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[ Abstract |
lipoprotein E knockout) mice with hyperlipidemia. Methods: A total of 32 APOE™™ mice,aged 8 weeks,were ran-

Objective; To investigate the effect of Fuzhuan Tea on leptin resistance (LR) in APOE™ (apo-

domly divided into model group (an equal volume of distilled water by gavage) ,low— and high—dose Fuzhuan Tea
groups (1.44 and 2. 16 g/kg/day,respectively) , and atorvastatin group (2.88 mg/kg/day) ,with 8 mice in each
group. The mice were given high—fat diet and the corresponding drug by gavage for 4 consecutive months. In addi-
tion,8 C57BL/6 mice,aged 8 weeks,were selected as normal group and were given normal diet. The above groups
were compared in terms of body weight, abdominal fat weight, serum lipids [ triglyceride ( TG ), total cholesterol
(TC) ,low—density lipoprotein cholesterol (LDL.—C) ,and high—density lipoprotein cholesterol ( HDL-C) ], leptin
(LEP) ,insulin (INS) , and adiponectin ( ADP ) ; HE staining was used to compare adipose tissue cells between
eroups ,and immunohistochemistry was used to measure the expression of leptin receptor (LEPR) in brain tissue;
RT-qPCR was used to measure the mRNA expression levels of LEP , tumor necrosis factor-o ( TNF-a) ,and inter-
leukin—=6 (IL—6) in adipose tissue of mice. Results; Compared with the model group,the low— and high—dose
Fuzhuan Tea groups had significant reductions in body weight, abdominal fat weight, the serum levels of TG/TC/
LDL-C/LEP/INS,the mRNA expression levels of LEP/TNF-a/IL-6 in adipose tissue,and adipocyte volume ,with
relatively ordered arrangement of cells ( P<0. 01 or P<0. 05) ,as well as significant increases in the levels of HDL-
C and ADP and the expression level of LEPR in the hypothalamus ( P<0. 05). Conclusion: Fuzhuan Tea can exert
a therapeutic effect on hyperlipidemia by improving LR, possibly by regulating the release of LEP and ADP in adi-
pose tissue and the content of INS in serum and enhancing the expression of LEPR in the hypothalamus.
hyperlipidemia ; Fuzhuan Tea; APOE ™" ;leptin resistance ; insulin ; adiponectin
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APOE Cas9 - KO, it & ¥ 5 C57BL/6, & [H A,
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e IR ILRE B A 388, JF AORE 2 S5 R R, 2
PRSI IKE AL, O 0 18 A v S5 50 1Y B S T TR 1S
B, AR FEAE (2023 4F) ) 48 R E

SRR S8 B4R R AR B R KO, B A4 R
ARtz #THE Y R, BF5E R E A B iR B A
FEMNIESE L, R (LEP) MM HZLA ),
AT N b 9 R 524K (LEPR) i 2 5 1R
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(LR) , 1M LR %) H B 0 2 B8 BE 5 e s I , 4 1
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AL LEPR 755 T Uit [ (%) 8005 , 2 17 32 O IR A
WEEAL, BRI R MAE I E 15 R B A B s i I
JiE A 254, B H P 1 B SR 405 L B SOIIL ) 5 i 45
TERIVVE IR T R I RAR A ED . IR A LA
THE AE A DR FEREAR AR , T 20 bk ik f
b, vlest Al 2 BV AR i A 25 il B EEE AT
FEF I, AT RLE S E# N APOE™ ™ (R IB&E A E #il
) /N B R B IURE A 28 | 8 5% AR A% A% 38 3 203% LR
R AR AR VE A BIL

