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NEW DRUGS

HYLAN G-F 20 : IN VISCOSUPPLEMENTATION OF OSTEQARTHRITIC
KNEES

Supanimit Teekachunhatean, Chaichan Sangdee

Department of Pharmacology, Faculty of Medicine, Chiang Mai University,
Chiang Mai 50200, Thailand

ABSTRACT

Viscosupplementation is based on the recognition that the elastoviscosity of synovial fluid in
osteoarthritic joints is considerably lower than in norinal joints which is resulted from reductions in the
molecular size and concentration of hyaluronan (HA) in the synovial fluid. Viscosupplementation is
therefore performed by intra-articular injection of HA or its derivatives in order to restore the
elastoviscosity of the synovial fluid to normal or higher level. Since the limitation in
viscosupplementation with HA preparation, hylans {chemically cross-linked HA) were developed.
Hylan G-F 20 (Synvisc®), the particular hylans made up of hylan A in solution and hylan B gel shurry
(80:20 v/v), are considered to be the rather ideal elastoviscous material used in viscosupplementation
due to tissue and blood compatibility, permeability to metabolites and macromolecules, proper
elastoviscous properties, and prolonged residence time. The mechanisms whereby hylan G-F 20 and
HA preparations exert their therapeutic effects in osteoarthritis are believed to be mediated via several
pathways such as restoration of elastoviscous properties of the synovial fluid, anti-inflammatory effect
and anti-nociceptive effects, normalization of HA synthesis, and chondroprotection. In clinical trials,
three weekly intra-articular injections of hylan G-F 20 are more effective than intra-articular injections
of saline or lower molecular weight HA in (reatment of osteoarthritic knees. In addition, hylan G-F 20 is
at least as effective as NSAIDs in treating this condition, whereas the best results are found when both
hytan G-F 20 and NSAIDs are combined, There are no reports on systemic reactions attributable to
hylan G-F 20 treatment, while an incidence of iocal reactions (transient pain and swelling) is 2.1% per
injection. Hylan G-F 20 is therefore indicated for the relief of pain in patients who have failed to
respond adequately to conservative treatments and may be considered as an alternative to NSAIDs,
particularly in patients at risk for complications related to NSAIDs therapy.

Key words:  Hylan G-F 20, viscosupplementation, osteoarthritic knees

Address comrespondence and reprint requests fp : Chaichan Sangdee Ph.D., Department of
Pharmacology, Faculty of Medicine, Chiang Mai University, Chiang Mai 50200, Thailand.



250

UM

A Lo o
Hylans ifludsfiinanmsii

d e
hyaluronan Wae 7 latanauni@ansani’

- W P R ¥ Aé
ialddssiafidadd o1 fiiay
(osteoarihritic kmees) WUMESUENITD
ﬂ%’ummwﬁmLLazmmﬁmmjuﬂmﬁﬂw
Jalvilnddsanudnd  wananilaediaiu

' 3] s v A
MeanaInNIseds  uaz lvdaleiau

Velad =
Imla@au’® nsld hylans w38 hyaluronan
v = T | o

Tusduvuee g SadrdatialSuam-
FuiannemweaniilydafisinGen
N CMAFSNANUNLG”  (viscosupple-

. 2
mentation }
ANHEAYVEY hyalurenan Tuiitlada

Hyaluronan V58 hyaluronic acid
(HA) L*T’Jua'lﬂuLaqa’lmyjﬁﬁ'[ﬂsmé’wﬁu
grdluiimalutanad  (N-acetyl
glucosamine W8% glucuronic acid)
dssanm 12,500 @ Geamin 7 warae
nuduane polysaccharide ﬁﬁij’ﬁﬁﬁﬂ
Twanatszana 4-5 1 HA T lag
dannzran halocytes #®N synovial
tissue logfinnududugeds 2.5-4.0
mg/ml ¥ 1%i@8 polysaccharide 2784 HA
Geedou  doudy  uazuszaunudu
MUY (network )™

lefinisedeulwiadred g
(i) waslisuuse wseishushg
FaensEnaluiesnaun HA agnthq
Ty HA HonsweflasUSumsides
s luianamufiamarsausaituan
daarnmilatalua (flow) uazifiams

