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Protective effect of TUG-891 on ischemic stroke induced by
ischemia and hypoxia and its mechanism

SUN Panxi, QIN Xue, ZHANG Chongyang, LUO Jia, CHEN Yong, WEI Lili
(Key Laboratory of Xinjiang Endemic and Ethnic Diseases, Ministy of Education, School of Medical
Sciences, Shihezi University, Shihezi 832000, China)

ABSTRACT Objective: To discuss the protective effect of TUG-891 on ischemic stoke (IS) induced by
ischemia-hypoxia, and to clarify its potential mechanism. Methods: A total of 60 healthy male C57BIL./6
mice were randomly divided into sham operation group( 7=20) , model group [ distal middle cerebral artery
occlusion(dMCAOQO) group, n=20], and model+ TUG-891 group (dMCAO-+TUG-891 group, n=20).
After modeling, the mice were intraperitoneally injected with TUG-891 solution (35 mg-kg~'+d ') for
3 consecutive days. Modified neurological severity score (mNSS) and rotarod test were used to evaluate
the neurological function of the mice in various groups; 2,3, 5-triphenyltetrazolium chloride (TTC) staining
was used to observe the cerebral infarction volumes of the mice in various groups; biochemical method was
used to detect the malondialdehyde (MDA) level and superoxide dismutase (SOD) activity in the
supernatant of brain tissue of the mice in various groups; Hematoxylin-Eosin (HE) and NISSL staining
were used to observe the pathomerphology of brain tissue of the mice in various groups; terminal
deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL) staining was used to detect the apoptotic
indexes of neuronal cells in brain tissue of the mice in various groups; Western blotting method was used to
detect the expression levels of glucose-regulated protein 78 (GRP78), protein kinase R-like endoplasmic
reticulum kinase (PERK) , phosphorylated PERK (p-PERK) , and C/EBP homologous protein (CHOP)
proteins in brain tissue of the mice in various groups. Results: The mNSS and rotarod test results shoued
that compared with sham operation group, the mNSS of the mice in dIMCAQO group was significantly
increased (P<C0.01), and the time on the rod was significantly decreased (P<C0.01) ; compared with
dMCAO group, the mNSS of the mice in AIMCAO -+ TUG-891 group was decreased (P<C0.05), and the
time on the rod was increased (P<C0.05). The TTC staining results shoued that compared with sham
operation group, the volume of white infarct foci in the cerebral cortex of the mice in AIMCAO group was
increased (P<C0.01) ; compared with dAMCAO group, the cerebral infarction volume of the mice in
dMCAO+TUG-891 group was significantly decreased (P<C0.01). The HE staining results showed that
compared with sham operation group, the cortex of the mice in dAMCAO group was severely damaged,
manifested by disordered arrangement of neuronal cells and obvious nuclear pyknosis in the infarct area, and
the morphology of cortical infarct area of the mice in AIMCAO+TUG-891 group was improved ; the NISSL
staining results showed that the Nissl bodies in the cortical infarct area of the mice in dAMCAO group became
thinner, elongated, and lost more. The pathological damage of brain tissue of the mice indMCAO+ TUG-891
group was significantly improved. Compared with sham operation group, the MDA level in brain tissue of
the mice in model group was significantly increased (P<C0.01), and the SOD activity was decreased (P<C
0.01) ; compared with model group, the MDA level in brain tissue of the mice in TUG-891 group was
significantly decreased (P<C0.01) , and the SOD activity was significantly increased (P<C0.01). The
TUNEL staining results showed that compared with sham operation group, the apoptotic index of neuronal
cells in brain tissue of the mice in AMCAOQO group was increased (P<C0.01) ; compared with dAMCAO
group, the apoptotic index of neuronal cells in brain tissue of the mice in AIMCAO-+TUG-891 group was
decreased (P<C0.01). Compared with sham operation group, the expression levels of GRP78, p-PERK,
and CHOP proteins in brain tissue of the mice in dIMCAQ group were increased (P<Z0.05) ; compared with
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dMCAO group, the expression levels of GRP78, p-PERK, and CHOP proteins in brain tissue of the mice
in dAMCAO+TUG-891 group were decreased (P<C0.05). Conclusion: TUG-891 can alleviate neurological

injury caused by ischemic stroke, and its mechanism may be related to the inhibition of endoplasmic

reticulum stress and apoptosis.
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F1 £4H/PME mNSS FfE#ER 4§

Tab. 1 mNSS and beam walking time of mice in various

groups (n=8, x+s)
Group mNSS Beam walking time (¢/s)
Sham operation 0.2440.10 289.00+23.93

dMCAO
dMCAO-+TUG-891

13.37+0.82"
9.88+0.53"

163.00430.05"
208.00419.27

‘P<C0.01 ws sham operation group; “P<20.01 vs dAMCAOQ group.

