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ABSTRACT

Hyaluronic acid (HA) a valuable bioactive compound was isolated from vitreous humor
of fish eyeballs. Since Thailand exported large quantity of frozen fish and canned fish it is
interesting to add more value to fish by-products. Thus, in this study two types of fish, tilapia
(size 1 kilogram/fish) and skipjack tuna (size 3 kilograms/fish) were used to extract HA from fish
eyeballs. During extraction papain (commercial enzyme, EC 3.4.22.2) was applied to digest
proteoglycans and release HA. The amount of HA determined by carbazole reaction method
were 20.49 + 3.50 and 25.49 + 7.66 ug uronic acid per fish eyeball in tilapia and skipjack tuna,
respectively. Cellulose acetate electrophoresis and FT-IR spectroscopy analysis of standard HA
and extracted HA indicated similar identity of which HA functional groups existing as follows:
peak of CONH- carboxyl amide I and C-O-C (O-bridge) at 1651 and 1149 cm’ in tilapia eyeball
extract and 1654 and 1153 cm’' in skipjack tuna eyeball extract. Effect of frozen storage (-20 °C)
at 0, 2, 4 months on HA extraction was studied in tilapia eyeballs. Storage time showed
significant (p<0.05) effect on HA content in eyeballs, indicating the highest in 2 months frozen
sample (30.21 + 3.38 ug uronic acid/fish eyeball) and the lowest in 4 months frozen fish eyeball
(18.40 + 1.28 ug uronic acid/fish eyeball). Cellulose acetate electrophoresis and FT-IR spectra of
hyaluronic acid from 0, 2 and 4 months frozen fish eyeballs were verified. FI-IR analysis of
hyaluronic acid in 4 months frozen fish eyeballs showed missing peaks of C-O-C
(O-bridge) at 1149 cm ' and C-OH at 1041 cm . These differences indicated that frozen storage
may cause some changes in molecular structure of extracted HA. Meanwhile increasing of

storage time to longer than 3 months decreased HA content in eyeballs.
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Extraction of Hyaluronic Acid from Tuna and Tilapia Eyeballs
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Hyaluronic acid ——

backbone

Link protein —————
Hyaluronic acid —=

backbone
Core protein ——l—_>

s 4 Taseadvesllsale lnauaunaasmssununsalaenglsiin

a: Jeffrey and Watt (2003)

lunszanoou Tusalelnanauazsau@InunUY supramolecular aggregates 430
2 = Y= a A =
proteoglycan aggregates #qlu 1 proteoglycan aggregate mi]‘JJﬂ”JHJEJTJ”lﬂm 4 Uaaluag UN1g
4 1 ] a a =) o
IouADA U N-terminus Younu Tsaununsalaeng 1stin uazliaed 11/sAu (link protein) 3
3 1 = a A A < A J v
neduunuTdsAunaznsalaeng IstnioiiuaNundas 9090151 F0NAD NTTINAINUVDI

Tsale lnauauszirlddaiugniavnemamdounnielulassairsvesnsaans umaz lu

k2 [
yazderrudszi Iiiloeinannubiangu (Bailey and Light, 1989; Lodish, 2001)



4.1 osnilsznovveslisalelnaunu

[

Tisale lnauaudiTnssadeidin 2 dau Ao
411 upuTsau TassadvesunuTdsaudsliansoesueldeds
4 (=1 1 3 a I'4 = dy d‘ 1 1
auysal nwuaiieaindumenednlIng uazunuldsauiivg¥oudenuaisves lnaTaan
a ] 9 a ~ . . A v 9
ATulnauAUFIUN YIS 19090 TALD T TUIET U (amino serine) FOUAUAIGNNTLUFAA

3¢ (link tetrasaccharide) AININN 5 (Loewy, 1991; Albert, 2002)

< £ S A Y /glucuronic)
sarine —< xylose 7 galactoso,‘»—\’galactose/—/;A
\y ¥ N\ Y X \_acd / A
n

| L ]
link tetrasaccharide GAG

core protein

.

