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Protective Effects of Sasa Borealis Leaves Extract on High Glucose-Induced
Oxidative Stress in Human Umbilical Vein Endothelial Cells
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Abstract

This study was designed to investigate the protective effects of Sasa borealis leaves on high glucose-induced
oxidative stress in human umbilical vein endothelial cells (HUVECSs). Freeze-dried Sasa borealis leaves were
extracted with 70% methanol and followed by a sequential fractionation with dicholoromethan, ethyl acetate,
butanol and water. The ethyl acetate fraction from Sasa borealis leaves extract (ESLE) was used in this study
because it possessed the strongest antioxidant activity among the various solvent fractions. Exposure of
HUVECs to 30 mM high glucose for 48 hr resulted in a significant (p<0.05) decrease in cell viability, glutathion
(GSH) concentration, activities of antioxidant enzymes including superoxide dimutase (SOD), glutathion perox-
idase (GSH-px) and catalase, and a significant (p<0.05) increase in intracellular ROS and lipid peroxidation
formation in comparison to the cells treated with 5.5 mM glucose. ESLE treatment decreased intracellular ROS
and lipid peroxidation formation and increased cell viability, GSH concentration and expressions of SOD and
catalase in HUVECs. These results suggest that ESLE may be able to protect HUVECs from high glucose-in—
duced oxidative stress, partially through the antioxidative defense systems.
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oM skl ARk, 2R FE=9 Ax
e ted 2o 2RHdE SHFE A sddx
g o Estehar 200 53] 70% WS E 12403 Bt
FET F I AT EF7]E o838t wF3AH ol%
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o] we} dichloromethane, ethyl acetate, n-butanol, water2]
TAE EAHOE FE5H g AxstAnh AHIAR
oA o &u] BEEE FolA ethyl acetate £ E2]
DPPH radical, O, ¥ OH - &A%< 17t Z7F 11.27+3.14
ng/mL, 20.27 +2.07 pg/mL, 28.49+457 ng/mLE YEIGS
2ZA 7P et ks 248 JEITE YRR 23y
Q] FZE ethyl acetate 3 = (ESLE: ethyl acetate frac—

tion from Sasa borealis leaves extract) S #AY¢sE 3 52
A% dte] -80°Ce) WE Ao B@stiax NEE AT

Mz HHQF

o17F A A= W 3] A 3 (Human umbilical vein endothe-
lial cells, HUVECs)E- Clonetics Inc.(San Diego, CA, USA)
oA Fdste] MEZF 80% ©]4 confluent3] A sub-
culturedl ] passage 3~6W7}R] AF&3F9H oM 5% fetal
bovine serume] ¥ &% EBM-2 Bullet kit(Clonetics Inc.) &
o] &3l 37°C, 5% CO. incubator(model 3111, Thermo
Scientific Inc., Marietta, OH, USA)ol| A 8] %3} 4o}

ME=Y =Y

MEFAZL Fautz 59 WHUG)LZ Aol MET}
neutral redo] G == & 3
7} confluence “FE]7} =W HXEE 24 well plate(dx 10”
cells/well)ol] seeding 3}¢d 37°C, 5% CO- incubatorol] A 48
AIZF ElF $, ESLES =& 20A12F A3tk Als A
g &, mAE AASAL 1.14 mmole/L neutral reds 33
MZE 8 A 05 mLE EF33th 3A17F incubation 5, Hl

A|Z A A3}l phosphate buffered saline solution(PBS, pH

7402 2 A F3FA T Neutral red= acetic acid(1%,
v/v)9} ethanol(50%, v/v)<S X33t cell lysis buffer[50
mmole/L Tris-HCI(pH 7.4), 150 mmole/L NaCl, 5 mmole/
L dithiothreitol(DTT), Triton X-100(1%, v/v)] 1 mL< %
o] 15% &t AollA A3t WEAIZ] F AE YEES
=43st7] Y8iA Alx &3] AHES 3,000 rpmell A 108-3F
ARG, 4TS FH oS Multilabel counter
(VICTORS3, Perkin Elmer, Waltham, MA, USA) 540 nm®|
A FREE S5 A

