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ABPSTRACT
P ]

This thesis is concerned with the application of reriodate
oxidation to the histechemical identification of the acidie
rolysaccharides (glycosaminozlycans) of connective tissues,
especially cartilage.

when fresh frozen sectiocns of bovine nasal septal cartilage
are given prolonged exposure to sodium periodate solution

a great deal of basorhilic sulphated materisl is lost. 7This
was characterised by staining with Alcian blue in C.L0H M§C12
to be mainly chondroitin sulphates.

The loss was shown to be due specifically to the periodate
ion and most occurs during the first hour of exrosure of
sections. '

Two main sites of action of periodate in cartilage were
ccngidered. These are the network of ceollzgen fibrils and
the interfibrillar proteoglycans., Periodate was shown to
cause great decreases in viscogity for proteoglycan and
glycosaminoglycuronan solutions.

Fropan-1l-0l, a presumed free-radical scavenger, wasg found

to diminish leoss of stainable materizl from cartilage
sections and the rate of decresse of viscosity of glycos-
aminoglycuronans in periodate solutien, It is rrorosed that
free-radicals zre present in perlodate soluticn and that

they cause derolymerization of glycosamincglycuronans, thus
facilitating their loss by diffusion. In additiocn, periodate
causes a general lcosening-up of the matrix of collagen
fibres.

Methods of preventing the loss from cartilage sections were
investizated, Formaldehyde fixation had a little eifect.
Cetylpyridinium, a precipitant for zcidiec polymers such as
chondroitin sulphates, was much more effective., Treating
sections with sclutions of low pH produced a fixation which
could not be reversed. The use of free-radical scavengers
was considered.

It wss not pogsible to determine the effect of cetyl-
pyridinium complex formztion upon the rate of periodate
oxidation of glycosaminoglycuronans by performance of

nodel experiments, with these substances spotted on strips
c¢f 'paper'. Crdinary cellulose paper was periodate reactive,
cellulose acetate parer gsve anomalous results and poly-
saccharide would not remain on glass-fibre paper when
exposed to periodate scluticn,
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IFTRODUCTION

This thesls is concerned with the aprlication of periocdate
oxidation to the histochenical \Ae&Tl{c&ton . of the zcidic
polysaccharides (glycosaminOMlyCans) of connective tissues,
especlially cartilage.

There are seven major vertebrate glycosaminoglycans. Some
but not all oceccur in the form of proteoslycans. A proteo-
rlycan has a protein core with polysaccharide side-chains
cevalently linked to it.

Linkane
resion

1 -

l“\}
Folyszdccharide
sidefchains

The structures of the repesating diszccharide units for
individual glycecsaminoglycans and cf prcteoglycans are
descrited below, These formulae ate reproduced; from Balazs (1S70).

livaluronic =zeid

VHCOCH,

OH




Crondraitin le and A« suvlrhate

There is veriaticn in the degree of sulphstion and in the

prossible occurrence of chondromtln-k-sulpﬁaue and

chendroitin- 6 sulrhate hybrlus.’

el —

OssOCH‘L

Chondroitin~-6~sulphate
(Chondroitin sulphate C)

¥eratan culrhate

VHCOCH3

Keratan sulphate differs from the other glycosaminoglycans
in the absence of a uronic acid component.

T _
OSSOCHL

o]
CH,04
oh
Ho

on

g

o NHCocHs

AN

Darmatan sulrhate (Chondroitin gulrhate R)

__“‘
Lhcrc*oitin-u-sulﬂhute
(Chondroitin sulphate A)



Herarin zrd Deraran sulrnhote

The cenerally accented structure of heparin is illustrated
by the tetrasaccharide below,

CHA 050+ cor CHL060% con
O o ) o
OH OH » oH o
L NVHSOy ot -~ NHSox osos |

"This tetrasaccharide is not meant to be strictly conceived
as a repezting unit, but rather as a fragment expressing the
characteristic structural features of the molecule”,
(Lindahl, 1970 ) )

Ieparin and heparan sulphate differ with regard to sulphate
and acetyl content, heraran sulphate having more li-acetyl
and fewer I - and Q- sulphate groups than heparin.

Froteo~lveans

Chondroitin -4 and -6 sulrhates exist in the form of rrotecgly-
cans. The linkage from the protein to the rolysaccharide
side~chains occurs through gzrine residuesg in the protein

core. The oxygen atom of the hydroxyl group in serine is
linkad to the potentially reducing end of e€ither chondroitin
sulphate . by way of a specific oligosaccharide which differs
in composition from the characteristic repeating unit of the
chondroitin sulphate chain., This oligosaccharide is
3-0=B~D-calactosyl-4~0=B-D-galactosyl=D=-xylose (Roden &

Smith, 1266). Sece the diagran overleaf,

In cartilaze, chondroitin sulphate proteoglycans exist which
contain ro keratan sulphate but keratan sulphate always occurs
together with chondroitin sulphate (FPe .drini, 1969).

There aprears to be a close similarity between the carbohydrate=
protein linkages of dernmatan gsulrhate and chondroitin sulphate
(Stern, 1C68).

"Both heparin and heparan sulphate, when isolated after
proteolysie, contain the specific polysaccharide=-protein
linkage region and a residual peptide, and therefore it is
reasonzble to assume that they both occur in the native state
as multichain proteoglycans', (Lindahl, 1970).

Lo linkage regicn has been isolated and most protein can be
removed from hvaluronate bty mild physical methods which

suggests that it is not covalently linked to form proteoglycans.
(Laurent, 1970).
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Feriodic-Acid Schiff reaction

In order to understand the role which a group of substances
play in the functioning of a tissue it is not enough to

know the gross composition of that tissue., The distributicn
of these substances must be known, This knowledge can be
gained by mierocanalysis and/or the application of a histo-
chemical method so that the substances become cecloured or
marked in some way and their distribution in tissue secticns
can be observed under the microscore.

A comnonly used reaction for the histochemical demonstration
of carbohydrate containing materials is the Periodic Acid
Schiff (PAS) reaction, Substances containing a glycol group
can be oxidised by periodate to give a dialdehyde structure
which can subsequently be reacted with Schiff reagent to
give a red-coloured product. The usual PAS procedure
involves exposure of tissus sections to 1Cg/l periodic acid
fogé%o rminutes before staining with Schiff reazgent (Pearse,
lgu. ’ -

The glycosaminoglycans, excluding keratan sulphate and fully
sulphated heparin, contain a glycol group in their uronic
acid roieties and might be expected to be demonstrable by
the PAS reaction, Until recently there was much confusion
as to whether the glycosaminoglycans were coxidisable by
reriodate and therefore demonstrable by the FAS reacticn.

This situation was clarified when Scott showed that they
were slowly but specifically oxldised in their uronic scid
moities. Scott (Scott & Harbinson, 1968) demonstrated

that the intense nezative electrostatic field of acidic
rolysaccharides excludes negatively charged periocdate ions
from the domain of the polysaccharide, thus reducing the
rate of oxidation. It was found that polysaccharides
containing lii=-linked D-glucuronic acid (hyaluronate,
chondroitin sulphates A and C) were less easily oxidised
than those containing l:l~linked L-iduronic acid (chondroitin
sulphate B), Different conformations for the D- and L~
uronide were prorosed to account for the different rates of
oxidation (Scott & Harbinson, 1969).

Scott and Dorling (1669) developed a FAS technique for
chondrcitin sulrhates and other glycosaminoglycuronans
ernploying sodium periodate as oxidant, Rapidly oxidisable
substrates were oxidised during a 1 hour primary oxidation,
They were then reduced to non~Schiff reactive primary
alcohols before exrosing the secticn overnight to oxidise
the glycosaminoglycurconans (Fig.l.).

During that investigation it was noted that fresh frozen
sections of bovine rasal septal cartilage lost much
basoprhilic nmaterial in scdium periodate solution. This
was characterised, using Alcian blue in the critical
electrolyte concentration technique, as mainly chondroitin
sulrhates.

It was prorosed to investigate the ressons for the loss and
to develop metheds for preventing it.,

- 12 -
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FIG.1,

The borohydride (BH, ) blockade of periodate oxidised glycans.
2! and R" are non-oxidisable groups or substituents (glyco-
sidic bonds, in the present context). Taken from Scott &
Dorling (1963),
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1033 CF CHCHDROITIN SUIPHATES FROM CARTILACE SPCTICHS

Time course of loss
—

All investigations were performed with fresh frozen sections

of bovine nasal seprtal cartilage. Sections left for one or
twenty=~four hours in 20g/l sodium periodate at 30°C showed

that loss of basorhilia, as demcnstrated by Alecian blue in

0.LCH MgCl, which stains mainly chondroitin sulphates, decreased
only slighfly from one hour onwards. This indicated that most
loss from sections occurs during the first one hour of exrosure
to sodiunm periodate solution,

D“mOﬂﬁtPPthH that loss is due to thn _rerioda to ion
(uee experimental details on p.38)

There are a number of alternative ways in which an aqueous
sodium periodate solution could be active in causing loss
of chondroitin sulphates from cartilage sections. In the
first instance it might simply be due to leaching out of
these substances in agueous solution,

The situation could be more complicated than this and los

be due to the pll of the solution (around 5.5 for aqueous
sodium pvrlodate), the salt concentration or an effect due
upecifically tc sodium or periodate lons, Another alternative
is that iodate ions produced in reducticn of pmrlodate by
glycols ‘

- 1 - ~
10, + =C=Oll => ICZ + >C =0

' 3
~C=CH SC =0 =
] )

are sctive,

Basorhiliaz in sections was greatly diminished on exposure

to 20g/1(0.0941) aqueous sodium pericdate at 30°C for 1 hour
(Fig.3), compared with controls that were either (a) not

treated at all (Fig.2), (b) exposed to acetate buffer,

rH 5.7 (0.C281), (c) exposed to sodium perchlorate solution
20.09hg (@) exposed to sodium potassium iodate solution
C.1CH).

This showed that it was the periodate ion which was
responsible for the loss.

Extraction of cartilsre sectinmng with reriodate soluticn
anrd dg;cnstration of vronic acid in thot oxtract
(See experimental details on pp.L4l-43)

Loss in basophilia (Aleian blue in O.4CM 1MgCl,) of cartilage
sections strongly suggests, but does not prové, that loss of
chondroitin sulphates has occurred. It was proposed to
obtain direct evidence for this by measuring the uronic

acid content of a periodate- solutlon extract from cartilage
sections,.

-1 -
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Cartilace sections were incubated with a 20g/1 sodium
periodate solution for 1 hour aznd a uronic acid determina-
tion, by the Dische carbazole method, was performed on the
extracting solution. Control sections were incubated with
sodium perchlorate solution.

Beth periodate and perchlorate extracts gave 'normal! uronic
acid spectra. 7Twice as much material was present in the
reriodste extract as in the perchlorate extract. This must
be an underestinmate of the amount of polyurcnide extracted
in periodate soluticn, although not an underestimate for
rerchlorate extracticn, because scme urcnic acid residues
would be oxidised and destroyed during the 1 hour expcsure
of sections to perliodate solution,

The uronic acid determinstion confirmed in a direct manner
that periodate caused loss of uronic acid containing material
from cartilase sections. Alcian blue staining showed that it
was sulphated materisl i.e. chondroitin sulphates, that was
lost -




MECHATICM OF 1053

Sites of acticn of reriod-te

Chondreoitin sulphates occur in cartilage in the form of
protecglycans which lie in the spaces between the three-
dimensional network of collagen fibres. DMost can be

extracted by mechanical or physico-chemical methods which

may be assumed to indicate that covalent links are not the
rmain reason for them staying in position. Aggregaticen of
rrcteoglycans occurs in the presence of a glycoprotein

(Hascall & 5ajdera, 1969), The structure of rrotecglycans,
especially with regard to the linkage region between poly=-
saccharide and protein, has already been considered (pp.10-11).

lardingham & Muir (1972) observed that hyaluronic acid from
umbilical cord increased the apparent size, as measured by

gel chromatogsraphy, of proteocglycans from pig laryngeal
cartilage. They suggested that each hyalurcnic acid molecule
interacted with a large number of protecglycan molecules.
Following this observation, Hascall (1973) prorosed that
hyaluronlc acid plays an important role in causing aggregation
of proteoglycans in bovine nasal septal cartilage.

The site of attack of periodate upen cartilage could be
the collagen fibres or the interfibrillar rrcteoglycans.,
Since the staining properties of the materizl extracted
from cartilage, in periocdate soclution, are the staining
properties of proteoglycans it was decided to look at the
effect of periodate uron these substances,

Action of reriodate on rrotenclveans
(See experimental details on pp.L4L-55)

It was found that solutions of proteoglycan decreased in
viscosity when exposed to scdium periodate solution, in the
presence of sodium perchlorate as suprorting electrolyte
(Figs. 4 & 9). The apparent dependence on concentration of
the reduced viscosity of proteoglycan sub-unit and proteo-
slycan complex (p.l1l8) is probably cue to the inconstant
shear rate (diminishing with increasing concentration),
according to the run-out time. The viscogity of proteo-
glycan conplex is dependent on shear rate (Sajdera &
Hascall, 1953).

