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ABSTRACT Objective: To investigate the effects of ganglioside sodium on spatial learning and memory in mice with ischemic
stroke. Methods: Mouse models of ischemic stroke (n=42) were randomly divided into three groups-model group, fluoxetine group and
sodium ganglioside group, each groups with 14 cases. The fluoxetine group, the sodium ganglioside group, and the control group were
given 10 mg/kg fluoxetine, 10 mg/kg sodium ganglioside, and the same dose of normal saline were injected intraperitoneally, once a day,
for 28 days. Results: The escape latency and modified neurological severity score (mNSS) of the fluoxetine group and sodium ganglioside
groupon the 7 th, 14 th, and 28 th day of administration were lower than the model group (P<0.05), the number of plateaus were higher
than that of the model group (P<0.05), and compared the difference between the ganglioside sodium group and the fluoxetine group were
statistically significant (P<0.05). The relative expression level of B-cell lymphoma-2 (Bcl-2) protein in hippocampus on the 28 th day of
administration in the fluoxetine group and the ganglioside sodium group were higher than the model group (P<0.05), and compared the
difference between the ganglioside sodium group and the fluoxetine group were statistically significant (P<0.05). Conclusion: The appli-
cation of sodium ganglioside in mice with ischemic stroke can promote the restoration of spatial learning and memory ability, relieve
nerve damage, inhibit the apoptosis of hippocampal neurons and reduce the area of stroke.
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Table 1 Comparison of the escape latency and the number of times through the original platform area at different time points after administration of the

three groups (xt )

Number of passes through the original platform area

Escaping incubation period (s)

Groups n (n)
7d 14d 28d 7d 14d 28d
Model group 14 46.22+ 3.18 46.92+ 2.74 46.20% 3.00 1.24+ 0.21 1.27+ 0.18 1.25+ 0.22
Fluoxetine group 14 36.25+ 2.67* 28.10% 3.71* 26.87+ 2.65* 2.67+ 0.21* 2.99+ 0.17* 3.11+ 0.28*
Ganglioside
) 14 26.39+ 3.11% 2218+ 3.14%"  20.14+ 2.82%* 2.89+ 0.18*" 3.56% 0.22% 3.96x 0.13*
sodium group
F 18.013 20.122 22.042 9.133 11.773 13.144
P 0.000 0.000 0.000 0.001 0.000 0.000

Note: Compared with the model group, *P<0.05; compared with the fluoxetine group, “P<0.05.
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Table 2 Comparison of mNSS score changes at different time points after administration of the three groups (points, xt s)
Groups n 7d 14d 28d
Model group 14 11.74+ 2.18 11.98+ 3.18 12.10+ 2.77
Fluoxetine group 14 8.22+ 1.23* 7.01% 0.33* 6.20+ 1.01*
Ganglioside sodium group 14 6.93+ 0.33*" 5.67¢ 0.67* 4.76+ 0.87**
F 7.223 8.444 14.022
P 0.008 0.002 0.000

Note: Compared with the model group, *P<0.05; compared with the fluoxetine group, “P<0.05.

R 3 SHEKBHE 28 d WM PRI EMITLE (%, £t 5)

Table 3 Comparison of the relative stroke area of the three groups on the 28th day of administration (%, xt s)

Groups n Relative area of stroke
Model group 14 22.76+ 3.81
Fluoxetine group 14 12.09+ 0.87*
Ganglioside sodium group 14 8.88+ 0.99**
F 13.442
P 0.000

Note: Compared with the model group, *P<0.05; compared with the fluoxetine group, “P<0.05.
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FUHTT 4 A2 NG AN 25 2556 28 d (0T 44 Bel-2
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Table 4 Comparison of the relative expression levels of Bel-2 and Bax protein on the 28th day of the three groups of administration (xt s)

Groups n Bcl-2 Bax Bax
Model group 14 1.87+ 0.23 3.20% 0.11
Fluoxetine group 14 3.44+ 0.13* 2.11% 0.33*
Ganglioside sodium group 14 5.33+ 0.24* 0.56% 0.09*"
F 28.999 23.777
P 0.000 0.000

Note: Compared with the model group, *P<0.05; compared with the fluoxetine group, “P<0.05.

