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(' TARBHRFHERGEEEET, N 510006;
CrARBHKFERES —ERKSIME, M 510080)

BE B8 55 B-AT M (BCP) XL/ R B Gl Ui bR L R R ILHLH . FiE ek R BN s IR IR 5 L i 4
W E AR FER KR [ 14. 4 mg/ (kg + ) VIR R ST N /N RS AR SE TR0/ N BRBEATL 43 R AR 20 ( Modeel 4) 1 BCP 4524
41 (BCP-50 £) , 1EH IR B /N B A6 B2 ( Control 41) , 520 8 1, BCP 452540 44 50 mg/ kg LMl B 4524 25—, AR 4 Hint:
T 80 JKIERHE S, FELl 4 JH o 4 AR5 TG HEAT 1 RO 52 SE 40, SC A0 25 AR (0 5 1 5 AL B/ B, PR i 2 1M YR RE A 0 g
UL T )5 S Bt o 3R] GO I M35 22 AH DCHE b s AR — BHEL O G IR T H LIRS s S 2 AL e L NIR N eH
fEABIEEE T 1 (UCP1 ) 323K ; Western blot Rl B 52 11 €4, 5 [l ( eWAT ) A sk 010 400 B A4 385 56 W0 005 32 A4 v JL30E ) 1-a (PGC-
lo) 3 AL A S 5 380 52 1 v (PPARy) (UCP1 FIRBRE Z 1K 2(CNR2) B3R5, &R 5 Model 414 I, BCP-50
ZHIE RN BRI M BT 2 25 % (P < 0. 05) L B &/ (P < 0. 01) |, JB 8 = ARH0 A5 2 3% (P < 0..000 1), e /IN BRI T8 Hh AR %%
J¥ B 28 1 JH [ B ( LDL-C) AR R AR W BR (NEFA) & FEAIK (P <0.000 1 #1 P <0.01) , SHEEE(TC) \=FEH M (TG) F &%
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PERARAR JEL Y R A AT R T 4 B i B AR
i, H AL E AR A A
WAT) ORI 5 20 2R ()15 5 2H 21 (brown adi-
pose tissue, BAT) . 7ERFESIE T, A TR AT %1k
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AEHETH AR O O Bt ML JHE AT SR o -4 170 (B-
caryophyllene , BCP) J&t—Fh 5 & KRR R , AN BRI 2L iy
W Bk BCP AAWUEMERT . A 05" R
BCP fig b 8 1 4 Jig Wi 1 1K 3 1 1 (uncoupling
protein 1, UCP-1) [ 323k, IX $& 75 Hon] B A {2
WAT #7EHIERE . AT T BCP 2 1 HA 2
HEETE R AR AR T LB IS TELS, S IE 24
P A AR PR e H%

1 #R5FZ*

1.1 #HYE5KXF BCP(4if 98% ,CAS:87-44-5,
V2 /N A RHECA BR 2 ) ) 5 PO B A0 I (51-52-
5, LA ya KA IR FR A 7)) il 80 (KT
RIEACT) ) 5 MUBHALR ( =3 A 1 B R A BR A
) 5 S EE (total cholesterol, TC) FillifFl & . =
Pt H 1 (riglyceride, TG ) A6 32077 & I % i 4
1 H [ % (low density lipoprotein-cholesterol, LDL-
C) A X7 R0 v 65 J3E i 4 1 H [ (high' density
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lipoprotein cholesterol, HDL-C ) & 37 & ( 75 7 &
AR TR FE T ) 5 AR B A6 5 105 BR ( nonesterified
fatty acid, NEFA) 3% £ i 20 & ( B3R A
FHEA R T]) s HE Qe s (iR DUZELE 7R AR W)
FARAT) s BCA ik B2 5 ) & (Mg o AL
(LR REVEARARA T ) BIE B-actin,
GADPH HLid 4 A Wy il (R 38 5 W) S 32 1Ay L300
7| 1-a( peroxisome proliferator-activated receptor vy co-
activatorl -a, PGC-1oo) LA (BT = J8 AR W) HORAT R
AL s Bl UCPT Flid S A A 1 5 s 2 1k
v ( peroxisome receptor vy,
PPARy) i (T3 S8 A IR A PR 1) 5 S I8 KRR
2 %14 2 ( cannabinoid receptor 2, CNR2 ) Hp {4 ( 7%
FEYLRAEYIBHCA RA ) o

