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Protective Effect of Methylene Blue on Neuronal Damage Induced by Okadaic Acid in
Differentiated SK-N-SH Neuroblastoma Cells
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Abstract: Objective: To investigate the protective effect and underlying mechanism of methylene blue (MB) on neuronal
damage induced by okadaic acid (OA). Methods: The mature neurons differentiated from SK-N-SH neuroblastoma cells
induced by all-frans retinoic acid (ATRA) were exposed to OA to induce synaptic atrophy and cell injury. The SRB assay
was used to measure the effect of MB on the proliferation of differentiated SK-N-SH cells. Giemsa staining was used to
observe cell morphology. The expression of synaptophysin and the phosphorylation of tau protein were detected by Western
blotting. Results: ATRA inhibited the proliferation of SK-N-SH cells in a dose-dependent manner in vitro. The 10 pmol/L
ATRA exposure for 7 days could induce SK-N-SH neuroblastoma cells differentiation into mature neurons with obviously
extended synapse. Treatment with 40 nmol/L OA resulted in synaptic atrophy in differentiated SK-N-SH neuroblastoma
cells. MB inhibited the proliferation of differentiated SK-N-SH cells in a dose-dependent manner in vitro. Moreover,
MB treatment significantly increased the ratio of axon length to cell body length and the expression of synaptophysin
(P < 0.01), while it decreased the phosphorylation of tau protein at Ser262 site (P < 0.01). Conclusion: MB can alleviate
synaptic atrophy induced by OA, which may be due to the down-regulation of tau phosphorylation at Ser262 site.
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X HER (okadaic acid, OA) & HBREE (protein
phosphatase, PP) PP1FIPP2AFIHMI5, *PP2AfE %
i, AT Sauds A BRI . RSN RR, OAR{E
R AP tauk O E R AL RNAFARLE R, OA
FEMA BN Rk LT ADRHE AR, AT
FA okl % AD HH tau B 1L B R 4K 1) 20 i A 7R )

W H A ¥ (methylene blue, MB) & —FKiE M
FERINE, 3% E A i 2 B PR v I PR
FHZ4, W HAERGFE R APOE 28 . Hochgrafe5 ™ & B,
MB H] 1877 % FE ADJE AR N 4 Bitau & A AE,
AR INFIIIRERERS ;. O’ LearyZ5 ™k B & FIMB AL B
THE, BERFK3xTg-AD/N AR AL AB Al tau 2 H 5K A 7K
S, WA AT BERERS : Fatouros”I/E 75 I B AT 45 Hu
Z ARG E M ani BB, RIIMBRE G tau s R E
gl ast. BTSSRI SMBAADH — &
FIVaITER - AT 5 ZEMBAE LK T LXTOA S
SACHIFRE U R E T, DU NI R o 42 1R AT 1
PIR AT RS

1 MWE5HE

L1 MRS
SK-N-SH A 22 B} 4 i 23 48 i, W 1 o [ e 7Y %
FEWI R H 0> (China Center for Type Culture Collection,
CCTCC) , HIHE RELRAR S RREEE AL AR AF
DMEM¥; 74 . A2k % (fetal bovine serum,
FBS) FEHEGibcorT]; MB. &RALEHER (all-trans
retinoic acid, ATRA) . OA. —H I (dimethyl

sulfoxide, DMSO) E[EHSigman ;s S B
(sulphorhodamine B, SRB) g Sdai AR R A
BRAFE]: GiemsaTHy  dbR{FF/REAEMHEAFRAF;
Hapip-tau (Ser262) Pifk. W Pttau-5Pifk. B-actin
bk EESanta CruzZEWRHE AR RPIRAMEEA
Pifk  SEECell Signaling 2 7 »
12 5k

AE-3IMYOGEI B B o Rib s R
FRA%]; SpectraMax Paradigm £ ZhfgBEbri  £H
EBFTIXEHERAF: DYCZ-24DN A H k8 L bk X
JEHN—EE) T 520088 R R BiERAERHEE

FRAT]; HC-3018REmEF AR B LML 2P Bl 4E
Bl AR AF o
1.3 Hik

131 Zifassss

4 SK-N-SH A 4 8 BE4H i J8 40 P 4270 15 10% Jig 4
M. 100 U/mLE & . 100 pg/mL4EE K IDMEME; 77
FErh, T37 °C. 5% CO5% M FREFEALAL
132  ATRAi% S SK-N-SHAH 1 /346"

