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Osteoarthritis (OA) is an inflammatory disease due to wear caused by the continuous use of cartilage. Although many
drugs for treating OA are being studied, they have side effects, such as digestive disorders and cardiovascular dis-
eases. Glucosamine, a drug derived from natural products, is known to be less effective. Therefore, the marine organ-
ism, Sargassum fulvellum, was studied to determine whether it contains substances with a chondroprotective effect
on the inflammatory response of chondrocytes induced by interleukin-1f3 (IL-1B). A 30% ethanol extract of S. fulvel-
Ium (SF30%EtOH) has therapeutic and few side effects. We first confirmed the presence of nitric oxide (NO) and
the expression of inducible nitric oxide synthase (iINOS), which is expressed during inflammatory reactions. We then
examined the expression of collagen type II, which is the main component of the extracellular matrix and cartilage.
Finally, the expression of extracellular matrix degrading enzymes, MMPs and ADAMTS-4 and -5, was confirmed.
The results showed that SF30%EtOH reduced the expression levels of NO, iNOS, MMPs, and ADAMT-4 and -5, and
increased the expression level of collagen type Il in chondrocytes induced with IL-1B. Therefore, SF30%EtOH has
a chondroprotective effect against inflammation, indicating its potential use for the prevention and treatment of OA.
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E|3)4d 4 A (osteoarthritis, OA)= Al Aol A 7} &3t F-
5 Ao, @ 7|7k ARg-sto] Aol nhiE]o] A7
t}. ol 7§ 353 vHAR] ArtE S 9 A7EaS wiAY
20 7]%50] 244%]9)7] BEo]th(Lories and Luyten, 2011).
o] A2 F& 604 o2l o] EAZoA LER, 10%
= 9A 18%7) oJAdo]th(Glyn-Jones et al., 2015). OAE= =
7lol A& &4 Al 0|3HAHE- Sl Atol ETIRITF AE9 7] H S
B T TS ST, AR Afo]=7hele
interleukin 1 beta (IL-1B)°]™, o]+= ¢I& ECM (extracellular

