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Effects of Polygalae Radix on Brain Tissue Oxidative Damage and Neuronal Apoptosis
in Hippocampus Induced by Cerebral Hypoperfusion in Rats

Yong—Mo Koo#, Hee—Jun Kwak, Man—Jae Kwon, Mincheol Song,
Ji—Seung Lee, Jung—Won Shin, Nak—Won Sohn"

Department of Oriental Medical Science, Graduate School of East—West Medical Science, Kyung Hee University

ABSTRACT

Objectives : Polygalae Radix (POL) has an ameliorating effect on learning and memory impairment caused by
cerebral hypoperfusion, In regard to POL's action mechanism, this study was carried out to investigate the effects
of POL on oxidative damage and neuronal apoptosis induced by cerebral hypoperfusion in rats,

Methods : The cerebral hypoperfusion was induced by permanent bilateral common carotid artery occlusion
(pBCAO) in Sprague—Dawley rats. POL was administered orally once a day (130 mg/kg of water—extract) for 28
days starting at 4 weeks after the pBCAO, Superoxide dismutase (SOD) activities and malondialdehyde (MDA)
levels in the brain tissue were measured using ELISA method., Expressions of 4—hydroxynonenal (4HNE) and
8—hydroxy—2'— deoxyguanosine (8—OHdG) were observed using immunohistochemistry., In addition, neuronal
apoptosis was evaluated with Cresyl violet staining, TUNEL labeling, and immunohistochemistry against Bax and
caspase—3,

Results : POL treatment significantly increased SOD activities and significantly reduced MDA levels in the cerebral
cortex, The up—regulations of 4HNE and 8—OHdG expression caused by pBCAO in the CAl of hippocampus were
significantly attenuated by POL treatment, POL treatment also restored the reduction of CA1l thickness and CAl
neurons caused by pBCAO and significantly attenuated the apoptotic markers including TUNEL—positive cells, Bax,
and caspase—3 expression in the CAl of hippocampus,

Conclusions . The results show that POL attenuated the oxidative damage in brain tissue and neuronal apoptosis in
the hippocampus caused by the cerebral hypoperfusion, It suggests that POL can be a beneficial medicinal herb to
treat the brain diseases related to cerebral hypoperfusion,
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£ Ak 0|REL Holu, TEEZFXWAL (polyunsaturated
fatty acid) gHFo] Eom, ASEY-TA F<4 (redox—active
metal) 5 7T Q7] gRolcy’ ol AN L] Alst
2 &AL g=slo]lHy (Alzheimer's disease)™t THF1<SAH
(Parkinson's disease)& E3sF thoFst A ESPA 2 EO
4 A IS A, =3E EX5= A "ot
19 otzstolm oA AlSHA EAFS AAAES] AMFES &
W3k, pf-amyloid (AR) H2HE E318HH, A AHEALS
277 AAFRS AN, DIENHLS AshA 4
o &3 dopamine AZA|Z9] E3r £X1H A2 A
T Yok, ol AAE RN A= fute] F34
%% (neuroinflammation), AIZAZo] o3t TEA
(excitotoxicity), BEZEgole] 7|53 o] So] Holdta
o, olygt QIAE W3 AStY &4 WA AdE
AHY. E3] Astd &4ke AxZslo] DNASH njERE=go}
DNA®| &4& fEstEE AFAZY AL EE k3 &
s |,

3tHo g i (Polygalae Radix):= 34144 AdE
AXgol A 714 wol AMEE kg F sty
AFHALE Ed @EEE AR N-—methyl-D—aspartate
(NMDA)e]  oJat AAAEe] 4L dAsts =hg',
1-methyl—4—phenyl—-1,2,3,6—tetrahydropyridine
(MPTP)®] €3t dopamine AIZA|ZS] £A-E HE 3= 2Hg-
o] RuFet?, EF HFEEY in vivo AT A E
+ scopolamine Fofof o3t 35} 719 S AAdsh=
F5o] RuEgm™ ghigel H@R Aslo] olgt 7|
o2 ApAsts Fxo] HuEcH?, oledt a%o 2hgr]HT
sty EEY S8AEQl tenuigenin, polygalasponin,
oligosaccharide ester $°] AFSIZMES E3) AFAE &
AE BRAs =35 AAIEH, JAXFNE ATt B
Gyt ik ARRE W29 Bk 4] diF
AFE ZotE7] ojPTt,

