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lipoprotein cholesterol, HDL-C ) & iM37 & ( 75 &2 &t
BA TAR W FT) 5 AR R AL A5 W5 BR (nonesterified
fatty acid, NEFA) & & & U0 & ( B3R A
FHEABRAR]) s HE G5 (sl ZE 4R R AR YR
PARAT]) s BCA e B0 7 1205 & (1 5 Y )
( LR = RAEVHAARA A ) BIR B-actin,
GADPH Flisd S A W i A8 5 0 B0 2 14 v L0
3| 1-a( peroxisome proliferator-activated receptor vy co-
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A H]) s S UCPT Al 40 A0 i 1A 1 58 00 0 =2 A4
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Z %K 2 (cannabinoid receptor 2, CNR2) Hii {4 ( 37X
FEYE IR YRR A A o
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()R 2% 4/ B B i
1.3.4 o AR E KR

proliferator-activated

28 d 345 )1,/

SRAS E ARG 1, AR TR, R AR BRI I 2 i 3 O
min [0, ZJ5 L 2 g/kg FHE B #A BRI, 700
330 5% 15,30 .60 .90 (120 min [ I 7KF
1.3.5 iFsAniigireal g RIS AREK
TR DA S G006 BRI, 418 R BRI , M VAR AR 3R T
#HE1hJ5,4 °C.3 000 r/min &.0> 15 min, B F 1§
W, 1 AR @ B A AT I 7E

1.3.6 Jfemagag REL FAral2 UG Bt
AEFE N B, AT iR ), 0 i) W B BT 52 1 €2 iR I 4 41
(epididymal white adipose tissue, eWAT)  BAT FIH:
RN . FRE SRR T H R SR BT & 1 1L
B PRIV ZEL = B H 2L E i B/ K BT & x 100% ;
eWAT [V = eWAT [fi /1K i & x 100% ; BAT [t
B = BAT R/ x100% .

1.3.7 7 K# — # £ (hematoxylin-eosin staining,
HE) & & MBI R/ A% BT eWAT BAT
[ 7€ T~ 4% 22 B e [ 2 P I 7 48 h )i, R R
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BSA £ 4], UCP1 i (1 : 400 #iFf)4 C FE K,
PE 3 U, XA ZHE(1 2 200) i FE 1 h, DAB
20, HE & YL a5 2 e AL U R, o't i
BE R HOK 200 £5 Mg BIE %

1.3.9 Western blot #0 eWAT ¥ & & s W5 4% &1k
X E G &L BIRTRN eWAT HLUMAFIZ 1)
R )G TR0 4 °C (12 000 r/min B0 30 min,
B3, ) BCA 1 E w i & i 35 e e,
A5 x SDS-PAGE H 1 _EAEZZ s f4iizk , 100 C
@i S min 1538 EARM . 10% SDS PAGE
E RS HL UK, e JIE, TBST 22 i Uk 4%, 5% BSA 3 4]
1.5 h, ¥E¥ 3 I, —¥HL (B-actin Y EE A 1 2 20 0005
GADPH ¥ J 3 1 : 100 000; PGC-la & Jy 1 :
20 000; PPARy ¥ &£ 24 1 : 500; UCP1 ¥k M 1 -
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2.1 BCP XER/MNREREMNRERTEN I
BCP 252 [], Model 2H /)N B4 53 it 155 T Control 2
(P<0.05), 5 Model 41, BCP %5 24 J5 /) LA
BRI, tR B w0, 4525 14 d J5, BCP-50 /)
AR R (P <0.01), 452 21 d J5, BCP-
50 41 /)y B A T S B W] BRI (F = 5,505, P <
0.05), WL 1,
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25 2520/ INBRUMOBE VR B2 7E 30 min X B IE(H, 5 Model
LA EL , X 2 W URPEREAIR, AUC 1 35020 (P <
0.000 1), WK 2,
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T8 27 AH DG FE AR R 45 S B 7R, 55 Control 41 A H,
Model £/NgUIML 3% FF TC .LDL-C \HDL-C 1 NEFA &5
EHWFE (P <0.05,P <0.01,P <0.001),TG & &
o B2 5. 5 Model 411k, BCP 4524 28 d )5,
/NEUIAL G H LDL-C f1 NEFA & & B AL (F =
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F1HDL-C & ol # 2 5, WKl 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<0.01," " " P<0.001, "
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*** P <0.000 1 vs control group; *P <0.05,%P <0.01, P <0.001,"# P <0.000 1 vs
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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,

