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{H LAk Y I Uk X 30 Jik ok A Al Ak A 80 /) B 3 B ik
1ML 45 S8 FEL NG s 2H 2246 728 1 PI3K/AKT 38 % A9 5 Wi

FRAE, EHF, AE R KRR, R—R°, wM, M Fa°, x b Fe
L. VLPETREEZy R, VL9 B 17t X M Rl 16885, 330004; 2. VILPUAEATER:; 3. VPG EE 25 K FME BE R

(E] BH A T8 BLIUEE 3-8 /% 9% 8 B (PI3K/AKT) 13 i@ %A & B B Rg 2042 (PVAT)
8 IR AL R B BUAL G JT S BRBARAR AL (AS) @9 TTaAEJAALH . ik 15 X SPF ZLAH4 C5TBL/6) /)
RAE AT, 76 R ApoE™ /N R 2T B A5 M4 4k 16 B i 5 AS ) SR, AR T B RS AAEA 20 16
R, BEABRAEMAR AT, . HHNELEIS R, BEAA L mg (kg-d) B3 K LI F 2R ah Al
CL 316243 M iE 4, # 8 1k #MACKRARBIK, F. A ZTAL 4.3, 8.6, 17.2g/ (kg-d) AL
R BARE Y, RA, BAAAARLEKIOm (kgd) EF, HEHED 1R, SAHELTFRL4ERE,
R EFHPRIAT RAR DL O 2 & k0N 53k b b, HE 3 & 4N A4d @ 523k @A, Masson 4 & %450 Bk 52 38
VIR Y bk, EA BB N e e N R AR A R B R E AN ST Nkl =8 (TG)., &z
BB (TC)., #FEREGREER (HDL-C)., KEEREGIERE (LDL-C) /K-F, PVAT & £ Zh kP I &
WA F-a (TNF-a). G@%-6 (IL-6) KF, PVAT P RsE % . &5 & 9 KT API3K, BrER LR g
BEAUEE 3-# B (p-PI3K). AKT. #RER{LEZ & BB (p-AKT). M483%& &G 1 (UCP1)., T ALY EEIRIGIEY
BEZRyIHBEER T -l (PGC-1a) . PRZMIREFIEE 16 (PRDM16) & &G K-F, PVAT ¥ UCPI. PGC-la,
PRDM16 mRNA k%, #58R  LHaF@arkii, BR800 X aiF TG, TC, LDL-CAK-FF &, HDL-CK-F EAK,
PVAT S £ ¥ TNF-a, 1L-6F %, BEBRE-TFH R HBERAK, BE-TFHRAREI S, p-PI3K/PI3K, p-AKT/
AKT/&#= UCP1. PGC-lae, PRDM16 % & 7K-F & mRNA & A Ak (P<0.01), WELREF, SRADIE
IR R BEHT R ; BAM DR ENRY TS L sk, s N TR B0 K@, PREBRLEL LR
mpRE, TLYVZHERARGT %, SEAM LK, BEARMEMRPELE SN ZTATRERE LRI RA
EFHRBEEA (P<0.05R P<0.01), ML RFNE SN ZHALEEKLDL-C, Kikidi 0 F &k bk,
FE MR EFH R ARE . p-AKT/AKTIL, PGC-la& @ K-F. UCPI % PRDM16 mRNA # A 7 & 2 7] Z 1R #i
B (P<0.05), MMk ARSFN ETLEBEMAERELHRBE T BT AAME ., it 12kl
#5974 18 18 3 7F PIBK/AKT 18 A2 3E ASHEA N R PVATAB L, K EPVAT Ao abshit, 94 oM EE, M
R ER AS BT AR,

[XEBIR] SRR, g B BEASITALR; IRBE,; BEASBLILES 348, & QB B; (ML kiR Bk

SR (atherosclerosis, AS) JE5jHE A, AU I LA 0 & e L R O
AR FI I AE I A7 S 229 BRI 2 3L [R) 2 5 1 1 A PR R R TR, 2023 4R A AR W % B
TR E =18 %7 i R i L 500 HEL 2 9 2% A 620. 33/

E& TR : FRARRHERES (82260918) ; [ 5 & 25 LR 42 6 N N
; 730 _ + 48 2 s
BB R R T IR AR E (5 (2022175 ) 1077, I H#i 2020—2030 4F 5242 17 0 14
[ % o B 2 4 PR i K o B2 2 e R B H (zyyzdxk— JEI IR 414 (perivascular adipoise tissue, PVAT)
.Y M R 2% NEE3 M ST N 2o
T o oo oo OV BRI g i A S R, SRS,

LRI H (P PR 25 BEER (20241905 ) A
D EIEE :lzyongmail@163. com PVAT X‘F AS E@ﬂﬁﬁi%ﬂﬁ% ':F‘ Ziﬁig/ﬁz}:ﬁ 5 PVAT
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FTAE S 2 ik ok e AR T o AL 555 XU, L0 £ A= 4
PRaEW =z — o A7 2R N D 20 B 1) B e IR
20 i 53 Ak — F I 05 40 i oAb L B, AR K
B, PVAT #5745 2ok 3% AS W E ZEHLH *° 0 7 4b,
PVAT#A R NS MA AR E . AT 40 WA 45 i IR 7 XL+ F
e NS R SN & 7l P i P e ol 1 DB 7 7 S e S
(TNF-a) . FHAIEANE-6 (IL-6), &5 ASH K4
KRE . PVATH72E n] LLEkSE PVAT (W N 43 I DI fE
DR R T A, TG AS

AS AT H @ T BesE BRI Jumg . A< UG
S, MRAREORS . WU L SR BH KGE & AS (1) 32 2
bl M PR IR, L IR RS
6 7 LAk ek VR B Ok 2 R AT L R,
Ak ke 8 B O ] R A 8 B 1 R R ELIA YT
AS, JE I ERRARMAR . e BEH, W45 2 B2
R EE A ™ Won, R AL IR IR IR WURLIG YT AS A5
KEGG i 4 & 4 5290 K W AR Mk LIS 3- i/ 2 11
i B (PI3K/AKT) 15 id % M Hofthsam % . PRk, A
fifF 53 M PI3K/AKT i 45 Az PVAT #6748 £ B 58 35) i e
AR IR WURLIATY AS YT BES> FHLH, A R
MR BTG . AT S 25 K2R S 5h )
RHRZ Lo fit i (b . JJZLLSC20250523) .