1 SEIH#

1.1 s=%sh4p 8 R APOE” /ML 32 H |

(APOE)KO/KO; 8 J& it iEtE CS7TBL/6 /N 8 H |
T (23+2) g, W FBEVE o B 25 K 2F 525 sl i vh
L[ S TR S . SYXK (B2)2021-001], Frg /I
BRI 5 TR 74 v B 2 KA S sl ) bl SPF 3
Y [ 256 B A A8 B O/F BT UE 5. SYXK (B ) 2021 -
0017, ZEPIREE .22~ 25, AH KR B Ky 50% ~
55% ., AT /NI T LA EAROK B e ek 3 v 1 i
27 d, ARSI O3 B P B 2 R I A
FACHH A (/S A5 . SUCMDI20220101001 )
1.2 i FFZGXA] 2018 AF A0 ARSS (B
EPRIRZEHE G ) o BaTFE A VT O il 25 A BR A
A HEESCS  E 25 ME T H20051407 , KL% 10 me/ A,
L5 8140414 s E AR TRVEL (b A BRRAE MR 17
FBRAA ], AVS  H10141) ; =BEHM(TG) & ik7) &
P A110-1-1) , S IHE EE (TC) 5 357 & (%
T Al-1-1) R FERR 8 I B (LDL-C) M2
R (75 A3 -1-1), &5 %5 B S 28 11 0 & B
(HDL-C) W5 it & (175 Al12-1-1) 340 Frg
U TR T A BR A |l 5 /B LEP B A
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BEWZ B 590 00 5 (ELISA) 3K 7] & (1% 5. MM -
0622M2) , /IR & 3 (INS) ELISA 35 & (585 .
MM-0579M2) , /IR IR BX E ( ADP ) ELISA X7 &
H25 MM -0547M2) , Y90 T VT 75 i 0 S0l A FR S
A, HE {0 (525 . G1002) , LEPR Fiik (525 .
GB112091-100) , ¥4 F sl IX FE 4k /R A= W RHE A B
/], RNAeasy™ 4 RNA Sl i85 & (5.0 4
) ($95:R0026) , BeyoRT™ III ¢DNA & —%554
I & (585 . D7178M ) , BeyoFast™ SYBR Green
qPCR Mix (2X,High ROX) ($%%5:D7265-25ml) , ]
T LR m RAEYHEARARRAF,
1.3 2Z2ME FHHEAGHEOVLEE Hermle 2>
Al W MBE . A AR AR T A B 2 T AR bR
;32 Perkinelmer 2 7 7 ity ; % R 28 1 Joa v 32
FEAX : T [H Bio—drop 2 F) ; PCR 47 B4 A3 HLJH S A B
SEAERA PR Al 96 E & PCR X 3£ [ Bio—Rad
o] AR Z B IR AL ZE RGO S T 4
AR T ; AL, 35 [E Thermo Fisher Scientific
INFEFE S A ) B L . 3 E Thermo Fisher Scientific
NP R TR . AR S R A IR A
Gl
2 XEWAE
2.1 o ENERSE 7d 5K 8 H C57BL/6
/N MIE R 41,32 2 APOE ™ /N BEAL 43 AR 7Y
HARAE AR 2w R A, BT YT 4,
48 H,
2.2 A& SRR REAE A% R e A
R 700 R APOE ™ /)N B34 25 v B il ) i
I 4 A H 0T v B I0RE A 51 BE JHE K2 B0 Jik ok A £
FEARAL (TG \TC . LDL-C HDL-C 5% W 2 7% 338 455 i
1), Ay S DA 2 i 255 %ok v g I e B A B 1) Bl
TRVEH , o IR VRS [R] e 4 R T AR I 245 49 38 2 48 UK
HEE TR 4 A H, LA C57BL/6 /N BUAE N IE
U VSl AR R R 4 S H TR
2.3 HhapHl g 2018 e LIRSS, BUAE T
W FE 5 A% TR WU 7 0t 2 AR A% 2% i TG
WAL, BT 2 08RG R R, InZE | KR
30 min( K E BS540 2~3 em) , R FHE A A7
R AW 5 SO/ KO R 30 min, 25998 25
BT 3 2R AR K T 2 ) P4k 4 A &5 0k i
JEVR I IE A I 2 IS A IR E TR K