Lane 1:Sham operation group; Lane 2: dMCAO group;
Lane 3:dMCAO+TUG-891 group.

B &40 B ESEE SRR

Fig. 1 Morphology of cerebral infarction of mice in

various groups
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'P<20.01 vs sham operation group; “P<C0.01 vs dAMCAO group.
B2 &4/ FUIRAESE &R
Fig. 2 Volume of cerebral infarction of mice in various

groups
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A': Sham operation group; B:dMCAO group ; C: AMCAO+TUG-891 group.
A3 AADRRALRERLSRA

Fig. 3 Pathomorphology of of brain tissue of mice in various groups
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#2 KH/MFIRAL F MDA KFEF SOD ¥ i
Tab. 2 Levels of MDA and activities of SOD in brain tissue

of mice in various groups (n=5, x=%s)

Group MDA [m,/(pmol-g )] SOD[A,/(U-mg )]

Sham operation 5.2040.20 76.47+3.80
dMCAO

dMCAO-+TUG-891

7.31£0.13 48.404+4.84

5.9940.14° 63.73-4.08

"P<20.01 ws sham operation group; “P<20.01 vs AMCAOQ group.

DAPI

100 pm

TUNEL

100 pm

Merge

100 pm

26 RAPABALTARRAERMEE G R
ZoARE SHEFRLMLE, dMCAO 4/ B
40 41 CHOP . GRP78 fil p-PERK & 1 % ik /K
IR o (P<<0.05)5 5 dMCAO 4 It %,
dMCAO+TUG-891 4 /N B i 41 21 *h CHOP |
p-PERK #Il GRP78 & 1 3R 5 K FFEAL (P<<0.05) .
ILIE 6.

100 um 100 pm

100 pm 100 pm

100 pm 100 um

B C

A': Sham operation group; B: dMCAO group; C: AIMCAO-+TUG-891 group.
B4 HHENFAL PR RETESRA (TUNEL)

Fig. 4 Apoptotic morphology of neurons in brain tissue of mice in various groups (TUNEL)

100

60 =

area (/%)

Percentage of cortical infarct

'P<<0.01 vs sham operation group; “P<C0.01 vs AMCAOQO group.
B5 AE/NFIER s R T 5
Fig. 5 Apoptotic indexes of neurons in brain tissue of

mice in various groups
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A: Electrophoregram (Lane 1—3: Sham operation group; Lane 4—6: dMCAO group; Lane 7—9: dMCAO-+TUG-891 group) ;
B—D: Histogrames; B: CHOP; C: GRP78; D: p-PERK. 'P<C0.05 vs sham operation group; “P<C0.05 vs dAMCAO group.

B 6 &4l/NRIF L CHOP .GRPT8# p-PERK f A% % s 3kl (A) R H &K (B~D)
Fig. 6 Electrophoregram (A) and histograms (B—D) of expressions of CHOP, GRP78, and p-PERK proteins in

brain tissue of mice in various groups

Ii] B P 23 M 2 Ty e A Y 3 L R L 2
— AR R T R TR A T R A
IR AR S L RER Y SN e E =g R gy
M, T A e R R A, AR R T
B RN . ARSI NAE R IR BT
Ui 2t 3 TR = 1 800 2 I R A B R R I S AR
I E T g L, R SRS 3
4% . PERK., WIBEH KB 1 (inositol-requiring
enzyme 1, IRE1L) F1¥HE % 5 K 7 6 (activating
transcription factor 6, ATF6), A#&MFT, Lib3
P % J i 38 13 5 GRP78 45 &1 &2 £ 4, {H &Y
VAL JSE I R N, G B Y 5 B 2 1 PERK Y5 GRP78
O3 B O R AR BRI AL O T R B, SR 27 A O
T 0 DRl O i ) PN ST I R 3 UPR A] A Rk
S IS AR . BF ST Y o s R S B
3 3 400 ) e A gl kA 2 S PN T I R,
I AT P T R DG AR Y 2 3K T DR A A o e i
fio W58 ™ BoR: BRI F 1 (hairy
and enhancer of split 1, HesI) &K T 8 o] i i
PERK i 42 i d 2 4 i v, LML vl g2 ih 1
PERK $ 5 1 0 41 7] GSK2606414 1] L 317 1 48 4% {4
TR B I A #h 22 RGP0 o A TF 58 45 L WU -
TUG-891 i i 4 ik PERK # i 1 1 GRP78 /K 3k
M PERK G #% 1Y W5, R W] TUG-891 n L i %
PALJBE P 7 38K o