1 MRS
1.1 2

SPF Zi itk C57BL/6) /N 15 H, [l B ApoE™

ANELT8 L, 6 AW, MRBiaE (21.81£0.90) g, W
AL AL AR R AR A, L5 shY
ATEVFRTIEYSS . SCXK (F5) 2023-0009. Jirfi /MR
T FEAEE (2421) °C. MHXHEE (50+10) % .
12 h SRR RIS T, H RIS BRIk
1.2 %9

AR f AR R LK . 36515 ¢, it 10 g,
FIAR10g, K% 15, BREZ10g, 12159, &N
220g, W{"5g, FEE10g, 110y, KTF6g,
FFE10g, ZZINL5 10 go BRI V0P b s 24 k2%
B B Be A= 7 (R R & F 5 . Z1.201510430075. 8,
it 5 :240802) , ZEW TR I . BB W 4 R
0.43. 0.86. 1.72 g/ml IR -
1.3 EZ&EXAE5E

B3 ' LR R Z R sl CL 316243 (1545 .
HY-116771A), FEH MedChemexpress AW B N
Al B ZE (575 P3761), fE[E Merck 24
Al 4% ZBWEE (185 G1101) . MAIMLT O G

W (535 G1015), HEJW|R (48%5: G1005). i
KRESW (85 : G1039) ., HARKIRER (1%
5. G1040) . Masson =B (785 G1006) .
BCA £ HE sl & (585 G2026) .
ECLAb2: 2L & (585 G2020) . &L RNA 2
POt H & (185 G3689) ., MR EW (5.
G1102), ZELE/RAEYFHEABRA R Hil =
fis (TG) Ml & (2% . S03027) . & JH [ P
(TC) iIXF A& (585 S03042) . HmHFENEEHMH
g (HDL-C) 76 (4855 S03025). k%
JRE A MAEE (LDL-C) & (1845 : S03029),
URYIE LA B2 e A PR F) 5 TNF-a ELISA 3
Flé& (975 88-7324-88) . IL-6 ELISAIRF & (1%
5. 88-7064-88), FEEK CHI/RBHE/AF]; RIPAH
fig e (525 . CW2333S) . & (I 7E A
535 CW22008) . BEIREGINHIFE G (185
CW2383S), VLInRE M2 A YR et A FRA w5
JERPUA (185 17436-1-AP) . JEEXEPilk (4%
5 :66239-1-Ig) B RTOE P (555 : RGAMO002)
FEPRIOE I (85 RGAR004) . B-actin Piik
$25:81115-1-RR) . PI3KHUA ($95:60225-1-Ig) .
AKTHiE (585 10176-2-AP) . #t S8 ALYy il 1A 185
BEL W) P0G 52 K y O T -1a (PGC-1a) $TK
5 . 66369-1-Ig) . PR 45 #4486 & 11 16
(PRDM16) Hifk (485 . DF13303). FdHife it
7259 :GRAROO1) | 4L Rl —HT (185 : GRAMOO1 ) ,
R =AY H ARG AT B AL BERRBELEE 3-
WG (p-PI3K) Pifk (9845 : 17366S) . BERfbik
FIFEE B (p-AKT) difk (5855 9271S) . fl{HEk
FE L (UCPL) Fifk (9845 : 14670S), £ H Cell
Signaling Technology /3 7 .

LA IEASHAL (B . Chemray 420), K
B A=A B2 ey A R A 5 3 5 i 7 I
(#47: HT7800), HILFF#AUES (dbnt) ARA
AlAHE] SOBEIE B (845 NIB900), L
R BIMRGA RN AR ER RO (A
5 : Neofuge 13R), ¥ J1 B2 AU AR A FRA A
ZIREmFRY (B5. RT-6100), Thermo Scientific
vl EEHAIKAL (%5 . BVE-4) . FETHLIKAY
(B4 . BVT-4), RWER/REYRHARAF;
U2 RS A5 (15 . Tanon 5200) ,
T8 [%] Analytik Jena 23 F) ; S22 E 2 PCRAX (Y
5+ CFX96 Optics Module), [ Bio-Rad A Fl .
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1.4 ShhymRER

&M AERFE RS, 15 H C57BL/6) /NEL T
AR R FRAE R IR ZE, 78 H ApoE” /N T IR
Tkl (45 : D12108C, Research Diets 23 H)) 1735
ST AS/NVERBEEY N 16 J AR 2 R RN,
B 32 3l B AT 9 2T O Y ke D 7 = 3l ik B e e
B, PRI T, Z A SR FH BE LT R
Pl 4576 H/NERAT WAL 16 K, #7784 K fid g Ak
MR, . ERlEAS 15 H
1.5 %%k

BRI E O H X B /)N B 4k S 353 1]
BHRFR, HASH/DNRE: T IR AR, 18
AL mg (kged) B B3E LR R Z KB hH|
CL 316243 JE i b, A H 1k ™5 F A S5/
BRI o R B B B R AR RGR Y, B
e AR = R = R Y A 87 = I RN =1
KIS T 4.3, 8.6, 17.2 ¢ (kged) feg
A AR ORI, AR H 1 RERZL . BEEIZ /)N
BUAEFEER K 10 ml/ (kged) #EE, HH 1K, %
TS T4
1.6 MEIRAFE T ik
1.6.1 4 8 3h A5 A AU 0 R o 7 o g K
B ORHBELEC RN E A AR 10 2, B
FIASEr 120, FEIE S 19% % EL HZ41 0. 3 ml/100 g
JRIR/INER, TR BRI, 432513, =80 "Crk
FETPRAE . Fae R S ua BH 5 - 4 B ahefksy
MM MEH TG, TC. HDL-C. LDL-C /K.
1.6.2 ZFBRKRARML O 3 &k 4m £ 3h ik AS 52
B /N RIS B AR BE , AR HER A0 I
W, RN O CE SR PVAT, SR J5 7 O I H
AR Ak, SR ABEALE F R E I3 HU/NR 3
BRI T R O e e, . HEJ4f? . Masson%iff,