ML _E, AR E A 75 CAR R A iRl b T 28 &
Wi R E AN 0. 144 0. 216 g/ml, PTG
T BLFHBERAL s 10 mg BT FEA A 7T A B 55 AiF
HR R SR R R, I 35 ml ZE K, A ER
0. 288 mg/ml , I I HEA P Ry TRB R B B0 ik
4°C VKFR B AF
2.4 %%k SRRETEA RTINS, R
T UARI S AR 25 1R K S AR 0% 4 IR i 28 7 LA
144 o/ (kg - d) VE B, K& 25 & 7l & 4 7 L
216 g/ (kg - d) ¥ B, BT & & fb 7T 4 7 D
2.8 mg/(kg-d) # B, /M R #EH kB K
0.01 ml/(g - d), U L/NEGESEH 4254 1A
2.5 ARk LA KA/NRTH 4 A
T . BT 2/ ERAR £ 12 b, is T 1%
LU Z AR O /N BREA T 1 s T 3, B /D BRUZE R
BRUEATHCML, 1.5 ml 2500 8 W04 IV, =55 VR i
2hJE, BT AR E LR E G, W E R
4°C 553 3500 rpm, K53 B4 NLTE 5 H 2 -80°C
UKFETRRAE . UM 58 S /N R SR 3L, B T
BHEES L, 35 /N BN | 32 04 1 0. 9%
SACEATE S AT O WEVE S (0 IR A} 5T 2 IR B
TR AT B /N R s 2L, i 8z
FHTRA 1 0. 9% AL BH R S8 v v, JE AR+,
HEE 3 H/NER P G2 2L K B I 4 4z 2 R
FEFE S, B/ DNRALUE TORAE N, 20 2R
J& 5% 3 -80°C VKR R AE o
2.6 MR
2.6.1 A LH/INERAR o it B i g 10 21 21 B o L A
W5 45 20 /N BRUEE T TR J5 ) 44 BT it A2 4k, S5 5
K, e /NIRRT A 22 5
2.6.2 #HA/NRUMBE A T -80°C vkA H BUHE
ORAEINLYG , BT oK L ff vk, AR 40 DR R 4 i A 1 A
7%, K g R &/ UL TG, TC  LDL-C  HDL-C
18 FHZEABKIEAT 118 1 2f B 1 SRR
U 1t 375 10 R 3 R R) 6 P B R A TR A
2.6.3 A4 /N INS.LEP ADP [big F
-80°C VKFE Hh U VRAF IV , B T oK Ak, 1%
ELISA 5 & i 3t I B AT 44
2.6.4 LUK I HE Jeta /NRUIR G K i gl 42
FH 4% 22 B8 W1 [ 52 48h Je i 7K, K 26 F I F .
75% (50 min) —80% £ WE (50 min) —95% 1 4
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(35 min) —95% 11 £ B (35 min) —Jo/K L BE 1
(30 min) — LK B II (30 min) — " HE I
(35 min) — _H 2K 11(35 min) >4 45 1(40 min) —
A7 T1(40 min) —A47 3 11140 min) , ZH 2K f 38
JE VA, Wik 2K E T HE Je(n,, BGE WAL 52
Ak,
2.6.5 Huzdlfeyets Y] R R S E K G
SR FHFTIGE IR % b Y i TR v TR 0 A8 5 3 X6 A i 1)
A EATIEE  TE S I T AR 4 U W P — P
W B2 2 A5 DU e A MR B2 P A% 4% I SABC f iz 4
AR & PR D BRIEAT S50, >R Olympus BX-51
o WA PR A1 21 40 £5 5 400 f555 NIRRT
400 35 T B PR AL 10 A E A X3, iz FH Im-
age—pro Plus7. 0 BRI/ Hr At R Gexd U) v #4753
Mr B R o i R 4 5 ) EXCEL 04 18 1
JCEERE (AOD) B {H, B Bk, 403 FH Pk % 3k
e
2.6.6 454/ KE W 48U 9 O & (RT -
qPCR) R IAR XS & Lh 3 4§ LEP Mg JRFE A
F-a(TNF-a)  HAIENE-6(1L-6), i PCR
S 5] 2 A Primer Bank ‘B M 8% % F Primer
6. 0 FAFEAT BT, 8 4 T3 A /1Al 3 fR
WA EULH B PEFT B RNA A4, 51407903 I
£1,
x®1 5¥ER
R

el ERSIHE PRI/

LEP GGCAGTCTATCAACAGGTC GAGTAGAGTGAGGCTTCCA 186
TNF-a GTGGAACTGGCAGAAGAG GGAATGAGAAGAGGCTGAG 88
1L-6 TCCATCCAGTTGCCTTCT TAAGCCTCCGACTTGTGA 137

Alpha=Tubulin -~ CCTAAACAGGTTGATAGGCCAAA  CTCGCCTTCCACAGAATCCA 652
2.7 %t F g%k i Graphpad Prism 9.0 {E K]
BAFHATET 30T, T GORN DAY B AR 22 (wts)
R, R B R J5 22 03 M IR S 806 0 i AT
Bro P<0.05 FRzEmAGIHFEL,

3 KIER

3.1 BAADRAER BRI AR E I
SRR YA, W 2 ARG ZRARGR) i 4 IR 2R
F e 20 BTFE At VT 20 /)N BT SRR A T i LA, 22
SETGE T L (P>0.05) ;5 1f T FlUs 45 41/ B
IR RIS I F [ (P<0.01) , SHIRL] AL, 1T
W ARG ARG S A AR 2% R 2 BT HE At

T4 B AR s 20 20 P W] A2 R % (P <0.01)
(W#2)
®2 HFANMREREREDERAR
(x

BB (x+s,g)

