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Protective Effects of a Water-Soluble Extract from Culture
Medium of Ganoderma lucidum Mycelia against Neuronal
Damage after Hypoxia-lschemia in Mice
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ANAEAD, a v AT a— AV EKTERAY, bR FE
MY R ENKEBRCTER I TS, T, PiEALIE
MO o nTE WL OO ERDH S, WER ITIE, <
VRV Ry OBSREEG TN, KEWEY 7= v 2 C
B & LcHE SRl X 5 B o 5 @S W Rk ik o 8
CHEEERSENE TR TED, ZhbDOERLES N
WER DAY F WG AL EM L T2 EEX bR
A TR O ARG B 2Tk Ze . UBFgEE T,
WER 2MEIRIR T » ~ O b A~ v AREAREL, —@
MR I X 2 B sE B2 B i S8 5 2 &l
H LT B0, WER D il OEH 7 = X &
ICOWTIEI S Tideo,

* 2 CABE T, ETMERERERERT (NGF) i X b &
1k X &7z PC12 Ml EiE bk (H,0,) WA 1T\, B
AP VAL CHFEINLF 20—V AT K —
v AR F B WER O % MTT assay % X O° TUNEL
Ptz X ORI L7, F72, ~ 7 AAKEESEINAR I (H/T)
BRI, RNEE A b U AFE, SRR, BMEER(L
BB &R, BHIZERMARICKH 3% WER O HA] (acute) F5 &
OM&YE (chronic) 5 DM E L KRHT B L L b, =F v
7 SO TH HUEE CAl B I OV B A
IREBF O D 7 A b — v 2w 5 WER OfEH
AL THE (TUNEL #effiks X OF Cleaved Caspase-
3 OfEpEd) 1 X )RR L.
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1. SEERMRE

AWFFE T, WER & L THHARTHE () kT
It IMAK) iH L. ZZERMAE<LV Y b
T, N A (ROREE CRETERE) LR Lok OR S
BRI/ L, 3.5 » HREER, TEEREE
BNCHL & &R L, ZRRDKIC RS, Bukfhl Lie. #h
W a gL ETEB g 2 v IS vk —
(0.45 pm) I THLEIEH L, B OBRSEIRG% WER &
L.

2. PC12 #HRADIEE & HLFEE'Y
2.1. PC12 #fif2 (Japan Health Sciences Foundation) @
BELNEFE

Ko3Ato PC12 ML, poly-D-lysine = — k L7z 60 mm
plate (Becton Dickinson Franklin Lakes, New Jersey, USA) IZ
L, 10%IEEMLE M, 5%IR@Md-ia i (B
I, Tissue Culture Biologicals, Tulare, CA, USA), NaHCO,
(2 gL, 7% 54 5 A7), Antibiotic-Antimycotic (100 unit/
mL penicillin. 100 pg/mL streptomycin ¥ X U8 amphotericin

B (0.25 pug/mL; GIBCO, Grand Island, NY, USA)) Z ¥ L
7= RPMI 1640 ¥3#h (GIBCO) &Nz, 37°C, 5%CO,1 v
Fa—x—NTHEELL 80%2v 71z MREEC
FELRET M sy Sy v, Sr—h bk
D 2x108fll & 72 % X 5 ICTHEERRRE L 72,

e~ D5 LFEE L, MR A+ (NGF, 50 ng/
mL; Alomone Labs Ltd., Jerusalem, Israel) % f: fit i 5% #iic
WINLC3 AMEGET A LItk »TUTote. FREh
DEEIZDWT, NGF 2 & b b & €72 PC12 Mgz
WER % | BEElRINL, # 0% WER OFFLE F T 100 uM
D H,0, (FEHIZE T3 # 1 RRHFAI .