aBER 2 AFdA iEkErt HxA e Ay &g b
e FFS TEsIA FoNA 4F THETHS FHEHL=R
Hafst= ol 9l ARl HEF AsE fIska, iwk
EFEES 4F0 AFEAS g HRAA AEEY &4
A EE9] superoxide dismutase (SOD), malondialdehyde
(MDA), 4-hydroxynonenal (4HNE) % 8—hydroxy—2'—
deoxyguanosine (8—OHdG)%] W3S sty o, o)
A AAANE £ thet 9L terminal deoxynucleotidyl
transferase—mediated deoxyuridine triphosphate nick—end
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1. A¥5E

AHEEL gHlo]| 28 (Nara Biotechnology, Seoul,
Korea)oll Al F43t 280—300 g2 4~ Sprague—Dawley 3
A2 Agsiac AuEEel 447 AAL Faldekn A9
24019959 YT FEATVA FIS Usten Ay

o AHRE FFHL 2% (21-23T), % (40-60 %)t =4
(12217 B / eho] AeF o2 FAHE ARSAA Edgs
oF ARE AFEA FE ARSEA, AEA F) 13
ol HSAIZl & AMESIHLE

2. gl Az U Fof

B AM¥of| AME3SE s (the root of Polygala tenuifolia
Willd., Polygalaceae; POL)= (F)3EHtlojA F3}A
ok AIEE EE 200gS 2,500mle] E3t 3 round
flaskell H YZ47|E RS AL7|oA &7 AFsE &
FE 1A FeF Agsta, 13 Aast AgAE rotary
evaporator2 Y =% T —-70 €, 10 mmHgoA 2
7Azxste] 39.0g9 FE2=% 4t &2 19.5% °ol%
o, ARE AFHE T 1081l 130 mg/kgs A
FEY 13 BoFoR 3to 1Y 13 4F 5 (F 28¢Y
7 A5 3Hqch

3. AT &

ATFTES TR Ml 202 st diz (Control)
o] AREEME ¥5 45U G794 (permanent bilateral
common carotid artery occlusion, pBCAO)E AA|5}H1L,
Sham<* (Sham) tj&z3} o] pBCAOE 4AAIs] %t
FHFES 192U pBCAOE AASHA] 82 #2239t
HEFEE FoIT (POL)2 tiZxw3t o] pBCAOE AAIst
47 FRE 45 F (pBCAO AAl ¥ 5-8%F, F 289
HESFEES AR AETERE AT A4
pBCAO ¥ SFEFH 5 offd AXNE &2 #o=2 A
AREY 7|02 4ten AFAHAE A= &t
1H5E 24 & 9 120184, & 48ute]E ARS-SHAT
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1. F2 24599 37 A4

THE HER AstE U5t 98l pBCAOE AAlsH
ot A¥SES 10 mg/kg9 tiletamine™} zolazepam (50
50 ; Zoletil, Virbac Laboratoris, Carros, France) &7+
FAIZ oRFelR e, 4% F<F Electronic Temperature
Controller (CMA150, CMA, Sweden)S ARE3le] AHAAL
(87 £ 0.5 C)& FASAL, 7M1 vz Bad A] 1.0
% isoflurane (with 70% N3O + 30 % 02 gas)®] SYutHS
AAetTt, AAE HHE st 9 € 2 AFEe
EAglol FATHE HaEste 5-0 #7149 ¢e4d=E 18
e oS AAFeE EFX] ¥LE 2% o &AsHA
AFstgt, ol HMAR I5I HRE St ulHolA
A stlew, uiFolA Aold F AAHTHH ol P&
< Hole AEFES AHdA AYstect.

