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e % $1(P<0.001), 1fi SAH + AAV-Neuritin 21 f1 SAH + AAV-Neuritin +TUDCA 1% SAH
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Abstract

Objective: To investigate the relationship between endoplasmic reticulum stress-associated inflammatory
pathways and neuronal apoptosis in rats with subarachnoid hemorrhage and to assess whether Neuritin can
attenuate ER stress-mediated inflammation and cell apoptosis following SAH by inhibiting pathways
including IRE10-TRAF2-NF-kB, PERK-elF2a-NF-kB, and ATF6-NF-kB, thereby providing novel
theoretical insights for clinical treatment of SAH.

Methods: (1) SAH rat models were established using the endovascular perforation technique. (2) Verification
of the SAH model. (3) Rats were randomly assigned to the following groups: Sham, SAH, SAH + Vehicle,
SAH + TUDCA, SAH + BAY 11-7082, SAH + AAV-NC, SAH + AAV-Neuritin, and SAH + AAV-Neuritin +
TUDCA. (4) Neuritin expression following adenovirus transfection was examined using Western blot and
Immunofluorescence staining. (5) Neurological deficits and SAH grading were assessed using the Modified
Garcia scoring system, while brain edema and blood-brain barrier disruption was evaluated through
measurement of Brain Water Content and Evans Blue staining. (6) Expression levels of NF-xB, p-NF-«xB,
NLRP3, Cleaved-caspase3, GRP7S8, p-PERK, TRAF2, ATF6, p-IREla, p-elF2a, and p-AKT were measured
using Western blot analysis; expression changes of NLRP3 and GRP78 were analyzed using
immunofluorescence staining. (7) Neuronal apoptosis were analyzed using TUNEL staining. (8) Changes in
expression of inflammatory factors (TNF-a, IL-1p, IL-6) were analyzed using ELISA.

Results: (1) The SAH rat model was successfully constructed, evidenced by visible blood clots around the
base pool and the Willis circle, and significant HE-stained red blood cells in the subarachnoid space of the
SAH group compared to the Sham. (2) Western blot and immunofluorescence results showed that Neuritin
expression was significantly higher in the SAH + AAV-Neuritin group compared to the SAH and SAH +
AAV-NC groups (P <0.001), with no significant differences between the SAH and SAH + AAV-NC groups.
(3) Modified Garcia scores were lower in the SAH and SAH+AAV-NC groups compared to the Sham group
(P<0.001), indicating neurological impairment, while Modified Garcia scores were higher in the SAH +
AAV-Neuritin and SAH + AAV-Neuritin + TUDCA groups compared to the SAH group (P<0.001). The SAH
grading scores did not differ significantly among groups (excluding Sham). Brain Water Content was higher
in the SAH and SAH+AAV-NC groups compared to the Sham (P <0.001), indicating brain edema. However,
the SAH + AAV-Neuritin and SAH + AAV-Neuritin + TUDCA groups exhibited a reduced extent of brain
edema (P <0.05). Evans blue extravasation was higher in the SAH group compared to the Sham (P <0.001),
indicating blood-brain barrier damage, which was lessened in the SAH + AAV-Neuritin and SAH + AAV-
Neuritin + TUDCA groups (P <0.001). (4) Western blot revealed that in the SAH group, the expression levels
of p-NF-kB/NF-kB ratio, NLRP3, Cleaved-caspase3, GRP78, p-PERK, TRAF2, p-IREla, p-elF2a, and



