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Evaluation of Molecular Weight of Hyaluronate Preparations by Size-exclusion
: Chromatography

Chikako Yomota, Tamaki Miyazéki and Satoshi Okada

Hyaluronate (HA), a glycosaminoglycan polysaccharide, has been used as a biomedical polymer to treat
osteoarthritis by intra-articular injections and in ophthalmic surgery, such as anterior segment surgery.

In this study, the molecular weight (M,) of HA preparations was estimated by size-exclusion
chromatography (SEC), using HA and pullulan fractions as molecular weight standards, and the M,, values
obtained were compared to those obtained with a low angle laser light scattering detector (LALLS). The
results showed that the universal calibration with pullulan as the standard is useful for HA preparations.

The conditions of SEC for HA were also investigated, and the results suggested that a high ionic strength
and low flow rate of the eluent were preferable for high molecular weight HA preparations.

Keywords: hyaluronate, size-exclusion chromatography, laser light scattering
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DFROBOTHo7. SECIZBII2RFREERELT
HA OBEMBIILBDTFRORB D —EORRUT IV
SUERRAWE, E7ZOCBIIERIZLMN- THREX N
ZHOTY, NS OHMEEL (LS) Ik B4 TR & 48
BRESHEME 2 S & T Table 1 IZRL . N5 I3BMEL
(BF) Bl p-82 RUMFESR D 160 77, 246 TDOHDZEAV.

2. PR SEC BT Tosoh R 7 CCPD, REMIT
t RI-8012, h 5 L TSKgelG6000PWxL+TSKgelG3000PWxL
(7.8mmIDx30cm) % AW, IWEEIK 0.2MNaCl, # i 0.8ml/min,
H15 LB 4OCTHIEL 2. BT, BEAZ 002% L2
EBIZFIRL, 1001 FEA LK. T EIT Tosoh B —N
—YAF AL FO—5—S8C-8020 IZLVEELK. HF
BRERGZELT, 7IVSRUHA BEREEZRVWE. E
7z, SEC IZ{EAEEXHERHEE (LALLS) TdH S TosohLS-
8000 JEHLELLES 28 & U THEEEL /= SEC-LALLS IZ
&0, A—-#BHOSFREJEL LEEL /. SEC-LALLS
T, HEZ 0.5ml/min &L, BEHE 002% L4235k 51C
FRE M EALE., £, SRFOKERFTARIIE
RIF TR HC & 0 HBRAE AT 11.8-19.5 (dVg) DA T
0.25%-0.01% OWEMMAT, MEKEEED 24 (d/g LEDD
DT 0.01%-0.0025% DWERHFA T TN TN 4 BEETIE
U GRE 2R L.
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Table 1. Molecular weights of a series of hyaluronate(HA)

No. Mw by LS* (n)(dl/g) My~
1 18,900 0.59 13,200
2 104,000 3.01 107,000
3 460,000 8.26 390,000
4 637,000 12.7 676,000
5 847,000 15.7 888,000
6 993,000 17.7 1,035,000
7 1,410,000 229 1,440,000
8 2,130,000 28.9 1,940,000

*Weight average molecular weight measured by light scattering.
“Viscosity average molecular weight calculated using Laurent’s
equation.?

Table 2. Molecular weights(Mw) of a series of hyaluronate(HA) measured by SEC

Standards used for calibration

HA pullulan
No. No correction  MH correction 1* MH correction 2™
1 19,600 64,000 22,900 24,100
2 124,000 421,000 137,000 139,000
3 497,000 1,740,000 532,000 524,000
4 743,000 2,630,000 786,000 769,000
5 981,000 3,480,000 1,030,000 1,000,000
6 1,100,000 3,910,000 1,150,000 1,120,000
7 1,620,000 5,790,000 1,670,000 1,620,000
8 1,820,000 6,530,000 1,880,000 1,810,000
*Mark-Houwink correction using Laurent’s equation.?
=Mark-Houwink correction using Cleland’s equation.”
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Fig.1. Elution pattern of 8 kinds of hyaluronate fraction for SEC standards and calibration curve.
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Table 3. Molecular weights of 25 kinds of hyaluronate(HA) preparations