5. ¥zxZ 9 Az

7t 7o APFEL FAYR el ol enkEls
SOD®} MDA &X8o=2 6uigles RZFMEOZ A3}
dtt. SOD9t MDA &3& AdFES IFE IJYPA7IL



Bt HER At et 8 Hzge) A

EA HE AES o 48 oA diH"gda durg £
Z3}e] dry ice—isopentane &Mooz <& FAAY|I, T
AL st 7185 & =X A7A -80 Tol EHsHS
th, 2FAGME APEEL ZoletilZ2 ZA wpFst o2 A
Fokr, A& E319] 0.05 M phosphate buffered saline
(PBS)X} 4% paraformaldehyde®Z FE3] #Fskgch o|F
HE HEslY 2447 B9 post—fixationdlI, sucrose
gMo| & AT e HRAE dry ice—isopentane
|doz FAANFL FERZLS cryocutl® 30 um F749
YAAHO 2 AFsto] 2G| ARSI

6. SODS} MDAS] ELISA &%

22 de9dat sut 23S 27 Tris—HCl buffer
do] FAZstL ASAS AR dglen, Owd F
% Bradford W70 AMgslol BFsigct, SOD 24
OxiSelect™ Superoxide Dismutase Activity Assay kit (STA
—340, Cell Biolabs, USA)E, MDA &4A& OxiSelect™
MDA Adduct ELISA kit (STA-332, Cell Biolabs, USA)Z
ARgstReH, Zb AL Algste S9N ARAY o
% AgSgn, 7 mEud 23 uE ERekc e
s, SODE= 96—well microtiter plateol ZFzte] A
< 10 W, xanthine solution 5 W, chromagen solution 5
uwl, SOD assay buffer 10, £F4 40 WS o 4|t
e HE2AHoZ 10 ul9 xanthine oxidase solutione 7}s}
o 37 CollA 1A17FESH WHSA]Z]3L, microplate readerE
ARgEte] 90 nmollA FFEE £35%tt. MDA+= MDA
conjugate’} ZEHE well plateo] 50 ule] SAHMEL Y31
Ao 1087F ¥HEA7], anti-MDA antibodyZS 50 ul
£ 7hote] A2oA 1A7F ¥REAIZ] e wash buffer® Al
A3 HRP conjugate 2XFAl 100 WE 71ste] ohA] 4
oA 1AIZE ¥REAIF T, ©]F wash buffer® THA] 3 A
100 w9} substrate solutione 7}5te] 2087+ ¥HSA|71
2 100 W19 stop solution 7Fete] ¥RE-S ARA|7]|IL ZA|
microplate reader® AME3FY] 450 nmolA] EFEE A3}
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1) Cresyl violet &Y

Hz2A AANZEY 2ATHY A4S B Yl 0.5%
cresyl violet 2o 3E7F G th2- Ak 80 %, 90 %,
95% % 100 % ethanold ARESlY &3ty HYUste =
A #E2S A#Fstat,

2) TUNEL &M

AZAAEO] AFAAL TS 9J8fiA] TACS 2 TAT-DAB in situ
Apoptosis Detection kit (Trevigen, Cat# 4810—30-K,
USA)E AMgstgled, I ¥ o 2o, H2AE
PBSZ A|AstaL cytoninolAl 3087t BESAIXl The THA|
PBSE A&3}a, TdT labeling buffere] 587F ®¥H-EA71
g, labeling reaction mix (TdT dNTP mix, TdT enzyme,

ST} SuFIBAIE A AL WX G 9

50x Mn*" stock, 1x TdT labeling buffer)2 37 C
humidity chamber®] 1A]7t S<F WA T ©]% TdT stop
buffer2 WS 31, thA] PBSE A&AS & 37T
humidity chambero]|A] strep—HRP solution®] 10&7F ¥-3-
AFL}, o)% o] Tipd 3,3 —diamino—benzidine tetrachloride
(DAB, Sigma—Aldrich, USA)E 2AUESS oy ol 4
HSt B, RSl 2ATRS AaAT,