2.2. MTT assay (C & 2 HIRREFRDAIEY
poly-D-lysine = — bt L 7= 24-well plate (Becton
Dickinson) 12 5x10* {fl/well ® PC12 flfa%x &AL, 2 H#%
W NGF Z@sin L7z, bS8 7c PC12 Mifldic WER % X
O H,0, AUFE U 7o, fEIMIERTHIC C 24 REHIRSHE U 2ot
D g £ F E & MTT ((3,4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide) assay & X » FF fili L 7.
0.25 mg/mL MTT (RDGHIER ) % & MER % 3
KEEIVEH X 7%, dimethyl sulfoxide (DMSO) % il 2. T
micro mixer CHIIEZ M L, 570 nm 3 X 08630 nm DO
VB ARIE Ui, M2 BRRE U 7e\ well ICRIFR D HR(E%
TWIE L 7cBOGEEE % blank & L TZE LW

2.3. TUNEL (&2 7R b—2 ZDAIE"
poly-D-lysine @ — b L 7z 6-well plate (Becton Dickinson)
2 PC12 MM % 2.5%10° {B/well THERE L, 24 K%
NGF ##in L, 1k & ¥ PC12 fiflgic WER & X OF
H,0, ALIR U TR 2 D B &, MM RS € 24 WFfH
R, MY UV L TR EIR L. B LT
MWL 2 2x10° cells/mL \CFH#L L, =D 60 pL %, 1%
R S 77 » B &2 BT 1000 rpm, 3 ArfEhEO L 7
VI VA—LATA KT A (MBWTIE i
BRI, ATA K752 RiciEs Seicfiis 4%+
=) T 10 EEEL, TROF v+ (Apoptosis in
situ Detection Kit Wako, FIYCAIZETZE) T 7 # b —
v ARSI A gt Ute. 7 R b — o AR g a5
KA Y —e~vbFo)y (REMIELE T
et Z (7o 70, FERE, 200 pm? DM E 7 A~ —
v ARG R A H v~ b L, Apoptosis index (%) =
(7 R b — v 2GR 2filag) x100 & LT&EL
7z,

3. EEREN
FTRTCOBWIEBRL, BEIFO [EREBOHEE KO
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BT 5% | 5 X IR KEE ) R E )
IRt » T{T - . C5TBL/6T Kwl Rl ~ 7 = (10-12 38
b, REKEBRTIY) IR 23+2°C, {WE 55+10%, MRE
FA 7 A 12 BEE (WA 7:00~19:00) DOEREE T, [
¥t (CE-2, BAZ v7) BLOKkEHACEBRZEHT
L7 18MoOFHABRE, WER (1 gkg) B X 0K L
L CEREKAEE Vv F i THE (KRR MALE I 3
AR B IREASEALE 1 KRR Havixigd: (B 1
[\ 7 B #&FAs L.

4 RERRMNEMET )L O1ER

HI &7 ADEEE, QIbOEO L viTote. <
v AH o vz (RAKHTYE CHREE GEA 5%,
¥ 15%) L, MEAMGLCEER, A EYIBE L.
LFRSABINR 2 KA PIRE X 0 FIME, —EASERL, &EwY)
PRIl A4S Lic. MBBIIRRSE: 3 BFIR, ~ v 2 %7 7
ARBICAN, KEEFE D A (8%0,/92%N,) % 30 4r[Hf
fiiL7z. ZOf], KBELFMET VT L - TH T AK
AT ISSCRRIR L. Z0%K, ~v ATy —JiR
L, 3 L OUKE BT & % Bi5EC 24 IGREIMHE L
7o, BTN ALETE (Sham operation, n=2) 121%, SHIF D
YIb R L OCLREBNRHEE DO R E T >~y A AW
fz.

5. £AADBER b L REDRIE

H/I AL B i O AR NER{E A b v A & %, d-ROMs
(Reactive Oxygen Metabolites) 7 A + F » I (Diacron
International, Grosseto, Italy) & FI\ > CIfIA D & B o~ 4
FoNREAREL UCE L. SHBIIR O R5EREi
¥ X OMEEE R AT 24 Rk, ~ 7 A D B#R 2> bR
L, Bbhic 10 uL oIz * » A8 ORI E K I
Mz CTEFML, 20uL 2z w5 v (NN T F 48
F7 ==Ly YT V) iz, WHEBRF Y-
J v H B 4 Mt 2 & (F.RE.E.: Free Radical Elective
Evaluator, Diacron International) i~ CilI%E L 7.

6. #IRAEIR R O 7 DAIE S

KR 7 ~ At o 24 Rk, AFGER) G o), K
KRB DML, B TIREE, BT (B2 il
DRIG, RSS2 Rs O G, OFHEBE D
W, 0 mEREE, 1 PSR, 2 BT, 3
D7V IREE, D 4B T Y AOMEREY 2 27
kL, ZhbogitzAVvCaHiizT - 7.