It was apparent from the results above that periodate was
acting on the proteoglycans. Periodate could act upon the
protein cores of proteoglycans, the polysaccharide side-
chains or the linkage regions between polysaccharide and
protein,

The effect of periodate upon the viscosity of several
glycosaminoglycans was examined, Solutions of hyaluronate,
chondroitin«k-sulphate and shark certilage chondroitin
sulrhate (Figs. 5, 6 & 7) showed marked decreases in
viscogity in the presence of sodium periodate. Periodic
acid end sodium periodate were about equally effective in
reducing the viscosity of hyaluronate. .

-17 -
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These viscosity decreases showed that periodate was acting
to degrade the polysaccharides in some way or to produce a
change in molecular shape. Either activity could produce

loss from cartilace szctions by diffusion.

Disulphide bonds in the protein cores of proteoglycans are
known to be necessary to maintain their share so that
aggrezation between protecglycans can occur (Hascall &
Saidera, 1969)., PFeriodate would be expected to oxidise
and cleave these bonds with the formationAsdphonic acids.,,

of
' ]
~C- -C-
4 4
3 803H
4 y
s v I, % SO5H
1 t
=C= ~-C~
] L

If this is impertant in causing loss cf proteoglycans
from cartilagze sections then thiocl zgents, which could
also break the disulphide bonds, should also reduce baso-
rhilia. The thiocl agents in the table cn p. 59 were not
effective.

These observations, rlus the biochemical results of Sajdera
(1269) who found that treatment of cartilzge with dithio-
threitol did rot extract proteocglycan complex, sugrest that
splitting of disulphide bonds by periocdate is not important
in causing loss from tissue sections, There are two further
reasons for thinking that periodate has little effect on
rrotein cores by any mechanism. Proteoglycans showed a
generally rather slower rate of viscosity decrease compared
with glycosaminoglycuronans. The viscosity of a polypeptide,
gelatine, was not affected in sodium periodate soluticn
(Fig.&). ‘ ‘

Two glycol-containing structures are found in the linkage
region which do not occur in the side-chain (see pp. 10-11).
These eare glucuronic acid linked to galactose and xylose
linked to scrine, Rates of glycol cleavage and stabilities
of the cleaved products are not known.,

Action of veriodate on collacen

Bailey (1C70) isolated from reduced collagen two new amino
acids believed to be involved, in their non-reduced form,
as inter-molecular cross-links stabilizing the collagen
fibre, ©One of the crosselinks was shown to be cleaved by
periocdate,

-19«-
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Periodate may be expected to cause the network of collagen
fibres in cartilacge to become more 'oren'. This in turn
would facilitate the loss of the product from the acticen
of periodate on protecglycan complex.

Vechanien of scticn ¢f neriodate on rclveosamino~lycuronans

Glvenl cleavare

In 0.CC1M sodium periodate, the sgpecific viscosity of
hyalurcnate solution droprped by 507 in 100 minutes although
consumrtion of periodate was at most 37 of the theoretical
(Fig.7). There was only enough periodate to oxidise 14% of
the glycols present if all was consumed. (See calculation
on p.56.)

Breaking of a hyaluronate chain would not occur from glycol
cleavage alone, It follows that cleavage of a very few
glycols produces a large change in shape and hydrodynamic
interaction with the solvent (Scott, Tigwell & Sajdera,
1972). It is possible that a monomer, in the polysaccharide
chain, containing a cleaved glycol is more flexible than
before that cleavage took place.

- 20 -



The precipitous decrease in molecular stiffness for alginate
molecules, following introduction of only 1 or 2% periodate-
oxidised units, was accounted for by the creaztion of centres
of hicgh local flexibility. This flexibility was associated
with rotation about the three bonds adjoining C-4, C-5, the
original ring-oxygen atom, and C-l of the oxidised hexuronic-
acid residues (Smidsrod & Painter, 1973).

lowever, there are further processes that could take rlace
after clecavage which would limit flexibility at the oxidised
monomer rather than increase it. In the first case the
newly formed aldehydes could react with each other (Guthrie,
1961) to form hemialdal groups. This group is formed by

the addition of the elements of a molecule of water across
two aldehyde groups.

H
— ¢ =o +Ha0 ~— C HoH
\ — \ \
: ~— o
"'—'c|=o —Ho0 ' /
H —C HoH
Hemialdal

A second alternative is that put forward particularly for
alginate (Painter & Lazrsen, 1971). Aldehyde grours could
react with hydroxyl grours on neighbouring sucar residues
to give hemiacetals,

H . H
—Cc=0 — ¢ — oM
s N,
—c —oH /
\H —~CH
|
Hemiacetal

Lahile bonds

Another activity of periocdate solutions, besides oxidation
of glycol groups, which splits the polymer chains needs to
be considered. This splitting of the chain could occur by
attack upon specific links labile to rericdate and which
would only need to occur infrequently throughout the
molecule, i

The presence of special labile bonds in hyaluronate has
been proposed (Swarn, 1969) to account for the observation
that ascorbic acid degraded hyaluronate into subfunits



whose size coculd not be reduced by further treatment with
ascorbic acid. However, a number of prorosals have been
made that depolymerisation of hyaluronate and other polymers
by ascorbic acid and a ranze of reducing agents (the
oxidative-reductive depolymerisation reaction) is mediazted
through free radicals., These act by causing random oxida=-
tige)cleavage of glycosidic bonds (Pigman, Rizvi & Holley,
1¢6l1).

Free radicals

Free radical degradation was postulated to be responsible

for the cbserved viscosity reducing power of sodium periocdate
upcn alginate solutions (Painter & Larsen, 1971). Alginate
oxidised to its limit in the presence of propan-l-ol, an
assumed free-radical scavenger, was found tc have an intrinsic
viscecsity of 4.0dl/g compared with 0.17dl/g in the absence of
prcpan-l-o0l, Measurements were made in C,ClM WaCl on the
procduct isclated after oxidation,

The effect of propan-l-ol on cartilage sections was invest-
igated (p.hC). Sodium periodate treatment of sgctions in
the presence of PrOﬁan-l-ol for 4.5 hours at 30 OC caused
.decreasing losses of basophilia as the concentrztion of
propan~l~ol rose from 5Cml/l to 150ml/l, at which concen-
tration staining was practically as intense as in the
control (exposed to buffer only). On overnight exposure

of sections to periodszte propan-l-ol had relatively less
effect in preserving basorhilia, This effect is not likely
to be due to the influence of propan-l-ol on rate of uronic
acid oxidation since, in a separate experiment (Fig,10),
the rate of glycol oxidation (pinacol) was found to be -
unaffected in the presence of 150ml/l1 propan-l-ol. Finacol
was chosen as a simple glycol whose oxidation rate is not
too fast to be easily followed. In additicn, propan-l-ol
was found to slow the rate of decrease of viscosity of
rroteoglycan and hyaluronate solutions exposed to pericdate
(Figs. 5&9).

It seems reascnable to suppose that the action of propan-l-ol
on cartilage, cartilacge proteoglycan and hyaluronate is to
scavenge free radicals produced in periodate solutions,

Frdroxyl free radicals from rericdote solutionsg

Hydrogen reroxide was found to be as active as sodium
preriodzte in decreasing bagorhilia of cartilage secticns
{p.5C). This reagent is well known to produce free radicals
e.Ffe 'CH, particularly in the rresence of trace amounts of
heavy metals (Ferton's reagent) such as would be present in
tissues, and these have been shown to depolymerise poly-
saccharides and other polymers. Hydrogen peroxide is not
generally active in oxidising glyccls. Feriodate and hydrogen
peroxide soluticns may act in a similar way, through the
production of free radicals which then act on tissue polyners,



Symons (1955) performed various tests, thought to be diag-
nostic of the presence of active free radicals, upon potassium
periodate solutions. Periodate solutions containing respect-
ively acrylonitrile and methyl methacrylate were irradiated
by means of a mercury arc from which light of wavelength
shorter than 365nm was filtered. FPolyacrylate and poly-
methacrylate were isolated from these solutions after a time,
Irradiated periodate solutions were found to hydroxylate
benzoic acid. Similar products were formed by using non-
irradiated periodate solution containing ferrous ions.

Symons drew a parallel between the behaviour of periodate

in these ractions and that of hydrogen peroxide in similar
‘reactions. He proprosed that hydroxyl radicals are formed

both in the reaction of periodate with ferrous ion and in

the photochemlcal dncomy051tion'

- N .- .
HI0g +hv <— HjI0g + ‘o (1)
H3I0 | —> 105 + H0 + "CH (2)
H,I0, + ‘0H —> H0, + HBIO'S- - (3)

and for reacticn with ferrous ions

2+ - a— ‘ 2.',
+ - 1 +
Fe HuIO6 | FeQH H3IOS

HBIO%- may then break down as in (2) above.
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FPREVEVTICN OF 1055 OF CHORDROTTIN SUIPHATRS FROM CARTILAGE

RSP AP
R SRT

Formaldehyde fixsticn

"The aim of fixation is the presecrvation cof cells and tissue
congtituents in a condition identicsl to that existing
during life and to do this in a way that will allow the
prgp?ration of thin, stained secticns." (Drury & Wallington,
1S67).

Formaldehyde is a widely used fixative for the preservation
of rroteins. It functions by forming bridging links betwecn
tissue proteins, The most frequently encountered rezcticn
of formaldehyde (Pearse, 19438, Chapter 5) is its addition

to a compound containing a reactive hydrogen atom with the
formation of a hydroxy methyl compound

—
RII + CHO0 <= R.Cﬁz(OH)

This compound may condense with a further H atom to form
a methylene bridge (-CHE-).

R.CHZ(OH) + HRl

— .. gl & I.

<= R = Ch& - KR IZO

Fixaticn of proteins hrings about the mechanical trapping
of other tissus components.

The effect of formaldehyde fixation in preventing loss of
chondroitin sulphates, from cartilage sections, was investi-
gated by Scott and Dorling (personal communication). They
found that it had a small effect in diminishing loss from
cartilage sactions exposed to periodate sclution.

Cnfvlrvv1dirinm nreciritation
(See experimental details on p.63)

Cetylpyridlnium chloride (C 3AnC1.h C) is a precipitant for
acidic polymers (Scett, 1G5 } CIt WaS anticipated that treat-
ment of cartilzge sections with this reagent would prevent,

or diminish, loss of acidie polysaccharides from them upon
subsequent exposure to periodate solution,

The use of cetylpyridinium chloride (CFC) to fix acidic
rolysaccharides in tissues is not new. It was first employed
in aquecus formaldehyde solutions (Williams & Jackson, 1956)
though not as a pretreatment for periodate oxidation.

Zugibe (1970) performed prolonged periodic acid oxidation
of CPCeacidic polysaccharlide smears on glass slides noting
that 16-2)4 hours oxidaticn were required before they could
be denonstrated with Schiff reagent. Sections of cock's
comb and human umbilical cord, fixed with cetylpyridiniunm
in formalin, required similar oxidations before their acidic
polysaccharides could bte demonstrated.



CPFC treatment prevented loss of large amounts of Schiff
stainable material from cartilage secticns (Fig.l2).
Localisation of chondreitin sulphates in the territorial
recions of chondrocytes wag found to be particularly sharp
followlng the two-step PAS procedure., A reason for this is
that neutral PAS-pcsitive substances may diffuse out fronm
tissue sections during the long exposure to agueous solu-
tion tecause only the polyarnionic chondroitin sulrhates are
fixed, : ‘ :

Pretreatment of cartilage sections with cetylpyridinium
chloride greatly dirmdnished loss upon subsequently being put
through the Z-step FPAS rrcocedure, lowever, cetylpyridinium
may be of less use when aprlied to other tissues, as model
experiments surcest, VWwhen acidic polysaccharides were
crotted on eslass-fibre paper, CFC treatment did not prevent
total loss of rolyszccharides from the paper upcn subseguent
exposure to sodium reriodate solution (p.781).

teid fixstion
LAR LR T Pt A

when periodic acid was substituted for scdium periodate in
the 2-step FAS procedure very good Schiff uptake, by fresh
frozen sections of bovine nasal septal cartilage, was
observed (p.26). This suggested that less loss of chon=-
droitin sulphates occurred in periodic acid compared with
sodium periodate solution, Treating sections respectively
for 1 Lour with 2Cz/1 sodium periodate or 0.1M pericdic

acid solution, before staining with Alcian blue in C.LCH
MgCl,, showed that a greater loss of chondroitin sulphates

- occurred from those sections exposed to sodium pericdate
sclution (p.h5)e An investigation was carried out to find
vhether this was an effect of low pH and/or due to periodic
acid being an oxidising agent. Experiment showed (pp.66-A2)
that treatment of cartilage sections for 1 hour with C.1M
hydrochloric, acetic or crthorhesphoric agcid, as well as
C.1M periodic acid, would prevent subseguent loss of chon-
droitin sulrhates upon prolonged exposure to sodium periodate
solution, It appeared that the observaticn made initially
with periodic acid was a pH effect.,

This effect might be due to electrostatic interaction between
the polysnionic chondroitin sulphates and the tissue rroteins
which would be polycations at low pH. Exposure cof acid-
treated sections to neutral buffer or to high concentration
salt solution (1.CM FaClC, ) should reverse this effect (Scott,
Dorling & Stockwell, 1968), The acid effect could not be
reversed under the experimental conditions tried.