1.2 SEIEzh4 30 H 18 ~22 o ifEfh: SPF B A/
SR B R 5 AR R S S B sh WA B LG T IR S
SCXK( #)2021-0041, FrA st s: 77 R BR
PR By oL SPE BB, A IR OK, 12 h
JER/12 h BRI WRE 40% ~50% , Sk &
AF) IR R SE IR Sh A8 P 2 5 2 At (AL
5 :gdpulacSPF2022372)

1.3 X®H*E

1.3.1 Zhigmes) i AE Rk, LAaliok s
), & E AR BCP ANk 80 (IAFR 5 1L 2% ) AF
il #5153 2] BCP ZLii, # i€ 10 min f5, fILik 75 20
min RIA[15 BCP 253K .

1.3.2 shinpal it S5 UREYHT
B30 HUKMU/NEUE BIHEIRSR 7 d 5 BEHLSY
SHAEH X AL (Control 21)8 HAIF AR E4122 H,
IEH R /N BRES T 1IEH TR R I 8 KRS, [ i
PAA: R /K VO I TR 5 s i DR IR B 4/ B2 T
NETEELFT 5% KK WS , [ I 5 LA PN 4 1 g 2 2
KW (14. 4 mg/ke) RIS, 1 R/d, Fpiis
B 63 d Ja IR B AT 16 FU/N BRUIE JREASE 5 52 1 ok
1 A FLBEHL S J AL 2L (Model 41) Fl BCP 45 2541
(50 mg/kg, BCP-50 41) , 541 8 H. S5 R i
WIBF ST 1 45 25 3 4, BCP-50 41/ B4 K 4% 50
mg/ kg T H 2525 2 0, R4S 1 IR, [RINF Control
411 Model 413 B SR TN IR 80 /KK, #74% 28
do

L3.3 DRAARRERREEMNE  GREER
PRt 10 s A5 2H R A% ADRLFIAD FEARDRE, 43 JA) [ 1)
()R k2% A/ B
1.3.4 vRFHHEFZ LR

proliferator-activated

28 d 42545 A,/

SRS B ARG I, ARER, R AR MBI I 2 B C Sy O
min 0%, ZJ5 P 2 g/ kg 79 A 4 BRI, 20 901)
W0 5% 15,3060 .90 120 min B MK .
135 miksmidinne IR AR
TG DA G0 R, i AR BRI, IR AR =
#E 1 hJ5,4 °C.3000 r/min 2.0 15 min, B
W, 2 RR) G UL A AT

1.3.6 femmgey REL FAFRE  Puis B
AEFE/N B, HEAT iR R, 0 S W AR B 52 1 €0 M 4 41
(epididymal white adipose tissue, eWAT)  BAT FlH
RIS, FRE G THS AR DT 2235 K o & 19 L
o NN RE = N A28 BT /K BT x 100% ;
eWAT [T = eWAT Jfi /1K i & x 100% ; BAT [
= BAT [ B/{KF&E x100% .

1.3.7 % K# — # 2. (hematoxylin-eosin staining,
HE) R EMEIH AT E S WERS) eWAT BAT
I8 7 T 4% 22 58 WY Il v P [ 7 48 h I, 20k
PR T HAEY] A IR (S wm)
JE L HE e a3 B IR H ), ot AT
JBOK 200 £5 WG BC AR H U

1.3.8 % J% 28 4¢ (immunohistochemical , THC) % &,
YL g B 22 UCPL kid UIG 7 41404 i B )
F, RS KA, B e 2 BE T P PR SRR T
BSA ], UCPT $if4 (1 : 400 #ike)4 C MEH LA,
VEWE 3 U IAY —HT (1 : 200) = EMFFH 1 h, DAB
2, HE 2 QLA e 45 2 e AL U0 R, ey Wi
BE TR 200 £ SR I IRE 5% .

