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Preventive Effects of Rosa rugosa Root Extract
on Advanced Glycation End product-Induced Endothelial Dysfunction
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Abstract Rosa rugosa has traditionally been used as a folk remedy for diabetes. The objective of this study was therefore
to demonstrate the inhibition of endothelial dysfunction activities through antioxidants and the anti-glycation of Rosa
rugosa roots. Dried roots of Rosa rugosa were boiled in methanol for three hours, evaporated and lyophilized with a
freeze-dryer. The methanolic extract of Rosa rugosa roots (RRE) was tested for antioxidant activities by measuring total
polyphenol (TP) content, flavonoid content, 1,1-diphenyl-2-picrylhydrazyl free radical-scavenging activity (DPPH) assay,
and ferric-reducing antioxidant power (FRAP) assay. The total TP content, flavonoid content, FRAP value, and DPPH-
SC,, are 345.2 ng gallic acid equivalents/mg dry matter (DM), 128.1 pg quercetin equivalents/mg DM, 2.2 mM FeSO,/mg
DM and 34.2 ug DM/mL, respectively. Treatment of RRE significantly lowered fluorescent formation due to advanced
glycation reaction. In addition, reactive oxygen species (ROS) scavenging assay, monocyte adherent assay and
transendothelial electrical resistance (TEER) assay were performed to investigate the possibility that RRE improves
endothelial dysfunction-induced diabetic complications. The adhesion of THP-1 to treated HUVEC with RRE (100 pg/mL;
33% and 500 pg/mL; 75%) was significantly reduced compared to HUVEC stimulated by glyceraldehydes-AGEs
(advanced glycation end product). The TEER value (88 Q-cm?) of stimulated HUVEC by glyceraldehydes-AGEs was
reduced compared to non-stimulation (113 Q-cm”). However, normalization with RRE increased endothelial permeability
in a dose-dependent manner (100 pg/mL; 102 Q-cm® and 500 ug/mL; 106 Q-cm?). Thus, these results suggest that Rosa
rugosa roots could be a novel candidate for the prevention of diabetic complications through antioxidants and inhibition
of advanced glycation end product formation.

Key words: Rosa rugosa root, antioxidant activities, endothelial dysfunction, monocyte adherent assay, TEER, advanced
glycation end product
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o 7P tEAQl 71A S 2= i) aldose reductaseo] 2]3F ROS
F1FA]17]E polyol pathway, ii) diacylglyc-
S7kll 98l cytokineE9] THES Sk protein
kinase C (PKC) pathway, iii) uridine diphosphate N-acetyl glu-
cosamine®] Z7Foll ]38t transforming factors9] T3] F7I=E
hexosamine pathway, WFA|2}© 2 iv) advanced glycation end
products (AGEs) pathway &©] SUTK5). ®le]d ¥h-g-(Maillard
reaction) 2% UEH A UE glycationS Fo|up 7HRE 3FgHEo]
d oy @3 v g4d dhe-s Fo2H FHFHOR o
7HA] #3142 (advanced glycation end-products, AGEs)S A
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F9o] w7 AGEsS] Aol o3 oA el F2E A,
Ad B2 A== Aoz AFHEY. ol AxHow Eu
W7ol FolAaL dRie] ezt oA Ho FAFE, A4, o
T Az AR FE 2T = ATHE9). AE
AgS & e Al 28 G A A9 3 ol &
RIET =2 559 AGEs7} TEHEJTH3). ©ol= AGEs7} Al
2o Wl e FHEH SaFHFY 27 dAZE AlFEn
(10). =3 AGEs= AlX9e] 578 whijda} whgsial &Adaka
Z(reactive oxygen species, ROS)2] XS FHXAA ©gs
cytokine®] WL Z7MXA AME2 A4S FEAZITK1D). ROS
o] 93] Z71 cytokineE-> 5ol EAshs ©ele] T 4
vlo] 225 fukdltl(12). 53] ROSE AGEs #vlo] oz} o
3] e 71 Foll el polyol pathway 2 PKC path-
waydll <M= AFETT BuEon(5), H2de 2EF
ool fr=® ROS7F B ¢ Tl S8 A= A
A=Al ATH(13).