Sajdera (1969) found that pretreatment of cartilage with
C.1M hydrochloric acid rrevented subsequent extracticn of
proteoglycan in concentrated salt golution., A similar effect
was observed by Cbrink (1971) for cross-linked collagen gels
which were rermezted with chondroitin sulphate in soluticn,
At lower pi levels quite a lot of chondreitin sulphate was
found which wasg difficult to elute by raising the pH or
increasing the eluting salt concentration to values where

an electrostatic complex could not be formed,



One of the maln features of the seraration of cartilsge
extracts by anien-exchange chromatograrhy (How, 19%9) is
that, after apprlicaticn of polyanions to the matrix, upon
addition of salt the matrix shrinks and traps absorbed
rolyvarions,

Fy aralozy, an explanstion for the irreversibility cf the
rd effect is that at low pll levels the collagen network in
cartilape sections is 'orened-up' and strong electrostatic
interazcticn cccurs between the proteoglycans and the tissue
rrotein - particularly collagen., When the pil or szlt
concentration are raised then shrinkage of the collagen
fibrils produces mechanical entrapment of the proteoglycan
which then carrot be extracted.

Frecersd 21 mseavenrsers
mwmm—.

(See experimental details on p.60 and Figs. 5 & 9)

Fropan-l-ol, an asswned free-radical scavenger, when present
in 20g/1 sodium periocdate scluticn at a concentration of
15Cxl/1 was very effective in diminighing lcss from sections
exrosed for L} hours but not so effeutive for more prolonged
exposure. Fropan-l-ol alsoc slowed the rate of decrease of
viscosity for protecglycan and hyalurcnate soluticng exposed
to pericdate, : :

Cther, more effective, free-radical scavengers micht be found
to be incorporated in sodium periodate sclutiom. It would be
lvportant that any agent used in this way did nct itself
consume periodate.



MODEL EYPERIMENTS, PRRICDATE OYIDATION OF POLVSeCCHARIDNS
Q. barox
SR

Cetylpyridinium chloride (CPC) treatment of fresh frozen bovine
nasal septal cartilage sections increased Schiff reactivity
following performance of the 2-step PAS reaction. This would
aprear to be because CFC causes retentiocn of glycosarino=-
glycuronans in the sections.

It was rroprosed to determine the effect of CPC complex forrma-
ticn upon rates of periodate oxidation of glycosaminoglycuronans
by performance of model experiments, with these substances
srotted on strips of paper. Folysaccharide spots on paper
represent a less complex situation than that existing in tissue
sections.

Crdinary cellulnse naren
b= === T S

(See experiuental details on pp.6g-71)

An attempt was made to investigate the effect of CPC upon the
rate of periodate-oxidation of glycosaminoglycuronans spotted
on filter paper. Results could nct be interpreted because

the parer itself was deeply coloured by Schiff reagent fellowe
ing exposure to periodate golution. This was presumably due
to oxidaticn of cellulose. As a way round this problem zn
attempt was made to obtain completely periodate-oxidised paper
wiich, after reduction with sodium borohydride solution, would
give a non=Schiff reactive suprort. Four hours exposure to
periodate solution was not lonz ernocuch to complete the oxida-
tion of the paper since after reduction and subseguent exposure
to sodium periodate solution, the paper was still Schiff
reactive,

The use of longer exposures to periodate solution could have
been investigpated but it was decided to use cellulose acetate
raper as an zlternative to ordinary cellulose paper.

Cellulore scetate narer
(See experimental details on pp.72-73)

Acetylation of hydroxyl groups of cellulose in cellulose
scetate parer should prevent them from being attacked by
periodate and consequently this paper should not be as Schiff
reactive as filter paper, following exposure to periocdate.
While using this paper it became necessary to be able to
stain CPC-polysaccharide complexes to ascertain whether they
stayed on cellulose acetate paper exposed to sodium periodate
soclutien.

A method of staining CPC~polysaccharide complexes was
developed using the indicator/dye Bromo=-thymol blue. Brome
cresol green has been used for this purpose (Kelly, Bloom
& Scott, 1963).



Promo=-thymol blue has the formula:

Be 8-

Ho
¢ H3 H_:,C O

’ CH(CH3)1

SozH

Under conditions of high pli the sulphonic acid group in the
dye comretes with the glycosaminoglycan molecules for their
conplexed cetylpyridinium, First experiments were concerned
with the choice of base in the staining solution. Comparison
was made of (a) Tris buffer (b) sodium carbonate and (c)
armonia in the Bromo-thymol blue staining solution, <cimilar
results were obtained with each of the three buffers conse-
quently any of them could be used in the gtaining solution,
Lowever, the pH of the Tris buffer was a little low, as
evidenced by the green staining of sections upon being removed
from the staining solution, 4Ammonia has the disadvantage

that the gas is lost from solution and therefore the concen-
tration of ammonia in solution is not accurately known, This
nay affect the reprcducibility of the technique. Sodium
carbonate would be the best buffer because its concentration
in solution can be controlled and its solutions have a high
pll. Consequently, sodium carbonate was used in the subsequent
rreparation of Bromo-thymol blue staining solutions,

Lack of staining for Heparin and C3A spots on cellulose
acetate paper when exposed to Bromo-thymol blue in 0,01M
sodium carbonate solution was the reason for trying higher
base concentrations. A possible exrlanation for this lack

of staining was considered to be due to the fact that Lromo-
thymol blue is a sulphonic acid compound, Consequently
cetylpyridinium has little to gain by dissociating from
sulphate ester groups, on the glycosaminoglycans, and combin-
ing with the dye. Increasing the salt content of Bromoethymol
blue solution should aid dissociations and therefore improve
CSA and leparin staining on paper.

It was found that, for spots on cellulose acetate paper, rais-
ing the base concentration in the Dromo-thymol blue solution
did pot increase staining for CSA and Heparin, However, they
did stain well on Whatman 54 paper. This suggested that poor
staining on cellulose acetate paper was something to do with
the nature of the paper or the applicatiocn of rolysaccharide
spots to the paper.

It became apparent that the lack of Bromo-thymol blue staining
for sulrhated polysaccharides, described above, was due to
poor spotting technique., Those polysaccharides less viscous
than hyaluronate or alginate were diffusing through the
cellulose acetate sheet to the support (beaker or paper tissue)
beneath the sheet.
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Althoush Promo-thyriol blue staining showed that CPC-glycosamino-
glycuronan complexes stayed on cellulose acetate parer exposed
to pericdate solution they did not stain with Schiff reagent
after pericdate treatment, This anomaly was investigated.

Pre-oxidised polygalacturonate was found to be Schiff reactive
in solution and when spotted on Sartorius cellulose acetate
raper, CPC treatment increased the clarity of staining for
rre-oxidised polygalacturonate and alginate gpots on this
rarer.,

The ancomaly, that CPC treated pre-cxidised polysaccharide
spots on Sartorius cellulose acetate paper were Schiff
reactive but that CI'C treated polysaccharide spots were not
Schiff reactive after being exposed to periodate solutioen,
could not be explained at this time. Fossibly the cellulose
acetate was interacting with the aldehyde groups, cn the
polysaccharide, as they were being formed in periodate solu-
tion {p.21). The use of this parer was abandoned and further
investigations performed with glass-fibre paper which may be
expected to be chermically inert under PAS conditions.

Glrnes=fibre vaner
(See experimental details on pp.78-80)

Periodate caused complete loss of glycosaminoglycuronans
from glass~-fibre parer even after CPC treatment. Consequently,
the use c¢f model experiments was not investigated further,

This loss from glass-fibre paper is further evidence for the
depolymerising zction of pericdate solutions (see pp.20-23)
In addition, it suggests that CFC may be of less use when
arrlied to other more 'open'! tissues compared with cartilage
€.5e liver or brain, These tissues, and glass=-fibre paper,
do not have a tight fibrous network to trap CFC-precipitated
polysaccharides.



Flow discrem of results for model exrerimentg
Cellulose Cellulose acetate Glace=fikre

Attempted investiza~
tion of CPC treat-
ment on rate of IOE
oxidation of
polysaccharide spots
on circles of Whatman
no.l paper. Red back-
ground, due to oxida-
tion of filter parer,
prevented interpreta-
ticn of results

Attempted to obtain a
fully IO, oxidised
filter pdper which
after reduction with
Yakl, would give a
non=schiff reactive
support. Unsuccessful
- even L hr exposure
to I0; solution was
not long enough to
fully oxidise the
parer

Evolved technique of staining CrPC-
polysaccharide complexes on cellulose
acetate and VWhatman B4 paper using
Eromo=thymol blue in 0,51 Ka,Co solu~
tion, Found that hyaluronate, a?ginate,
C3A and heprarin could be stained on.
Whatman S84 paper but only bhyaluronate and
alginate on cellulose acetate parer
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Celluloge

Cellulose zcetate

Employed an improved

.technique for applica-

tion of polysaccharide
spots to Sartorius
cellulose acetate
raper. Hyaluronate,
alginate, CSA and

Henarin all stained

with Bromo-thymol
blue, Staining with
this dye showed that
all CEC treated poly-
saccharides stayed c¢n
the paper when expcsed
to periodate soluticn
but none of them were
Schiff reactive after
reriodate treatment

Pre~oxidised poly-
galacturonate was
shown to rezect with
Schiff reagent in
sclution and when
cpotted on Sarterius
cellulose acetate
rarer

Pre-oxidised poly-
galacturonate and
alginate srots on
Sartorius paper.

CFC and non=-CPC
treated. Both srots
stained with Schiff
on CIC treated paper.
Onnon=-CPC treated
papers only poly-

galacturonate stained
and staining was more
diffuse than for the
CrC papers. This
showed that CPC
treatment does not
interfere with Schiff
reactivity
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Cellulose Cellulose scetate Glass~fibre

FPerformance of FAS
reaction for poly-
saccharicde spots on
g¢lass-fibre paper =
with and without CFC
treatment, Lo spots
were Schiff reactive,
Bromo~thymol blue
staining showed that
CFC treated spots did
nct stay on paper
exposed to pericdate
solution. This loss
was caused by the

I0, ion because IOS
solution did not
cause loss of CFC
treated spots

-



I'leces of bovine nasal sgeptum were guenched, after slaughter,
in ia@syentane cooled with liquid nitrogen, They were stored
at =70 ct

Sectiong were cut {rom these vieces of tissue using a Slee
'Pearse' cold microtome {(cryostat) type 'HY fitted with a
Cambridge recker microtome, The krnives for use in this
instrument were sharpened by A, Young and Sorng Ltd., of
Edinburgh,

RBefore cutting sections from a piece of nasal septum it vwas
trimmed with a scalpel. 1t was then supported on the
detachable chuck, from the cryostat, using Tissue Tek (0CT,
Amesg Ltd,) between the tissue and chuek, Carbon dicxide gzs
was used to freeze the piliece of tissue and sgolidify the
Tissue Tek., The chuck wag then inaserted in the cryostat,

—Tissue-Tek between
Sof’ré bottom of tissue and
tissue top of chuck

«—Metal chuck

\\\\‘-__—d’,,/

The cryostat was set to cut 6Hp thick sections and a check
was made that the intended thickness was being cut by
listering to the number of ¢licks made per stroke of the
eryostat handle. Two clicks were produced for each 1lp
thicknegs of section consequently a &p section gave twelve
clicks rer stroke,

Sections were cut with the temperature of the cryostat
cabinet at -20°C. The first few sections obtained from the
riece of tissue were discarded., Then gections were picked

up from the cryvostat knife-blade on acide-alcohol washed glass
slides., The dry slides were held by a rubber sucker on the
end of a long glass rod. The sections were dried in a streanm
of air then stored at -10%°C, if not used on the day that they
were cut,



Cartilage was found to be a difficult tissue from which to
cut good sections i,e. sections of uniform thickness. A
sharp knife was found to be essential otherwigse alternate
thick and thin sections were obtained. '

- Soft tissue was left attached to either side of the cartilesge
for two reasons (i) soft tissue anchors the secticn to the
glass slide because it adheres well to the glass, in contrast
to the cartilagze which adheres poorly: {(ii) soft tissue
contains substances demonstrable by the 'normal' FPAS method
(10 minute periodate oxidation) which contrast in behaviour
with the slowly oxidisable chondroitin sulphates in cartilage,

- 34 -



2-sten Feriodic fcid Schiff (P.4,3) reaction

The theoretical background to this methed is given on pp. 12-13
and in Scott and Dorling (1983).

Haterials

Sodium metareriodate LaIO (Analar, British Drug Houses)
Sodium borohydride YaPH, “Y(British Drug MHouses)

Lillie's 'Cold Schiff! %Llllie, 18%55) was prerared fron
Pasic Fuchsin and A.R. chemicals (British Drug llouses)

A stock solution was stored at L°C

RBisulphite rinses were according to Lillie (1955)

D.F.X. (British Drug louses)

Xylol

Frocedurs

The sections on slidns were inmersed in 50m1 of 20z/1 sodium
periodate for 1 hour for performance of the primary oxidaticn,
Thiz solution was contained in a glassOCoplin Jar standing

in a water bath at a temrerature of 307C.

