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SB ZH(1 pmol-L™)« SB(1 pmol-L™) +Al(20 pmol-L™") B, EFFRA SIS WEZR 7T 48 h jg, X H
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eSS IE B RIS AN AN, 7EEEAEME 130 pm LU L, RAMZTHR X S MM IE
BRI N TZ R D TEEERRIA 130, 310 um &, 5 AXTERZAALL, DMS0O A5 sB AR
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Effect of GSK-3B-mediated DRP1 on inhibition of primary hippocampal neuronal growth induced
by aluminum LI Meng, LU Liyuan, HE Xiaoyu, XIANG Changxin, CAl Xiaoya, ZHANG Huifang
(School of Public Health, Shanxi Medical University, Taiyuan, Shanxi 030001, China)

Abstract:

[Background] Aluminum (Al) can cause irreversible damage to neurons and synapses function,
and the mechanism may be connected to mitochondrial damage caused by glycogen synthase ki-
nase-3B (GSK-3B) regulating dynamin-related protein 1 (DRP1), resulting in inhibition of the
growth of neuronal protrusions.

[Objective] To investigate the role of GSK-3B regulating DRP1 in the inhibition of primary hip-
pocampal neurite growth induced by Al.
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Neurons were extracted from the hippocampus of newborn mice (<24 h old) for primary culture. On day 6, the purity of neurons
was detected by immunofluorescence. On day 10, neurons with good growth state were selected for Al exposure and GSK-3p inhibitor
SB216763 (SB) intervention. The experiment design included a blank control group, a dimethyl sulfoxide (DMSO) group, an Al (20 pmol-L™)
group, a SB (1 pmol-L™") group, and a SB (1 pmol-L™) + Al (20 pmol-L™") group. After primary hippocampal neurons were treated with Al or
SB for 48 h, cell viability was detected by CCK-8 assay, the mitochondrial morphology of primary hippocampal neurons was observed by
transmission electron microscopy, the total protrusion length of primary hippocampal neurons was scanned and analyzed by laser confocal
imaging, and their complexity was analyzed by Sholl analysis. The expression levels of phospho-GSK-3B, GSK-3B, and DRP1 were detected
by Western blotting.

The immunofluorescent results showed that the purity of primary neurons was higher than 90%. After the Al exposure and the
SB intervention for 48 h, compared with the blank control group, there was no obvious difference in cell viability in the DMSO group and
the SB group (P> 0.05), and the Al group showed reduced cell viability (P=0.006); there was no obvious difference in cell viability between
the SB+Al group and the Al group (P> 0.05). Compared with the blank control group, there was no obvious difference in the average total
length of protrusion in the DMSO group and the SB group (P >0.05), and the Al group showed reduced average total length of neurite
(P<0.001); the average total neurite length in the SB+Al group was significantly increased compared with that in the Al group (P=0.001).
The results of Sholl analysis revealed that, within 130 um from the cytosol, the number of intersections of neurons in each group increased
with the increase of distance. Above 130 um from the cytosol, the number of intersections of neurons in each group decreased gradually
with increase of distance. At 130 pm and 310 um from the cytosol, compared with the blank control group, the number of neuronal in-
tersections in the DMSO group and the SB group had no obvious difference (P >0.05), and that in the Al group was significantly reduced
(P <0.05); there was no obvious difference in the number of neuronal intersections between the SB+Al group and the Al group (P >0.05).
The mitochondrial structure of the blank control group was complete and the crest was clearly visible; there was no apparent variation in
the mitochondrial structure in the DMSO group and the SB group; the mitochondria in the Al group were vacuolated and the crista disap-
peared; the SB+Al group showed clearer crista than the Al group. The difference in GSK-33 phosphorylation level among groups was sta-
tistically significant (F=45.841, P<0.001). Compared with the blank control group, the GSK-3B phosphorylation level showed not signifi-
cantly different in the DMSO group (P> 0.05), increased in the SB group (P=0.022), and significantly reduced in the Al group (P<0.001);
the GSK-3B phosphorylation level was significantly higher in the SB+Al group than in the Al group (P < 0.001). The difference in DRP1 protein
level among groups was statistically significant (F=8.389, P=0.003). Compared with the blank control group, the DRP1 protein levels in the
DMSO group and the SB group were not significantly different (P> 0.05), and significantly increased in the Al group (P=0.001); the DRP1
protein level in the SB+Al group was significantly lower than that in the Al group (P=0.029).

