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Sodium hyaluronate from rooster comb. umbilical cot-cl, bovine vitreous anti ~1 
sgeci:!l commrArcl ;,I hyal uranic -~c,id prep:r;,tlon, “Hea ion ” ii;lvc. bcerl fr:ic::.lon;ied <IL 
Li C on DEAE-Scphacel columns using salt gr;:dient,s from GHO.44 NaCl. All samples 
examined displ;lyeri a kligh d-grcac of polydispersity. l’iic rlumber of we?1 sepcr;,tcd 
fractions observed in these chromatograns ranges fron lo-30 depending on the source 
of the mst,crial. A mo:t,cul;?r weight. distribution eff+:ct does non st:em to be tilt: mbln 
factor controlling this fractionation as no differences could be observed when ttit: 
limitinK viscosity numbcars cII) for numerous fractions iso?;t,;c from ttii, si-zmL: s,jnplc 
wet-c compared with each other. As no galactosamine, sulfate or phosphate is found 
dirrctly linked to these fr;.ct.ions, it is sugg-sted t.k:st dls,~ggregotlon of ;n 
hyaluronate molecular ,?ggregate could be the basis for this fractionation. 

Commercial preparations of hyaluronic acid art increasingly being clinically USUU 

?s iz vitreous subst,itutc In cxyr sur[:cry with *;rrrylng d<,gr?c,s of’ succe YS. In Vit'W Of 

the sensitive nature of the hunan eye to inflammation resulting presumably from tile 

prescnct- of fori,ign subst;,nces, it t1:i.s become nand;,tory to devise rlcw mvlnobs wt~l<.l~ 

are capable not only of assuring uniformity between various hyaluronate preparation; 

but ;lso of generAting rl better understanding of tht possib1.c strucJiurr,-fun;t.lon 

relationship of this polymer. 

This mucopolysacch:ride was first. isol;,ted from bovine vitreous by I-leyer <irjri 

Palmer in 1924 (1) and in subsequent years from a variety of different tissues (2-5). 

While :jll thr sulfatcri rlucopolysn~:ch;:rid~s have bec;n shown to bc chemic;lily 

heterogeneous, hyaluronic acid remains the only known glycosaminoglycan which appears 

polydispcrscd, w1t.h no proven chemical heterogeneity. Light sc:.tterlng 6nd otricr 

physicochemical studies (C-10) carried out on hyhluronic acid have failed so f;tr to 

expl:iin thra fePt,ures which could be responsible for thc~: polydisptrslty obsrrv# watt, 

this polymer. This drawback results from a lack of proper methodology available for 

ttic fr;<ction:it.ion of tiyaluronatc into discrete chemical entItles. Sever;.1 
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investigators have attempted to fr;ictionate hyaluronic acid using DEW-Celluose ( 11) 

and DEAE-Srphgdex ( 12) . However, the inht:rent physicoctlemical limitations associ:>tctl 

with these fractionation procedures have hindered the possibility of obtaining wrZll 

separ; ted hyaluron;~t.~ fractions. 

Jr this report, we descrjbt a new chromatographic procedure capable of 

fractionating for the first time hy:lluronic acid from many sources into as many 2s 

ln-.?r! discrrte fractions. The high sensitivity ;in d reproducibility of this mtttlod 

makes it the best available procedure for studying small quantities of hysluronic 

acid. As litlle as ?CC micrograms of hyaluronate could bc acc:ur;ltvly fr.~ctlon;JLttd 011 

these columrs with hie,h recovery. This technique should serve as a powerful tool for 

examir ing the distribution of hyaluronic, acid in norn;~l as well ~3s in patibologic;:l 

connec,tive tissues. 

