RJVR

Korean Journal of Veterinary Research

Original Article

pISSN 2466-1384 - elSSN 2466-1392
Korean J Vet Res 2023;63(1):¢6
https://doi.org/10.14405/kjvr.20230008

*Corresponding author:

Phil-Ok Koh

Department of Veterinary Anatomy and
Histology, College of Veterinary Medicine,
Gyeongsang National University, 501 Jinju-
daero, Jinju 52828, Korea

Tel: +82-55-772-2354

E-mail: pokoh@gnu.ac.kr
https://orcid.org/0000-0003-0091-8287

Conflict of interest:
The authors declare no conflict of interest.

Received: Feb 21, 2023
Revised: Mar 20, 2023
Accepted: Mar 22, 2023

M) Check for updates

© 2023 The Korean Society of Veterinary Science.

€ This is an open-access article distributed under
the terms of the Creative Commons Attribution
Non-Commercial license (http://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestrict-
ed non-commercial use, distribution, and repro-
duction in any medium, provided the original work
is properly cited.

www.kjvr.org

LES0A 222 M E0{0f| 2|5t y—enolase
ZA 245t g1}

Z=H1" Murad Ali Shah', 10IA'", 1212
AN ST 4ol RS A
AR Yy

Alleviation of y-enolase decrease by the
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Abstract

Stroke is a major cause of death and long-term disability. Chlorogenic acid is a phe-
nolic compound with a potent neuroprotective effect. y-enolase is a phosphopyru-
vate hydratase found in mature neurons and plays an important role in neuronal
survival. This study investigated whether chlorogenic acid regulates the expression
of y-enolase during cerebral ischemia. Middle cerebral artery occlusion (MCAO)
was performed to induce cerebral ischemia. Adult male rats were used and chloro-
genic acid (30 mg/kg) or phosphate buffered saline (PBS) was injected intraperito-
neally 2 hours after MCAO surgery. Cerebral cortical tissues were collected 24
hours after MCAO surgery. Our proteomic approach identified the reduction of
y-enolase caused by MCAO damage and the mitigation of this reduction by chloro-
genic acid treatment. Results of reverse transcription-polymerase chain reaction
and Western blot analyses showed a decrease in y-enolase expression in the
PBS-treated MCAO group. However, chlorogenic acid treatment attenuated this
decrease. Results of immunofluorescence staining showed the change of y-enolase
by chlorogenic acid treatment. These results demonstrated that chlorogenic acid
regulates the y-enolase expression during MCAO-induced ischemia. Therefore, we
suggest that chlorogenic acid mediates the neuroprotective function by regulating
the y-enolase expression in cerebral ischemia and may be used as a therapeutic
agent for brain diseases including stroke.
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HESS AAIES &S T, 22 XS 7HAE Fgoldl]. HEF2
A HEHo] HAA Tk 284 HEST HIBo] FA TAsk: S84 H
EFOE AT BN HEFT2 LTI FFoE At Bt F(reactive
oxygen species)®] A§4J, adenosine triphosphate 4 4, BZEHS 2 MEAPES
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Festo] AlE &4E doqtH3,4]. 184 HES 9
2(glucose)] it AFA|EO] JATt B3E £AA)7]
9] &S JAIst AFAES] APES FEgrH4l EF
93t FFE o] E(glutamate)?] THeRt /g2 A1 54
o, 4t5} AEF A0 o7t ABAI O 45 FERATH5,6l.

Chlorogenic acid= 3, #3], 2ol FHHA EAot=
25 3 F shuoltHy]. Tt AEoA 24 Flsk
43t 7152 7HAH, &3] chlorogenic acid= &4}, 3, T
Hol, FEF9 855 7Hkar d&A SArH8]. Chlorogenic acid
+ AEGZA 0 o) Frd FSHES E2HA7] 1L, B-amyloido]l
98] F=d st hippocampus)®] AIFAE AFEE A gt
[9,10]. ZE3F, chlorogenic acid 8N -4 (blood-brain barrier)
= shoh= RS 7 SFABAY ABARE BEsta, A7
Az MEAPES AafigtcH11]. B3, HEF Zhol|A chloro-
genic acide At4-Z & 23 (oxygen-glucose deprivation) o=
FE dAwdS ook, G5 ARk AEHAS FAAA A
BAIZ 9 ArEE w=tH12]. ¥ AFeIA 2= S ST
&% (middle cerebral artery occlusion, MCAO)Z F-=H 5184
&% EHoA chlorogenic acid’t &40 g2 FEH 4175
2 5 ZolE MAA71L, HBNT AZATE FE A3
& BSFATHI3]).