Supanimii Teekachurnhatean

&

F -J o ] o wg’ ¥ =
waedn  ansnsifuiiv i ledaiinn
guiniln (viscous) W@ lUWHATNAU
o o o y =
11y WalinTedsulmed1vIiat

A r L]
(AMNDFY) uazgUUTe T1un HA aslaid
=t o e ) e &
rranRsawanzdadeslumna v da

o o o v g P |
AuTadfsuinimbneaseasuSune
ANAULAZEATULNAINGIUNY ANV
- i [T 4 ¥ o 0r e, o '
fuii v ladaliquandfdavgu
(efastic) fauy HA Twihladedaihuoed

v d . o ¥ v o e
Ussnaudraa it ladainego-

auﬁﬁ%mjuuawﬁﬂ (elastoviscosity)’

mstdeuunaswas hyaluronan Tyl

o ]
ﬂﬂﬂaﬁﬂﬂﬂléﬁﬁ

= Y o @ el
MR lad e ndan
(@an (osteoarthritic joints)'™® WuhANK
WHYUYDe HA 80atWas 1-3 mg/ml
E Fa |
il nmalurennmsn HA gn
= 2 £ :’ L4 t=l o d!
@aasaralsnanihludahunniniuiios
nnmsanFumeluda  wananiidawy
T ﬁmﬁ'nTmaqawm HA aoadlvaa 1-
") é a w
4 s Fatluwannmsaammeluiana
= o »
gaq9 HA #WIaaalaaunnnidnsdging
t:!n = =
HA 7aeundlunndn  mspaauad
o o g’ af ==’ =
anuENTuuazinwinluenall  eaan
MITENTBY  UBZMSDALUUVDITNUK
HA lwilagadl elastoviscosity anay
J .
(mann 1) seealienuamnsalums
¥ d! Q) .:1 ° ¥ L3
vaaduuazgatuLsINinTyinGadaanes
ar d‘.’ d! =4 nll 1 W L4
ANy adussgaNnan luda lun e
= | o 1 |
Aimsweaaulym  useanannilamai
azfalwiienudamenaiinszanaay
. . W &
LLay synovial tissue Toanau




Thai J Pharmacol; Vol 22: No 3, Sep-Dec 2000.

251

@3 1 MsuSeudinu elastoviscosity* pailadanu HA Whwiinlaana 750,000 uas

hylan G-F 20 (faudasnnangsonadivansian 2-4,7)

inladaane 19 HA swiinlaana  Hylan G-F 20

auind dthedamday 750,000 (uaulaans

6,000,000)
G’ (Pa) 23 8 16 87
G" (Pa) 7 5 9 19

G’ ¥iBDN dynamic elastic (storage) modulus Ltamqmmﬁmmju (elasiicity)

G WaNYa viscous eleastic (loss) modulus UANIANINWER (viscosity)

pu) o T o o a
“nagauna Iy 2.5 135 Fufsulenumaedaulmluymsia

Hylan G-F 20 Aumstdineianiaun

hilade (viscosupplementation )

4 v vod

tHasninludenostaFond
clastoviscosity anad aauudIEMsuilzis

4 £, QI 1

wiAansENEIRNANNE g ULEE

= 1 d =4 g \]
AINWIHBLNYD BaEsndu 9 N “as
@3uANUNHA”  (viscosupplementation)
z ¥ e .
Wil aslugauedimanzannsion
guuanail’

1. linaliiiedfasenplufia
Uszandaaazuuniiquiu aaenaunoala
wuffseiuwaduialisaulubon

2. #dulW metabolites WAZ
macromolecules  W9zfia  samdalusdiu
a7 warasszauluianaludendneiu
la

= . . =
3. 01998Y  clastoviscosity Mg
1 o A dl 8/ a! o
ndnd ilasnndiadiewn W ludedidia
wendamu ssaananilamanazgnide
v ¥ A L
menin lagail elastoviscosity 6
LY »