3 Pig

Bl MM A T ARSI SRR R 2 —, g
o BRI G 4L U B B () A P ) S, 7 B0 P )
MEATIE N EE B, 1T F B 2 ()2 ST A2 D R, R
Sy SRR S I, Tk R PR A5 55 AR 5 2 2 )
TEILRE S, 3 T A T 3R Y7 AR N T, Rk
AR 3 R 30 kA 1 2 5 A 2R e ot A i A e g R AR
(1) — FR ISR | PR BE A 25 2% ST 102 RE ) T R, (ELR W7
R 28 LR AN 28, 6 PR R T 22 L TRy L o
JRE 263 BRI,

ATRFT BTG T AL T AR 42555 7 d 14 d,
28 d Y PEBEE IR ] . mNSS FEAMIE TALRIAL, 2807 & AR
TR, AT IR AL S R TT AR 2 S G

==

SC, A2 H N AR Gl LR A2 Hh /N BRSO BB e 25 1]
SFJICALREST R 2 7 s SR T AT A
LA = T S o 225 AR A 0T IR A 28 R B 2 T T 12 BE
AR, DRI R IRE B4 7T REBIL, SD KRR 36 JL, KLY N
23 O IR RS AR 223 IR A 4L, 23 H IR 4R )
IR B R B 15 I I] AR P ] Sk 2 0 R o A R I
(6], I EAE 25— R BRI A5 B I [ ] S A 4 5 SN2 LR
SE NLATAT TR ORI AU B g 4 (150273 Belarbi KI/45 2
B BTTEEERA AT AL L7, 02 5 4
JEMFLIE SN Pl 2o A0 A ) T B 2H BB 43, T A e 2 AR
RS JA AR 5 HAl T G R 1 D RE Al R A0 2 18 £ 8
P 47T 1 by S4BT, I AT BEL LE 1 2 2 R 1, T 4 ) 2
PR B R AN RE VRSN, B ARk e Pl L 445 403 2 A L
NI TR /N BB 23 ]2 > e A2 BE 1™,



. 3434 .

DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.18 SEP.2021

S I IR A v R A A A S 3 R BRI IS A T
R T B b FILER FE 5 5 THD 1) D RE R A, ™ di i 29 2 rh R T B K
FREEHAR, WIS BN RE S FAE TG et . i P i
A AN B R R, AR 3 ARZY /5 A 1 s
A BE TR R AN D BERERT o il A AT A R R
SRR, BefE— e R LR IE R AR . AP R
L FEE A BUTETIRE TR, 29 1/3 (G A Rk ek
AR R TOE S IAETE A, OF B TR A R ANE YT
& ATTE 2 AR NGB R TR iR, I WA rhA i 28 8 ]
FEEIE PIERAE I RS, A R A S o B 1 i, K
iy v 2l Fk s e I A T G B e L SR e A i A v i
SR ABUR BRI — i PRI T AR A, ZHURF R MK
AMERGDRERERS . 23 (]2 > 1012 B8 ) B g SRS e i A vp & A=
Ja B —FrEs DLAE , T S 8RR TE Bh WE T RE, RaAEN
A AR, A TR X 5 1E R T DX 00 1 5 T () ik 2 e
SERTIA Y, BRI % DX A 2 A R A R LS YOG
i VR R B M AR B A AL i (RS2 BRI, R
ZBERET BRI, Il R b TR B b —Fh e
A RBIRIT I 5 AR BEYR G N H 2L I S T, 4 /MR BE
TR, ARWFoY BREVTIT4L . M IRl 452456 28 d
IR A FR AR TRV TR RZE, A2t AR 4R F ORI T
4,5 Zhang WIS FRFGT 45 R0, M4 T AR 4MIR YT
F R TR T 4k & M RwAR  , el2 ln A A ke X T FR 7 LR 2
TCIAT SRR B A M K R A i 2 3 . MBI 155
BT, 0215 T AR EH T A5 R PRAR ML VR 6, (2 0 IR A | el i
HAVBEUIRTS ; B IR B MR LT AN AR T BE 7, 75 S0 ARG L Y
FhE AR Z B L AT BB A
S I P A R PR AR I , 1 B B TR Y
Bk, Ho A s A AR R 2R e B DL A RE 2 —
It 65 Yok AE B A R e 12 A A W ARk A
RO A Y B OME R o 2R TR RS B R AR BIL R AN B
iff, S MR P R AR IS ) IS AR AR B i A
A TR AR SR ARG . AR TR S B S A 200
FET-M ELH N Z— ,Bax 5 Bel-2 J2& 975 40 M08 T 1Y CHE i
FHEY, ARWFSE R TRPETT 4L S 21 H IR AL 45 2556 28 d 1Y
EZH 28 Bel-2 8 FIAHXT FRIE KPR TR Bax 25 FIAHXT &R
AR AR, #2275 1 DR AN S RPETT T L 22 5 A 45t
THEE S, SR PRI TR IS BN, RS AR R DY O M e 221
& ( monosialoganglioside , GM1) % K 5 & M i 461 477 O (R 47 1
FABAHSCHLH] K 65 H SD K EFHHL T BT R4 (0=5), fkiib
P32 (n=30)F1 GM1 4 (n=30), fiki 15 {1 4L 41} 7] 1 Bax, Bel-2 £
HERBSHBTFARL LK ZE R A GIEE X, GM1 4 & B [a] 5
Bax,Bcl-2 RS SMGA LK ERGSEITEEL A
GM1 #17¢ 14 h 5 Bax,Bcl-2 FEARK SR FRHAEF LG
22, 4525 Bax/Bel-2 HAEA T T/, 78 14 h T FfdR R B
i, Wang W XPISE22 i UG ZE IR . AL L 43 #r , #hizs
VTR R T BEOER , AT A R I 2 2 A A iR
ALk, ATAR S AU LR, (2 i p 2 Tl RE e ™, I HHSA ]
AR/ IN RO T DX G ik T B8 1, R AV 1T 25 P 41 2 1 R R /)
MK , DT il 1 B 2H R b 28T SR A R B0, ARG AT

TE—E R, BTN M2 R B Y I 790 B A T 20 2103
B, B PEAT ML BT, A B A O BREH R S 2et
FEP TRV
S MR BT SR LN A b BRI T RE e 2EK
S [A)% 2L Re D) R AR A s, S S Sz T 2
HEAY I T, BRI A T T A
& % 3L @ik ( References )

[1] Grassi S, Giussani P, Mauri L, et al. Lipid rafts and neurodegeneration:
structural and functional roles in physiologic aging and neurodegener-
ative diseases[J]. J Lipid Res, 2020, 61(5): 636-654

[2] Chiricozzi E. GM1 Ganglioside Is A Key Factor in Maintaining the
Mammalian Neuronal Functions Avoiding Neurodegeneration [J]. Int
J Mol Sci, 2020, 21(3): 345-349

[3] Cutillo G, Saariaho AH, Meri S. Physiology of gangliosides and the
role of antiganglioside antibodies in human diseases [J]. J Lipid Res,
2020, 17(4): 313-322

[4] Cuvelier E, Bonte MA, Desplanque M, et al. Role of Gangliosides in
Peripheral Pain Mechanisms [J]. Mol Neurodegener, 2020, 21 (3):
678-679

[5] Asthana P, Vong JS, Kumar G, et al. Dissecting the Role of Anti-gan-
glioside Antibodies in Guillain-Barre Syndrome: an Animal Model
Approach[J]. Mol Neurobiol, 2016, 53(7): 4981-4991

[6] Siddiqui SS, Matar R, Merheb M, et al. Siglecs in Brain Function and
Neurological Disorders[J]. Cells, 2019, 8(10): 334-338

[7] Zhang W, Krafft PR, Wang T, et al. Pathophysiology of Ganglioside
GMI in Ischemic Stroke: Ganglioside GM1: A Critical Review [J].
Cell Transplant, 2019, 28(6): 657-661

