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-pol ysacchari de sponges, and to nethods of maki ng such sponges. YPos7s o

Pol ysacchari de sponges 5 made according to the nethod of the pre ent ?3"
‘invention are suitable for use as wound dressing materials. Wund dressings
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US-A-3157524 describes a method of making collagen
15 sponge materials comprising the steps of: forming an agueous
dispersion of collagen; freezing the dispersion; treating
the frozen dispersion in a series of anhydrous isopropanol
baths to exchange isopropanol for the water in the frozen
dispersion; followed by drying. There is no disclosure of

20 preparing polysaccharide sponges by this metheod.

Wound dressihgs comprising polysaccharides, and in
particular alginates, in the form of fibrous mats, fibrous
ropes, aqueous gels or films are known. For example,

25 alginate-based wound dressing péds are available under the
Registered Trade Marks Kaltostat and Sorbsan. Alginates are
particularly useful as wound dressing materials, because of
their well-established haemostatic properties and high
biological acceptability.

30

The known alginate dressings use calcium alginate or
mixed calcium/sodium alginates. Calcium alginate is
insoluble in water, but sodium alginate is readily soluble.
The solubility of an aiginate wound dressing material can

35 therefore be adjusted by appropriate control of the ratio of
calcium:sodium ions.

A soft, conformable polysaccharide sponge can be



_cat ci um sodi um.i ons.. A soft, conformabl e pol ysacchari de sponge can be 2
~prepared by freeze drying a solution of a soluble polysaccharide such as
“sodi um al gi nat e. However, such a sponge is of limted value as a wound
"dressing material, because of its solubility in wound exudate. 5 Freeze
drying a dispersion of calciumalginate Bn water also | eads to a sponge
which is unsuitable for use as a wound dressing nmaterial, because it is
extrenely friable. resent invention, is base
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discovery that a polysaccharide sponge which is prepared by

treatment of a frozen aqueous solution of soluble
polysaccharide with a cross-linking agent dispersed in a
hygroscopic non-agqueous solvent followed by drying is soft

15 and highly conformable with minimal tendency to shed
particles or fibres in use. It is therefore well suited for

use as a wound dressing material.

The present invention provides a method for preparing

20 a polysaccharide sponge, comprising the steps of: (a)

providing a solution of soluble polysaccharide in water; (b)

freezing the solution to form a frozen solution; (c)

immersing the frozen solution in a water-miscible organic

solvent containing a cross-linking agent to exchange said

25 solvent for at least a part of the water in the frozen

solution while cross-linking the polysaccharide to render it

water insoluble; and (d) drying the resulting cross-linked
and solvent-exchanged polysaccharide material.

30 The soluble polysaccharide used in step (a) is
preferably selected from the group consisting of soluble
alginates such as sodium alginate, xanthan gum, guar gum,
locust bean gum, chitosan, carboxymethyl cellulose salts,
hydroxyethyl cellulose, hyaluronic acid, pectin, and

35 mixtures thereof. )

Preferably, the soluble polysaccharide (and hence the
final polysaccharide sponge product) comprises at least 25%



.30° The solubl.e polysaccharide wused in step (a) 1is preferably
selected fromthe group consisting of soluble alginates such as sodi um

al gi nate, xanthan gum guar gum | ocust bean gum chitosan, carboxynethyl
‘cellul ose salts, hydroxyethyl cellul ose, hyaluronic acid, pectin, and 35
m xtures thereof. Preferably, the sol ubl é& pol ysaccharide (and hence the
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or phosphate ions,_ such as sodlun1tr|pQI¥phosphate or sodium tetraborate.
cross-linking agent used will depend on the nature of the
soluble polysaccharide. For example, soluble alginates such
as sodium alginate are preferably cross-linked by the
addition of multivalent cations, such as divalent or
15 trivalent metal cations in the form of salts, in particular
calcium chloride or zinc chloride. These chlorides are
soluble in organic solvents. On the other hand, guar gum is
preferably cross-linked by reaction with polyanions,
especially borate or phosphate anions. Likewise, chitosan
20 can be cross-linked by reaction with borate or phosphate
ions, such as sodium tripolyphosphate or sodium tetraborate.

The present invention also provides a substantially

water-insoluble polysaccharide sponge obtainable by a method

25 according to the invention. The present invention further

provides a wound dressing or implant comprising such a
sponge.

Typically, the polysaccharide will be dissolved in the

30 agqueous medium in an amount ranging from 0.2% to 5% w/v, and

more preferably from 0.5% to 3% w/v. For examplé, the

solution used in step (a) may contain polysaccharide in an
amount of approximately 1% w/v.