' F3HRosa rugosa Thunb)e | ZHE $-zviele] siqhrtel
A g B e 99 EddEelw, Al Sk oflst
olth. mjFFEE v F A HERE AYse T =
F7F Jokr By Eo] louw(14) Wk ME iwst Helr) 1
sl fFasivta d#A gl AREE Jok(15). st o
FEE2 IFAANEE st @ AR Ry g29E U}
gk ofugl, HAdo] g~ oFaled Aol QbHSh AoF FEE
Fe A Aok(15). L &<t RiZkelA de] AMgEo] & slds)
2 FEou ksl @ BHarEo] Qlouk(16), T
AP 8 AR FuFET A ZFd U Ate A
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g 2008 Aol AujE Ag ABEARAAM
ato] AR F EHske] AREIaL, EEHIAIE human
umbilical vein endothelial cel HUVEC)S  (5)Biobud(Seoul,
Korea)ollX] primary culture®l & 73l ARE-319.2H, Human
monocytic cell lineSl THP-1-2 (F5)3=A 5=2-3) (Seoul, Korea)
N TSl AgalT. Ea, Aol A Aokel A%
dimethyl sulfoxide(DMSO), quercetin dehydrate, gallic acid, 1,1-
diphenyl-2-picrylhydrazyl(DPPH),  2'7-dichlorofluorescein ~ diacetate
(DCF-DA), bovine serum albumin(BSA), glyceraldehyde, diethyl-
enetriamine pentaacetic acid(DTPA), aminoguanidine, 2,7-Bis(2-
carboxyethyl)-5(and-6)-carboxyfluorescein acetoxymethyl-ester
(BCECF-AM):= Sigma-Aldrich Co.(St. Louis, MO, USA)°IA
A&t Th 28 A (FBS, fetal bovine serum)3} YA penicillin-
streptomycin, RPMI 1640 H]A|= GibcoAKGrand Island, NY,
USA), endothelial cell basial medium-2(EBM-2) bullet kit=
Clonetics(San Diago, CA, USA) A|F2 o]8-319 o, 1 0|99
AL 5FOE AHSISIT

M2 FE=2o| M= U F ME EM
I WEke FEES AX3 g oF 300gS HES 3
Lol Y3 3A17F B¢t 3F FE3 F o 3(Whatman No 41,

Table 1. Analytical HPLC conditions

Apparatus : Varian Pro Star (model 210)
Detector : Varian Pro Star (model 335)
Column : Waters XTerra” RP 5 pm
(3.9%150 mm, Analytical column)
Mobile phase : 20%—>100% MeOH (linear gradient elution)
Flow rate : 1.0 mL/min

Injection volume :20 pL

Maidstone, England)ste] 55 3 A%t Az, 243
o AM&-37] A7IA] 70°CelM Baaldon, ARg-Alel= DMSO
of Fod o] gsiAth St gatsl AR U#F (-)-epigallocat-
echin-3-O-gallate(EGCG) % kaempferol®] TS E4317] 93}
o] & dA ZA=ZelE 13| (High Performance Liquid Chroma-
tography, HPLC)E ©]-8-3l50t}. 2249of| ©]8-§t 7]7]+= Varian 940-
LC(Varian, Palo Alto, CA, USA)°|Z, °]57d A= 0.05% trifluo-
roacetic acid’} F7FE 2, °ls BE WER(HPLC grade, J.T.
Baker, Phillipsburg, NJ, USA)S ARS-3IoH | #4 2718 Table
13} 2t} UVEEEE 330 nmollA] S35kt

st =8

T Sthieol=e] 2 sid WehE FEE 100 uloll 2%
AICL-6H,0 &) 100 LS 748k 5% w3 & F3% 7t
430 nmOllA] spectrophotometer(Bio-Tek Instruments Inc., Winooski,
VT, USA)E °©]&3ld &4l o, xFEHE= quercetin dihy-
drates AFE3IATH(17). ¥ E2]9E 32 Folin-DenisH< A%
HESI FH3IATH(18). SFE F=E 100 pLoll Folin-Ciocalteu
reagent 250 uLE 713+ % spectrophotometerS ©]-8-3}¢] 725 nmell
A THEE SY319oH, AFEERE gillic acids ARSI

