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Effects of Alginate on the Production of Type II Collagen in
Chondrocytes and on the Osteoarthritic Model of White Rabbits
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Abstract — This study was carried out to examine the in vitro effects of alginate (LVA) which is low viscosity alginic acid, on
collagen type Il synthesis of chondrocytes and the in vivo effect, orally administered, on cartilage degradation. Rabbit articular
chondrocytes were cultured in 35mm dishes and then LVA was treated. The effects of LVA of various viscosity
(86.5 cP(LVAL), 45.4 ¢cP(LVA2), 21.2 cP(LVA3) and 9.6 cP(LVA4)) and various concentration (50, 100, 200 pg/ml of LVA4)
on chondrocytes were determined by western blotting assay for the detection of collagen type 11 production. In western blotting
assay, collagen type II production in chondrocytes were 1.00 in control, 0.95 in LVAI, 1.41 in LVA2, 1.57 in LVA3 and 1.58
in LVA4. Collagen type II production of various concentration of LVA4 were 1.00 in control, 1.24 in 50 pg/ml of LVA4, 1.52
in 100 pg/ml of LVA4 and 1.86 in 200 pg/ml of LVA4. Osteoarthritis (OA) was induced in 24 rabbits by unilateral anterior cru-
ciate ligament transection (ACLT) and randomly divided into 6 groups. The experimental group was given oral administration
of 0.5 mlkg of saline(control), 12.5 mg/kg of LVA (A12.5), 25 mg/kg of LVA (A25), 50 mg/kg of LVA (A50), 75 mg/kg of
LVA (A75) and 20 mg/kg of aceclofenac (AC) for 6 weeks after ACLT. All knees were harvested at 6 weeks after surgery and
cartilage degradation was evaluated. Cartilage degradation in the control group was significantly more severe than that in the
A25, AS0 and A75 groups but AC group had no significant changes on the macroscopic grading scale.
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A GolR, AEFoT AHAS FUAE Evol S3E=
AT Fdste 9 S2HHQ HAE Fa LVAY 23
Aol gk X5 245 Hre] Bt o2 Qoo
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9.6 cP(LVA4)= S A& Aol A8-stirh.

In vitro study

QITMEH{F — 255 E7]o] FEdHA] AFE AF
3te], serum-free DMEM 1.6 mld)] 92 HE 942 3 1%
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gHe ¥ F EE & F HrFoE BAE Axd
T 55 1% tha incubatorel ¥RIT)

LVAO]| 2[8t Collagen type Il WalT LI} - wj3AF
A7} 93] 2k} dishe F-32l(control), LVA1, LVA2,
LVA3, LVA4Z V3L control o}F X2 & 314 ¥,
LVAX B S HE 86.5 cP(LVAL), 45.4 cP(LVA2),
21.2 cP(LVA3), 9.6 cP(LVA4)]] &714HE WiA] 1 mlZ LVA
100 pgel =& 7Hz A2stth. 37°C CO, incubatorl|A]
48A17F Wi 3 Z¥z}e] disholl A S As &3 179
F712 &8 ¥ anti-type II collagen antibody(Chemicon
international, CAYS- ARE-3t] western blotS A A], LVAd]
9] %k collagen type I12] D= Hrls] Bt} o714
collagen type 11| LA} 71} A Y& AES LVAS
Aesle] 22 dishll control, 50, 100, 200 pg/ml FEL]
LVA A EFo 2 o] TA] collagen type 18] LIS
B8] BTl western blottinge. 8 V& Aa= WZQ1
Z 273 (Quantity One, BIO-RAD, USA)S £3le wi=e]
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Table L. Grading of cartilage surface at femoral condyle for gross observation

Grade 1 (Normal)
Grade 2 (Minimal fibrillation)

Grade 3 (Overt fibrillation)
Grade 4 (Erosion or Ulceration)

Surface appears normal and does not retain any ink

Site appears normal before staining,
but retains the indian ink as elongated specks or light gray patches

The cartilage is velvety in appearance and retains ink as intense black patches

Loss of cartilage exposing the underlying bone

A7V FAZ eI

In vivo study

AE SE - AF 2.6~3.2kgd] A B BE7E =T
(control), LVA 12.5 mg/kg(A12.5), LVA 25 mg/kg(A25),
LVA 50 mg/kg(A50), LVA 75 mg/kg(A75), aceclofenac(®ll
oA, 249k 20 mgkg(AC) EZO = 11xo] 7 2
4R MRS AR IR 0E 258 S5, F
Fol ZEHE ARACA e 23 AlsE AHE
39tk EZlE 712 120 em, A2 180 cm =71¢] #Alojx]ol
Al 4mta ¥ ARSI e AM-5-S SHeS ST

SR

EY FEY - YA A dAEE FEE /i
=3}t atropineS 0.02 mg/kg T AL & 3 5
xylazine hydrochlorideE 3 mgkg <5FAF 3t 5
ketamine hydrochloride 50 mg/kgS &SFAF 3l vl
2 ¥ 22% g AR 10% FHE-g =3 <
ZE 4&5F F FERE WS 9RE FAsta 293
TGS AfEte AARIAE =AY 113 Beol=
2 AN QI E Al & A E9eE BEUE Al
e T 4-0 74 SR BEEH 2us ggEgst
I HRE 30 5T BIE EEEEsTh g8 s
10% FHE-g R0z 453 & 2 stk & &
A2t enrofloxacin(Bytril®, Bayer korea LTD., korea)
5mgkg & Fo5A} 3laL FEE AEFFA)