3) Immunohistochemistry

HzZ] AHEL 0.05 M PBSE 527F 33 AW, 1%
HyOz0ll4 1087F ¥h3A1Z1 oh thA] 33 Aojdll H 10%
normal horse serum (Vectastain, USA)Z} bovine serum
albumin (Sigma—Aldrich, USA)E PBSo| 4 blocking
solution®] &+ A7k A= ¥RGAIFT, ©]F PBSE 33 Aol Wl
3% mouse anti—4HNE (1:200, ab48506, Abcam, UK)%}
mouse anti—8OHdG (1:200, ab62623, Abcam, UK), rabbit
anti—Bax antibody (1:200, ab7977, Abcam, UK), rabbit
anti—caspase—3 antibody (1:300, BS1518, BioWorld,
USA)E 12342 ARE3te] PBS9F Triton X—1002 4
BHo R FNT & 4 TAA FREAIFTE o] 223Aof ¥
SA]7]2, avidin—biotin complex (Vector Laboratories,
USA) Hde) w2} 0.05% DAB (Sigma—Aldrich, USA)Z
A oy 34E YRSy et 2ARES
Azrstact, BlagEr|otuA|EZ FAAR] GSTpiet 4HNE 2
80HAG?] °lsHHFZANE fIsliAl= rabbit anti—GSTpi
(1:200, #153949, Abcam, UK)®} ZHzhe] 1x}akA|ol ¥h-g-A]
7131, 22FA|2 Cy2—conjugated donkey anti—rabbit IgG
(1:500, Jackson ImmunoResearch, USA)2} Cy3—conjugated
donkey anti—mouse IgG (1:500, Jackson Immuno Research,
USAE AHgstsith.

8. Mze B

HEzZ31etgME 4HNEQ} 8—OHAG, Bax, caspase—3%=
CCD7H2t (DP70, Olympus, Japan)7t 2 Fstdn|4
(BX51, Olympus, Japan)& ARgste] #Hastgon| a9
H3lE AHoR wwsty] 9 2AY4E CCD7H=E
E3) ALE o] AL, Image] software (Ver, 1.44p,
NIH, USA)E AREste] 3fjute] CAlxt ZJoto]# (dentate
gyrus, DG) F9olA HIHN Fde F=E SHHAL,
CALOA AAAME Z9 FAL ABME =& St
Zt AdEE 9 439 23RE, 4 ARE F 4719 Aof
oA EAste] 1 BHgkS 7 AHEEY SHAR ARESISlTh

9. $AA=

B =39 AANE AREL Mean + Standard error®
Ao, Z+ 2729 BAY 594 HFS Student's
t—test® ARESI p{0.05 oo foeFoz HASH
Ak,
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1. ¥=29] superoxide dismutase A= W3}

o =] A 311‘:’]' ZZoA SOD EA=E &4 23, v
A4 Sham7< 159.1 + 6.4 U/mg tissue ©]9aL Control
& 1119 + 5.5 U/mg tissue® Shamztol HIE| {94
(p<0.001) Y= ZA2E Yoy, POLTE 139.3 +
10.8 U/mg tissue® Control#ol] vl&] A (p<0.05) 1
= 37 JERdT slint 2 o)A Shamw2 112.8 +
13.5U/mg tissue ©]al Controli2 67.9 + 4.0 U/mg
tissue2 Shamwte] Hl3 94 (p<0.01) U= HLEE
Efglen, POL72 86.1 + 3.6 U/mg tissueZ Controlw:
o vlF 494 (p<0.01) YE S7FE e Fig. 1).

140

S00 levels (Uimg tissue)

Cort

Hippocamp

Fig. 1. Effect of Polygalae Radix (POL) on superoxide dismutase
(SOD) activities in the cerebral cortex and the hippocampus. Data are
represented by mean =SEM (n=6 in each group). Statistical
significances were compared between Sham and Control groups

or between Control and POL groups (, p{005; ', p{001;
p<0.001).
2. %32 9] malondialdehyde =& W3}

o A3t sfja 224 MDA & ZA3 A3}, diy
o)A Sham7< 4.01 £ 0,13 nmol/mg tissue ©|T
Controls+2 5.43 + 0.27 nmol/mg tissue® Shamito] B3|
94 (p<0.001) Y= FT7HE UEHNCH, POLT
4.42 + 0,30 nmol/mg tissueE Control#°] H|3| £oA
(»<0.05) %= #FAE Yehfddt) &jut 2F A= Sham
2 4,76 + 0.23 nmol/mg tissue, Controld+< 5.97 +
0.21 nmol/mg tissue ©°]¢len, POL#+< 5.16 + 0.43
nmol/mg tissueZ Controlo] H|3] ZA3tFoU FA A
o2 sitkFig. 2).

MDA levels (nmelimg tissue)

Hippocampd
Fig. 2. Effect of Polygalae Radix (POL) on malondialdehyde (MDA)
levels in the cerebral cortex and the hippocampus. Data are
represented by mean = SEM (n=6 in each group). Statistical
significances were compared between Sham and Control groups
or between Control and POL groups (, p{005; ', p{001;
p<0.001).