Enolase= AlZ£9] s (glycolysis) g0l #oist= sigdas
(glycolytic enzyme)ZA], AZ9] A% 9 Bts 233t ohfat Al
2 50 FogtH14]. Enolase: a, B, v AI7HA] 5E8AE 7}
AW, o]l&2 A W X AX7F 201 ¢HA ArH15].
a-Enolaser= HIF-:9] 220 £A5t= ¥H4, B-enolaser= T5A
oA, y-enolaset= &3 AGAZL} AFUEHIA| Z A TEH
Hr}16,17]. £3], y-enolaser= 4175 0] & (neurospecific) enolase
= PgEH, ABAIE FFE 3EtL ABRAS HEsk= &
’d< 7HATH18,19]. y-Enolaset= phosphatidylinositol 3-kinase
(PI3K)?} mitogen-activated protein kinase (MAPK) AlZHE7
25 &4stolo] AFAIZ B4, 23} ABE 2EsH, A4
APRIEZIRIS FXAAA A4 dFHeS 28T &3A o
[20,21]. E3t, y-enolaset= 84 ZA o A= A3 Ujoll UAITE A2
&4l sl A2 9] 37O R WEE| PO RREH AFNREE
B 53H22]. Chlorogenic acid= 3184 M4t Al, AFAIZ9
&S ASAA A4 RS G3HE YERRAT, chlorogenic acid®)]
y-enolase & 2F offo] 3t A= oRA7HA] HaER] A%
o} wEbA, 2 AFoAE MCAOZ RE4 3|84 =& mdo
A] chlorogenic acid F{°f| 9J3f ¥sloh= T A F y-enolase &
o] HakE ASHILA SHFH.
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ARFES (FAErRHo] @ T 2]oK(Korea)oll Al A%t Spar-
gue-Dawley 3 3F (75, 210-220 g, n = 64)E, 7 * IF
U 59 2=(25T), FE(G0% = 5%), L(12 hours/12 hours &/

225 e SEANA ARE U # AP phosphate buff-
ered saline (PBS)Z 509t A< (PBS + sham+), chlorogenic
acidE & B/4<H(chlorogenic acid + sham), PBSE FoIgh
MCAO+(PBS + MCAO+?), chlorogenic acidg F9&8 MCAO
(chlorogenic acid + MCAO®)2.&2 Wro] APEHUAT. ZE &
EAE A AT 5 EA P32 Y98 (Institutional Ani-
mal Care and Use Committee, IACUC)2] 5?12 o} 2 2|3
ofl wh2} 3 = ATHGNU-220222-R0021).

19
oo M

£04

A 24 PBS7F AME-E|Q1 1L, chlorogenic acid (Sigma-Al-
drich, USA)= PBSC] 0] 24|59t A¥E=52 MCAO +
<& 2417t Aol PBS E+ chlorogenic acidE &7 ¢to2 FI= 9
t}. o= chlorogenic acid®] ¥ 30 mg/kgC & A HilE =
55 Z3ste] 2= 909, chlorogenic acidg FoIoH4] 42 5
E2 PBSTHS ©E Footgrt23]. ARV B RE FEES

29 A7 AR EA FFEE AN AL

!

