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@ E B KTF £ 88 (Ramelteon) A Ag % 48 (LPS) # -5 49 oo Jiii 5+ [ ( BBB ) A2 AL 38 i 4 IF 3 69 4R 47 VE R Ao L ALH A B 55 X
JER L BAC B K B, ik W 24 AR RA CSTBL/6 Ak R4 A 3t BB 40 (0. 9% RAL4A 7% ) . Ramelteon 40 LPS 48 5=
LPS+Ramelteon 28, JAl LPS i% 5/ K e i G FEH G Rt D R AR @it , RRAFALEELE 0T L@ dn, K0 @ikt
k- 8ME MY EN, R AR FERBEORPT X RSN KA AR B PALTEEESG 1(Z0-1)FRAEES
(Occludin) 8 &k . KA Z 8R4 F R A B4 B A0 BRI S 5 R X Bt it 77 s Al K 02 B F & s ie A& IR (IL-1R) FoSf A5 tm
JeAEG L(MCP-1) K-8 KA, AAAR E B R m i 22 Fo 1 R a0 i P 7 —B5(MDA) 893k E . A& G R i e 40
fo P AR E T E2 X B F 2(Nif2) FeBLAALE R BE(NQOT) 09 A XL, &R . (1) Harmsatart  LPS 40§49 K s i@ 4
hm N RAYZ RS B A, 5 LPS 201648 LPS+Ramelteon 2B/ R K GiB F AR AV 2 F 0 R X713, 2 F 0 AL
HFEN(P<0.05), (2) 5 @4t LPS 28 ZO-1 #» Occludin & ik B 4%, IL-1B #= MCP-1 &£ 1 &5 LPS 44, LPS+
Ramelteon 28 Z0-1 #= Occludin & & F+ &, IL-1B F= MCP-1 & ik A&, £ 33 A %t & L (P<0.05), (3) 5t @a4ak LPS 2
Nrf2 #= NQO1 4. ik Bef& MDA KP4 % ;5 LPS 41 3t4% , LPS+Ramelteon 28 Nrf2 f= NQO1 & ik F+ 3 MDA K F A%, £ 739 A %t
FEL(P<0.05), (4)5xrBa4grk  LPS 289 bEnd. 3 W 0 feiE H T @5 2 F 3 ke Bl ot Z0-1 #= Occludin & & KT 2
F TR, ZFHA LT FENL(P<0.05) ;5 LPS 2848t | LPS+Ramelteon 28R & 20 fiL & 1 7 3 . R X 40 A od 38 15 M 4K B BF ZO-1
#2 Occludin £k KF B F 715, L5 Ramelteon 7 &M EA X, £ FI3YH % FEL(P<0.05), (5)5aFRL4LE LPS AT R %
) Nrf2 2 NQO1 #9 £k K -F ;5 LPS 2848t | LPS+Ramelteon 28 Nrf2 & ik K-FH 3, B 5 Ramelteon 7 & mx EA8 % | £ F 39 H %
5 &L (P<0.05), (6)Compound C VAR si-Nef2 3 T v it 37 ) b F 5% B2 AL R 35 BR 75 AL & & 0B ( AMPK) -Nif2 43 538 %%, 5
R A B, m 4% Ramelteon 3t LPS #5549 Z0-1 #= Occludin 8, ¥ & W & 3 B i 15 38 M 9 4% 2 45 A i, 35, 4538 ; Ramelteon ¥ VA
i iE AMPK-Nif2 42 5 i@ 38 BC-& LPS -5 09 4k o o Ji B il M 7 3, JLAUH) 7T 4k 5 ) K e RO An BAL RLIOR B A %
KW FEMH; REAE; AR, AR, KERE; AMPK-Nif2 155 i@ 5%

Protective Effect and Mechanism of Ramelteon on Lipopolysaccharide-Induced Elevation of
Permeability of Blood-Brain Barrier Model*

ZHENG Wentao', YANG Lin', WANG Hao’( 1. Dept. of Neurology, the First Affiliated Hospital of
Dali University, Yunnan Dali 671000, China; 2. College of Basic Medicine, Kunming Medical
University, Kunming 650500, China)