d‘ d’ 7 1 a U =
Mui 5 maFounuszrInae na lnand Tu lnavaudounu TdsauluTuanaves
Tisale lnaunu

f3n: Albert (2002)

a Jd 1 a o s & J a
4.1.2 Wf]ﬁll;‘ﬂfﬂﬂfli@ ﬁ')uell’fNWf]auG]fﬂﬂ'lhliﬂﬂlﬂu@\?ﬂﬂigﬂ@‘ﬂﬂlﬂﬂiﬂ5@1@-
A A ' a 3 <3| a 3 J A '
"lﬂﬁllﬂuﬁiﬂliﬂﬂ]TllﬂaIﬂ“]ﬂllIuhlﬂﬁLmLluuLﬂu!aﬂlﬂ@i@W@ﬁLlcﬁﬂﬂ"I]liﬂ UNUIYUDN
< LRI a a A o2& 1 < %
N@u’f]!l,clfﬂﬂ'lhlﬁﬂﬁﬂﬂu!ﬂu’ﬁ’lﬂﬂ’n WU 2 FUANTDOUINNI Gﬁﬁﬁu?ﬂﬂlﬂﬂuﬂuﬂll%ﬂﬂ’llliﬂ
~ 1w 3 1 [ a 4 . 1 a a A a a a
nnaeiuiua vy teda ¥ (acid sugar) 15U n3ag 151n wila A-ngAlsiin weda

9 1
(D-glucuronic acid) 1ag uea-1oq131in ueda (L-iduronic acid) agthaani lulasau
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.. 1 < aa = . A < aAa
(N-containing sugar) iU D U-LLDFNANG Iﬂ“]ﬂilu(N—acetylglucosamme) N30 PU-LDENAN
<] = . g‘ 3 a = (Y U =3 ]
L!,aﬂI‘V]G]ﬂiJLl(N—acetylgalactosamme) Iﬂﬂumm‘ﬂQﬁ’@ﬂ"]ﬂ!ﬂ’i)ﬁ]ﬂ%ﬂﬂﬂ%ﬁﬁ/\l@@g 1 932 %y

u

(Kiernan, 1999; Lodish, 2001)

5. 'lnalaadilulnauay (Glycosaminoglycans: GAGs)
14 a
5.1 oantlsznevvedinalasiilulnanay
a 1 " Y [ Y4 [ o a Q"’ 1
TnaTaxii Tulnauau drulng ldmnndatlasmsadanazmsiiuigns ua
o 1 ‘:9/ [ [ S A 1Y 4
luilvgiivasmartiaunsadiaannszuiumsaaulsmaniniennmsdunsizn (Volpi
a I a 4 4 { [
and Maccari, 2006) 1na a1 Tu lnaunwilunedudna lsaaessntvunalua Glaseada
<3| iaa & a ] 3‘ <3 J . A
WHuaease lulinsganananilediveslandnai 1@ (Gartner and Hiatt, 2001) Ao
g' a . Yy 1 & S A = <]

5.1.1 ihaaued Tu (amino sugar) Aun 1U-1edNa ng Inaniiv tag 1u-11e
A Aa < =\
Fna nuan Inaiiy

a . . Y a . . .

5.1.2 n3aglsiln (uronic acid) laun ninleglsiin (iduronic acid) Haznia-

ﬂ’gﬂj‘j 1N (glucuronic acid)
A 1 [~ 1 (] & 3
TnaTaandTulnavaudiulvgilunsanfilszyaveguuTuana Fuiluwaun

] J a [ < J
NNUYMTUDNEA (carboxyl group) uazwgmmw@ (sulfate group) Uuimaqaﬂlm"lmwﬂm”lm

5.2 msutanguaed InaTaenii Tulnanau (@15199 1)

]
=1

5.2.1 nguilulidama (non-sulfated group) laun nia'leenglsiin Usznoudie
] gl 14 1 ] YY) 9 @ 4 n v A
niesvedlausanlsauinnii 25,000 wue JuduAreRusUeU-TAaud 1i'ldew
1 9 @ & =) = a o A
goaeiusy laruauanuunuTisdumiioulnalawiiTulnauaudlidu Tasarsveinsa-
laong TstindunuTuanallsaudae TsAuiouas asnmi 6
1 { [ ] gl J

5.2.2 nguiiidamla (sulfated group) 152 nouAIeMIeE1v0 lauyan lsdtios
771 300 %128 1Aun 131Ny Faa (keratan sulfate) 1aW 15U Fasnle (heparan sulfate) LW
U (heparin) AOUATOEAY 4-Fa1Wa (chondroitin 4-sulfate) AOUATOBAU 6-FatWe (chondroitin