[8] Fantini J, Chahinian H, Yahi N. Progress toward Alzheimer's disease
treatment: Leveraging the Achilles' heel of AR oligomers?[J]. Protein
Sci, 2020, 29(8): 1748-1759

[9] Suzuki KGN, Ando H, Komura N, et al.Unraveling of Lipid Raft Orga-
nization in Cell Plasma Membranes by Single-Molecule Imaging of
Ganglioside Probes[J]. Adv Exp Med Biol, 2018, 1104(12): 41-58

[10] Jafarzadeh A, Nemati M, Khorramdelazad H, et al.The Toll-like Re-
ceptor 2 (TLR2)-related Immunopathological Responses in the Multi-
ple Sclerosis and Experimental Autoimmune Encephalomyelitis[J]. I-
ran J Allergy Asthma Immunol, 2019, 18(3): 230-250

[11] Inamori KI, Inokuchi JI. Roles of Gangliosides in Hypothalamic Con-
trol of Energy Balance: New Insights [J]. Int J Mol Sci, 2020, 21(15):
223-229

[12] Zhang P, Hashimoto N, Ohkawa Y, et al. Sphingolipid Metabolism
and Signaling in Skeletal Muscle: From Physiology to Physiopathology
[J]. Int J Mol Sci, 2020, 11(13): e491

[13] Ebrahim Soltani Z, Rahmani F, Rezaei N. Autoimmunity and cy-
tokines in Guillain-Barré syndrome revisited: review of pathomecha-
nisms with an eye on therapeutic options[J]. J Lipid Res, 2019, 30(1):
1-14

[14] Kshirsagar V, Thingore C, Juvekar A. Insulin resistance: a connecting
link between Alzheimer's disease and metabolic disorder [J]. Metab
Brain Dis, 2021, 36(1): 67-83

[15] Matsuzaki K. A B-ganglioside interactions in the pathogenesis of
Alzheimer's disease[J]. Biochim Biophys Acta Biomembr, 2020, 1862
(8): 3233-3239



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.18 SEP.2021

- 3435 .

[16] Matveeva OV, Shabalina SA. Prospects for Using Expression Pat-
terns of Paramyxovirus Receptors as Biomarkers for Oncolytic Vi-
rotherapy[J]. Cancers (Basel), 2020, 12(12): 221-229

[17] Andreev K. The Structural Role of Gangliosides: Insights from X-ray
Scattering on Model Membranes [J]. Curr Med Chem, 2020, 27(38):
6548-6570

[18] &F 2. 4P 2% A5 400l ' 25 *T I A A K R 57 3T eieae
W Hh (1] E 25, 2017, 21(1): 32-35

[19] Belarbi K. Glycosphingolipids and neuroinflammation in Parkinson's
disease[J]. FEBS Lett, 2020, 15(1): e59

[20] Brink LR, Lennerdal B. Milk fat globule membrane: the role of its
various components in infant health and development [J]. J Nutr
Biochem, 2020, 85(2): e108465

[21] Mohite D, Omole JA, Bhatti KS, et al. The Association of Anti-Gan-
glioside Antibodies in the Pathogenesis and Development of Zika-As-
sociated Guillain-Barré Syndrome[J]. Cureus, 2020, 12(7): ¢8983

[22] Moll T, Shaw PJ, Cooper-Knock J. Disrupted glycosylation of lipids
and proteins is a cause of neurodegeneration [J]. Brain, 2020, 143(5):
1332-1340

[23] Quarracino C, Lopez R, Landi PJ, et al. Acute and Chronic Anti-gan-
glioside Neuropathies: From Theory to Practice in Buenos Aires, Ar-
gentina[J]. Neurol India, 2020, 68(5): 985-988

[24] Valteau-Couanet D, Minard-Colin V, Pasqualini C. Anti-GD2 anti-

bodies in treatment of high-risk Neuroblastoma: present and perspec-
tives[J]. Med Sci (Paris), 2019, 35(12): 997-1000

[25] Zhang W, Krafft PR, Wang T, et al. Pathophysiology of Ganglioside
GMI in Ischemic Stroke: Ganglioside GM1: A Critical Review [J].
Cell Transplant, 2019, 28(6): 657-661