W% B A K SK-N-SHZH L, BA1.5 X 10" 4>/mL
PR 106 LMK, BFLINAIIEEWR100 uL, B THFFET
Ri7%24 h, BEJE ¥ LLEH AR EEATRA K 1% 6 4 1k
[IDMEMES 75, 4keL359%7 d, 01 dE R, &4
W6 ANFATE L. RAISRBILA M40 BB I, S Hr s
YL AN ATV %, i ATRA S T SK-N-SHAH 1 73
RIS, Giemsaje ik W S 4 A &AL
1.3.3  SRByEK 4 34 58 35

A SCHR[14) )57, R SRBIEN 5E AN [A] ¢ £ MB X
YT B A BRI R A B . 29 AR S B B SRR, AL
50 uL 50% =45 2.8 (trichloroacetic acid, TCA) #4T
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2.1  ATRA%E S SK-N-SH4H /b A A A4 040
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ATRAKGH 5 BRI 0T B A0 40 B3 5E, 04k 5 4H T4 IE
o 10 pmol/L ATRAZNEE 5 A B/ DA AET:, 120 pmol/L
ATRAKCEE G AR AET . 2HATRARE 10 umol/LI,
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Fig.1 Inhibitory and lethal effect of ATRA on SK-N-SH
neuroblastoma cells (x s, n = 3)
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ATRAVE G E 3581, 3. 5. 7d.
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Fig.2  Effect of 10 pmol/L. ATRA on the differentiation of SK-N-SH

neuroblastoma cells (200 x)
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Fi3 10 pmolL ATRAXSSK-N-SHAUMS M K BERIRM (x5, n=3) Fig.5  Effects of MB on OA-induced damage to differentiated SK-N-SH
Fig.3  Effect of 10 pmol/L. ATRA on synapse length of SK-N-SH neuroblastoma cells (200 x)

neuroblastoma cells (x £ s, n =3)
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4 MB5LRSK-N-SHAUME R M (x+s, n=3) Bl 6 MBXOARESK-N-SHAI e 5 isEm (xxs, n=3)
Fig.4  Effect of MB on the proliferation of differentiated SK-N-SH Fig.6  Effect of MB on OA-induced synapse damage in differentiated
neuroblastoma cells (x £ s, n =3) SK-N-SH neuroblastoma cells (x £s,n=3)
FAAREMWE (0. 0.1, 1. 5. 10 pmol/L) fIMBALHE st oA MBI/ (amolL)
SALISK-N-SHAIfI24. 48, 72 h/5, KA SRBILNE m;ﬂﬁ?ﬂ PR 10 50 100
e =, ) ] 114 PR
MBE’JrEHH@AEf réo ﬁDE‘"FﬁT MBEIE_J‘IEJW%E[@?W%JI}’ ﬁ—actm“m
AL SK-N-SHZ AU G A, [ Bf MBI 0] 94 A% g 1 P 1) 43
A SK-N-SHAI IS8 58, 0.1 pmol/L MBS 41 il A 22 1 1 120
WISAEYE, (A1 wmol/L MBI W] RADBIANNLNIG, [ b1 | .
JE S % EE 10, 50, 100 nmol/LAE AMBALHE 434 < 60f *
o 4ol
SK-N-SHANF A 1. @&, £ ‘2‘3 " ﬂ
222 MBXTOAFTEUMMHZ o a1 i 5 e o Cj 0 50 100
L 5
@:é:?“ %f}»’» MBiKFE/ (nmol/L)
@0 N

7 MBYRMBEAFZENEM (xis, n=3)
Fig.7  Effect of MB on the expression of synaptophysin in
differentiated SK-N-SH neuroblastoma cells (x + s, n = 3)
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Western blotting il 73 A4 #4242 76 Ser262 47 pii tau 25 [ 2
Ko 8T, ASIFM B FIMB 2 ] ik [ {I Ser262
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Fig. 8  Effect of MB on the phosphorylation of tau protein at Ser262

site in differentiated SK-N-SH neuroblastoma cells (x +s, n = 3)
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WRPMB A Mifiltau sl FRE, SCEMAIREE. B
XFMBTE 28 A A5 4% 7 T AR R I T b . ARSEa
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