£4
J o a 1 @
6-sulfate) 1Az 1903 MNY FarWa (dermatan sulfate) Tag TnaTaanii Tulnauaulunguilagdy

fuTuanallsdudeiuse ImnaudlulnssadellsdTe lnauau denwii 6
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1pm proteoglycan aggregate

—{=/ ,core protein

]
“;' // - I1\/
57 = s
oo \\‘ 4 ’ " __,‘7 =R
o / X iy, AT - \
= 1 g '\
A7 \ 4 / 1ink proteins
[ - /\.”é_ / e~ /'
hyaluronan 175 /,'/‘ : “3'3 - -~
molecule r——— . &y R -
(GAG) RO | 1T4775
157 . 2
LA —~= b
keratan | -
sulfate =
{(GAB) u chondroitin sulfate (GAG)
>

MW 6 dnvazmaennuszngInalaanilulnasaunuunulsaunas Teerg Tsuun

3n: Albert (2002)



M9 1 vilavedlnalaawiTulnanau

Molecular mass

Covalent linkage

GAGs Repeating disaccharides Sulfated amino sugar Location in body
(Da) to protein

Hyaluronic Acid 10™-10° Glucuronate and None No Most connective tissue,

N-acetylglucosamine synovial fluid,
cartilage, dermis

Keratan sulfate 10,000-30,000 Galactose and N-Acetylglucosamine Yes Cartilage, cornea,
N-acetylglucosamine intervertebral disk

Heparan sulfate 15,000-20,000 Glucuronate (or iduronate) and N-Acetylgalactosamine Yes Blood vessels, lung,
N-acetylgalactosamine basal lamina

Heparin 15,000-20,000 Glucuronate (or iduronate) and N-Acetylglucosamine No Mast cell granule, liver,

N-acetylglucosamine

lung, skin

4!



M51N 1 (A9)

Molecular mass

Sulfated amino sugar

Covalent linkage

Location in body

GAGs Repeating disaccharides
(Da) to protein
Chondroitin 10,000-30,000 Glucuronate and N-Acetylgalactosamine Yes Cartilage, bone, cornea,
4-sulfate N-acetylgalactosamine blood vessels
Chondroitin 10,000-30,000 Glucuronate and N-Acetylgalactosamine Yes Cartilage, bone, cornea,
6-sulfate N-acetylgalactosamine blood vessels
Dermatan 10,000-30,000 Glucuronate (or iduronate) and N-Acetylgalactosamine Yes Heart valves, skin,

N-acetylgatosamine

blood vessels

#31: Gartner and Hiatt (2001)

€l
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6. ﬂiﬂ"!amgii‘f!ﬂ (Hyaluronic acid; HA)
o a
6.1 osfsznouvesnsalaeiglsiin

a a d%‘ a 1 7 3

nia lagng Isinwanduanss suanalusunmeuysdiuaslsznnlnaTam-
= a 4 Y ' f?’ a2 =~ . .
HTulnauan wedwesimeenlsznoualreniiieuediiimia 2 i Ao D-glucoronic acid
(GlcA) g N-acetylglucosamine (Gle-NAc) Fe9d1aaUNY (Kim et al., 2008) Wounudle
o aa ' s A @ 19 aa
Wwuse B (1-3) lnalaganuazszninglausan lsddounudioiusep (1-4) Inalagan

. . @ A A o J 1 < J
(Volpi and Maccari, 2006) #4017 7 (FounUNINNI 25,000 N899 laudna1lsa amisn
v W Y 1 + + 2+ dyu = 1o o ] 4 a I
1WNUszauan18@ 1wu K, Na” uaz ca’ uenainiidalivyilandu nquaivenda uag 1ou-
Aa  Aa 3 1 a A g’ T Jd o ' dy 9 o @

uodfia llvreglulsuaguiisazaini vyilandumariiansoasieiuse laTasuiy

Y
Turanavei1d (Tlapak-Simmons ef al., 1999)

nin lae1g Istnnieleenglswe (ieegluasazatenil pH tinuludaiidia)
= A a A [l a ~ Y A
tanvuzla nila nsa'leerglsinTwanafienuazvuialvngazwdadsnlianuniags

A ] Y = @ ] Y 1 a v o g' o =
(M3vaedan) Feaumstudatazyedensuaziviisveus lumssuihmin Tuil a.e
k4