MATERIAL 

Roost,,r comb and human umbilical cord hyaluronatc were prepared according to the 

met.holi described by EIalazs 3nfl SwernPy: lCi,!i (1:). A sptciOl commcrc:1;.1 prep;ir; Lion 
of soelium hyaluronate “Healon I* which IS sold as a 1 5 solution of sodium hyaluronate 

for cfe surl;,rt-y was supplied by Pharmacic AD, Swcdcn. Vitrceous tiy;,luron;ltt, w?~s 
obtai ?ed from calf vitreous. Calf (1-j months-old) eyes were collected on ice from 
the I 3r;31 abattoi r , immediately following the desth of these ;Ininals. After the 

eyeballs hstl been cleaned from al 1 surroundjng tissues, an equatorial cut was m;!de 
just >rlow ,chc limbus and both anterior and posterior vitreous wert collect.cd. Ttipst 
vit,re,>us s:mples were cleaned from all adhering tissues, homogenized by aspiration 
throu-rh a syrin?gP and centrifuged in a Spinco preparative ultr;~c:cntr-ifuze iit 2O,CC(! 
RPM f3r 70 minutes. The supernatant was dialyzed against several changes of double 
distilled water. Th(’ rcltc-nt;ltr- was deproteinized by sh:;king ;<I+ room tempcr;:t,urt wit]! 
chloroform for a period of 12-24 hrs according to a modification of the method of 
Sevag (14). Prior to chromatogr:jphy on DEAE- Septiaccl , al! samples were dialyzed 
against several changes of distilled water. 

METHODS 

Column Chromatography: 
DEAF-Sephncel (wet particles size: 4!1--15Cum) in the prcsrqol len form was supplied 

by Pharmacia Fine Chemical, Piscatawny. N.J. The resin was poured in % beaker. and 
suspended several times in disl.illcri water in ordt,r to remove fine particles. The 

material was finally suspended in O.SH NaCl, poured on to a 1.2 x 120cm. column and 
allowed to settle by gravity. Prior to ttic applic;ition of s,amplr~s, th!: column wbs 
washed with double distilled writer until the effluent became negative for salt when 
tested with dilute silver nitrc1t.e solution. Di;:lyzrd s:,mplcs cont,jining 5.-15mg of 

hya’uronic acid in a total volume of 100-200 ml were usually applied to the column at 
;1 flcsw rate of lPml/hr using an LKE microperpcx pcristi~ltir pump. Elut,ion was 

carried out with a linear salt gradient ranging from O+O.lM NaCl. The flow rate was 
~dJu:.t.~d to Sml/hr using the perist;jltic pump and frdctions of 1 .Oml wcr(A collected. 
For fractionation carried out in the presence of urea, the sample was first dialyzed 
against. 7.01 ureh, applied at 4’C to n column equilibrptcd wittl the same solvent a n d 
finally eluted with a salt gradient made up in 7.@M urea. The salt concentr&tion was 
monif.ored tlurinR the fri.ct,ionation. using a conductivity bridgt . The c.luates were 
analyzed for uranic acid. Carbazole positive fractions were pooled separately, 
concl~ntr:~tc~d by ultrafiltrat,ion, dialyzrd iAnd used in further experiments. 
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Analytical Procedures: ._---~__ 
Hexuronic acid was estimated by tha cnrb:>zole rc;tct ion (15) and the automated 

procedure drscribed by Balazs et al. !  16). Hexosamines were determined by the method 
of Elson 2nd I,!organ f 17) as modified by Balazs et al. (1P). Protcsin cont,cnL was 

estimateed with Folin’s phenol method (19) and by measuring absorbance at 260 and 280 
nm as described by Warburg and Christian (2C). Total sulfate was estimated Pccoriiing 

to the turbidimetric method described by Dodgson and Price (21) and by the 

colorinetric procedure described by Tertlo and Hart.iLlil (22). tnorganlc phosptlc!tc w:,s 

measured 2s described by Baginsky et al. (23). 

Paper Chromatography: ___-- 
Qunlit~tive identification of glucosdmine ;intl galzictos;rr~linc in various fr;ictions 

was c?rried out by hydrolyzing stmples in 4N HCL for 16 hours at lOOoC, degrading tht 
hexosamines to their corresponding pcnt,oses with ninhydrin, (24) scpar;ting the 
various components by paper chromatography using butnnol/ethanol/water (4:l:l) as 
solvf,nt, and detecting the result.ing pcntoses by staining with sliver dip re;.grnt 
(25). 