At the end of 1 hour the sections were removed from the
rerliodate solution and washed with three changes of distilled
water, For these washes the slides were supported in metal
racks and immersed in water ccntained in glass dishes,

50ml of 1Cz/1 sodium borohydride solution were contzined in

a Coplin jar on the bench, at roocm temperature, This soluticn
was always made up not longer than 3 hour before it was usad.
The gsections were exrosed to the borohydride solution for

3 minutes then given 3 changes of distilled water wash as
bafora,

Sections yere returned to the 20g/1 sodium periodste scolution,
in the 30°C bath, for a secondary oxidation of 24 hours durae
tion., Upon completion of this oxidation they were agszin
washed w1th distilled water,

g0ml of Lillie Cold Schiff were added to a Coplin Jar on the
bench at room temprerature, Sections were immersed in this
reagent for 3 hour before being put through 3 washes with
bisulphite rinse for respectively 1, 2 and 2 minutes. The

3 x 50ml bisulphite rinses were contained in Coplin jars cn
the bench at room temperature, The lids of the Coplin Jars
containing Schiff reasgent and bisulphite rinses were srneared
at their edges with silicone grease (supplied by Cdwards High
Vacuum Ltd., ) to prevent escape of sulphur dioxdde dissolved
in these soluticns. :

Finally, sections were washed for 10 minutes in running tap
water before beins dehydrated and mounted.,

Dehydratins and mounting

Sections were washed in ethanol/water mixtures, ethanol and
xylol contained in glass dishes., The order of the washes
wasFooml/1l ethanol,joo m1/1 ethanol, lst ethanol, 2nd ethanol,
1st xylol, 2nd xylel.
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Cron being removed from the last xylol wash a glass cover-
slip, with a drop of DPX mountant cn it, was placed over the
secticns and a gentle pressure applied.

when the DFX was dry the excess mountant, which had exuded
from under the cover-slip and subseque;.tly solidified, was
trimmed away with a scalpel.

Substitution of veriodic scid for sodium yperiodate in the
c-cten FAS vrocedure
R e T T T e

Vaterisls

Sodiummetaperiodate ¥alO, {(Analar, British Drug Houses)
Sodium borohydride I-?aE-H}_L (British Drug Houses)
Lillie's 'Cold Schiff' "(Lillie, 1965 was prepared from
RBasie Fuchsin and A.R. chemicals (British Drug Houses)
A stock solution was stored at 4°C

Cisulphite rinses were according to Lillie (1965)
D.P.X. (British Drug Houses) -

iylol

Feriodic acid H12, .2H_ 0 507w/w (British Drug Houses)
Fresh frozen sections™of bovine nasal septal cartilage,
€p thick, mounted on glass slides

Procadure

Some cartilage sections were put through the normal 2-step
PAS procedure. At the same time, other sections were put
through this procedure with the substitution of C.,1CH
periodic acid for 20g/1 (0.0S4M) sodium periodate solution,

Secticns were stained together in Schiff reagent and their
arpearance compared after mounting,

Result

Those sections for which periodic acid was used as the
oxidant stained much more intensely with 3Schiff reagent
compared to those which had the normal 2-step PAS procedure,
with sodium periodate as oxidant.

The periodic acid oxidised sections exhibited a nore uniform
distribution cof stained material, without clear localisation,
compared to sodium periodate oxidised sections. In the 2-step
PAS precedure employing sodium periodate, and also with Alecian
blue in Q.4CH MgCl,, the stained material (chondreitin
sulphates) is chardcteristically localised in the vicinity

of the chondrocytes. (See Fig.2 on p.l5.)



The uvse of Aledi-n blue in O, L0M M-Cl, for stainins chondroitin
culphates

Alcian blue is a cationic corper-containing phthalocyanine

dye. Itsuse in the staining of glycosaminoglycans is based
upon its differential affinity for these substances in the

presence of different electrolyte concentrations., Scott &

Dorlirg (1965),.

The dye was used in the presence of C.4CM HgCl,., In this
concentration of MgCl, mainly chondreitin sulpiiates,plus a
small amount of keratan sulphate,are stained in cartilage
gsections.

Vaterianls

Alcian blue &GX was a gift from I.C,I. Ltd.
Miagnesium chloride MzCl, (Analsr, British Drug Houses)
Sodium acetate CHB.COOKa (British Drug louses)

1.CMECY solution made by dilution of British Drug Houses
ampoule CV3 containing 36,467 hYdrochloric acid

The comrosition for 50ml of Alcian btlue in O, 40M MgCl2 wass
5.0m1 4,0M Mgcl2 solution
30,.,0ml HZO
12,51 OT1CH Ya acetate/HCL buffer pH5.7
2.5m1 1Cg/1l Alcian blue 8GX
mixed thoroughly.

Procedure

Sectiong were exposed to the staining solution in a Corlin
jar, at room temperature, overnight., They were then removed
and washed with 3 changes of distilled water before being
dehydrated with ethancl, cleared with xylol and mounted in
CPX in the manner described on pp.25-326.



Deatermining enecificity of sodium reriodate in resnect of
"ecausinge loss of baeorhlllc gulrhated material from cartilace
Sections

Materiagls

0.10M K.KaIO3 preﬂared by dissolving KIO FIO in water,
adjusting to~ pH 5.4 with 1,CM FalH solut asing an
electrode and making up to a known total volume of solution
with wster

C.02%1 Acetate buffer pH 5.7 - of compcsition used for Alcian
blue staining solutions

Alcian blue in C,4M MgCl

Sodium metaperiodate XalIl, and sodium perchlorate KaClO)+
(Aralar, British Drug hougeg)

Fresh frozen sections of bovine nasal septal cartilage, &n
thick, mounted on glass slides

Frocedure

Coplin jars were filled respectively with soclutions cf

(1) 20g/1 ¥alo, (ii) 0.C254 acetate buffer pH 5.7

(ii1) C.1cH mac1oh (iv) o.10H K.IaIO3 They were stood in

a water bath at 30°C.

Cartilagse sections were immersed in these solutions for 1 hour
durations before bteing washed with 3 changes of distilled

water then stained with Alcian blue in Q,.40M 1izC Control
sections, not exposed to aqueous solution, were aiso stained

Results

Control

Test or (not : 052552 C. 1

control | exposed [20g/1 HaICh C.1M NaClOA g ffi © K.P:IO

solution | to any g 5“; *TetEs
sclution) v *

Intensity

of stain- , ‘

ing(2leisan -

blue 0.LCk b 1+ 3 3+ 3*

>ectlono

Comment,

Loss of basophilic sulphated material was shown to be caused
specifically by the periodate ion.
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Uranic acid datermination
p - o s > 3

) 0Ny

Uronic acid was determined by the carbazole reaction of
Dische in the borate modification of Gregery accerding to
Pitter and Muir (1962). Glucurone was used as standard.

1aterials

D-Glucuronoclactcone (D-Glucurcne) CO.(CHOH)Z.CH(Q)QCH:I.CH’
(British Drug Houses) — -~
Sulrhuric acid. Microanalytical reagent gracde (Pritish Drug
Houses) ’

Carbazole (L.Lizht & Co,)

1.0 Folar Fotassium Tetraborate, prepared by dissolving boric
acid (Analar, PBritish Drug Houses) and potassium hydroxide
(Analar, Pritish Drug Houses) in water, mixing and making up
to an appropriate volume., This solution was filtered threough
Whatman 5% parper.

Procedure

The reaction was performed in glass-stoppered test-~tubes of
carvacity 15ml., Cach test-tube contained a glass bead for
mixinz. To each test-tube was added C.45ml test solution,
glucurone standard solution or water as a blank plus ¢.C&ml
1.0 lolar potassium tetraborate sgolution, Glucurone standard
soluticns of concentrations 0,025 and C,0507/1 were used.

The test solutions were diluted to concentrations to fall
within the limits of the standard concentrations.

The sulphuric acid was contained in a dispenser (from Exelc)
calibrated to deliver 3.Cml.* This quantity of sulrhuric

acid was added in turn to each test-tube. After shaking
vigorously, using the glass beads to mix the viscous sulrhuric
acid solutions, each test-tube was heated in a boiling water
bath for 20 minutes. Addition of sulphuric acid and ccmmence-
ment of heating was done at 20 second intervals between each
test-tube. Stoppers were placed loosely in place at first
then prressed home tight 30 seconds after commencement of
heating. This was to allow for expansion of air in the test-
tube which otherwise expelled the stopper with explosive fcrce.

The test-tubes were removed at 30 sacond intervals into cold
running tap water, to cool them thoroughly.

C.1¢ml 1.Cg/1 carbazole in absolute ethanol was added to each
of the test-tubes when they were cool, They were heated in
the boiling water bath for 10 minutes. Upon being reacved
from the boiling water, test-tubes were again cooled in
running water,

The extinctions of the solutions were read directly, without
further dilution, against water in lcm silica cells at 530nn.
Extinction measurements were made with a Perkin-Llmer-Hitachi
UV-Visible recording spectrophotometer lModel 124.

*It delivered 3.08ml and for this reason 0.08 instead of
C.075m1 borate solution were taken,
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The extinction of the blank solution was subtracted frcm

the extinctions of the test and standard solutions. Corrected
standard soluticn extinctions were plotted against glucurone
concentrations to give a straight line graph. From this

graph the concentration of urconic acid in the test solutions
could be obtained, using their corrected extinctions.

Additional note

The glass-stoprered test-tubes and beads were washed, before
use, successively with chromic acid, hot tap water and
disgilled water before drying in an oven at a temperature of
120~C.



‘Bxtraction cf artilare soctions with reriodate qolution and
haagit Tent Oronic acid determination

SUD

Yaterialsg

Sodium metaperiodate EaIOh and sodium perchlerate (Analar,
Eritish Drug louses) ‘

Absolute ethanol

Alcian blue in 0.LCM MgCl

Glucuronolactone, mlcroanalytical sulphuric acid and carbazole
as described on p,.39.

Cartilace gections

Fresh frozen sections of bovine nasal sertal cartilage were
cut and mounted 0n glass slides in the manner described
rreviously (p.33) but with certain modificaticns,

The soft tissue on each side of a piece of cow nasal septal
cartilage was dissected off with a scalpel., Any material
extracted from this soft tissue in periodate solution would
complicate the measurement of material extracted from the
cartila~e, Tissue-Tek was applied to cover the bcttom of
the cartilage so that it was not cut with the sections.

Sections were cut with the cryostat set to produce a section
thickness of 20p. It was found impossible to prevent the
cryostat cutting alternate thick and thin sections. This
was presumably because of the magnitude of the attempted
thickness of section, The thin sections were discarded and
the thick sections taken, three to a slide., Each section
was lem square.,

Frocedure

After the sections were dry, liquid paraffin wax from a
heater-dispenser was applied to the slides in such a manner
as to create a 'well! around each section, Two slides were
taken and supported on a wet sponge in a glass dish with a
lid., The glass dish was stood in a water bath at a tempera-
ture of BObC; this temperature being the one at which oxida-
tion is performed under the conditions of the 2-step FAS
rrocedure,

Onto each of the sections on one slide was pipetted O.,5ml

of 2Cz/1 sodium periodate solution while C,5ml of 0,10 Holar
sodium perchlorate soluticon were measured on to each of the
three sections on the other slide., The wet gponge kept the
atmosphere 1n the dish humid thereby diminishing evaroration
of water from solutions covering sections,

The slides were left for one hour., At the end of this period
the pericdate and perchlorate solutions were taken off, with
Fasteur pipettes, and added to respective 50ml centrifuge
tubes containing 15m1 each of absolute ethanol and mixed,
This was to dissolve the sodium periodate, or perchlorate,

in ethanol while at the same time precipitating the uronic
acid containing materials extracted from cartilage,
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The cartilare sccticns were washed in three changes of
distilled water, Feriodate and perchlorate treated sections
were washed in separate histological glass dishes. CZections
floated off their slides during the water washes because they
had no soft tissue to anchor them. Consequently, after their
final wash, the sections had to be placed back on their respec-
tive slides with the aid of a thin glass rod.

The slides were then put in a Coylin jar containing Alecizan
blue in C.LOM ¥gCl,. In this Jar, the slides with sections
on them were separated by additional glass slides so that
sections would not get mixed if they came off their slides,
Sections were stained overnight and washed, dehydrated and
mounted next day in the usual manner (p.37). For this
prrecedure the pericdate and perchlorate incubated sections
vere treated separately so as not teo get them mixed.

* The ethanol suspensions were centrifuged for 15 minutes.

The surernatants were tipred off before washing the derosits
vith a further 15m1 of absolute ethanol each., After centrifu-
gaticn for 15 minutes, the supernatants were tipped off and
the centrifuge tubes irnverted on raper tissues to allecw
ethanol to drain from the derosits. There was more deposit

in the centrifuge tube containing the periodate extract than
in that containing the perchlorate extract.