4. amnanagludaléunu
] v t:‘f Ll L] .
Aauniilafinisil  viscosupple-
mentation anl#3nwlsatadanlagldans

nedeulaann HA wu noninflammatory
fraction of Na-hyaluronan (NIF-NaHA)
d 4 ;f o o = {
wibhwinluenalszanm 2 Muuie
G ¥ o
Ha fihhwinluanalssinm 5-7 uay
pgalsnmn  wuhaswmadfigoendd
PNMINTD 1 UBY 2 URENDIOAMENTR
14 = 2 1 =1
mude 3 (aTHh 1) uaz 4° agwlan
o & ‘N w a &
My Wssnnzuaauiild HA u3gns
6‘)’ =) o W o ot n‘g’
g irnaluanatdnas Jaded
mldmsinunaluenages HA vl
on muweiiRiinmsudladaunawiasds
namlaamai HA wang qluanamnes
a v . - - ¥ ar
@oNnNU  (cross-linked) LWBLWNINWUD
Tawanaua elastoviscosity’ @aaaauyinly
v 1Y ¥ i o o & o v
agfludalaunau MsEaNAULY L
o
Tasm3idoy hydroxyl groups ¥ HA
LT o [ ={
warnq luanalidaeny Toslufims
wWaguulas 3 functional groups WA
= v .
Zalaun N-acetyl, carboxylic L@z
reducing end groups T,maqaﬁ'lﬁmﬂmi
1] ¥ dI L) ‘4
FansailGunialudd “hylans” #9if 2
#ii9fe hylan A JUkVvBDIW? (fluid)
Wa hylan B jUuuuias (gel) daniule
#M5 hylan A fu B Tusandiulay




252

Ysnas 80:20 anwdaflumsilaly
viscosupplementation Tﬂﬂal"ﬁfa hylan G-F
20 (SynviscD)' mswiiafisiinn
luanadszan 6 @ muasll  elasto-
viscosity sauaatliluamsd 1 nnms
Anwidsafunmi hylan G-F 20
mmsnﬂ\aaq’luﬁ’a (residence time)® Wy
H melu 24 Hluwdsdamsilithdde
whasnszans msdinlngaseinuthe
ﬂﬁﬂﬁﬂﬂﬁﬂﬂ’)é synovial tissues WA¥EIU
fwasnsegneay uszdlanawuly 1
Uy wuh hylans TinhladaaauFaine
smethadiulade  uddeaawuasilaly
synovial tissues WAzEIUENUBINTZGNDAY
uetflanmiull 1 ey hylans fiagly
nNEINEBITBITYNIRBBNINT B U

., . e
Waunne e liwumsazauyaessi

TuaSezdurasinume  amsannegs
NANUAAS hylan G-F 20 Hilands
i@ (half-life) Uszaoe 7 Yumeluds
e sanseadludeldmniiiianseu
[fieufy 19 HA fihwinluens 3
au ‘zJNmmmag‘luﬁ'alm"[mﬂﬁwﬂ‘%aﬁ"?m
(half-Tife) 1#p 12 $2Ta whihe

£ o a8
ﬂﬂiﬂﬂ'l‘iﬂ@]ﬂflﬂﬁ‘ﬂé]\‘lﬂ'litﬂ'iﬂlﬂ'ﬂ HBUR

Tunmssnmlsatadaa

= LN s ot ¥
gewdIrdagiuazdelaianise
- d‘ -
a3U18Na lNMSE AN NEYBNESLASNATY
o LY t WV ] A 1 t:l 1
wilnleaeasudiu  ud@analnih
s Ivasiilseansualumssnulse
doday laud

Supanimit Teekachunhatean

1. m3usu elastoviscosity a1
TudaTdlndiAueruniiedng
L X v d
M3aa (aspiration) 1 lzgafiinn
= 14 4‘! =
Wusannndaidanuazdaasiay
anuvilagda fdarurudy
elastoviscosity #aniludalaiiama a4
walvimstSudseanuainsalums
] ﬂ’ A 4=l Q J v WdJ
VaaauUBLRATULNINITAate [MHTy
adnlsfann  Iudngrunaasinmsly
hylan G-F 20 alRlvHamssnmlsnde
é vlw y o & -4[ )
idavlagnuuninanasilagluda
(gvde “UssBnsmamandilnuas hylan
& Fd
G-F 20" dszaau) wailgainhaziu
L] d EJ 1 =7 LY
KaaRINnalasdu g Haznandeluds
gald
J or or
2. gnisziunisantau
P Qs o ¥ P @l
dvangrudurulavas sy
a o I~ P £
aUNBAaRT  asdsuanuniiadignd
srdumsanaulalosdunalameama-
MWUazLAN  (physicochemical me-
P 9 1. '
chanism) Fuilunalplidiiwsuazly
d L2 L - -
wedasiunalamandsdnen’ ™  an
X :
msAnulusdwied:m wuheswen
A’q d‘u 5 o g’:l 4:1 LJ
Hilgnadugamahnueaugadniiades
o at qQF 5
Aumsanay  lagaansodiue  phago-