PERK (380% %% 5 CHOP % ik . CHOP &N i
W1 s S A B PR T AR AR 2 — , TEAR SRR TR Ab
TARIK Y-, A 4 2 E 4 M 52 3] 07 R B

w, ARIANRE BT R A M T, iR E R R
TEPR T AHSC IR F 1 KA N AU T = L14E ™ &
M. PERK-CHOP @36 e 1 IS, i Hes1 i it
FH 1E PERK-CHOP i % 175 5 (9 40 A 08 1 K $5 f& 4
YER o ARWFIE 45 5 WoR Wl B 1l )5 i TUG-891
AT AT B A IS 5 5 CHOP # ik ; TUNEL %
a5 R W . TUG-891 nf LI R 1S J& i N 5 9] i
WO S 0 A M R T, R TUG-891 W] LA i
PERK-CHOP il 55 P4 J57 %) 17 8 A HE 375 5 1) 44 A 4
TN TS BE 1S 35 S 04 ke i PR 452 45

gi L rak, TUG-891 Xk ifin 51 2 Y i 51 15 H
AT PR VR, L OR AP AT B 3 A 1
J5T O 37 98 R A4 L O T ok SE B, TUG-891 W] i &
— MR YT IS I H B ARG R 259

Pl 5 SR A

BT A A WA 7 R 2 2R

fEE AN

IREEZ5IR I Bt LERREMECIRG, &
T2 G YRS & MO, SRE P S5 LR T
BRI, WR 53 RBLE R 2 15 52 9 B4R = BOag SO AL

(&% 3Lk ]

[1] DATTA A, SARMAH D, MOUNICA L, et al. Cell
death pathways in ischemic stroke and targeted
pharmacotherapy[J]. Transl Stroke Res, 2020, 11(6):
1185-1202.

[2] ZHANG Y, LIM, LI X M, et al. Catalytically inactive
RIP1 and RIP3 deficiency protect against acute ischemic



INEE, %

TUG-891 S e 1L e 403755 110 e i 4 i e v 1 57 B 14 D R L o) 975

stroke by inhibiting necroptosis and
neuroinflammation[J]. Cell Death Dis, 2020, 11(7) : 565.

[3] HAFEZ S, HODA M N, GUO X Y, et al
Comparative analysis of different methods of ischemia/
reperfusion in hyperglycemic stroke outcomes: interaction
with tPA[J]. Transl Stroke Res, 2015, 6(3): 171-180.

[4] NAKAJIMA S, DEMERS G, MACHUCA-PARRA A1,
et al. Central activation of the fatty acid sensor GPR120
suppresses microglia reactivity and alleviates sickness-
and anxiety-like behaviors [J]. J Neuroinflammation,
2023, 20(1): 302.

[5] ZHAO Y F, WANG L, QIU J H, et al. Linoleic acid
stimulates [Ca’" | i increase in rat pancreatic beta-cells
through both membrane receptor- and intracellular
metabolite-mediated pathways[J]. PLoS One, 2013,
8(4): e60255.

[6] ZHAO Y F, PEI J M, CHEN C. Activation of
ATP-sensitive potassium channels in rat pancreatic
beta-cells by linoleic acid through both intracellular
metabolites and  membrane  receptor  signalling
pathway[J]. J Endocrinol, 2008, 198(3): 533-540.

[7] KITAJIMA S, SAKAMOTO K, KURODA M.
Effects of TUG-891, a potent GPR120 agonist, on the
physical and oral lipid- coating properties, and secretion
of saliva[ J]. Physiol Behav, 2023, 265: 114160.