Each deposit was dissolved in 2ml of distilled water, stirring
with a glass rod. These solutions were centrifuged for 15
rinutes and the supernatants tirped off. The uronic acid
content of the supernatants was measured directly, without
diluting them further, The procedure for these determ¢nations
was as described on pp.39-40.

Reecsultsg

Solﬁtion Extinction recorded at 53Crnm
Plarnk (1} . 0.C25
Blank (2) 0.02
Standard (1) 0.025z/1 0.275
Standard (2) 0.025g/1 0.275
Standard (1) 0.C%0g/1 0.525
Standard (2) 0.050g/1 0.54
KaCthAextract (1) 0.1L45
EaClO,+ extract (2) O.145
Kanh extract (1) 0.30
NaIOh extract (2) C.30




Alcian blue stairing showed the presence ¢f rwch less
basopkilic sulphated wmaterial in the sections incubated
with sodium periocdate compared to those incubated with
scdivm perchlcrate golution, This is in accord with
experience described earlier (p.38).

The calculated uronic acid contents of the extracts were:

2.Cnml EaIO& extract found to contain 0,0275g/1 uronic écid
2.0ml LaCthextract'found to contain 0.01225g/1 uronic acid

Corment

More material was extracted in RaIOA soluticn than in KaClOI
solution, : ¥
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The _arnlicstion of viscometry to measurement of chance in
rolecular weisht of macromolecules

The viscosity of a dilute solution of a polymer in a suitable
solvent varies in a regular manner with the molecular weight

of the polymer, The higher the molecular weight, in a homol-
ogous series of linear polymers, the greater the viscosity for

a given weight concentration of polymer. The relationship
between viscosity and molecular weight was originally derived
empirically (H. Staudinger 1928-1933) but has been shown to have
a theoretical basis.

The presence of large molecules in a liquid medium introduces
inhomogeneities which increase the resistance to flow of the
molecules of ligquid snd this increases the viscosity. If Jo
and '} are the viscosities of the solvent and solution, respect=
ively, I is the relative v150031ty, Qr of the solution,

r[,O
the specific v1scosity, pr, is equal to ?r-l,

1= % i
o= -1 = -] = ‘2
Mo o ’er >

The ratio ?sp/c, wvhere ¢ is the concentration of rolymer is a
function of the molecular weight., Since this ratio varies
with the concentraticn, it is necessary to extrapclate a plot
of sp/c against ¢ to infinite dilution. The value then
obtained is the intrinsic viscosity,[ﬁj, so that

[11] e 1im ((_:iffl..)
c )

C=20 (

Since Qsp is dimensionless, [%] has the units of a reciprocal
concentration and since ¢ is usually expressed in g per ml of
sclution, . [Q, is given in ml per g, The relationship between
the intrinsic viscosity and the moleculdr weight of the
dispersed polymer is .

[’L] =

where K is 2 constant for a given polymer solvent system, M
is the molecular weight of the polymer and a depends on the
gshzpe of the molecules,

It can be seen from the relationship above that measurement
of viscosity is a sensitive indicator of change of molecular
weight for macromolecules,

The viscosity of a liquid decreases markedly if the tezperature
is raised., The variation of the viscosity of a liquid with
temperature may be exrressed by the exponential egquation

1 = AeE/RT

where A and E are constants for the given liquid. Consequently
in the measurement of viscosity it is necessary to maintain
the temperature of the solution under test constant,
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At a constant termperature, the relstionship between the
viscosity and the rete of {low of the liguid throuch a tube
is slven by the Yoiseuille eguation for atreamline (non-
turbulent ! flow

where V ml is the volume of liguid flowing in t see through
a narrow tube of radius r c¢m and length L cm, under a driving
pressure of p dynes per sq cCri,

A simple form of viscometer is named after v, CUstwald and
its use is based on the Foigeuille equation.

x
Upper reservoir
[ 4
Capillary |
tube
L Bulb
- !

The solution under test is introduced into the bulb and

then sucked into the upper reservoir, The time t ig observed
for the solution to flow through the caplillary tube between
the marks x and y. ZReferring te the Poiseuille eguation, it
can be seen that for the Castwald viscometer the radius r and
length L of the capillsry tube, and the volume V of the bulb
are constant, 7The pressure p depends on the head of geolution
and its density; the former is constant but the latter will
be dependent on the composgition of the solution under test,
For a solution of constant compogition, density is constant
and the meagured run-out time t is directly proportional to
the viscosity of that solution since from the Voiseuille

equation
N
—%r= = a constant, K,

»“5.‘.



50,

T = K.t

In the measurement of the viscosity of polyelectrelyte sclu-
tions an additional factcr has to be considered., This is the
ambient electrolyte concentration. In the absence of electro=-
lyte, polyanions or polycations are maximally extended as a
result of the mutual repulsion of their bound charges, conse-
quently interacting 'fricticnally' most strongly with the
solvent. Interpretation of results is made simpler by
dissolving the polyelectrolyte in a high concentration of
supporting electrolyte, The counter ions then screen the
mutual repulsion between the bound charges of the poly-
electrolyte, Another reason for working at a high elesctrolyte
concentration is to avoid the Donnan effect. The intense
nesative electrostatic field of the unscreened polyarnion
charges repels mobile anions such as periodate (Scott &
Harbinson, 1968), '
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Viscometric determinaticng of groteoglgcansa g@lgﬂaccharides
and gelatlna

General viscometric procedure

Folymer, sodium pericdate =nd scdium perchlorate sgolutions
were filtered before use in a plastic Millipore filter (type
XX1104706), This was fitted with a 47mm diameter polypropylene
filter (part no,61757) from Gelman Irnstrument Co. Ann Arbor,
Michigan, U.S.A, These filters had 1C micron diameler pore

size, rj | rl

Polypropylene .
filter (rough Yoo ——————— Sf)lutlon to be
side uppermost) \,’X;-;{{{{-:—:{{f{:'_':'_’:? filtered

Plug —=—7" H\__—_—)To vacuum pump

~~ Plastic tube

25ml glass conical

flask

Filtered solu’rlon

The solution to be filtered was poured into the ﬁ;ﬁéi part
of the Millipore filtration device. A conical flask collected
the filtered solution,

Viscometric measurements were made in Ostwald U-tube vis~
cometers (type BS/U/M, M, and M,, Baird & Tatlock Ltd. London).
Before recording the run—out ti%e for each solution, the
viscometer was washed with distilled water, filtered methanol
and filtered ether (filtration was performed through sintered
glass). Air was sucked through the viscometer to dry it.

This was done by attaching one limb of the viscometer to a
water puwnp while plugging the other limb with gauze, to filter
the air,

Measgurements were made at a constant temperature of ESQC.
This wae achieved by supporting the viscometer in a water
bath {(fish-tank) containing water continuously warmed and
circulated by means of a Cyclotherm (from Shandon), The
bath was lagged with polystyrene sheets and the temperature
of the water was checked periodically. In order to prevent
the growth of moulds, which would diminish visibility, the
water in the bath contained a little cupric sulphate (tip
of medium sized spatulaj.

- L7 -



Rubber tubing to suck
Cyclotherm test solution up to the
top mark {>y moWa\ Gauze plug

§
\

Top mark
~ Lower mark
%
% 4
% %
/] g
V] -
/] ; Reservoir mark
I’ /
77777 //[II/// 777
Lagging Weighted outlet tube Cyclotherm and

from the Cyclotherm Viscometer supported
by burette stands

The run-out time was the time taken for the meniscus of the
solution to fall from the Top to the Lower mark, This time
was measured with a stop-watch,

Sodium perchlorate was the supporting electrolyte and was

used at 0.50 Molar for control solutions or mixed with sodium
periodate teo give a final sodium concentration of 0,50 Mclar
for test solutions., Seolutions were brought up to 25°C, before
mixing, by supporting them in vessels in the water bath.
Aliquots of reagents were measured and solutions were delivered
to the viscometer with pipettes that had been washed with
filtered methanol and ether to remove dust.

For the lowest-viscosity polymer soclutions the viscometer
with the slowest soclvent run-out time (MR2) was used so that
the contribution from the polymer to the viscosity of the
solution could be most accurately measured.

Solutions were mixed before being delivered to the regervoir
limb of the viscometer, by means of a Pasteur pipette. Excess
solution was withdrawn from the viscometer, using an extra
long Pasteur pipette, to bring the meniscus to the reservoir
mark,

The solvent run-out time for the vigcometer was frequently
measured so as to check the efficiency of the filtration
procedure and also that the viscometer capillary was not
becoming occluded, It was found that the presence of very
little dust in solutions gave erratic run-out times,

Periodate-containing solutions in the viscometer were screened
from light between measurements of run-out times.
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In the plotting of viscosity/time curves, "time after start!
was taken as the time when the meniscus of the solution under
test passed an imaginary line midway between the Top and
Lower marks of the viscometer. This was done because it was
not possible to measure the viscosity 2t a2 definite moment

in time since each measurement took a few minutes to perform
i,e, for the meniscus to fall btetween the Top and Lower marks.,

Viaterials used in viscometry

Scdium metaperiodate NalO
(Analar, British Drug Houge
Periodic acid HIO, .2H 0 50% w/w (Eritish Drug Kouses)

and sodium perchlorate IaCth

Sodium hyaluronate and sodium chondroiltin-L-sulphate were
prerared from human mesothelioma fluid and bovine nasal
septum respectively, by the method of Scott (1960).

Shark cartilage chondroitin sulphate was from Koch-Light,

Proteoglycan and proteoglycan complex were prepared, as
described (Sajdera & Hascall, 1963), by S.%W, Sajdera from
bovine nasal septal cartilare and were a gift., The concen-
trations of these materials were determined from their
uronic acid contents which were measured by the ulsche-
Carbazole method (pp. 39-40).

Gelatine 246 (frcm acid rrocessed pig-skin, a gift from
the British Leather Research Asscciation).

Vezsurement ¢of reriodate consumntion by hvalurcnate
underooinrnr viscometry

Aliquots of the test solution, in a flask supported in the
water bath, were taken periodically and diluted with water.
The periodate content, from which consumption was calculated,
was measured by the spectrophotometric absorbance at 2L0nm.
Correction for iodate asbsorption and for absorpticn of
hyaluronate in sodium perchlorate sclution was made. General:
spectrorhotometric procedure was as described on p. 61.

See also Scott and Harbinson (1968).
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Taken from Scott, Tigwell & Sajdera (1972)



*p1op d1pottad W00 e—e °|0-|-updosd

I/1wog | Butuipjuod ¥OIoN W10°0V—7 “YOIPN W10°0 O—0O "WS5°0
uo14p4uadUOd | DN |40} fuolnjos ayopotsad + ajpi0jysiad wnipos snoanbo uy
ajououn|pAy wnipos | /Bog  j0o awy yiim A41s0dsiA d1y10ads ayy up sebupyd

LIVIS 3314V 3WIL
ssjnuiw 0ozZ| ool 08 09 oy 174

I T I I 1 {

ol

0c

o€

ALISODSIA D14123dS 1VILINI %

Figure 5.

part, from Scott, Tigwell & Sajdera (1972)

in

Taken,



“ho TN WI-0 U! VSO |p4das [PsOU BUIACY X7 ° ¥
ut41oapuoyd aBp|1440d }ibYS O—O "WG*( UOIDIJUBIUOD | DN |0404
fuoiynjos ayppoliad + a4piojyolad wnipos snoanbo uy seyoyd|ns

utytospuoyd  {/60°¢ 3o awiy yym L31500s1A o1y10ads ayy uy sebupy)

L¥VIS ¥3L4V IWIL
san0y ¢ ¥ > z L

OIPN W00 Ut a4oydjns

— T T T 1

oL

0¢

0€

oy

0s

09

0z

08

06

Y001

“ALISODSIA 214123dS TVILINI %

Figpure 0.

=D
'™



aidv JINO¥N NOILVAIXO %

ol

0C

o€

oy

0s

09

0z

08

06

00t

*uonydwnsuos ajppoliad Uo pasoq /|031}a10aYy} JO 9, ‘PIOD DlUOIN JO UOHPPIXO @ —e
YOIPN W100°0 © — o faippotiad ou Buiuipjuod “|014uod 7—S7

*WG 0 uol4pijuasuod DN |P40} «cota_om ayppolriad + 30._020._& wnjpos

snoanbp uj ajpuoin|pAy wnipos _\m.m.m 30 awiy yiim A41soosia o1y1oads ayy ul sabuby)d

LIvIS¥3LdVY  IwWIL

ssinulw 0zz 00z 08l 091 Oyl  0ZL 00l 08 09 oy 0¢
T T

o I 1 ! _ g

ol

0¢

o€

oy

0s

09

0/

08

06

oot

ALISODSIA J1d123dS TVILINI %

Firure 7.