ATF6 were significantly increased compared to the Sham group (P <0.001), the expression of p-AKT was
significantly decreased (P <0.05). There was no significant difference in protein expression between SAH
and SAH + Vehicle groups. Compared to the SAH group, the SAH + TUDCA group exhibited significantly
lower levels of p-NF-kB/NF-kB ratio, NLRP3, GRP78, p-PERK, TRAF2, p-IREla, p-elF2a, ATF6 (P <
0.01), but significantly higher levels of p-AKT (P < 0.001). The SAH + BAY11-7082 group showed
significantly lower levels of p-NF-kB/NF-«B ratio, NLRP3, Cleaved-caspase3 compared to the SAH group
(P <0.05). The SAH + AAV-Neuritin and SAH + AAV-Neuritin + TUDCA groups had significantly lower
levels of these proteins compared to the SAH group (P < 0.01), with no significant differences between the
SAH + AAV-Neuritin and SAH + AAV-Neuritin + TUDCA groups. Immunofluorescence results
demonstrated that GRP78 and NLRP3 fluorescence intensity were notably higher in the SAH group
compared to the Sham (P < 0.001) and significantly reduced in the SAH + AAV-Neuritin and SAH + AAV-
Neuritin + TUDCA groups (P < 0.001), the GRP78 and NLRP3 fluorescence intensity with no significant
differences between the SAH + AAV-Neuritin and SAH + AAV-Neuritin + TUDCA groups. (5) TUNEL
staining indicated apoptosis rates were significantly elevated in the SAH group compared to the Sham (P <
0.001), with a significant reduction in apoptosis observed in the BAY 11-7082 group (P < 0.001). There were
no significant differences in apoptosis rates between the SAH and SAH + Vehicle groups. Comparatively, the
apoptosis rates were significantly decreased in the SAH + AAV-Neuritin and SAH + AAV-Neuritin + TUDCA
groups (P < 0.001), and the apoptosis rates with no significant differences between the SAH + A AV-Neuritin
and SAH + AAV-Neuritin + TUDCA groups. (6) ELISA results revealed a significant increase in
inflammatory factors (TNF-a, IL-1B, IL-6) in the SAH group compared to the Sham (P < 0.001). The
expression of inflammatory factors was lowered in the SAH + AAV-Neuritin and SAH + AAV-Neuritin +
TUDCA groups compared to the SAH group (P < 0.01), with no significant differences between the SAH +
AAV-Neuritin and SAH + AAV-Neuritin + TUDCA groups.

Conclusion: Neuritin attenuates neuroinflammation and reduces neuronal apoptosis by inhibiting
endoplasmic reticulum stress-associated pathways, including IRE1a-TRAF2-NF-xB, PERK-elF20-NF-kB,
and ATF6-NF-«B pathways.

Key words: Subarachnoid Hemorrhage; Neuritin; Endoplasmic Reticulum Stress; Inflammation; Apoptosis.
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(List of Abbreviations)

RHE AR HSC A RR

SAH Subarachnoid Hemorrhage R DR T i I

EBI Early Brain Injury A4

ERS Endoplasmic Reticulum Stress PN 5T I 7 35

UPR Unfolded Protein Reaction KT EEA RN

GRP78 Glucose-Regulated Protein78 HIEPER T EE 78

IREla Inositol Requiring Enzymela WL EE-1a

TRAF2 TNF Receptor Associated Factor 2 TNF SZARFHICH T 2

ATF6 Activating transcription factor6 BOS T 6

PERK Protein kinase RNA-like ER kinase HEBEE RNA FE N5

elF2a eukaryotic Initiation Factor 2 FAZRIGIH T 2

NF-xB Nuclear factor -xB %K F--«B

TNF-a Tumour Necrosis Factor o JH IR R B A F-a

IL-1B Interleukin-13 HA&-1B

IL-6 Interleukin-6 H/r%&-6

Caspase3 Cysteine-requiring Aspartate Protease3 PR EIR N AR 3

HMGBI High mobility group box1 EIE M EE A Bl

PBS Phosphate Buffer solution TR #h 2z Pl

H&E Hematoxylin-eosin IIAKG BT

BSA Bovine serum albumin A IiEHEH

ELISA Enzyme linked immunosorbent assay PR K e 3 B o S 5

WB Western Blot R 5 S B R

TBS Tris Buffered Saline = OB G D ER KT

SDS-PAGE Sodium dodecyl sulfate-polyacrylamide | b3 HR BREN—58 P s 9k e
gel electrophoresis

ECL Enhanced chemiluminescence B A 22 RO

PVDF Polyvinylidene difluoride Rim I

BBB Blood Brain Barrier L i JoF
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gk o i Jias H I (Subarachnoid hemorrhage, SAH)/& —Fh 75 8 2 i v 1L 9505 , 240
TR 2 5%, (HEFET R Enk AR 27%02, R PERER I (Delayed cerebral
ischemia, DCD) fi§ SAH Ji 3~ 14 R BN ISR PSR 23507 FP 240 ) R AR
SETZ, XMMRAAUE K A, AT 512 Th RERRES, BRI SAH R TS ARV
. HEjRESLIG IR R I F 4145 (Early brain injury, EBI) 7£ DCI } SAH Til
JEAN R I EZAE R . R 07 FOMES T 2004 4 H1 Kusaka 255738 52 th, $RA2 10
TRCBE NG DR B J12 J B8 7200 PGS K i B PR SR A6 A0 B2 A 4450 EBIT B3 BRAE 2R AR fk
FHATL )0 F55 P T v~ SR A LI A 2 SORE R I T B TG 57 [ ( Blood- brain barrier,
BBB) AR ki 7K b i I D RE R AT « 0 P ) 1 L A 2R LA R B9k I8 1t R4k (Cortical
spreading depolarization and depression , CSD) 401, FLHARGH % itk K (1) 73 F ML AfS
AP OVE A, AR5 TH I T, #2e RAE R AR R O FURI A 22—