1.3.9 Western blot #0] eWAT % & & 5 b5 45 &1L
MxFaa Rk BURRR eWAT ZHZUNAHVE 1)
SRR G FE - WFEE 4 °C (12 000 r/min B5.0 30 min,
WCETEW, FH BCA 28 e 5 i & 8 it 35 e )5,
JMA S x SDS-PAGE # [ b A2 sl Fi4fizK , 100 C
ZJEW S min R HE A EAEWR . H 10% SDS PAGE
TG JC HL YK, B B, TBST 2% ph il 9k ¥4k, 5% BSA B ]
15 h, ki 3 K, —HL(Bractin # N 1 : 20 000;
GADPH ¥k &} 1 : 100 000; PGC-la ¥R JE R 1 :
20 000; PPARy ¥ &> 1 : 500; UCPL ¥k N 1 -

1 000;CNR2 #kEEH1:1000)4 C IEEF SR, BELk,
T HL(HRP fBECAY LI P05 1eG 1 HRP KA 1L
PU/NR TgG WL 1 2 10 000) SR EfH] 1 h,
7% ECL B0, & A g AOE R .

1.4 Zpit R0 A ik F SPSS 27. 0 #4748
FFEEARUT LT = BRMERR (v % 5) F. AL HL A
KR 27 225341 (One-Way ANOVA) 3%, DL P <
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0.05 FmZzErAgit i L. ] GraphPad Prism
8 BT

2 HR

2.1 BCP WERNRGRENBRENLN
BCP #5251 8] , Model 20/ FRAA & 5 T Control £,
(P<0.05), 5 Model 414 b, BCP %5 24 J5 /N FRU A
Fri s, S a b, 4525 14 d J5, BCP-50 /)
AR R P > (P <0.01), 4524 21 d )5, BCP-
50 ZH /N B A BT i 3 IR ] BRI (F = 5.505, P <
0.05), WK1,

2.2 BCP MffER/INRORMRYET EHIFIM 15 Con-
trol ZHAH LX, Model ZH /)~ B X 7 40 i 14 S50 JRe 1 48 o
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-+ BCP-50 ® * *
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15 min i, MOBEVR LR B0, bk il 28 T m A Car-
ea under the curve , AUC) g Z (P <0.01), BCP
225 20/ BBk BE7E 30 min JA B UE(E, 5 Model
ZHAR FG , X6 8 75 W SR PE AR, AUC B 0870 (P <
0.000 1), WK 2,

2.3 BCP XfBERF/NRILFZHH XTSRRI 1M
T2 AH DG HE An K I 25 R B 7R, 55 Control 4 AH 1,
Model #f/]sELIfiL3% #1 TC . LDL-C _HDL-C I NEFA &
BEHTE(P<0.05,P <0.01,P <0.001),TG & &
T E 225, 5 Model 2041, BCP 2524 28 d ),
/NEUIL 7 B LDL-C f1 NEFA & & BB (F =
16.45,P <0.000 1;F =13.38,P <0.01) ,{fif TC.TG
A HDL-C SR &2, WK 3,
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Fig.1 Effect of BCP on body mass and food intake in obese mice

A Effect of 4-week BCP administration on body mass of obese mice; B: Effect of 4-week BCP administration on food intake of obese mice (X +

SEM, n=8);*P<0.05,**P<0.0l,***P<0.001,**** P <0.0001 vs control group; *P <0.05,*P <0.01,** P <0.001, " P <0.0001 vs

model group.
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Fig.2 Effects of BCP on oral glucose tolerance in obese mice on high-fat diets

A; Graph of blood glucose changes in mice; B; Comparison of area under the blood glucose curve in mice (X +SEM, n=8); *P<0.05,* *P<
0.01,***P<0.001,"***P<0.000 1 vs control group; *P <0.05,"P <0.01," P <0.001,"* P <0.000 1 vs model group.
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2.4 BCPXEM/MNERER RBANEEMALRLLLE

