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Abstract

In this study, we analyzed the protective effects of the vitamin C in the streptozotocin (STZ)-induced apoptosis using
the SH-SYS5Y, a neuroblastoma cell line. The cells were pretreated with the vitamin C (100 pg) for 30 min, followed by
the 24-hr treatment with the 2.5-mM STZ. The cell-viability assay using the Cell Counting Kit (CCK)-8 revealed the
cell-survival rate increased by 15% following the vitamin-C pretreatment compared to the STZ-only treatment. Moreover,
we conducted the western-blot analysis to determine the protective effect of the vitamin C regarding the apoptosis. Compared
to those in the STZ-only-treatment group, the p-ERK and Bcl-2 expressions increased in the vitamin-C-pretreatment group,
whereas the p-JNK and Bax expressions decreased. The vitamin-C pretreatment increased the expression of the SOD-1, an
antioxidant enzyme, by more than 30%, indicating its protective role in the STZ-induced oxidative stress. Also, we found
both the intrinsic- and extrinsic-pathway mechanisms of the STZ-induced apoptosis. The results of this study spggest vitamin
C may help prevent the neurodegenerative diseases.
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2 AEY A, 83 u|EEEg o} Aozt 7]Qlgthar o
A gk, 22 5o g=sto|m S olof gt thAAg
(metabolic disease)¥} W3t T o] 31 o™, Hoyer S(1993)
9} Cunnane 5(2011)°] &3t AAoA = thy RIS
(clucose) THAFS} T o i) AJAke] Hebgo] erzato|u]H
o Fagt Wy Yogtal Hustgth

2 EF & Z & A(Streptozotocin: STZ)-2 glucosamine-nitroso-
urea SHRIEZH FAAZ ARGEHI 2, HFlA dedS
EH[8t= HEtAI Z(beta cell)of] ZHg-3tth= AS 94 € =,
T AEEsE ZdS W=t ol AREEoIX AL itk
(Junod 5 1967). B 2 71382 STZ 2] A], ROSe] 9]t
HERA| 28] &4folgtar A qlom, AlEo X2 Al free
radical-& A/4d3te] DNAS &A4AI7 &, Al Z AHES f&
s, X4 BASHE dor|= AR HaEth(Zheng 5
2015). | Aol = 2EJEREALS Fod G A
AeE BA9| HoA 27| AR =YY Ao Hejshy ¥
3Rl AF H AShA AEg A a2 A3eHA Wkt ue
U= AL 3215t thWohaieb & Godin 1987). o]= AE
ExEA A= ste] d=stojmyol 28 a9l &4
AkZ4~(Reactiveoxygen Species: ROS)7} AA E o], Alsta] AE
@) 2 (oxidative stress)S =511, 0|2 QI5t AlE U RAE
= EAIA Hebs AS Yueith 53] H 2212 FHikst
aa7F g 229 g A7] wiZo]| hydrogen peroxide(H;0y),
Superoxide anion(O,-), Hydroxyl radical(-OH), Peroxynitrites
(ONOO -) 5} &2 &/g4tao] gt Abstd &4 A
wS 4=~ QJth(Reynolds 5 2007; Knott 5 2008). 12 215}
o= ARAEZ EForRE AFNZE B3 5 9l
= =429 4sA dis) #Ael JsH Aok a2 F
oheFet ofxfel Hdof o] e HIE C= o8 =3
of 2ozt T4 tazdolH, fuete] HEl Cof %
T8 #AFo] o HE Y H|ws = A AsHE, A
sleha] $a% EA4S HHETTHKIm & Jang 2004). H4k3}
BIE 7R AL QlojA] dzsto|myat e 13 B AY
o a37} 9l ASZ RuEtHHeo & Lee 2005; Du 5
2012; Kwon 5 2014). B0 BB} C= F5A173 Ao Hol
SAEo] o, ARAY 29 4 24dof HAst=
Ao Z B IEQH(Sotiriou 5 2002).

weba 2 Ao A= STZE o]-8-3te SH-SYSY A173A|
3 E4E F=t 3, HIEl Cofl 9%t Nl B aiel AlE
W 713 AE B0 3T

M o

1. M|ZHHQF
H g oA ARE3E SH-SYSY Al A|E = American Type
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Culture Collection(ATCC, USA)oA FUste AME-3H L.
10% FBS(Gibco, USA)&} & A|(Gentamycin, Gibco, USA) 50
ug/mL7} Z3HE DMEM Hjx]o] HFsto] 37C, 5% CO,
incubator(Thermo, USA)oj|A] vjFa}4 Tt