Al may increase the level of DRP1 protein by activating GSK-3, causing mitochondrial damage and inhibiting neuronal pro-
trusions growth.

aluminum; neuron; neurite; mitochondria; glycogen synthase kinase-3B; dynamin-related protein 1
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R R FEH M so /NR—iRAFE
HAE 24 h IVELE, /NEHUABAERKEF R
o FERFNAFEM: BREBBEILR. D-Hanks &4
ROEGX B 1) . Neurobasal-A £ 7 7&K B27 #H0F
(32E Gibco) , ZER I ER(3E[E Bio topped) ; EEFHD.
KLIB(AE A 99%, =[F Sigma-Aldrich) . SB216763
(sB, EBELRX); BEEER(ENELER) . HEHE
* ZEH 2(microtubule-associated protein 2, MAP2) #1
AAERERR)  4,6-ZBKE-2-FEMi| %k (DAPI) &R (1L
RERER);, FMERKARATOMRISWET/NR
IgG(ALRTEERLR) ; AF594 FRIEHIWLFEYVINER 1g6(4TN
o), ERMIRBIAFIE. —EMEBE(BCA)RFIE,
BT H HEE-3-B R BT S B8 (GAPDH) &, IEE /IR
IgG( EBE = X); — BB 1k GSK-3B(p-GSK-3p)
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1.2 FENE

CO, 18 8 1% 7= (3£ [E Thermo Fisher) , SW-CJ-2F
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CRINZEB), REZON(REHRPE), BEIRN
Modle 680( 3 [E BIO-RAD), K E MR (H 7 OLYM-
PUS), BT B F BMEE( B HITACH) , B HRER
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1.3 L5 E
131 ILEFEMRESHAETES  HE 24 h LAWK
20 RELEA 75%(ATRRD ) N2 B2 RAHESE, B
TIRED B RS, EERIRES T IR KM,
N F4LEY D-Hanks SRR AIFM L, iR
BN SHIEE, I 0.125%(FRE5#) NEEH
B5 37 °CEML 15 min, REBAHAEPRLILTHK. B
200 B (FL1& 0.075 mm) &M iZ JE, 200xg B ) 5 min,
F A, INE 2%(AF53 40 827 AINFIA] 100 U-mL™
SNITEY T M5E Neurobasal-A A EE S WA M,
BARBRIER 5x10° NmL L EME 12 FLIRA, K
NIEFFEIET. 4h G, BIUEFHR, UGS 2d i8—
KR YEFTESE 3 KEY, BIRE 2.55 ug-mL ™ FolfEREE
H# T MEE R, IDEIIEE 4R d EIL5E,
AAREBLLUAERNAFERW YR OCIEFRE
T (4RS: 2021-335),
132 RERHFLEESSTAE FIMEFRE6 X

NESRERRBET, FEEARR, ARREZE PR
(PBS) Mk 3%, BREN TN ML RRRER
7 30 min; A3 0.3%({&FR 53 £%) BY Triton X-100 K _E{E
F 20 min; A 5s%(BE0 ) W4 MEBEH(BSA) =
BEE 1 h S, I MAP2 —H1(1: 200), 4 °C ¥ 7R,
PBS 7%, /AN FAITC ARIEBI W FEH1/ R 1gG(1:200),
37 °C ¥ & 1 h, PBS &%, & NN DAPI(1: 1000) , ¥
£ 10 min, PBS Z8 73 %, RICBHRRE TIMERITE
REW A S MEF R S A EEILL B, BRAME T
4,