Ferric-reducing  antioxidant power(FRAP) 242 Benzie9}
Strainel] &3k WS U W] =A3BIATH(19). FRAP reagent
= pH 3.62] 03M sodium acetate buffer 25 mL9} 40 mM HCI
of &A1zl 10mM TPTZ(2,4,6-tripyridyl-s-triazine) 2.5 mL,
20mM FeCl-6H,0 &9 25mL& 410 AM&3}9lth FRAP
reagent 3 mLo| F=H g FEA 100 LE 7Fsked 37°Col
A sEE A F 593 nmellA FHEE SAEIT 2F A
O 2 FeSO, -TH,05 AH&-3le] 3HdES At iz o =
£ ascorbic acidE AFE-EFAH

DPPH " free radical-scavenging assay= Sll&H-&oll =91 200 uM
DPPH reagentl]l =¥ F&&E 100 yLE €3 900 pLe] DPPH
reagents 2L J3HA 412 T dol WA 308 & 517
mmoll A S3xo] Hals A3, FFCE ascorbic acid=
AREste] ZeZ &aA5E WSkt 2 AR SC4(50%
scavenging activityy> DPPH'®] &%7} 50% ZAsk=d FQ3h
ARe FEE BATH20).

Z|ZEsHtES| NHx H &l

AGEsE 10mM2] glyceraldehyde®} 10 mg/mL2] bovine serum
albumin(low-endotoxin, fatty acid free), 1 mM<] DTPAS} 0.1 M
9] phosphate buffer(pH 7.4), A2 sodium azideE 0.02% A}
B3] 37°CoNA] 5U7F A BASIGoH, 59 F vl o
SHA] & & A AT 131 0.1 M phosphate buffer(pH 7.4)5
ol-g-ate] 24417k F7t FA ST thEZCEE 10mM2] ami-
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noguanidineS AFE-SIATE AGEse] A4 1S FFLE Hof
gl 59 2™ (VICTOR3™, Perkin Elmer, Waltham, MA, USA),
excitation ¥ 370 nm&} emission I 440 nmol| 4] =43 T}

FESQ M=E =d &l

HUVECE 2% Aztel I'E 24-well platesol] 2x10°2] F=2
AT o 24A17F vl gRtATE M ETE vheel] FERE, 250,
500, 1000 pg/mLe] F=Z T FE2ES 18A17F A s
o]F 4A17F 9k AGEsS 100 ug/mLe] H%2 A28t o] &
40 uLe] MTT AleF3} EGM-2 media 200 uLo] ZAS 2 HiXE
3AIZE B9 wEstal, DMSOE o]t AAJE formazan 778
S 8321701 ¥, 540 nmol|A] spectrophotometerZ SFE=E A
3tk MTT 24 [ 0D.-Ad+ 0D.)HZEZ 0.D]
x100(%)3 722 2l oJ8) MEZEHES AtsIAT

M MAF(reactive oxygen species, ROS) 2715 &%

FZ2] AGEsel 9J8] f=% AlE W ROSS &AFS =4
3171 $13ll 2',7-dichlorofluorescein diacetate(DCF-DA)S ©]-8-3}%
t}. DCF-DAE AlE Y] ROSS| EA4] Al ¥3<] DCF= AHalsio]
Ao e Jepdth 2% AEtEl Z'E 24-well platesol] 2
x10°¢] FE=2 HUVECE A3t tha 24 AZF wieksic}. o] &
5uMe| DCF-DAE EBM-2 Hj=Jol] o QkAelA] 30 &7+ A
slaL PBS(pH 7.4)E 33] Al ths, AGEs 100 ug/mLé} 3l
< FF5 100, 500 pg/mL-S ] ghet. 2447k vl & PBS(pH
74HE 33 AL 02% triton X 100/PBSS A3l HUVEC
S g3lA7 F FFE(Ex 485Em 535 VICTOR3™, Perkin
ElmenE 74319 TH21).