4 . . 12,15,18
, cell migration ,

6,17

cytosis' o'
lymphocyte activation' waz
prostaglandin release’®  asalsfionu wu
T HA Pihihwinluenagesiany
aansolumsdudaldnnah HA #ithi
winluanash  wihazfienuwiiovie

LA w12
ANNLYNTUNINU




Thai J Pharmacol; Vol 22: No 3, Sep-Dec 2000

£ w
3. gudziuviha
£ w a
gndsziudraravarsdiuany
o G v w &
nilaanailunanmesanduiiasnanngns
s o = v W '
sefumsdnguiinanilitneau’  adhals
N nmsanwludaineaas wuh
& ar £ e '
dsildvenanangniszivialalessu
NALNAN 7 Hail
3.1 AAANNDNIUYDY bradykinin
. d .
uar prostaglandin E, Facflu pain
R - W w o o o
mediators ’luuﬂwawawaﬂgnmumm
Tsianeau®
3.2 @INSONNNY (entrap) A3
cae] Al 4 or .
i gaanuaNue  (pain  sub-
stances) Uiluluianawae HA™
3.3 aamsdedyrainduls
o o w v oA
UszaniSuanuidndiaanndand
a = 4 -
WeNddnIw  Bnalndiunilanadiasn
s':I =Y =4 =
NnnMsnasEsuanuniammnsaniau
J e ¥ L] W ar or 2% o
AWunthmelugs vhldorsuenuidn@u
vuw X
gnnszaulaeniu™?
;’ L 1] J -
uanNN  BNWUNgNITEULIe
mardudsiuasanuimdnluanauas
. . PRI w
elastoviscosity waesfhinldiiluas
@ruaNNuiinataiiasan
£ e o
4. qndnszuUMITRaNzY HA
U244 halocytes
nmsanw luveaanases  (in
. ' w Aoy ¥ o
vitro) WU M3l HA fshhwidnlaana
e
geENINT0N5EAU halocytes Bavtafiday
ar I'4 m' J ¥ 1
Iidunsed HA Waauladiau 2 wh™
Lo w °
5. gndtlasnumsinargnszan
29% (chondroprotective effects) NN
dnwluveanneaas (in vitre) WU
Aea ¥ 0w
sl HA ffhhwminluanagavdaany

253

wilageiignitlasfumsimmenssgnaau
TeanMInssquIIa tissue inhibitors
of metalloproteinases (TIMP-1)* wa
fusemariimenszansaunniiinidan
219171l0s#8  (peutrophil-mediated
cartilage degradation)™ wananildawuh
hylans Enmmammsﬁ'}amnsz@néauﬁ
linn  interleukin-1, degradative
enzyme WA oxygen-derived free
radicals™ #lunsdidana il hylans aan
gndilaasuladni) HA
yinmsanelaamswmienild
FoinaanuinlsadoidoulandSe
37U anterior cruciate ligament (ACL)
transection 130 menisectomy”’25 WU
HA #ihhwlinluenagelinaraensiin
Tsa eaanauaansiasuudanig
windanwiiafunszgna auuazay
ﬂ‘iz@n‘lﬁ’ﬂ‘iz@ﬂﬁﬂu (subchondral bone)
UBNNNHTITN N T030ANUFUUSIVD
mafhmenszgnaaulaeis

UszBnbuanNAdinyas hylan G-F 20
Tumsinulsadadudan  msdnmn
Wlsuigussniang hylan G-F 20 nu

|Mvann

AINNISANWILUY  prospective,
multicenter, randomized, double-blind
Toamsi® hylm G-F 20 dwu 2
Jaddms  wWathvniuduavazasy
“ & w & 0w
FIWIU 2 A9 AU 3 A3 umeu wWdau
= o =) 1‘)’ = " .
MEUNUNITAnNILNde  (physiologic
saline) NTDIEN  UATHAMNKNANEAIIN




