DOI: 10.11844/cjcb.2025.12.0018
o [E 4 A ) 2544 Chinese Journal of Cell Biology 2025, 47(12): 3202-3212 CSTR: 32200.14.¢jcb.2025.12.0018

ETAHARMNMEIZSNEERITAEIEREHFKS
I DS I EEAEE R R R iR TR

i R

(g BRI B NREERE, RIBEEL, 755 615000; °78 & 7 A REERE, BREFEL 795 615000)

WE IR A E R (Dex) Ik 4 30 B vk & (Rem)*f 5 % 4B (LPS)#5 5 49BV2/ N IR
0 AR B R B B 5 F R A e AR K (EAEVR AL s R A Aa ). AR 91 52 38 R R LPS A ik
BV24m oty 2 KR AR R AR A 52 36 18 13 4 #IMOG35-55%, %2 C5TBL/6 /) R 2 L EAEAEA! . CCKS8
K| g fE Ay, 40 0 R IR AnTranswell 52 30+ 4 i A5 12 £ 68 /), A X @0 K o417 B — &, ELISA
#r ) K E B F & e A-&-1B(IL-1B)/ & 2 e/~ % -6(IL-6)/AF & 3% 5t B F -o( TNF-0), & & £ 2 4
44 Western blothe ) A ft W 5L AT E 4 R I 3% @ T 4E45 5% A (Bip)/CCAATIE & T 4 6% 4
F) /R & & (CHOP)/BF BR AL 1 i W 5L it A% % 35 ILES & K B8 1o(IREla) 5 A A& A ME X &G 142
44 311/I(LC3II/T). PTEN % B 1(PINK1). 44 & & (Parkin). [% & A& &G 1(p62). NHE &
1(Beclinl)& £+ 5L, JF & A HE/LFB/TUNEL# & 3% /& A 84040 A 22 . BLAE # A B T H /L. Dex
¥ 35 /9 pmol/L 2 F R A 4 itiE /1 (P<0.001), MFEARem(90 pg/mL)/E e iE it —F 5
(P<0.01); Dex+Rem#l fm . A4~ (P<0.01) 512 £ #% /) 2 Dexf=Rem £ #2 71 (P<0.05). 5LPS24848 1k,
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Abstract

midine) combined with Rem (remimazolam) on LPS (lipopolysaccharide)-induced BV2 microglial cell injury and

This study was to investigate the neuroprotective effects and mechanisms of Dex (dexmedeto-

EAE (experimental autoimmune encephalomyelitis) model mice. /n vitro, LPS (1 pg/mL) was used to stimulate BV2
cells to establish an inflammatory model. /n vivo, an EAE model was established in C57BL/6 mice immunized with
MOG35-55. Cell viability was detected by CCKS assay; migration and invasion capabilities were evaluated by scratch
wound healing and Transwell assays; apoptosis rate and inflammatory factors [IL-1p (interleukin-1)/IL-6/TNF-a (tumor
necrosis factor-a)] were analyzed by flow cytometry and ELISA; endoplasmic reticulum stress markers [Bip (immuno-
globulin heavy chain-binding protein)/ CHOP (CCAAT enhancer binding protein homologous protein)/IREla (inositol-
requiring enzyme 1a)] and autophagy-related proteins [LC3II/I (microtubule-associated protein 1 light chain 3 II/T),
PINK1 (PTEN-induced kinase 1), Parkin, p62 (sequestosome 1), Beclinl] were examined by confocal microscopy
and Western blot; and spinal cord histopathology, demyelination, and apoptosis were assessed by HE (hematoxylin-
eosin), LFB, and TUNEL staining. Dex monotherapy at 9 umol/L significantly increased cell viability (P<0.001),
and combination with Rem (90 pg/mL) further enhanced viability (P<0.01). The Dex+Rem group showed im-
proved cell wound healing (P<0.01) and invasion capacity (P<0.05) compared with the Dex or Rem alone groups.
Compared with the LPS group, the Dex+Rem group exhibited a reduced apoptosis rate (P<0.001), decreased re-
lease of inflammatory factors (IL-1B, IL-6, TNF-a; P<0.001), downregulated expression of endoplasmic reticulum
stress proteins (Bip, CHOP, IREla; P<0.001), and activated autophagy flux (increased protein expression of LC3II/I,
PINK1, Parkin, Beclinl, and decreased p62 expression; P<0.001). Tun (Tunicamycin) reversed all these processes.
In vivo, compared with the Model group, the Dex+Rem group significantly improved the neurological function
score in EAE mice (P<0.01), alleviated spinal cord neuronal apoptosis and demyelination, concurrently inhibited
the expression of spinal cord endoplasmic reticulum stress proteins (Bip, CHOP, IRE1a), and promoted autophagy
(increased LC3II/I and Beclinl protein expression, decreased p62 expression; P<0.001). The combination of dexme-
detomidine and remimazolam effectively mitigates LPS-induced cellular damage and delays the neuropathological
progression in the EAE model by synergistically inhibiting endoplasmic reticulum stress, activating autophagy, and
reducing inflammation. This combination provides a novel strategy for the clinical treatment of multiple sclerosis.
Keywords dexmedetomidine combined with remimazolam; autophagy; endoplasmic reticulum stress; ex-