matrix)E 2all5H= 2491 iINOS, MMPs (matrix metallopro-
teinases), ADAMTS (a disintegrin and metalloproteinase with
thrombospondin motifs)-4, ADAMTS-52] &&l-& 5714 71T}
(Goldring, 2000; Gu et al., 2017). £3], MMPs2} ADAMTS
49t 5= =9 BN 715 = Welishs AaolthMehana et
al,, 2019). &3k, 9] Wolef o vh-g-of #osl+= nitric ox-
ide NO)9] =A== IL-1Bo] ¢J3f S7Fstc(Korhonen et al.,
2005). o] miizo] A& #H e A= ECME] F+ 48
491 proteoglycans aggrecan} collagen type 17} <A T}
(Poole et al., 2002). 0|2} THH ADAMTS-42} -5 proteinases
= A ghof A Holle™ OA9fA o] proteoglycan
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aggrecan< 3| 3FCH(Verma and Dalal, 2011). =3}, IL-1p+&
H5S U oA intracellular signalling®]] FaF-S 57| =4 o]
+= mitogen-activated protein kinase (MAPK) pathway©l] %&F
S u]2lt}, C-JUN N-terminal kinases (JNKs)2} p38 MAPKSs
= 8% AST AlZ 2B 20 ofsf ZFohA] D/dSHE AL ex-
tracellularly regulated kinases (ERKs)= & t] & 42 =1}t
APl E7|Qlo] kS Rl=rl(Saklatvala, 2007; Kyriakis and
Avruch, 2012). OA= 1ol Q17| SHAIRE F2-8-3} LAY
= doptet EHE, 11ES L H[ A om Fgo| Hu,
&0l 227k BRs| ) 7)o v]e] wAsky A2
SRz o] S FRsick of A= MR ol Algo] U
= A Q) eFE 2 & acetaminopheny} =AH|20]E oF
E(nonsteroidal antiinflammatory drugs, NSAIDs)©] Qltt. 3F
Ak 717 BgA] ABTAT, 9% % Y GojE 20|
= 59 F28-0] 3t Goodrich and Nixon, 2006). ©] o+
of HAE 7|9kt OA X & oFE-& Aok Zlo] Zagd, A
e FoFEET 280l Al F4go ot HAE 7]
Hkslo] OA A =28l A Q] 2F=0] glucosamine¥} methyl
sulfonyl methane©] AT OA FAF &3} G 3ol o] %3] <
Fo] A|7] =i 3IthGoodrich and Nixon, 2006). ©] &4 5 3f
A3k7] J) SRR TS 21 SRk 1 ol f HE
Foll+= g4ksKZhong et al., 2019) 37} £ mycosporine-
glycine (Dunlap, 1995)3} carotinoids (Krinsky, 1991)7} &5
shal FAF, ksl ekl A Sl w5 o
SkaL Qlek E3 s F AEolA vt A fakEel
Aol e A A B2 Aol AREE AL Qlth(Lauritano and
Adrianna lanora, 2016; Liu et al., 2020). -2 325 S0l A]
E3| AWK Sargassum fulvellum) oFAlo} Q] YA
FiL Qe A= thgo] ghpdhaa) 4wko) AR gt
It} =3t 3ok (Bae, 2004), FAFHKim et al., 2007),
(Kang et al., 2007), -0] 9.2, 1135}0F0] B2 H|w7] 7|
2h] S0 Aol w ALgE T QIrHLiu et al, 2020). 0|4
AR de] ARl Aw RAoz o gHl glow, 4
2|3k whshe}, s R gtk ool tiek A& 7Fe A A
d gi7]ofl mapgto] g ol tiet a5 o] eAle ¢
g g s},
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o] 3 dAzAl=E el IL-1B (10 ngmL)yE ol
a1 24X|7E, 37°C, 5% CO, incubator®]] HjFAIZ T}, 0|5 E-3l
WA 4 30% FEE0] A& B3 A7) QA dopl
7] $13 €% 3 <IAkRl NO, iNOS2| ¥Hel#S 7+ ELISA
(enzyme-linked immunosorbent assay)2} Western blot2- 5]
ek, A g Q1291 MMPs, ADAMTS-4¢} -5 712
1 MAPK signaling £3 8Hol5}¢i ).

o] A&7} A& Al /o] Sl=A Eelskr] fIsh AR
H AJek2 N-(1-naphthyl) ethylenediamine dihydrochloride,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) (Sigma-Aldrich Co., Ltd., St. Louis, MO, USA) A&
2 ARSI AL E5 S 993 IL-1B (ProSpec Protein Spe-
cialists Co., Ltd., Rehovot, Israel), g1 A|3E v} 9131 Hj
Z]¢1 Dulbecco’s modified Eagle’s medium/Nutrient mixture
F-12 (DMEM/F12)$} penicillin-streptomycin solution (Wel-
Gene Co., Ltd., Daegu, Korea), Fetal bovine serum (FBS)
(ATLAS Biologicals Co., Ltd., Fort Collins, CO, USA) A}
23519t} Western blot2 3] 12}, 22} &4 MMP-13, AD-
AMTS-4, 18]31 iNOS (Abcam Co., Ltd., Cambridge, MA,
USA)E A5} 2L anti-o-tubulin (Thermo Fisher Scientific
Co., Ltd., Waltham, MA, USA), 212|122 MMP-1 (Lifespan
Biosciences Co., Ltd., Seattle, WA, USA), MMP-3, p-ERK,
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Fig 1. Effects of 30% ethanol extracts of Sargassum fulvellum
on rat primary chondrocyte viability. Chondrocytes were treated
with 30% ethanol extracts of S. fulvellum (250, 500, 1,000, 2,000
pg/mL) for 24 h, and cell viability was measured by MTT assay.
Chondrocytes were incubated without 30% ethanol extracts of S.
fulvellum. It was control group, which were considered 100% sur-
vival. Data are represented as mean+SD of three independent ex-
periments. N=5 per group. ***P<0.005 compared with the control

group.