. {37ty .
45 H¥ T e 0 I 7 41 2
Fwdl 8 23.9+0.56  30.21£1.91"  1.01x0.15"
TRIA 8 23.59:0.92  34.59:1.79 1.8620.19
TRERMARA 8 23.59+0.91  27.55:¢1.64°  0.43:0.09°
FEEEEARA 8 23.25:0.98  26.42:¢1.35°  0.86+0.07°
PHERABITA 8 23.68£0.79  28.95:1.83*  0.63:0. 13"

& BRLA AR P<0. 01,
3.2 Ba b Hhfgres SRR, IEWAH .
PR 25 0 i 2 AR 25 IR B A BT HE oAt VT 4
/NERFHS TG TC . LDL-C Bl i R &, HDL-C B i
Thm (P<0.05), (W3 3)
*3 HAENMRMAELEE (x+s, mmol/L)
il RH TG TC LDL-C HDL-C

4 8 0.73:0.33  155:0.13*  3.67:0.90° 3.18£0.21°
PR §  3.65£0.19 43774289 4133777 7.07:0.32
RERIERES 8 276:0.46°  39.91£3.74°  23.85:2.62° 9.55:0.88°
REERERREA 8 1.76:0.53*  36.81:2.49°  17.98+2.78* 8.69+0.89°
FER&MITA 8 173:0.60°  38.78:2.62°  15.92:2.13" 8.63:0.66°

. 5 AR 4 AR " P<0. 05
3.3 &A% INS.LEP ADP Jbix SHIAIA L
B IER A ARGE SR AL RS 4% 0 il | B
FoA T 41 T BUS I3 INS . LEP BH & R [, 1fi i
ADP B 15 (P<0.05) . (W5 4)

R4 HAMF INS.LEP ADP LEBR (x+s)

Hibl| R INS/mIU- L™ LEP/pg-ml™  ADP/pg- L™
EFA 8 1.7240.22"  33.27#3.69"  80.01#5.40"
g 8 4.45:0.85  76.88+16.47  63.60+0.73
KRN 8 2.54£0.24°  45.7413.40°  65.75+1.85°
PRS- Tl 1.5240.33  30.23£9.0°  80.53#9.07"
PriEtkfbiTd 8 1.98+0.29"  26.87+8.95*  75.00+2. 42°

E. AR AR 2 P<0. 05,

3.4 BRI AL HE & &ki /R
JEFRRR W2 HE G 25 2 o, 165 4/ R a9 s
05 A AR R /D HE B A K s 5 A TR0 201 /)N BRL ) g
AU B A AR B R TR AL, HHESIAA T S5
BEAULE L, AR 5 A1 e 790 B A B BT HE oAt VT 4
(A T 400 T R FRL X5 A 080N, A B HE 31 38 A T
(LA 1)
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T W 1';' T 4 s i & {?xj'* {l'\«( &
e LT A L | ﬁ o \ S ’;»:\ &

PR bg_ e e
BT TR
-4 FREE AR A F1-5  BCHAbiTeR

B1 fANRERBIERALN HE £&EEEE(200x)
3.5 A4 AT ffsfwzl 4 LEPR % 9% 214k & ik [ (P<0.05) ; SRR AL e, Pk i 25 M L o 5 i
ok Mg e ok E (WL 2)  FHMERE T RBTHERATT 41/ Bl LEPR ik AOD {E}h%
SR T MR BARE A, 5IEE A R R (P<0.05) (WLE 3),
BRI /NEUR Fefii i 202 LEPR 3R3ik 1 AOD fE T

rﬂz 5 Wﬂﬁdm éﬁ

B2 RANMNRTERKAL LEPR & HKRIAELE (400x)
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1 — S
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§ : h
éﬁa é}{‘ &
o

E G AR A *P<0. 05,
B3 HFHNRRALR LEPR AOD HH3T
EELE (n=3)
3.6 & KW 448 RT-qPCR #4852 &
e SRS A L, SRV N U T A 2 Y
LEP TNF-o . IL-6 i mRNA ik T}E (P<0.05) ;
ERREALL LB, AR 251 e 0] 2 S BT HE At 7T
ZH/NEL LEP \TNF-a \IL-6 f) mRNA ik F&(P<
0.05), (W#%S5)
x5 FBHNMRIERALR RT-qPCR #&iU4E X