Mz MEE £F

ESLES] M ¥ AHEE-S HUVECsS ©]-83}] neutral red
assay 2 S48tk AlEE 24 well plate(d x 10 cells/well)
9 seedingd}] 55 mM¥ 30 mMe] E=F S 2 37°C, 5%
CO; incubatorol| Al 48A1%F A Elsle] 4tsld ~EHAE
fFrdsiglen, =R A3 ESLES 20413 52t 29

§ 5, ALEH 2P FIT PHoE 4P Fahgh

MZL ZMMAE Y

M E Y A4 2HAF (reactive oxygen species, ROS) &4
£ dichlorofluorescein assay WHo 2 ZA3ATH7).
HUVECs7} confluence® ™ 96 well plates©l] A|EE seed-
ingdtil, 30 mM EEF-& 48A17H5t A3 & ESLES
20717 A3tk ¥hg-o] Ed Fof] A XS PBSE Al A&}
31, 100 uM<] 2’7’ -dichlorfluorescein—diacetate(DCFH-
DA)7} 238 v xE Yo 1587 veAFH oY, 5L 6)
A& o]&3st] 1A7F 5 TA] ¥EE-AIA fluorescence plate
reader(excitation 485 nm, emission 535 nm)E ©]|-& 3}

fluorescence® =4 3A T}

M

X
A

naslE £
#Hik8l A=+ Fraga 52 WHA8)S ©]83t4 thi-
obarbituric acid-reactive substances(TBARS) &#Ho =z
=733tk 24 well plate(d x 10" cell/welDell A2 S F)8}
o] B2A)7)3, 30 mMe] EEFL Hrhetar 48417 vl g3
F, ESLEE &3t 20413t vkt adnt. vl e $, 200

-
ox MO

L9 i A] A5l 400 uLe] TBARS €4S 7} & 95°C
FZo A 3087 ¥ A A 532 nmoll A FREE =H 3

1, TBARS =+ 1,1,33-tetracthoxypropaneZ %8 %5
T4-& o] g3t =N o, TBARS %2 malondialde-
hyde(MDA)9] nmole ¥°.2 %33t}

Glutathion S& &8

Glutathion(GSH)< Tietzeo] WH(19)0.2 §44 £3
AzALE o] &3l A9 Y. =, GSH+ 5,5"-dithiobis(2-
nitrobenzoic acid)oll &) d&H oz AslE i gluta-
thione reductase®l] X 8=/©] )= nicotinamide adenine di-
nucleotide phosphate(NADPH)9l| ]3] &%= Hg]ol 2
3lo] YA 10 mm dishol] A ES FYste] F2A 7)1,
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30 mM9 ¥x3S H7Fstar 48A17F w3l 5, ESLES
B33t 20417 vl T MEoA wlAE A A
PBSZ 2W A|H g £ 1 mLe| PBSE H7lste AEE 3
& o AE FHES D50l 52 5 3W 233 A8
3L 2300x goll A 102 &<t AAEE st 459 400 uL
2 FHal 5% sulfosalicylic acid 100 pLe} €83+ & 2300x g
Al A 1087 948 39k 50 ple] A5 4S 100 ulLe
reaction mixture(100 mmol/L sodium phosphate buffer
with 1 mmol/L ethylenediaminetetraacetic acid(EDTA, pH
7.5), 1 mmol/L dithiolnitirobezene, 1 mmol/L NADPH, 1.6
U GSH reductase), 1 mM disulfide 5,5’ —dithiobis(2-nitro—
benzoic acid)(DTNB), 1 mM NADPH, 1.6 unit/mL GSH$}
WAl A 283 412 nmell A 3= ¥sE #EEA