SAH J5 B RAEBN N E FBURA RS 05 R BEHLH] 2 —. SAH 5l #E #5820
22 PORE SN F P e B A0 PR ORI S P A PR PRI AN SRE A o ) A o IX SN
SR DA AN 2 A R eSS 1, TS B0 R AR REEACI R AL (5 S
T s, SR ARSI T 8 SAH 5 BUOR B I A ek X T i S R A,
A& B R B ZH AR T T v AN L D, 23— 20 3 B R AT R A X B PR RO AL
WO FERE S, A2 o B 1 B AT R AE A 5T o 148 ) H e 45207 i 248 B v B4 1 2 1 AT
DNA, [R5 A B 3G I A M AR 1, 1 — 2D RSO ML B Bt o 52 453 £ I e e 52 B0
K, IR A0 . B SAH Ja RMHIEE— PR, MNP E TR . 2
R D RERERG A RE B AN 2R AL (e BE 4 M T RN R, 51 caspase FKIREGIGHL,
A4 TN Z DNA BRI S M 25 R4 55 o 3K — 32 £ B R S B0 T i 48 40 B 1) Rt
RGBT, X I 208 K A 5477 . SAH JaE B AE [ N AT H 22 ARl 3R 51 kS o BEAE AT 78 A B
B TR 8 2 i R HE ) MLV 453 07 2 B B, B RRZL AR R O AR ) (LA
A R R M BRI A D AN4R P o i R R AT B1 (High mobility
group box1, HMGB1) PI. ATP i\ 42 W 5 /&[5 {5 5 (danger-associated molecular
patterns, DAMPs), DAMPs filt 2 FiG 47 € 524K, 401 TLRs. P2X7 SZ ARG HHE S f b 2%
RIEW)s 4k (the Receptor of Advanced Glycation Endproducts , RAGE), [ f5#iE % W)
U RIEAS SO B, R A E A PR U012 S T A AT R I 98 SR AT A BT DY) R
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(Endoplasmic Reticulum stress,ER stress) Z [l 35 S % B R, 75 A i N SIEOHTE, 405
SIS — RV N NIRAE , SRR AR TS B H B MY (Unfolded Protein Response,UPR ).
UPR SEWE NI N DR, 4E47 & B4 & 7, HriRAm N IR e . UPR 329
Je = A2k WG 7 6 (ATF6). 8t Bl RNA £ 4 i il (PERK) Al
PN X RE T 3 T 1 (IREDD . BB EGE T IRET. PERK A1 ATF6 0 HH <M
FEA T RIE S 6

7 UPR b B8 Hh A S0 1 3 RORE(S S B H a2 NF-xB. BT R = 2518 7% IRE1a-
TRAF2-NF-kB # %, PERK-elF20-NF-kB i#%, ATF6-NF-kB i & # ] #0E NF-kB. 1%
= 2% B I 0E NF-xBUBETI {233 NLRP3 48R 4504, 95 &K B NLRP3 44
5 IL-1B F1 IL-18 HIRECA 5, Il T SAH Ja i 2 5E s MARSE T EBL (R4 . T
NLRP3 {5 5B ki 2 RV OB, PRI AR AT N D Rett™ 160 24 Py Joig X R 380t R I8
EIT S IREla R0 55 IR SR SE R 732 A& M ¢ K ¥~ 2(TNF-receptor-associated factor 2,
TRAF2) KA 456 . 5% NF-«B gl 71 (IKK) SR AE A ot Bt . Bl 5 T2 IRElo-
TRAF2-IKK & -&Y1ME IkB Bl S50 NF-«xB W5 HHAr B41% . PERK 13 5@ K%
)G, 1 elF20 BiERAL, elF2a BEER1L 53 mRNA B ES IR AL 7 —Fh i NF-xB [
AT, ATF6 BE#5 3 E /R IR SIP A1 S2P YI&E, 774k — AN Mo o 45 R s ik K (1)
SRR P R AEAE FHBOE NF-«Bo SAH J5 #0148 JORE 0 35 1M b7 i 389 i L i 1, 15 5 2 1)
G2 A0 MU AN T St N 20 230 170, SR IS G s A M T B0t — 2D B 4 e A4 A g g
ﬁEt[lS,w]o