S Sy =

MCAO== 3|84 His&de Rt o] AAEAUL A B
g o] whet = A3 AHETELS Zoletil (50 mg/kg;
Virbac, France)& <5 W= FUstA wHE A, 59 & FF
A& A7ste] R EZE 255 (common carotid artery)& =EA|
Ak 2E3AY S 7Y 202 HH B3 §, QEX HZ
E-5W(exteral carotid artery), 2E% &E-5(internal carotid
artery)& e2AIATH QLEF HPZESU O] FRES 6/0 SHAE
T QEF 2EFMO microvascular clipg o|-&sto] EFE A}
&3 2, QEX v EEUS HA St LEE wiZ RS
A FA=, 7HEE 255 537 Y= 4/0 nylon monofilament
£ Adsto] ofzto] A|3to] LAA 7] L8F £E5WS 3Fst
o] gof ¥3ict. A€ nylon monofilament®] Zol&= <k 22-25
mm%A 2™, filament= LEF S| WS Hafsto] Y &
52 AAFHY 2EF 255WS FAHE microvascular clip
< A28 AASAE. MCAOE AA5HA] -2 sham-2 ny-
lon filament 44 A 2J5t1E= MCAOE 53U o2 713
et AAEEL filament A 24413t Fof] FEAE A, T
14 222 AFsto] AFA7HA] -70T oA Bt
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deficit scoring test)oll 2Jsf B7}=|3IH24]. MCAO $& 24417t
o) AATA A& A AAE AAX L, A4 0-48082 A4
Ak, Ageha A&l gls AR AAE 088 sH 2+ o
2), & griE] o] BEAs A4 AL 1A(HE] AATA 2
), eigoR AuHoR Motk WL 2HEE A
2E), ifiEo 2 oA AL A= it vt vks 9 EEk2 3
AAEA A7FH 2), AdE FA Yol L 4o gl AH

+ AR AR A 2o s FEEUH.

I HAE

Y HAE(corner testh= FA B1EH HHoE AXAEHI
[25]. 30 x 20 x 1 cm’ 37]19] & % Afo]of| At 30° 2 F 7
7RIS AEot9, AREESS EAERE o|lgAH T AF
SEO| WO Ao =S o], IF ZeAL Al ol 2ok
1, FESS G £ Foto] FE EUTE FEES MCAO =
TS W0ty QEZ AZ 0 2 J|HSk= H]&Oo] H]
= 2 Ao At 2 HAEE AREE T 10
3¥ EHs19 00 AGATE= QB2 A& I 34z YEY

O|XIA H7|BS

L2% 5] 2AS lysis buffer (8 M urea, 4% 3-[(3-Chol-
amidopropyl) dimethylammoniuml-1-propanesulfonate
[CHAPS] ampholytes and 40 mM Tris-HCI)ol| @o] #23kt &,
AAIEE71(16,000g, 4C)Z 2087 YRt FSH-S 3|35}
Atk S A|Z+= Bradford A%H(Bio-Rad, USA)& AH8-3t0] &
ALE T (bovine serum albumin)& 7|&0.2 A5 0o, 0]
AA 7] %95 (2-dimensional gel electrophoresis)< ©]-§-51%
iy B8 25Tt A, first-dimensional electrophoresis
£ F9517] A8l immobilized pH gradient (IPG) gel strips (17
cm; Bio-Rad)oll @& A= 50 pg¥} sample buffer (8 M urea, 2%
CHAPS, 20 mM dithiothreitol (DTT), 0.5% IPG buffer, bro-
mophenol blue)E 20 13A17F &<t A=20lA BHS-AIFT). Ettan
IPGphor 3 System (GE Healthcare, Sweden)& ©]-8-5}9] strips&
250 V2 1532, 10,000 VZ 343k, 10,000 VOIA 50,000 VE A
& w714 focusingS F1¥e &, 1% DTT7F Z3HE equilibration
buffer (6 M urea, 30% glycerol, 2% sodium dodecyl sulfate (SDS),
50 mM Tris-HCI [pH 8.8])°llA] 15, 2.5% iodoacetamide”} &
4 equilibration bufferoll A 153 ¥HSAIF ). Stip2 SDS-poly-
acrylamide gradient gels (7.5%-17.5%)°1 <& o|X}4d #1795
o] 2= 9137, bromophenol blue dye?} gel®] vleto] =23 w7}
A] Protein-1I XI electrophoresis equipment (Bio-Rad)E ©]-85