T Bk, 4% ZRPEEFEE 48 he H
THLL O L A LY 4 h, 60% 5N BT
2s, 60% FNESZES min, ZHKEBE 2 min. B0
BERIE A BT, R, ] Image J 1. 53 /4
ST R, DABESR (5 i A T ALY 4 AR 2R AS
AR X 7 AR
1.6.3 HE % & x40 £ 3h bk bn @ AS 32 3 AR
BB Es NR IR 4% 2 5 W EEE E
24 h 5, AL EAEMET, BRUKPE—®K. K
HESEENK . &, AWEEIREsY R, YR E
4 um, TR . BT OK SEAR B . SRR

KRBT Y 10 min, HRARZ MBI E, K
e, REBOR W, BRK e, KT S A i e B
Ao RIS BB T, 1 Image-Pro Plus 6. 05K
oy b MG, B BE H BEER I L, AR AR R K
B, RS

1.6.4 Masson 3 & ik 4F £ ) Bk BE3 b IR R 4F 4
Gt AU R R HE Jearh ) R #2, Y @bl
5t s A2 K 5 U] SR B Masson = €6 e 40 Y 108 7 e
o, R ICE o SRE TR R N SR IR
EEME, {4 Image-Pro Plus 6. 0 #4135 (A1 )i
2 2 T R S BE R TR, A TR Sk i i AT 4
hi ke

1.6.5 ELISA ##m PVAT & 3Bk ¥ TNF-o, 1L-6
KF o BEALARE3 KN 10 mg PVAT & 32 3l ik
WL, HFAL10% MBS, k2045, M
ELISA A7) S/ N PV AT X FE sk TNF-a |
IL-6 7K, AR Ui B A 20 R T4 .

1.6.6 #EEXEHLMPVAT PRSI L. B L%
G K-F BENLEE3 RN PVAT, R 4% Z %R H
B 24 hJm, BRENIK ., B0, A WEEIFES:
Yh (4 pm) . ¥/ E DK PVAT £ 85 U1 7 i
KA, PUFIBE, PBSYES, WINS5% BSA, %
HEL B P4 30 min, JEANARICFE LR (1:200) ., HE
rik (1:50), 4°CMREIR, PBSTUER, #Hin—
bt (1:50), HOCERPFE 1.5h, PBSTHRR, H
T DAPLIYHLZOCH K B Rl T8, T9OLE
e PO, IRIK R B4 0, BREa6, M
Image J 1. 53 850 BMG H BR R 3 . J8 RF12¢
TR

1.6.7 Western Blot %4 PVAT * PI3K. p-PI3K.
AKT. p-AKT % UCP1. PGC-la. PRDMI16 & & 7K
T JeBENLFREC3 H/NEL 15 mg PVAT, $2H(PVAT
MR, BCA MR vk, SOWwEIH—1k,
A IR R CRIUK R B, TBSTUE3 IR,
5 minAX . B-actin, PI3K, AKT, p-PI3K, p-AKT,
UCP1, PGC-la, PRDM16 —Ht (Fi B L 51 43 1) A
1:5000, 1:5000, 1:2000, 1:1000. 1: 1000,
1:1000, 1:5000, 1:500), 4 CHFIKR, K
H TBST¥E 3K, 10 min/¥k o FAXT R 1) 240 i
PURZHT (R 1 - 3000) ZIEMEE 2 h, TBST
YE3W, 10 min/¥k, ECL B, LU B-actin NS,
H %) 25715 5 B-actin 2571 2 &8 £ 41 H 1) 8 FH A
X 2R IKF o
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1.6.8 RT-qPCR %4 % PVAT # UCPI. PGC-la,
PRDM16 mRNA &5 SEFRHU1S mg E 3k PVAT,
fi FH S RNA $2 B 7] & $2 Bk 7R E 3 ik PVAT &2
RNA, AR T T B I e S e B . il
FHi G R & S RNA (2 pg) A8 cDNA, i
FH I R 7R 5 e B SYBR Green qPCR Ti iR
WA 1 iy 51 W) AT SE I E B PCR R, LA
GAPDH W2, X F 2“5 PVAT W UCPI
PGC-loc, PRDM16 mRNA ik/KF-,

£1 UCPI, PGC-la, PRDMI6, GAPDH mRNA 3|4 541

Table 1 The mRNA primer sequences of UCP1, PGC-la,
PRDM16 and GAPDH

FEH P51l (5->3") FE%K
J¥/bp
UCPI 7. AAACAGAAGGATTGCCGAAACT 206
TiF: CTCTGTAGGCTGCCCAATGAA
PGC-1a [3#7: GCTTGACTGGCGTCATTCGG 247
Fi#: TGTTCGCAGGCTCATTGTTG
PRDM16  Fif: TGAAGACATTCCAATCCCACC 187
TFif#: CACCTCTGTATCCGTCAGCATC
GAPDH i CCTCGTCCCGTAGACAAAATG 133

Ff: TGAGGTCAATGAAGGGGTCGT

H: UCPI, fRBIRE A1 PGC-la, i EALYIEE R TEY)
TSR RO T 1as PRDM 16, PREGHISEEEEIT16; GAPDH,
-3 R L
1.6.9 #5482 AL Iy 20 i P 45 R 3
FTAMEEA B mmx] mmx] mm A FESIKPVAT
A BB EER T, EWREE 2 h 54 CHRAT
ZJE M 1% IR CE R E 2 h, Bk, BiEQ
H, BAE, 206, YA (60~80 nm), Yeft, iEHf
HL 7 0 foBE S, HT7800 51421 4 15 43 #r .
pURSIENITE Y VA R R R Z N3 6 O[3 NN & 1§
1.7 %itzFiE