254

ASaLsn 12 FUemw® wuh aste
hylan G-F 20 % 2 33e1n50aaamNy
Fudieamsitauiwiinga s
N visual analog score (VAS) GHANEY
Haddynadadlsnseudinuiums
dminnde Fawuamnuuanehal lasaud
fanvid 3 Wauidilawial 12 (U
1) wazfawuh mslitwuu 3 s
Fnsaaa VAS ldmnnnhuuu 2 e
pthailiddmuadnaaddosdi 8
Wuduld  wanniimsdsediunans
Snnnnenasaauilwesadeadaiuaa
flgnamnine datumslimuuy 3
aYaizedatdurunmilddnmluam
Sosaq wn wastaihdemauushly
Talunnd fiddnee

wanani  deiin1sdnwinuy
multicenter, randomized, double-blind 'ffi
wSeuleuseriy hylan G-F 20 dawin
Farvnauflemvazasasm 3 afa fu
msldihindedahianh  msdnwiiae
MNEANSIERENASIUIIY 26 FUani™
WU hylan G-F 20 finavhly VAS %89
ﬁ?%i’ﬂﬂﬁﬁﬁﬁﬂ@i’lﬂ (zu  amathe
pozatimin ensdiansunaey
mmathaaazeaoulng luv iy
themndige  amwusnsalumainam
uamsinmnlagsy 251) aasuudald
Tunafidauataildaddymeaddiie
Wasuiisutumsdainde  wennnd
fawudh  Sevaznasgihaiuasnoims
(symptom free) 1Uﬂéuﬁiﬁ%Uﬂﬁi§ﬂH1
¢ hylan G-F 20 flnanhngudilasy

Supanimit Teekachunhatean

b

HundaaaNIUaAYNNada (a1
il 2)
msansnSeuiiiausening hylan G-F
20 flu HA ﬁﬁﬁmﬁn’[&uaqas”h
INNTANEILUY  multicenter,
randomized, double-blind L‘ﬁal,‘lﬁﬂ‘u
teudse8ndnasa9 hylan G-F 20 nu
1% HA hinowinluana 750,000 i
mysnenlsedachidoy loedaaamwhde
ahvnatuFleazatasn 8 A% uazie
anuHANSIdamasausnnyg 12 Slany
wuh fitheild3u hylan G-F 20 fims
wasuuas VAS zasiisadugu (18
up maherazanivin  91mshe
aaizndnulvngr lusdim e wnnd
qa) wamssnnlaarudhilulumadi
Suathaiiiemaymeadniaw/Seudiou
fumsinmee HA fifhwiinTuanad
wannnisawh  desziiunniiie
6199 (HaUNNM %’aﬂaswachﬂwﬁﬂaam
21N13 (symptom free) ’lun&jnﬁlﬁ'%’umi
$wnehe hyln G-F 20 fannndngud
63y HA #inhminTuanadhageiiiy

Ay

asansnTsuiausening hylan G-F

20 iU NSAIDs

PnMIANEIUITIULRHUNSTNY
Tsadauhidanshe hylan G-F 20 (uh
31 #79) Nu NSAIDs (127 34 1) udy
hylan G-F 20 991U NSAIDs ( 10 37




Thai J Pharmacol; Vol 22: No 3, Sep-Dec 2000.

» .
414) lag@nwIuuy maulticenter,

prospective, randomized, double-blind

w =] e 4 o
uazld hylan G-F 20 lumnafisnnuile

255

NEINTAUY WU o duanvn 12
hylan G-F 20 Tvimamssnwnlaaasni
n15ld NSAIDs adratden (il

100
80
@1
vas 607
lﬂ‘ﬁ‘ﬂ
a0 +
20 -
0 1 —
0 1 2 3 4 5 1] 7 8 9 10 11 I2
Flondt

3UA 1 azuuuanadunbhe (VAS) sazfidaahinbwindabedivandihelesld vas 100 fadwaes (0=litae uax
v = =t o 3 =t =t 5 v oaln ses = &
100=thamnaunulilug) «p<0.05 n¥suinudunguaiugy,** p<0.05 ulisudsudunduildiumsiiaeuuy 2a

(dmudasnnianansdnedanneiay 29)

= g o=l ~ w = e -
ms1eh 2 Sasazuasthefivasaamsussdiu o ddend 12 uaz 26! (FautlpsnntanamssnBimnsay 30)

oLl

Hylan G-F 20
(i 57 t9)