No. Mw Mv*
SEC-LALLS SEC
HA pullulan  pull-MH*=
1 246.1 162.1 580.9 162.1 2536
2 2199 1778 638.2 177.2 1725
3 179.6 153.6 550.0 1539 1711
4 125.2 985 3500 1007 80.1
5 1207 97.1 3449 9.3 9238
6 1205 1149 409.6 116.6 116.6
7 119.6 103.4 367.5 105.5 9.8
8 119.1 100.4 356.7 1026 936
9 1188 98.6 350.2 1009 9.8
10 1185 102.2 363.4 104.3 90.4
11 1179 . 1026 364.6 104.7 975
12 117.1 988 3509 . 1010 96.4
13 1157 925 3279 949 93.1
14 115.2 105.6 3757 107.6 81.1
15 1109 976 3467 9.9 9.9
16 109.6 928 329.3 952 88.8
17 109.1 90.5 3209 - 928 80.9
18 109.0 1017 360.0 104.0 71.6
19 106.8 9.8 355.2 101.9 947
20 103.0 104.3 3708 106.4 87.8
21 1025 100.0 355.4 102.2 9.6
2 102.1 910 3226 933 855
23 9.2 93.3 3299 956 66.1
24 95.4 925 327.3 949 826
25 87.8 72.1 254.8 748 65.1

*Viscosity average molecular weight calculated using
Laurent’s equation.?
“Mark-Houwink correction using Cleland’s equation.?
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1. E7 A VBESERBOSFERE

7 N0 EO SEC HIEICBWTH TREEHKRE &
DEITHRETEDINERHNTSHED, Table 1 ITRLIZ—
HEOTREEH O HA HEFREHZDWT, SE HA€TDH
OEHTFRIEREL UBE, TROSTEEERINS >
EZRWERE, TV 2 EEE U THERMEZT 2S5
SOREMEZAWVWTSECIZEN A TEEEIELE. &
SNIENTEER Table 2 IZEEDTRLZ. HAZDDHD
ZENETBICIE, HEEICEDRD 5N HA OERY
HAFRMWIEZE—Y by 70T REE L TRIEHHE
%R (Fig.1), ZNTNOHFREHHETHE, Mw il
{3 No.8 Z[< & 2EMICHBMELOBE LD PPRERE
Lizote. T, BWESERENSFRAGERETS
T, EREHSTFRIIERICZIE—I by TLDDP
BHOBNMIB LRS- THD. No8 T, SECIZXDIT
FREMEHELICEBELIDNELIzo7zD, No8 DI}
FEAHER U SEC AN 7 LOHMEREBA LD E
HERIENS. K2, RO TEREESZTHLTINS V%
EE s U THRIEMRERD, A TREIEZTO>L, HA O
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Fig.2. Relationship between molecular weights(Mw) of HA
preparations obtained by SEC-LALLS and those estimated
by SEC using three kinds of calibration.

Used Standard for SEC calibration: O, pullulan; Hu,
hyaluronate; A, pullulan with Mark-Houwink correction.

STRIIHA 2L LBE0 3 FRERERME LR

7=. HA BEHEEHL, TINS5 ICBRRELEMN o8
BEEoTVWBEED, RAUSTFETS HA OB APERAER
MNKREL, BHBNEL DD EEZSNS. HFEFHE
@i, MELED LTIESTFZTDOODEHNS DN
THDN, fxOESFIIH LU THEE D SEC OHIE/MERIC
HHTEZEERFTRATFRSAORNDOEHETHD
R THD. BEENEET, HRQEBELELLR
WSECHICH > TRINLMELTHHS. 20D, #
CERED FRETRATHAADEZHEBRLEIDETS

HAAEMNRLSND., —RIESTFOSFRIIEFRE ]I
ED Mw =K[n]P WS HEHERTEETNS. SEC DIEEE
— R FHERT, 23 [nMw IZERBITEZ &
N5, A BZREEOESTFTRENTNOBHIZEIIE W
TIn]a Mwa=[n]p Mwp DSERDILD. LichoT, BHIFORER
AEEOBEIND, BT A EEELLTEST B OO TEZ
logMp={1/ (1+ap) YlogKa /Kg +{ (1+a,) / {1+ap) HogMA T & D

RDDBZEMTES., ZOHFEKL, HBERONLEEST
T — 2 R—1 > ZHHIEEMEN, BE O GPC Y 7 ol
FAFENTWDZ EHE N, HA T 02MNaCl 2B E T
LHERELT, Larent DX ? [n]= 0.036 MwO?



138 BVEZSRRESWERAARS F£1175 (1999
350
RMw(HA Standard)
300  oMv LéLLS
250
é 200 350 ¢ e SEC1
o
E_ 300 } m SEC2
§ 150
& 250
%
100 Q
‘Lé’i 200
=
50 2 150
100
0 . . .
0 100 200 300

Mw(LALLS)x10*

Fig.3. Mw obtained by SEC and Mv of HA preparations are
plotted against Mw by SEC-LALLS
Weight average molecular weight(Mw) obtained by SEC
using HA standards and viscosity average molecular
weight(Mv) calculated using Laurent's equation.

