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Abstract

The inhibitory effects of rose hip (Rosa canina 1L.) water extracts from two different manufactures on osteo-
arthritis was comparatively investigated in primary cultures of rat cartilage cells. To identify the effects of rose
hip extracts against H>O: (300 uM, 2 hr) treatment, cell survival was measured by the 3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay. Cell survival increased by rose hip extracts in the range
of 100 to 600 pg/mL of H20: treatment. To determine the anti-inflammatory effects of rose hip extracts, tumor
necrosis factor alpha (TNF-a), nitric oxide (NO), and Cox-2 expression were measured after lipopolysaccharide
(LPS) activation. TNF-a level with rose hip extract treatment was decreased by 27.4% and 31.9% at 600 pg/mL
of H»0: treatment. Nitric oxide was inhibited by rose hip extract at 100~600 pg/mL of H»O: treatment in a
dose—dependent manner. In addition, Cox-2 protein expression was dose—-dependently decreased while Cox-1
had no change in expression level. The severity of osteoarthritis is controlled by a balance between anabolic
and catobolic factors in an articulation, therefore the expression of these factors plays a critical role in preventing
osteoarthritis. In measuring anabolic factors, the genetic expression of collagen type I increased with rose hip
treatment, while the genetic expression of collagen II did not change. In addition, the genetic expression of
aggrecan (proteoglycan core protein) was significantly increased. while the genetic expression of matrix metal-
loproteinase (MMP) 3, 7 and 13, known catabolic factors, was significantly inhibited by treatment with rose hip
extract. The expression of MMP13 was especially highly influenced. In conclusion, rose hip water extracts show
inhibitory effects on cell death by H202 mediated oxidative stress, which is related to inhibitory effects on in-
flammation due to TNF-a, NO, and Cox-2. The ability of rose hip extracts to ameliorate inflammation in primary
cultures of cartilage cells seems to associate with an increased genetic expression of specific anabolic factors,
collagen type I and aggrecan, and a decreased expression of catabolic factors, MMPs (3, 7, and 13). However,
there were no significant differences between rose hip extracts from the two manufacturers.
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xx3d 223 —E'r“é—% Z}Z} Hyben Vital Aps(Tulle-
bolle, Denmark)$} A& (Los Angeles, Chile) 2 %8 +34 ¥
AEE (PHELAAN SN 225 AFL FFwol
Agetan. 223 #9210 g2 150 FHTN ¥ &R
R4 100°C, 5417 B FET T S H7INA 5

3t TANE ¢ F AP AHE Tk 4~65F € Spra-
gue-Dawley rat2 (F)T L= E(Seou) ZHH TF+H 3}
A A Erje] "3 FBS, DMEM, penicillin/strep-
tomycin 52 Hyclone Laboratories(Logan, UT, USA)Z %
B 743 2.H nitric oxide(NO) S-S 93t Griess re-
agent= Sigma-Aldrich(St. Louis, MO, USA)Z %5, Cox—
19} Cox-2 &A= Cell Signaling(Danvers, MA, USA)S. 2

e Fsted AT

=AMzo| Ea2| 3 b
T AFHE A A TEL 4655 F

= 9] male Sprague-Dawley rat& A& 3t 70%
©

2 998 a5 408 ¥ $EAZS 23 mm
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A 712 AFHIFF L AFH 3 AZZ 2L phosphate buf-
fer saline(Hyclone Laboratories) & oA H 33} clean
bench®Z &Zth. 0.1% EDTA-CDMF(Sigma-Aldrich) &
ool 30%4 23] incubation*] 7] 2L(37°C, 5% COs), 0.25%
trypsin®. 2 1A] 7} incubation(37°C, 5% CO2)3F9t}. 2 mg/
mL collagenase type I(Sigma-Aldrich)S % 7}3}e] shaker
o 120 rpm & 12413+ E<F A2 st At o] FA siA Lo
A ME FFH2 100 ym pore size cell strainer(BD Falcon,
Flanklin lakes, NJ, USA)ell o343+ 3 1600 rpmeE 10%
F SR sty YR F MEE Hank's balanced salt
solution(Hyclone Laboratories) 2.2 33] A 23 & AF A
XS R #2E AFAEE 10% FBS9 DMEMe]
1% penicillin-streptomycin@} 1% L-glutamine(Hyclone
Laboratories) 23 0.1% gentamycin(Gibco Grand
Island, NY, USA)& F7}sted 75T flaskell ¥ 37°C, 5%
COzol 221 3fol| A vl F3tATt. o)W 2~3Y el s M4 wX]
& ZolFa ¢F 4~590f AstH o M ES passages
5 o]3t= AM&-3Att