T
uinaa

(11 60 719)

mstssdivunadihe o dlendh 12
nmsteunsnts i ushmn
ansthenaunaeiu

4 L4 v deaw 4
snstheusessulmuilunihlihewnigs
HANTI SN lRe 5

“ ¢ o Py

msuUsztiivgaauwnd o dlenvn 12
amstheraeEiganshmin
21T IR DN ANAY
midaamuausalumsinnu
uamssNElans

- ' as o T

msusziivzadunng o dUanvn 26

pmsthavuzasihmin

mithesaunan@y
madaenuamnsalumsiny

56*
g2*
60*
70*

47"
T7*
60*
51%

39*
71*
59*

12
53
13
18

42
17
15

13
45
27

LXTI: | wiy e ; = el Sad 3
Tgﬂw‘nﬂaammmﬁ winuingthenil vas aglwhs 0-20 visdosiaeuutamasnsunnldlumeidusuadluihe so-100

- = W = w = a ar ar ol
aswuudiadsaivTonldanadioty,  * p<0.005, | liimatszdiumamsinmlasmy m e 26




256

a ar o Sw & W
ATUIHENISINENINAITIONLNLIY a4
[T '~ -~
Auamuduthe uazmsdszdiulagsiv)
ﬂI =, B LU d
uazilalsziiuuannsouazueled
nr A 1 »r
Uaaanms o dlanidi 26 wu msly
hylan G-F 20 agiden wialgsaunu
NSAIDs #lamalsisanssnmannms
¥ =~ [] = :l
19 NSAIDs (fienaeadien (o519 3)

MATLABNYDY hylan G-F 20

P ar =
MAMsanEnNEIfunatdes
WU hylan G-F 20 linalvthianaiy
IAENADTZUUAN 9] YDITHME (systemic
adverse events) UWADIIWUNBIALAB
d' 1 ki = =)
wweh (Wuthausswuda) lasiigia-
msaldseanmsasas 2.1-2.7 (Manedad
lamaiia 2.1-2.7 A53@aMsaa 100
& a3 ¥ o 1 w
a51)""  wamsdgawmarimelamelu
rJW 3 .:? v r
sepznan by e s umMssnmnma
813 (U ¥ingd Bnnge Uszaudadns

Supanimit Teekachunhatean
2’ o = 3" 1 o iy o o
hudamiongy walieumhe) dd
o w ¥ B 3
Wusadasgailedaaan  usnanilly
o .:! - v L=
nsdinaImsguusannussfigaildhlaid
o= A’ ¥ =, =
AIsAatgan1alugsarafaTae
corticosteroids Lﬁ"l‘fl’alﬂm

LY

doiisduad hylan G-F 20

Hylan G-F 20 Jussasuanu
A e v w | w
niianldihieemsliadiasanlsats
v é = a 2 ad v
wWhiden ZesaRnsandan e lunsding
e lieauUdupIns  conservative treat-
ments (191 M5 HEENLATaWIT NS
=} l&’ s 2
%38 NSAIDs) uananil faanaliiluns
ot = a ar - t:l 1
Shwvmadandwsusthei lisnnsanu
danaiuAeNaay NSAIDs lauasgihed
] & 4 o or B 1 r
linsaunazsunssnmaianisIde
A o ¥ =]
wigsugpwas (TKR, Total knee

replacement)

A o L A1 A Lrd A B Gs & a
13191 3 Favazvasdihenilasaeims FUA1%N 26 NAITHEN® (@audaianntanasaieds

AUELAY 32)

NSAIDs Hylan G-F 20 NSAIDs $23A1
RPE e, %) (%) Hylan G-F 20 (%)
amILhnunsadawing 6 30 og!
M athanmewn 48 48 g1't
amsthaaaunsanu 48 63 81’
mydszfiunalag Ty 10 19 25

wr g A w o s o ' A e Y P
* Wiwilaanains nanohia Hihunil VAS dindn 20 dadiwas (1% vAS aina 100 fafiuas),

T p<0.05 Lﬁanj‘%'umﬁuuﬁuna;u NSAIDs, ¥ p<0.05 Lﬁasﬂ%‘umﬁuuﬁ’unsju Hylan G-F 20




Thai J Pharmacol; Vol 22: No 3, Sep-Dec 2000.

