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Table 1 Statistical table of the number of differential metabolites
28 3 BEREARMYS LARHEY  TARHED 285 BERFARMYS LAK#S THRKHRD
CK_vs_NK 20 1 19 NK_vs_DH 13 13 0
CK_vs_DH 9 9 0 NK_vs_YK 5 5 0
CK_vs_YK 23 10 13 YK_vs_DH 14 12 2
x2 ERREWHIELER
Table 2 Screening results of differential metabolites
h IR CK-vs-DH CK-vs— NK CK-vs— YK NK -vs— DH NK -vs— YK YK-vs— DH
3-FA-3-FRALSAR down down down
J R UK down down
a—B7 % =R down down
A7 R down
R down
3-N-F kLA R Bk down down
L-% MR LR -L- R Ak Lk down up up down down
L& P Bk down up up down down
L—iE 35 R down
L-& 2R up
5-L-%5 A FE-L- 7 R up up down
N6- T Bt~ — %1 2R up up
N-T B 55 "R up down down
N-T Bt—L—B& 5 BR up up down
N-H & BE-L- 7% 2R up up
Noa— T Bo—L—#5 2 B up
N-R T BRI L5 R Bl up up down
v—L—% F B~ ¥ PR AR up up
N-T B3R R &R up down down
3% 30 0L up up
Iy B up
N-T etk & Rk up down
N- T Be—L—-%- R B e up up down
D-% & BL-D- R 2R up up down down
REB up
S—Me 3 & AR up up down down
H A B down
L-IN &R down up
N-T BER % 2B, down down
N-7+ R BLR K TBR down down
7R down down up
1- A& 28 R B down
S5—AALTH &R up down
L-R A B down down
N-T Be—-D-3K & &R down down
L—B% 2 B2 F B down down
3wk AL B R BR down
N-T Bk R R down
F PR ABEH AR down

cup. AR 1A down. R T,
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27 ERREVHNEESIWNENEER

KEGG (Kyoto encyclopedia of genes and
genomes ) B A AT LU HE IR 45 5 2k G &
AR R 2

i i KEGG i %28 R JE AT 25 22 S AU iy
sy IR T KEGG L%E’Jbﬁﬁﬂ‘ﬁ,/\*
Rich factor {HB K, & 72 & MK, PRI O,
WEMRE, 25 UHY KEGG /38K b Sk
/N TR E AR B R VL B L 22 AU Y
AL

CK-vs—DH X Lt i) 2 25 22 S AR ) 3 2047

KEGG Classification

e EP T AR A AW I BN S S S B (S
A E AR B R A AW e R T 2 R
RGP B B 2 H 28 S A B 3, AR R
LG T TR R 2R A 4 A B I A2 A6 W 1 e i
ERAE FBERRTEFR (TCA T63F) A R 55
w7 (K 5a);CK-vs-NK 19 i &2 5y %
TETE 0 %A N A R AR 42 (8] Sb) ; CK—vs—
YK X B A S 2 2 S O o A e R
( 5¢) ;NK—vs—DH X L o 228 3 2 1 1] i 45 & 2
I 2 2 A PP A R AR (L 5d) 5 FEAR 7 X L 2 2%
SR B2 SR/ (E 5e .5)
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e R s
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Statistics of KEGG Enrichment
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HOHEG A ME AT, R MRE T R,
AANIE—DERHZSYS ., 416 R P450 (Cy-
tochrome P450, CYP450) [ 7 48 & WK F Z 1K
WEE, ES5 T2 N IR RSN R 5T A8,
2 2 R A i E A AR, PR R R
S Ik — 7 K 00 2 A U8 3 (CVVHDEF) 3R 97 h
T IR AR, RT et U R A A
TR 4 FE BL A A A2 FEAS SE g S F b T
CK-vs—NK 1 & 88 5 FR i 52 L], Bl NK 20 B4 i)
THIRRFRIN, AT REL LA B 1 # 4E R
W, SRS IR EIZ B EL, BHERK S 5T E
FR T LA AR 55 3% v (%) T 1R LR & 1 R I
1 i 4 v, B AR L LR () DO o, DT ik 2 g
R R, VFIERIESE T R AT B bl 4 1 4E 5
F R0 DRl (FRD) JE PR, DTG 3 KT 48 5 28 R
bR BRI X — a2 LA s, R B
R R FE i ge |, 25 6 B A SRR X) HE 2
AP X B T BRFAIR 5 52 Lk 3, Ui Bl
TEAGEIRY XF HE 2H F FH P X R 2 Ab B ) AT B 3 i
T BRI B 2RIk AR T R G R SRR 5 s
FIX IR A 5 5 A A5 AL Ee b, JE S R R 2 T JE 1Y
R AT REJE 5 A A 5 T ES RIR Y Kk, Jfi
AR B FATR D g 1, ke 2 B RR i VE T 2=
e A PORIF 5 L— IV R 30 o 3 i 2 JRORE BT
BT BB 11 %) 3 B R e AR /N BRUE W T 1K T
FELE A, T3 /N BRI R 3 S BG  SOF- 3 H 3
# L ATRE S BRI B . TEASHT I 1Y TP R
HAEFM AT LR mRFME LE, i E S
AT R A T AR R LN R R TR A ik
AT R il A R Ak 3 Y DR SR T g
ANUMZE B A5, XL Ul B & SE R S AT A9
AR AT LA 5 S AR UAE , AR 0 AL 7 i — 2P
WL UE,