1934 Meyer 4ag Palmer ﬁ'uwmm”lamgism ﬂ%ﬁlliﬂmﬂ’?uﬂﬂlﬂﬁlﬂ (Weigel et al., 1997)

Y
J o

] [ 1 a { A @ v o 3
asmdanunsaleengIsinawnsony landmiiwesdainazuypd 1hludouaziou ae

= a o 1 4 =S A a o 9 d'
dzfo Aamisamew veeuveslnuazluwaduuaise nialeeglstinimihivate
DU 1¥Y cell adhesion, cell migration (48 cell proliferation (Lee ef al., 2000) nurgulaoeng
A dy dy A A a A < :’
wnfe MsnruguaNuFuluilone Wesnnnsalaeg Istdnlanuamwisalumsgamuii
Y v Y A 1 dal A Ay Yo I =2 A )
1aa wazdalinihnlumssonusuiilomon 1A5UL1ARY (Amstrong e al., 1997) 3ain151h

a @ a 7o P A o ¢ A

nia'leerglsiinunlszgnaldldinalse Tenineludumsunnd  vazlundadmaiinioq

LAREN
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H OH H NHCOCH,
p-Glucuronic acid N-acetylglucosamine

a7 Tassadrvesnsa laerglsiin

301 Necas et al. (2011)

k4
luszozusn q umswannsalaerglsinlunamsdaulvgnanld Taons

@ J A g A v I @ o X ax @ o Y
’L’fﬂﬂiﬂﬂ’l’i\ﬁ]uﬂl@\ivlﬂ qYALAD uazLuewammﬁmmmz@,ﬂﬁuwm FIIFNITOANA uaz‘ﬂﬂw

¢ ¥

9
vsgninuaoudnendeih lddunulumssaatisnmwe vaz lusgnidunouas q Tu
a 4 a { ] a o a 4
mswaanueu lai laog Isimanamisodesnsalaong Isin'la ivliinsa laeng Isiink
9 v

I o o o A 0 Y A EZ v a3 g} Y
"lﬂMuWWuﬂIM!ﬁflﬁﬂT MWﬁ“VI']GlWﬂ'NN‘WHﬂ Llagﬂmﬁﬂﬂﬂﬂluﬂ"lﬁﬂﬂlﬂll“']ﬁﬂaﬂ‘lﬂﬂjﬂ

(Morita et al., 1991)

6.2 fuduiavensalasiglsiin

Auauian1Finmuesnsalaerglstinilsznoudle mssnuinnuniauag
A 1 dy A A @ 1 9
AINYANYU (viscoelastic) YoUoIvad luieEanNeIN Y 15U ﬂlﬂﬂlﬂa’JVlﬂlﬂl@ eummmsluqﬂ-
& A A ' A & oA
AT NITAIVANAITUYN T UUDIUUBLYDLUASNITUUDIYVDIUYIAN annegalunuinlunisg
4 o = 9 @ @ gl I VA
wenEsaaazann1soniagy Yanuasalumsaswiusenuiwazsiuaisvasanluns

A A 1 1 1 1 9 ' Y dy a o Y
INADUNUVDITIUA GI,U‘iNﬂNJ U UBABDLASNATUIUD ﬂ‘iﬂvlﬁﬁﬂgi‘iuﬂ Qﬂﬂﬁﬂclf]fslu

=

a [ 4 a A a A Y o Yy o v
annuMnalan’ L‘L!i’)ﬁ]?ﬂﬂiﬂ]l381QTSMﬂMﬂ31Nﬁ1Nﬁﬂ11!ﬂ1'il“1]"lﬂuulﬂﬂﬂ‘]J§Nﬂ185U®Q

'
a A

Aa . . 1 Y a 9 . .. =< °
@30S (biocompatibility) uaz lunalinasin1sumn (non-immunogenicity) IIFIWITOUINT
o 4 ' ) o 1 { g @ 4 A
Uszgnaldniamsunnd 18 wu danlssudiheniulsa lvdodnay eriivanuauso

] 9
Tunmsuasanusnudede udisrolunisinuaznisuyanuiaumaniide 1951u
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a o J A

v v Y 9
HaRAUAINTod 1019 oA NNFLIRIARY vonvIniunsalaeig Tsindausaii

Y A g Y ) Y 11
wihmiluasdmnlumsihendngsianie (Necas et al., 2008)