YRI5 Control Z41AH LL, Model ZH /1N il 7 5
$OM eWAT HEE I TFE (P <0.01,P <0.05) , BAT
FETRE 2SS, T BCP 452528 d J5, 5 Model 21
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Fig.3 Effect of BCP on serological-related indexes in obese mice

A Serum TC content; B: Serum TG content; C; Serum LDL-C content; D: Serum HDL-C content; E: Serum NEFA content (X + SEM, n=8);

*P<0.05,"* P<0.01 vs control group; ™ P <0.000 1 vs Model group.
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Fig.4 Effect of BCP on adiposity coefficient in obese mice

A; Total adiposity coefficient of mice; B: eWAT specific weight of mice; C; BAT specific weight of mice (X £+ SEM, n=8); *P<0.05,* *P<

0. 01 s Control group; *P <0.05 vs Model group.
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A7 THT R P 40 i B sk 2D i BCP 25 245 41 /N BRI UCP1 #3355 Control ZHAH HLIIFEAK (P <0.01)
eWAT F1 BAT o fig i 40 i B 48 MUIE i K /h/NF 1 BCP 452540 /N B eWAT A1 BAT wf UCP1 3£ 3k
Model 2, 5457 TR PN A0 L B5C s 34 m, DL 5 55 Model A LB i (F =24.99,P <0.01; F =
2.6 BCP XfpERE/NRASATALR UCPL RizW M  15.71,P<0.05), LA 6,

THC %5 5 57~ , Model 41/NER 1 eWAT F1 BAT 2.7 BCP XfBERE/INR eWAT i PGCla,PPARY,
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Fig.5 Morphology of HE-stained mouse adipose tissue x200
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Fig. 6 Effect of BCP on thermogenic protein UCP1 expression in eWAT and BAT of obese mice
A: Graph of THC staining results; B: Percentage of positive area area in eWAT; C: Percentage of positive area area in BAT (X =+ SEM, n=3);
** P <0.01 vs Control group; *P <0.05,*P <0.01 vs Model group.
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A Control Model BCP-50 ku
PGCla 90
PPAR:

v 54
UCP1 13
B-actin
42
Control Model BCP-50
CNR2 45
GADPH 37

Relative protein expression

I Control
B Model

I BCP-50 it

PGCla

PPARY UCPI CNR2

E7 BCPXEAERAMEE/NR eWAT f PGCla,PPARy, UCP1 1 CNR2 & 5 R A HIF 0
Fig.7 Effect of BCP on PGCla, PPARy, UCP1, and CNR2 expression in eWAT of obese mice on high-fat diets
A Electropherograms of PGCla, PPARy, UCP1 and CNR2 in eWAT; B: Relative expression of PGCla, PPARy, UCPl and CNR2 in eWAT
(B-actin or GADPH was used as an internal reference, X + SEM, n=3); *P<0.05,** P <0.01,*** P <0.001l,**** P <0.000 1 vs Control

group; *P <0.05,%P <0.01," P <0.001 vs Model group.

UCP1 #1 CNR2 EEFRIEHZ M 5 Control AL,
Model 2H /s f{, eWAT 1 PGCla, PPARy, UCP1 #l
CNR2 %5 [ 1 & 35 K B BE AL (P < 0.0001, P <
0.001,P <0.05); i BCP %2540 /N {i, eWAT
PGCla ,PPARy UCP1 F1 CNR2 & [ 1 ik K 5
Model H A0 L ¥ FF 5 (P <0.01, P <0.05, P <
0.001) , WLIE 7,