7. iR B AR DR E 20
IR HARTE % 3P 3 % 7o b, (KRR 7 A Bl D 24 I
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MItRIC < v A& REE T CHEE, BAitiL, 27 vv =
WA vtV 72 AFAVT 2mm EDOMY R & F
B 7%, 2% 2,3,5-triphenyltetrazolium chloride (TTC, Fl
FHIFTEE) % &L PBS (pH 7.4) T 15 418 37°C DI
FRCcTA v¥ax—F L. TTC Bt L8l % 10%
formaldehyde TIRIE[EIE L, T2 1 H 2 T L H G
WA s Uic. BHSEHT~ 7 b (Scion Image 1.62, Scion
Corporation, Frederick, MD, USA) % i\~ T& R O Y fil
JORMoOMm A OB ERE LI L, BELREEORE
2mm ZHWCTHREYEH L7 WEEAE (%) ={(F
PERARE —CEERIABE — BESEATD )} 2 3RIAHT < 100
DD B T BLARTE & PR L 7.

8. i#EM DB LIEE S EDRIE

AL OB IRE & Rk, AL ey — L
(TBA) % F\ THIGE L 722020, (KR 7 A A i D 24 K
MR A R U, Ay v 7 e LT 10% (wiv) i
tHhLXoFaT 7 —E A v ¥ & — (1 ug/mL Pepstatin
A, 1pg/mL Leupeptin, 10 mM phenylmethanesulfonyl
fluoride (LA E, FDEHIFETHE), 1 pL/mL Trasylol (Bayer
Medical, Land Nordrhein-Westfalen, Germany)) % &%r 1.15
WIEILr Vv AW AEMZ, R bavRESF A S —
TH#E LI, F v v 7 EEBRE I 0.2mL D 10% (w/v)
AT F— P FL0002mL ®© 8.1% SDS, 1.5mL ©
20% MEFE MK (pH 3.5), 0.05mL @ 0.8% 7 F Lk K u
¥ b v (BHT) BEFRTARE, 1.5 mL @ 0.8% 1,3-diethyl-
2-thiobarbituric acid (Sigma Aldrich, St Louis, MO, USA),
0.7 mL OZEEK &I /HEL, ToRMLCE, 5CT
60 7 EIEHE L7, fi\ T 95°C T 60 & L 7o t%, I
KT 10 3 EHELICEHH L CEIRICR L, 1.0mL DK,
¥ X O I-butanol (F# 5 A 7 A7) & pyridine (1Yl
HTH) oREEW (151 () % 5.0mL Nz, +T45EM
L, 3000 rpm, ZEHOSKMT T 10 oM=L L, ARE
(EJE) OWIEEE (532 nm) & HlE L7c. 30k 1 g B h O
#r fh  F& B (umol/mg tissue) (X, (A-Ay)/156000%x5.8/
10°x10%/3x10° DFHER 2B HH L.

9. MR E
9.1. TUNEL &

H/I I X o> THIEI NICRERID 7 A b — v At
3% WER ORRE A HBALF T T 570001, 75
A4 A% v b (CM30508S, Leica, Bensheim, Germany) 1 T
v v AROTERY A (8 um ) AEHLL, TUNEL 34
(Apoptosis in situ Detection Kit Wako, FIYGHIZELZE) 5 X
O~z b F o) VI X BREGEEIT 5 e 1855 CAL &
X ORI BB R I R B o0 — 2 FRIEL (150 pmx 150 pm) D
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TUNEL FGt:fifascae» v v » L.

9.2. Cleaved caspase-3 DjEZ >

~ v AUOFERG T 8 um JF) AIERL, WO 7
oy XY 7K (1d; 7ay 7 x2—2™ KHARLERR
) T2 RRAE L, 1 WP (1:100; Cleaved Caspase-3
Rabbit mAb, Cell Signalling Technology, Danvers, MA, USA)
Z4°CT—BfEM S 2 2 2 R (1:200; Cy3
conjugated affinity purified secondary antibody, Chemicon
International, Temecula, CA, USA) % ZE{ii T 2 REIfEA &
B, BALCK, BOCBAMEE CHI% L. TUNEL %0
&R, CAL 35 X OV K BCE (A M REHBF o0 — i I
(150 pmx150 um) DFEYEMEEAE » v v+ L.