1.3.3 ZFMEFE AIDNGIFITF e N AR E
BRABARNZFMARSEARES, BHIRKRE
7910 mmol-L NEZFERAR, AT pHEE 74 £
A; {RIEEXSCER, GSK-38 BIINHIFI sB AT —HET
IN(DMSO) ¥, AR SEIIE TS RES 10 X
B, A B S HETEMTE LB %6
FLURFPIEF, ERE KRS REFNARHBITEZFHE
R K7 SB T 48 h, SRIR4A AT ERTERLE. DMSO 4.
Al £H(20 pumol-L™)« SB ZH(1 umol-L™)« SB(1 pmol-L™") +
Al(20 umol-L ™) 4, BHIRE 3 MNETFL, 48 h EIRFFIH
BYEE A&, DO 100 pL #HTEYIZ 7K A 10 uL CCK-8 /&
&, IEFFEPIEF 2 ho ABIRUNETE 450 nm 8
1.3.4 EFEEMBHALTERAEES BOKREH
BTUE, BV RERE RN REUEFEMNBERETE
%, 4 °C ERRAEE 2 h, RIIFETIEIE. FEE.
ERBAK. BEEIE REETEE, BRINEBRTIK
60~80 nm &I . 26, B BT EME TME,
REBB D

135 RERAMBEETREEKERL BRASE
SRETEMN TR ERET BT OAHFHITIBEF. 5~
6 d &, ERE KRS R #HIT RSN T, 4
RIEF 48 h, REIBBVEFR R, BFLION 1 mL 4%(R
ENH) LRFERERETEMA 20 min, PBS %%; B
0.5%( A &4 #1) B9 Triton X-100 7k EEFL 15 min, &
7L 1 mL, PBS #53%; F 5% BSA £1{# 30 min, &7, 1 mL;
3= £ A&, DN 2% BSA #HRREY MAP2 —#71(1: 200),
4°CI7&; M 2% BSA #HFERY MAP2 ZH1(1: 500),
37 °C B JE 1 h, PBS J5ti%; & I DAPI A3 /& JE 5 min
&, PBS Z£ 2355 %, &N MMH IO 1 mL PBS, FE
REBRBETURHRE,

1.3.6 Sholl piffE TR EZIZEE  FI A Image)
1.8.0 TRV Sholl DATIEH N B AME T SHITE
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E0M. UBETHRARSAELD, FERE—RY!
HEOE, & EEIREOEFEAN 10 um, F1Z (8]
B9 30 um, R AF1EH 310 ume HIHENROES
FETHRRIX RS E, TE I ERINVEEH S
HHTEEE, Sholl ITEY B AR AEZ TR —BY(E]
RHITIES. 2ENT, HEARZRERED %, Bh
LIEE R T HmE T
1.3.7 ZEHENTE AN p-GSK-3B. GSK-3B 1 DRP1 &
FkE RRBEEHETR PRS EhE, AR %
BIUEANBRIEINER, BCA ZHITEATCESH
BER—KE, A sx EEE &, =i 5 min, -80 °C
REFUHITEERE, BFE0FM(10 uL) £F, 2
RREBIXDE, HERE, BEBUH sS4, 5
43 h, IMAN—#1 4 CIEBEIER, IANZH# 37 °C 18R
1ho A ECLBRAXRES, THEXZIGHITER
f£F3 Quantity one 4.6.6 MW EHFHFHITHEE
B, E2o
1.4 FIrESH

B #iBI 9 B tn E E 3R, FJ SPSS 22.0 47
TR XS IR # 1T 047, R EEE ANOVA 74
BINES, MAE LLIRA LSD-t 2, IR K a=0.05,

2 4
21 AIABERAESHETARE NN SB
BFIRER

ERMETES 6 K, RERMALERKRPHEZ T
HLEE KT 90%(E 1), ST=EXTIRA4MEEL, DMso £
s A FEREEHENER(P>0.05), Al A
MR 77 5 =R BA B FR{E(P=0.006) ; SB+Al AR IFEER
5 Al AL EBEEEER(P>0.05) . ERIE 2