SHAElE A B =X
AN B ZAE 10 mm disholl A Z(1x 10° cells/dish) S F
ate] BHA)7| 3, 30 mMo] EES H7eka 484 7F vl

g 5, ESLES 53t 20A17F vl Fstdh. w25 A A g
3 Hank's buffered salt solution(HBSS, pH 7.9)Z 2 A&
3}al, 1 mM EDTAS 343 50 mM potassium phosphate
buffer 1 mLS 718t AIXE 23t o5 45 JH oA
5% 33] sonicationd}al, 4°C, 10,000 rpmol] A 20&7F LA
23t & duld AF20)S 3o, AE FTAE FikstE
A Ao o] &g on, EEF4 22X bovine se-
rum albumin(BSA)E AM&-3itt

SOD &A1& Marklund®} Marklunde] ¥ (21)el 23
pyrogallol9] A5 4t3tE =439 96 well plateo] 10
uLe] cell extracts®} 1.1 mM diethylene triamine penta-
acetic acid(DTPA)E 7}&tat, 50 ul9] pyrogallolS 3713}
o] 405 nmol A 287 10% HAH o2 FF =9 HilE =4
3t} Catalase 242 Aebi 59 WH(22) 0.2 =43
o} 50 L] Al = Z5 Yl 600 uLe 50 mM PBSE
7V&td ) o719 300 pLel 30 mM H.O, &89S 7}3le] 240
nmol| A 10% 7HZdo 2 287 3% WIE =AYt
zAdgo2E 71421 HO. thalell 300 uLe] PBSE 7}a}
I g2 2712 99 FYEHA st FEEY vgE A3
AL 0,02 05 1, 2 mmole/L. 3EEHZ ZA|
St HyOo 8 ©]-&3le AAdstdt a4 &4 18 &<
1 ymoled] Ho0.2 EafjA17]2 &4 %S 1 unitE d+53th

GSH-px &4& Lawrence® Burke] W ((23)02 =3
3FAth 20 uLo] A 5 Hol vhgA| kS vhghet 25 ule]
2.5 mM Hx0.5 7} 4] 340 nmoll A 28 &<t 10x 7H4
o2 F3x HIE A3} Standarde NADPHS} mix-
tureE T3l A=z o™, GSH-px &4 1 unit 1&
2 1 unit®] NADPH7} 4tslee &40 $oz Jehfich

b

Western blotting
E£ #kgo] £y 30 mM NaCl, 0.5% Triton X-100,

dErE 20 Ui 2HUY FEEo] R5EF 1755

50 mM Tris-HCI(pH 7.4), 1 mM NasVO,, 25 mM NaF,
10 mM NasP-O; & protease inhibitor cocktails *3+3F ly—
sis bufferel] A3 pelletsE 60&7F incubation$F . Z M A 3E
g B39 AXE §3lA12 &, 12,000 rpm, 1083 4°C

A A AAEE ste] AT ARS AR e-tubeo| &7 Ak
£317] A7FA] -70°Cell B#3}F Tk Western blotS A28}
7] A BCA protein assay kit(BioRad, Hercules, CA, USA)
o s @l AS A3 2 10% SDS-polyacrylamide
gelol gk well B 30 pg& Y3t A795S Aldstar
nitrocellulose(Amersham, Arlington Height, IL, USA) =
o2 o|FAIAHT FA 9} Gl ATLe] v S o] ARS W
A|517] 913Fe] 1A13F T Ao A 5% non-fat dry milk7}
¥&3" TBS-T(20 mM Tris-HCI, pH 7.4, 500 mM NaCl,
0.1 % Tween-20) &l WA T} 13} antibody & WHS-
A7 3 membraneS TBS-To|A] 58 =< 3HA A & 5}
a1, 22} antibody S 90%-7F Aol A vEEA AT dE 4
& AA= LAS-3000 detector(Fujifilm, Tokyo, Japan)ell 2]
3 enhanced-chemiluminescence(ECL) advanced detec-
tion kit(Amersham Bioscience, Uppsala, Sweden)& ©]-&
sted BF8H 2 M, actin® immunoblotting-& W3¢ o)z
TO R X ARE-E A TH24,25).