Taken from Scott, Ticwell & Sajdera (1

1



YOIoN WH50°0 Y4iM WG * 0 uo14pijuasuod +PN |p4oL uoinjos ajopoysad + aypio|yduad
wnjpos snoanbo ul suyp)ab 1/60°G 30 awli yim A41509s1A o13198ds ayy ul abuoy)
1Yv1S ¥314V awiL .
sajnuiw oZ1 - 00l 08 09 oy 0C 0
I I L I L I
10l
~40Z o
z
- =
0t »
-
& .
-0y m 0
2 e g
= =3 n
dos M
- !
wn fau
)
09 Q
=
=<
-0
-108
o - +06
’ >001




"|o-|-undoid |/|upgG] 4o
soussaud ur YOPN WO L°0 Butuipjuos  P—7 {VOIoN WO 0 Butuiojuos o-g

WG "0 uol4DIjuau0d DN |P4O4 fuolyn|os a4ppolsad 4 aypiojydad
wnjpos ul jun-gqns updA|Boajoid jo awiy yiim A41soosiA d1y10ads ayy ui sebupyd

1¥v1S ¥31dV Iwil
sinoy 9 () 14 € A L 0

1 |
o o o o (=]
N 0 Ve <t o™

ALISODSIA 214123dS TVILINI %

o
[e°]

06

00l

Ficure 9.



rnoles zlycel
Czlcul=tin= the ratio molez pericdate in a soluticn of

3.C%/1 ba hyaluronate in the presence of 0,001 7210

The molecular formula for the repeating unit in hyaluronate is:

i cHaOH ]

n

lolecular weight of repeating unit ‘Clhﬂaoolanlnal) = J17

There is one glycol group per repeating unit.
1 p mole repeating unit = 417 x 10-6 gm sodium hyaluronate

.. concentration of repeating unit in 3.0g/1 solution = _3_ Molar
. 417
3

417 x 1CCO

i.e. molés rer ml

Cann
or i%?g p moles per ml = 7,2 1 roles rer ml

0.001M faIOh solution contains 1 | mole per ml

moles of =lveol '
moles of periodate in a soluticn of 3,0g/l Ya hyaluronate
in presence of 0,C01M FaIOh = 7,2 ,

1

i,e. there is enough periodate present to oxidise only 13.9%
of the glycol groups.
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Txtroction of cartiloce eoctione with enlutions of oxidisin-~

gna redueine asont s

Maberinla
LZLOPIRLS

Fresh frozen sections of bovine naszl sertal cartilace,

Gu tkick, mounted on glass slides

Aleizn blue in O.LCH MgCl,

Acetate buffer pi 5.7 of Same ccoimpogition as used in Alcian
blue solution.

2-Vercaptoethzanol (B3.CH,.Ci,CH) (L. Light & Co.)

I'olecular weight = 73,137 hciﬁht ner m l = 1,12zm
A stock 1.CM solution was prerzred by dissolving Z=-mercaptoethanocl
in water. An aligquot of this solution was further diluted, with
vater and C.,1CH acetate buffer solution, to produce a 0.2CH
e=mercaptoethanol solution in C.L2E1 acetate buffer, The pl cf
this solution, measured with an electrode, was 5.7.

525200 Dithicthreitol (C{Ch.CdQSH)3 (Koch-Light)
Prepared 0.,C2M solution in wEter“then used this stock sclution
to prerare C,01M dithiothreitol in C,C251 acetate buffer,

L-Cysteine Ilydrockloride Cli, SH).CH(CCCH)..aqHCI (Critish Drug
Eouses)

Frepared 0,251 solution in water then 'neutralised! scme cof
this solution with 1.0 ¥aCll to give a C.2CH cysteine soluticn
of pd 8.85 {(measured with plectrﬂum)

Used the 'rneutral' C.20M cystelne solution to prepare a
solution of C,1CH in 0.C251 acetzate buffer.

20 volune liydrogrcen FPeroxide solution was diluted to give
2 volume hydrorzen reroxide (0,181} in C,C2%1 acetate tuffer,

&Lal

Frocedures
PAR xeleetr AR ohi

Cartilase secticns were incubated with, respectively:

(1) C.C251 &Acetate buffer P 5.7
{ii) C.2CM Yercaptcethanol in 0.CR251 acetate buffer pl 5.7
(iii) C.1ClY Cysteine in 0.,CR251 zcetate buffer vl 5,7
(iv) ¢ “lY' Dithiothreitol in 0.C25% acetate buffer pH 5.7
(v) ¢.124 Eydroren peroxide in 0.,0RS1 acetate buffer piH 5.7

At the end of incubations the sections were vashed with 3
changes of digtilled water before being stained with Alcian
blue in C,LCH ¥gCl,. Control secticns, not exposed Lo any
soluticn, were 2155 stained,

The solutions of b:ffer, buffered cysteine, buffered dithio-
threitol, and buflfered nercaptocthancl vere contained in
Coplin jars on the bench, at rcom temperature, The mercapto-
ethanol solution was stirred by a nacnetic flea. Slicdes in
the Corlin jar were supported free of the flea in the bottom
of the jar by means of shert lengths of glass rod,



The hyvdrogcen peroxide sclution was contained i? a 100ml .
Culalily phasbd silde dishie Llides worg suppcried con lensths
cf 2lacs rod (s=2 diagram below). The solution wass?irred by
a vagnetic flea., It was rarticularly important to thoroushly
stir this solutien to prevent the formaticn of bubbles of .
cxyzen on the surface of the sections. These chld rrevent

e solution from coming into direct contact with the cartilace
sactions,

The duration of exposure of sectlions to respective sclutions
vas overnight i,e. aprrox 16 hours,

Slide with cartilage sections

Glass slide dish
with lid removed

lectric

Cable

Magnetic fleq

Electric stirrer
Switch




Rocults

Compogiticn

Intensity of staining
(Alcian blue O, LM MgClZ)
for sections

Yone L+

Sodiuvm acetate/ICl buffer N

plf 5.7, 0.0254

Mercaptoethanocl (0,2M) in 2-3+
C.C28M zcetate buffer pH 5.7

Dithiothreitol (0,01}) in 2-3+
0.C2541 acetate buffer, pld 5.7

L-cysteine HC1l in 0,C2EM 2-3+
acetate buflfer, pH 5.7

Hydroren percxide (2 vols) in 14+

C,0284 acetate buffer pH 5,7

Commnent
Lomrent

Hydrogen peroxide caused a great loss from secticns but
thicl agents were relatively dineffective.




Incuhation of esrtilace sections with =zodiun reriodate
solutiors containing vronan-l-ol

Fresh frozen sections of bovine nasal septal cartllare,
6p thick, mounted on glass slides

Sodium metaperiodate Nal0, (Analar, British Drug Houses)
Proran-l-cl (British Drubhhouses)

Alcian blue in 0O.4LCHM MgCla.

Procedure

50nl aliguots of 20g/1 sodium periocdate solution containing
respectively 0, 10, 53, 15 and 25Cml/l propan=-l-ol were

freshly prepared. These soclutions were contained in Corlin
jars standing in a 30°C water bath. -

Sections were immersed in the solutions for L4} hours, and
washed with 3 changes of distilled water before being stained
with Alcian blue in O, LCH MgCl,, Control eectlons, not
exposed to any solution, were also stained,

In addition, some sections were exposed to 150ml/1 prépan-l-ol
in 2¢g/1 EaIOk overnight before being stained with Alcian blue,

Rasults
Duration Intensity of
(hours)of staining
Test solution (Alcian blue
: exposure to y
test solution|Qe40 MsCl )
for sectiolis
20g/1 ¥al0), alone L} 1+
20s/1 2aI0, in 10ml/1 propan-l-ol ' Li 2+
20g/1 ral0, in 50ml/1 propan-l-ol LY 34
20g/1 ¥alIC) in 15C=l/l propan-l-ol L L+
20s/1 FaIC) in 250ml1/1 propan-l-ol L} L+
20s/1 ¥aI0, in ??gml/l propan-l-ol 16 2+
one ' L¥
Corment

Propan-l-ol was effective in decreasing loss from sections
over LY hours but less effective over 16 hours. :
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Comrarison of rate of oxidetion of slveol (rinacol) by
reriodic acid in water with rate in the rresence of 150ml1/1
rrorar=-1=ol

Irntroduction

The pericdate ion absorbs at 222,5nm. Congequently, the rate
of oxidaticn of a substrate can be followed by monitoring the
decrease at this wavelength; provided the oxidation products
do not interfere.

Aspinall and Ferrier (1957} introduced the use of a correction
for the absorption due to the iodate ion produced during the
oxidation of glycols.

In general, particularly for oxidation of carbchydrates, high
concentrations or large excesses of periodate are to be avoided
since such conditions favour over-oxidation and other non-
selective oxidaticns,

Periodate oxidations are normally carried out in the dark
since light promotes the noneselective oxidation of certain
ceompounds.,

Yon~oxidisable lids or stoprers are used feor periodate
containing solutions i.e. rot cork or rubber,

Materinls

Pinacol, Anhydrous pure (L473Ch Koch=-Light Ltd.)
Propan~-l-ol (Eritish Drug Houses)

Feriodic acid. HIOA.EH?G.Sﬁﬁ w/w (British Drug llouses)
Iodic acid. HIOB. (Arndlar, British Drug Houses) .

Procedure

Extinction measurements were made with a Perkin-Elmer~Hlitachi
UV-Visible recording spectrorhotomster, Model 12%4,

Control and test soclutions were prepared in test-tubes
covered with small glass beakers and kept in a dark cupboard,
at room temperature, between readings.

Pinacol was at a concentration of C,CC2 Molar and periodice
acid at C.001 Molars in the presence and absence of 150ml/1
propan-l-0l.

Aliquots were taken and diluted 1 in 10 with water., Spectra
were read, immediately after dilution, against water in 1 cm
silica cells,

Spectra were also recorded of propan-l-ol and of icdic acid
.solutions., Calculations on percentape of periodate consumed
were perforned on the basis of the extinction at 222.5nm,

At this wavelength, iodate was found to have an extinction
equivalent to 137 of the extinction of an equimolar periodate
solution, This factor was used in the calculation of the
results, The shape of the test spectra did not depart from
the '"normal' during the course of the oxidation,

The results are expressed graphically overleaf,
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Cetvirvridinium chloride treatment of sections

Materialse

Fresh frozen sections of bovine nasal septal cartilage,

6u thick, mounted on glass slides

Cetylpyridinium chloride. 1 H,0 (Pharm.) (F.W. Berk & Co.)
Sodium metaperiodate ¥aIO, (ARalar, Eritish Drus Houses)
Sodiunm borchydride KaBHh (British Drug Houses).

Lillie's 'Cold Schiff' "(Lillie, 1955) was prepared from Basic
Fuchsin and A.R. chemicals (PBritish Drug Houses). A stock
solution was stored at L°C.

Bisulphite rinses were according to Lillie (1965)

Procedure

The procedure for thes performance of the 2-step Periodic Acid
Schiff (P.A.S.) reaction has already been described (p.35).

A Coplin jar was filled with 25g5/1 CPC solution then stood

in a 30°C water bath, (CFC comes out of solution at room
temperature on cold days.) CPC treatment of sections involved
immersing them in this solution for 1 hour. Then secticns
were washed in 3 changes of distilled water.

Some cartilagze sections were treated with CFC for 1 hour
before being put through the normal 2-step PAS procedure,
Cther sections were given a primary oxidation then treated
with CPC for 1 hour before continuing with the 2Z-step FAS
rrocedure, At the same time control sections were given the
normal 2-step PAS procedure without CPC treatment at all.
This enabled the effectiveness of CPC treatment, before and
after the primary oxidation, to be assessed. ’

It was also proposed to investigate the effect of CPC upon the
staining of rapidly oxidisable substrates. For this purrose,
some secticns were treated with CPC for 1 hour then given a
primary oxidation only before Schiff staining. Controls did
not have CPC treatment before the oxidation and Schiff
staining. :

Rasults

2-sten FPAS rrocedure

CPC treatment before the primary oxidation caused a marked
increase in intensity of Schiff staining for cartilage
sections compared with controls that had no CPC treatment,
This increase occurred particularly in the territorial regions
around the chondrocytes.

Schiff staining was not much more intense than for control
- sections if CPC treatment was performed after the rrimary
oxidation,

Primarvy oxidation only

Schiff Stéining after the primary oxidation was found to be
diminished in intensity if CPC treatment had preceded the
oxidation.
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te 2nd rerindiec acid sclutions
s of chondroitin sulrhates from

Comnarison of sodium pericda
in resmnect of csusing los
cartilz~e sectionsg

riss

Moteriols

Fresh frozen secticns of bovine nasal septal cartilage,
€p thick, mounted on glass slides

Sodium metapericdate YaI0, (Analar, British Drug Houses)
FPeriodic acid HIC,.RH 0 5&0 w/w (Br1t1 sh Drug Houses)
Alcian blue in O7TL0M erl

Procedure

Three Coplin jars were filled with (i) 20g/l sodium periodate
solution (ii) 0.10M periodic acid soluticn (iii) distilled
water, They were supported in a water bath at 30°C.
Cartilace sections were immersed in these soluticns for

1 hour before being washed with 3 changes of distilled water
then stained with Alecian blue in O.4CH EgClg.

Control sections, not exposed to water or aqueous solution,
were also stained.