EEB (xts)
415 R LEP TNF-a IL-6
Ewd 8 0.018£0.013"  0.027£0.027*  0.005£0.003"
R 8 1.052+0.129  1.000+0.180  1.100+0.182
PRERIGHEAL 8 0.47420.109°  0.288+0. 111" 0. 1460, 035"
TREZRRREAL 8 0.05420.019"  0.174£0.034"  0.04920. 006"
PICEAbiT4al 8 0.11240.054*  0.1890.050° 0. 120£0. 036"

E. AR AR P<0. 05,
4 it i

PRIEZSNE R R TR GG AL, 3 SRR B Sy < A=
IR o BRI FEUE ARG 258 T RS 28 e
TR Z WM 2SN TE R W) i B rh 25 R )
FeAL SR TR R RLLR KR TR R
SR 5 g% R TR 1 O I B 25 2R T T
PR AT LA, B A AL RE T BR , DA R IR A%
BA AT 803, Bk R 2 B 2 U 2 A B v
FIRA: W, A5 30 Ok B2 i BHIE N DL AL O
FEN W ZAFSTIE SR G A TE SCE R AR AR L IR
MeMiE R ma A2 ", Du H %P iF5E

UESEARAE 2% L 3E i P8 S gL S B E S5 S
G LA kg v A AR R BRUE ) 28 ML B 0 M A
Hi. LR H B0 0 I8 B 5 w8 B8 I E , R % 4% )2
AP LR LUK SR S B 0 A i BOR A5 1 %0
ST, ABEGT LARRE AR EE LR A BN DDA R,
XFARAE A5 B REAE A TR ATRTT

LEP F1 ADP i B2 A8 =X & 90 2 [ i 7. 1 B
7 L 2R SRy — Tl 52 2 L v 3 BRI PN 3 I Y, TS
JEAHSC AR LEP IUAE AR ADP I AE AR 2 U000 i
EHE R EE AR B, 600 B WA A R
JZ5 LEP/ADP ¥ FLE S AR feE FA
™ LEP F1 8 o 200 1t 43 8 11 98 2 3m a 7 F T Fe i
(¥ LEPR , 410 il £ §RIE 20 I 5 431 T Pk ol A7
FE T LR AE 09 58 34 B T LEPR 3 2% 7% 1k &2 24
il 0T, DA S N R RN B IALRE (4 & A, B LEPR
T R T R R i AR R R AR
ADP 7R ARG 4B 43 00, J& T R I A0, e
AR 3E B P R 14 SR A 0 ik, 76 %ot B R E S 3 ik ke e
TR R P R EAE A Uknl W LEP ADP
(7K AR A AE A 5 ZH SR T A F 0 L

WF5E F WALk 8 2 1 BRLIAL T P LEP JKSF- T
1 LEPR 35 FRERYARDCEC IS, ] 1 LA
X LEP FOBUEE BV LR AR S g6 4550 41 /)N B
HMIE A8 LEP KB THE, (H 2T g4t
LEPR KRG, IESCAR SRS LR BN il T /N U
R, MDA LEP Rk F @ 2 VLA T 4i e R
AT AR ) BB A T R IER R TR B
ZH41 LEPR k%34, LEP ANREFE /016 1k LEPR %S
T U B A 1 R IR A ER AL AR AR A%
TG0 BN ik LEPR 2835, 3% LR M4,
RAET BEUF W A I B s 2 2B R

RN RS T A LR Ah, MR AR 4 /N )
INS . LEP 7K-F-45 5, ADP /K 454, 1A i it I 1fn g
P e P W B R s DURR R, U B K 30 3 s
T APOE™ /MRS EU 5 ZHILE I LR MR %
Az HEDUAR N Y TR B R B TR T
Y OB P9 AF T RS T AR 1 RS R Y, AR
Hl 25T 1045 24 ] 45 5 13 v ADP K P, BEAIK INS
LEP 7K, 2341 AT e AR it 2% T 388 43 300 5 gt iy 4 e 5
WA I ZE GG ADP I #E X% INS | LEP A9 45 B, 45
IRRNE B B BESR ALY INS | LEP SBUPE 7 71 .
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WSCIR e 25 P AT 2880428 1l /1 B A ok R4 7 i 2 ) Jo
TEREFRBYDTAR, B A4 il i 3 Hh LDL-C  TC TG
K-, $5 HDL-C 7K -,

M RE 51 APOE ™ BEHUZH /N BUIR 7 2H 2L 1Y
HAE R T 5 RIE KT, APOE™ /)N FUMR P 2 18 1k %
i SRR AL A D 20 20 HE Y88 T 0T i
JI 107 A AR ARG O TR D5 2 ARG e PR, T AR fi
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