K GraphPad Prism 10. 1. 2 2 {4 X} £ P 2 1 7

Beitordr o THEEAEANE R IR, I bR
2= (xes) T, PRI ST REA LT 5 22 55 H
MSIAEA K5, J7 225 W H Welch ¢ #5555 PIAE
BCRTAEAS LA I FHEC X FEAS ¢ K s — 2 e DA B
AR LR FH PR R 7 20081, LA P<0.05 MZESRA
GiiteEE L.
2 #R
2.1 &R AiFETG, TC. LDL-C. HDL-C 7K -F
168

TR, HXPRA R, BRI/ BT TG .
TC. LDL-C/KF-FHE, HDL-C/KFRE (P<0.01).,
SRR A, AR A R S L R
TG, TC. LDL-C /K-F-FEAK . HDL-C K FFt i
et Ak it 9% g AIK ) & 41 TC. LDL-C 7K °F FEAIG,
HDL-C 7} & (P<<0.05 8¢ P<<0.01). S5#72r40 It
B, @A EARAR . T AR TG KT,
i N A ek 3 B A 700 2H TC /K S T, A Ak v
K. R4 LDL-C KT R (P<0.05). 5
fa A VR R (R R) 2 b, fa ik R ) o
ZH LDL-C 7K ~F- A, fadt Bt Ak e 97 B 55 910 o5 20 TC
LDL-C /K FRAIE (P<<0.05). S{atfsfb &g oh 7
s LR, Mk A S R B 2H LDL-C /KPR
(P<0.05).
2.2 ZADREFSHRRABLOFEE . HE R E |
Masson ¢ &, 45 F b2

1 (herodefa) 7x, XHR4L/NR F sk
Wi BEHUE Bl BAYZE /N R S B KIS AT L 22 % PR B
Yo WA S AERAE TR R AG . b LR
T Bk BE R i AR R AL )N, HE A DA ok 3R
JEH . EF R S A A NSO I K2
(HEYef) 7, X 3 sh ki A48 e, R0
B BEE, PR LA A S, SRR, 4

F2  FUV/MRIMEE TG, TC, LDL-C. HDL-C/K-Lb4%
Table 2 Comparison of serum TG, TC, LDL-C, and HDL-C levels among different groups of mice ~ (mmol/L, x+s)

251 FRAEL TG TC HDL-C LDL-C
popiekEl 10 0.95+0. 12 2.34+0.23 2.04£0. 24 0.3420. 12
A2 10 2. 08+0. 20" 19. 15+1. 43" 1.39+0. 11" 17.37+1. 62"
AR AL 10 1.26+0. 24" 16. 43+1. 36" 1.74+0. 10" 11. 26+1. 60”
YR AR RG] 5 2 . 81+0. 411, . 65+0. . 81+1.59°
e N Ak it 8 1 A1) A 10 1.81+0. 12" 17.41+1. 047V 1. 65+0. 15" 15. 81+1.59” ¥
AL YR g 7 2 . 130, . /10+0. . 13%0. . 38+1.
feeNg Ak e 8 I ) A 10 1.73+0. 179 % 16.70+0. 81" 1.73+0. 21" 13.38+1. 04" ¥
TR NG Akl 8 g v 751 i 4 10 1. 64+0. 15" ¢ 16. 37+0. 59" ¢ 1.83+0. 08" 11. 1120, 78 9D

F: TG, Hh—=F; TC, BJHMEEE; HDL-C, S%EEEAMEE; LDL-C, K% N88E I EE,
a) SXTIALE, P<0.01; b) SEEIE, P<0.01; ¢) SHEMAIHE, P<0.05; d) SHEAE4ILE, P<0.05; ) @ik
PRI AL L, P<0.05; ) SEEMbR g Rl thE, P<0.05.
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Figure 1  Gross oil red o staining images of the aorta in mice from each group

4 / y
i Y.
o / 1% D/ \
=5 g s N

i £

A JER AR I I 2

g PR ALy i o 7R B2

=l

R AL ek i v

T R ORI I B O BE, LD R VBN, O kIR IRk, RE
iR AR/ R ALt i, SR OB R B /R P RS
B2 A4UNRES KBTI HE Qe @R EEE (x200)

Figure 2 HE staining histopathological images of the cross-section of the aorta

in mice from each group (x200)

FECR ; BB ZH = Sl bk A B ] ST B R T ARIRE
e, BEHP AT W RAN A . E [ S o A AR
MM, rhIRTR T LR A HE P g AN AL, B R
s AR AT /N AR g, B R] IR
AN IR R A, PR O R (ki
Tl JE AP e 2 ] LR T AR, B A AT D AR S 240
MO . IR S R IR s A, SR AT
ARV AL, BRI AR v ) 2 AT
DL/NET ARG, BEHR N ) DL AR A ML= | RN
JfL, RSP L AEHES ZEEL, IR s Ak
R R v ) o 2 AT UL /ST RR B, BREE N AT DL DR
RIS AAE AN, b SR 2T AR HES ) 35 Ry 5
PR RO R . K13 (Masson Y2 {f) 7, XfHEZH
RIWBEHIE B BEAYZH /N T2 3h K SE  AT U /b i
WO ET4E s H 78 2 /N PR 32 Bl BRI P € JE
RYE S ED s AR A B AR /) B Bl kB
Heph ] Ol i (e i AR 2 5 (R 9Lk R A )

2 S R BEH N 1 G R AT St &2 5 (g g Akl i
1o A0 2 Bl DR IR R A 0 D T A A A A ok
JEHR AN £

L3R, MIAARWHEHIE B, HHEARIA L
B, AR SRR AR L R AL
O Je @ BEH i e . HE G (o ) T e B T AR I A
Masson 44 {0 BE S oy Ji5e 52 2 7 Lok, gk
I JIE AR R 5 2H A HE 2% (8% 1) T 5 e i AR R IR
(P<<0.05 8, P<<0.01), SEARdIbE, ikt
PE NG AR B 2 AT 2T O Y B BEHe | L T vy, Ak i
A 1ok 8 i v 7] £ 2H HE G €2 186 D) T80 B e 1o AR I
Masson 42 8 BEH I I 27 4 7 e s (P<0.05)
A AR e ] ISP 1 2H b, AL e i v
e R a2 R AR AL O Qe e B S [ . HE B )
T BE S 1A AR AL, (B RGT 20 9 I 5 7] 2 41 Masson
et B b R R AR TR (P<<0.05) . S
A ek T i v ) B 2E LA, AL e i v ) 2
RARILL O G ta B 5 LLREAR (P<<0.05).
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B NGNS AN N Y (e
B3 SA/NRFENKk Masson e & (x200)