ME HiQF S CHHT &

HUVECE 2%9] A#tele Z-AIZ] 60 mm? petri disholl 1x
10° cell/dishZ seeding®t 3 2447} 3 Ao A3 o
;91 THP-1 cell& 1% penicillin-streptomycin®} 50°C ol 4]
3027 2243107 10% FBSS T3k RPMI 16408142 A}
gatd 75-T flaskell A wjFalgth. HUVECS 1x10%dishe] 5
T2 24N7 wiFAZ B sEE 2 g FEES 18
Al A7) skt ©]F AGEsS 100 pg/mLe] FE= 4X7F A
g ach22). G FF5e A flEe] THP-1&
BCECF-AM 5 mM< &3k RPMI 164001 30%7F ¥4 A7t}
EAHA @S 79 THP-12 PBS(pH 7.4)E o] &3l 33
Aol T, 2.5x10° cell/well?] B=2 w]E] 5% HUVEC
I INZE A BTk ol % FAERA] 2 THP-1& AA
3}7] 915t PBS(pH 742 Mg oy 3324 #lolA FA
& w7 (Carl-Zeiss, Oberkochen, Germany)< ©]-&3}o] 50u]2]
&2 33 ARS H3, 0.1% SDS/50 mM Tris-HCES: o] &
alo] H2E AEE FHAA FE=E HATHEx 485/Em 530
VICTOR3™, Perkin Elmer).

Transendothelial electrical resistance(TEER) @t &%

HUVECe| AGEs# sid< F&E2 ZH2F 100, 500 pg/mLe
FER 24 A7F A AERE W AlE HH Ao A
FAste] Aol =&Ed ARE Rlsiith. A
g A (pore size=0.4 pm)=S 12 well transwell plate(Falcon,
Franklin Lakes, NJ, USA)°]l A% § HUVECS 3x10° 5%
seedingd}iTh Al E7F T30 2 Hujo| FE3}(confluence)= 7| 7HA]
= o 459 A= AQFATh TEER #to] 120 Q-em™l] ©]2H
100 ug/mLe] AGEs# a3 FE=S A8t =8 A
TEE O Aga FUF 100, 500 pg/mLolH 2@ 24A7F 5
EVOM-Epithelial Voltohmmeter(MatTek, Ashland, MA, USA)Z
o]-§-ste] TEER #< 43Tt

SH X2

2 ARoA 58T RE FA e A+ EFUAE eI
o} AgE7ke] AT E248 Sigma-Stat 3.5(Jandal Co., San
Rafeal, CA, USA)E ©]8-3}% one-way analysis of variance
(ANOVA) #2418 AABIen a7t 9l 5ol tiajae
Duncan’s multiple range testZ p<0.05, 0.0012] F==ollA FAE
A o485 AAsHA

Aoty nE

st =8

=8 gd-e 28] AWollA polyol pathway, NAD(P)H oxidase
9 AGEs pathwayE AA A3 52 7HHo= AX ff vEZ
sajole] HAHEAE F3 ROSE AATTH23). o1FA A4
H ROSE et cytokine®] &S S7MA AE] 4L &
HAIZITH(1D). weEbs FHZole 83l o8 f=¥ ROS7l T
=g g3 T Fag AAE XA 9ITh(13). Names-
Nagy 59 Hio] mEWH24), dFEEE Fal Tl 79
2ols B3t sl B dAe g9 T dRaIHT 19

FE HSk= glycated hemoglobin(HbAlcyS 2|4 F5F07
ST Bl B3 s gl 12 AE FEE
°] cytokinedl oJ3 =¥ FEW-ES A= A ¢
A ATH2S5). wERA] ksl S DaE Wite] ofug o
Fe NS A= v Fag EAdelr

NFZ F=E(Rosa rugosa extract, RRE)Q] & Za]¥E, &
Hico|= gl gitsl @S s 2 AN Table 2), T E2|vl=
ShEFS 3452457 mg gallic acid equivalents(GAE)kg dry matter
(DM)e|H ZF&}H o= 128.142.0 pug quercetin equivalents(QE)/
kg DMS FHrskal Utk RREC] 3418t €4S DPPH radical
< o]g3ted 43 & DPPHS| SC,, #k°] 34.2+0.1 ug DM/mL
Z hEFQ ascorbic acid®] 6.8+0.1 pg DM/mL¥} HlwL A] <F
20% G=e] #ikslEe 7FA AL AT FRAP assayw= Fe(lll)
(TPTZ),CLE A StA|Z Abg-shed, dAakst EZo] 93] Fe(ll)

>

°

Table 2. Total flavonoid, polyphenol, and antioxidant activities of methanol extracts from root of Rosa rugosa Thunb