AL A2 AR SR A AT I AR A | B A
W T AR S SRR T AS A R AR | far it | MR A T
MR 45, ¥ T 25 AR R AT E g 195 A Ak
ML EAM K FE N (FAS .SREBP-1c PPAR y FlI
LXR o) i3k 4 k5 ACIH AR SC 5L K (CPT-1 N
PPARa) 33k AT LA R AR /IS BRI A9 52 2 D) S afi
5 SB[ E (TC) AR % B2 AR 25 11 (LDL-C) iy ik
B B —E WU AR ), B4R ) T B

FEAGYIRRE TR AR, B 4R R
RO, A BT B LRI B RE R 2 UM PR S A5 AR i
PR B L3 & VR S AR AE R U T 3 R AR
MEH AT H 2 NG 8 A B (apo-B) (INS K- UL K &
# P TG . TC .LDI/HDL & &, &34 & i i
A ALY AL B (SOD) 7K (P<0.05 )27 fif i o (14 =
BN A A e R, R — R A T I FR
I A JPE A G 5055 1 BT AR 2R W, B % At
R P450 BEREPEAMEIVER, HXS R is ik P-bE
F1(P—g p)DIREEA HI IR, /)N BRUFFE 2 2
i £ T Rl 32 3] 35K L 0y Joi ) 5 S LA o) 95 8 4 il
AR ) 2235, 35 BN IR1E H
3.2 it

AR5 38 2o 5 i R ST R /N BB B
BLAT AR 3R 30 d J5 A FEFE B FIE , 46 45 53 Bt 2
B M AT AR O, B R T
T UL B AL AR 2 AT F AR e T A, I B I A5 A 2R
P 45 LN 5 4 PCA 20 HF (OPLS-DA #< Bl
GYMT 22 SR O 2 K 3 A BT 5 B R R A
Xof b A 22 i) G 3 1R B HL AT A AR X v i i A /)
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I AE /N BUFIE RS2 & 80 . 1) %58 A 45T gl 1t
I HE I PR R | AE #2110 B FA R S A S i Ak
7 KU B A LT R A LR A
AR AR I G IR B R AR VE FH 5 2) A 5L 58 T H
(52 5 2% 5 1B R DA I 5 SR A L B B 5 3)
RS L-JNE R W R RE D& vl ge A 05 , i A B
Wy, 0 T — BT

4 RE

ST AU A A R BR  A 28 T R SRR S
S SR AT LE W A /N SR REACIE RO 52 0, LA %
R G A P& IR KL E MR AT A= W R B R L
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WEFE B, IR S AT A Wy AU AT RE 2 TRy A
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o LA 25 R LA S BE AR B A 1) T i 42



B236 H1M

%i" £ %ﬁx/f‘kﬁ%\%

44»
&SRB

% g A A #F 52 157

(1]

(3]

[4]

[5]

(6]

(7]

& £ x #t

B R, AR R R 5 /N BRI R B H X i
i A 45 R e Y B S]] BAREE BE, 2017 (6):
863-866.