50 pm 50 pm| 50 pum|

CE]A: & DAPI STARRRIZR G B: 61 MAP2 XTHREZ TSR
f; c: DAPI Fl MAP2 BFHE R,
[Note] A: Blue is DAPI staining for nucleus; B: Green is MAP2 staining for
neuronal dendrites; C: DAPI & MAP2 overlap.
1 FRESMETAEETE
Figure 1 Purity evaluation of primary hippocampal neurons
22 AIXNEHARERESHETTHIRESKENT
MKz sB BYFFR{ER
90E 3 FiR, Al 3 SB M B RIE 1R 7T 48 h

&, EEXRAMEITE HNRES ABENME TH
IS LR, HERIRZEARMER;, STEXTERAE
tt, DMsO X SB AL S TERHEER, Al HEE T
RAECIR 1. BT, PURGHATRER, HBIRT Al 4, SB+Al
AMETREKEMMBEE —EREIEME 3A),
L1t 9, 5= AXTER4AAELL, DMSO LA sB £t
ZTFHRESKELBEER(P>0.05), M Al £H85
EH/L(P<0.001) ; SB+Al LA TFIYREE 2K ERS
E5TF Al 4H(P=0.001) (& 30),

150
X
=
M2
ju = 100 abe
b .S
£z
22
S
[7)
S
YtB8  DMSO  SB Al SB+AI

(Control)

UEla: 5=EXERAHMELL, P<0.05; b: 5 DMSs0 £B#8LL, P<0.05; ¢: 5
SB £A#8LE, P<0.05,

[Note] a: Compared with the blank control group, P<0.05; b: Compared
with the DMSO group, P<0.05; c: Compared with the SB group,
P<0.05.

E 2 Al#l SB XYREMBD I TMMREFERAIFN
(x+s, n=3)
Figure 2 Effects of Al and SB on the cell viability rate of primary
hippocampal neurons (x * s, n=3)

23 AIMAREAESHETRERIR NN
X sB B9FFR1ER

Sholl T E R E R (E 3), EE B 130 um
I, FEE BB REM, SAMAI TR X 2 MY
218, FEEEMME 130 um &, 5T AXNBAELL,
DMSO4H. SBEHHE TR X R "R LHBEER
(P>0.05), Al HBBE)E (P <0.001) ; SB+Al LHHHLETT
RXBENES A AFEEEER(P>0.05), EREMEIK
130 um WA b, FEEEE B AE M, SHBETRX RN
AR D, FEEE B 310 pm &b, 5 AXTERLHEE
Et, DMSO 4B, sB LAHETRX S MITHEER(P>
0.05), Al ZABA &8/ (P=0.007) ; SB+Al HHEZTTITX
RS A ATIBEZER(P>0.05), ZERIE 3B. Do
2.4 Al WEAESHEETLAHARIRAN SB BV TFFEFR

T AXTEELER] DMSO ALK IR IBH, IS5
SEEL, SB AR STTLRRIIAKR IR R T, Al ALRRIA
BAE MBI N E E /B (LB ELATRE) , 1541
SHEK; 5 AlLEARLL, SB+Al tHRESEEE, G451 5/,
SRR E R IE N (T BELAE), WA 40
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I Boum M o st soum /% g
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8 -e- X1 B8 (Control)
? 800 < 30 'SDE',\"SO
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M E < E
Hé k] 0
IR € X &
W K®E 1w
K 2
= <
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3FE8 DMSO SB Al  SB+Al
(Control)