https://doi.org/10.14405/kjvr.20230008

o] 10CoA 5 mAR 2417E 10 mAR 10A17F A7 G E = Atk Gel
2 1N(12% acetic acid and 50% methano)o|A] 2A17F 1=
3L, 50% ethanolol 2027t ¥H-EAIZITh. Gel silver solution
(0.2% silver nitrate)oll A 208 SR, FAFH(0.2% sodium
carbonate) 2 &2 @4} H §F Agfar ARCUS 1200 2711 (Agfa-Ge-
vaert, Belgium)E 0|85t} oju]z] stz AFHIc} ojn|2]=
PDQuest 2-D analysis software (Bio-Rad)2 2A41=]9]7, ¥%
A spote HOJHo, trypsin©] T3t AFA YA ¥ ma-
trix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF)E X35ttt &3 o] tjst
o] Voyager System DE-STR MALDI-TOF mass spectrometer (Life
Technologies, USA)E ©l-8-5}%] mass spectrometrys AAI5H11L,
MS-FIT# ProFound program< ©]-§-5to] gl de] Fu S 25}
17, NCBI databaseS 0]-&-5to] ©d A5 g5t}

Reverse transcription— polymerase chain reaction
R2EZ 5] £22Z Trizol Reagent (Life Technologies)°ll

do] #AstE|, AAEE7](13,000g, 4C)E ol-83te] 2087t
AR T S HA total RNAE FE5FAT Reverse tran-
scription-polymerase chain reaction (PCR)< superscript 111
firststrand system (Invitrogen, USA)< ©]-8-5to] =34 =]l 11, ¥
L Az A wet total DNAS FAAAA & 7he AR
A DNAE 491, PCRZ B3l cDNAY] y-enolase?] 437 A1E
= SEAF T AHEE y-enolase®] primer @714 E2 5'-TG-
GATCTCCATACTG CCAAAG-3' (forward)@} 5'-CCAACTCCT
CTTCAA TCCTCAT-3' (reverse)3tt. B-actin®] primer @714 E
2 5'-GGGTCAGAAGGACTCCTACG-3'(forward)
5'-GGTCTCAAACATGATCTGGG-3 (reverse) it}. PCR Y&
L 94T A 5% denature T, 94CHA 30%, 54CA 30%,
72ColA 18£9] 30 cycles IS AF o, o]F 72ClA 102
enlongation ¥} 2 & A=t} PCR products= Loading
STAR (Dyne Bio, Korea)2t &35t 1% agarose gelollAl A7]1%F
55311, ¥29 PCR product bandsE ultraviolet-lightol Al &
3k &, SigmaGel 1.0 (Jandel Scientific, USA)$} SigmaPlot 4.0
(SPSS Inc., USA) 21302 RAE Y}, y-Enolase T +F
2 Bractin®] EE ZFEo] ti3t y-enolase?] F=2 F7}E| It

Western blot &4

R2EZ i u]d 222 lysis buffer (1% Triton X-100 and 1
mM EDTA in phosphate buffer saline)oll 20| £4}7|(homoge-
nizen® 4=, 48 FE2 AAEH71(15,000g, 4C)=
ol-gste] 2027t YA F A5 e ddE 24
<2 bicinchoninic acid protein assay kit (Pierce, USAYE ©]-8-5t%
A, AFHERTE 7o E il A|Ro| o] o]FolFth
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SDS-polyacrylamide geloll Tl A2 (30 pg)E Hol A71F 53t

T, @HAEL gel27F poly-vinylidene fluoride membrane

(Millipore, USA)2. 2 &AFTh. H[50|AQl AW AA5H7]
A5tod 5% skim milk €l membrane 147t 52t ¥H3-E| 31 11,
Tris-buffered saline with 0.1% Tween 20 (TBST)Z 5&7F 33] A
A=} 12k FAZA y-enolase (1:1,000; Santa Cruz Biotech-
nology, USA) T+ B-actin (1:1,000; Santa Cruz Biotechnology)
< 147 B9 ¥ESAIF A, TBSTR 33] A3k &, horseradish
peroxidase-conjugated goat anti-rabbit IgG (1:5,000, Pierce)E 2
2+ A A Zstget. TBSTZ A& ¥ membranes
chemiluminescence Western blot analysis system (Amersham
Pharmacia Biotech, USA)ll 127} §H-&A171 &, X-ray film®]l 132
T =ESAFA, @AM BT F Ao ® 15K Sig-
maGel 1.0% SigmaPlot 4.0 ©]8 3]-0:1 ‘,il"’ﬂ.‘ < ERlsta A
TAYS S45H% T y-Enolase ¥& 52 pactin®] T
ol T3t y-enolase®] FE2 H7}e] S{iﬂ}.