Cell viability &8

A FENAM 23 AZFHEZE 96 well platedl] 5x 107
cells/welle] =2 10% FBSE #7Fst DMEM Hj| &Y
EFste] 12413F St M & 227 dFFEES
A, FEEE AEete] 24X HEZAR) B 2417
(H,0; A2l & AZAYAY) & wjdatdnt. 3-(4,5-
Methylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
(MTT) AleFS 20 uL A 2lsked Ho 3A17F 37°C incubator
AN vl FE £ wiA e MTT AlekS Al A3k, DMSO Al F
200 uLE 718l 560 nmoll 4] ELISA reader(VERSAM-
AXSL-20, Molecular Devices, Sunnyvale, CA, USA)E 9]
g3t ZHai9om 359 SHo2 20 e B
RELAE AU

ELISA 2Hof| 2fst Alo|EFtel &H

Proinflammatory cytokin®] s}l TNF-a2] &8 &<l
S 93 HAFEA B3 AZAEE 96 well plate©l
5x10° cells/well®] F=Z 10% FBSE 47+ DMEM Hj %
Hof| FF3le] 1247F 3k PRSI & 22Y EF F=
=& A F=¥EE X835} lipopolysaccharide(Sigma-
Aldrich) 50 pg/mL &3l 24A17F vjF Fol] A5 S
A TNF-aE Z3339 . TNF-a =45 98] R&D Sys-
tems<] rat TNF-o/TNFSF1A DuoSet ELISA kit(Minne-
apolis, MN, USA)& ©]&3}e] R&D Systems®] general
ELISA protocold we}A ELISA reader(Molecular De-
vices)E ©]&3te] 43t ATh

Rea-time polymerase chain reactionofl 2|t FEAL

AP EEqA 23 AZFHEIE 6 well platedl] 5x 10°
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Table 1. Primer set sequence used for Real-Time PCR
Sequence name Forward sequence Reverse sequence NCBI

reference

Collagen type I GAG CGG AGA GTA CTG GAT CGA CTG ACC TGT CTC CAT GTT GCA BC133728
Collagen type I GCA ACA GCA GGT TCA CGT ACA TCG GTA CTC GAT GAT GGT CTT G 148440
GAPDH TGG CCT CCA AGG AGT AAG AAA C CAG CAA CTG AGG GCC TCT CT BCO087743.1
MMP-3 GAG TGT GGA TTC TGC CAT TGA G TTA TGT CAG CCT CTC CTT CAG AGA NM_133523.1
MMP-13 ACG TTC AAG GAA TCC AGT CTC TCT GGA TAG GGC TGG GTC ACA CTT NM_133530.1
MMP-7 ACT CTA GGC CAT GCC TTT GC CCA TCC GTC CAG TAC TCA TCC T NM_012864.2

cells/well®] T % 10% FBSE A 7}3 DMEM Hjj okl o) blocking reagent, 5% skim milk)®ll soaking 3+ & U=}t

ol
ko] 12412 &9t AN & AAE 223 EF
FEEES H0:9 A ASAHEo 2412 &< A2 &
0.25% trypsin~fEDTAZ A ELZE $3 3] RNeasy ex-
traction kit(QIAGEN, Maryland, MD, USA)Z | ZA}9]
manual®l @2} total RNAES FZ3131 cDNAS] A4S 3]
iScript Select ¢cDNA Synthesis kit(BIO-RAD, Hercules,
CA, USA)E o] 8314 5 g9l total RNA®Y 5xiScript Sel-
ect reaction mixE 4 pL, Oligo(dT) primer set 2 uL(Table
1), RNA sample 5 pL, nuclease-free water 8 pL& 27+
Y31 wpx] ko) {Script reverse transcriptase 1 pLE ¥ o]
pipetZ up&down 3} ‘EF’—-Er Ao} F ATt 42°Col A 60E,
85°Coll 4 5&3t BE-eA1Z & 4% cDNAE PCR vl
AFE-3F99 ) Rael-Time PCR A% Al AF&-3F 7|Al= Step
One Real-Time PCR system(Applied Biosystems, Foster
City, CA, USA)°]1 iQ SYBR Green Supermix(BIO-RAD)
2 AF 9 protocolol] wet §ES-3FTH PCRES 918 &3
FHF 5%+ ¢cDNA 2 pL(10~100 ng), 2X iQ SYBR Green
Supermix 10 pL, forward&reverse primer 2+ 1 pL(250
nM), H:0 7 uL7} =5 h3lth. 95°Col A 1023t hot start
Sk & 95°Col| A 16%7F, 55°CollA] 16%, 72°Cell A 30%7F 40
cycling®. 2 PCRS 33t & npxg o & 95°Col| A 15%,
60°Col A 1%, 95°C 15% 7} polishing step2 A * PCR &4
& A3t