*Ep o

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.

https://www.cnki.net
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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 s control group;****P <0.000 1 vs Model group.
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E 4 BCP fBERE/NRASAS BB RN
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 »s Model group.
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A7 1T B PN 40 i ek /b T BCP 25 2541 /BRI UCPL f3635 55 Control ZHAH FL YRR (P <0.01)
eWAT F1 BAT v Ji5 Jifi 40 Jid B 42 MR W K/h/NF - 1fi BCP 452540 /N eWAT FII BAT rf UCP1 3Rk
Model £, 5457 TAITRR PR A0 L s 14 Jm, DL 5 £ Model #H b B2 F+ 55 (F =24.99,P <0.01; F =
2.6 BCP 3pERE/NRAERT A4 UCP1 RiZ S0 15.71,P <0.05) , iLI& 6,

THC 2558 57K, Model ZH/NELA eWAT 1 BAT i 2.7 BCP XtAERE/NR eWAT i PGCla,PPARYy,

Control Model BCP-50

eWAT
BAT
5 HE £E/NRIERARFEE x200
Fig.5 Morphology of HE-stained mouse adipose tissue x200
A Control Model BCP-50
eWAT
BAT

B C 60
4 =
® g 40
k= & **
3 i
& &
° s
3 5 20
=~ —

[+
F
< =
= m

0
Control  Model BCP-50 Control  Model BCP-50

B 6 BCP XfPERE/NE eWAT 70 BAT dh=#E A UCP1 FiAHI# M0
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

PGCla 90
PPARYy 54
UCP1 13
B-actin

42

Control Model BCP-50
CNR2 45
GADPH 37

Relative protein expression

I Control
B Model

B BCP-50 o

PGCla

PPARYy UCP1 CNR2

7 BCP 3 EAEREAE/NR eWAT it PGCla,PPARy, UCP1 51 CNR2 & | R ik B0
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, UCPl 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 <0.001,**** P <0.000 1 vs Control

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

UCP1 #1 CNR2 EHRIZRIM 5 Control AHLL,
Model £H /s Bl eWAT * PGClo, PPARy, UCP1 A
CNR2 2 1Y 3k K E YR (P <0.0001, P <
0.001,P <0.05); il BCP %5 2540 /N i, eWAT
PGCla ,PPARy UCP1 Fil CNR2 & [ 1) £ ik K 5
Model ZH #H e 3 FF /% (P < 0.01, P <0.05, P <
0.001) , WK 7,

3 i

JIEJHE S AR DG AR 6 )™ 0 fe 3 A IR A AR A
FEo AHEHFCY Ik, ot & 7E N2 Hd 2 1 A HF
JZE T, AEJHE TS AT T 1 s, A IR A 2 1
T, 75 SR W A8 B I6 T7 SR FIIG 7 25 ) R R
SERERE T, TR KRR R R 48 (endogenous can-
nabinoid system , ECS) W] JE ¥ WL G E P8 A A5
FRERAEAE , SERE IG5 e A8 Me R PR i
R R G MREEELE A E T . RIRRE 2
%4k ( cannabinoid type 2 receptor, CB,R) & ECS 1
FELH ST, HTE KRR 1 852 4 ( cannabinoid
type 1 receptor,CB, R) /i3 FHG #ft £ Y A1 il 4 52 5K
TN T 2RI 1A ST BT A 2 e s
BCP 24 CB,R By £ sh 1], W B A G Y7
JE AR DA B 0 o ASBF SR 2 7% BCP W]
Ul v AR AR i SO JHE /DS B 4 5 35 | 1L 375 b NE-
FA A1 LDL-C f) 7K F- f 3 T [ ik i i i 5 AE AR /)
B 5 R AT, Ul B BCP BLA 08 AL JHE )4 o