perimental autoimmune encephalomyelitis
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BCE A, P I E AR B A e MR
R ARBEA Y T A 9 RE DR S BT
TEZIY) T PRI b, 47 EFEIK E (dexmedeto-
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9 umol/L. 12 pmol/L!""), 7 i€ 45 ALK E I B J5
PR i Sy e o AR SE58 H AR 43 LG
43 N Control-0. LPS-0. LPS+Dex(9 pmol/L)+Rem(30
pg/mL. 60 pg/mL. 90 pg/mL. 120 pg/mL!)KE
HALERH 6, (R Z I A M3 ) ENAL T, BF
LS 100 pL. 7E¥ Dex Ml Rem N N1 772 J5
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¥ 455, BEFLIIN10 uL CCK8RF, 5 & 1~4 h, fii
FHBEHRASCR I 2% FLAE450 nmip K Ak (W FE (D) 1E
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MRHE CCK S0 i i A &, /3 N scse — -
Control(FEATRMTAL ). LPS(1 pg/mL, 4 i I BE J5
IO FF S 12 hidATIERL ). LPS+Dex(1 pg/
mL+9 pmol/L, J&EBZE W5 M Dex$F4L07 & 24 h).
LPS+Rem(1 pg/mL+90 pg/mL, 345 A5 I\ RemisF4k:
¥ H24 h). LPS+Dex+Rem(1 pug/mLA+9 pmol/L+90 pg/mL,
I ALSE UG NN Dex+Rem 420 & 24 h). UL L
FE37 CCEEFRFETP AL H o

g0 B S 36 — 0 Control2 (AT il &b B ).
LPS2(1 pg/mL, 4 H A2 5 InNFFEE R 12 h).
LPS+Dex+Rem?2(1 pg/mL+9 umol/L+90 pg/mL, i 4k
WG N Dex+RemfE 37 °CHi 724617 & 24 h). Tun(ZH
FAMBAE AL BE , R IEEE SN 0.5 pg/mL A 5T X 23
BE A % &K (Tunicamycin)!'?).  Dex+Rem-+Tun(41 i
IWiEE 5 N\ Tunicamycin$F 25212 hifil[ 3, FHINA9 umol/L
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245LHH, FE N 200 pLIE i 1 77 5 B R i 4n i
B, FEIMA 600 uL 10%/f6 4 M5 18 77 54 N
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COB5 7756 857724 h, BUH /NE HIPBSH2 FRiE 1k,
R B R AR IR UM, 4% 2 KR E =R
[ 5 30 min, 0.1%%5 %% 44420 min. T8 B 25l
Bi T BEALE S AL T H 8 R SR T A% 40 g, S
56 T B E 3N ALIF E R 3RS S
1.8 ELISASCIS

T HR AR S —, AR B3 . R E
S EATHRAE, 55 FH BRIDCAS U A0 72 W B (D)H -
1.9 ABMRHNE

T RN S 56 — /0 20, 48 380% 1 &, K4l
Jfi 5 Mito-Tracker GreenflER-Tracker RedfE37 °C
8 35 min. FTERTFHEEUH BT, T
HERE &), 1 L B AE B i IR 4 .