2. A-"E =M J_.Hjl-

—_— 1O O

A3 BZEF-L Cell Counting Kit-8(CCK-8, Dojindo, Japan)
o2 24319t SH-SY5Y AAANZE 96-well plateo] 1x10Y
well2 HET T 24217 St vjosiglon], AT B4 o
ol 7] 3l STZ(Sigma, USA)x} v]E}FYl C(L-Ascorbic acid,
Sigma, USA)E 5=} A7l w2t ZH2} A28ttt STZL.
2 olgt AlZEAo] gt vlebul Co WEFTFE Hle C
£ SH-SY5Y Al|3Zof 30& HA et &, STZS A3t o,
WST-8[2-(2-methoxy-4nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulfophnyl)-2H-tetrazolium, monosodium salt]-& 10 L A7} &,
3A17F ¥F-8-A]1 7] F] microplate reader(TECAN, Austria)S AR
ato] 450 nmoll A FHES ZHeH

=
3. CHEE 2

Western blot2 &3 A|lZAE Azdgy) FAd duld
9] Ql4tSHphosphorylation)2} Hite}t Il Gl WA &
et vlEk CE 308 A &, 6A17H T 24A7HF

¢t 247 AEJIEXEA] A 2]ske] SH-SYSY A|aZe] protease
inhibitor cocktail(Roche)} phosphatase inhibitor cocktail(Roche)
o] g%l RIPA buffer(Sigma, USA)E go] lysateS =5}
bicinchoninic acid(BCA, Pierce, USA)Z Tl 2 AFFS- st ch
20 pgo] TS 4~12% sodium dodecylsulfate-polyacrylamide
gel(Invitrogen, USA)ol| A A 7] 49538 &, PVDF membrane
(Millipore, Germany)ol| ©|FA|Fth 5% skim milk2 1A]7F
blockingA]71 & 12} §}A| 2 A4 ERK(Cell signaling, USA), pERK
(Cell signaling, USA), JNK(Cell signaling, USA), pJNK(Cell
signaling, USA), Bcl-2(abcam, UK), Bax(abcam, UK), Sod-1
(Santa Cruz, USA)Z 4CollA 12417k HHEAIZL &, 23} &
AE A7 Fet A2 A BEeAIF T S E o BEH -2 en-
hanced chemiluminescence(ECL, Santa Cruz, USA)E ©]-&3}4
U A © ™, Chemi smart 5000(Vilber, France)S ©]-£35}4

27gstelc

4. MIERIZIA} 2R EE 2

A Lo} Pheish Tz wheS Human Apoptosis Array
Kit(R&D system, USA)E AME-3F4Th 357119 apoptosis?} 3
Ast A7} £-9])+= nitrocellulose membraneS 1X]7F &2t
2] blockingA|{l &, &3 TA 400 pg 4 CoflAf 12
AIZE BrS AR WS & 1A]7F 59 Detection Antibody
Cocktail- & %] 8]8}4 2™, Streptavidin HRPE 305 BH-A]7,
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chemi reagent® 7}A|8} SFE T

5. EAHXz]

WE AFE 35 o4 v AlX|3te] SPSS 20KE 0|43}
o] one way ANOVAE A 5100, $122] 2ol p<0.05
Szl AESHC

21 Y pE
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1. STzQ} HIE}AI CO| SAMTI}

STZ¢} vlErT] Cof] lE&H SH-SYSY XA Z 9] Al ZAY=
£ HIE ot 7] Y3 242 CCK-8 assay= Al3¥sH4Th
ket = 9] HlElTl CE SH-SYSY A|XEof 24, 48, 7247t
A sty on, gz2at vl Al A E FEEA ztol7t T
ZE]7] eroket. o]of B Ag oA SH-SYSY AlZoj HErY
Col A sZ+ 100 pME2 AA3FATHFig. 1(A)). ¥
STZE 1, 25, 5, 10 mM =2 SH-SY5Y A|3Zo]| 24X]7F &g
e ), R v A] FE] FT ki AEgo
adhe A 3 & 4 U3tk oo B AFAE iz
T3 ¥ 50% olAkel MEAELS] folF TAsE B
ol 2.5 mM& SH-SY5Y AlZo] Halsl7|2 A3t thFig.
1(B)).