Total flavonoid Total polyphenol DPPH-SC;, FRAP
(ug QE/mg DM) (ng GAE/mg DM) (g DM/mL) (mM FeSO,-7H,0/mg DM)
Rosa rugosa 128.1£2.0 345.2+5.7 34.2+0.1 2.2+0.1
Ascorbic acid - 6.8+0.1 25.5+0.3

Total flavonoid contents are expressed as quercetin equivalents (QE). Total polyphenol contents are expressed as gallic acid equivalents (GAE).
Antioxidant activities are expressed as DPPH-scavenging activity (DPPH SC,;) and ferric-reducing antioxidant power (FRAP) of the methanol
extract of Rosa rugosa roots. Each value is meantstandard deviation of three replicate experiments. DM and SC,, express dry matter and amount
of sample necessary to decrease the initial DPPH" concentration by 50%, respectively.
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Fig. 1. ROS scavenging activities of methanolic extract of Rosa
rugosa roots (RRE) against glycer-AGEs by fluorescence
intensity. The production of intracellular reactive oxygen species
(ROS) by glyceraldehyde induced-AGEs was detected by 2',7'-
dichlorofluorescie diacetate (DCF-DA) fluorescence. DCF-DA-
loaded HUVEC were incubated for 24 hr with BSA (control),
100 pg/mL glycer-AGEs, 100 pg/mL glycer-AGEs+RRE 100 pig/
mL, 100 pg/mL glycer-AGEs+RRE 500 pg/mL. Values are mean+
standard deviation of three replicate experiments. *: p<0.05,
significantly different from only glycer-AGEs treated group.

(TPTZ),CL= ﬂ%i% A& ol gk EMHor kst E4¢)
Se s == Agwoz Fr)A 47 WAl ks =3
Hie oE wAUSY st SR olth26). FRAP assays
o]-8-3le] RREY 318 =43t A3 2.2+0.1 mM FeSO,-7H,0
/mg DM 2 255+03 FeSO,-7H,0/mg DMS! ascorbic acidl
Hlal oF 9%ol sk $H9ES 7FAAL AUtk RREZE A1+
e AXA & Fee FEEYS RSP RRE= A3et 2
oz A% SLEe 7 e s 24 E A58
Atk g HPLC 48 §sto] d4tsteo] sle 222 &
71 EGCG$} kaempferol®] 3-8 4313 c) 4 A3 d%
AE 100 g 71Eo 2 ARtelS o, 240 mg®] EGCGYt 50 mg
9] kaempferol®] S YeERATE

e

2 aF(reactive oxygen species, ROS) &5 &3

ROSE =8}, 215 A5uke B o) WS d#o] glof 27
55 e FAsHAES B AWl AR o 2 A8
o] @37} 9tk DCF-DAE ©l&3ted AE ] ROSE AT
2ZA g2 FEE9 AGE 93 f=% ROS &A% H7t
k. 2 A3 Fig. 19049 7o) 100 pg/mLe] AGEsel <]l
ROS7} =877, dd< %% 100, 500 pg/mLell 2ls) zH2} 63,
77%2] % ©EZ<] ROS £4%5S F9Isiith

z|ZsitEo| Mx ¥ &l

2eolE 3l AFHE 2= Al g S T I
FET} v-3Ao] =& carbonyl 3FEZ A3, glyceraldehyde
78 carbonyl 33HEC] 3] THEoX AGEs7F =l <
8 wEolzxl AGEsETH E‘] ZAESRES Rt deEA 9l
th27). 53] Kitahara 5 glyceraldehyde= AUjollA] E=<]
IS 235 xg/ﬂg]cq chl A o] ojuye 783 AlLs] ukg
3l glyceraldehyde-derived AGEsE A3/d38lH o] E22 daHA

Ag

1.8e+6

—8— Glycer-AGE
—0— Control
—h— 10mM AG
1.5e+6  —m— RRE 1000
—8— RRE 500
=~ RRE 100

1.2e+6

9.0e+5

6.0e+5

Fluorescence (Ex 370nm /Em 440nm)

3.0e+5

0.0

Incubation time (day)
140

100

80 |
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AGEs inhibitory activity (relative %)

20

Contrel  10mM AG 100 500 1000
RRE (p g/mL)