35 The key step in the process according to the present
invention is the solvent exchange and cross-linking step
(c). It has been found that exchanging the water in the
frozen polysaccharide solutions by a volatile solvent at



.Thé present invention also provides a substantially water-insoluble
_pol ysacchari de sponge obtai nable by a nethod 25 according to the invention.
The present invention further provides a wound dressing or inplant
‘conprising such a sponge. Typically, the polysaccharide will be dissolved
in the 30 aqueous mediumin an amount rafdging fromO0.2%to 5% w v, and nore
preferably fromO0.5%to 3% w v. For exanple, the solution used in step
(a) may contain pol ysaccharide in an_amount,of approxiatel %W V. 35
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t her eof . Preferred solvents include ethanol, propanol,

Preferably, the organic solvent is a hygroscopic,
volatile organic solvent such as a substantially anhydrous
C,~C; monohydric alcohol or a C;-C, ketone, or mixtures

15 thereof. Preferred solvents include ethanol, propanol,
isopropanol, n-butanol, isobutanol, t-butyl alcochol, amyl

alcohol and acetone. Most preferred 1is anhydrous
isopropanol.
20 The solvent baths may be at any temperature at which

the organic solvent is liquid, but they are preferably at or
near ambient temperature (0-30°C). This results in solvent
exchange and cross-linking taking place simultaneously with
thawing of the frozen polysaccharide dispersion.
25
Preferably, the solvent exchange step is carried out
in two or more successive baths of the organic solvent. The
second and subsequent solvent baths may also contain the
cross-linking agents. The use of multiple solvent baths
30 results in more complete exchange of the organic solvent for
water in the polysaccharide material, thereby reducing
drying time and enerqy, and giving a product with better
physical properties.

35 Typically, the volume of each bath of organic solvent
used to wash 1 litre of frozen polysaccharide solution or
suspension will be from 0.5 to 10 litres, preferably from 1
to 5 litres. Following the washing step, it will usually be



i sopropanol, n-butanol, isobutanol, t-butyl alcohol, anyl alcohol and
acet one. Most preferred is anhydrous isopropanol. 20 The

sol vent baths nay be at any tenperature at which the organic solvent is
liquid, but they are preferably at or near anbient tenperature
(0-30[err]C). This results in solvent exéﬁange and cross-1|inking taking

pl ace sinmultaneously with thawi ng of the frozen pol ysacchari de di spersion.
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Anhydrous zinc chloride and sodium tripolyphdsphate may also
be used.

The polysaccharide used in the method of the present

15 invention may be modified prior to forming the sponge. For

example, the polysaccharide may be partially crosslinked

using conventional crosslinking agents, or it may be

combined with other biopolymers which are appropriate for

use in wound dressing materials. For example, mixtures of

20 alginate with chitosan, xanthan gum, guar gum or pectin may
be used.

Specific embodiments of the present invention will now
be described further, by way of example, as follows:
25
Example 1
A 10ml sample of a solution of sodium alginate (LVG 008
281 05, nmolecular weight 200,000-250,000, mannuronic
acid/guluronic acid ratio of 0.45 supplied by Pronova
30 Biopolymer, Drammen, Norway) at a concentration of 1% w/v in
deionised water is blast frozen at -30°C for 30 minutes.
The frozen block -is immersed in 20ml of anhydrous
isopropanol containing 10% w/v of anhydrous CaCl, and shaken
for 2 hours at 25°C until defrosted. The resulting material
35 1is removed from the isopropanol bath, blotted with absorbent
tissue, and then dried in air at 60°C overnight. The
resulting material is a white, soft, flexible sponge having
low friability, and low solubility in water.



.présent in an anmount- fromO0.1 to 50% w v, and nore preferably from1%to
,20% W v. The preferred salts are 10 anhydrous <calcium chloride and
sodi um tetraborate. Anhydrous zinc chloride and sodiumtri pol yphosphate
‘may al so be used. The pol ysaccharide used in the nethod of the present 15

i nvention may be nodified prior to form ®g the sponge. For exanple, the

pol ysaccharide may be partially crosslinked using conventional crosslinking
agents, or it nay be conbined with other biopolynmers which are appropriate
for use in wound dressing materials. For exanple, m xtures of 20 alginate
with chitosan, xaBkamplgu®y guar gumor pectin may be used. Specific
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Dr anmen, hbrmay% a geconcentratlon of 1% w v in deionised water is bl ast
frozen at - 38 ¥¥RMBEntnutes. The frozen block is imrersed in 20nm of
anhydr ous i sopropanol containing 10% w v of anhydrous [err] and shaken for
2 hours at 25[err Ll ,defrosted. The resulting material 35 is renoved
fromthe isopropak)gllll ! ? blotted with absorbent ti'ssue, and then dried in
air at 600C over nThat procedarecf t Exgmpheerdi als | tepeabtde, b3yt twith eri bl e
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step. The second solvent treatment step is carried out in
a second 20ml bath of fresh anhydrous isopropanol containing
20% w/v anhydrous CaCl,. A substantially similar product is
obtained as in Examples 1 and 2.
15
Exanmple 4
The procedure of Example 3 is repeated, but with no
CaCl, present in the second 20ml bath of fresh anhydrous
isopropanol. A substantially similar product is obtained as
20 in Examples 1-3. '

