22 45 #F
(ANCONA) F1 94 = & 5 Kruskal-Wallis, F )5
Dunnett-z 1 Dunn’ s £ 5 #F 17 #£ A Z [1] (1) £ & L
BRI T R AL 2 I8 Y 22 5, DL P<<0.05 K
ERE GRS

7k R

IR E HFD /MR MR REE M 550/ R
R A SZ I AN 3% 3 Fr s . 5 NFD/NEUAH B, & i
R /N B0 1 M 5 i B S . DA R AR T R
PrAE RS AN 22 50 07, FI W 42 32 0 8 5 A 5 & 4
NI TR L., S HED AR, B 25 4
AVELAS H A e R T R AR W AT
e 2R T s R A AR BT 22 (6 K B, 5 HFD 4 A
b, BBRZR VI AS JBRAE VLLAS O AR AL/ RUMR R R

32 3 1 3 A

&3 6Tt HFD /R4 5T 2 59 %
Tab 3 Effects of six types of tea on body weight of
HFD-fed mice (T+s)

NFD 26.58 +0.79 27.01+0.88" 0.43+0.67
HFD 47.58 + 4.33" 52.13+2.417 4.56 % 2.60
HY 47.16 + 3.48" 47.47+2.92 0.30 % 1.74
HB 38.82+2.66'" 39.04 + 4.09"" 0.21 +2.43%
HW 45.93 + 3.43" 41.82+2.629W —4.11+3.77%
HG 47.36 + 3.28" 45.43+ 3,507 -1.92+0.63"
HR 44.60+7.77 44.80+7.32 0.20 + 1.86'%
HT 45.22 + 4.65" 40.00 + 4,519 -5.23+3.72¥

Initial weight: Body weight on the first day of gavage; Final
weight: Body weight on the day before sacrifice. vs. NFD, "P<C
0.05; vs. HFD, ?’P<C0.05, YP<C0.01, “P<0.001, 'P<C0.000 1;
Initial weight vs. Final weight, ‘“P<C0.05, "P<C0.001. Multiple
group comparisons were performed by ANOVA and ANCOVA.

HEFD 51 1) g 2 1 700 Br 7= 28 19 8 W 3 224 Je
T RB, A adt A E i AR R AR
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HFD 41/ BT JUE 8 & 2 5 08 m (IR0 1A o B 2% SE AR I A0 R BEAR I (18 1C) o BT JUE BT &\ 25 e
LRI 2R AL P B B B 2 IR . BTSSR AU IRAY RIS AL B 2R TR HE U0 7 b TR R SR B R4
U oA S A R LU AR W R L MANFD AL RIS RS HED /0y BUSEHE i 17 728 74 7 52 W)
HFD 24 2 1] 25 5 o 4e i 5 L (E1B) . SR i T RCE /L R D A BT T, A 8 A

WFREA S BEU) 7 s . 5 NFD AR, HFD 5% 40 O Qe [ A o, 25 T /0 BT
R B T R B A AR A RS KL R AR S R T (B D) .

A': Liver weight analyzed by Kruskal-Wallis with Dunn's test; B:Liver index analyzed by ordinary one-way ANOV A with Dunnett’s -test; C:
HE staining of liver ( X 20); D:Oil red O staining of liver ( X 20). vs. HFD, "P<C0.01, ’P<C0.000 1, ns:Not significant.

1 6FhZXS HFD /) 5 BT Bk 5 2 1 % BT A AS B 25 14 59 5%
Fig1 Effect of six types of tea on liver weight and hepatic steatosis in HFD-fed mice
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M H 2% BRAE S2F T A4 AV I HDL ¥ J3 3
K. &S LDLREY TR EXE R,

R0 4, 25 5230 21/ RS 12 6 h s i b ok
Yy ERRARCIE 2E ) o 088 11 Bl = e 5 25 100 56E
2 B 0T B I 2R 0 U R IR, TR B R Kb, @
R0 N BRI P R A R PR AR AL, S
ST 20 /N BRI S R S 2 OK O B3 AR (E] 2F) .
OGTT &5 & /8, HFD 41 AUC {8 & % % T NFD
41, WA AR BR LD AUC (H 18 3% PR AR (IR
2G~2H) . ITT 4R /8 ,HFD 44 5 NFD 41 19
AUCTHTE B E 25 AR A% 45 HR4m
AUCE B F (X F HFD 4l (Kl 21~2]) , ixsegfqidk
W 6 Fh A5 20T i 38 B AR AR B 1R A AR 3R L, e
P25 7E i v JiR 02 3R UMy T R B e

RREMBERRSIENELNBEMKER
RZ R L R R BB E W 2 4 T A AR
Ak 7 A R IE S N . HED 20 /s B HE R 11L-6 Al
TNF-a & & M 5 NFD 4 5 35 300, £ 25500 1
JIE TL-6 F1 TNF -o 8 [ 235 19 52 i AS [7] (&1 3A .3B) .
B %] 9 PR AR IL-6 Il TNF-o 85 1R A KF, B A
HAEM BT RAE R ; A AU TNF-o f7 18 3
R