SHAZ|
EE AY 2yde oL EFAAE JERoH, A8
7+9] z}ol= one-way ANOVAZE AFH A3 & Duncan's
multiple range testoll ¢js] A& AAE AT EBA A=
SAS 9.1 program< ©]83+gH, p Zko] 0.05 7| ¥kl A
g FAHCE fo% Aoz AP
Zut 3 nE
M=
ESLES] s59 AE%54L HUVECSE °l43t9 &4
3 H(Fig. 1). HUVECs®] ESLEE 0.50, 1.0, 2.0, 3.0, 4.0,
50 mg/mL FE2 £F3t AE5H 4FS & 27 05
mg/mL, 5.0 mg/mL FX=lA 22 99.91%, 94.99%2] A
AEES eI, T F93Q 2ol7) gle Ao
Z Yehstth mEkA ESLEE HUVECsO A neutral red as-
sayE A BEES SAS 47, ESLE2 AlXE 54| ¢l
= Ao ® AAFA in vivo /“3401]/\‘]‘: A7 AlF 33 g9
3l 145 mgd] =AY FEES 11570 TS o
40 gle o2 Ru(DHAeER “37}01]/\1 AHE-H

A e U FEE2 540 A2 ‘dod =2 AR
At

Mx dES

AEE xegol oF Ao &S B35 s ESLES]
AH}E Fig. 20 AASHAT 30 mM E=F o 29 2 2]d
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Fig. 1. Effects of ESLE on cytotoxicity of HUVECs. Cytotox—
icity was assessed using neutral red assay. Each value is ex—
pressed as mean=SD in triplicate experiments. ESLE: the ethyl—-
acetate fraction from Sasa borealis leaves extract.
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Fig. 2. Effect of ESLE on high glucose-induced oxidative
damage of HUVECs. HUVECs were pre-incubated with normal
glucose (55 mM) and high glucose (30 mM) for 48 hr. Thereafter,
HUVECs were treated with various concentrations (10, 25, 50 and
100 pg/mL) of ESLE and further incubated for 20 hr. After an
incubation of 20 hr, cell viability was determined by neutral red
assay. Each value is expressed as mean+SD (12=3). Values with
different alphabets (a—-d) are significantly different at p<0.05 as
analyzed by Duncan’s multiple range test.

>«

AP FAME 3236%2 NE AEEo] F43] Boxe A
o2 YEPGATH 30 mM 2232 A A" HUVECs®
ESLEE £33 4370 dolxe 35 &= AF
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Fig. 3. Effect of ESLE on high glucose-induced intracellular
ROS level of HUVECs. HUVECs were pre-incubated with nor-
mal glucose (55 mM) and high glucose (30 mM) for 48 hr. There—
after, HUVECs were treated with various concentrations (10, 25,
50 and 100 pg/mL) of ESLE and further incubated for 20 hr. After
an additional 20 hr, the intracellular ROS generated was detected
by spectrofluorometry after the DCFH-DA treatment. Each value
is expressed as mean+SD (;7=3). Values with different alphabets
(a-d) are significantly different at p<0.05 as analyzed by Duncan’s
multiple range test.
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E A3 A EoMe SAHNET FF0] Fdoz Ta
S AT F AT "t WA EANAN TFE
IEdoF ol WAste AstAEd A £71E ESLERE ¢
3 gAY EN IFE XEFOoE £AAE YoM X
£ H33e Aoz Algdh