Viscomctry: -_____ 
Prior to viscosity measurements. all samplf,s were dialyzed zgainst several 

changes of 0.15 M NaCl. Viscosities were measured at 25’C in Cannon semi-micro 
dilut.ion viscometcars. Tntrinsic viscositic*s were determined by ext,t-;pol;ition of the 
reduced viscosities to zero concentration. 

RESULTS AfID DISCUSSION 

In previous studies the polydispersity observed with hyaluronic acid was 

attributed solely to a diffcrenct, in molvculdr size bctwecn v;,rious hyaluronatc 

fractions (11). Cur prel iminar-y results do not support this hypothesis. If we 

consider the frsctionatior. of roost,cr comb hyaluron;!tt on DEkE-Seph,ccl (flgurt I), 
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Figure I Fractionation of hyaluronate from rooster comb on DEAE-Sephacel. Column 
size: 1.2x120cm. Elution is carried out with a linear salt gradient from 

0+0.4M Nacl. Flow rate: 8.0ml/hr fractions of l.Oml collected. 
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TABLE I 

Molecular characteristics of hyaluronate fractions obtaiied from “HealonR” and rooster comb 
sodium hyaluronate 

Sample 

-- 

Molar ratio Molar ratio 
Hexuronic acid Sulfate 
Hexosamines Hexosamines 

Molar ratio 
Inorganic 
phosphate 
Hexosamines 

Intrinsic 
Viscosity 
cc/gram 

(rl) 

Fraction I 1 1.3 0.1 0.3 2550 
II ;? 1.2 <O.Ol <O.Ol 1800 
N 3 1.2 <O.Ol <O.Ol 2320 
II ‘4 1.2 m3 co.01 
d I; 1.2 neg CO.01 1920 
# 6 1.2 <O.Ol 0.02 2150 

Rooster Comb 
Sodium hyaluronate 

Fraction t ;! 1.0 <O.Ol co.01 2980 
II !J 0.9 net3 neg 2100 
II ‘5 1.0 2200 
IJ 7 1.1 2320 
Ii 9 1.1 2380 

aEactl value represents the average of two separate determination performed in triplicate. 

a spG?ctrum of well separated hexuronic positive fractions can be observed. No 

Significant differences in limiting viscosity number (n) could be obtained when 

fractions From both sides of the chromatogram are compared with each other, as shown 

in T>hle T. Similar results were obt;iined when a “HePlon R 11 preparation was 

chromatographed on DEAE-.Sephacel as indicated in figure II. Although the sample 

appears l.css polydisperse tllan regular rooster comb sodium hyaluronate, it 

nevertheless displayed a considerable polydispersity. Inspection of table I, again 

revpzled no significant differences in limiting viscosity numbers (n) calculated for 

various hyaluronate fractions regardless of their relative position in the 

chrornat ogram. The relative increase in the limiting viscosity number observed wit11 

fraction I from both chromatograms is due to the presence of nucleic acid in this 

fraction RS determined by absorbance at 2h@nm 2nd inorganic phosphate analyses. 

Based on these observations, it is clear that size(s) may not be the main factor 

control1 ing the clutiorl profilt, obtained for these fractions on DEAE-Septldcel. One 

possibility is that purified hyaluronate could be an aggregate or network (27) built 

Up Cf several sub-units held together in equilibrium by proteins, lipids, dlvalcnt 
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Figure II Fractionation of sodium hyaluronate “HealonR on DEAE-Sephacel. Column 
size: 1.2x120cm. Elution is carried out with a linear salt gradient 
from &0.4M Nacl. Flow rate: 8ml/hr, fractions of l.Oml collected. 