1.10 sh¥IkiREFI5r4E

1.10.1 sk BAt s A S0R 6~8# 1)
C57BL/6J/NRIHEAT NS B3 AT 0 98 B /N R
3K H R T AR BRI B IR A ], A7
YFAIES : C57BL/6J-A-008. Fi A sh#¥idE 7% T SPF
K RBEIRBIN T8N 50%~60%, =N (22+1) °C,
12 h/12 h, BARE R W HEBH, B BHUOKFER S . ARBHIT

BTG s s ie 276 B N REEBE AR ZR RS #H %I
FLHEGEE S 2023-007).

1102 SIM & i WA X (EAEER # 5
FEMOG35-55 AR 1E E /K R B 2R E N T mg/mL, 4
W R IAARAE 3B IS &R, LR 1 mg/mLyE -
TEATFERIAAN AL B 4701 mLIXFAWR, 14 %)%
HARICAEE 0K . 1EHPE RIS 300 ng i H
W% B 3R (WA WRAE G IR PBSHY), 15748 hJm FFICHY 9 0 1%
RN 8 CO, R BIEANFE/INR , FREEIEME S S
BEHEAT f5 SRS 5 7 bl

1.103 #HEARAFE RN RSEGIEFRE
ToIi JEAR I B e, IR R . BB IRE H
W 20 VR T 5 I S AR TR B B RE AR, AR e
7 FR BTN BT VR 2, A OCRRER ) B S(BETY),
WINPT 14, RRITC S sl 45, 22, REIE /1
BN D S A AR TG 1 GLRUR R IA); 2,59 LRI
PR FRB  MEE, 35 B SEATRER 3.58%: HLIl K
PR SEAESR , o — SRR o e 5 490 XUB 58 e
4.5%%: VURGERE ; S AET. . WRFAAIEIET:,
) Ty g A3

1.104 528 50 -/, A 12 2 E A Control3
P AT AR, e AME R R 38 R/ AT 1
P, HAIE R ) 36 X, R IE /N B 4 9 Model
2H ;IR DL BT Dex+Rem34H : i& i J5 B
“h 75 24K, ) E 50 pg/kg Dex"+15mg/kg Rem!";
AmefH: JHHEZH , EHEHE B 425 1.5 mg/kg Am-
ethopterin 24K,

1.11 FHAREFARLZE(HE staining)

¥/ A S HE2H 236 B A s B 2 23]
Bl 2K, R E T H KL IR, BREEI RS KL,
UK ; FRAE YLt KPR PRIR R , PRI K
MPRIRE ; 0.5% 2L gu 0, Bh R S REliK, — F2RI%E
B, PR IR B o B e BT R IR R
1.12  LFB(luxol fast blue)SEL&

X F LFBHL At {11 0.1% LEBYERO ) A 34T
Yoty JEE60 °CRIFE 3 h, 7E 55 T H0.1% )4
A G 10 min, F£HZBIBKA RS (@5
PR R B K FRTE R RiE R )5, {4/ Entellan
) DAVEAl T BE A AR A
1.13 TunelZZf

W22 4% 22 58 W i % 1 4] 32 30 min/= (IFEAS, PBS
PRV 3R (X 5 min), #4738 10038 Z 42 10 min;
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PBSH % J5 i N Tunel ;s SR A ¥R (% TATES 5 %6 bR
1 dUTP), 37 °CHlEYE:H% F 60 min; PBST /3115 31K,
DAPIZ% 5 min(EEE ), FUog M KB Frfld e
eI A BB XGEIE R
1.14 Western blotsL3E

HUREAS, i FH RIPARIRIR IR o B4R HUT 1
HAMABCAEHHfTEAEE. B, Bk, U
I, B, RRREAEEE NS, REE 2 he IIA—3T
DY I R S 80k 5% 28 14 Bip(1:1 500). CHOP(1:1 500)-
IREla(1:1 500)F1 H B AH < FHLC3I/LC3I(1:1 000).
PINK1(1:1 000). Parkin(1:1 000). p62(1:1 000).
Beclinl(1:1 000), 4 °CUKAEREIRITII . F7EE2K, [FIUK
PriA, ¥ 2% 46 H PBSTIE YE 3K BEK 10 min. JIA
TPL(1:5 000), FHIEFEE 2 he BFE SR, [ PBST
TEVE3K, BFX 10 min. JEPELARG , MM ECL
RICH, A8 BT IR
1.15 ESHEFEME