Nitric oxide(NO)2| =X

NO9 =4 Promega NO assay kit(Madison, WI,
USA)Z 33t em A4 E nitrite= 550 nmol|A] &7 3}
Aot

Western blot analysis

Cox-1%} Cox-29] TS @ FFoA] &1s}7] Y3l
223 FEE2 AlE A2l F 0.25% trypsin-EDTAZ

MEE F2 =33l RIPA lysis bufferE ©]-83}4] total
proteing #Z3} Bradford methodol whet grlaS ek
3. Western blotg2 93} biotinylated molecular
weight standard marker2} $7 SDS-PAGE A 7|95
o]-g3tod 1A17F Bt
introcellulose membrane® 2 blotdlAt}. Blot® mem-
brane< blocking buffer(1 x TBS, 0.1% tween-20 with

383}l electroblotting apparatus=

Z 4°Col A A wH-5-A1Z ok Membrane2 HRP7} $34
o &g o 12083 ¥H&AIZ F Al H g b5 chemilumi-
nescent detection system(Phototope-HRP western blot
detection kit, New England Biolab, Beverly, MA, USA)<
o] &3t dd3tATt

SAHAz|

EE AP 33 jkE AAlEd o Aol A= SPSS
12.0 software(IBM, Armonk, NY, USA)Z o] &3} §2 3
Zpol & EQlst & a3 EAAF #94ES Duncan's
multiple range testE 3391 F 1E 7+ xpol& Stu-
dent’s t-testE o]-&3te] A3t o™ 5% ool A FA
A frods Fo3t A th(p<0.05).

MTTOl| ofst &Y MY =Ee Y

Primary culture® AZF A X0 3 223 FEE9] F
Ao 2 AA387] 98 MTT assay=S +3stgch w2k
I} del3A 223 FE2E9 MIEEAL GAE HEHS
Bl = 800 pg/mL o] F TEA F4& e 7]
ZFsle] 1,000 pg/mLe FxolAE 73.0+10.9%%}F 753+
6.2%5 YelN O] 247t oF 27%9} 24.7% 9] NEAYEES 7
2N A (Fig. 1). =3+ 800 pg/mLe) sl SA 2 f2
AL YA GFRA T AZEEEC] ALHOR A4S
= AFS BV Ee B} ke AFS $3) 600 pg/
mL °]3}9] FEA AE3H7]E 3T

{ Sdof thet M=ZANE AX gt
| 3t in vitro A2 LPS & HOE
o] iAo g I A ATHE). =HHEH
83HA AAAE H2 AdSAEY AIEY
a8 9
FARAT A EAE S
-] ] 7(47(4“61— 7-]o§ il
7}, HyO2 300 uMell Al 2A]2F
o A 50~68% AT AbES e}
(data not shown). WE}A] o] &3k
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Fig. 1. Cell viability of primary cultured rat cartilage cells,
determined by MTT reagent, with treatment of Rosa canina
L. extract at various concentrations. (A) Extract by Chile
manufacture, (B) Extract by Denmark manufacture. Significant
differences were determined by Duncan’s multiple range test at
p<0.05.
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SAEZAE dAEHTT EPSGAR sEEHQ Ae
VERA] ekkthFig. 2). o2l Adte Ayl 223 F&
o] A EZAFE A &37) 100~600 pg/mL B el =
z3t8 Aoz AZEH 3FF 100 ug/mL ©|5e] FE A
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Fig. 2. Effect of Rosa canina L. extract on cell survival against
300 uM H20: treatment. Significant differences were determined
by Duncan’s multiple range test and Student’s t-test between
the manufactures at p<0.05.

