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in Vascular Endothelial Cell

Jinyeong Lim!, Mina Lee!, Eunjeong Seong!, Junsoo Lee!, Jeong Hwan Park!?

1. Department of Food Science and Biotechnology, Chungbuk National University
2. KM Data Division, Korea Institute of Oriental Medicine

Abstract

The oxidative stress causes damage to vascular endothelial cells, which is an important
mediator in the pathogenesis of hypertension. The antioxidant and antihypertensive
activity of the methanol extracts of Diospyros kaki calyx was measured in this study.
At concentrations of 2.5, 5, and 10 pg/mL of the calyx of Diospyros kaki methanol
extract, cytotoxicity was not observed, and cell viability was increased compared to
EA.hy926 cells treated with H202. The methanol extracts of Diospyros kaki calyx
significantly inhibit the production of reactive oxygen species. In addition, the extract
increased nitric oxide production and showed angiotensin-converting enzyme inhibitory
activity. Our results provided experimental evidence that the methanol extracts of
Diospyros kaki calyx exhibit antioxidant activity and antihypertensive activity in vascular
endothelial cells.
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& 9I3} reactive oxygen species (ROS)9| =3t Z71e} Atz o] O‘E]-_l_ E_’ﬂ_ =
A Hed SHoA AS AEH ALY F7hs W AR &40 F83t A= 2
tot &, THAkske i(HzOz) B S7HA710L FAEHA 9] A R-8=E A7 ofZ&E di
28-S ok ABHANNO)S FAHE HAAIZI tolrh A5t AEY A= 3 ALY
ol H, /ﬁlgﬁx}%k} S o] glgo] BRI QP . olof| HZLoj= Als} AEF]
ARRH ¢ YOAEE BT 5 e 284 IS 2= A7t AP QL.
Renin angiotensin system (RAS}2 E¢F, A|Y 2 Asfd #3722 FJAHA AEdHA 76
SR E st 1EY Yo WA IS 511 9t} Angiotensin converting enzyme (ACE)
Ztol A BH]E angiotensin [ & ZE3H @3 % 2ZH8o] = angiotensin 12 A¥A7|1L S
Y A8 St bradykining BEAHSA BUS 452 FEtth ACE AdAAI= AdteE
S7HA71A oA EEE o|RA 7T YES HHS EHAA 2 Y WA 2. 1g
& =2AZE 19709 Holl A2 HEE A2 ACE AAIA captoprilo]th. o] ACE AIAI=
TR YA A= FAEYAY] F50] Hlov i BF, ufE 7|X 59 F&8o] Ykt
tH3), olof| QFAAo] omA FEEt ACE AAISS 2H= A B29] gio] X&Z o0& o]Rojx]
I Atk

A A (W%, Kaki Calyx)= U5 Diospyros kaki Thunberg® Eujjo]] £0i%e 224t
oH(fEE)]oltt. 7ol A7t A&dlS W 52 A8 Al, 7Y FAE AFH st AWE ‘Q
S|ZA = A4S 1 RS2 1.5~3cm, FA= 0.1~0.4cmo|th. HE HA7L ¢ln
Aok AAWE)Q] 2 BE)SHL vl= AGEE) S A2 B (ih)-A(F)olH FHs 7](VET
R)Q) B50E FE AUEH)S thATE o ARETHY. AR HiE5)Q] oFe|ata] Fom At
3 24, FE5 &4, TEYS &4, gF v &4 Fo] ATLEHUAT B B2 A7t 285t
oY B Ao AL AA| (i) ) WA et BT G AR ek 2, ALA|(f
e WYoR 3 WA Lol FHAskeAR A5t AEHAE 7S wf AlZ P2, AEEA,
ROS A%, NO A% 9 ACE A &40 vA= JFE 17 o3t
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) AAGEE) HEe 222 Az

2 Ao AREH AA(#F )= U3 E(Daegu, Korea)ol|A U5 A Mgkl ok 9] gk
(AT AR ol T30 TsHAL 3, FHA FE FETE A HAsto] AREsHATE AA (b
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#F) HEgE FEE AXE 9 500 mL EkA30] E4EH AIA 5 gt #HEE 150 mLE ¥
A 2ol A 24A17F WHE 3£7](VS-8480, Vision Scientific, Daejeon, Korea)E ©]-83s}o] &3}
Aot 52 Whatman No. 5 (Whatman International Ltd., Maidstone, UK)Z o3}t
T 37°CoA AYs= oAt AT F2 FE2 9.5%2 UEHL 5F5AME dimethyl sulf-
oxide (DMSO)E ©]-&3l9] 100 mg/mLE A-&38st H 0.22 pm B ZEE 73kl -20°Co]
Bt Ado] ARE-SHAT