2. HIEI2I Cco| MZHS S1}

STZ Azlo] B2 SHSYSY AZMENA vlER ol 1
SRS 57| gatel, SHSYSY A|Zo] HIEHI C 100
UME 305 WA F, STZ 2.5 mM& A1tk 24417 A]
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-8 assayS ©]43}o] SH-SYSY A|Z 2| N=Z
I}, STZ A2 Ee} vERl CE A
AAANE BEEO] 15% AL {o)Fo
7¥eh= AL 3 4= AU hFig 2(A)). E3, HAFAE
o] )23} STZ 2] SH-SY5Y AlAA|E

i&;}f& A3, STZ A2 NZES &5

27F dojtont, HlEl C AA oAl
STZ Agjtol vla) A F53 AHE7] Fa7t FolE
AE AT = AATKFig. 2(B)).
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3. ERK2t UNKQ| Qlats}

AZAOIE oie] 2ol geroz dof}
(necrosis)Q} M| ZEo] AR ATE Fudton,
298 YA Yo o3) $FH® 33
£ AlZAE AKapoptosis) 7+ ATk E3A = A 2ol &
4 2ojo] AAATE] MM o2 ATAUAS o]
Al Fmj(Mattson S 1998), AkS}A AEH A AL extracellular
signal-regulated kinas(ERK), p38, c-Jun N-terminal kinase(JNK)
Al 7R 2 FA4 = o] = Mitogen activated protein kinase
(MAPK)S &3t AJA AAAZA Q1Y AZAEAE
fregtthar defA] Qltk(Stanciu 5 2000). o]of & Aol A
£ STZ A &of & A ZAE o] Bofdt= MAPK 7] 4
wm gkt

AN|3ZZA] 1} #H 3 p-ERK(Phospho-Extracellular signal-related
kinase)?} G35 L A|ZALEO| TASE p-INK(Phospho-c-Jun
N-terminal Kinase) @A & o|835}to] QlAkSE &1gt A=
Fig. 33} 20}, ERK 9] QAH8Hs STZ R 2o|As 23}
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Fig. 1. Cytotoxicity assays of Vitamin C and Streptozotocin on SH-SYSY cells. Cell viability was measured by CCK-8 assay.
(A) Cells were incubated with vitamin C at indicated concentrations (0~200 uM) for 24h. (B) Viability of SH-SY5Y cells were
decreased with increasing streptozotocin concentration. Data present mean+S.D. and are representative of three individual

experiment (p<0.05).
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Fig. 2. Protective effect of vitamin C against STZ-induced cell death in SH-SY5Y cells. SH-SY5Y cells were pretreated
with vitamin C for 30 min and then exposed to STZ for 24 h. (A) Cell vialbility was measured by CCK-8 assay. Data present
mean£S.D. and are representative of three individual experiment (»p<0.05). (B) The morphology of SH-SYS5Y cells with STZ
and vitamin C treatment (mignification, x100); CON(control): medium alone, Vit C (vitamin C): 100 uM, STZ (streptozotocin):
2.5 mM, Vit C+ STZ (vitamin C 100 pM + streptozotocin 2.5 mM).

HIIL A] fojA oz hastgl oy, HEl C AA oA
= 2T vw A Tl dyo] foF o g FIRkS &
A 4= AL H(Fig. 3(A)), INKQ| ¢14kste] 3¢, HlE]
C AA oA iAo dgdo] foHo7 st
(Fig. 3(B)).
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4] M| EAE AHextrinsic apoptosis) Q] AFE4-8A] 7 2 (death
receptor)@} W14 A 3ZA}FE ANintrinsic apoptosis)$] U] EZE
o} AZ7} JIth(Wang & Youle 2009; Sayers TJ 2011). £]<1
A ARE YFoA WHE AZAPE ATE HEstes F2
o)™, Tumor necrosis factor(TNF)-a 5°] AFE 849} A%
Slo caspase-35 S48 AlA HFEIL, Yl 2= HE
ZzlotoA Bel-22] 2AE Bax7} o] FHE o]
cytochrome C7} W&EHA] caspase-9& EAI3IA 7|1, o]}

CON VitC S VitC+S
pJNK

JNK

a-tubulin

500+

4004

300+

sity (%)

C 2004

De

100+

vitC STZ  VitC+STZ

B)

CON

Fig. 3. Protective effect of vitamin C on MAPK signaling pathways. Cells were untreated (control) or treated with 2.5 yM
STZ in the absence or presence of 100 uM vitamin C for 6 hr. Western blot analysis was performed with pERK, ERK, pJNK
and JNK antibodies. Expression of a-tubulin was used as an internal control (»p<0.05); CON (control): medium alone, Vit
C (vitamin C): 100 uM, STZ (streptozotocin): 2.5 mM, Vit C+ STZ (vitamin C 100 pM + streptozotocin 2.5 mM).
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2O 2 caspase-3E BTt Al7|HA HgPo] EHKGross 5
1999; Degenhardt 5 2006). ©]o]] & HLo|Xx= STZO.2 F
g NZAIEA nEZEE oL HEE FE Al ZAEALY
thEA Q1ARQ] Bel-292}F Bax 2] Tl A W@ o] v|elT] Cofl <
A A= =A] AHESITh A ZAPE S 715k Bax T
29| AL, STZ Ae|Fol|A] ti2at vaL A, Tz ddo]
FYH R F7ketes AL ST 5= dslem, vEwl C A
Ao osf Bax T A o] W o] TAHS T 4 9%
ThFig. 4(A)). E3L Bax 9] 2H8-& AAAA A|ZAE S oA
Sh= Bel-29] @2 vE C A2} vgkel C AA 22
oAl Ztzt STZ7 Rt -0 2 =2 AL AT 4= U3
tHFig. 4(B)).