Corte;

3. v} CA194 4—hydroxynonenal® 8—hydroxy
—2'—deoxyguanosine W@ 2] ¥is}

sul CAlo)A 4HNE®} 8-OHAG #d AHA=ES =43t
A3}, 4HNEE Shamit®] 120.4 + 2,49 8|3} Controli<
148.0 £ 5,72 94 (p<0.01) e J7F HEUHUS
™, POLZ-Z 129.9 + 3,022 Controlo] 3] 494 (p
(0,05 A 4HNE =& Amrst zZasigct E3 8-
OHAG &8 AX+= Sham#9 151.7+3.29] 4|3} Control
T2 2123 £9.82 94 (»<0.001) Q= F7HE dE
Wela, POLZE 168.1 + 6,42 ControlZo| v |4
(p<0.01) = 8-OHAG W&o 7avt BA=QIHFig. 3).
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Fig. 3. Effect of Polygalae Radix (POL) on 4HNE— and 8-
OHdG—expressing cells in the hippocampus. (A) Representative
photographs of the 4HNE and 8-OHAG immuno—stained  hippocampus.
Scale bars in CA1 and DG sections are 200 um, applicable to all
sections. (B) Changes of the optical densites of 4HNE— and
8—0OHdG—expressing cells in the CA1 hippocampus. Data are
represented by mean = SEM (n=6 in each group). Statistical
significances were compared between Sham and Control groups
or between Control and POL groups (, p{0.05; T, p{0.01;
0<0.001).

4. o} CA1 F7 @ ARAE 59| W}

Fub cAle] A8 243t 23 Shami 56.7 + 1.5
umo] W& Controldt2 25.4 + 2. lumi o4 (p<
0.001) Y= FAE Yeglon], POLZL 46.6 + 5.3 um
2 Controlate]l Hl3l] F24 (p<0.01) 3171] CAl FA9 7+
27} A=Y cHFig. 4B). E3H CA1_°4 500 um ZoleflA Al
AAE $2 &3% Ay, ShamTS 166.0 + 6,7 71 / 500
um, Control#< 114.4 + 8.2 7/ 500 um® Shamatol H|
& 9oX (p<0.001) Yt FAES Yehi, POLZS
144.0 £ 7.1 71 / 500 umE  ControlZel Bl S (p<
0.05) QA CAL AFAME 9] a7t AR = AUckFig. 40).
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Fig. 4. Effect of Polygalae Radix (POL) on the thickness of CA1 and
the number CA1 neurons in the hippocampus. (A) Representative
photographs of the cresyl violet—stained hippocampus. Scale bar in
Hippocampus section is 1.0 mm and scale bar in CA1 section is
200 um. (B) Changes of the thickness of CA1 hippocampus. (C)
Changes of the number of CA1 neurons. Data are represented by
mean £ SEM (n=6 in each group). Statistical significances were
compared between Sham and Control groups or between Control
and POL groups (, p<0.05; T, p<001; . p<0.001).

5. dfjutoflAl TUNEL FAAZ 42 W3}

ot CA1Y} DG F9ollA 22 TUNEL FPNE =8 =
Ag Ax, CAlo|lA Sham? 2.0 + 0.4 7} / 10° um?,
Control& 43.6 + 3.1 71/ 10° um?’2.2 g-214 (»<0.001)
Jdt Z7te Yehfglen, POLZE 28.8+3.3 7H/10° um®
©2 Controlie] B3] #24 (»<0.01) = TUNEL ¥4
AlZ o] H4ag YetllchFig. 5). DG FHolA+& Sham
# 52+ 1.270/10° um®, Control#Z 60.6 + 4.0 7 /
10° um® o|glen, POLZL 50.4 + 3.9 71/10° um’o.2
Controlitol| H|3] #ate stgou FASHE F942 9l9l
h(Fig. 5).

(A)  sham Control POL
3
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TUNEL-positive calls
(cells10® um?)
5 ¥ & B8 B

=

e

CA

Fig. 5. Effect of Polygalae Radix (POL) on the TUNEL—positive cells
in the hippocampus. (A) Representative photographs of the
TUNEL—labeled hippocampus. Scale bars in CA1 and DG sections
are 100 um. (B) Changes of the number of TUNEL —positive cells
in the CA1 and DG of hippocampus. Data are represented by
mean = SEM (n=6 in each group). Statistical significances were
compared between Sham and Control groups or between Control
and POL groups (T, p<0.01; ', p<0.001).