A I T SOD 4 AH X 36 4 A A o i 484k e
P MDA 1Y ¥ J8 5 DT Al & 52 96 20 19 S840 0 oK - .
g5 RN BT LL A 0] 3 BRI E S MDA ik
B, OF R SOD By A X IE M R (I AS AR
SR AR HE MDA & B A W 354 I (181 3C .3D) &

FREMERREELERNRIE AMPK
& AMP B B 1 B0 AMPK AT LR
17 B8 S Ak, 10 0 B DT R G MW A BRERR AR Y
AMPK ] i 5 £ Mt 5 B A R AL B (acetyl-CoA
carboxylase , ACC) (J] T8 1l 2 G 1L ) 11 AT Bl A% ] 7
% %% i -1 ( carnitine palmitoyl transferase, CPT-1) (
T HR R B-% 4k ) A sl iE M . SR A% AR W LRI
fIE 1 AMPKa B mRNA 235 K F (B 4A) . G-6-
Pase J& 45 5242 1 SCHEE R , AT LA HF 1 Uk v 74 44 1 -6
I R R A N TR 0 1 S S S|
% B E R AR R R (K 4B) o H il -3-5%

[ -
dehydrogenase, GAPDH) J& 2 5 Bl [ fif 1) 5C 5 il
21 25 2l GAPDH mRNA £ ik K ¥ 8 % LI+ (E
4C) o ACC 2R i 2 4 iy R 2 i , 76 T A S 4 20
1 ACC mRNA 7K F ¥ 4 W 82 2] 1 3% A8 4k (B 4D) .
CPT-1 /2 i i R S A (0 B SR i, S A5 4 CPT-1 19 3%
ik E T (B 4E) .

ABIESE HEHS T 6 i 25 0 e i Ak R 175 S E R /D B
BB A 2w (18 5) o BT A 251k ¥ B el HED
/N BB I UK i 7 25 1 R BB 5 R AT . AN [ &S e A
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ORI S 8 T € = s R e L I o 1 1 A
25 BA J AR BT R A ST R AE VR S A5 o A Y
AMPK/CTP-115 5 i o 30 ] HEJHE

(glyceraldehyde-3-phosphate

W
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HFD i 5 (9 B8 B A 0 6 VE F L 2SR T HED /)
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HDL 7K - 5 BLAA A B 1) OC R 38 52 2%, oK P A%
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AE 5 B ALK 5 1F 3 1 HDL /K-, A5 435 A0 11 A 35t
14 -
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AR 5 (2) D/ i TE X B R A A, AT U 2 4R
AR A TR 2 A b R R (3) R R B
% LA RG 5 4 23 v R 5 G Bt 0 AH OG5 Sk B 11
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WoR AT AR E R CE R e
AMPK # i Ak K, i o E R g 5 4R Ak 36 sl
VAN oA 3 R 3k, SEELRR IR . T 1k i AMPK
Al DL 3E ) 38 5 ACC 1) 8% R b ok {2 #F CPT-1 19 3%
K AT A AR SRS & B AMPKe Al CTP-1 )
mRNA KRG N, 0 4 2538 12 4 55 AMPK/CTP-1
15 5 30 %, 2 00 B 7 R A 42 Ak oFe 10 i A B o A
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:Serum HDL concentration; D:Serum LDL concentration; E:Blood glucose; F:

Serum insulin content; G:Changes in OGTT; H: AUC in OGTT; I:Changes in ITT; J: AUG in ITT. ws. HFD, "P<<0.05, ”P<<0.01, ¥’ P<

0.001,""P<C0.000 1; ns:Not significant. A : Kruskal-Wallis with Dunn’s test; B-J:Ordinary one-way ANOV A with Dunnett's t-test.

C

A:Serum TC concentration; B:Serum TG concentration;

B R IR 7 /N R B 5T X ELAE K8 4R

FUES

Fig2 Metabolic disorder-related symptoms improved by tea in HFD-fed mice
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A:IL-6; B: TNF-a

< unoy/ONdNY

way ANOVA with Dunnett's t-test; D :Kruskal-Wallis with Dunn's test.

B 47 434 R 7% B9 /0N BR BT BEE R B (I IR X B E R I R

Fig4 The effect of tea on gene expression involved in glycolipid metabolism of liver measured by RT-qRCR in HFD mice
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=
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A: AMPKa; B: G-6Pase; C: GADPH; D: ACC; E: CPT-1. vs. HFD, VP<<0.05, <3’P<0.o1, ' p<0.001, ““P<C0.000 1, ns: Not
B4 RT-qRCR il E % & %t

significant. A and C:Ordinary one-way ANOVA with Dunnett's z-test; B, D and E : Kruskal-Wallis with Dunn's test.
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B 5 62t er & IE B/ BRI SR EL B 1 A AN AL

Fig5 Mechanism and effects of six types of tea in improving metabolic disorders in obese mice
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B By 2% I0AE | B2 i A AR T 52 i 2% i R R IR
P A R TR, R R A TR
PR R T R, R R AR — R R
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