Figure 3 Masson staining of the aorta in mice from each group (x200)

F3 BN ESNIRIMAINLLO YA BER 1. HE Qe ORI BESR AR . Masson 4 (U REH P B I T 4 5 LE LU AR

Table 3 Comparison of plaque ratio by gross oil red o staining, cross-sectional plaque area by HE staining,

and collagen fiber proportion in aortic plaques by Masson staining from mice in each group (x+s)
215 AL KARIMEL O Ye A BEdh & L HE Y05 1 SESR i A m® Masson Y& (O BEHR b I 2 4 5 b
it B4 3 0 0 0
g SIVEd| 3 0.29+0. 01 853 806. 00+147 165. 72 0. 06+0. 01
(Rl 3 0. 17+0. 03 124 492. 33+18 325. 35" 0. 17+0. 08"
A2 LAl 3 A ) 2 3 0. 28+0. 01 176 339. 3389 675. 63" 0. 10+0. 00
g LAt i e ) 20 3 0. 22+0. 03" ¥ 29 617. 139046, 22* 0. 23+0. 05"
AR i e ) e 2 3 0. 14+0. 012 ¥ 2813. 48+1508. 87* ' ¥ 0. 35+0. 09"

He o) SHEAIA A, P<0.01; b) SHERIAHE, P<0.05; ¢ SHWAEALE, P<0.05; d) SHEMPAIRFEIREHN R4 kg, P<
0.05; ) S ALHENE PRI EAHE, P<0.05,

®4 BH/NREDIKS PVAT P INF-a, 1L-6 /KT L
Table 4 Comparison of TNF-a and IL-6 levels in aorta and PVAT among different groups of mice (pg/ml, x+s)

4151 R e 116

PVAT F ik PVAT Bl
Xf IR ZH 3 153.27+10. 14 106. 50+21. 49 111. 82+3.56 80. 05+3. 92
PRI 3 1321. 49+194. 61" 595. 14£80. 47 1148. 83+282. 48" 765. 82+78. 11
LR 3 755.25+209. 48" 390. 81+60. 40" 519. 64+179. 01" 283. 61+89. 35"
g Ak 3 I 55 £ 24 3 825.35+137. 55" 440. 80+47.79° 587. 04+175. 70" 381. 11+137.26"” ¥
(MR i T 2 3 714.31£105. 87" 345. 02+44. 80" ¥ 528. 33+39. 26" 217. 03+5. 73"
AR R AL i g 0 e 2 3 602. 97+50. 91" 155. 02+20. 48" 325.09+13. 02" 169. 45+53. 27"

. PVAT, 45 RBENENZHE; TNF-a, BRIRIEH T-a; TL-6, FARMEAN -6,
a) SXFME4IE, P<0.01; b) SERA LA, P<0.01; ¢) SERALE, P<0.05; d) SEMLaiENg=E a4 b, P<0.05,

2.3 &R EFHKRAPVAT ¥ TNF-a. 11-6 K-F h ik b TNF-o, 10-6 2 &% (P<<0.05 8% P<
2 0.01) . Sfatho b vk A g = %) B 2l b g, #AR g &

Fam, S LK, HRHPVAT S 33 et Ak ke JE g P L A B 4 Bh ik TNF-« K S
JkH A TNF-o . IL-6 34745 (P<0.01)., SHAIZH T, eI Lk A AR AR i 2 s Bk b IL-6 T
Feds, s 40 AR AL R IS 2% 5 B 4H PVAT 5 32 (P<0.05).
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2.4 X4 R PVAT PRI Z . XA & AaKF
26k

RS, SRR, BIRA IR ER T-17E
DGR FEREAR, RV EOEIE - (P<0.01),
BRI L, ARl ATk R L R
A RRIR T Enm B Ty, 98 TS B R
i (P<<0.01), fefgL Ak e o0 g A1 551 2 24 98 25 7 3
PR E AL (P<0.05). S#A4l i, fdp
Ak R A AR 2 AR E R T Y SR R AR
e JAL Ak ok i v 70 i ZH BB 2R S 0 B ey
fEERALA P 8 B VR0 1 498 22 R B Ty,
WA ek 8 i v R e 2 R TR BRI (P<
0.05) . g1k e I8 B 45 71 o 20 B B0k 251 34 5
B2 SR A e, Ak il s v R 2 R
IR AR TRk A AR . AR (P<
0.05),
RS BAUNRPVATHARIE | 8 R T2 He

Table 5 Comparison of immunofluorescence density of

adiponectin and leptin proteins in PVAT among different groups

of mice (x+s)

24 5 g RIS BE
popitekcl 3 18. 02+0. 38 5.74+0. 21
ik 3 11.37+0. 11* 8. 47+0. 61"
H AR 3 15. 88+0. 80" 6. 59+0. 30"
fEEERR IR 3 11. 6420. 16" 7.50+0. 287"
g Eg 3 13. 8420. 79" 6. 80+0. 49"
AN EE 3 17. 8420. 66”7 5.79+0. 23"V

T PVAT, i E B2,

a) SR HE, P<0.01; b) SR, P<0.01;
c) SRR E:, P<0.05; d) SHWAELILE, P<0.05; ¢) 5
A I RN A 20 He A, P<<0.055 ) Sa ik ifng o) i
HIbE, P<0.05,