3 g

JIES PRt B R DA ™ B e T A R A AR fit
FEo HEIHFCY Ik, ot & 7E N2 Hid e 1 A HF
JE T HEFEFRBT G T A SR, A IR 75 R AN 2 Fi
I, T BN WTIT T R T7 SR FA T 25 9 R 1K
e T, WM RRER &5 (endogenous can-
nabinoid system , ECS) 7] JE ¥ WA GHE P8 A AT
FBERARAE , SIEHE AR 5 AR A2 HE IR A
R R 2 MR AL VAR T . KRR 2
%4 ( cannabinoid type 2 receptor, CB,R) & ECS ¥
FELH RSy, HTEKMRER 1 B2 4K (cannabinoid
type 1 receptor, CB, R) 4G iR # 4 T AL T 48 52 %
T, O T Z BRI IR T 0 T e 2 s
BCP 2 CB,R By #3831, B W B A G 97
JEJHEAR AR B 10 T o ASBF 5 2% BCP W]
VA e PR R SO e /0N B R R 1l v b NE-
FA FI LDL-C (87K - B 58 Am, ] o) 3 8 a4 A JHE /)N
B P 5 R AT, Ui B BCP BAT B0 AL JHE A o

X GAERTHIFE Y S5 R —B, AN, ABFIE LS R
7R BCP /b T g ik & IE RN R B &, 3R
BCP 38 A Bk (4 FH mT RS540 I B/ BRI B A
*,

ARk AR 160 08 7 A Gk 2R BN ERE R
SERH R 7 IR AT WAT BPTRL, 12
HERERE . A58 25 5 R I = AR IR (Model 41) JE i
NI NR I 2R BT R0, eWAT 1) Lo S 38 im, Ui BH = g
WEMEDE T eWAT YRR, 1fif BCP RE & 3 MK
PR RE JHE /IS BRI i 10 3R B50R eWAT LG 3R DL %
eWAT [HE 5 4 K /Ne BEAR, 418124 25 S R0
BCP 597 J5 , eWAT (19 /I8 f7 40 i 22 30 4 pht KB 5 )
INE G A 257 BB B T L lg s a4k
UCP1 & BAT [ 5E SRR Y, & 76 N5 105 R 0 4 4
WAL N W] 5 GORLIR N B 5% 52 H™ B 7, (ff 48 it AP
WA ATP & B A7 B I, T B . i T
WAT shbr iR & AR /D, JLF- KA 2] UCPT [y 4
ik, B, WAT i UCPL kbR WAT fifafk
kA ARFFE Bk, #ik UCPL K A K (g
U5 A L T LA 07 B B 35 AL Bk 24 BRI 9 AE
WAT hER . gl fbss R B8R, BCP THi)E, &
NRCEERE/NEL eWAT Hh UCPL 1 3235 B T+,
FW] BCP 55 T eWAT [ UCPL 43 (7= 34, {2 iF
THEREV Ak, BCP FHE, M IRk &AL kLN
Bl BAT rf UCP1 (33T, UbHl BCP 7] BB 0%
T BAT /=44, PGC-la J45 BAT F1 WAT 4 ffd rp



ZHEAKFFIIR  Acta Universitatis Medicinalis Anhui

2024 Sep;59(9) - 1597 -

Ze R I A ) S A A BAT 5[ %3k, 76 BAT
A TR B 1 MR BE SZ ARG I, BAT il i PGC-
1a-UCP-1 i BEAT38 B4 77 84 PPARy 2 545 (5 il
2 22k, PPARy J875 WAT 1 BAT 4
B et " . RRIE PPARy 300 AT #E WAT
kg R A5 L SIS IE I fE WAT o,
PGC-1a /R0 ) 5 e bt 5 T PPARy & 1F
I R R 2 05 R AR i WAT @4k i
4, BCP ELHHIFWIEGE CB,R J5 Al 5 PPARy AHH ff
FHi% PPARy il PGC-1a 26351, L X 26 5%
& BCP %1% PPARvy, 5 PGC-1a th[FIE 3t WAT 18
AFPRPETT fE . ASHEST Western blot 5236 4% 5 R,
BCP % 25 ), &5 N8 Ok & B BE /N B9 eWAT
PGCla ,PPARy UCP1 #1 CNR2 & [ W) £ 3k /K- T+
=, Ui BCP #3157 eWAT CBZRJE;‘E PGCla
il PPARy 936 R %1k, 5 S eWAT £ a4k, il %
UCPL 35 i k774, 334 I R BT #E

