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B-Caryophyllene reduces cerebral ischemia-reperfusion injury in rats
by activating HSF1/HSP70 pathway
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[ Abstract] Objective: To investigate whether B-caryophyllene ( BCP) can reduce cerebral ischemia-
reperfusion injury ( CIR) in rats via activating heat shock factor 1 ( HSF1)/heat shock protein 70 ( HSP70) pathway.
Methods: Male SD rats were randomly assigned to the sham operation group, model group, BCP low, medium,
and high dose groups (204,306,408 mg-kg '), BCP (306 mg-kg ') + Kribb11 intervention group, and Kribbl1
intervention group. The suture method was used to create a rat model of CIR injury, and the neurobehavioral score
was recorded 24 hours after the reperfusion. The volume of the cerebral infarct was measured using 2,3 ,5-tripheny-
ltetrazolium chloride staining, and the pathological changes of cortical neurons were observed using hematoxylin-eosin

staining and Nissl staining. Western blotting was applied to detect protein expressions of HSP70, HSF1, p-HSFI,
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Chop, Caspase 3, Bel2, and Bax in rat brain cortex; immunofluorescence staining was used to detect protein
expressions of p-HSF1 and HSP70; and Tunel staining to evaluate cell apoptosis level. Malondialdehyde level in
cortical tissue (MDA) , activities of total superoxide dismutase (SOD) and Caspase 3 were measured using a chemical
colorimetric technique. Results; Compared to the model group, the B-caryophyllene administration group indicated
a lower cerebral infarct volume in rats (P <0.01), a lower level of MDA and Caspase 3 activity in the tissue (P <
0.01,P <0.05), a decreased expression of Bax, Chop, and Caspase 3 protein (P <0.01), a decreased occurrence
of cell apoptosis, and increased protein expressions of HSF1, p-HSF1, HSP70, and Bel 2 in the tissue (P <0.01),
and substantially greater SOD activity in the tissue (P <0.01), reducing ischemia-reperfusion injury. Compared
with the BCP group, Kribbll in the BCP + Kribbl1 group antagonized the curative effect of BCP, the protein
expressions of HSF1, p-HSF1 and HSP70 were significantly reduced (P <0.05, P <0.01), and tissue oxidation
stress levels increased, cortical cell death increased, and ischemia-reperfusion injury aggravated. Conclusion: In

rats, B-caryophyllene can alleviate cerebral ischemia-reperfusion injury in rats by reducing oxidative stress and

minimizing cell apoptosis, which is associated with the activation of the HSF1/HSP70 pathway.
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MDA F &I RIS (P <0.01) ; SE A4 AH 1L, BCP
20 SOD WM (P < 0.01), MDA & & />
(P <0.01);7E Kribb11 R & T Hl5 , LG K i 4%
5 BCP 41 4H L., BCP + Kribb11 #1 1 SOD I ¥ T F&
(P<0.01) ,MDA & &1 (P <0.01) ;7 5457 24
AH LG, Kribb 11 21 1) 58 Ak 7 BOK 7 3 , WL s 10, DX
475 BCP 0] f8 38 & 7% HSF1/HSP70 i [ % &
FEHURAER .
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a5 I 2 R R — T B M 2 R G, K
TR B BOIE AR o N I DR R R 2 Kk
AT CIR 45407, 0 0 165, 4 i PR YA 97 Al R
PRIE' 2RI R 3 A G A 25 9 TR T
CIR 547, BCP ERIE T2 KRAMY (T &HH A
RN R A ) B TR T T OURR A A 1 0 K
WEFE A B, FEAE CIR 453 43 | BT 2R % T RO 45 i 22 &
Gopedms b AT O R Bl 2 SRR R AR
FEAE CIR 45475 v g B A BIL ) B2 A A A5 i oK 56 42
. S i i 1 AT 45 T A R B BCP 3
IEW] BCP BE 1 35 Ik 20 oK Ui B A A B, A Aol 247
Sy BT B a0 Bz 2= 21 2L 5 BE A5 45, W] BCP
X CIR 45 £ HAT W 0 A9 e 38 1 P EL LA 50 B AR