Example S _
The procedure of Example 3 is repeated, but with a

third solvent treatment step prior to the drying step. The

25 third solvent treatment step is carried out in a third 20ml
bath of fresh anhydrous isopropanol containing 20% w/v
CacCl,. A product substantially similar to those in the
previous Examples is obtained.

30 Example 6
The procedure of Example 5 is repeated, but with no

CaCl, present in the third solvent bath. A product
substantially similar to those in the previous examples is
obtained.
35
Example 7
The procedure of Example 1 is repeated, but with
replacement of the 1% alginate solution by an aqueous



6 Exanple 2 The. procedure of Exanple 1 is repeated, but with the final
drying step carried out under vacuumat 25[err]C 5 overnight. A
substantially simlar product is obtained as in Exanple 1. Exanple 3 The
‘procedure of Exanple 1 is repeated, but with a 10 second sol vent treatnent
step prior to the final drying step. The7second solvent treatnment step is
carried out in a second 20m bath of fresh anhydrous isopropanol containing
20% W v anhydrous err A substantially siplar product is obtained as in
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sol vent treaaleotbanep prior to the drying step. The 25 third sol vent
treatmentgstep is carried out in a third 20m bath of fresh anhydrous

I sopropanol cont ai ni ng 20@6m/v [err A product substantially simlar to
those in the previiaBpke ggnpg syampge Exanpl e 6 The
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minutes.
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The frozen suspension is freeze-dried overnight at -
20°C to 25°C. The resulting material is soft, but friable.
It breaks when bent and sheds fibers to the touch.

15 - Example 9
The procedure of Example 1 is repeated, but with

replacement of the sodium alginate by guar gum, and with

replacement of the calcium chloride cross-linking agent by

sodium tetraborate. The product is a soft, conformable,
20 insoluble sponge.

Example 10
. The procedure of Example 9 is repeated, but with

replacement of the guar gum by a mixture of 50% w/w guar gum
25 and 50% w/w xanthan gum. A similar product to that of
Example 9 is obtained.

Example 11
The procedure of Example 10 is repeated, but with

30 replacement of the sodium tetraborate cross-linking agent by
calcium chloride, as in Example 1. A similar product to
that of Example 10 is obtained.

Example 12
35 The integrity of the sponges prepared as above was

assessed as follows: A square (1.5 x 1.5 cm) of each sponge
sample was added to 10 ml of culture medium (Dulbecco's
modification of Eagles medium supplemented with 10% foetal



Exanpl e 7 The procedure of Exanple 1 is repeated, but with replacenment of
the 1% al gi nate sol ution by an aqueous 7 solution containing 0.5% w v
al ginate and 0.5% w v chitosan. The sol vent exchange bath contains 1% w v
[err] in anhydrous isopropanol. The resulting material is soft, flexible
and absorbent. 5 Exanple 8 (Conparative E&anple) A 10m sanple of a
suspension of 1% w v calciumalginate fibers in water is blast frozen at

-30[err]C for n1nute 10 The_froz us n5|on s, freeze-dri
ovor i ght &t a0 SEFRET: o1 oy PPC W SYRRAIH o CHRERLRRE i o Sttidht
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Exanpl e 9 Th rwur%ﬁtt@&an&segvéé%éﬁ %?g’maagt Sg t6h rzezp'a%ccf”f-}‘zf of

t he sodlun1alg|nate by ‘guar acenen t He “Cal cium

chl ori de crodwurisnki ng agent by sodlun1tetraborate. The product is a
soft, confgprmable, 20 insoluble sponge. Exanple 10 The procedure of Exanple
9 is repeated, but_wth re acenent of the guar un1béﬁa m xture of 50@6m/w

guar gum 25 and 56% WA®% nhnthakh the sokvent pdeded: (Fegenligiked
Exanpl e 9 i s sahipdidaeprdpargd eadllspecified in Example 1 swelled in the

serum at ambient temperature, but remained intact. After 7
days, one or two small fibers of the material were visible

10 in the solution, but the integrity of the bulk material was
substantially maintained.