63 msanansalaeiglsiin

J

Swann (1968) ANYIMIIATONIAZANANTAYEINTA Tae1g 1519 nKison InWug
. . . (Y] a Y Aad (Y] 1 1 zﬂ'
White leghorn 8¢ Rhode island white Iﬂﬂﬁﬂﬂﬂiﬂ‘lﬁlmgiﬁl.lﬂﬂﬂmtimiﬁﬂﬂ@EJ”IWIEJLL!EN

S| . . v 9 :’ o . 9 ) v

90U 4 Fractions 1A8 Fraction 1 #AAA1811NaY Fraction 2 lda1nmstiazneuluaiusn
[ 9 v

%1ﬂﬂ"li!fl’ﬁEN!LﬂﬂMWUﬂLLﬁzﬁﬁ)ﬂﬁ’JﬂﬁTﬂﬁu UIMLNOUIN Fraction 2 MWﬁﬁJﬂﬁg]}’JfJﬁ'"lﬁaga”lfJ

A = s ] SN Y i ° .
Lﬂﬁ@IGﬁlﬂﬂllﬂﬁﬂhliﬂﬂDWMHJNﬂJu 1 IiJfﬂi hl@L‘]J‘Ll Fraction 3 H19EN®UVIN Fraction 3 azawﬂl‘u
a o 4 L] = 9 o 1 . Aa

aiasagns o ‘]_lV\IW\I@SLLa38681‘].]39]11@’38!@1&1%%11/‘13!14?{ (Pronase) WU Fraction 2 NYNIT
Y '

vauazlhihnaulumsana 1d5inunsaleenglsingeganazmsldarsazarenao Imfeon

a A v

4 4 @ S ' o Ao '

aaelsa 1 Twarsuazeu lad Inswanilumsyieaiansa laoig lsiinidunaoeg lurseuln
2 a I a a qul { [

poni Fewa ladailuliuiadosazvesnsalaeglsinninuananaldafososaz 6 vos

J Y
naou lnusia

Sahu and Lynn (1978) dfiansalaenglsiinninaisnaratainieavesdilielse
A ] = o w % [ 1 9 4 1
vouringuusslugiery 22 — 34 3 Tassida luiiueenaindledsdienas Isesuaomm,
1 E4 a A a [
uoa (2 : 1, viv) uazdosaloou lail Insua dunsa Insnae Isuedanluglvewdaonla
Yy v 9 B A v Y Aa
anudududosas 5 (wi) MyuleuioneNAzNoU A19AZNBUAIBNTA INTAAD I5LOTAN
Yy Y v a Y A Y
ANuuIuiosas 5 uazanaznou lnalasi v lnaupudlseniusanilszneudlensa-
Aa Y P~ P~ 9 A '
wosANIeEay 1 (v/v) wag InunaFeutedinasosas 1 (wy) USu1as 3 mivesaisazaly
a I A a = A Y Y o
@ INUEsazaeNgUul 4 A IFAITFIAUATHYUIMIOY A NAZNOUAIBIENIUDALAZTI
Y a aa an A JSY 4 =) [
une ngna lwsadisunae lsasesay 10 11 0.03 TuarsvesIm@eudamla (Na,S0,) adlllu
o Ay Y ° v Y Y 9 Y 9 = Y
ared19h Idnnmstwdeauldanududugaiiedosas 1 vyunlewwenaznounazdn

9 oy 1 A aa an A 4 a 9 9 ~
mﬂaumﬂunﬂauwauﬂﬂmma"lwamuama’e')”liﬂ LLEJﬂﬁ1iﬂ‘i$ﬂf]1Jl“b’QG]5’E)uﬂ’JEJIWl,mff(!,“]iflll

¢ Y v ¢ v J Aa o .
ﬂa@]’liﬂ (KCD iy 2 Illﬁ’]j AUAY ONIUDA : U : NTAUDLAN (DAT1AIU 24 : 7 : 1, v/vIv)
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U511A3 10 1M1YDIETAZAVIAY HYUHIOIULINAZ NOULAIANAIUALNOUAIVONTUDALAY
ildiuds UsunalnaTasniiTulnauauiana latidsuna 2-3 Jadnsun 100 dadniu
d' -