CIR #5359 Je B VF 22 52 2 g B ik 7 o 446 DL 380
e 5| AL UG i A | 20T A0 AR i O Tk A B
BRHZ—70 ) Mk A CIR 5 45 i, WL A& 4 4k i
PR3 7 A R B 4R A R AT P4 (ROS)
PRI AL 5 PR AR R A 51 R 2 2B 5, A i
& DNA $516 g i Ak , SoRi R 2L A0E I 7 R
TR AN R TSR A, SR T A M2 T RE B
B3 A AR A P9 A K T 2 8 2R
CIR Jr i 24505 1) — FhEE 23R 7 T Be o AT
XI BCP 7E CIR 45475 fir 2 i S8 Ak 46 40 2 75 A s
VEREEAT T MG R 9T, IR ot ad S 4k ) MDA il 47 4
LT SOD J& UL A PN IR A AL F8 A , S B LA 114 4
TR RE KT A5 R W BCP A F R, Y R AL
i SOD i PEHE R (MDA 5 B B AIR M 2 o0 sE T KR
Wb A T CIR J5 AU A

fit5E 3 W1, HSF1/HSP70 38 % ) 38 % 76 O L4

a7 =
PEMD#]

52023 25532 £5 5 8

Sk M P BA P AL BT A TR
HSF1 2 E Y N & B AR ST G Sk 1, 2 5 0 A7
WA A R R, M
JCHi 5 HSFL A 501 A F R HSFI
TE LT P 2 8 A, DR TR R SRR A AL 5 R
J&i , HSF1 306 B ol = RARAE 4% 5 4, [R) i) 2% A
TR AL 23 P M (U0 ser326 {37 5 1 TF 4% IR 7 1937 4k
Figtsk) BG5S DNA | — 2 oo b 45 &, 15 5
PR ST 1 Snail 45 F LN k77, HSPT0
VERN O FAEABER 1, 200 A de ) FATF 5% I 22 1 IR
YoER o 7F M BE BE K B 3 X 38 37 3] HSF1 % 5%
PR EES BT HSP70 B PR % B9/ B
1E MCAO/R J& , 30 0 B A, w8 0 &7 5 1
CIR A5 70 /N B op 8 bk 7 58 Civ ) 41 V5 1 5 41 HSPT70
SR VR RN A N D o A D e
R REAFSE R W, HSPTO 2 il 7 o i A A%
BEAIT RO A, 3 R IR T REE AR AR RF LRI AR S
B AR 42 [ PR LKA Ca® " Ak, 17 98 T /AR B i
TGS AE 1 %2 2B, %F IR 480 405 A M 2 AR /e T
B ITAE T & B, A6 I Bk 1 5 b F HSF1/HSPBI (5
HSP70 [ J& F HSPs 1% ) i [ o] k2 iy g o ok 4R
3 B M 2 n T T

Zhang 45 3} 5 Fr , HSPT0 {5 5 4% G () 15 32
F| Vi PI3K/AKT 38 i 0 98 4 5 [W] B 76 K B CIR 45
i, BCP BB 38 i ¥4 7E PI3K/ Akt 38 % ke ool 5 i 28
B0 ik — 2158 BCP (454 VE Fl 5 HSF1/
HSP70 {5 5 38 6 (9 ¢ &, A< BF 55 L HSFL 37 il 5
Kribb11 5 R B EXT BRZ5 9, 4T T 5 S5 50, 45 21
HoR, 5 R 4 AH L, Kribb11 41 40 4 T HSF1,
p-HSF1 F1 HSP70 4 [ ik, 40 g 4 1k 7K ~F- 1 2H 21
Bt 5, $2% CIR #1455 5 HSF1/HSP70 i 5 H



A AR A HSFL 0 2 i = ol ify #4598 0 5
A . BCP FlAL BS , SRR 20 A L, HSF1,
p-HSF1,HSP70 3 F 3% 1K 1 3 84 hn, i 4 T2 AH 5C 2K
R 8/, 21 SR A RO 200 1 O T K ek b s Bk
J HSFL 4 i 58] Kribb11 BH Wr HSF1 {5 5 18 #% )=,
Kribb 11 #5470 17 BCP X dif fiL -7 8 3 451 05 19 £ 37 4 1
BT AR, 3 T A G I8 3R 1 R, AP R
ALK 48 Ry, 200 1 O TG 22 Ml e ol A n
DA b 25 R AL [ 5 B BCP BE R IR 4010 B oK A, s 20
200 0 O T, DA TR A k1t T R SR A A5 AT, AT RE S
1% HSF1/HSP70 &} A 5%,

Zi LPTIR  ABEFEARVT T BCP 75K B CIR 4514
HROBT A RS AR L, 0 2R S8 BCP RE T i TS
HSF1/HSP70 38 o 7 A Bt A AL A1 Bt 98 T4 T, A
k38 R B CIR #5447, BCP R ok sl 22 A i PR
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