2.5 &8 R PVAT ¥ p-PI3K/PI3K. p-AKT/AKT
{5% UCPl. PGC-la, PRDM16 % & 7K F Hbdk

K4, &6, SXTHRA R, AL p-PI3K/
PI3K. p-AKT/AKT f# X UCP1. PGC-la, PRDM16
EEATERES (P<0.01)., SHEAIZ LA, #
AR | (BN R R 35 4 p-PI3K/PI3K, p-AKT/
AKT {§ % UCP1, PGC-la, PRDM16 %5 /K FEF 51,
fet J Ak okt 38 BB o ) i 4 p-AKT/AKT {8 K2 UCP1 .
PGC-la, PRDM16 8 FZKFIRTHE (P<0. 0558 P<
0.01), SR LA, P HAEIR. =
ZH p-PI3K/PI3K . p-AKT/AKT i }2 PGC-1o K 47K F-
FEAG, fEenaLfb b R AR AR50 it 2 PRDM 16 25 1 /K-

PRDM16 | s w ——-——| 110kDa

PGC-1q | = e ——" 70 kDa

UCP1 “- - e amm —‘ 30 kDa

P-PBK |ewm c e s e | 85kDa
| |

PI3K L?-—-—- 85kDa

-

p-AKT I—- -_— —-—‘ 60 kDa

AKT ‘--- -— --‘ 56 kDa

B-actin ‘------‘ 42kDa
A B C D E F
. PVAT, MAFFRINRNES; A, XA, B, #IH4; C,
WA D, RN AL s £, (AR Ak il R g v 3R A
F, @R Ak s AR @ 7 52 415 PRDMI16, PR Z5 M BB & 1 16;
PGC-lor, 3 ALYy I VA4 5 9 V0T A2 4K y MO - 1a;. UCPL,
BRI 15 p-PI3K, BRARILDRIREEILES - ; PI3K, BRIRMLIL
W3- ; p-AKT, BERILEEHIEEEB; AKT, HEHMEEB; B-actin,
B-MLEhE .
B4 K4/PNEPVATH PI3K, p-PI3K, AKT, p-AKT
K UCP1, PGC-la, PRDM16 & [ LTk A
Figure 4 Protein electrophoresis of PI3K, p-PI3K, AKT,
p-AKT, UCP1, PGC-lae, and PRDM16 in PVAT from mice

in each group

R6  AH/NEPVATH p-PI3K/PI3K, p-AKT/AKT{E K UCP1, PGC-la, PRDM16 % /K- g
Table 6 Comparison of p-PI3K/PI3K and p-AKT/AKT values and the protein levels of UCP1, PGC-la and PRDM16 in PVAT

among different groups of mice (x+s)

2415 LK p-PI3K/PI3K p-AKT/AKT UCP1 PGC-la PRDM16
X R ZH 3 0. 98+0. 03 0. 94+0. 03 0. 960. 09 0.93+0. 05 0. 88+0. 10
ik 3 0. 35+0. 05" 0. 30+0. 05" 0.38+0. 12" 0. 31+0. 05" 0. 42+0. 07"
(R 3 0. 83+0. 12" 0. 770. 06" 0. 81+0. 20" 0. 69+0. 06" 0. 78+0. 06"
A FEL AR ol 3 B9 £ 20 3 0. 43+0. 04" 0. 34+0. 05" 0.47+0. 11 0. 31+0. 06" 0.39+0. 10"
{E Ak i o ) k2 3 0. 56=0. 13" 0. 56+0. 04" V) 0.71+0. 177 0. 55+0. 02" V) 0. 70+0. 10° ©
(MR N e 0 2 3 0.87+0. 11" 9P 0. 82+0. 04" 2 ¥ 0. 82+0. 14" 0. 72+0. 06" < ¥ 0. 85+0. 05"

. PVAT, I8 JEFEREWI42; p-PI3K, SRR AL GRS 3-1H; PI3K, WENSMENLE: 3-IWs; p-AKT, WERfLEE A B; AKT, &EMA
BEB; UCPL, fMEIBEE I 1; PGC-la, 48 LY BB M) H0E 2K B E0GE B - 1a; PRDM16, PREZ5HEEHSE N 16,

a) SXHEAE, P<0.01; b) SR E, P<0.01; ¢) SHRI4ILE:, P<0.05; d) SHBAHLLE, P<0.05; ) Sfdfffkil
WRRIGHI A e, P<<0.05; ) S pIEpgh Al A i, P<0.05.
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X (P<<0.05). 55 4dt R4k oo okl JIg I 5 422 20 Lo 4
ekt Ak 3o 9 B o 55 8 4 p-AKT/AKT {H & PGC-lar,
PRDM16 & 17K V- T, i M8 Ak e 378 1 v 751 o 20
p-PI3K/PI3K ., p-AKT/AKT i } PGC-la, PRDM16
EFKFTHE (P<0.05) . 54k 8 pg v )
2] A, Ak kIR B i R B 4 p-PI3K/PI3K
p-AKT/AKT{E R PGC-1a FEFIKFTHE (P<0.05).
2.6 &AL PVAT ¥ UCPI. PGC-la, PRDMI16
mRNA £ A iz

RTR, SHEALE, HRAUCPI, PGC-la,
PRDM16 mRNA FILFEL (P<<0.01)., SEAIZ LY
A, e 2H RV R A o AR L R4 OCPl
PGC-la, PRDM16 mRNA k¥ 7FR (P<<0.05 8%
P<<0.01). SHARdl A, (di ik b i g 4% 75 &=
21 UCP1 mRNA FRIKkFEAS, fat NG Ab b 8 B AR 55 1t 41

PGC-la, PRDMI16 mRNA % ik [ ik (P<<0.05) .
5 e pi A i AR RN A L, g Ak kR e
F 4 UCPI. PGC-1a, PRDMI16 mRNA #ik1
Fhm (P<<0.05). 5Nk i i v ol s 41 Lo e,
fa R Ak ok 8 i R 77 R 4 UCPI . PGC-1a mRNA 3K
¥ IR (P<0.05).
2.7 B4R PVAT PR ot X R E5
Ji% i K s e gk
K53, XF
[SNSRE | N ok =5 TN OES G AL SR Sy TR NG o
B B . IRV IR A K, IR A B/,
SR B b PR AT AE B T (R B v, 2R (A B i
Ao SRR PR, AR AR AR Ak il R S 455
MR/ . RABCRTE £, Ju R AR 28 21 A
J Ak e R e 3R S LR AR DN L SRR 2 Ak
5% AL AL