yosmsnanasnnleavesdilie ¥alnalasniilulnauaudiuIngnanaldvznuegluau

v v 9
GUmea’JiJ'lﬂﬂ’ﬂﬁ')uﬁﬂﬂﬂ%ﬂ@uﬁqﬁ%Tﬂsﬁuﬂ@Llﬂﬁﬁﬁﬂ

Mizuno et al. (1990) An¥IANUNIIaveInTa lae1glstinningnaivestlaigin
4 4 [
asumaeslumsazae Imdeunan’lsa (NaCl) 0.5 M Taglddren5093AA1UMTIA Ubbelohde
1 A . . . . . = 1w = A d’o 9
wuhaNuniian1elu (intrinsic viscosity, 77) YAUNINY 10.85 dl/g ANuniiamasidiuia la
) 5 078 = v o ' A
MR 5.6 x 10° 1nENMS [77] =0.036 x M*” Augasanuduiuisenianuntianioly
Y 1
nuimiinTwana (M) vensa lee1g 1stin AnafiveansanaznouveInsa lee1glstinen
A A ° Y 1o = VA o v '
anenvelaiiniumaesdiuia ldminy 7.2 Fegenniana ldanrseuvesIn
4
Lago et al. (2005) Anwimsuen msmldusgniuazauiidvesnsalaoglsiin

A g A a [ ag
nafavnneeazionu Tasmsuennsalasnglsiiniliv1niTves Balazs (1979) Tag Lago

J 1 ] J o w
Lm$ﬂﬂ!gﬂa']'l'l']uhllﬂﬂﬁﬂ'ﬁﬁ']ﬂ\ﬂuﬂ']'iﬂlsla)'jﬁ'lﬁﬁ$ﬁ"IfJLLﬂﬁl“?fflNﬂa@ulﬁﬂllagﬂ']iﬂ'ﬁ]ﬂﬂiﬂ

4
ad A

a aa a a Y 9 & I ax =

u@ﬂﬁ@ﬂllﬁguﬂﬂﬁjﬂqﬂﬂﬂ')ﬂlf]ﬂ'lﬂf]ﬁi@flﬁ% 25 G]N'J‘ﬁ'L!Lﬂu’)ﬁiﬂﬂﬂLWN’lZiuﬂTﬂlﬂﬂﬂi@Ul?l
a A d‘ o a = 4 [ 1

o1g lstinonmiedzan mazilieriinga laeng Tsin lfnuigesdisznonnazanymgai 9

9 as =\ 1 a d' (% JyA v Y A [ a
AYIBTNNAUY W‘U’NﬂiﬂllE?Ifﬂ’gjjiuﬂﬂﬁﬂﬂllﬂuﬁﬂymgiﬂmﬂﬂx‘iﬂﬂﬂiﬂllﬁﬂ1@'1‘i‘lf!ﬂiﬂﬁi;§1u

Y= @ a J a o
Rosa et al. (2007) l@anmimsadiauaznsunsizilsuiauazmivivialuas

a 1 9 J 1Y (% 1 o Y L=

(molar mass)¥03n3a 1881 Istinninnseuvesnlaeldlnety 48 Tu dadrudrdaednil

T W 1 Ad! v Y @ o 4 . d‘ =
MINY 50 A9 50 Faanaale arsazarstiesuazion lesii iy (papain) i 60 eraLEod
I o a 9 aa Aaa A 4 1

Wunar 24 $rlunazanaznounsa leeng latinaredia Insailonnaslsa wudnaiwisn

v
anansalaoglsin’la 149 luTasnSuenglsiinuesaneiiaansuiminuieverseu’ln

a 4 a as o I3 Y]
(aszvinsalaeng Tsinareismsun laa) uazlivaa Tuansilszunm 1.27 x 10° a1adu
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Amagai ef al. (2009) MsTAINIZUIUMITRANTA Taa1g 15HnaIngna1ves
YampanTa wudldnsalaerglstindSum 10.5 Taansunngnanlagir 1 gnuaz 0.42
[ 1 J a g/ dy ] d! a d' Sldy 1
N3N do 1 gnuiAnagasvestindesgnaiaiut salsunadn latigenilunisneaes
1 A Y] 1 I'4 a oy dy o Y= A A 9
ADU 9 AD 0.13 NFNFD 1 gnuIANAFINAT 11N asegna1 dmiuasmaanimelylums

Y E4 Y 4 9
[ a

o A Yo A o A A Y A o g
anea mallﬂmmmmﬂgﬂm mmmﬂzﬂmﬂ@ummaammzllsunu INNTNTLUVUUIINDAULUAS