=

15 253 o5 AL IEE AAHS JAstE
ESLE®] &4 Fig. 401 AA&Ah 55 mM iE%P_i
AP ® g2 AEA e AZZsE] g0l 0.19+0.
nmole MDA Ao 2 Yehd ¥t 30 mM X3 =2 21
¥ HUVECso| A= 0.75+£0.09 nmole MDAZ A] A x}21+3}
E7HY Aol Frtete AL E YEWT AR 30 mM
¥rgoz AR A2 E HUVECse] ESLEE #53%
TR YEHoE AAALIEE FAo] AslEH=
Yelytth 53] ESLEE 100 pg/mlL 52 F493 4
< HUVECsY A|Z#HAstE S 0.26+£0.03 nmole
MDAR Y& ZAo=2 Yeggorna g FEE°
T xxF o2 Z71E HUVECsS AZA#43E YA

oA (p<0.05) 2.2 YFEEe Aoz AUt
Aaze AR A d#Hskste] oA fF87]e] 34
o] 2Jal A oxygen centered lipid peroxyl radicalS 73

mlo =

carbon centered lipid endoperoxide radicalZ ¥ & 235

o] MDAE AAISHA =& MDA &% XA Azl &
=5 SAs= ARt ﬂﬂ%(29) ol g A A Hqtst= o] A
e 7] A% $5d FasAd o8 Bad 5
Q02 A5G0, & A9 A58 A2 BSLES 52
7] &A% 0] 5438171 EH—roﬂ ESLE M3 & 1¥5% X=9
of )5} HEE AL 4L AAT 5+ Ao,
a
08 _L
b
06 I
bc
04
c
d
0.2
0.0 55 MM 15} 25 50 100
glucose ESLE (ug/mL)+30 mM glucose

Fig. 4. Effect of ESLE on high glucose—induced lipid perox-
idation of HUVECs. HUVECs were pre-incubated with normal
glucose (55 mM) and high glucose (30 mM) for 48 hr. Thereafter,
HUVECs were treated with various concentrations (10, 25, 50 and
100 pg/mL) of ESLE and further incubated for 20 hr. Lipid perox-
idation was assayed by measuring the amount of TBARS
formation. Each value is expressed as mean+SD (7=3). Values
with different alphabets (a—d) are significantly different at p<0.05
as analyzed by Duncan’s multiple range test.

olell ofsf AW IHES APEe] FadE F e AoE

30 mM =E3S 283 HUVECsol A ESLE7} GSH &
ZFol PA = 9&FS Fig. 591 YAt HUVECsOl 30
mM EZE3S HE319S We GSH o] dA3] 743}
QAT 30 mM 2=% o2 A 38 ¥ HUVECsel ESLES
EFIAE W FE 9EFHOE GSH gHgo] T718ke AL
=2 urﬁ}km %, 55 mM 2o E Abd A2ld R
A ZAME GSH o] 1.61+0.09 pmole/1 x 10° celle]
ARE 30 mM =TS A A5t S @ 1.13+0.10 pmole/1
x10° cellZ GSH o] Wolx= Ao yehdth a2y
T5%S A3 HUVECso| ESLEZ 100 pg/mL
Ae]3t9S W, GSH 3+2ko] 1.59+0.11 pmole/1 x 10° cell$]
Ao 2 YetY GSH o] #9934 (p<0.05) 2.2 F7tst=
Aoz AU

GSHE £ Yol thiol(SH7)71E 7F vjetiig B2 2
A A Wl e 98 GSHI 24818 GSSGY F FHZ
A GSHE AFst2~Ed 2ol tigs] A XE Hoste
ke, GSH 5% Zave A W 2hatageoa &

AAaE FAHAANTHA A A S 7%171” Aoz
&7 ATH3L,32). o]l ESLE] 9]§ GSH & —%—7%

U Aslag oA A Egaka 445}%1 A&

, A AEY A2 HE AEE BRI Fe wAY
] ?4_—‘?'@'_ 2-&8 4 ogE AlsErh

TET 3

fl

rl

n\l
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Fig. 5. Effects of ESLE on high glucose-induced GSH con—
centration of HUVECs. HUVECs were pre-incubated with nor—
mal glucose (55 mM) and high glucose (30 mM) for 48 hr.
Thereafter, HUVECs were treated with various concentrations
(10, 25, 50 and 100 pg/mL) of ESLE and further incubated for
20 hr. Lipid peroxidation was assayed by measuring the amount
of TBARS formation. Each value is expressed as mean=®SD
(17=3). Values with different alphabets (a—c) are significantly dif-
ferent at p<0.05 as analyzed by Duncan’s multiple range test.
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Table 1. Effects of ESLE on high glucose-induced antioxidant enzyme activities of HUVECs