YANG F X, LU M Y. Effects of high fat diet on
mouse obesity and its effect on intestinal microflora
structure[J]. Modern Hospital, 2017(6): 863-866.
AR, REARE. W BRSO e R O AR e
OGRS HE ()], 1 i 3858 R A R (BEA ),
2014, 34(12). 1829-1833.

ZHU C X, LU Y L. Advances of relationships a-
mong gut microbiota, obesity, and metabolic dis-
Journal of Shanghai

2014, 34

eases relevant to obesity [J].
Jiaotong University  (Medical Science),
(12). 1829-1833.

T, W AN AR AR KRR
TSR A A R IE)] P2 2 Sl R 2
2016(1): 70-74.

LUO D S, LI K P, PU S H, et al. Study of blood
metabonomics in rat hyperlipidemia model[J]. Tradi-
tional Chinese Drug Research and Clinical Pharma-
cology, 2016(1). 70-74.

WET MR, 5. WEMED T
i 1L AE /0N B A 3 AR OF S R TR L)), VEVE P E 2R
AR, 2019, 31(2): 112-116.

ATQY, JIYH, FULY,

research of gut microbiota in hyperlipidemia rats and

—
oA

et al. Advance on the

mice intervened by Huanglian jiedu decoction [J].
Journal of Jiangxi University of Traditional Chinese
Medicine, 2019, 31(2): 112-116.

DANIEL A W, HELEN L, SUE T,
testinal immune system in obesity and insulin resis-
tance[J]. Cell Metabolism, 2016, 23(3). 413-426.

FEE, REWM, AT, FORIRESHER DG
Z IR RS 2 BB B /0N BT R B4R 4
WHIE[T]. W5 SR fb 24k, 2018(11): 2395-2404.
LI W W, ZHU A R, LONG Y J, et al

Metabolomics study of serum and liver in type 2 di-

et al. The in-

abetes mice induced by high fat diet with vitamin D
deficiency[J]. Chemical Journal of Chinese Universi-
2018(11): 2395-2404.

2, INETH Flj?, &5 TR I AT AR OGS KR R
HLH B 5 ()], AL 7 P R 2y R 4R, 2019, 21
(4). 84-87.

ties,

[15] X2 %%, SFhe, XEE,

LI Y, SUN K H, BAI F,

on pathogenic mechanism of hyperlipidemia —related

et al. Research progress

diseases[J]. Journal of Liaoning University of Tradi-
tional Chinese Medicine, 2019, 21(4). 84-87.

STREBA L A M, VERE C C, ROGOVEANU I, et
al. Nonalcoholic fatty liver disease, metabolic risk

factors, and hepatocellular carcinoma: An open
question[J]. World Journal of Gastroenterology, 2015,
21(14): 4103-4110.

ZHENG J P, ZHU L, HU B F,

jirimycin improves high fat diet-induced nonalcoholic

et al. 1-Deoxyno-

steatohepatitis by restoring gut dysbiosis[J]. The Jour-
nal of Nutritional Biochemistry, 2019, 71:. 16-26.
WANG L, ZENG B H, LIU Z W, et al. Green tea
polyphenols  modulate colonic  microbiota diversity
and lipid metabolism in high—fat diet treated HFA
mice[]]. 2018, 83(3):
864-873.

Wbz, BESL, MWL ASHE Y SREBPs (K85 1E
A A Rk2:, 2018, 38(1): 102-111.