10. #iEt LR

T2, CPHETEERE S UTERRL, fETm
BFEEY, —niRES RO, Tukey DL HIHIC X
D IRHT L. M—EEIC s 1) 2 B/ ALERTHR o ik,
paired test &\ o, MBI T A ER KL 5% & L
7z,

®w R

1. PC12 #RR(C & (75 WER DfREZNR

NGF 1T X b M 71k S & 7= PCI12 #ifia & A
T, MTT assay % 1T - 7z. PC12 fifd% 100 uM H,0, T 1
REfELEE 2 Z L X b, BMEA b+ VA X BHIEZEL
FlEfC IR, MFEFERIE 50.9+53% & ot —,
WER % 4L U 7z PC12 #ifia oA 7RI BRI -
HL, 1000ng/mL TIRKER-72 (K1), T, FED
SGHETHER LI T E b — 2 21D\ T TUNEL Jfaic &
LR 24T o FoAE R, WER (L7 A b — v ARGk x
BEERFCEL &8, 100ngmL HEERT £k —
v AMEIE R AR L (K2).

2 BEERMIEM~ 7 RDEER ML REICXT D WER

DIHFR

ZR R K % 721X WER % Bi[H] (acute) & % 1% 7 H[#]
(chronic) &5 Lic~ v AZRICR T, [Mfe Fa~xu
FEFNBEIREL LBEHNBIEA b v AE % d-
ROMs 57 2 M X W I L7z (X3). ZRBE/KHE[m# 55
Tl¥, H/IALERT (117.743.0 U.CARR) I Hx, H/L ALE 24
iR O RPIER{E 2 b v A (133.524.2 U.CARR) 2VE 74
IR L7z, WER B[Ol 5RO B\ T MR OB LA +
VAEOBENR O, AR EOEIEDON
thhote (K3A). Shicx L, WER % 7 HIHEE D #
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Viability (% of control)

Control 0 0.1 1 10 100 1000 10000
Concentration of WER (ng/mL)

BI1 Measurement of viability of H,O,-treated differentiated PC12
cells by MTT assay. Differentiated PC12 cells were pretreated
with different concentrations of WER for 1 h before 100 uM
H,0, treatment. The data are represented as means (% of
control) £S.D. from 4-7 independent experiments in each
group. **, P<0.01 compared with that of differentiated PC12
cells treated with only 100 pM H,0,, one-way analysis of
variance followed by Tukey’s test.
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]2 Detection of apoptosis in differentiated PC12 cells by TUNEL
staining. Differentiated PC12 cells were pretreated with
different concentrations of WER for 1 h before 100 pM H,0,
treatment. The data are represented as means+S.D. of
“apoptotic index” (number of positively stained apoptotic
cells/total number of cells countedx100%) from three
independent experiments in each group. **, P<0.01 compared
with that of differentiated PC12 cells treated with only 100 uM
H,0,, one-way analysis of variance followed by Tukey’s test.

5.1 7= %F (109.3+15.1 U.CARR) i 135 H/I ALERTER X
VY24 Bt o b A b v AEEY, FRFER 101.849.0,
112.549.7 U.CARR TH », H/IAEIC X HEEA + v R
FEOBANED LN, Fio, REKEGHE L LUK
e A i 24 BEER OfEEA » v AENEECHD Lic
(K 3B). F— 23R\, Sham B\ Ty, T
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fiti 24 KEEIB T B 1T A RNEBL A * v A DK ITED
LI, F WER #50C L AREL B b ok - 7.

3 EEREMEM(C & 2EE(CXT Y D WER DIRFERNR
H/I QLA 24 B ic 105 WER B [E1#% 55 o #pig e
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U. CARR
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(A) acute (B) chronic
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H,0  WER H,0 WER

Acute (A) and chronic (B) effects of WER (1 g/kg, p.o.) on
total plasma oxidative stress in the mice before H/I (open bar)
and 24 hr after H/I (dotted bar) determined by d-ROMs test. In
the acute study, the mice were orally administered with WER
or water 1 hr before ligation of the right carotid artery. In the
chronic study, the mice were treated with WER or water for
1 week. The data are represented as meanstS.D. from 4-7
mice in each group. *, P<0.05, **, P<0.01 compared with each
before H/I, paired r-test. ¥, P<0.01 compared with the
respective water-treated group, one-way analysis of variance
followed by Tukey’s test.
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Neurological Score
wn