ABSTRACT OBJECTIVE: To explore the protective effect and mechanism of Ramelteon on lipopolysaccharide
(LPS ) -induced increased permeability of blood-brain barrier ( BBB) model, as well as its relationship with
inflammatory and oxidative stress responses. METHODS: Twenty-four healthy C57BL/6 male mice were divided into
the control group (0.9% sodium chloride solution), Ramelteon group, LPS group and LPS+Ramelteon group. The
blood brain barrier injury of mice was induced by LPS and the endothelial cell injury was stimulated. Brain
permeability was assessed by using the Evans blue staining method, while cell viability was determined by utilizing the
cell counting kit-8 (CCK-8). Expression of human tight junction protein 1 (Z0-1) and occludin in brain tissue and
endothelial cells was evaluated through immunostaining and Western blotting. Quantitative reverse transcription
polymerase chain reaction (qRT-PCR) and enzyme-linked immunosorbent assay were employed to measure the levels
of inflammatory factor interleukin-1f ( IL-18) and monocyte chemotactic protein 1 ( MCP-1). Malondialdehyde
(MDA) concentration in brain tissue and endothelial cells was detected by using the thiobarbituric acid method.
Expression of human nuclear factor E2 related factor 2 (Nrf2) and quinone oxidoreductase (NQO1) in the cell nucleus
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was determined via Western blotting. RESULTS: (1) Compared to the control group, mice in the LPS group showed
increased brain permeability and significantly decreased neurological function scores. In comparison to the LPS group,
mice in the LPS+Ramelteon group exhibited decreased brain permeability and significantly increased neurological
function scores,with statistically significant difference ( P<0.05). (2) Compared with the control group, the LPS
group displayed decreased expression of ZO-1 and Occludin, along with increased expression of 1L-13 and MCP-1;
compared with the LPS group, the LPS+Ramelteon group showed increased expression of ZO-1 and Occludin, and
decreased expression of IL-1B and MCP-1, the differences were statistically significant ( P<0.05). (3) Compared
with the control group, the LPS group showed decreased expression of Nrf2 and NQO1, and increased levels of MDA ;
compared with the LPS group, the expression of Nrf2 and NQO1 in LPS+Ramelteon group increased, while the level of
MDA decreased, with statistically significant differences ( P<0.05). (4) Compared with the control group, bEnd. 3
endothelial cell viability decreased, permeability increased significantly, and expression levels of ZO-1 and Occludin
were significantly down regulated in the LPS group, with statistically significant differences (P<0.05). Conversely,
the LPS + Ramelteon group showed increased endothelial cell viability, decreased permeability, and significantly
increased expression levels of ZO-1 and Occludin, which were positively correlated with the dose of Ramelteon, with
statistically significant differences (P<0.05). (5) Compared with the control group, LPS group significantly inhibited
the expression levels of Nrf2 and NQO1; compared with the LPS group, the expression level of Nrf2 increased in the LPS
+Ramelteon group, and was positively correlated with the dose of Ramelteon, with statistically significant differences (P
<0.05). (6) Both Compound C and si-Nrf2 could inhibit the activating AMP-activated protein kinase ( AMPK)/Nrf2
signaling pathway, inducing oxidative stress and weakening the protective effect of Ramelteon on the reduction of ZO-1
and Occludin induced by LPS and the increase in endothelial monolayer permeability. CONCLUSIONS: Ramelteon can
improve LPS-induced increased permeability of blood-brain barrier in witro by activating AMPK-Nrf2 signaling pathway,
and its mechanism may be related to inhibiting inflammatory and oxidative stress responses.