Results

Test or
control
solution

-Control

(untreated) 20=z/1 ¥alO, | O.1M H1O) H,0

Intensity
of stain-
ing {(Alcian v

blue in bt 1+ b+ 3+
O.M M gClg)
for sectiocns

Comment

Yo loss occurred from sections in periodic acid solution,



Trestment of cartilace sectiong with acid salttion hafore
exnogsine tham » to s q0d1vm nerzcdqtp e solution

Matarials

Glacial acetic acid (Analar, Pritish Drug Houses)

Periodic acid HIO, ,2H,0 (British Drug FKouses)
Crthophosphoric adid “H PO, (Analar, British Drug Fouses)
Sodium metaperiodate IgIOL (Analar, British Drug Houses)
1,04 Fydrochloric acid rrepared by dilution of Brltlsh Drug
Houses ampoule CV3 containing 36.46% hydrochloric acid
Tris neutral buffer prepared usin":

1.0M NaCH

Tri (Hydroxymethyl) methylamine (Puriss, Koch-Light)
ltaleic acid (British Drug Houses)

Alcian blue in O.40M MzCl

Acetate buffer pH 5.7 of Gonmposition used in Alcian blue
gstaining solutions

Sodium perchleorate 1aClO, {Analar, Eritish Drug Houses)
Fresh frozen sections cfhbovine nasal sertal cartilage,
&p thick, mounted on glass slides

Frocedure

The following solutions were prerared, transferred to Coplin
Jars and kept at 30°C in a water bath:

0.1 HIO,
0.1M HCL
0.1 H,FO,
0.1 c3 cwcn

0.1M Trls neutral buffer (Measured pH with electrode =
1.0M FaClo) 6.9)

20z/1 ¥alo,
0.025% zcetate buffer pH 5.7

The procedure adopted is illustrated in the flow diagran on
the next pare.
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Acetate
3 Test Periodate || buffer
glides controls controls
TR rols
1 2z 3
v v
l hr in acid ¢
solution (
|
|
I
|
. Y
1l hr in (|
1.cM raclo, ([ T T
solution (| |
|
? |
: |
1l hr in tris ( |
neutral buffer( I
soluticn ( I
|
|
1 2 31
| ¥ )24 hr in
24 hr in 20g/1( I Jacetszte
¥aIO, solution( — <=~ Jbuffer
| Jvll 5.7
]
Do
Y Y ' }JStain
Stain with ( , Jwith
Alcian blue ( JAlecian
in 0.44 MgCl, ( Jblue in
JC UM bgll,,

Into each 0.1M acid solution was placed 3 slides. They were
left for 1 hour before being removed and washed with 3 changes
of distilled water,

The slides were then put through the remainder of the scheme
above, After exposure to each solution they were washad with
3 changes of distilled water.

Absolute control sections, not exposed to any solution, were

stained with Alcian blue as were periodate and acetate control
slides depicted in the scheme above.
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Rosulta

COCWTRCL SOLUTIONT

Treatment before staining

Intensity of staining
(Alcian blue
Co L MgClZ)
for sectioris

LCXE b+
24 hr in acetate buffer pll 5.7 2+
24 hr in 20g/1 sodium pericdate solution 1+

TrRST

SCLUTICYNS

4cid Treatment before 24 hr Intensity of staining
(1 hr |in 20g/1 sodium periodate | (Alcian blue C.LM MgCl,)
exnosure ) snluticn . for sections
( )
2 NOLE 3+
( 1Tn : "
xr r in Tris buffer(0.054)
jitonl 2 pH 7.0 34
2 1 kr in 1.,C¥ sodium 3+
( perchlorate
(
( TONE 3+
(
( e mos
vy 1 hr in Tris buffer(0.0541)
b3 +
CH,CCOH g ol 7.0 3
2 l hr in 1,CM sodium 3+
( rerchlorate
{
( NCME 3+
(
( . . .
o 1 hr in Tris buffer(C.0%1)
230, 2 pH 7.0 3+
E 1 hr in 1.0 sodium ) 3+
( rerchlcrate v
( ) ‘
g NeE 3+
(11 hr in Tri '
. ir in Tris buffer(0.,051) 4
E 1 kr in 1.C4 sodium 3+
( verchlorate
Comment

Trestment of sections with any of the four acid solutions

produced a fixation which could not be reversed by subsequent
exposure to neutrzl buffer solution or solution of high salt

concentration,
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Uoteorinls

VWhetman rol.l filter paper circles, L.25 cm diameter

Sodiun meteperiodate I'all, (Aralar, Fritish Drug Houses)
Lillie's 'Cold Schiffe (L¢llle, 1655) was prepared from Dasic

Fuchsin and A,R, chemicals {(Iritish Prug Hiouses)., & stcck
solution was stored at LOC.

isulphite rinses were according to Lillie (1265)

Cetylpyridinium chleride. 1 ¥.,0 (Fharm,) (F... Berk & Co.)

Sodium tyaluronate and sodium chondroitin-l-sulphate were

rrepared from human mesothelioma fluid and bovine nasal septun
eﬂﬂectively, by the method of Scott (1%60)

lueoug heparin, 5,000 I.U. in 5al. Without preservative (Cvans
edlcal Ltd.)

Pronsadare
PIRAGALARSIRAS S 4

Spots ef 10z/1 polysaccharide soluticnswere applied, from
nelting~point tubes, to circles of filter paper. Crosses and
labels were marked on the paper with a pencil,

Sodium periocdate znd CFC solutions were at concentrations of
20z/1 and 257/1 respectively. 50ml aligqucis of reagents wer
contained in Ceplin Jars.,

description cof procedure
(cduration of exposure to
LaIO&)

o x
Iyaluronate

Five circles were prepared, to be oxidised in sodiun periodate
solution, at room temperature, for respectively 2z, 2, L, &
hours and overnizht, 1In addition, a circle wz reﬁared as

a control for Schiff gtaining,

All circles were soaked in CPC solution, at room temperature,
for % hour then washad with 3 changes of distilled water before
blotting between paper tissues. Circles were placed in sodium
veriodzte solution at staggered times end remcved tozether,
They were washed with 3 changes of distilled water and blotted
between paper tissues,

Finally the rarer circles were stained with Schiff reagent,
put throursh bisulphite rinses and washed in runpin tzp water
in the manner aderted in the 2-step FAS procedure for tissue
sections (r.35).




Results

The control circle, stained with 3chiff but not exposed to
pericdate, was white while the rest of the circles were red.
The longer the exposure to periodate solution the more intense
the staining of the raper circles as a whole. The overnight
and & hour oxidised papers were black.

Comment

The background staining of the filter paper made it imrossible
to ccmpare intensities of staining of polysaccharide spots.
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Attemmtod rmamavation o0f folly reriodsteenxidiscd Vhatman
raet filter yaren

Foatenialg

VWhatman no.,l filter nzper circles L.25 cm diancter

1illie's 'Cold Cchiff' (Lillie, 1905) vas prepared from Dasic
Puchsin and A.R,. chewicals (Critish Drug licuses). A stock
sclution was stored at 4°C,

Pisulphite rinses were according to Lillie (1€ u))

Sodiun metaperiodate uaIOh. Anzlytical reacent prade (Dritish
Drugz Houses) , A

Sodium borohydride I'ali (Pritish Drug Houscs)

2?3/1 sodium periodate solution was used at 30°C and 10s/1
sodium borohvorld solution used at roon tenpergture.

gorl aliquots of reagents were contained in Coplin jars.,
Circles of Whatman ro,l filter paper were cut into halves
to rrovide duplicste

Lu

It was prorosed to have 3 series of duplicates,

(1) Peorers ozidised for respectively 1, 2, 3, 4 hours then
stained with Schiff,

(2) Pzapers oxidised for respectively 1, 2, 3, 4 hours reduced
with sodium borohydride then *‘alnea with Schiff,

(3) Pzrers oxidised for respectively 1, 2, 3, L hours reduced
with sodium borohydride, cxidised for a further 1 hour
then stained with Schiff,

Durlicates were placed in sodium periodate sclution at
stagcered times so that they were all removed together and
washed with 3 chanzes of distilled water. They were then
blott=d between pa er tissues

Series (1) parers vere then stained with Schiff reasent.
rar g

Series (2) and (3) pepers were immersed in sodi b orchydride
golution for 3 minutes. Then washed with 3 changes distilled

water before blotting between parer tissues,

Series (2) rarvers were then stained with Schiff, At the same
time control duplicates, not exposed to reriodate, were also
stained,

geries (3) papers were given a further 1 hour in sodium
perlodqte solution, washed and blotted before being stained
with Zeniff recagsent,

Recults
All parpers, excert econtrols, were stained red. It vas apparent
that even &4 hours exrosure to sodium rericdate eelution was not

lons enocugh to completely oxidise the papers., Thercfore a fully
oxidised Wwhatman nc.l pavor had not been o“talnad.

- 71 -




Devzlorment of Promo=thymol blue stainines technique feor
3

-
demon:
Lok

traticon of CrC-rslvegsamirco~lyean cemrlexes

Chaoice of base

Frorosed to compare use of a) Tris buffer b) sodium carbonate
I:aECO3 ard ¢) ammonia in the Bromo=-thynmol blue staining solution.

Vaterisls

Promc-thymol blue pH 6.,0—7.6 (British Drug louses)

100zl of 0.5z/1 sclutions of this dye were prerpared in the
rresence of the three bases

Promo-thymol blue in 0,C1H Tris

O.2H Tris buffer prepared using:

Tri (Hydfoxymethy})Lmethylamine (Puriss, Koch-Light)

C.C8cm of the solid Bromo-thymol blue were weighed in a small
beaker. Most of the so0lid was transferred to 2 100nl volu-
metric flask. 5ml of 0,24 Tris buffer were added to the solid
reraining in the beaker. The contents of the beaker were
transferred to the flask, washing with distilled water from

a wash-bottle, Finally the soluticn in the 100ml flask was
made up to the mark with distilled water.,

Promo=thymol blue in 0,01 gsodium carbonate

Arhydrous sodium carborate Na2C03 (Merck)

0.,08zm of Bromo-thymol blue were weighed in a smallbeaker

and a C,55/1 solution prepared in a similar manner as for the
Tris solution, using Sml of C,2M sodium carbonate solution,

Bromoy-thvmel bBlue in £,0IM agmmonia

Ammonia solution sp.gr.0.88. (Anzlar, British Drug Houses)
Frepared a C.,24 golution by diluting 3.3%ml Analar ammonia
in 250m1 distilled water,

0.08sm of EBromo-thymol blue were again weighed in a small
beaker and a 0,5z/1 solution prepared in a similar manner
as with the Tris soluticn only this time using 5ml of Q.M
armonia solution,

A little Promeo-thymol blue remained undissolved in each of
the above socluticns.

The pH of an aliquot cf each of the three solutions was
measured with an electrode:

Tris buffered Bromo=-thymol blue pil = 8,70
Sodium carbenate buffered Bromo-thymol blue pH = 10.25
Ammoniacal Bromo-thymol blue pH = 9,9

3
-3
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Used unfixed sectlicns of fresh frozen bovine nasal sertal
cartilass 6p thick, mounted on glass slides.

Mountant was a modified Apathy mediums composition of this is:

Gum arabic 5Cecm
Cane sugar 5Cgm
Distilled water 5Cml
Thymol 0.0C5zm

The inrredients were dissolved with the aid of a gentle heat
The mountant sets by evaporation

fml of this mountant were mixed with 0,20ml Analar ammonia
SP.Er. 0,63

50ml 252/1 CPC solution were used at 30°C in a Coplin Jar.

Frocedure

Sections were immersed in 25g/1 CPC at 30°C for 1 hour. They
were then washed with 3 changes of distilled water.

50ml aliquots of each of the three PBromo-thymol blue staining
solutions were transferred to separate Coplin Jars. Pairs cof
slides were rlaced in each of the Promo-thymol btlue staining
solutions for 5 minutes at rcom temperazture., Urcon being
removed from the staininz solutions they were washed in
dilute ammonia solution (few drops of Analar &8 ammonia in
500m1 distilled water) before being mounted in ammoniacal
apathy medium. They were then examined.

This procedure was repéated next day using the Bromo-thymol
blue staining solutions which had been kept on the bench
overnight,

Result

When the sections stained with Tris buffered Bromo-thymol blue
wvere reroved from their staining soluticn they were coloured
green but changed to blue on being put in dilute ammonia wash.
The sections stained in the other two Lromo-thynmol blue solu-~
tions were blue cn being removed from their staining solutions.

There was very little difference in appearance of sections
stained with Eromo-thymcl blue in the presence of the three
buffers. Leaving staining solutions on the bench overnight
mzde no difference to staining of sections, For &ll sections
the cartilage was stained moderately intensely.
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Concentration of bace

Materials

Cetylpyridinium chloride., 1 K,0 (Fharm,) (F.W. Berk & Co.)
Bromo-thymol blue pH 6,0=7.6 {British Drug Houses)

Anhydrous sodium carbonate uazco (lMerck)

Sodium hyalurcnate snd sodium chgndroitin—h-sulphate were
rrerared from human mescthelioma fluid and bovine nasal

septum respectively, by the method of Scott (1S50)

Ifucous hewarin, 5,0C0 I.U, in 5ml, without preservative (Lvans
Medical Ltd.)