A=

IR/ 2, BEmEIER A, (6]

N =

x®7 FA/NRPVATH UCPI, PGC-1a, PRDMI16 mRNA #35 HUEE

Table 7 Comparison of UCPI, PGC-la and PRDM16 mRNA expression levels in PVAT among different groups of mice ~ (x+s)

2051 Bk ucrl PGC-1a PRDM16

Xt AR 3 1.010. 14 1. 05+0. 42 1.25+0. 61

FERIZ] 3 0.12+0. 11 0. 1020. 09 0. 2120. 04

biapeatl 3 1. 27+0. 09" 1.01x0. 05" 1. 37+0. 30"

TR Joh A B AP 26 3 0. 13x0. 02” 0.15+0. 11" 0.23+0. 09"

g A g v ) k2 3 0. 4320.20° ¥ ¢ 0.72+0. 13 ¢ 1. 02+0. 10 ©

TR Ak oh 8 g s ) e 4 3 0.99+0. 08" ¥ 90 1.23+0.33" <" 1. 36+0. 40" ©

. PVAT, M FEIRIEHELS; UCPI, MBEBEEM 1; PGC-la, i EACYIBEARIETE YT 20K v BTSN F-1a; PRDMI6, PR 51K

FHEEH 16,

a) SXTHRAIEE, P<0.01; b) HEIAI4ILLE:, P<0.01; ¢) HEAILILLEY, P<0.05; d) S5HAF4LLE, P<0.05; o) L@ ikih
PR EAL e, P<0.05; ) S{@pbh g il &4l i, P<0.05,

A AR U I G A7) B

FETUZH

ALk e I e

g‘;

i T o

TE: PVAT, MU R BIRITEY; L0 kIR B R GIRTE IR, OF k6 m

BRI R0 I R AR

5 SH/NRFESKPVAT B S B HIE (x1000)
Figure 5 Transmission electron microscopy (TEM) ultramicrographs of aortic
PVAT in mice of each group (x1000)
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3 iTig

RN Z IR R . KRR, &R i
Mg, DLEABRE, ZBUMERE, WA, SRk
W, UK, SECAS. Ak gk 3 i R 4 7
DMz IS 2 S a7y rhad S
ARV EZA, it ARSI, & A g
AT, MRS EE, EHEATE, s, 3t
NEL . FAAR . IREENERIKZE, W R AL
feil, FrSsmh, R 2. B EMRK,
WA EERRALIE , PRVSBIRAK, B A . THE
I, REWTHEZA, EEAEFE R, 8
LR Rz aB L, i 22 UL
T m L. FEHZE, WG HE2 A S ik
i, Hog\gdbighiss, 125 A0, oRflizy, 4
TR AR Bk, B3 EIREZ
RSN CL 316243 175 515 i 41 2145 48 i) 28 Lk,
F, HCHVEASIEZE 1 B X B2

PVAT #5748 52 i 4 PVAT F (59 B iy 28 B 1) A 5
S E . PVAT 4678 (T8 25 45 0 78 T B i 440 i o
LR 2, IR BRZUESE /N, BE
NE iR & AL ', UCPL o TR BRI R, &—
FRESREA T, T dE A AT W 5 H A% % A
W, FERE A, JHLFRIA o L S WLR s 4 ML ) 7 A
E Sy A S FERE ™ PRDM16 2 % 15 40 i 4 725 1)
B ST, WU VE IR E PVATHS 48, — 5Tl
Wi 5 C AR A E A VR 2454, T A g
AR LR Gk sy —J7 S PGC-1a 7, DT
NS 2 VAL N2 A (18 5 TR N Y A e ) =1 e
UCP1 U7k @, G, UCP1. PGC-1a HIPRDMI16
B PVATHZA AN REY . IRERER . MR
PVAT - R RE T R -, BBk 3802 —Fhbt R 2SR i
PF, Aol @R IR A& n AS 25 T R & —
AR RIENG IR T, BT AS ™', PI3K J&—284F
SERERRBELEEREAG 3 07 SR SL I, EAT IR
VR I A 76 PR, ARG DU p-PI3K J2 ] 1B PI3K/
AKT {5 538 B2 B 90E 28 — 25 ;. AKT /& PI3K
G55 Pl rp— A EE AT s, BA 2
I B R WM NG, HAE Serd73 F1 Thr308 43 45 1)
WEfR L (p-AKT) J& PI3K/AKT {5538 B ¥ i i) ¢
HbRak 2 B, PI3K/AKT i B% 09 1% fb Fe i 2 2
WKIEBE IR LA 1 5 S A A EUE, B p-PI3K/PI3K Al
p-AKT/AKTAH .

ARG R, SR IERR SR T &

i TS /N PVAT JRIE /N 2, SRR 2 1m %
B, RO S PR B2 A AL, A XA R L A A AR
KU, MBOUIE A - i B AL A ol 8 B s ] A
AL HE PVATHBAS . #8784 M f Ak sk R B . &
FIE2H UCP1 25 11 M2 H mRNA AEX LRI Z T, H
HE Y2771 =5 3 ik BB Hh 18 22 AE 41 A FH X6 A5 750 24 D
L K RAER T TNF-a, TL-6 K FEREAR, 42
7N R NG ol VA B s T i 3 1 UCPT 2R UK E &
FERFEAR TSR SRAEAKEIIVE T o 2 EehaL ik ok 7 i ot
Ko R E T WS, PGC-la. PRDMI6 & 14 M
mRNA Rk ¥ TR, SRS, NEY S
TR 158 BR R AL okt 8 B R T A B AR 2E PVAT
AR, FEAREZNIKARAE AT Dok, S fahifbh i
JEBR . EHE TS, PVAT HHIREE R TH,
TNF-a, IL-6, FEEEML, PVAT N WIIRER
W03, B A AR Ak A i UKL R PTG PVAT Y
SrWIIRE; H PVAT 5 E3I KA TNF-a, 1L-6 /K-
BT R, X SREEMFIESE h PVAT 2008 00 A= 91 1
72855 0 07 AVE T R s Bk wF e 255 7 M
WG . SR ass AN, (R aNg Ak E B ot
BRI B3 B IR Z AR R T 5, ASEIRELTY
N FE S PKBES &7 L BEHUERS | RS PR A
I RE A4S 2k, B LAk e 81 B Aomr v 3
TG PVAT I TIRE , 70 Mh i S 0E R 74255 53
WorSER T 2 8h ik, 2w RSk RAEKF-, S
M AS, i4h, @A mMBERUR TS, PVAT
W (1) p-PI3K/PI3K . p-AKT/AKT {8 T+, 15 B ik ft
A ek i 0B AT TR PISK/AKT (5 53 8%, ki e
HEPVATH#7E, PL3% PVAT WM IAEhRE, AT ik 3
Mot AS HIIhRL, H LA FI RSO