PAN L Y, LU Y, GONG Y S. The mechanism of

the lipid —lowering effect of tea by regulating the

Journal of Food Science,

SREBP[J]. Journal of Tea Science, 2018, 38(1):
102-111.

FERI, RIEM, KREA, . uslIe e AL
WO )] &0 Tk B, 2013, 34(14): 353-
357.

JIANG Y F, WU Y S, SONG Y Z, et al. Re-

search progress on mechanism of reducing weight
and lipid by tea[J]. Science and Technology of Food
Industry, 2013, 34(14):. 353-357

IKEDA I, HAMAMOTO R, UZU K,

gallate esters of tea catechins reduce deposition of

et al. Dietary
visceral fat, hepatic triacylglycerol, and activities of
hepatic enzymes related to fatty acid synthesis in
rats [J]. Bioscience Biotechnology and Biochemistry,
2005, 69(5): 1049-4053.

e8NS N TR S 3 E7 DO NN N (RPN
BRI B I R S A PR D). o8 B2 2 B 2= i, 2006
(6): 574-575.

ZHAO X Y, ZHANG H, HE L F. Effects of green
tea on blood lipid and antioxidation in rats[J]. Jour-
nal of Logistics University of PAP  (Medical Sci-
2006(6): 574-575

ences) ,

AL BRI SR B I L



158

O

B

= QYA
=

R 2023 45 1 4]

[16]

[17]

[18]

[20]

[21]

B AR TR ZE ()] SRR B $2, 2012(6): 601-
605.

LIU A J, GUO D X, LIU H H, et al. Study of
the anti —obesity function of green tea exiracts for
development of a hypolipidemic agents [J]. Modemn
Food Science & Technology, 2012(6): 601-605.
fetty, MR, HRSEDY, . LA R S R
HFWE 5 2E A9 52 (1] 2% v &5, 2010, 30 (S1):
573-578.

HOU Y, XIAO R, SHAO W F,
Pu-erh tea on liver pathology of high —fat rats|[J].
Journal of Tea Science, 2010, 30(S1). 573-578.
PRig, 275, SBINN, 5. %02 4510 2 0w g
IMLAE R BRI A 35 s ). b A AR, 2011,
11(1): 20-27.

CHEN T, PENG C X, GONG J S, et al. Effect of
the
metabolism of blood lipid in hyperlipidmia rats[J].

et al. Effect of

theabrownin extracted from Pu —erh tea on

Journal of Chinese Institute of Food Science and
Technology, 2011, 11(1): 20-27.

B gE. AN (Rt A A B 5 A2 9 80IE A T e ML A T
FE[D]. J7IM . ERFEE T R 2%, 2018.

DUAN X F. Study on weight loss effect and mecha-
nism of Dancong tea with different storage years[D].
Guangzhou: South China University of Technology,
2018.

B LT A2 2 B B 5T T X0 0 i AL E O B
B 16 9 A2 0 A A AR LRI D). DUk e e (A AR
ZERR), 2016(3): 397-402.

MIAO H. Biochemical mechanism of Alisma orien-
talis on hyperlipidemia rats based on metabonomics
technology[J]. Journal of Northwest University (Natu-
ral Science Edition), 2016(3): 397-402.

ek, BE, BRA, % LR/ R
o R 2 RE R S (] 3 E 5 R,
2019, 31(9): 4235-4241.

LI X B, ZHAO G D, QIU H R, et al. Effects of
L—citrulline on body weight and intestinal flora di-
versity of mice[J]. Acta Zoologica Sinica, 2019, 31
(9): 4235-4241.

SRIEYS. AN (0 3R PA50 R AL 2J2 B P Rk
o 48 009 0 R 4 T /N LS IR IILRE[D]. R . AR
HRHE R, 2015.

ZHANG S S. Overexpression of cytochrome P450

eoxygenase 2j2 gene improves hyperlipidemia in mice

[22]

(23]

[24]

[25]

[27]

[28]

by increasing fatty acid oxidation[D]. Wuhan :

Huazhong University of Science and Technology,
2015.