Q

9

o oy I o Y A o A A A 1 dy ax A (o 1; g‘
NaSAYUILUN wﬂmﬁﬂnaﬂumimﬁmﬂuzﬂaummuaaﬂ ’J‘ﬁﬂ']ﬁ“l/l‘lJi‘]J‘l]‘iq\ﬂWiJuLLfJﬂHW

Y E4 1 '
A A

49’ A [ 1w ag;l Y o A dy 9 £ o Y
Mesoonangnal luanmiusuiseg aaiuee Idindseniaaluilouos Ferieiildna
o o a Q{z = qgj @ a A A a
“luﬂ"uﬁﬁﬂm!,azmmqmﬁum anNedavantaesnsilasu LL‘iJﬁ\i‘lJ@\‘]ﬂﬁﬂhlﬁfﬂgiiuﬂ‘Mﬂ
] =~ ! Y A 4dyy o
ﬂ’ﬂllﬁﬂuua$ﬁ1ilﬂh1u‘i$ﬁ’ﬂ\1ﬂ1‘iﬁﬂﬂ ﬂiﬂ]1881@.15uﬂﬂhlﬂ iﬂﬂﬂTiﬂﬁll“lJiq\‘]ﬂig‘]J’J‘L!ﬂ'lﬁ
[ 9 (% =\ d! d! (% a g’ [}
anave lsnarlumsanaiiesns IMHavoINsanaL L LAY uTﬁUﬂTNLﬁQﬁﬂlﬂﬂﬂiﬂjﬁﬂﬁljﬁ
a d' 9 [ [ [ Y 6 d! Y A [ a
‘LlfWIulﬂﬁﬂﬂﬂﬁﬂiﬂﬂiﬂﬂﬁgﬂﬁuﬂﬁﬁﬂﬂL‘Vl'lﬂ‘]J 1.04 x 10 “])’\iclﬂalﬂﬂ\iﬂﬂﬂiﬂllﬁlfﬂgiﬁuﬂ‘iﬂﬂ

naouved lnuay Streptrococcus zooepidemicus
a d a
7. MyIANHnIAlaenglsiin
AadaAa L a A, o
7.1 Atannegnlugdnsaglsinlaeldizmsu loa

a s Y an o @ o A v A A Yy 9 Y
A5AATIZHA8ITAIT U TvaodenannisnnsaganIsSmduduaziv llaare
s A g o A 3 < P
asnlszneuntlulausanlsaveslnalasiululnavauldnaretlunsuougnanlsd
o Aaaa @ o a I v JAaa [ U A
awnsahilgnsenumiu lsanadueyugnidd w150 Ian1n159ANA LAY (absorbance)
A A a d (a a 9 ~ [
nnwenaaus3o wilumaes  uazdnsizdlSuunsaglsinld Tasmsifeununsi
Aq Y a N g A P
wnsgunld a-ngaals TutanInu (D-glucuronolactone) WUAITVIATTIU ANWITDAAIILH
Ysurmvesnsaglsinldlugae 200 wiTuniude 20 lulasnsy (Bitter and Muir, 1962;

Kosakai and Yosizawa, 1979; Beaty and Mello, 1987; Chaplin and Kennedy, 1987; Venkatesan et

al., 2000)
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a Jd a a d‘ [Y] [
Sahu and Lynn (1978) wns1zvsualnalaand Tulnavaunanainaisaa-
a’; 1 a 4 1 a ]
wasndealudilelsaveniia A2035a15 01 Twa wuinsaleerglsintidivilsznouTae
J o A A v Ay A 9 =
Wmiinfensaenylsiiniesas 48.8 1an lsaluiosay 41.6 uagnsauel luiseas 3 &9

< 1 4 <
Tuen TwanTwiung Iaaniiu Sooz 98 daudiasioniuan Inaniiu
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Electrophoretic technique

Limit of detection

GAGs detected

Procedure

Application

Cellulose acetate

Nitrocellulose

Agarose-gel

Agarose-gel

Agarose-gel

0.001 — 1 pg (alcian blue)

0.1 -0.3 pg (azur-A)

>0.1 pg (toluiodine blue)

>1 pg (precipitation in
cetyltrimethylammonium
bromide)

0.1 pg (alcian

blue/toluiodine blue)