2) A= ik 9 54 53

EA.hy926 A|Z+= American Type Culture Collection (ATCC, Manassas, VA, USA)°A] -
Asto] ATt 10% heat-inactivated fetal bovin serum (FBS), 100 unit/mL penicillin,
100 pg/mL streptomycing -3+ Dulbecco’s modified Eagle’s medium (DMEM) BiXE
AR85lo], Hi9F7](Sanyo Electric Biomedical Co., Ltd., Osaka, Japan)°llA 37°C, 5% CO,
humid air® H1Fstitt. EA.hy926 AEE 96-well plated] 1x10* cells/well SE=2 B35}
ot 24A17F B & AA(fFEE) HeE $E2ES FBS7F gl vixIof 2.5, 5, 10 pg/mL =2
S| A5ko] 24A17F HiFSIILE. ©]F 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT, 5 mg/mL) €% 20 uLE ZF wello] H7}8ta 2A17F SQF w5ttt wix &S
AASEL AZE MEoA AAAE X AAHS DMSOZ 25 =90 & microplate reader (BioTek
Inc., Winooski, VT, USA)E AR&3to] 550 nmollA &3EE EHsIAth AEAHE Aloe
DMSO9] & &7t 0.1%(v/v) vlgte] HE& A5E HiX|2 3|45to] ARE-SIGIT

3) AZ 235 a7 =4

EA.hy926 NZE 96-well plateol] 1x10% cells/well T =2 5361 24A17F WiF & A|H|(Hf
) mehE 2EE(2.5, 5, 10 pg/mL) ¥4 g2 quercetin 25 pM)E FBS7F i 8ix]o]
sl 4sto] 2A17F Bt AA k). o] AA|(fhE) HEHE &5, querceting 600 #M H0,
o} & FBS7} fl= HiAo] 3Aste] 24 A7 wiFst Tt Al EE2 MTT assaye ©|-&%t
Mz =4 A3 A5 APt

4) ROS 847 &4

EA.hy926 MEZE 96-well plated] 1x10* cells/well SE& E32a11 24A17F Wi & 44
O AA|(FFE) HERE FEEE 24A17F 5t A E5tTt. o]% phosphate buffered saline
(PBS)Z AAsE & 25 uM9] dichlorodihydro-fluorescein diacetate (DCFH-DA)E 2A17t &
¢t A7stqlrt. o]F DCFH-DAE PBSE AT & A5t AE#A JFA o= 600 pM2
H,0.7F &4 FBS7} §l= HiAE, dixTol+ FBS7L §l= HiXE 2o AlZ W ROS A4
Sgots FF AEE 485 nme 7] I @ 530 nme] W& oPFo|A fluorescent spec-
trophotometer (LS-55, Perkin-Elmer, Norwalk, CT, USA)Z Z43}%}.

5) NO #48% &4

EA.hy926 AlZo|A ABdH NOQ &= &7517] ol nitrite =F Griess reagents ©]-&3t
"S- 5-85}0] AASFYTHY. 96-well plated] 1x10% cells/well S T2 EZFaka 2447k vk
T A A (EE) WS F252(2.5, 5, 10 pg/mL)E 24417 B9t HoF5lqitt. o]% A ujjoFH
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170 uLoll Griess reagent 30 uLg 7Fsto] 1083 A=20A4 ¥H-3AIZ] & 540 nmollA] F8=E
2439t} Nitrite?] &= sodium nitrite (NaNOp)ZE ©|-&3}0] 4L HE A AF} H| W5k