LaNFIT 1489

10.

Balazs EA, Leshchiner EA. Hyaluronan,
its crosslinked derivative hylan and their
medical applications. In: Inagaki H,
Philtips GO, eds. Cellulosics Utilization:
Research and Rewards in Ceilulosics. New
York: Elsevier Applied Science 1989:
223-41.

Balazs EA, Denlinger JL. Viscosup-
plementation: a new concept in the
treatment of osteoarthritis, J Rheumatol
1993; 20: 3-5,

Balazs EA, Gibbs DA. The rheological
properties and biological function of
hyaluronic acid. In; Balazs EA, ed.
Chemistry and Molecular Biology of the
Intercellular Matrix. London/New York:
Academic Press 1970: 1241-54.

Balazs EA. Viscoclastic properties of
hyaluronic acid and biological lubrication.
Univ Mich Med Cent J 1968; §255-9.
Balazs E, Briller S, Denlinger J. Na-
hyaluronate molecular size variations in
equine arthritis and human arthritic
synovial fluids and the effect on
phagocytic cells. In: Talbott J, ed. Semi-
nars in Arthritis and Rheumatism. New
York: Grune & Stratton 1981; 141-3.
Balazs E. The physical properties of
synovial fluid and the special 1ole of
hyaluronic acid. 1n: Helfet A, ed.
Disorders of the Knee, 2™ ed. Phila-
delphia : JB Lippincott 1982: 61-74.
Wobig M, Bach G, Beks P, Dickhut A, et
al. The role of elastoviscosity in the
efficacy of viscosupplementation for
osteoarthritis of the knee: a comparison of
hylan -G-F 20 and a tower-molecular-
weight hyaluronan. Clin Ther 1999; 21(9):
1549-62.

Band P, Goldman A, Barbone A, Reiner
K, Balazs EA. Intra-articular distribution
and residence time of hylan polymers
(Abstract 433). Materials Research
Society, Spring Meeting. San Francisco,
1995.

Brown TIJ, Laurent UB, Fraser JR.
Turnover of hyaluronan in synovial joints:
elimination of labelled hyaluronan from
the knee joint of the rabbit. Exp Physiof
1991; 76(1): 125-34.

Ghosh P. The role of hyaluronic acid
(hyaluronan) in health and disease:
interactions with cells, cartilage and

11

12.

13.

i4.

15.

16.

17.

18.

19.

20.

components of synovial fluid. Clin Exp
Rheumatol 1994; 12(1): 75-82,

Gea KL, Benfield P, Hyaluronic acid. A
review of its pharmacology and use as a
surgical aid in ophthalmology, and its
therapeutic potential in joint disease and
wound healing. Drugs 1994; 47(3): 536-
64,

Balazs EA and Darzynkiewicz Z. The
effect of hyaluronic acid on fibroblasts,
mononuclear phagocytes and lymphocyles.
In: Kulonen E, Pikkarainen J, eds, Biclogy
of the Fibroblast. London: Academic Press
1973: 237-52.

Forrester JV, Balazs EA. Inhibition of
phagocytosis by high molecular weight
hyaluronate. Immunology 1980; 40(3):
435-46.

Pisko EJ, Turner RA, Seoderstrom LP,
Paneiti M, Foster SL, Treadway WI.
Inhibition of neutrophil phagocytosis and
enzyme release by hyaluronic acid. Clin
FExp Rheumatol 1983; 1(1): 41-4.

Partsch G, Schwarzer C, Neumuller I,
Dunky A, et al. Modulation of the
migration and chemotaxis of PMN cells by
hyaluronic acid. Z Rheumaro! 1989; 48(3):
123-8.

Peluso G, Perbellini A, Tajana G. The
effect of high and low molecular weight
hyaluronic acid on mitogen-induced
lymphocyte proliferation. Curr Ther Res
1950; 47: 437-43.

Darzynkiewicz Z, Balazs EA. Effect of
connective tissue intercellular matrix on
lymphocyte stimulation 1. Suppression of
lymphocyte stimulation by hyaluronic
acid. Exp Cefl Res 1971, 66: 113-23.
Yasui T, Akatsuka M, Tobetto K,
Havaishi M, Ando T.The effect of
hyaluronan on interleukin-1 alpha-induced
prostaglandin E2 preduction in human
osteoarthritic synovial cells. Agents
Actions 1992; 37(1-2); 155-6.