DG

6. siulol A Bax WA Wst

3fup CA13 DG 9o Z2Zt Bax 48 J=E 43
A7}, CA19A Sham#®] 90.3 + 3.79] H|8] Controli-e
117.2 + 612 §94 (»p<0.01) Y= =715 U=z,
POLZE 98.1 + 4.02.2 Controlid] Bl&] 924 (p<0.05)
A Bax #d A=7F ZA3ETH (Fig. 6). DG FYolA
L Sham7& 78.8 +£ 9.3, Control#< 107.9 + 6.3 o|%]
on POLTL 89,5 + 542 HA] Controle] H|3] &2
4 (p<0.05) A Bax ¥& H=7} ZA3AtHFig, 6).

(B) OSham

= Control
B POoL

Optical density of Bax exprassion
=]

CA1 DG

Fig. 6. Effect of Polygalae Radix (POL) on the Bax—expressing cells
in the hippocampus. (A) Representative photographs of the Bax
immuno—stained hippocampus. Scale bars in CA1 and DG
sections are 200 um. (B) Changes of the optical density of the
Bax—expressing cells in the CA1 and DG of hippocampus. Data are
represented by mean £ SEM (n=6 in each group). Statistical
significances were compared between Sham and Control groups
or between Control and POL groups (, £¢0.05; T, p{0.01).

7. 3fulollA caspase—3 ‘Y@L W3}t

ot CA1T} DG F9oA 22 caspase—3 WHd AHms
=43 A3}, CAl9)A Sham@9] 84,5+ 1.39] n|3)
Controli-2 147.8 + 7.52 #24 (p<0.001) $= F7E
Uehfielon, POL#2 99.8 + 5,322 Controlwtoll H|3|
f914 (p<0.001) A caspase—3 WE HE7}F s}
AthFig. 7). DG FHAE ShamdS 96.6 + 2.4,
Control#2 161.9 + 7.3 o]%leH, POL#< 116.8 £ 8.1
2 Controltoll H3] 24 (p<0.01) %= caspase—3
wd Amo] AE e ATHEFig. 7).
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Fig. 7. Effect of Polygalae Radix (POL) on the caspase—3— expressing
cells in the hippocampus. (A) Representative photographs of the
caspase—3 immuno—stained hippocampus. Scale bars in CA1 and
DG sections are 200 um. (B) Changes of the optical density of the
caspase—3—expressing cells in the CA1 and DG of hippocampus.
Data are represented by mean = SEM (n=6 in each group).
Statistical significances were compared between Sham and Control
groups or between Control and POL groups (7, £¢0.01; *, o<
0.001).

N1

e 9AF (Polygalaceae)oll &3 thdAy 2E<Ql X
(Polygala tenuifolia Willd,)9] ¥BalE& ARSE ZAo=Z [,
i, &, KBRS LR LA, BE, T, #
=, famstal, mMEbeE 5 Bk &0 Utk dge
o F2A7A Agkat AA7)s gole] Aol 7 wol
AHEELE FokE £ shtoltt?, B AL o|#d a%9
EE7E Ot FRAEA A fda Aol sk b
229 ASH S ottt GRS BESA skt HE
7O Adk= H AAAZ| AEHY &4 SRR S
FT78eHE HHstq WA HIF AHsE HIsch
22,23)

ROSE Ak #4R8 oyl EA24 SOD, glutathione
peroxidase @ catalase 52 FAIS} GAEo 23iA A
A " o] SODE superoxide (0p )2 AbAe} IpAF
AR WYl E0 &doln, 38 (Cu), oFd (Zn),
D7 (Mn), HFe) ¥ U N)E EHRIAZE 7HA 1
=, olF F94 A9 nE JNEAYEC] ZFSIL
£ Cu—Zn—SOD (SOD1)7} AMZAoA kst 282
gt ROS S dAISke 59 A &4L X3
L ozge P’ e ugez gzstolwd 5 Al
£ g3t st AAERA] ZElA SOD X7 A
sElo] gom® FusAl A7 Rem Qs F7hE
SOD 242 ROSE AAsHH AFAME &4F JAIdT=
AL olu] & LA gt FW, MDAE ROS7 1=E
E3XHA  (polyunsaturated lipids)S& E3|FFo =24 A
He Aoz® ol A aldehyde®] UFOZT HEEAO
Z 235t B ozl DNAQ deoxyadenosine®} deoxygluanosine
of Zrgste] &AAFIER FdRe] fUEAREE Zgdt