enhanced

I'.'E
o

qyaM

HEH HRAE 4% S5 2T DG HA 24A17F A
E]- 1% 2 A4 F ethanol (70%-100%) xylene Q2 524
9 =935} 3895 AR o= 207 (paraffin embedding cen-
ter; Lelca, Germany)°ll A Zulgh &, 34 4] ¥Pd7](Leica)E ©1-&
5to] 4 um9| FAE dPdstoiet. vPdE 2212 SEto|EaSAs ¢
o] 8% 1, AA7]|(slide warmer; Thermo Fisher Scientific,
USA)OIA Azt d-EE 2212 xylene O & A=Y,
ethanol (100%-70%)& °1-§sto] A3t #FS AFh +AE =
A2 g2 23417171 A8 A A E 83t 0.1 M sodi-
um citrate buffer (pH 6.0)°ll ¥F-&-AIF 1L, H] 50|43l A9 2%
= AAISH7] A5l 0.5% fetal bovine serumol 1A1ZF A= et 1
A} FAZ anti-y-enolase (1:100; Santa Cruz Biotechnology)<
4TOAA 12417F ¥EEAIF T, PBSZ 33] AJAT &, 22} FA|2A
fluorescein isothiocyanate-conjugated secondary antibody
(1:100; Santa Cruz Biotechnology)E A1-20l4] 1|7+ ¥F-S-AIH Tt
PBSE AlE &, 92 4' 6-diamidino-2-phenylindole (DAPT;

1, A & Ultra Cruz
stk 324 Fvg
(confocal microscope, FV-1000; Olympus, Japan)< ©]-8-5t] &
g B9E s, 23 ZAS ffste] 2% diHwd 5
N FAE FARE AdEstin. tiEwd e oju]x|7} A =Y,
Image-Pro Plus image analysis softwareZ %l & U&=
(relative integrated density)E 5745ttt y-Enolase & +F2
PBS + sham-9] % &=l et 2+ Ad+9 5 4= v&
= YR i

Santa Cruz Biotechnology)® E4= %
mounting medium$ °J-§5t0] 225 &

Sz
HEAYEATNE g+ BEUAE BASIoH, AP 7Y
1ol = two-way ANOVAS} post-hoc Scheffe’s test2 24| 3ot

p<0.052 B¢ BAHOE felg Ao A5t
21t

MCAO &4 Al chlorogenic acid F0{0f| 2|8t AAHSSHH
2o 74 g2

HA y-enolase HAQ W3S RAMSH 1A MCAO &4 Al
chlorogenic acid®| A4 3y5H4 oo NS FRlstAT
MCAO &322 Azt A7sH 33 Bl Uetiisit. PBS &
oolME= e o A, FAY 7F, I 5 AL B F
ol & B39}, chlorogenic acid®] %4+ o]H gt ol & /A
t}. ShamwolA+= PBS?} chlorogenic acid®] o<} A3tglo] 3
& Aol S/do] UEhA] Sith(Table 1). 72 1’—1:%—4 W e

Bl 98] Y HAES 285191, MCAO 472 2=
HEFo R st 2EX0 2R M-S Kol T FoIE HE
W13l chlorogenic acid®] Foi& o]23t ¥H8S ASPAZTH(Ta-

ble 1). & 417334 35 HAEE MCAOE 53 384 HUEF
sERdo] & gilo] HIY=AE glstuA A f5 HAA
’2’\]3}5’,‘11 chlorogenic acid°ll 93t AF RS B35 FRIF]
L A==