ug/mLA FEAA froHez AFAHEANE
2 Uehdth(Fig. 2). Aeatg dnp=t
F Zt9] vlao A= 100 pg/mL} 300 pg/

mL o4 %94% Aol 2 RAA 600 yg/ml. 5 Eo
HE Fol2 Aol g ehhA 2k ol RAe S o)
ANE F b 22 FEEC B3} BLsH ehte
A& PlsY $F FELY Tt YR A Yol
AYFEE AR5 Aol T2 QA7 B PASHE A
oz oz

Aol EAGle AZAA BHlsE £84 Buldn 57
AE 2] o8] WEE Hrokt TRHA T ALl
o8} GFE WO Wk i Fot 1 A WA=
Aol EFlele] BulHE AR AELER FRHE 542

ZEA AL Aok #E el oA interleukin(IL)-1, tumor ne-
crosis factor(TNF)-a, [L-172 A A E X2 2] o]3}z&
o 4as FE AIETRICE d#H A JQTH7). ¥ trans-
forming growth factor(TGF)-B¢} insulin-like growth fac—
tor(IGF) = dE3MEZZ ] AAo| THE Ale] EFIQIe|th
IL-18 AZAEZRZ L o3 xgo FEHEWMEHas
(metalloproteinase, MMP) 2] HL?ﬂ—E— =3}l serum TGF-
B7t AMEE FHANIIES ste As W@ 53
AHE oA d=AE 7]'IL 1 F&AE 20) o] st
© 54| e olF Tl IL-12 A=A #HH col-
lagen type II¢} proteoglycan® A4S A &3ttt TNF-a=
AZ M ZAA IL-17 Hl5=$ 98-8 3k IL-10] 934
TNF-a &A1 7F A A28 B A El A LE
= Aoz &&HA ATH).

At ok 1097 d5d TFHEE TNF-a] 9 dis) 3
HAs A AFHAA gk i dF59E2 Cox-2,
inducible nitric oxide((NOS)¢} IL-18, IL-6, TNF-a 59
Q= oul xlo]EFIole] BAE Aoz AdeA gtk A A
d SHAA AFHEL t7) LPSE T3l o|Foix=d 1
%/‘ézﬂr 29 F4ol+= nuclear factor kBINF-xB)7} 212

3 ok 4 LPS 8A& 53 dad 438 25
inhibitor kB(I-kB) kinase(IKK)E %3] [-kBE <143} A]
Ao Z NF-kBE 43} A7) Aoz 253 9150,
11). =3 2A3l8 NF-xBe o2 o]Ase TNF-uZ
A 7= o]F2A AAdE TNF-a= YAl NF-kBE A&
Asl A7 iH 0]%Q01 iNOS ¢} Cox—25 #3380z A
ste] AFNHSE THEsA Tl Ao R A At whebA
TNF-a®] # % é?'i Agzde %ﬂ%‘i%a Zd3e T8

A7} 5

Okb >\1



In vitro AE R DA YA wE

(A) 900
800

O Chile LPS (50 pg/mL)
Denmark ‘

700

b
600 - b
500 4 c
¢ ¢ c
400
300 +
200 1
100 1
a a
0 4
N 0 300 600

Concentration (ug/mL)

(B) 1000
900 1 LPS (50 ug/mL)
800 1 B Denmark ‘
700 A
600 -
500 -
400 A
300 4

a
a a
p b r‘
C
c
& ﬂ\
NIl B

N 0 100 300 600

O Chile

200
100 A

Concentration (ug/mL)

© A B
N 0 300 600 300 600 (ng/mL)

Fig. 3. Inhibitory effect of Kosa canina L. extract on TNF-q,
NO, and Cox-2 expression. (A) TNF-a, (B) NO, (C) Cox-2.
Significant differences were determined by Duncan’s multiple
range test at p<0.05.