Aot

6) ACE 94 &4 =74

Angiotensin converting enzyme (ACE) 9A| /42 Cushman¥ Cheung (1971)9] W&
HEgsto] AAIEHUTH?. 100 mM sodium borate buffer (pH 8.3)°l <1 Hippuryl-His-Leu
acetate salt (HHL) 5 mM®} ACE (0.1 U/mL)& AH&ste] S5ttt WA ¥h-s 2FEA+=
ZF 3AE A7 |89 80 ple HHL €9 200 uls 9L % 37°ColA 10& 59t 3319t
I % ACE 40 pLg 7ot 37°ColA 30& &<t §+-&38 o2 1IN HCl 250 plLE H7}sfod
S-S 831tk ZE A7) ethyl acetate 1.5 mLE 715 & YA E 7S 0|85}
3,000 rpm, 102 &<t YAEHSIT ASH 1 mLE FHol 90°CAlA 30& &<t LA T =
25+ 1 mLE F7iete] AL38ste 228 nmolA EZEE S5 dEREL &5 g4
bufferg H7Iste] JAES AAlstg o ACE E49] A 80| = dEH AFES] captopril
= ¢ HRxFoE ARESITH

7) SAA

A2 2HE dojd Ay AAE9 SAEAL GraphPad Prism 7 (GraphPad Software, San
Diego, CA, USA) &AL Eg|o]E o]&slo] AA[Stt. tlofgl 7] f-9JX= one-way ANOVAS]
Tukey-Kramer method 43} Duncan’s multiple range testE &3l P < 0.05 =04 H2F

stsict.

2. 2% 9 3F

D AAGRE) dEE 2285 Nx 54 € 2sayt
A|Z] nEZEL o= MTTE AWslY formazang AT 4 oW, 11 F2 A= AXL 5
21291 Ho] k. AA|(fiES) HEHE 259 EA.hy926 AES] F4lof tjx&= =4

9] =5 747} 2.5, 5, 10 pg/mLE A3 F AX &S EHS 23 BE FLolA AEEA
2 Ho]x] 9kth(Fig. 1A). 3}, EA.hy926 AlZo| H,0,& A} AEHAES QE5k0] AA|(His)
Hete 2550 H5avE 9154t EA hy926 AlZol| 600 M2 H,0,5 A3t 49 A4t
Alzof Ble] Al E QEEo] 68.14% FFE7HA AastA o, AR (Hi#) vee FE20] Ad
AZA A AE BEEo| LE 5EoA F7ihe 235 YehfAthFig. 1B). H,0.5 A5t
AeE AEEAE {838 PC12 AAAZAA B39 A4 44 1 359 WS FE552
Alx gEgol| JFE vAA Eet v 7ol HXQ1 AA(MiF) HeHe FE2ES AX =S
A F7HAEE, ol AAHF) g $E80] H,0,2 8 MZAEAL] tist Ho gy}
off 7113tk SHUTHY. oA g B uf AJH|(fiE) HEhe FEES H0,E FEH Ast 2AEFA
of thef] Alx EERIV} Q= A2 FWET
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Fig. 1. Effect of the methanol extract from the calyx of Diospyros kaki (CDK) on cell viability (A) and protective
effect (B) on H,0, (600 uM) treated EA.hy926 cells. Quercetin (QCT, 25 uM) was used as a positive control.
Data were presented as the mean * standard error (n=3). **P ¢ 0.001 versus control, "2 { 0.05 and “P
{ 0.01 versus H,O, (600 uM) treated control by ANOVA and the Tukey-Kramer method.
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Fig. 2. Effects of the methanol extract from the calyx of Diospyros kaki (CDK) on time course of ROS generation
(A) and ROS production at 120 min (B) in H,0, (600 uM) treated EA.hy926 cells. Quercetin (QCT, 25 uM)
was used as a positive control. Data were presented as the mean # standard error (n=3). #*P ( 0.001
versus control and P { 0.001 versus H,O, (600 uM) treated control by ANOVA and the Tukey-Kramer
method.

2) ROS AAZE &4

A2E o831t 71 o A4EE FAHEQ) ROSE AMSH AEdA0] ot AZ 241
st sEshA A4E ROSE AEe AQ, W Ul ok A Aol ohek i ela £
2 AVSPA A S

Qlo] ElE=& ROSE AASHAY aFH4atekAof 2Jgt ROS 4782 AAIsk= o]
sl o EIFA ot B AYo|H H,0,8 AHst AEFHAZ K% A hy926 AlE= ROS
Aol FAsH Z7EJo Y AA(F) HEHe 2EES AAHT AXoME BE BZoA
ROS A4S 980z AFAIATHFIg. 2A). 120%°] A3t A|F2] ROS BAHLS v|wgt 23},
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AAEF) vehE: FE5E52 5 pg/mlet 10 pg/mL FEolA P AR 25 #M L9 quer-
cetin FAFSHA ROS A& Adliot= @4 HelWlth(Fig. 2B). ROSY] FH=gh 4442 AW
FALSE BPol A 9] ARG ZIoEAY of 2] A BAF R AR £44E oA Elo] 4kst
AEF A gt Ho] HEo] WojA A Hot. FAEAl= FHH AR V5S N7 B
S 3 28 AP0 gk AA|(HiFE) fEe S22 S B4oE FYS dEE
o E3Z € & U= Zo= HITh