Sodium alginate (Pritish Drug Houses)

Whatman 54 and Oxoild cellulose acetate papers

Procedure
Applying polysaccharide spots to paper:

Sheets of cellulose acetate and Whatman 54 paper were soaked
in distilled water for 5+15 minutes, then laid on moist paper
tissues., Jpots of 10g/l rolysaccharide solutions were arplied
to these sheets from melting-point tubes., (4Allowed solution
from 1 mm lensth of the melting=-point tute to flow by capil-
larity into the parer.) Sheets were then cut irto strirs,

Staining polysaccharide srots on parer:

Strips were immersed in CFC sclution for 3 hour at 30°C.

They were separated in the Coplin jar of CFC soclution by
rieans of glass slides. Then immersed pairs of cellulose
scetate and whatman 54 paper strips in Bromo-thymol blue
solutions respectively containing 0.Cl, 0.10 and O,50M

sodium czrbonate soluticn., After 5 aminutes exposure, washed
them in dilute amsonia solution and examined, Control strips,
with no polysaccharide spots, were also stained.

Regulta
ts

C.01M ¥a.CO

3
Cellulose acetate:

Control - Arparent staining of spots in positions in which
they had not been aprlied.

Test - Alginate and hyaluronate stained intensely but CSa
and heparin did not stain,

0.1CK Kachs

Cellulose acetate: _
Test - Spots of alginate and hyalurconate were intensely
stained., CSA did not stain and heparin only stained faintly.

0. 50M Ma,C0,

Whatman Bkt
All 4 sprots stained moderately intensely.

Cellulose acetate:

Only spots for hyaluronate and alginate stained and their
staining was intense.
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rervorros

Ssrots on Sartorius cellulose scetate parer

Fffect of CFC uran PAS renctivity of glvcosaminoglvcuronan
a

Materials

Cetylpyridinium chloride., 1 H,0 (Fharm,) (F.W, Berk & Co.)
Bromo-thymol blue pH 6,0—7,6"(British Drug Houses)

Arhydrous sodium carbonate Fa,CO5 (Merck)

Sodium hyalurcnate and sodium chgndroitin-u-sulphate were
prerared from human mescothelioma fluid and bovine nasal
septum respectively, by the method of Scott (1960)

Mucous heparin, 5,000 I.U. in 5ul, Without rreservative (Evans
1‘1edical Intd . )

Sodium alginate (British Drug Houses)

Sartorius cellulose acetate paper

Sodium metaperiodate ¥aI0O, (Analar, British Drug Houses)
Lillie's 'Cold Schiff! (LIllie, 1S65) was prerared from Basic
Fuchsin and A.,R, chemicals (British Drug Kouses)

A stock solution was stored at 4°C,

Bisulphite rinses were according to Lillie (1965)

Procedure

Sheets of cellulose acetate paper were labelled using a

rinimsl amount of pencil labelling. The sheets were soaked

in distilled water for 30 minutes then excess water was blotted
off, with paper tissues.

The sheets were spread over pirettes on the bench. Spots of
10g/1 polysaccharide solutions were applied from melting-
pcint tubes taking care to support the paper by pipettes so
that the spot was not in contact with any surface. Then the
sheets were cut into strips.

Half of the total number of strips were left in a glass jar,
with a lid, containing damp tissues to maintain a moist
atmosrhere,

The remainder of the strips were immersed in CPC solution for
1 hour at 30°C, Upon being removed from CFC solution the
strips were washed with 3 changes of distilled water then
placed in' a glass jar, with a lid, containing damp tissues.,

Strirs had been rrepzred to be oxidised in 20g/1 sodiun
periodate solution at 3C°C for respectively 1, 2, 4, 8 hours
and overnight. The strips to be oxidised overnight were
placed in sodiunm periodate solution straight away. The
remainder were placed in this solution next day at staggered
intervals so that they were all removed together,

Upon removal from periodate solution, strips were washed with

3 changes of distilled water and blotted between paper tissues
before being stained with Schiff rezgent or Bromo=-thymol blue

in the procedures described previously.




Results

Dromo-thymol blue:

All strips (1 hour - overnight oxidation) exhibited staining
for each of the four polysaccharide srots.

Schiff reagent:

There was no Schiff staining of any spot., On all the CPC
treated papers the four spots showed up as white discs.
Background of strips was pink of increasing intensgity for
increasing duration of exposure to periodste solution., CFC
treated strips were less pink than those not so treated.

Comment
Bromo-thymol blue staining shcwed that all the CFC-polysaccharide
conplexes stayed on the paper when exposed to periodate solution

but they were not reactive to Schiff reagent following this
exposure, '
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Reaection of Sphiff rearent with pre-cxidised rolymalacturcnate
in soluticon ond srotted on Sartorius cellulose acetste rarner

b

Pre-oxidised sodium polycslacturcnate prepared by R. Harbinson
(Scott & Harbinson, 1969)

Sarterius cellulose acetate paper

Lillie's 'Cold Schiff' (Lillie, 1965) was prepared from Basic

Fuchsin and A.R. chemicals (British Drug Houses)

A stock solution was stored at L°C.

Bisulphite rinses were according to Lillie (1965)

Procedure and Resultsg

In soluticon

To apprexinately 2ml of distilled water, in a small test-tube,
were azdded 5 drops of 1C0z/1 solution of oxidised polygalac-
turonate plus 1 drop of Schiff reagent., & rubber storper was
inserted in the test-tube and the contents mixed. A deep-red
coloured solution was obtained,

As a contrcl, 1 drop of Schiff reagent was added to 2ml
distilled water in a test-tube., After insertion of a rubber
stopper the contents were mixed., lo colour develcped apart
from a very slight pink.

It was apparent that oxidised peclygalacturcnate, ia solution,
reacted with Schiff reagent giving a red-coloured product,

Caellulose necetate raner

3 crosses were rencilled on a strip of Sartorius cellulose
acetate paper. The strip was placed on the surface of dis-
tilled water in a bezker. The paper wetted immediately and
wag pushed below the surface. It was removed 15 minutes
later and excess water Llotted off.

A spot of 10z/1 oxidisad pelysalacturonate was placed on each
of the three crosses using a melting-point tube,

The strip was immersed in Schiff reagent in a Cecplin jar.
Three pink spots appeared on the strip in this solution, The
strip was removed from Schiff reagent azfter % hour and put
hrough bisulphite rinses and the usual 10 minute tap water
wash, The 3 srots became more intensely stained in tap water,
The paper itself was not stained,

It was apparent that oxicdised polygalacturonate could react
with Schiff reagent when spotted on cellulose acetate parper.
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Fffﬂvt of cntvlrvrldlqlum uron rezction of Schiff reacent
Wlth rre-oxidised alesinate and ﬁolvﬂalﬂcturonﬁta enctted on
Szrterius cellulose szeetate parer

Viaterials

Pre-oxidised sodium polygalacturonate and pre-cxidised sodium
alginate prepared by R. Harbinson (Scott & Harbinscn, 1969)
Sartorius cellulcse acetate paper

Cetylpyridinium chloride, 1 H,0 (Fharm,) (F.W. Berk & Co.)
Lillie's 'Cold Schiff' (lLillie, 1965) was prepared from EBasic
Fuchsin and A,R, chemicals (British Drug Houses)

A stock solution was stored at 4°C.

Bisulphite rinses were according to Lillie (1965)

Procedure

Crogses were pencilled on a sheet of cellulose acetate paper
before soaking it in distilled water for 15 minutes. Srots

of 10g/1 oxidised polysaccharide solutions were applied from
melting-point tubes. The sheet was cut into two strips.

One strip was kept in a glass Jjar with a 1lid while the other
strip was immersed in CPC solution for % hour at 30°C befere
beinv washed with 3 chanzes of distilled water.

The two strips were placed together in the Coplin Jjar of
Schiff reacent, separating them by means of a glass slide,
After % hour in Schiff reagent the strips were given bisul-
phite ringes ard a lO minute tap water wagh before being
examined.

Results

Both oxidised rolysaccharides stained on the CPC treated
strip., ©On the non-CPC treated strip only oxidised prolygalact-
uronate stained and the spot was more diffuse than on the CFC
treated strip.

The Schiff staining of CrC treated spots was a little blue
compared with the true red of the non-treated spots.

-zr——-———«.l

gglveﬂcchwrldos %“ﬁtth on ﬂlnqq-flbr@ paﬁar

Materials

Cetylpyridinium chloride. 1 1,0 (Pharm.) (F.w, Berk & Co.)
Bromo=-thymol blue pH 6,0 =7,67(British Drug Houses)
Anhydrous sodium carbenate ¥a,CO, (Merck)

Sodium hyalurenate and sodium ch®ndreitin-Lk-sulphate were
rrepared from human mesothelioma fluid and bovine nasal
septum respectively, by the method of Scott (1960)

Mucous heparin, 5,000 I,U, in 5ml1, Without preservative
(Evans Medical Ltd.)

Sodium alginate (British Drug Houses)

Sodiun polygalacturonate rrerared by neutralising polygalact-
uronic acid 857 (Fract., Koch-Light) with 1,04 XaOll
Sodium metaperiodate ¥alQO, (Analar, Pritish Drug Houses)
GF/C Glass fibre paper (Wﬁatman 15 cm circles)
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Frocedure

Spots of 10z/1 polysaccharide solutions were applied to a
sheet of glass-fibre paper, from melting-point tubes., The
sheet was cut in half and one half immersed in 25g/1 CPC
for % hour at 30°C., It was then washed with 3 changes of
distilled water,

The CFC and non-CFC treated sheets were cut into strips

with a scalpel. Control strips were left in a glass Jjar

with a 1id while the others were immersed in 2Cg/1l NaIOh soluticn
at 209C overnight, The CPC and ncn=CFC treated strips were kert
in separate jars of }alIC, solution., INext morning, strips were
remcved from periodate sglution,.washed with 3 changes of
distilled water and blotted between paper tissues. Strips

were stained with Schiff reagent or Bromo=-thymol blue in

0,5CM ragcos. .

Results

Yo spots stained (Schiff or Bromo-thymdl blue) on any~sfﬁp ,
(CPC or ron =~CPC treated)exposed 15 NaT0, Soluation.

Cormaricon of ¥alo, snd K,WalQ, solutions in respect of

caunsine loss of CPC-nolysaccharide comnlexes from slass-
fibre rarver

Materials

Cetylpyridinium chloride., 1 H 0 (Pharm.) (F.W. Berk & Co.)
Bromo-thymoel blue pi 6,0~7.6 (British Drug Houses)

Anhydrous sodium carbonate Ya 003 (Merck)

Sodium hyaluronate and sodium chdndroitine-lf-sulrhate were
prerared from human mesothelioma fluid and bovine nasal
septum respectively, by the method of Scott (1S60) -
Mucous heparin, 5,0C0 I.U., in Snl, Without preservative
(Cvans Medical Ltd.) .

Sodium alginate (British Drug liouses)

Sodium polygalacturonate prepared by neutralising polygalact-
uronic acid 857 (Pract., Koch-Light) with 1.0M XaCl

Sodium metaperiodate ¥alO, (Analar, British Drug Houses)
0,10 K.NaIO, prepared by dissolving KIO,HIO, in water,
adjusting to pH 5.4 with 1l.CM Nalll solutfon tsing an electrode
and making up to a known total volume of solution with water
GF/C Glass-fibre paper (Whatnman 15 cm circles)

Procedure

Spots of 1Cg/l polysaccharide solutions were applied to a
sheet of glass-fibre paper, from melting-point tubes., The
sheet was cut into strips then immersed in 25g/1 CFC for

1 hour at 30YC. Washed with 3 changes of distilled water.

The lst strip was put aside in a glass Jar with a 1lid. The
2nd strip was exposed to 20z/1 KaIOh for 2 hoursg,at 30°C,
and the 3rd strip to C,1CHM K.LalO fcr the same period of
time. Upon removal from their respective soluticns, the
strips were washed with 3 changes of distilled water.

Finally, the 3 strips were stained with Bromo-thymol blue



Regults

Treatment before

Intensity of
staining

Polysaccharide Bigééftgimzitglue (Br°§§;2?ym°1
| Untreated Control L+
Chopdroitin—u- 2 hr in 20z/1 YalO, solution Ko stain
sulphate e L
2 hr in 0,1 K.KaIOB soclution L+
Untreated Control L+
Alginate 2 hr in 20g/1 ralo, gsolution 1+
2 hr in 0,1IM K.NaIO3 sclution L+
Untreated Control L+
Heparin 2 hr in R0z/1 NalO, solution Yo stain
2 hr in C,1M K.IiaIO3 solution L+
Untreated Control L+
Hyaluronate 2 hr in 20g/1 ¥aIo) solution Xo stain
2 hr in 0,1M K.NaIOB solution L+
Untreated Control L+
Polyzalacturonzte| 2 hr in 20z/1 NalO), solution No stain
2 hr in 0.,1M K.NaICB soluticn L+
Comment

loss of pclysaccharide occurred when strips were exposed to
sodiun periodate solution but no _loss occurred when they were
exposed to potassium-sodium iodate solution,
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