F0{ &Y - 2E £22 A7 T34} Control A
Y HTE 0.5 mlkg FASIH L, LVA T 73 ACES
Ztz}e] gl B0 TSt LVAE in vitro Aol
A1 type 1I collagen®] L&E7} 714 =& LVAE AME-819
T EE 72 T2 F UREHE 64 He @A ud
T Tt

HAL B - #2 3 674 EE E7|E xylazine
hydrochloride?} ketamine hydrochloride 2 w}3 A7l &
thiopental sodium& #t} T3l ¢rehi} A)7] 3 o 2=
5 #ERY AAEE 239 T Aske] gdEs 24
ZPA =E2AAT BEYY] F & A, eI HFe
WS 2 9 Y ey A fEsld HekE 7]
S35t EEY dFHW Hge oEY 34 u-9&

)IHEHENIO
2 4 44 Jo

o

A QF AERY HolE AUt YAE =X oA
49] U] HAZ Uro] A4S Raainr) 18 #dHol
Ao g Holn Y7t EX e AHE vehlY, 28
ol Ao Hoh} A X A A5 wbd )
2 2 A& Jehith 32 #dHe] $ERESY 9=
=X A A3 AL bk o] PG Aoy, 45 dZEE
o] =& Z1-& JEPITHTable I).
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In vitro study

LVAOI[ 2|8t Collagen type Il W& T — Western
blotting A3 T 282 control# E Tt} LVAX 2 9]
collagen type I19] FAT=T}F 5 2E & 4 AT LVA
o] Fx=H=E vwwate] BW LVAL®] 095, LVA27} 141,
LVA3°] 1.57, LVA47} 1.582 LVA49] #| 28 2tz 23
=7t 7V =4 UsketkFig. 1). 7P A3 2 LVA4S
o83t s AP E 50, 100, 200 pg/ml ) A] Zzt
1.24, 1.52, 1.862.2 X5 controldl ¥]3}4 collagen type II
o HHTrt Tk & o7 A3l o 200 ug/miolA
7H & HHEE HAtKFig. 2).

In vivo study

S AL At - el g Ay BHL 3

¥

control  LVAl LVAZ2 LVA3 LVA4
(100) (0.95) (1417 (1570 _ (158

Fig. 1. Effect of various viscosity of LVA on type II collagen
expression in articular chondrocytes.
*:Size of bands

LVA4
control 50ug/ml  100ug/ml  200zg/ml
(1.00) (1.24) (1.52)° (1.86)

Fig. 2. Effect of various concentration of LVA4 on type II
collagen expression in articular chondrocytes.
*.Size of bands
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Fig. 3. Gross evaluation of normal cartilage surface of femoral
condyle.

% o]} vl wste] F5o] gl dde] A A FAE
Wt Folo] ALt e AT oFo] BAE &ty ek7ke] A
A& 7Hich BHEAL wj e wEgs £ & o
glo] HEHE AF9 Zo] g BAtHFig. 3).

LEZE IS ZASYA Alet BES A= Add

qgg,] Oo]::q. ;gE_‘—_-_ 24 -»]—Zij_,] _,,].7‘%]1/1-0}10] UAﬂEtﬂ < <21‘t
7re) AL 7R BlEle] AARRIY HAAeS 4
o] B GNE AAfol| vl B Gl e] 4 7&
A FUrelion £ Aag AT F Tl 79
ZAQl ztolg WEE v AU FHGE :}f& AdF
H 248 FE31A %8 % ol Hlsle Rgo] s
3 AF F49 osteophyte2] HAJo] -‘4'7"3"11:}

e 89r8 AAF A3 A12.572 97T 4.00+0.00
© 2 control2] A2l 3.88+0.359 FARRE =X & B3
th A257-2 2.88+0.83, ASOT 2.13+0.83, A7T5&2
2.00+1.078) M-S Jehllo] LVAY] &% &= &
HAF9] F47) wobom A25F, ASOFE, AT5ES tIZ2F
o vlslq folgk FeE Bt vhH, ACEE 3.88+0.35
2 controlZ#} 2}o]E Ho)x] A9ItH(Table M)(Fig. 4).

Table IL. Gross evaluation of the cartilage surface of femoral
condyle

Femoral condyle

Average
Leteral Median

Control 3754050  4.00+0.00  3.88+0.35
Al25 4.00£0.00  4.00£0.00  4.00+0.00
A25 3.00+0.82  2.75+0.96  2.88+0.83
A50 2.75+0.50  1.50+£0.58  2.1310.83"
A75 2.00+0.82  2.00+141  2.00+1.07"
AC 4.00+£0.00  3.75+0.50  3.88+0.35

*p<0.05:significantly different from control value.
**1<0.02:significantly different from control value.
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Fig. 4. Gross evaluation of the cartilage surface of femoral
condyle. Osteophytes (arrow) and subchondral bone (arrowhead)
are observed in the femoral condyle.

A :femoral condyle of control group

B:femoral condyle of A12.5 group

C:femoral condyle of A25 group

D:femoral condyle of AS50 group

E:femoral condyle of A7S5 group

F:femoral condyle of AC group
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