S ANSEIA, A3t 2R At

O

FfF

Nl

Table 1. Neurobehavioral scoring and corner tests in the in the PBS + MCAO, CGA + MCAQ, PBS + sham, and chlorogenic acid + sham

groups

. . Experimental group
Neurological behavioral test PBS + MCAO CGA + MCAO PBS + sham CGA + sham
Scoring test 391 £ 0.17* 1.85 + 0.18* 0.00 £ 0.00 0.00 + 0.00
Corner test (right turn) 9.35 + 0.19* 6.55 + 0.16™ 495 + 0.18 509 + 0.19
Corner test (left turn) 0.65 + 0.18* 345 + 0.19* 505 + 0.15 491 + 0.17

Data (n = 16) are represented as the mean + standard error of the mean.

PBS, phosphate buffered saline; MCAQ, middle cerebral artery occlusion; CGA, chlorogenic acid.

*p < 0.01, vs. PBS + sham group, *p < 0.05, vs. PBS + MCAO group.
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MCAOQ &4 A| chlorogenic acid 5010l 2|8t y—enolase &
o A0 st

nZeeuA BEAES 7|Eko g MCAOC] o8] f=2 dixs]
& A9 chlorogenic acid 0l I3t y-enolase Td o] & ¥
315 519 y-Enolase?] peptide massi 14/700] 3L se-
quence coverager= 34%Ath MCAO 4&-2 H 149 y-eno-
lase T IE HAS RE5193, MCAOO 98t y-enolase
H9] ZrAaE chlorogenic acid?] £ 2 A3FE|AchFig. 1A). 12

FEIgoA nylons AAHA &2 shamol| A= PBSet
chlorogenic acid %12} 4310 y-enolase?] &2 FASHA 1t
EPtth. y-Enolase && HE & PBS + sham+29] Z¥}of ot v]&
2 §71E 9L, PBS + MCAOZA= 0.48 £ 0.03°]311L, chlo-
rogenic acid + MCAOZIA= 0.93 £ 0.04%THFig. 1B). Re-

PBS + MCAO CGA + MCAO

PBS + sham CGA + sham

verse transcription-PCR¥} Western blot £49< chlorogenic acid
Fo7F MCAO €422 &8 y-enolase T THAE A3HA|
A& BoJFHFigs. 2, 3). y-Enolase mRNA H&-2 MCAO &
o2 ZrAE I, chlorogenic acid £ o€ H4AE S3HAF
THFig. 2A). y-Enolase mRNA T&@-2 PBS %= chlorogenic acid
< A 23t shamZ A= FAH Uebt 2w, PBS + MCAO]
A= 0.50 £ 0.02913, chlorogenic acid + MCAOZIA & 0.77
t 0.02%tHFig. 2B). y-Enolase T2 9] &&d2 PBS + MCAO
3} chlorogenic acid + MCAOZIA 247} 0.66 £ 0.037%F 0.95
t 0.04% YESTHFig. 3A and B). ¥933A 4 (immunofluo-
rescence stain) 3= MCAO €4} Al chlorogenic acid 9]
OJ3t y-enolase T2 H3HE B FAH(Fig. 4A). H==d 79
9] y-enolase®] =+ sham+°] H|3] PBS + MCAO=olA+= &

0.9 -
0.6 -
0.3 - I
0 PBS PBS

CGA CGA
+

v-Enolase levels (vs. PBS + sham)

0 o) S e
MCAO MCAO sham sham

Fig. 1. y-Enolase protein spots identified by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF) in
the cerebral cortex of phosphate buffered saline (PBS) + middle cerebral artery occlusion (MCAOQ), chlorogenic acid (CGA) + MCAO, PBS
+ sham, and CGA + sham groups. Squares indicate the y-enolase protein spots (A). The intensity of spots was measured using PDQuest
software (B). y-Enolase level is described as spot intensity of each groups to spot intensity of PBS + sham groups. Data (n = 4) are shown
as mean % standard error of the mean. *p < 0.01, and *p < 0.05.