[26] Silva MJ, Almeida AF, Fonseca J, et al. An Updated Classification
System and Review of the Lipooligosaccharide Biosynthesis Gene
Locus in Campylobacter jejuni[J]. Clin Pediatr (Phila), 2020, 11: €677

[27] sk, BRI, 2= 8. A 220 H g GMIL % K R &k I 20 45 69 7%
AR A B AR E AR BT ALLT]. F B A ) 4 &, 2015, 9: 48-50

[28] Wang WX, Whitehead SN. Imaging mass spectrometry allows for
neuroanatomic-specific detection of gangliosides in the healthy and
diseased brain[J]. Analyst, 2020, 145(7): 2473-2481

[29] Yeh WZ, Dyck PJ, Van Den Berg LH, et al. Multifocal motor neu-
ropathy: controversies and priorities [J]. J Neurol Neurosurg Psychia-
try, 2020, 91(2): 140-148

[30] Chiricozzi E, Lunghi G, Di Biase E, et al. GM1 Ganglioside Is A Key
Factor in Maintaining the Mammalian Neuronal Functions Avoiding
Neurodegeneration[J]. Int J Mol Sci, 2020, 21(3): e868

[31] Suzuki KGN, Ando H, Komura N, et al. Unraveling of Lipid Raft Or-
ganization in Cell Plasma Membranes by Single-Molecule Imaging of

Ganglioside Probes[J]. Adv Exp Med Biol, 2018, 1104(112): 41-58

(5 3425 T7)

[25] Xie Y, Zhu S, Zhong M, et al. Inhibition of Aurora Kinase A Induces
Necroptosis in Pancreatic Carcinoma[J]. Gastroenterology, 2017, 153
(5): 1429-1443

[26] Ziegler AG, She JX, Hagopian W, et al. Australasian Gastrointestinal
Trials Group (AGITG) and Trans-Tasman Radiation Oncology Group
(TROG) Guidelines for Pancreatic Stereotactic Body Radiation Ther-
apy (SBRT)[J]. Sci Rep, 2020, 10(3): 136-146

[27] Briest F, Wang Y, Arsenic R, et al. Inmunohistochemical Study of
Mitosis-regulatory Proteins in Gastroenteropancreatic Neuroen-
docrine Neoplasms[J]. Anticancer Res, 2018, 38(7): 3863-3870

[28] Chait A, Eckel RH. The Chylomicronemia Syndrome Is Most Often
Multifactorial: A Narrative Review of Causes and Treatment [J]. Ann
Intern Med, 2019, 170(9): 626-634

[29] Coté GA, Yadav D, Abberbock JA, et al. Recurrent Acute Pancreati-
tis Significantly Reduces Quality of Life Even in the Absence of
Overt Chronic Pancreatitis[J]. J Cell Sci, 2018, 113(6): 906-912

[30] Crockett SD, Wani S, Gardner TB, et al. American Gastroenterologi-
cal Association Institute Guideline on Initial Management of Acute
Pancreatitis[J]. Gastroenterology, 2018, 154(4): 1096-1101

[31] Dhar D, Raina K, Agarwal R. Mechanisms and Drug Targets for Pan-
creatic Cancer Chemoprevention [J]. Curr Med Chem, 2018, 25(22):
2545-2565

[32] Bassi C, Marchegiani G, Dervenis C, et al. The 2016 update of the In-
ternational Study Group (ISGPS) definition and grading of postopera-
tive pancreatic fistula: 11 Years After [J]. Surgery, 2017, 161 (3):
584-591

[33] Facciorusso A, Wani S, Triantafyllou K, et al. Comparative accuracy
of needle sizes and designs for EUS tissue sampling of solid pancreatic
masses: a network meta-analysis [J]. Nat Commun, 2019, 90 (6):
893-903

[34] ==&, B2, 34, § Aurora A i BF4p4) 7] Alisertib % 545 A M
SRR TR MR T AR MRS pS3 Rkt X A]. v
g 9EF e &, 2020, 37(5): 867-870