2% iR, BCP "% T eWAT [ 45 o fb/BAT
R A, AL 2 M A MR /I B EROEE I 72 i, 384
RE 1k T A, AT i 36 A0 B, LWL AT BB 5 B0 T
PPARv/PGC-1a/UCP1 WA L, AW UESL T
BCP HA {23 (1 (015 b o AL i 1 7T, o HL i T
I JRe R S I RGO BITIA SR L 1 SEBRIEd
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B-caryophyllene promotes white fat browning in obese mice
through up-regulation of the PPARy/PGC-1a/UCP1 pathway

Jiang Haoran' , Tang Xiaofei', Wu Jielin', Wang Jiaoling' , Huang Chengyu', Zhu Shuguang’, Zang Linquan'
(' Pharmacology Laboratory, School of Pharmacy, Guangdong Pharmaceutical University, Guangzhou 510006 ;
*Dept of Cardiothoracic Surgery, The First Affiliated Hospital
of Guangdong Pharmaceutical University, Guangzhou 510080)

Abstracts Objective To investigate the effects of B-caryophyllene (BCP) on the browning of white adipose tis-
sue in obese mice and the related mechanisms. Methods An obese mouse model was established via intraperitone-
al injection of a high-fat diet supplemented with propylthiouracil saline solution [ 14.4 mg/ (kg + d) ] in male Kun-
ming mice. Obesity model mice were randomly divided into a model group (Model group) and a BCP administra-
tion group ( BCP-50 group) ; normal diet mice were set up as a control group ( Control group) , with 8 mice in each
group. BCP administration was given by gavage at a dose of 50 mg/kg once in the morning and once in the evening
in the BCP-administered group, while the rest of the group was administered by gavage with aqueous solution of
Tween 80 for 4 weeks. The oral glucose tolerance test was performed at the end of 4-week administration, and mice
were executed after overnight fasting at the end of the experiment, and blood samples and adipose tissues were rap-
idly collected for subsequent experimental tests. The kit was used to detect serological-related indexes; hematoxy-
lin-eosin staining was conducted to observe the morphology of adipose tissue; immunohistochemical staining was
carried out to observe the expression of uncoupling protein 1 (UCP1) in adipose tissue; Western blot was employed
to detect expression of peroxisome proliferator-activated receptor vy coactivatorl -a (PGCla) , peroxisome prolifera-
tor-activated receptor y (PPARy), UCPI and cannabinoid receptor 2 (CNR2) proteins in epididymal white adi-
pose (eWAT). Results Compared with the model group, the body mass of obese mice in the BCP-50 group was
significantly reduced (P <0.05) , food intake was decreased ( P <0.01), insulin resistance was improved (P <
0.000 1), and the serum content of low-density lipoprotein cholesterol (LDL-C) and nonesterified fatty acid ( NE-
FA) in the obese mice was significantly reduced (P <0.000 1 and P <0.01). Total cholesterol (TC), triglycer-
ide (TG), and high-density lipoprotein cholesterol ( HDL-C) contents did not change significantly. In addition,
the adiposity coefficient and eWAT specific gravity of obese mice in the BCP-50 group were significantly decreased
(P <0.05) ; the adipocytes in eWAT and BAT were reduced; and the expression of the UCP1 protein was signifi-
cantly elevated (P <0.01 and P <0.05). In addition to UCP1, the expression levels of PGCla, PPARy, and
CNR2 proteins in the eWAT of obese mice in the BCP-50 group were also significantly elevated (P <0.01, P <
0.05, and P <0.001). Conclusion [(-caryophyllene promotes white adipose tissue browning through up-regula-
ting PPARy/PGC-10/UCP1 pathway expression, thus improving obesity.

Key words B-caryophyllene; white adipose browning; white adipose tissue; epididymis white adipose tissue;
peroxisome proliferator-activated receptor y; peroxisome proliferator-activated receptor y coactivator 1-a; uncoup-
ling protein 1
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