1.5 -
MCAO Sham . ‘ ‘
PBS CGA PBS CGA g 171
I 10 1 1 1 bp <
Z 09 -
< 284 1S
@ 06 -
Ko
o
5
« 238 L 037 I
0
PBS CGA PBS CGA
+ + + +
Q e MCAO MCAO sham sham

Fig. 2. Reverse transcription-polymerase chain reaction analysis of y-enolase mRNA levels in the cerebral cortex of phosphate buffered
saline (PBS) + middle cerebral artery occlusion (MCAQ), chlorogenic acid (CGA) + MCAOQ, PBS + sham, and CGA + sham groups. Each
lane represents an individual animal (A). Densitometric analysis is represented as intensity of y-enolase to intensity of -actin (B). Data
(n = 4) are shown as mean =+ standard error of the mean. *p < 0.01, and **p < 0.05.
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MCAO Sham
PBS CGA PBS CGA
| 1o 1 1T | kDa
SERREEEN - -

......'. * 43

B/

1.5 4 - =

’ |

7]

L>-’ 1.2 H

£

L 09

e

o

8 06

°

[}

<

L 0.3

-
PBS CGA PBS CGA

+ + + +

MCAO MCAO sham sham

Fig. 3. Western blot analysis of y-enolase protein levels in the cerebral cortex of phosphate buffered saline (PBS) + middle cerebral artery
occlusion (MCAOQ), chlorogenic acid (CGA) + MCAO, PBS + sham, and CGA + sham groups. Each lane represents an individual animal (A).
Densitometric analysisis represented as intensity of y-enolase to intensity of -actin (B). Data (n = 4) are shown as mean + standard er-

ror of the mean. *p < 0.01, and **p < 0.05.

Merged

v-Enolase

PBS + sham CGA + MCAO  PBS + MCAO

CGA + sham

A

v-Enolase relative integrated density

1.2 4

0.8

0.6

(vs. PBS + sham)

0.2

PBS PBS

+
MCAO

CGA

CGA
+ +
MCAO

+
sham sham

Fig. 4. Imunofluorescence staining with y-enolase (green color) and DAPI (nuclei marker, blue) in the cerebral cortex of phosphate buff-
ered saline (PBS) + middle cerebral artery occlusion (MCAQ), chlorogenic acid (CGA) + MCAOQ, PBS + sham, and CGA + sham groups
(A). Arrows indicate the y-enolase positive cells. Scale bars = 100 pm. y-enolase relative integrated density is described as the density
of each groups to the density of PBS + sham groups (B). Data (n = 4) are shown as mean + standard error of the mean. *p < 0.01, and

**p < 0.05.

9J5HA| A5}, chlorogenic acid + MCAOT°l4+= MCAO
4oz frH S ZATHFig. 4A). HAFFANS B
y-enolase &2 PBS + MCAO+-} chlorogenic acid + MCAO
oA 242+ 0.34 £ 0.04940.69 + 0.06°2 R THFig. 4B).

=
TAE

A L I HAES 0|85

£F& A 715
= EZA3 BF Aot i d o] 22
I EHA A, HA AollA Sl ot
o 22 2AME B0l 5184 HEF FER A chlorogenic
acid9] 4173¥ % 835 B 1sktH26]. Chlorogenic acid F9+=
MCAO &4l =8 A4 W59 7|53 A 4331, =73

& 7AAAFH. MCAO
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Ao F3E fAaAzloy, tiHude] 2]k Halel Al
AR FEE JNAAA, 318 &2 RH ABAEE B35t
tH2el. E2, chlorogenic acid®] Foi= HH3 22 F =8 415H4]
AEHAE AAAIA MCAO &40 21 E AGAN LS B I 50Tt
[13]. AF3Hs 2EF A= HEF0 F8 dlol, 53] ABAIZ=
ES dAE T FAtE oA A7} nlofFsto] 4Feha AEF A Hf
< FoFstcta G A ArH27,28]. S HES EEoA chloro-
genic acid®] Foi7} n|Alotu A 2] /43S A5k, pro-in-
flammtory @<l nuclear factor kappa B, interleukin-1p, tu-
mor necrosis factor a5 AI5te] FAFTAINE UehdS HoF
14l E3 dESE &4 Al chlorogenic acid®] A1 HE &
42 ot duld o] 2 AHS Foto] o]Fojd ZAog 53}
o], chlorogenic acid°ll sl ¥i3}s]= GASS Z2H A &
Aoz SAsIt gAaE Tl F 2 Aol AEAIE
gt Al 50l F0I5H= y-enolase & 9] WSt 3HS T4
t}. MCAO €42 y-enolase?] &S 7HAAF 3L, chlorogenic
acid oI o]t A4E S TE Ze & d7E5 53 &l
St