cations or some ionic forces. The binding of this aggregate on to DEAE-Sephecel 

could t,hc,t-efore jniti:it,p a clispl:!cfment in equilibrium rrsuliing in thr 

disaggrpgation of these tryaluronate sub-units at different time and salt 

concentrations. This hypotbpsis appear- ri~:,sonnble in lig!llt of the observations m:ade 

by comparing the chromatogram obtained for the ct,loroform treated bovine vitreous 

hyaluronpte to that of the non-t,re<ltrd one. Dcprotcinizatlon of bovine vitreous by 

chloroform is seen to reduce considerably the number of hyaluronate fractions normal- 

!  y obtained from DEAE:--Sephacel for non--tre;it.ed sample. Ttiis ttierefore, indic,tts 

t.h;it. proteins or lipid-like nnterials may be participating in the organization of 

hynluronic acid mz,cromolt,rules. On the other hand, a total Ly dif’f~.rint c:oriceL;t 

emerges when isolated hynluronato fractions iire rechrom~tographed on the same column 

using. thrhsr srlm~, identical cxperinental conditions. Figure :j shows a typical 

chrornatographic profile obtained for ttic fractionation of a purified urnbilicsl cord 

hyaluronhte on DEAF-Sephzcc,l . Nhen pi:ak I/!, from this chror#l:ttocr‘;in was dialyzed 

against dist.illcd water and the retentat.e rcchromatoRraphpd on the same columrl, ;I 

similar, but not idcntir;ll p;.ttern ~11s obt: ined (figure St;). Irrdcc,d , pt:i,k /‘y upon 
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Figure III Fractionation of hyaluronate from human umbilical cord on DEAE-Sephacel 
column size: 1.2x120cm. Elution is carried out with a linear salt 
gradient from Ot0.4M Nacl. Flow rate 8ml/hr; fractions of l.Oml 
collected. A) Upper panel illustrates the chromatographic profile of 
the unfractionated sample. B) Lower panel shows the pattern obtained 
for fraction #9 (from A) rechromatographed on the same column. 

rert romatography is found to be inhomogeneous. In fxt, there is a great deal of 

similarity bet,ween the chronatographic profile of peak 13 And thnt obtained for the 

frac tionat ion of the original sample. Nonetheless, there is a notable difference in 

the:.c, two chronatop,r:ms. Numerous frsct ions which appeared at the heginnlng of 

the chromatogram obtained for the original sample are seen to be completely absent 

frorl the <:hromatogr?m obtained for fraction 8” (Fig. 3E). Their abscncl? suggests 

tha’. they may have different charge densities from the rest of the fractions In tht 

chrlxIatogt-an ohtainpd for the unfr;ict.ionated sample (Fig. :3A). Composition k*nalysis 

doe; not :sepm to provide a basis for the fractionation as no sulfate or phosphate was 
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found to he associated with these hyaluronate fractions (table I). It is possible 

however, that varying degrees of lactonization or perhaps some other distinct 

structural features associated with the uronosyl moieties of these fractions could 

account for the difference observed in their chromatogrsphic elution profiles. 

It is interesting to note that hydrogen bonding does not seem to be participating 

in the organization of this network or aggregate, since 7.OM urea failed to cause any 

significant changes in the chromatographic patterns of these samples. Uy contrast, an 

increase in temperature to 65’C totally abolished the type of separation usually 

obtained when these samples are chromatographed at 4’C. This heat effect on 

hyaluronic acid, which seems to be partly an irreversible process, is being further 

investigated. 

In conclusion, column chromatography on DEAE-Sephacel is found to be the best 

method for examining the polydispersity associated with hyaluronic acid. Even 

hyaluronate preparations which were considered to be homogenous, as for example 

R 
“Healon 11 are seen to display considerable polydispersity when examined on these 

columns. This method is highly reproducible and gives a total recovery of 82-94X 

based on hexuronic acid. Based on the large number of well separated fractions 

observed in these chromatograms. it is clear that this technique is superior to all 

previous procedures used to fractionate hyaluronate . Although, the basis for this 

fractionation cannot be firmly established at present, it can be utilized to evaluate 

the polydispersity of hyaluronic acid from a variety of different sources (26). 