5. MSIAEYA SAX| &1t

Az W S48 E iEteas HEAA NZE 2
= A9 gHAFSE § 421 Sod-1(superoxide dismutase-1)
o @S 4 Btk HlEl C& @5 A 23t4S o Sod-1
o] o] thxto] Hst] st Ao ® Yehton, STZ
A 2|atol| A= Sod-12] d o] I A] ek sHA|9t H]E}
9l C AA o= tj2tol| H|ste] SOD-1 T2l o] iy
o] 30% ol FoFoR FUete A AT = ATk
o WEPH C7} SOD-19] WAL Z7pAA AbsHE AEd2
E2RE AZE BI55t= AR AlRHHFig. 5).
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H BHBEEL dolR 7| 93}e] human apoptosis antibody
armay kitS o] &3] 357k 9] AlZAE Tl gd Ud
<= AESIT. A+ 23}, STZ A2 wabA Cytochrome C,
SMAC/Diablo(second mitochondria-drived activator of caspase/

direct inhibitor of apoptosis binding protein with low pI), TRAIL
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Fig. 5. Effect of vitamin C on Sod-1 protein expression
by STZ-induced oxidative stress in SH-SY5Y cells. Cells
were untreated (control) or treated with 2.5 uM STZ in the
absence or presence of 100 uM vitamin C for 24 hr. Western
blot analysis was performed with Sod-1 antibody. Expression
of a-tubulin was used as an internal control (p<0.05); CON
(control): medium alone, Vit C (vitamin C): 100 uM, STZ
(streptozotocin): 2.5 mM, Vit C+ STZ(vitamin C + strepto-
zotocin).
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Fig. 4. Effect of vitamin C on STZ-induced alteration of Bcl-2 and Bax in SH-SYSY cells. Cells were untreated (control)
or treated with 2.5 utM STZ in the absence or presence of 100 uM vitamin C for 24 hr. Western blot analysis was performed
with Bax and Bcl-2 antibodies. Expression of a-tubulin was used as an internal control (»p<0.05); CON (control): medium
alone, Vit C (vitamin C): 100 uM, STZ (streptozotocin): 2.5 mM, Vit C+ STZ (vitamin C + streptozotocin).
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R2/DR5(Tumor necrosis factor-related apoptosis-including ligand CE AA YT 2N NENEZV} 2718l AL Felsty
receptor 2, Death Receptor 5), HIF-1a(hypoxia inducible factor-1a), . vjelel C7F AAAMEZEE RHEFE 7| AS golR | €35}

HSP-27(heat shock protein-27)2] Z7171 Yel= Aoz &
olEgle, I & HSP-277} SMAC/Diablo®] ¥rd o] =2 7
2 R AtHFig. 6).

2 AFZHRZRE STZE n|EZE=Fot Y59 Cytochrome
C2} pro-apoptotic protein®] SMAC/DiabloE -F-&A]7|1, &
9] Death receptor] TRAIL R2/DR5E F3f caspased] A4S
Z7INA MEARO] FEE, ol 24 B YAy 4E
Azg Folo] ATAL| ool Ao ARHL. E
2 STZ ATl of3) SaAraTt F7hE0] AATE W
Q) HIF-1a9t FAE A ¥EG Q1AFQ] HSP-270] UEt
e Ao gelgion), oS AEds B w2 4
%, Hol7]dof o] S8t HEE 3, Hela A3 o] TNF-a
U H0, Z-§ 22 HSP-270| S7}sto] A|Z25 H3 5= o
e ke A7 Aol AekE Ao UeRdThPark 5
2003).
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st o, AZAEe] EHE AL Sstgon, veky

CON STZ
Cytochrome C
. » -e TRAIL R2/DR5
.- HIF-1a
W™ ® | Hsp2y
- — -
LR - . SMAC/Diablo
.. . . Reference Spot

)

ut

o MZAEAL oA ATHLS Fof o FAAE
SHEA] 7] MAPKs] QIAISHE: Atmmsich wjehl ¢ e
A] ERKQ] QAksl7} S7tetm, N Z2FAE G2k Aoz
Zlstgen, ERKeH= ¥tz 45, AlZAED dd
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1%t A3, Cytochrome C7} =S BR1sHgH o]t of
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Fig. 6. Expression of apoptosis-related proteins. Cells were treated with or without 2.5 mM STZ for 24 h and analyzed

by apoptosis antibody array.
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