L 2K Sargassum fulvellum) <&

ERK, p-JNK, JNK, p-p38, p38 (Cell Signaling Technology
Co., Ltd., Danvers, MA, USA)S A3t}
MIZ HHQS

2 Ao A AR A& Ml Z= 5YU T Sprague-Dawley rats
£ Damool Science (Daejeon, Korea)of| A 7-¢15}FaL Kim et al.
(2013)g Frarsto] 22519t AE-S DMEM/F12 i 2| of =

0.3% collagenase type IIo]| 211 37°C incubatord]] 315 =

u} BE 58 P W s UYL 52 Aolel 9193
ZRE $AEITHCIACUC2021-A0013). Z18]aL o] A2 E
cell strainer (0.45 um)= A& ¥ 37°C, 5% CO, incubator®]|
10% FBS2} 1% penicillin/streptomycin®] 513 °‘ = DMEM/
FI2v A2 2% 10°¢] AN|3ZE 6well plate (SPL Life Science
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Co., Ltd., Gyeonggi-do, Korea)oll Bi¥sl3ict. & Alxe=
90% = w712 BloFala . A sl Zok Al $14] ket

Mz =4 &3

RAE 2250 AEAMEe| tig =4 &3+= N-(1-naph-
thyl) ethylenediamine dihydrochloride, 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)E AR
skof 2Y5k3it). ol= Sigma-AldrichAte] Rl o2 Y5ttt
MTT assay+= Al29] HEES S5k WHORA Hokgl
= AlEof| = n|EFE=gol9] dehydrogenase”’} MTTZ ¢l
3}| dark blue formazan2 A= Yl o]-83tch

o|= Q3| ZF A|ZEFE 1 X 10° cells/well 2 Br=e11 HAJHE &
A 30% F=E< 0, 250, 500, 1,000, 2,000 ug/mL= 24A|7F
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Fig. 2. Inhibitory effects of 30% Ethanol Extracts of Sargassum fulvellum on IL-1B-induced NO, iNOS, TNF-a, and IL-6 in rat primary
chondrocytes. Chondrocytes were pre-treated with 30% Ethanol Extracts of S. fulvellum (10, 50, 100, 200 pg/mL) for 1 h, then IL-1f (10
ng/mL) was induced for inflammatory response for 24 h. A, NO production was measured in the cultured medium using a Griess reagent; B,
Protein expression levels of the iNOS, TNF-a, and IL-6 was examined using Western blot analysis. C-E, Quantitative data of B were ana-
lyzed using the ImageJ bundled with Java 1.8.0 172 software. a-Tubulin represented as an internal control. CTL, Control. N=5 per group.
Data are served as mean+SD of three independent experiments. ##P<0.005 vs. control group; **P<0.05, and ***P<0.005 compared with

the IL-1pB-treated group.
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Fig. 3. Inhibitory effect of 30% ethanol extracts of Sargassum fulvellum on IL-1B-induced MMP-1, MMP-3, MMP-13, ADAMTS-4 and
ADAMTS-S in rat primary chondrocytes. Chondrocytes were pre-treated with 30% ethanol extracts of S. fulvellum (50, 100, 200 pg/mL)
for 1 h, then IL-1f (10 ng/mL) was induced for inflammatory response for 24 h. Protein expression levels of MMP-1, MMP-3, MMP-13,
ADAMTS-4 and ADAMTS-5 were determined using Western blot analysis. B-F, Quantitative data of A were analyzed using the ImageJ
bundled with Java 1.8.0 172 software. a-Tubulin represented as an internal control. N=5 per group. Data are served as mean+SD of three
independent experiments. ###P<0.005 vs. control group; *P<0.5, **P<0.05, and ***P<0.005 compared with the IL-1B-treated group.
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Fig. 4. Inhibitory effect of 30% ethanol extracts of Sargassum fulvellum on IL-1B-induced collagen type Il degradation in rat primary chon-
drocytes. Chondrocytes were pre-treated with 30% ethanol extracts of S. filvellum (50, 100, 200 pg/mL) for 1 h, then IL-1p (10 ng/mL)
was induced for inflammatory response for 24 h. Protein expression levels of collagen type Il were measured using Western blot analysis.
o-Tubulin represented as an internal control. B, Quantitative data of (A) were analyzed using the ImageJ bundled with Java 1.8.0 172
software. N=5 per group. Data are represented as mean+SD of three independent experiments. ###P<0.005 vs. control group; ***P<0.005