3) NO #4% % ACE 94 84 573

3% WA ZoA endothelial NO synthetase(eNOS)E Foll A= NO= 9] 444
= ¥ ]O]'h b $9% EZoltt. NO+= @32 9——1'7‘3’01'& 715°] ASET oy}t AW &4
A, FEZL AZ F4 9 59U 3lof Polsts SR HF A9} B EAo] Ui, Ak}
AEF ]ii o138} T=51A BAE ROSw= NOQF A¢HstY peroxynitrite(ONOO)Q}F 22 7+ 35H
ASERAAE FEAA AZ W AREARE &4A7I= w7iAI7E He 23 NOY 4R d3
g4 7152 AAIsH 3P, wheba] et ROSY AL AAIsHAL NO AL X6k AL
I WYAE9] 7|5 FA0 B3-S & 4 At} & AN NO BFE &7 23k A (hii Er:‘?:)
HeE FE8 2.5, 5, 10 pg/mL SEoA R div] 227 103.4%, 116.9%, 147.3%=
Ay/do] Z7FetAtk(Fig. 3A). o2 & uf AJA|(ffiFE) HeE FEE0] NO A4S SZste Q@'—‘%
s zoz wolth

(A) 3 5 (B) 60 ab a a

P
s g
g 1 'E 20 H
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= g
o 4 0
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Fig. 3. Effects of the methanol extract from the calyx of Diospyros kaki (CDK) on NO production (A) in EA.hy926
cells and ACE inhibitory activity (B). Quercetin (QCT, 25 uM) and captopril (0.25 ug/mL) were used as
a positive control. Data were presented as the mean * standard error (n=3). *#£( 0.01 and **P ¢ 0.001
versus control by ANOVA and the Tukey-Kramer method. Different letters (a—b) above the bars indicate
significant differences based on the Duncan’s test (P ¢ 0.05).
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TR HAEL ACE oAl BA4E 58 YL ¥E 5 Aoy HuEs o, d oL 7t
Aol Aot EdtE o, ©dd T2 EHE FES LGS dHotAY A5 4
AE FAF A Bholgt & 5= Y, 0131""‘} FUEY S AREHd &4 24, ACE
oAl 24 2 NOS Z3et A4 tAlo] g 22 o] 7]sk= AoE ety AJA|(Hi%s)
oA E8E EYHs AECSZE = quercetin, catechm, luteolin, kaempferol, rutin, tannin
5o ek LHHH3?. quercetin FET FASAZ BB el 2o A F4H ROSY &
‘1;6"% A Bt ofyet A HH 0 E eNOS7F NOE BAT 4 J&= 2. luteolinlin

0 4ol A¥Aog Fojsto] Ft AL SEdTPY. E3 catechin® ACE AAAE 285
oq angiotensin [ < angiotensin [[& A&EE AL JAFCP,
o] AEolA AA(HHES) MRS FE=0] ACE oA 84< 7H 1L glom E3 YulA 2
A H0.2 §=d A5k AEF A0 sl ROS A4S JAAZIL NO S EAAA F8Y
B0l A&E HoFlH

Ash 2EH A @3 YA 29 &4 fote] @9t U 7o) Sa3 wiziA 7 "ot
2 AFoAe A dee 2259 S D FuFd E4S SAoto] FH Yo
H3S gt YeAE FAsHAT. AAfiF) HeheE 58 2.5, 5, 10 pg/mL HZolA AlxEA
2 YER}A] gorow H,0,2 xm% EA.hy926 A|zof v3] AZABEEE F7HAIFTE AIA (f
) e FE2E52 Alst 2AEH A0 o5t ROS S F98o2 Aok EAo] Y= Aoz
Uebsgtth E3E AJA|RiF) HEE FE2ES dUS WEe 75 T s NO A4 7t
9 ACE 94 A= Bt AA(FiF) Hehe $E552 8 WojA|xoA FAikst &3 g d
o Z4o] AU FRlstArt
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