KEYWORDS  Ramelteon; Lipopolysaccharide; Blood-brain barrier; Oxidative stress; Inflammatory response;
AMPK-Nrf2 signaling pathway

1L fi%i 5% B ( blood-brain barrier, BBB) 5247 T lixi 2H 24 A1 Il YK
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HENBRNL 5 7T LAY & 48 AE BN, R I 48 A R AT LA 38
BBB I #E M, 1M BBB i 32 1 ) 38 i SR LA i 8¢ 1 200
TEMRZH R RIR I, HE— DI E SR S, A7 SCHR AR IE , 41 1 41
A A AT SV FT BB AR Y BBB 52 48 P FITE YT AH A £
FRAITEAERD D BRI (MT) & —Fh7EAR SR Ad & LRI R
AR 2R, AR DA AR 5 1 2 B 0 LA S 4 5 2 >
10155 J7 AT & BURAE
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P F NIRRT h R HE AR MT Bt
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K 2% A et 5 B RS, MIT AT LS 5 T R B R AR (MITs ) &
RGP EN MT @58 5 R MTs 855 5 HiG 2 ME 5
e TGk R BB B BT B B v R 2T
R O FER

T FEH M (Ramelteon ) &5 4 F TR YT IR Y MT 244
BEh S A MT, Ramelteon Xf MTs E.7H ¥ & 14 26 A1 S A0
BEBEVE | PRI PR P ELAT B4 7 8OR B i 1 e Ak AR
FEHRTT T Ramelteon XTJIg 2 Kl (LPS) 455 19 /)N B 401475 48 i
SN BBB SEEEZ W 52, B AEER 1T Ramelteon X BBB A
PRAP W T R T B BIL R
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S YN E R 6~ 8 A R{EERE C57BL/6 S8/ B (SPF
G MErE) 2k 24 B KT 20~25 g, SCE/NER KBRS
S AL B B[ 45 SYXK () 2018-0002 ] , BIF 5% 7™
A 30 R P [ [ R R R RLE
1.2 {488

PF5000 #0238 8 i AL ( iSRS e s A IR A
F]) ; KW-DWY-S i 37 44 5 45 A% (B 5 R 2R SCAE P RHE A B
A 5 YP-96A BRI G B AT AL (LI AR P = 3 G F B
A FRAT]) s NXSO B U1 ML ( 3% [ Thermo Fisher 23 7 ) 5
WSB-300 U5t B A (1M S8 2= A FRA ) 5 HM-
P16 H5AsE PCR R (L ARTESE R FRHEARAR) .
1.3 RS

Ramelteon ( B 1% R AV B AR AR ; LPS (3£ [E
Sigma-aldrich A ®]) ;P4 SCHE#E ( LG RIERH B R A A ; H
AR 1B (IL-18, T M B ER L A R A BR AR ) 4
MR 1(MCP-1, RN LI AE YR AR AR 5 1
BRI AL R R IT AL 26 11 S ( AMPK , B ¥R E 4L MR A
FRATED) s BEFRERZE vl (PBS, LI A= B A IR A D) 5
/IN BRI R I A P 12 200 FE ( bEndl. 3 P B2 400, 3% 0 3 3 0 Ay
BHEARATD) M E2 MR T 2(Nef2) Fi i 4T
Hik-8( CCK-8) IR F & (B ME HIBAEYRHEARAR) ; NE
BRI 1(Z20-1) B S e B ( ELISA ) 1250 & ( Rt
JIREEA PR AT R D) S TL-18 HiA MCP-1, %0 7 1 i1k
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P TREA RS 7 AMPK #1451 Compound C( #7UEHIH
APRHEATBRA R ) 96 R S0 AR BR- A s (R R
YIRS R ) s Nef2 ELISA i85 & (i Ab I A Rt 6o A
FRA T ) 5 AL S 1( NQO1) ELISA i & ( BI04
YR AT R ) 78 B (MDA K It ) & -mi A0 1 L 2R
(TBA)E( M E AR RAR) ; AR -4 (HE)
Pt X & (AR R A YR A RRAR) .

1.4 HABAE54%

XFHEZH (0. 9% AL AN WL )  Ramelteon 2 | LPS 2 Fl LPS+
Ramelteon 2H , 540 6 2 C57BL/6 METE/MNR., FL A Ramelteon 20
F1 LPS+Ramelteon £ /)N BRUIE I 7 5 Ramelteon[ 3 mg/ (kg-d) ],
1H 1SS 7 d, XEREZH/IN B v SRR IR B AY 0. 9%
SR, 1 B LR GESHESS 7 d, 655 7 H SRR LPS
ZH A1 LPS+Ramelteon ZH7E Ramelteon 5T 2 h J& , ]/ BB I
TS LPS( 1 me/kg) , JF4% 2 BULFE , U121 LA 45 H .