H,0 WER H,0 WER

Acute (A) and chronic (B) effects of WER (1 g/kg, p.o.) on
neurological score determined in the mice 24 hr after H/I. The
neurological evaluations consisted of the five tests,
spontaneous activity for 3 min, symmetry in the movement of
left forelimb and hind limb, floor walking, response to
vibrissae touch, and response to side stroking. The score to
each mouse was summated of all five individual test scores.
The maximum neurological score of a normal mouse with no
deficit is 18. The data are represented as means+S.D. from 4-7
mice in each group. *, P<0.05 compared with the respective
water-treated group, one-way analysis of variance followed by
Tukey’s test.
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2z 7112827 TH Y, HFROKEKE 5
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(i) Representative data of triphenyltetrazolium chloride (TTC)
staining from the mice of sham operated, control H/I (H,0), H/
I with acute WER treatment, or H/I with chronic WER
treatment. Scale bar=2 mm. (ii) Acute (A) and chronic (B)
effects of WER (1 g/kg, p.o.) on infarction volume in the mice
brain determined in the mice 24 hr after H/I by TTC staining.
The data are represented as means (% of control) £S.D. from
4-7 mice in each group. ** P<0.01 compared with the
respective water-treated group, one-way analysis of variance
followed by Tukey’s test. (iii) Relationship between infarction
volume and neurological score in chronic H,O-treated mice
(open circle) and WER-treated mice (closed circle).
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Wic, H/1ALIE 24 RERIER O RN 2 TTC G+ L, B
FHEZAE L (K5, #BLFM D& %{T - 7 Sham
FEOBICIZIBEZE I TER S e - 7o S, REY KT 53
(H,0) Tix, 30 Mo HIAE I X b Rfilo K8, #rd
%, B X OVEE OIRHIFIC i - THERNTER I N,
DRI 56.4£6.16% TH > fo. WERH [ 51Kk
T ZEREK I B S RIRE OB IERE (47.947.50%) 23
b s, WER 85 L i B0 5 IER O
VBB R X ORER 0 —I 5 2R fS L T 2. WER 181
B SR OB SE AT L 31.749.9% ThH b, FHAKFE LR
(55.3£5.63%) L LEB B VNED LRI lr o
U AR\ TIMEIEATE & ARHER & OBREY 7 a
LT R AL A, Zh b oI & ORES
BItR (KHBEFREL : —0.725) MEED BT,

BT, H/IALE 24 FefEE O R OEB LR E &
BERHELCEZA (X6), WER H[u# LR & 7&K
P 5B & ORICHEIL D - 7o b, WER 188 53 ik
KB 57 & e U B Il LR E & B DK TR
b,

A BEBERMNEMIC & 2 7R b= RCxT D WER D)
e

H/IIZ X » THEFEI IR D 7 A b — o 2t
3% WER O&R A ABALFINCHEGFT T 5 7o, 18k
BH5RED < v ARDORERY) A F -, TUNEL $eta %17 -
o (R7). ZofER, PR T HIAB XD <7 v
7R TH HUEE CAl 5 X ORI R B A B B 1
B TEH D TUNEL BGtEfilarn o bhien, Thk
B L, WER %18 M8 5. L 72 BF Tl TUNEL FE MM e £
NEBED L. Ibic, 7R —v 2% {EHETHH

(A) acute (B) chronic
o
Z
2 T
o0 03 -
2 *k
g
=
0
o~
< 02} o
&

ol {

H,0 WER H,0 WER

BI6 Acute (A) and chronic (B) effects of WER (1 g/kg, p.o.) on
lipid peroxidation in the mice brain tissue determined 24 hr
after H/I by TBARS assay. The data are represented as
means+S.D. from 4 mice in each group. *, P<0.05, **, P<0.01
compared with the respective water-treated group, one-way
analysis of variance followed by Tukey’s test.