MO TAE SAH i BRA B AR h AR s 0% HOCREMIME R, Bt 4 o4 475 Al
W FEER R —, AIFEHEMMIIRERIRE R . 02 58 i RN H =28 I A A RIS

H . A0 R RN R B AN 7 4 2 i B 5, i EL ot R 1 e 2 4 i
FEAE BRI A SIBOE AN N TR TR AR . A i LR AN PI3BK/AY/NF-KB 3@ #% ] 471
R PO S P e I 20 PR TR ) 8 R RTIR T8 200, SAHL i i 2 4R i I Y A5 3 K T AR i R A
RS L P 5 500 P P 2L 2R 4 P e A R EH PR RS, AR T S Re A A UIAE G . AT
WFEPS RGN AR ThRE RS . LRI 4HHE AT B TR I . JORE IR BA K 45 il
ML AS 515 TR R . MEMESAMRIER, KPSy aeE Zmir, i
22K s B I AR 2R T B e AR T, AN T 4k R VeI 4%« 1% FEBON AT RE
N EEL I BFEAT AN A 4238 5T AT AE OC B T RERRAG o DAL, 4l T AN B K B
SAH JG Mg fise, i H e il LR s 2 0k T #2240 0045 Fhos B AR
b, MIEZE RN SAH B IR S AR RATG . FERF UM 20 4 PO 128 % (1 i A%
L ORI TS W AR B DIREREAS A OC, WA BT N S ERL AR A AR O
H AT AT REREAT . JORESE O IE sEnT DL T8, g5



BT Y= BAFARZMLTFNMILT

FHER 98 RE 2 A P S 5 5 AH O g 3 AR B R, sl SORE 5| R AR TS 2 3R S SAH
TiJE T ER YT SRIg 22—

FZE 7R ¥ (neurotrophic factors) s& —H R EREME LA . K EMIIREM &
5T, BN s vk 228 7 R (BDNF)  #H4 K K (NGF) R 4275 72 K F-3(NT-3) 6
X LG RN A ] DO I 22 MO LR ORI 4B . PP 5% A1 Rl #] ER SO DG 1) %
S I8 B R AR A0 B2 3w ] — L2 5% 4 M IR 7 1 = AR 22, 1 i 5 B R AT B
AEPRAHOCRE ST, FR/D AN ROS IAERL, XECHAT REH BIFR(K ER RABAIREE UPR
(R AN 5 23240 s ik 3R 7 =, BT TR DU S A0 A PR R AR, 7 1R 4B B TRl R
Neuritin J& T#H&E R 750, Al I8 415 S AR 4 S 75 R 1 (1 H0E R N a4 5%
fili (38K 5 53 SO . Neuritin fEME oI AT BRI AR TP E HEER . EA—Fh
FERIN K B LA LA A 53 v R A I B 5T H 32 BT 7838 1 50T o AR i) 76 Ik I i
X AR 57T 5T, Neuritin A EBONHHNRITHE R . BEAERY, SAH )5,
K 2 0 e ] 57 B 2B, FEBE IR 2 28 RE s e R T 2 S B A ThRE Bk .
Neuritin /EX AN FEH 0] KIEZ BHARYPEAER . B, RTHE%IE, Neuritin BEHEH]
RIER IR, ECanBEAR B PR R T--alpha (TNF-0) 5 B2 1B (IL-1B) 25 HI/KF,
I T ok 2 /0N e o 24 L R 2 T R I 200 M PRV A, X S A B SIS B 7 DR 3 % 114 8 R e I HH
B VEEAEA . Bk, dak P S B A MR E D 985 TR, Neuritin A B TR
SAH JG W ZHZR 1) SRERH 2 IR, EMHI PP A JH T )7 T, Neuritin RE5200 8 T-4H
REARFRIE, @ TR T A Bax FKCEM LB TE A Bel-2 BIKFE, M
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