Fig. 2. Anti-glycation effect of RRE by fluorescence intensity
during 5 days incubation (top) and dialyzed AGEs after 5 days
incubation (bottom). BSA (10 mg/mL) was glycated with 10 mM
glyceraldehyde (Glycer-AGEs) at 37°C for 6 days in the dark.
Control was prepared in the same way, but without glyceraldehyde,
and 10 mM aminoguanidine treated- glycer-AGEs (10 mM AG) was
used as a positive control. R. rugosa was prepared by incubating
with 100, 500, 1000 pg/mL of R. rugosa roots extract, respectively.
To measure AGEs fluorescence intensity, AGEs were characterized
by fluorescence at 370 nm excitation and 440 nm emission. After 5
days incubation, AGEs were dialyzed against phosphate buffer (pH
74) for 24h at 4°C in the dark to remove non-reactive
glyceraldehyde. Values are meantstandard deviation of three
replicate experiments. **: p<0.001, significantly different from
control group.

N ES 7F FEE FEste] 28T
o] %ﬂ‘%‘i}% =TI HAsHTh28). WEbA] 2 ATolA
= =9 UlAl glyceraldehydeE ©]8-5] RRES] AGEs A4 <
A TS gl RTOEE AGEse] A4S JAlstL
HY-S A= @771 9% E aminoguanidne(AG)
AGY] ol TS Amadori 3HEHES] JHH
d7)9} vhgste] T A WS oAt I Aok
(29). A2 WEgAI7ro] AHEEE AGEsS] AAEC] 353 &
7}8l9 2 (Fig. 2) RREY AG7F §15 AGEsE #HS- 59°] A3}
sl Alg Z713o RREZF 500, 1000 pg/mL 27FE 73-$- wt
< 3¢ $5E AGEs® —7Pg°1 9SS o F UL vkE S

% AGEs A4 A4S & éJJr(Fig. 2) 10mM¢] AG
7} 60% F% AGEs A4S %*xﬂ 5}9,12:4, RRE= 100, 500,

e
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Fig. 3. Fluorescent microscope images of adhesion of THP-1 cells
to HUVEC stimulated with glycer-AGEs (top) and the effect of
RRE to adhesion (bottom). HUVEC stimulated with 100 pg/mL
BSA (A) 100 pg/mL glycer-AGEs (B), 100 pg/mL glycer-AGEs+
100 pg/mL. RRE (C), 100 pg/mL glycer-AGEs+500 pg/mL RRE
(D) to the adhesion assay. **: p<0.001, significantly different from
only glycer-AGEs treated group.

1000 ug/mL2] FEollA zkz) 21, 38, 56%2] % 9FH2 A3
A& BT

M= =4 &l
MTT(3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide)
L ollE AlEL nEFCgold] EAske A &
2ol o8] =AMl MTT7F B&tA9] formazans FAda}
AL FHEE FHse WRolth30). B8799 formazan A
2 Aolgle Al nEZE=gor o] &4 H=E Sk
2 AE 540 UL AT Hasta, e FXNZE AP
7Fehe FHIE Hole AS & 4 AUth MTT assays 53
HUVECHIAM S in viro M2 54 S48 £ AzdolE A=
RRE 1000 pg/mL X 2]ollA] AEE0] 32%, 500 pg/mL 2]+
X 94%°] ME AEES B3t webs RRES ST
2A%, @+ 2 2 transendothelial electrical resistance

o]l 2 ok rfr y Jy
_l

2

120
_ 1o
E
(5]
]
& o100+
w
=
lj[j L
-

Control Glycer-AGE 100 500
RRE (p g/mL)

Fig. 4. Effects of transendothelial permeability measured by
TEER (transendothelial electrical resistance). The effect of
glycer-AGEs on TEER was measured by EVOM (epithelial
voltohmmeteron) apical chamber of a 12-well transwell system.
HUVEC was seeded 3x10° cells per inset on gelatin coated apical
chamber in the 12 transwell system. After monolayer confluence
achieved, HUVEC was treated with 500 pg/mL and 100 pg/mL of
R. rugosa roots extract and 100 pg/mL of glycer-AGEs. The TEER
was measured after 24 hours. Measurements were taken on triplicate
and data are expressed as relative percentage of control. Values are
meantstandard deviation of three replicate experiments. **: p<
0.001, significantly different from only glycer-AGEs treated group.
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