HA, HA, CSA, DS, KS,
Hep

HA, CS, DS, SMHep,
HS/FMHep

CS, DS, SMHep,
HS/FMHep

CS, DS, SMHep,

HS/FMHep

Nonsulfated GAGs, CS,
DS, SMHep,

HS/FMHep

Discontinuous separation by
using increasing % of ethanol

Continuous separation

Discontinuous separation by
using two different buffers
GAG:s fixed in the agarose-gel

and recovered

Blothing GAGs on membrane
after electrophoretic separation
and immunodetection by

antibodies

Evaluation of GAGs in mixtures
and purity of single GAGs
Evaluation of GAGs in mixtures
and purity of single GAGs
Evaluation of GAGs in mixtures
and purity of single GAGs
Evaluation of the structure and

properties of GAGs

Evaluation of the nature of GAGs

0T
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Electrophoretic technique

Limit of detection

GAGs detected

Procedure

Application

Agarose-gel

Agarose-gel

Polyacrylamide gel

(PAGE)

Polyacrylamide gel

(PAGE)

Approximately 0.001 pg
(azur-A/ammoniacal
silver)

0.01 pg (toluiodine

blues/Stains-All)

0.05 pg (alcian
blue/ammoniacal silver)
0.001 ug (azur-

A/ammoniac silver)

HA, CS,DS, KS, HS,

Hep

Nonsulfated GAGs, CS,

DS, SMHep,

HP/FMHep

HA, CS, DS, HS, Hep

Oligosaccharide from

HA, CS, DS, HS, Hep

Sequential staining by means

azur-A and ammoniacal silver

Sequential staining by means

toluidine blue and Stain-All

Discontinuous or continuous
separation of single GAGs
Discontinuous separation of

GAG oligosaccharides

Evaluation of GAGs in mixtures

and purity of single GAGs

Evaluation of GAGs in mixtures
and purity of single GAGs,
Determination of The nature of
GAGs

Evaluation of the molecular mass
and distribution of single GAGs
Evaluation of the structure and

properties of GAGs

IC
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Electrophoretic technique Limit of detection GAGs detected Procedure Application

High-performance capillary 0.03 pg (detection at Nonsulfated GAGs, Electrokinetic chromatography =~ Quantitative evaluation and

electrophoresis (HPCE) 230 nm) LPS with sodium dodecyl sulfate determination of some properties
of nonsulfated GAGs

High-performance capillary Depends on the GAGs disaccharide and  Depends on technique Quantitative evaluation and

electrophoresis (HPCE) technique oligosaccharide determination of the structure and

Fluorophore-assisted
carbohydrate

electrophoresis (FACE)

Approximately 0.005 pg

Disaccharide and
oligosaccharide from
HA, CS, DS, KS, HS,
Hep and bacterial

polysaccharide

Separation of labeled

derivatives based on a PAGE

properties of GAGs
Determination of the fine

structure and properties of GAGs

A Volpi and Maccari, (2006)
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2.1.1

nIadans NI U (Sulfuric acid, Merck)
NSALDIAN (Boric acid, Merck)

nsalalasaas3n (Hydrochloric acid, Ajax)
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1 1 . A A -1 = a A (%
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= Yy A o a . . = Ao (3 o =
n1nd iAeanunsalesrglsinuiasgiu (Sigma-Aldrich) 39eusagudUONAN Y VOIA1TT

ana'la



o ()

N
@ ()
L
=
= fra
e
~N—
® i
=) (M
7 o)
g lofg ~
i ~
—
(=]
=R

7] I

I 2 I
P g |
| = = X
T T T T T
2000 1800 1600 1400 1200 1000 800

wave number (cm'l)

mwi 13 aulnasuvesnsalaeglsiin (n) nyalaeglstinuasgiu (v) nsalaeng lsiinningnanlaiia uag () nsalaeng Istinvingnanlaigi

9
NoUDY

14



47

d‘ 1y oo a a "9
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viyjilaridu AININIFIU
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CONH- carboxyl amide I - 1651 1654
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CH,, CH, 1379 1378 1377
C-0O-C (O-bridge) 1151 1149 1153
C-O with C=0 combination - - 1101
C-O-C (ring mode) 1079 1079 1080
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O-H deformation 946 946 983
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Bezakowa et al. (2008); Choi et al. (2010)
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1. danInslW3Fasvuisaglaaue®ing (Cellulose acetate electrophoresis)

(Nakano et al., 1994)
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