WA /N R S BE L 2374 °CHIRZ) 1 mmx]
mm> 1 mm /NS 7RI 2.5% 56— % 5 i ] 52 2 h,
BE30 min, [ 5E2 h, FHBERR 2522 R FE R 10 min,
TECEEFR BRI K, F O BRBNIE G0 2 haliid 7, i
K, IR b B e 10 min, £33 EFR M S, 1)
F~2 um ) Fr, B fa O FE R e e, 352k, il
Fiy LK B-VE ) 7 HLA A i D) B 50~70 nm 1) 48
TR, HH QR B AR R Y o, DUEAE T
TS BB AT L R4 4
1.16 ZFit59Hh

{81 FH SPSS26.03E 1T H4 73 #r. PT A HUIR & 1
SR ZFF R 5 A P>0.05, TG 2 PL_E %%
fFo AR SRR 3R 7 2 o0 i o b = 4 R DA B B
#P<0.05, WHHE B A S, nT LT H 5 L
5, 1 FHl Turkey HSD#EAT1Z 4656, 75 P<0.05, W%k
BAREMN T WEEEE, WE L 38 4T
EAETTEa T

2 R
2.1 AERAREHKETH DM S ZHAnEE

T %6, 18 FHCCK8SLIR i 7t 40 4TIk e AELPS b HE
X BV24HRE S (B 1A). SEERAEIRERH, 5
Control-0ZHAH L., LPS-0% & | 4H ffa % 5 (P<0.001);
HLPS-0ZHAHE, LPS+Dex(6 pmol/L. 9 umol/L)i 4H il
T 7158 ETF(P<0.01, P<0.001), Tfi£E 12 pmol/L DexFf

YRS 71 R . BT, A SRR E A 9 pmol/L
BEAT G 4R 506 . 4kl F CCK M 5T 45 SEF00k 2
Bty Ly WA B L FH 6 2 S g se ), SaG e SRR
B, 5 Control-0ZLFI E, LPS-04141 3% /1 i 2% K %
(P<0.001); 5 LPS-0414HLt , DexE LPS+9 umol/LZH
IR A 7 22 ETF(P<0.001); b0 N F 4 G,
5LPS-041M Lk, Dex+RemfE 9 umol/L+30 pug/mL.
9 pmo/L+30 pg/mL. 9 umol/L+60 pg/mL. 9 pumol/
L+90 pg/mL. 9 umol/L+120 pg/mLIs 40 3% 113
&% ETHP<0.001)(E 1B). 5 LPS+9 pumol/LAAHLL,
LPS+9 umol/L+90 pg/mL4H Mg /1 &3 b7+ (P<0.01)
(K 1B), A EFLKE BEE I 5 MO A B 4 SR 4T
MK 5 B A FH AT DA R0 ik 4 B 3 5
22 AEAMERKSIHDMSXTHHEEET
1RZERF2 N

13 FH 20 P R IR S 6 30 UE A7 2 FE K e . B D
WL 36 FE K E R G B S W ) 4 L T A RE D
V2 (B 2A). SEISUERH, 5 ControlZHAHLL, LPS
24 A e T B R B (P<0.001); 5 LPSZHAH
v, LPS+Dex Ml LPS+Rem4 40 it f & fg )y & 3%
FTF(P<0.001); 5 LPS+Dex 1 LPS+RemZHAH L,
LPS+Dex+Rem41 41 ffl & 5 6E /1 . % b7+ (P<0.01).
{5 FH Tranwell SEEG I UE AT BAEIKE . Fi MG 4
I FRIK 2 BBk 2 i 1 Mk o 40 Pt 5 6 0 s (P
2B). SEIGER], 5 Control4LAH EL, LPSHL4H iR 2%
& 713 N I% (P<0.001); 5 LPSHIAHLL, LPS+Dex
MILPS+RemZH 4112 28 e 71 2. 3% b TH(P<0.001); 5
LPS+Dex fILPS+RemZIAH Lk, LPS+Dex+RemZH 4 /iy
127868 )13 L TH(P<0.05).
23 AEEMRERS TR DS B NI A R R
AN E B F R E A EBV2 4R P 1E R