compared with the IL-1p-treated group.
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22HE 24 30% F=E(50, 100, 200 ug/mL)S A
szof| 1A17F H2jat & IL-1B (10 ng/mL)S A7 A 244]7F
37°C, 5% CO, incubator®] Hj 3Tt NO AY/dE-2 AL wljoF
910 NO7} 2L 22 5]l =7] Z745H= 20| ek, # k(100
uL)2} Griess reagent (5% phosphoric acid®]] 31 1% sulfa-
nilamide®} H O°]l %<1 0.1% o-naphthylamide)& 41> th=
microplate reader (Epoch BioTek Instruments Inc., Winooski,
VT, USA)E ©]-6-3to] 540 nmof|A| S45H3{.

Western blotting 241

LRHE 24 30% F25(50, 100, 200 pg/mL)S AEA|
o]l 1A7F A 23t 2 IL-1B (10 ng/mL)Z H7FsfA] 24417
37°C, 5% CO, incubatore]] ¥i%¥3ct. 7L th5 1X phosphate-
buffered saline = A| a1 thil 28 3 2317] 9}5}o] PRO-
PREP protein extraction solution (iNtRON Biotechnology,
Seongnam, Korea)Z ©]-8-5Fo] 5ol A 304 ¢k F3ich 1
% 14,000 g= 4°ColA 1523t Y225 A3stalct. o
A A=FS 913l 4] bicinchoninic acid protein assay kit (Pierce,
Rockford, IL, USA)E ©]-&5}%t}. Lysate protein (10 pug)<
6, 8, 10, 12% sodium dodecyl sulfate polyacrylamide A= £
2lalal Aef = TAS: polyvinylidene difluoride mem-
brane (Bio-Rad Laboratories, Hercules, CA, USA)Z &7+
¢lt}. 71 & o] membrane 0.1% Tween 20 (TBST)7} 225+
Tris-buffered saline®]] 5% bovine serum albumins- <1 -&-H
o & AFLof| A 147t blocking S 3J3F3ich 11 ok 12 FAIE

1:1,0000.2 3}524F =2F 4°Col| H2| 8}tk ©] membranes=
TBST= 3% Al 23}aL 22 FAIE 1:10,0000-2 =20 4] 14]
7 2k Wie 3FelS 913l A] chemiluminescence kit (Mil-
lipore, Bedford, MA, USA)E A &]s|al A1 2}s) 517] 93l Mi-
croChemi 4.2 imager (DNR Bioimaging Systems, Jerusalem,
Israel) & AE-51S T

A =4

Y223 2 A R 25 E dL S A58 standard devia-
tion Z+o|™ GraphPad Prism 5.0 software (GraphPad Software
Inc., San Diego, CA, USA)Z Dunnett test?] one-way analysis
of variance (ANOVA)E ol&3f0] 2148 A%l o} 57
99418 controld} B| 151912 W] ##P<0.005% F 7|50
o IL-182} B2 3}3-S wl= *P<0.5, **P<0.05, ***P<0.005
EEET

Znt W o

DXt HZ =M ZF(Cell viability)