[8] MILLIGAN G, ALVAREZ-CURTO E, HUDSON B D,
et al. FFA4/GPR120: pharmacology and therapeutic
opportunities[ J]. Trends Pharmacol Sci, 2017, 38(9):
809-821.

[9] ZHAO Y F, LI X C, LIANG X Y, et al. GPR120
regulates pancreatic polypeptide secretion from male
mouse islets via PL.C-mediated calcium mobilization[J].
Endocrinology, 2020, 161(10) : bqaal57.

[10] MONIRI N H. Free-fatty acid receptor-4 (GPR120) :
cellular and molecular function and its role in metabolic
disorders[ J]. Biochem Pharmacol, 2016, 110/111: 1-15.

[11] WANG H X, LIUC, LIY Y, et al. TUG-891 inhibits
neuronal endoplasmic reticulum stress and pyroptosis
activation and protects neurons in a mouse model of
intraventricular hemorrhage [J]. Neural Regen Res,
2023, 18(10): 2278-2284.

[12] HUANG Z, GUO F, XIA Z J, et al. Activation of
GPR120 by TUGS891 ameliorated cisplatin-induced acute
kidney injury via repressing ER stress and apoptosis[J].
Biomed Pharmacother, 2020, 126: 110056.

[13] PRESCOTT K, COTHREN T O, HOLSTEN J T,

et al. Increased sensitivity in detection of deficits

following two commonly used animal models of
stroke[ J]. Behav Brain Res, 2024, 467: 114991.

[14] YANG P X, FAN X X, LIU M X, et al
Longxuetongluo Capsule alleviate ischemia/reperfusion
induced cardiomyocyte apoptosis through modulating
oxidative stress and mitochondrial dysfunction [J].
Phytomedicine, 2024, 134: 155993.

[15]DONG X L, LI C P, YAO Y Y, et al. Xingnaojing
injection alleviates cerebral ischemia/reperfusion injury
through regulating endoplasmic reticulum stress in Vivo
and in Vitro[J]. Heliyon, 2024, 10(3): e25267.

[16] ZHAO H, HAN Z, JI X, et al. Epigenetic regulation of
oxidative stress in ischemic stroke[J]. Aging Dis, 2016,
7(3): 295-306.

[17JYUAN Y J, GUO Q L, YE Z, et al. Ischemic
postconditioning  protects  brain  from  ischemia/
reperfusion injury by attenuating endoplasmic reticulum
stress-induced apoptosis through PI3K-Akt pathway[J].
Brain Res, 2011, 1367: 85-93.

[18] HAUPT M, ZECHMEISTER B, BOSCHE B, et al.
Lithium blood-brain
integrity, activates the MAPK/ERK1/2 pathway and

alters  immune  cell

enhances  post-stroke barrier

migration in  mice [J].
Neuropharmacology, 2020, 181: 108357.

[19] WANG Y, JASPER H, TOAN S, et al. Mitophagy

unfolded
response to attenuate inflammation-mediated myocardial
injury[ J]. Redox Biol, 2021, 45: 102049.

[20] FENG D Y, WANG B, WANG L, et al. Pre-ischemia

melatonin treatment alleviated acute neuronal injury after

coordinates  the  mitochondrial protein

ischemic stroke by inhibiting endoplasmic reticulum
stress-dependent autophagy wvia PERK and IRE1
signalings [J]. J Pineal Res, 2017, 62 (3). DOI:
10.1111/pi.12395.

[21]LIUD S, GUY T, WANG W T, et al. Astragalin
alleviates ischemia/reperfusion-induced brain injury via
suppression of endoplasmic reticulum stress [J]. Mol
Med Rep, 2020, 22(5): 4070-4078.

[22]L1Y Y, ZHANG Y J, FUH D, et al. Hesl knockdown
exacerbates ischemic stroke following tMCAO by
increasing ER stress-dependent apoptosis via the PERK/
elF2a/ATF4/CHOP signaling pathway [J]. Neurosci
Bull, 2020, 36(2): 134-142.

[23] OIDA Y, SHIMAZAWA M, IMAIZUMI K, et al.
Involvement of endoplasmic reticulum stress in the
neuronal death induced by transient forebrain ischemia in
gerbil[ J]. Neuroscience, 2008, 151(1): 111-119.