https://www.cnki.net

XA SERTBE ST A R — B AN, AESE 4
78 BCP /b T R lg ik & LR/ U BB &, #2078
BCP g3t AL B 4E T RE SR IR /N R 2 3a
X

AR A AR Wi AR B4 & R BN IR TR
SYRHRNE T mR e aT e WAT Ui, 12
HEEHE . AR S50 K I m AR & (Model 41) NE
/NERIIRIENT R BT R, e WAT A9 LU 3G fin, 16 BH & A
REAEHE T eWAT [FL . 1f] BCP fig 2 2 B % 5
RE vk & AL BE /N B IR 7 &R B0 eWAT HE 5 DL &
eWAT [Ifig i i M R /Ne BEAh, AL 82 25 R AR,
BCP G975 , eWAT (1118 17 40 Afg 52 Bt e K5 55 1)
INZ IS 2R UL T A g it e fk .
UCPL & BAT {45 S EAn &Y, & 7E 18 17 12 F1 5 2
VEAEAE T AT B8 bR B iz H 25, i 4 Jf 0y
WA ATP & B (B 356, AT B B . i T
WAT HRZRifR & AR, JLF- Rl A 5 UCPL (135
ko PL, WAT ft UCP1 ikt WAT #i(afk
Mk, AU B, Fik UCPL & F K (g
U 240 e AT LA i 7 B PR 5t A% B2 B R T AR
WAT h B8 . e difb s B 8%, BCP T-Hi5, &
NI EAERE /N B eWAT H UCPL 93835 B & T,
FXH] BCP 15T T eWAT 1§ UCP1 £ (7= 34, 42 i
THEENFR k. BCP THl)5, @5k &I RE/N
F BAT rft UCPL {3215 T1 , Bl BCP ] g i
T BAT 7= #4, PGC-1a JH45 BAT F1 WAT 4 g +p
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ZRRLAR G A W) 2 A A BAT JER 3k 76 BAT
MR RS IR REZ AR )5 , BAT i PGC-
1a-UCP-1 B4 738 Bk 77 #4 . PPARy 2 55 (0 Fl
F s 2R 23k . PPARy J875 WAT 1 BAT 4
Hafg A B RIE PPARy B AT AT E WAT
A E NS RERE AE  Z IR AE WAT
PGC-lo /E A HE0E ) 5 4% Sk A PPARy S4E
™ L PR 2 1K R A2 E WAT A fb' . it
4, BCP EHHIF WIS CB,R J5 7] 5 PPARy A H ff:
8% PPARy il PGC-1ae 223510, D F X 26 5%
> BCP %1% PPARy, 5 PGC-1a th[FIE#E WAT 18
ASPRPETT . ASHEST Western blot 526 45 5 R,
BCP %4 25 )&, w5 N8 Tk & B BE /N B9 eWAT
PGCla .PPARy . UCP1 Fl CNR2 7K [4 35 1% /K - IF
B UL BCP 300 T eWAT 1 CB,R, fi£3# PGCla
1 PPARy (AL [F] 55, 5 5 eWAT £ 4k, Hil#
UCP1 Rk {2 k= 8 g 21 #E o

25 BNk, BCP A% % eWAT [ 45 4 fb/BAT
3 A, FE 3 e M A MR /N BB R I 72, 38
AE I T #E, DA e N0 B, AL AT BB S 0E T
PPARy/PGC-1a/UCP1 5 J& %o ARBFFEIESL T
BCP ELA Mk 1 (0 N8 W5 4 5 AR B 1 1T, o R T
REJie B A A 1 05 i Bl YA A4t T SE B TR
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B-caryophyllene promotes white fat browning in obese mice

through up-regulation of the PPARy/PGC-1o/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)

Abstract Objective To investigate the effects of B-caryophyllene (BCP) on the browning of white adipose tissue
in obese mice and the related mechanisms. Methods An obese mouse model was established via intraperitoneal
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 y coactivatorl -ac (PGCla) , peroxisome prolifera-
tor-activated receptor y (PPARvy), 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 UCPI protein was signifi-
cantly elevated (P <0.01 and P <0.05). In addition to UCP1, the expression levels of PGCla, PPARvy, 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-1a/UCP1 pathway expression, thus improving obesity.

Key words -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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