$4th(data not shown). ©]Z ulgro 2 A4tz dinp=
223 FE2EY TNF-o A4 dAEHE A 2=, 7z
Z} 300 pg/mL(27.4%, 30.2%)<}F 600 pg/mL(31.7%, 31.9%)
FEAA BT FH A4S YER ATH(Fig. 3A). §HA]
7 At divfast 223 F2E 2§ 79 vl /o]
A Y38 2ol HolA Fsith
NOS9| & AAAHo =z FAH NOE 2
Al FQa3k o—ﬂli:%% st e 5 AYPxRdd F
ATH12). 3HA%F LPS$F TNF-a 59
3 A 1NOS7} AAdE A§ =3 NO9 A4
IS AZESHA " =3 NO= H
o] Ao oA BAe] P S AFTAHE F7
Ny R EE TNF-a9}t IL-B7F &8l #
AL F7MA71H AT A E 2] apoptosis(programmed
kiRt

r
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(e}

-

goh(13). # APdA e F F/HY

300 pg/mL2}F 600 ug/mLoll X FEo &
A&7 Yebster 53] 600 pg/mLellA
ol = F2l4d o] Uehstth(Fig. 3B).
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Prostaglandm E2(PGEy) XS X135ty
7]+ Cox B4+ Cox-13 Cox-29] F71A
th(14,15). Cox-1& A& o2 dHF Y=o} o8 F
9] prostaglandin®] 3ol Tejsle] dAFo] Ak S
v, A%-Ea ol #oste ¥, Cox—29] A5= T

Meodu ool

g

a9l LPS 59 9F Q1A o3l dAH o2 FE5 o] A4
ol g=o BAE Ao E LdHA Ut B A=
AZZAM L LPSE AT & F /Y 223 FE25
S A 24, Cox-19 TdL2 & H3lE Holx gh2
H, Cox-29] ¥&d-& 300 ug/mLe} 600 pg/mLol A Fxol&
Al HAE Bl Ao =2 I ATHFig. 30). ol&g A=
5 E7Y 223 FE2E EF Cox2 9AE 53 g5
dE Aojste S vz gk

AME 229 A, 884 A48&& FAA 7=
5} 2}-8-(anabolism)# ©] 3}2}-&-(catabolism)
o o3 o2 IAHETE TG BAstE AL
s aEa =2 A (tissue inhibi-
tors of metalloproteinases, TIMPs), aggrecans ¥E3Fsl=
proteoglycan 5°] T E = ¥, o]g g0l g5 TR
3l &4~ (MMP), nitric oxide(NO), TNF-q, collagenase, ag-
grecanase 5 ©| 3]G HT.
B Ao M 5528 QxEA 8213 collagen type [&
SAE R ol gl dRkA o2 QA A EANA THF Hol
51_3}1 = e o]H collagen type I JZFx2 oz
50%% A5k o Ao & 3l
F % < 85~90%% A saL
collagen type 13} 119] 44L&
@ ‘ﬂx}ﬂ =i A

LIM4 A= T°r° 291 collagen type I F721¢]

A7 Aoz ERIEHFig. 4A). F T/ =
< A2s 27 100~200 pg/mLolM = 73
el A ¢k& 9t 600 pg/mLe] sxollA AL
94 Fo2 FoH2l F7HE YER Aol ﬁo]ﬂ
olldgen type II F3A &3] H9 223 F

To e} Skl A2 EIAT TAA Tr-4
ghel 5] x] ¢k} (Fig. 4B). o838t A3+ HZE colla-
gen type [o] 718kt sty ete AFZ 2 o) A= collagen
type IV} i 7-&E-& A8t vke S 7 o colla-
gen g/ﬂoi o]z; 34%@_% :Ujr ] ELZ] o}& 74_o_§ /\g
ZtHEth Aggrecane XA A HRHoE FAHHE
proteoglycan core protein®] 3}u}ZA] aggregation, hyalur-
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Fig. 4. Effect of Rosa canina 1.. on genetic expression of ana—
bolic factors in primary cultured cells. (A) Type I collagen,
(B) Type II collagen, (C) Aggrecan. Significant differences were
determined by Duncan’s multiple range test at p<0.05.

A ATH16-20). ¥ AFAA HOE At & F T/
223 FE2ES A3t aggrecan F-AA1e] 2HS =3
g 23, 100~600 pg/mL HelolA FefHom 73 2E
A+ AN 53] 600 pg/mLAlA HO, A 2]tol] Hlsh
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