AR —EROTERALDOIFEE £ L C, Cleaved Caspase-3 O
GGt 2 AT\, Bt flE Lc (K 8). Cleaved
Caspase-3 [EMEMINIEIL, TUNEL Bt fifia & o554 %
/R L, TUNEL et & FFRic WER &g b- L7
TR KR SR L I L, Bt a B s
LTW5Z LRI L.

z =

APFFRER L D, =7 2145 WER (1 ghkg) © 7 H
Mg OH I X b, HIALEK X 2HABEA v AD
BEK F X O AR OB LA B PE A 2N S 4, IR
FEHRABEABI T RPN ER - DI,

(1)

Sham H,0 WER
A s % otie
D W e ]
(i1)
(A) CAl (B) Cortex

40

1 - L

20 | -

TUNEL-staining Positive Cells

sk ok
0 - ’l‘ -
H,0 WER H,0 WER

Bl 7 (i) Representative data of TUNEL staining in the CA1 area
(red square in the brain map) of the hippocampus from the
mice of sham operated (A), control H/I (B), H/I with chronic
WER treatment (C), and the somatosensory area of the cortex
(blue square in the brain map) from the mice of sham operated
(D), control H/I (E), H/1 with chronic WER treatment (F).
Scale bar=50 pum. (ii) Chronic effects of WER (1 g/kg, p.0.) on
the number of TUNEL positive cells in the CAl area of the
hippocampus (A) and the sensori-motor cortex region (B) in
the mice brain determined 24 hr after H/I by TTC staining. The
data are represented as means+S.D. from 3 mice in each group.
** P<0.01 compared with the water-treated group, one-way
analysis of variance followed by Tukey’s test.
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BI8 Chronic effects of WER (1 g/kg, p.o.) on the number of
cleaved caspase-3 positive cells in the CAl area of the
hippocampus (A) and the somatosensory area of the cortex (B)
in the mice brain determined 24 hr after H/I by
immunostaining. The data are represented as means+S.D. from
3 mice in each group. **, P<0.01 compared with the water-
treated group, one-way analysis of variance followed by
Tukey’s test.
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ABSTRACT

Protective Effects of a Water-Soluble Extract from Culture Medium of Ganoderma lucidum
Mycelia against Neuronal Damage after Hypoxia-Ischemia in Mice

Mari OKAZAKI', Naohiro IWATA!, Shigenori HORIUCHI', Shinya KAMIUCHI', Fumiko SUZUKI?,
Hiroshi [IZUKA?, Yasuhide HIBINO!

! Laboratory of Immunobiochemistry, Department of Clinical Dietetics & Human Nutrition,
Faculty of Pharmaceutical Sciences, Josai University
2 Noda Shokukinkogyo Co. Ltd.

Objective: In this study, the neuroprotective effects of a water-soluble extract from culture medium of Ganoderma lucidum
mycelia (WER) on oxidative stress-induced injury were examined using H,O,-treated PC12 cells. Additionally, we investigated
both the acute and chronic effects of WER on brain necrosis and apoptosis induced by hypoxia/ischemia (H/I) followed by reox-
ygenation in mice.

Methods: Viability and apoptosis index of H,0O,-treated PC12 cells were determined by 3,4,5-dimethylthiazol-2-yl (MTT) assay
and TUNEL staining, respectively. H/I in mice was induced by unilateral ligation of carotid artery and exposure of 8%0, for
30 min. Twenty-four hours after H/I, neurological deficits, cerebral infarction volume, and apoptosis level were evaluated.

Results: WER—pretreated PC12 cells showed an increased viability evaluated by MTT assay compared to untreated cells.
TUNEL staining indicated that WER induced a concentration-dependent decrease of the number of apoptotic cells. In the mouse
model of H/I, acute (pre-H/I) treatment of WER (1 g/kg, p.o.) did not affect neurological deficits, total plasma oxidative stress, cere-
bral lipid peroxidation, and infarction volume assessed 24-h after reoxygenation. However, chronic treatment of WER (1 g/kg, p.o.,
for 7 days) significantly improved these parameters compared with distilled water-treated mice. Moreover, chronic treatment of
WER decreased the levels of apoptosis in two brain areas, the sensori-motor cortex and the CA1 of the hippocampus, analyzed by
TUNEL and cleaved caspase-3 immunostaining.

Conclusion: These results show that daily intake of WER relieves the cerebral ischemic injury, which may be attributed to

decrease of oxidative stress.

Key words: Neuroprotection, Water-soluble extract of Ganoderma lucidum mycelia (WER), Ischemia, Oxidative-stress, Apoptosis