Schaible HG, Schmidt RF. Effects of an
experimental arthritis on the sensory
properties of fine articular afferent units. J
Neurophysiol 1985; 54(5): 1109-22,
Ajhara S, Murakami N, Ishii R, Kariya K,
et al. Effects of sodium hyaluronate on the
nociceptive response of rats with
experimentally induced arthritis. Nippon
Yakurigaku Zasshi 1992; 100(4): 359-65.




258

21.

22.

23,

24.

25.

26.

27.

28.

Gotoh S, Miyazaki K, Onaya J, Sakamoto
T, Tokuyasu K, Namiki O. Experimental
knee pain model in rats and analgesic
effect of sodium hyaluronate. Nippon
Yakurigaku Zasshi 1988; 92(1): 17-27.
Pozo MA, Balazs EA, Belmonte C.
Reduction of sensory responses to passive
movements of inflamed knee joints by
hylan, a hyaluronan derivative. Exp Brain
Res 1997:116(1): 3-9.

Vuorio E, Einola S, Hakkarainen S,
Penttinen R. Synthesis of under-
polymerized hyaluronic acid by fibroblasts
cultured from rheumatoid and non-
rheumatoid synovitis. Rheumartol Int 1982;
2(3): 97-102.

Yasui T, Akatsuka M, Tobeito K. Effects
of hyaluronan on the production of
stromelysin and tissue inhibitor of
metalloproteinase-1 (TIMP-1) in bovine
articular chondrocytes. Biomed Res 1992,
13:343-8.

Tobetto K, Nakai K, Akatsuka M, Yasui
T, Ando T, Hirano S. Inhibitory effects of
hyaluronan on neutrophil-mediated
cartilage degradation. Comnect Tissue Res
1993; 25(3): 181-90.

Larsen NE, Lombard KM, Parent EG,
Balazs EA. Effect of hylan on cartilage
and chondrocyte cultures. J Orthop Res
1992: 10(1): 23-32.

Armmstrong S, Read R, Ghosh P. The
effects of infraarticular hyaluronan on
cartilage and subchondral bone changes in
an ovine model of early osteoarthritis. J
Rheumatol 1994, 21(4): 680-8.
Abatangelo G, Botti P, Del Bue M, Gei G,
et al. Intraarticnlar sodivm hyaluronate
injections in the Pond-Nuki experimental

29,

30.

3L

32.

33.

34

Supanimit Teekachunhatean

model of osteoarthritis in dogs I
Biochemical results. Clin Orthop 1989
(241): 278-85.

Scale D, Wobig M, Wolpert W. Viscosup-
plemeniation of osteoarthritic knees with
hylan : a treatment schedule study. Curr
Ther Res 1994, 55: 220-32.

Wobig M, Dickhut A, Maier R, Veiter G,
Viscosupplementation with hylan G-F 20:
a 26-week controlled trial of efficacy and
safety in the osteoarthritic knee. Clin Ther
1998; 20(3): 410-23.

Wobig M, Bach G, Beks P, Dickhut A, et
al. The role of elastoviscosity in the
efficacy of viscosupplementation for
osteoarthritis of the knee : a comparison of
hylan G-F 20 and a lower-molecular-
weight hyaluronan. Clin Ther 1999; 21(9):
1549-62.

Adams ME, Atkinson MH, Lussier AJ,
Schulz JI, et al. The role of viscosupple-
mentation with hylan G-F 20 (Synvisc) in
the treatment of osteoarthritis of the knee :
a Canadian multi-center irial comparing
hylan G-F 20 alone, hylan G-F 20 with
non-steroidal anti-inflammatory drugs
{NSAIDs) and NSAIDs alone.
Osteoarthritis Cartilage 1995; 3(4): 213-
25,

Lussier A, Cividino AA, McFarlane CA,
Olszynski WP, Potashner W, De Medicis
R. Viscosupplementation with hylan for
the treatment of osteoarthritis; findings
from clinical practice in Canada. J
Rheumatol 1996; 23(9): 1579-85.

Adams M. Viscosupplementation as an
alternative to conventional treatment for
the management of osteoarthritis of the
knee. J Clin Rheumatol 1999; 5. §18-523.