FELHES

(Distance from soma)/um
CEIA BOLHRESHEUR AlF sB EAERABESHRETS,
HRAIZ A DAPI ARIC HIE BRI, B: TN MAP2 FRIE A
AERN; ¢ Al B RABSWETREKENRIE; D: Al
N sB WRA B HETIEERXX S MBI, a: STHEXE
448k, P<0.05; b: 5 DMSO A48 LL, P<0.05; ¢ 5 SsB ZHABLL,
P<0.05; d: 5 Al 4A#8LL, P<0.05; METRX R M THRE
Jr_tF;t’/JL/{X + 513_%/ Ny N=30
[Note] A: Morphology of primary hippocampal neurons treated with Al or/
and SB under laser confocal microscopy, and blue is DAPI staining
for nucleus; B: Red is MAP2 staining for neuronal dendrites; C: Ef-
fects of Al or/and SB on the length of neurite primary hippocampal
neurons; D: Effects of Al or/and SB on the number of neuronal in-
tersections in primary hippocampal neurons. a: Compared with
the blank control group, P<0.05; b: Compared with the DMSO
group, P<0.05; c: Compared with the SB group, P<0.05; d: Com-
pared with the Al group, P<0.05. The number of neuronal inter-
sections and average neurite length of neurons are expressed as
Xt s,n=3.
B 3 Al SB XREAED#HETEE KAIRM
Figure 3 Effects of Al and SB on the neurite growth of primary
hippocampal neurons

$B&(Control)

[/EE] ae au:LﬁTi)%*_LﬁSﬁEHLE’JE&%O
[Note] Red arrows indicate obvious rupture of mitochondria.
4 Al F SB M RAESHETTERALEMRIR N
Figure 4 Effects of Al or/and SB on the mitochondrial structure
of primary hippocampal neurons

2.5 AIXEBREMEDSHETT GSK-3p BEER LK.
DRP1 EHKTFHIR MM AR sB B FFi{EF
Zh i8] GSK-3B BEFRLKF(p-GSK-3B EEUHZ’—E
B GSK-38 EEKFHLLE) ERAEERITFERX
45.841,P<0.001) 5% Em‘,..\, #8Lk, bmso éﬂ GSK-
3B BEER LK EEERE SB AR & N(P=0.022),
Al tHBE 28/ (P<o0. 001) SB+Al 2H GSK-3pB i ER 1k 7K
T&EF AI£H(P<0.001), & 4H[8] DRP1 EHKFEER
BB S FE X (F=8.389, P=0.003) , 5% FAXIIRLHFH
tI:, DMSO £H. SB4H DRP1I EH /K FEEHEER(P=
0.958, P=0.774), Al A F = (P=0.001) ; SB+Al 8 DRP1
ER/KFEEERRT Al H(P=0.029), L& 5,
poE

(Control) DMSO SB Al SB+Al
DRP1

p-GSK-38
GSK-3P  ——————

GAPDH e S S s G

_ _
()
] >
E 15 B3 3
e b X S abc
2210 abed 2 cd
&5 = &
¥ 5 g
=2 abc = c
« 6 05 oz 1
M c -
N e o
[ =% - o
O o & —
5 3188 DMSO SB Al SB+Al g 3188 DMSO SB Al SB+Al
e (Control) e (Control)

] A $E?€§ElﬁarEﬂlamm, B: Al SB M RARBEMEZTT GSK-
PR AKTERIRM,; ¢ AF SB216763 WRRE S M E
DRP1 EE%LEHZE’JE‘UHO a. 5= AWRAMELE, P<0.05; b: ‘5
DMSO £B48LL, P<0.05; ¢ 5 SB £B#AEL, P<0.05; d: 5 Al B48LE,
P<0.05; BB KT RERENFEBIILUX £ SRR, n=3,

[Note] A: Related protein Western blotting bands; B: Effects of Al or/and

SB on GSK-3B phosphorylation in primary hippocampal neurons;
C: Effects of Al or/and SB on DRP1 protein expression in primary
hippocampal neurons. a: Compared with the blank control group,
P <0.05; b: Compared with the DMSO group, P <0.05; c: Compared
with the SB group, P<0.05; d: Compared with the Al group,
P <0.05. Phosphorylation level and relative protein expression level
were expressed as X + S, n=3.
5 AL SB MR BS#HLEIT GSK-3B BEERILKTF.
DRP1 ZERHRIAKFERIF M
Figure 5 Effects of Al or/and SB on the GSK-38 phosphorylation
level and DRP1 protein expression level of primary hippocampal
neurons
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