VE o M. i 0 A I 9 X 2 Bk 5 o R 2 i A
WS TR S AR K4 T ALK SR [D]. B &
AKRFE. BEEERL K, 2018,

XU Y P. Effect of blood purification on plasma
phospholipid metabolism and apoptosis ~ signaling
pathway in dogs with multiple organ failure[D]. U-
rumchi: Xinjiang Medical University, 2018.

ARk, s, B, & HRPE AR K
- SIE 2R R AT R T AR IR A B0 AL R R S ]
Mg, 2019(18): 58.

LVY Q, HAN S Z, LI D Y, et al. Effects of di-
etary fumaric acid on rumen nutrient digestibility[J].
Jilin Agriculture, 2019(18). 58.

VPRE . SE W] R TR 34 T Y 47 19 X K AT B 5% A R
RFEHD]. R RHEKS:, 2007.

XU T. Effect of fumarate reductase amplification on
in  Escherichia coli [D].
Tianjin: Tianjin University, 2007.

R W T A I 4 2 iR 9 I Gl AR B B A
HAEMD]L BEA: B RF, 2017,

XIE M H.

succinic acid production

Interaction between Kudingcha dicaf-
feoylquinic acid and intestinal microorganisms [D].
Nanjing: Nanjing Agricultural University, 2017.
ZHANG H, QI G L, ZENG Y H, et al. Chinese
sweet leaf tea (Rubus suavissimus) mitigates LPS—
induced low—grade chronic inflammation and reduces
the risk of metabolic disorders in a C57BL/6] mouse
model [J]. Journal of Agricultural and Food Chem-
istry, 2020, 68(1): 138-146.

Tt G ARAL R AR SR IO X 2R XY A PR
BB e BRI B S e D i s (D). K PR
2, 2018.

LONG B. Effects of honeysuckle,

grape seed extracts on production performance, egg

blueberry and
quality, lipid metabolism and immunity of laying
hens[D]. Chongging: Southwest University, 2018.
WG, A 25 W R A T R AR O R B
[D]. dbnt: destBrFIEE~Be, 2014.

YE L H. Study on metabolic drug interactions and
components in lotus leaf[D]. Beijing: Peking Union

Medical College, 2014.



5503 % 451 BT R A BRI  A R IS AR R AR 159

Studies on the Lipid-lowering Effect of Compound Tea Based on Amino Acid Metabolism

Zhou Caibi, Wen Zhirui, Zhao Yan, Mei Xin, Yang Zaibo
(Qiannan Normal University for Nationdlities, Dwyun 558000, Guizhouw)

Abstract In order to study the lipid—lowering effect of compound tea, the high—fat mice model was established by
high—fat diet. Based on the method of UPLC-MS/MS detection platform, multivariate statistical analysis and self—built
database, the difference degree of metabolism group among samples was studied. In this experiment, the normal model
group (CK), high—fat diet group (NK) and compound tea group (DH) were set up, and the Xuezhikang capsule was
used as the positive drug group (YK) to compare the effects of compound tea on the metabolism of amino acids in the
liver of hyperlipidemic mice. The results showed that a total of 13 amino acid metabolites such as L-homocystine, N-
acetylmethionine, D-alanyl—-D-alanine, S-adenosylmethionine, L-asparagine and L-tyrosine methyl ester in the liver of
mice induced by high—fat diet showed a downward trend, which were significantly enriched in the cysteine and methion-
ine metabolism after the intervention of compound tea. Compared with the YK group, only five of amino acid metabolites
such as N-acetylaspartate, N-isovaleric acid and alanine were significantly down-regulated after treatment of Xuezhikang.
These fundings indicated that compound tea had a certain regulatory effect on liver amino acid metabolites and pathways
in hyperlipidemia mice, which effect was better than the positive drug Xuezhikang. The purpose of this study is to ex-
plore the mechanism of reducing lipid of amino acids and their derivatives in compound tea by using metabonomics tech-
nology, and to provide some reference for the development and utilization of compound tea.

Keywords amino acids; hyperlipidemia; tea; metabolome