55 mM ESLE (ug/mL)+30 mM glucose

glucose 25 50 100
SOD (unit/mg protein) 48.23+1.13° 29.32+2.07° 33.13+3.02" 36.21 £2.08" 44.22+2.92%
GSH-px (unit/mg protein) 5.12+0.95 3.11+0.18 351+0.58° 4.12+0.85™ 482+0.15
Catalase (umole/mg protein/min) 1.51+0.14% 1.04+0.09¢ 1.11+0.65° 1.21+0.31™ 1.38+0.32°

Cells in 10 mm dishes (1x10° cells/dish) were preincubated with glucose (5.5 mM, 30 mM) for 48 hr, and then incubated with
or without indicated concentrations of ESLE (0, 25, 50 and 100 pg/mL) for 20 hr. 55 mM is normal glucose and 30 mM is high
glucose treatment. SOD: Superoxide dismutase, GSH-px: Glutathione peroxidase. ESLE: the ethylacetate fraction from Sasa borealis
leaves extract. Each value is expressed as mean+SD (17=3). Values sharing same superscript (a-d) within a row is not significantly

different at p<0.05.

51_;"]_/\7;1]9,] iﬂ-/\-\ oﬂ

v A=
HUVECs®| 30 mM %%

43FS Table 19 YeER AT
% A8 S w SOD, GSH-px,

oKlr

catalase®] EAlo] A3 Holxl= AoE YElEA T
ESLEE #F39S o ditstgso &do] Fo4(p<
0.05)0.2 Z718l9ch & 55 mM EEE o2 g9 dx

T A E9 SOD AL 48.23+1.13 unit/mg protein®. & 1}
B AT 30 mM EEFS AlXol & o SOD &4
£ 29.324+2.07 unit/mg protein®. 2 &4 FAo] dAXF| @
ARE ALZ Yepgth 3HAI%E 30 mM XEF o2 X"
HUVECsol| ESLEE 100 pg/mL #53< uf, SOD<] &7
2 44.22+2.92 unit/mg protein®. & e} ESLEe] SOD2]
498 FYH <005z T IIE ReE YERT.

GSH-px= GSHE 7|12 = 3l= 842, 56mM ¥&9
o2 Agd iz AE9 GSH-px 4L 512+£0.95
unit/mg protein® 2 YEFFE AW 30 mM ¥ =S Al X
A8 & W] GSH-px 42 3.11+0.18 unit/mg protein.®.
2 854 gAo] oA = e E venth 22y 30 mM
¥z og Hel®¥ HUVECso] ESLES T3S o 5=
JEH L Z GSH-px EA°] FokAle e g Yeston,
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Fig. 6. Effects of ESLE on high glucose-induced SOD and
catalase expressions of HUVECs. HUVECs were pre-in—
cubated with normal glucose (5.5 mM) and high glucose (30 mM)
for 48 hr. Thereafter, ESLE were treated with various concen-—
trations (10, 25, 50 and 100 pug/mL) of ESLE and further incubated
for 20 hr. After an additional 20 hr, cells were homogenized with
ice—cold lysis buffer and then centrifuged to extract total protein
extract. Cell lysates were electrophoresed, and the expression
levels of SOD and catalase were detected with specific antibodies
in a western blot analysis. (A) SOD and catalase protein ex-
pression, (B) expression levels of SOD and catalase. Each value
is expressed as mean+SD (77=3). Values with different alphabets
(a—c) are significantly different at p<0.05 as analyzed by Duncan’s
multiple range test.
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