Cleland DR Y[ n]=0.0228 Mwosis 3%, 7)L5 > DREERE
LTY(n]=0014 MW 2 ENFISNTND. ZN5DH
EXERWTY—VR—1 V7 HEERBET S, Bt
L-EBREGT T, TINS5 2ENE L TH HA 2N
EULESEITENY MW BB T LM R
(Table 2). HA OO OHERICKBWMEMZERRD L,
i 3 LLETIZR® Laurent ROANKERFTTFRELG X
=08, WEREMUEER S, ThbhB, HA OXD
73, KBAMESFEREIIBVWTY, Y—IF—1 U
FOBAICED LD ZUBSTFREMNREFALSNSI &N
mEEh.
2. HiRe 7O VEF LY O ARKIOSFRIEE

HA S EREHI BT R 22z, Wl 25 SEIZD
WTHBERIER U SEC, SEC-LALLS IZL 57 THRAEZ
R, #REA Table3 2R L7z, Fig2 2 SECIZL % 3D
HFRf% SEC-LALLS IZ L DR -FNETHID Mw {#fiIC
HLUTRELE, *—2 58— > ZHIETH Cleland DX
ZMAWiz. SEC Ti3, HA SERB2EEE LGEEE,
TNG BN E L —Ih— 1 VOWHIERT>BET
BIF—T 5 Mw lAES . Zhid, HA SHEEAO
AFRFEzBNTD, TNVS o2 TFRIZEE LTHER
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Fig.4. Effect of SEC conditions to Mw of HA preparations
SEC1, eluent: 0.2MNaCl; flow rate: 0.8ml/min
SEC2, eluent: 0.5MNaCl; flow rate: 0.4ml/min

TEDAEMSERLTVWS. £k, Fg2 Mo TRBKE
73 3 BIFITIE, SECIZ&% Mw féild SEC-LALLS 12X 5 {#
LM D/NEL, KO SEC OBIESRE T TIE Mw 28
150 FRL LD FIIERBRIZEL, EBELDPDNER
Mw liZ B TS Z EMRE I N/,

& 517, Fig3 TIiX SEC 2L D Mw &EHIL 7MKL
M5 Laurent ORIZK VEHE L HEEHZFEMY) 2
SEC-LALLS I2&% Mw IZx U TRUR U7z, HEFRAEEEZ 2
ICEEEINS My ffiid, AR EZLEETIEE Mw X
DRVNIRMERDTEBAMSNTED, Fig3 THHF
B 100 FREMDETIE, Mv<Mw Tho/d, S TFED
3 BIFID S B,2 BHTIE My {13 SEC-LALLS @ Mw {EIZ
FEWEEzD, 1 87Tk My i3t =D& HiRT 5 &
MEDNEL7Eo7z. HA KL 100 AU LD TEIK T,
BATERLONSZHVAKE <2 0REENFEEICITHEE
BROBWSKREELLZEARINTED ¥ HH TR
BV TIE, BEMNEMSHLNS My {ElR, 43LD
BHOMwlEZRBLUEWEENH D EEbN:.

3, SEC HIERMGD Mw [BICRIZFTRE

PLED#EMNS, 100 AREDOHTRZEZATS HA Bl

D5 FRIT, SEC TRAFMAIGEE BN, &oTFE
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OETZNOCEEEAIZE L TIE, SEC OHRBRIEL T
W3 Z EMRENL. KFRD SEC AN 5 LDHERBRIZ A
ZVWDHBDTTFARIVHBVWRTINT VBET 10 BE
ETNTNVBN, BRizAETHETIVOVETIE, 7T
KELEN>TWBDIZ Mw 2005 12E THHRBERIC
BELTWaEEZONS., TIT, BUY I LR THRE
RANE 2D XD SECRFERH L. BlEdl2E
BE¥X 0.5SMNaCl, #i# 0.4ml/min &L T, @A TRMAI3E

ZZU 8D HA WHZ BN U TSECHEZRAIE TS,

Mw {HI3ABER 0.2MNaCl, iE 0.8ml/min DFEH &L
TEREIIPPRELARD, FIEFTROHAITIIZEM,
72D KEL, SECLALLS OEEAWEERT LIk
7= (Figd). 12 MEEZREL, BEZE<THIET
BT OLEBOMNELRD, ERBEANKE<RSE

DIT, 300 HEWHATROBAITS SECIZX 55 TR
fASRIREL 12D T LAVRE NI,
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