1.5 /NRHEEZThEERIRITES

Ramelteon ZH . LPS 411 LPS+Ramelteon ZH 13 51 25 #) 24 h
J7, AR 6 R/NRBEAT AR TIEETE . (1) K&OEME
(K% 1.5 em %) .0 4y, /NEUR AT AR 1, AR 4% 1 k7%
143,/ BUE SR A A 2R sl DU B 1 R 45> 60 552 43, /N BRUEE
60 s PIARFFRRE M T 14 34 R TEAR S B 3053 4, /NRAE
K& AmMAITE, AT AmES, (2) REEHED.0 4,/
FUBAR ™ 28, NREES 5 143, /N BUAT AR SR A 35 3L 5 2 43, /N
HE AT LA M, S5 AR 33 4%, /N BRI LG o I aT 25 il 5 4 4%,
ANEIFLE REI R AR 5 5 43, /NBRUAE 15 s Nl ) AR,
A 2 PP 2 D RE AL iR AP AR I, A5 A 2 D BERE 4, TE
SR B ) RE SRR B R
1.6 FRXBESH

PRSP SE— R AR B A B B T YL b}, 704 2 2 U, v]
YER7REEFRIAEE BBB MY oe 4t . I8 AR FRA T IR 11 2
JoikZER BBB 1, i FH S R EAAREAEN T TS
3% R A 45 A 0 SCR B TE VL B 1 BBB, 38 1 WEER A SR
W E2 AT DL T f# BBB S8R MY iE T, 2 Ramelteon ¥4
IT)E B OB E R (2 mg, 1% T 0. 9% FAALFNA W) 27N
FURERIKEST , P83 30 min J5 B/ NRET B, SRJ5 e vk L e /3
BRI
1.7 bEnd.3 A 4HRaEESE

¥ bEnd. 3 400 & T DMEM 35553 B K IFFERE gL
TN 4.5 ¢/ LA 3.7 o/ LIRS 4 /L & BERE . 10%
JiG 4 I35 100 U/mL 7585 2 Fl 100 we/mL i % | T 40 85
FEYIIIFE 37 °C A 5% CO,/95% 25 N 25 S W0 T 1 555 F7 46 b A
7. WELITZHY AR Ramelteon 211 LPS+Ramelteon £ ,
FAMLL 1. 0x10* A/em® 1% B B2 Fp T AL UG R L, 43 5]
1E Ramelteon 2543 & #f FE R 30,60 nmol/L &M T, fifi FH
LPS(1 pwg/mL) AbBRANML, SRJG , B3R 43 4l e m A 7S LA
53R 24 h S SEREAR IR S FLAR S, INA 1 mmol/L /9 —
XN A B4R 1 d, {23 AMPK BERR LIS . B )5, BT
#FR bEnd. 3 AIAEH Y Nef2, FH 58 24N 3 B0 25 ) 1 35 57 3 4k
LEFEFEAN M I LPS 1 Ramelteon ZbFE A8 Nif2 B7r i LATT
il Nef2 (R BRACR
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A AERITE 96 FLAH, I 7E LPS I Ramelteon 4t 3 2 B &
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TR REFR/INE, S SR I A 4 1 Bl e R B AR A 450 nm &b
MG,
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FGH TR ARG TR 58 3R i UL B (0 7
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YRSERETE 24 h, AR5 AN L AMIN E B 29 20 L #F 5, 5T
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SR FH G2 Y €6 R 28 1150 B 30 325 A 100 fiy 2L 280 1N B 40 i
70-1 FIAA A (Occludin) B ik, SR A B I SR R A T
5% IS T TIER 28 WA X3 o A ) 4 Xl - IL-18 1 MCP-1
APk, BB B b 22 15 725 A6 000 i 26 250 A0 P9 R 40 i v
MDA FHEE . FH R 15 B 30 325 46 I 40 i A2 b Nief2 1 NQOL
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111 SitZEHiE

R F GraphPad Prism 9. 0 G844 X 4o 145 SR ik A7 404
KB FFE RS R TOR DL 25 F7m 4 A] LLACR H
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