4 32 32

ot MDA®] HMge ztd=olm zF oA MDA 37}
7V AL AkEH ¥ A=E BHs= AEE EF
"o B AReAl whgel HEe et A
A EEE 45T B A diEgda sjut 2Z oA
SOD A7} fFolstAl F7kskdnt. E3F HxZ 9 MDA
FRE &A% A3, pBCAOY Yx++2 fivu]Z3} 3jjop
BEoA MDA 27} F9stA F7FstEL, EEFATS
o dolx] MDA £X& FosHA ALAHT olHE
A= o]He AN EE Y iEE FadEEC] b
sagol drke RuEVa @) AmEw s o
AR HEF Asto] 9T HzxF Y A4S E4 {9
3 B850 Y= AR wgd,

APSHA &4 AF BAESE (lipid peroxidation)E
st=dl, Az ellx X8 #Histe] dag Y= a.p
—unsaturated hydroxyalkenal®] ¥£<l 4HNE+= A5l# &
Ao Aol wet Z7kEcH?. A WolAl 4HNE7L 23 B
FE9S = AR Az Ggr)del st 59 o=
<+ S T v, BEE =HOE "= DNA 232 f =
3= caspaseE AT A|7)aL n|EZEgolo)A] cytochrome
C BHlE Zxste] MEES Aol o2 Y, am=z
4HNE T3k Asd &4 ddste A&7 =y, g4l
ASolt gxsto|mHa} 22 EPA] FFAFAESE, 59
A3k, g, 9 o 5 ohaRet AW A woist
9P, 4HNE 2@g Wezysisteuos s B o
Fo Ay}, EdEE dlu CAlelAe] 4HNE W 7 79
SHA AAlStAT), E3F 4B &4Fe] RAEES AASH: &
29 YFOR AFH &do] FEE B9 9 el FAA
2 AMEEE GSTpi™?9t 4HNEE olZHeddMste] ok
3t 23}, GSTpi®}t 4HNE o] sljuf CA19] pyramidal cell
layerol A 43t olgfdt AAEL EE7E TEEQ X
3 A3to] 93 CAl pyramidal cell layer?] Aksha &4+
& Yl Al RS BoFE= Ao|t

Akt Ao o8 MZdat nEZE=gol DNAZL &4
= A2 A2rt AFgske 4% 71" F shueln, o7lof=
8—0OHdGY} 8—dihydro—2'—deoxyguanosine (8— oxodG) |
BAFEY, MEE 2NN AapE7] F SR 4]
(hydroxyl radical, ®*HO)oll 2J3] A|ZuW DNA7} &4 %1,
o] £Ato] DNA strand® neucleobase % guanineo] Z-&
slo] 8-OHAG7F ABA=E™™, 8-OHAGE DNAo| thgh Akst
A e BEete wget Axeltt?, Wz siside
2 8-OHdG ¥a& &g & A+ Z3}, pBCAOY di=
T2 djul CA1Z DG HFolA 8- OHAG Hdo] #2sHA
Zslg o, EESEAES CA1Y DG EFolA 8—0HAGY)
WAL FoHA AAIsk= Aol REUY. AF7HA] T
ARl H@F Azt A HzxZFoA 4HNE ¥ 8-OHAG ¥
ol nA= FFE T8 EEY ASH A g e
ATt His glddth & A9 Zx, ke EE o
R Aste] 9 dixudat sjut 228 SOD 4 HAAE
oot S7HA713L, o doA MDA $7FH JAIH S
), dfut CA19lA 4HNES 8-OHAGY] ddS F<JsHA
ATt o3t At imdk 2 EEY FEdESel ¥
ASERE-S Uehdtk= o9 dtAdET gk Ao,

TR JEEZE WA HER Al A%t 7Rl E AHAds)