B 30% 2EE0] AT A2 g B4 AE B
7] Q1)) Al 3ol AR =4 30% FEE2-2 0, 250, 500, 1,000,
2,000 pg/mLE 2441t 5k 37°C, 5% CO, incubatorof] Bl %
al3 A B4 S5k 7 AT 1,000 pug/mL7kA = Al
T EA o] ZelE]x] AT 2,000 ug/mLoj A= EAjo] Bhel
= 9Ick(Fig. 1).
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Fig. 5. Effects of 30% ethanol extracts of Sargassum fulvellum on IL-1B-induced phosphorylation of MAPKs in rat primary chondrocytes.
Chondrocytes were pre-treated with 30% Ethanol Extracts of S. fulvellum (50, 100, 200 pg/mL) for 1 h, then IL-1B (10 ng/mL) was induced
for inflammatory response for 24 h. Protein expression levels of phosphorylation of MAPKs (ERK, JNK, and p38) were measured using
Western blot analysis. ERK, Extracellular signal-regulated kinase; JNK, c-Jun N-terminal kinase. B-D, Quantitative data of A were analyzed
using the ImageJ bundled with Java 1.8.0 172 software. N=5 per group. Data are represented as mean+SD of three independent experi-
ments. ##P<0.005 vs. control group; ***P<0.005 compared with the IL-1p-treated group.
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o 4 NO ool Z7k5te1n mARE 7 30% -&8-2 ol 4| -
2]3F Lo A H2let TrE v} HopAsE NO ko] 7hashs A5 2 QIZ=E2%] NO= MMPset ADAMTSA4, -5¢F &
73S VERY QTh(Fig. 2A). E3F, western blotS F3f 1 < matrix-degrading enzyme®| &S A7tk MMPse}
oAl G 7 QIAFS] INOS Q] W oFo] IL-187F 2] 2] 3k ADAMTS-4, -5 proteoglycan molecule aggrecant} ECM
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AN Sargassum fulvellum) 74 30% F+2&59 SRS a7} 873

£ 1} 5h= a40]th(Verma and Dalal, 2011; Mehana et al.,
2019). 122 IL-1p0]| 98 = A5 vhe-ofl AR =74
30% F5=9 852 OAoA FEHZ 4TS 5F= MMP-
1,-3,-1337 ADAMTS-4,-59] W& oFS- Zaf| 2 At IL-1B
Tk 2] 23t wtofl A= MMPs@F ADAMTSs O] el o] o7
T A Y] SFA] g2 Fholl Blsf qkom HARE A 30% S5
= T At FollA= w7t wobd s WE o] WolA]
£ 28 & 5= A Ith(Fig. 3A-3F). o] A7 mApk 37 30% 3
=&9] [L-1B2 3l f-2% 9% vh5-ol A matrix-degrading
enzyme®] &G ool A7} QS AlAFRITE

DXL |L-1B0l| 2lsh SB0| Lot HAZ MIZofl A2
collagen type Il &8 &3

Collagen type II= cartilage extracellular matrix2] & 54
R4 shpoltt. A, IL-1B7F A 2] Eof FFo] Lo o
= Alaze]] ZARE =74 30% FF=©] collagen type 119} 2
ool ol FFL v AR ZAToRA 1 EHE L 4 3
oh IL-1pek 2] 2] ol A<= collagen type 1] W& o] o4
&= A7) 3HA] o2 ol Wlsl AAIS] faekgl o HARE £
30% F=== gol ARt wtof A= IL-1B%F 2] 2|7k <o v]3]
75 tH(Fig. 4A, 4B). ©] A}, collagen type 1T RFE oF2] ¥
S A3 30% B0 IL-1o] o3 G50 Loft
A& Alzzof] A7} k= 2 & 4= Qo
LXHEEe |L-1B0i Qs FE0| Lot HE MIZ0i|l M2
MAPK signaling pathways &8 =3

o=

Mitogen-activated protein linase (MARK) pathways+—= &5
Aol ol sl E/d 3} HaL Al i F4], 23 AE, -3, ol o
3t Q3 9 sit}. INKse} p38, Extracellularly regulated
kinases (ERKs) MAPKs+= TNF-a1 IL-1p9} -2 F35 Aol
E7Rlo] ofal 7oAl B33} Hm Al AE# o) w3t
(Kim and Choi, 2010). 18] =& MAPK signaling pathwaysE
ol 5ol dofd A& Aol A4 30% FE=0] ©f
" G2 A=A GobE QI IL-187F A 2] ¥ o] d50] Yo
o AE Azl HARRE A 30% FEE A 2ol Ay}, 2.4
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