ACKNOWLEDGMENTS 

The authors are indebted to Dr. Karl Meyer for many stimulating discussions and 

valuable suggestions in the course of this work. We abe also grateful to Dr. Balazs 
for his interest 

A 
and for providing samples of “Healon ‘I. 

Ivert and Bengt 
WeRalso thank Drs. Lena 

gerup from Pharmacia AB for gifts of “Healon ‘I samples. This work 
was supported by grant # EY03405-02 National Eye Institute. 

REFERENCES 

1. Meyer, K. and Palmer, J.W. (1934) J. Biol. Chem. 107, 629-634. 
2. Meyer, K. and Palmer, J.W. (1936) J. Biol. Chem. 114, 689-703. 
3. Meyer, K., Smyth, E.M. and Dawson, M.H. (1939) J. Biol. Chem. 128, 319-327. 
U. Meyer, K. and Chaffee. E. (1941) J. Biol. Chem. 138, 83-91. 
5. Meyer, K. and Chaffee. E. (1940) J. Biol. Chem. 133, 83-91. 
6. Laurent, T.C. (1955) J. Biol. Chem. 216, 263-271. 
7. Laurent, T.C.. Ryan, M. and Pietruszkiewicz, A. (1960) Biochim. Acta 42. 476-485. 
8. Varga. L. (1955) J. Biol. Chem. 217, 651-658. 
9. Nichol, L.W., Ogston, A.G. and Preston, B.N. (1967) Biochem. J. 102. 407-416. 

174 



Vol. 112. No. 1, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

10. Bettelh’eim. F.A. and Balazs, E.A. (1968). Biochim. Biophys. Acta 158. 309-312. 
11. Cleland, R.L., Cleland. M.C., Lipsky. J.J. and Lyn. V.E. (1968) J. Amer. Chem. 

Sot. 90, 3141-3146. 
12. Berman, E.R. (1963) Exp. Eye Res. 2, l-11. 
13. Balazs, E.A. and Sweeney, D.B. (1968) in New and Controversial Aspects of Retinal 

Detachment (McPherson, A., ed.) pp. 371-376, Harper and Row, N.Y. 
14. Sevag, M.G. (1934) Biochem. Zeit. 273, 419-429. 
75. Eitter. T., and Muir, H.M. (1962) Analyt. Biochem. 4, 330-334. 
16. Ealazs. E.A., Bernsten. K.O., Karossa. J. and Swann. D.A. (1965) Analyt. Biochem. 

12, 547-558. 
17. Elson. L.A. and Morgan, W.T.J. (1933). Biochem. J. 27, 1824-1828. 
18. Falazs. E.A., Berntsen, K.O.. Karossa, J. and Swann. D.A. (1965) Analyt. Biochem. 

12, 559-564. 
19. Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.J. (1951) J. Biol. Chem. 

193, 265-275. 
20. War-burg, 0. and Christian, W. (1941) Biochem. Zeit. 310, 384-421. 
21. Dodgson, K.S. and Price, R.G. (1962) Biochem. J. 84. 196-110. 
22. lerho, T.T. and Hartiala, K. (1971) Analyt. Biochem. 41, 471-476. 
23. Eaginski, E.S., Foa. P.P. and Zak, B. (1967) Clin. Chim. Acta. 155-158. 
24. S,toffin. P.J. and Jeanloz. R.W. (1954). Arch. Biochem. Biophys. 52, 373-379. 
25. Trevelyan. W.E., Proctor, D.P. and Harrison, J.S. (1950) Nature 166, 44-445. 
26. Armand. G. and Reyes. M. Chromatographic distribution of vitreous hyaluronate of 

different species (manuscript in preparation). 
27. Swarm, D.A. (1969) Biochem. Biophys. Res. Commun. 55, 571-576. 

175 