y-Enolase= A17dE71 2] A} 41734122 AE] Bofsi, Al
B3 a3-8 YERITHIS,19]. T3, y-enolase= PI3K/Akto}
MAPK/ERK A2 AL 29| &/43slsto] 4A1GA29] FA]o] #oq
St ZA0E 4HA o], SRR AFAEE HIsk=H 5
83 TS 29 FEAE y-enolase= AFAEL] BFE &
78kl S4E719] Aol Bojste] ABAIZS] HeA|=A gt
HCH19,30]. w=HA, SR ollA ol vA] Al a3t Hda
£ y-enolase®] Za= AFAIEZY oHA] gAY ettt
= 7 Atk $E= ¥A HHSE SFRE|E Fojr fE
A1gote] = d &4 Al y-enolase?] W@ #AE HISHTH
(31,32]. 2L, wiFE SupilGA| 2o A SFEHHo|E A 2= 417
Alzo] AFES 533, y-enolase?] TS FA3] THAAIF
o] AFE2 5|8 /4 EARE U y-enolased] T A7} 4173
AlZo &35 FES etk £ dFoMs Zegeds
HAHOZ chlorogenic acid F1°] 2J3F y-enolase?] ©3HE 242t
Z o7 315}, reverse transverse-PCRI} Western blot £4
= Bl oA sttt MCAO £422 R4 Hxsd
oA y-enolase?] F@ 748} chlorogenic acid9] Foo] <3¢t
y-enolase W@ T4 43S It HZ, ¥ chloro-
genic acid7} =S8 &40 2 FrH AAteHE Ak}t QAtskE
Bad®] ¥d $E9| 4as Az, Atk Badet 14-3-3
ol o] Aok o] AAas MR, AZAFES] 713 At
B 5k tH33]. o AIH= chlorogenic acid”} PI3K/Akt 4l
AGAAS 2/d3lsto] diHsIER Qe &4 Al ABAIZE 2
& UERAL y-enolasel= PI3K/Akt2] AlS A 29| 243}
ABAIZ AY A AZBAIRY] B Aol Fojeitiy dHA

g
o

R

I fol o

fu o
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QATH30]. olF Hilo] wEH, chlorogenic acid’} y-enolaseE &
skl PI3K/Akt] ASHGH RS E/3sloto] A2 AFEES o
Agozm AZAEL] BE H e 750 dofdal & 4+ A
o}, @2hA] chlorogenic acid& MCAO®] 98l &= 5184 &
3ol tiaf y-enolase T@S F-2|51, o]t y-enolase TA] F
A= A7AAE ] B 5280 Fojgtrt. Chlorogenic acid= F4Hs},
I, FAS T O sty B2 7RI /e, AL
E IEY SR @S A= At Ao EEA A

e

[34]. T2}, chlorogenic acide 5422 7t A% 7282 ¢
0717 &7] o] kst Al AT HiEo|, FE 3
42 foll 323 EHR FEI 35l ol A4ES EUE
chlorogenic acidi= H318& ZAT 454 AFARY] H7o=
& 7Fsst B2 2 HwetErh Chlorogenic acidoll ©]g y-enolase
o] 24 7142 obA B Eo] YA AN, MCAO &4 A chlo-
rogenic acid 9l 9J3t y-enolase W@ 49| A3} AHRE
ado] Fojgoz, B A9 A= chlorogenic acid?] 23
AgAzA e &8 7Fsde ANT = Ao 2EHR, B dF
+ chlorogenic acid’7t MCAOZ F=% tx]5]& A] y-enolase]
TAS 24510 ABARS] Hoof HolehE 5t

o
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