4

y

=



AT R Aste] ofst 87 wxA o) sk A SnkAAAIE Ak nlxE G 13

L mko] Yot ojde] A0S Bl Axolrt
Al HEF AT AN AFNE &4 HER

Asto] WE A4S} glucose FF HEOZ 2%t A A
of7t 7B 2 AoltF? AEo] At Fofe AmHlEE
o2 SFAAANA FH TEA] AFHALEZR] glutamate
Z2S {HHAsly, #=E3 glutamated] A= LHF
°2 Ca”g AEUR H=sH| fUA7IEE, olRol ¥
BEAMEZ=A  (excitotoxicity)d] 7]E THo=z AEY o
dizlo] RHaj, A& Az, ROSY A ToE AEZE
Abgol ol2A FF?. B AFA st §ojg Falst

42 Ueilglenz djute] AAME &4 gt I
< TG 1 ZA, EEFRCTES gz viE) dat
CAl19l FA Haet AANEZ $9 IAAE 984 dA
g Aoz FAEQLE It NEAAAN I F DNAZH
z2Zto g ZAeAe @S ol&sto] AEE AEZAAA A
#9l TUNEL @AY, mEsolde gz vg
uté] CAlelA TUNEL HEME =9 715 fYsHA o
At Aoz JHECE ozt A= pBCAO| 23t 3
b AAAEZS &AL AdAlskE Fgol S RoFe
Aoz A7

AAGAZS] AAAL 71-oA Baxe HEHQ] NZAA
A} Qubolr}o| 3, caspase—32 caspase (cystein—aspartic
acid protease) % 3JIIZ A|EAAAES AYPsi= Fa 9l
Az gEA Yo, Bax® e AEAAA BAHL, Bax
W&0o] mitochondria®] HEIAELS F7HAA endonuclease
G, cytochrome c®t Z-2 MZAAA FEIAEY BHE
z7pRezA  SrHEt? Mitochondriadld —Eu|gs=
cytochrome c+= caspase—93} caspase—32 @4Fo=Z A
2FA)7)3L, caspase—3¢©] DNased AJAsle] A|Z& 9] DNA
g 2a, AEFel A I5E Yo, AlxEzZEY
acting Hajslmz  MEsl ApgsiA @GP oleld
Bax®} caspase—3 WS WA sPstgMoz st B
A7) A3, EEE dnke] CA1TF DG FEolA pBCAO
o8 F7Hd Bax®} caspase—3 U@L ol Hld| &
oA JAstATE. olHE A= siut CA1 FA 2 Al
BAE 5 %‘*9—1 A7), TUNEL ¥8A=Z 5= 3719 9A
283 3 EE7E pBCAO| 93t sfmte] AlFAlZ A4
AE ‘—*WY?F Z-go]l UL HoF= Aot oA
ATl A mEE NMDA] o3t AlZy =g Ca™ o &
A7 ROS AL oAlste Zgol oz st Ag
@390 &gk AAAMEZY 4 95E dAske ZHEo] Qo
% MTPT E4¢] ©J3t ROSY NO A4 @ caspase—3
JERE AT FAAY = ABAE S o
Aot stach?. olg Az 2 W, ke s
£ et AFAE AAAE dAISk= ZHEo] Sl A
o2 Az

a4
WAl wAR HER Ash Adeld dshis Wz
of AEha bl mAE AR BAS] e AHGIA
% FABUS 97 HARHs WEoz wyde WER

AstE fdstal 43 SHE EE EFEES 4570 AT
Eojdt the H=xZoA SOD, MDA, 4HNE ¥ 8—-OHAG
WdS ELISAS WIExASstEM o= sl ofget
22 ATE A

1 mEs waE HER Asle ofF duwda sut
z79] SOD B4 AsE ol 2R,
Yz MDA TS SelshA et

2. e WA MBR AS] o ook Calel
4HNEZ} 8-OHAG T $oI5p) SIAahct,

P Astol|l 25t sfmu} CA19] FA
oF AAAE S TAE FosAl FTHAFHLH,
Z o] ZIME FoEHA AT

4, @EEE TAR P2 Zslo| od sul cAlE DG
oAl Bax¢} caspase—3 4@ e Y9t o
A3

et AEe Wik wddl QuR sl ol
FuE WER AsH Aol APAE At 4D

o DNA &4 o Agol s A% 2ol
F 08, WA HAF As] gs fuEe s
249 oy AROl GO oFEol B 4 9 &
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