L5 LTk, R ALk R AR UKL AT {2 iF PVAT 48
A%, B PVAT WA T aE , B AR 3 30 ik 48 iE 7K
S, PEAT AR K, B AS,  HAE AL T B
L PIBK/AKT {5 55 B SE B o ARAIFSY 1 &
R I R 83 5 R e PR sy ) 1) 45 2 A 7 3 i
S I S0AE 3 % OB R AN T A R aR Al R ] 4
HEWE, B ERERSCIIEYE . SRS A
SEPR G R Sl B R, AR BI RSP SE G HE— 25
GO UFAH G T TR, I AR FIAIL 6 3 R
AMIRE .
S 2% ik
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Effect of Jianpi Huazhuo Tiaozhi Granule ({1t A5 %k ) on Perivascular Adipose Tissue Browning and
PI3K/AKT Pathway in the Aorta of Atherosclerosis Model Mice
WANG Zhuhua', WANG Yanfang', ZHONG Mingshu’, CHEN Shupeng', YUAN Yishun’, HUANG
Shan', LIU Yanwei’, LIU Zhongyong’
1. Jiangxi University of Traditional Chinese Medicine, Nanchang, 330004; 2. Ruijin Hospital of Traditional Chinese Medicine,
Jiangxi Province; 3. Affiliated Hospital of Jiangxi University of Traditional Chinese Medicine
ABSTRACT Objective To explore the possible mechanism of Jianpi Huazhuo Tiaozhi Granule ({g 1§ 4k i i A5 i
ki, JHTG) in treating atherosclerosis (AS) based on the regulation of perivascular adipose tissue (PVAT) browning
via the phosphoinositide 3-kinase/protein kinase B (PI3K/AKT) signaling pathway. Methods Fifteen SPF male
C57BL/6] mice served as control group, while 76 ApoE™ mice were first fed a high-fat diet for 16 weeks to establish
AS model. After successful modeling, they were randomly divided into model group (n=16) , as well as the browning
group, the low-, medium- and high-dose JHTG group, with 15 mice in each group. The browning group was intraperi-
toneally injected with B3-adrenergic receptor agonist CL 316243 at 1 mg/(kg*d) once daily. The low-, medium- and
high-dose JHTG groups were treated with 4.3 g/(kg-d), 8.6 g/(kg-d), and 17.2 ¢/(kg-d) of JHTG by gavage,
respectively, while the control group and the model group were given normal saline at 10 ml/(kg+d) by intragastric
administration, once daily. All groups received continuous intervention for 4 weeks. The aorta was collected to assess
the plaque ratio by gross oil red O staining. HE staining was used to measure the plaque area in cross-sections.
Masson staining was employed to detect the proportion of collagen fibers in plaque. Transmission electron microscopy
was used to observe the quantity and morphological changes of mitochondria and lipid droplets in adipocytes. The
levels of serum triglycerides (TG) , total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and low-
density lipoprotein cholesterol (LDL-C) were detected, as well as tumor necrosis factor a (TNF-a) and interleukin 6
(IL-6) levels in the PVAT and aorta. The protein levels of adiponectin and leptin in PVAT, and protein expression
levels of phosphoinositide 3-kinase (PI3K) , phosphorylated phosphoinositide 3-kinase (p-PI3K) , protein kinase B
(AKT) , phosphorylated protein kinase B (p-AKT) , uncoupling protein 1 (UCP1), peroxisome proliferator-activated
receptor y coactivator la (PGC-1a) , and PR domain containing 16 (PRDM16) were measured. The mRNA expres-
sion levels of UCPI, PGC-l1oe and PRDM 16 in PVAT were detected. Results Compared to the control group, the
model group showed increased serum TG, TC, and LDL-C levels and decreased HDL-C level, elevated TNF-a and
IL-6 levels in PVAT and aorta, decreased average fluorescence intensity of adiponectin, increased average fluores-
cence intensity of leptin, reduced p-PI3K/PI3K and p-AKT/AKT values as well as protein levels and mRNA expres-
sion levels of UCPI, PGC-1a and PRDM16 (P<<0.01). The pathological results showed that no significant plaque
formation was observed in the aortas of mice in the control group. In the model group, multiple plaques were observed
in the aortas, with large numbers of foam cells, cholesterol crystals, and inflammatory cell aggregation in the plaques.
Compared to the model group , the browning group and the high-dose JHTG group significantly improved the above
indicators and aortic pathological changes (P<<0.05 or P<<0.01). Three JHTG groups showed a dose-dependent
effect in reducing LDL-C level and plaque ratio by gross oil red O staining, elevating the average fluorescence inten-
sity of adiponectin, the p-AKT/AKT value, the protein level of PGC-1a, and the mRNA expression levels of UCPI
and PRDM16 (P<<0.05). The high-dose JHTG group and the browning group showed similar efficacy in improving
the pathology of the aorta. Conclusion JHTG may promote PVAT browning in AS model mice through the PI3K/
AKT pathway, improve the endocrine function of PVAT, inhibit aortic inflammation, and thereby ameliorate the for-
mation of AS plaques.
Keywords atherosclerosis; perivascular adipose tissue; lipid browning; phosphoinositide 3-Kinase; protein kinase B;
Jianpi Huazhuo Tiaozhi Granule (fg1e i % Hok: )
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