A5t FH 9 X A B ARSI A 25 B 0K B A By e
EXTYNIE TR (K 3A). &5 5RR B, 5 Control2
AL, LPS2AHAN I -5 53 L F+ (P<0.001); 5
LPS24H AL, LPS+Dex+RemZH 40 T- R B# F
F% (P<0.001); 5 TunZl#H L, Tun+Dex+RemZH 41 iy
TR 8% N (P<0.001). 18] ELISALIE A5 35
FEWK I8 A Fifn L O %] 980E IR F- [ 2 e (K1 3B). &5
REW, 5 Control241 A EL, LPS24H1L-1B. IL-6.
TNF-a 28 fiE K 7 2 2 FJ+ (P32 <0.001); 5 LPS2414H
tt, LPS+Dex+Rem#H IL-1B. IL-6. TNF-a#JE K 1T
2 % (PY<0.001); 5 TunZAHEE, Tun+Dex+Rem
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NN N
N N P N e SR\ & & &
& 8 o o 8 o SRR o ¥ ¢ W
F V&L ES & o¥ Y Q% T D
[N ST BT T 9T RGN <\)x°’ N
ST F S S
A% A% A% VO § Q& Q’& &o
D
D & & &P
ex STF S
Dex+Rem

A EFEIRE B X LPS 5 (40 LI 7 520 B: 7 3Bk 2 Al g S O 56 A PO LPS 75 3 AU 4 IS 520, *+#P<0.001, 5 Con-
trol-041 LL 5 #P<0.01, *P<0.001, HLPS-04 LL#%; **P<0.01, S5 LPS+9 umol/LZH LL#%

A: effects of dexmedetomidine alone on LPS-induced cell viability; B: effects of the combination of dexmedetomidine and remimazolam on LPS-induced cell vi-
ability. ***P<0.001 compared with Control-0 group; “P<0.01, “**P<0.001 compared with LPS-0 group; “"P<0.01 compared with LPS+9 umol/L group.
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Fig.1 Dexmedetomidine combined with remimazolam promotes proliferation of BV2 cells

A: 4R A5 B8 )G K, B: TranswellSZE6 R4 11 [&]; *##P<0.001, 5 ControlZH FLES; #P<0.001, SLPSH AL, “P<0.05, “P<0.01, 5LPS+Dex

B LPS+RemZH L% .

A: cell migration ability and statistical graph; B: Transwell assay and statistical graph. ***P<0.001 compared with Control group; “*P<0.001 compared
with LPS group; "P<0.05, “"P<0.01 compared with LPS+Dex or LPS+Rem groups.
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Fig.2 Effects of dexmedetomidine combined with remimazolam on migration and invasion capabilities of BV2 cells
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A: flow cytometry results and statistical graph; B: statistical graphs of IL-1pB, IL-6, and TNF-o inflammatory factors measured by ELISA. ***P<(0.001

compared with Control2 group; **P<0.001compared with LPS2 group; *"P<0.001 compared with Tun group.
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Fig.3 Dexmedetomidine combined with remimazolam exerts cytoprotective effects by suppressing endoplasmic reticulum

stress and inhibiting inflammatory factor production
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A: fluorescence images of endoplasmic reticulum stress; B: Western blot bands of endoplasmic reticulum stress and autophagy-related proteins; C: sta-
tistical graphs of endoplasmic reticulum stress and autophagy-related proteins. ***P<0.001 compared with Control2 group; “*P<0.001 compared with

LPS2 group; "P<0.01, ""P<0.001 compared with Tun group.
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Fig.4 Dexmedetomidine combined with remimazolam exerts cytoprotective effects by suppressing endoplasmic reticulum

stress and promoting autophagy
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A: HE staining images; B: TUNEL staining images; C: LFB staining images; D: pathological scores of EAE model mice; E: transmission electron mi-
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croscopy images. ***P<0.001 compared with Control3 group; “P<0.01 compared with Model group.
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Fig.5 Dexmedetomidine combined with remimazolam alleviates disease progression

in experimental autoimmune encephalomyelitis model mice
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A: Western blot bands of endoplasmic reticulum stress-related and autophagy-related proteins; B: statistical graphs of endoplasmic reticulum stress-
related and autophagy-related proteins. ***P<0.001 compared with Control3 group; “*P<0.001 compared with Model group.
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Fig.6 Dexmedetomidine combined with remimazolam alleviates disease progression in experimental autoimmune encephalomyelitis

model mice by suppressing endoplasmic reticulum stress and promoting autophagy
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