In contrast, a sodium alginate sponge prepared by

freeze drying without any cross-linking step was completely

15 dissolved in the solution after 7 hours. A calcium alginate

sponge produced by freeze drying a dispersion of calcium

alginate as described in Example 8 started to disintegrate

as soon as it was placed in the solution. After 20 hours

several large fragments of the sponge were floating in the

20 solution, and after 72 hours there were many free calcium
alginate fibers in the solution.

Example 13
The absorbency of the sponges prepared according to the

25 present invention is evaluated as follows.

A number of samples of sponge (50:50 chitosan:alginate
cross-linked with calcium chloride) prepared by the method
of Example 7 were weighed, immersed in phosphate buffered

30 saline solution at 37°C for 30 minutes and then weighed
again. The liquid absorption due to immersion was found to
increase the weight of the samples by a factor of 21.7 #
3.5.

35 A number of comparative samples of sponge (50:50
chitosan:calcium alginate) prepared by a process analogous
to that in Example 8 were similarly tested. The liquid
absorption due to the immersion was found to increase the



The procedure of Exanple 10 is repeated, but with 30 replacenent of the
sodi um tetraborate cross-1inking agent by cal ciumchloride, as in Exanple
1. A simlar product to that of Exanple 10 is obtained. Exanple 12 35
The integrity of the sponges prepared as above was assessed as follows: A
square (1.5 x 1.5 cn) of each sponge sanp®e was added to 10 m of culture
medi um ( Dul becco' s nodification of Eagles nedi um supplenented with 10%

f oet al calf serum)_. in a 30 m Sterilin[err] _container. Initial
obser vat i ons "feABthede thenFammd esahy & f\Ré’E"@rt 9én Yidncuatded -at 37[err] C.
Furt her observatjons were nade at 6, 22 and 174 hours. 5 It was found that
t he sol vent dried,,,Cross-linked s | es_prepare S ecified in Exa el
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mai nt ai ned. IR contrast, a sodiumal ginate sponge prepared by freeze drying
Wi t hout any cross-linking step was conpletely 15 dissolved in the solution
after 7 hours. A calcium alginate sponge produced by freeze drying a

di spersion of calcium al ginate as described in Exanple 8 started to
disintegrate as soon as it was placed in the solution. After 20 hours
several large fragnents of the sponge were floating in the 20 solution, and
after 72 hours there were many free calciumalginate fibers in the

sol ution.



Exanpl e 13 The absorbency of the sponges prepared according
present invention is evaluated as follows. A nunber of sanpl
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(50: 50 chitosan:al ginate cross-1linked with cal ciumchloride) breﬁaféd"by
t he nmet hod of Exanple 7 were wei ghed, imersed in phosphate buffered 30

saline solution at 37[err]C for 30 mnutéd® and then wei ghed

agai n. The

| i qui d absorption due to i mersion was found to increase the weight of the
sanples by a factor of 21.7 + 3.5. 35 ﬁ nunber of conparative sanpl es
p

of sponge (50:50 chitosan:calciumalg
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a polysaccharide sponge, conprising the steps of: 5 (a)
sol ution of &3& bl e pol ysaccharide in water; (b) freezing

providing a
the solution-to

forma frozenigol uireszing the solution to form a frozen solution;
(c) immersing the frozen solution in a water-miscible

organic solvent containing a cross-linking agent to exchange

10 said solvent for at least a part of the water in the frozen

solution while cross-linking the polysaccharide to render it

water insoluble; and

(d) drying the resulting cross-linked and solvent-exchanged

polysaccharide material.
15

2. A method according to claim 1 wherein the soluble

polysaccharide is selected from the group consisting of

soluble alginates, xanthan gum, guar gum,

carboxymethyl cellulose, hydroxymethyl cellulose,

20 acid, pectin and mixtures thereof.

chitosan,
hyaluronic

3. A method according to claim 1 or 2, wherein the soluble

polysaccharide comprises at least 25% by weight of one or

more alginates.
25

4, A method according to claim 3, wherein the soluble

polysaccharide comprises at least 75% by weight of one or

more alginates.

30 5. A method according to any preceding claim, wherein the

cross-linking agent is selected from the group consisting of

glutaraldehyde, dicyclohexyl carbodiimide, hexamethylene

diisocyanate, salts of multivalent cations and salts of

multivalent anions.
35

6. A method according to claim 5, wherein

the cross-

linking agent is a salt of a divalent or trivalent metal

cation.



c) inmersing the frozen solution in a water-mn scible organ
L(:b%t ai ni ng agcross-l I nki ng agent to exchange 10 sai d sol vent ﬂummﬂ“"ﬂﬂl]lu'"l
part of the water in the frozen solution while cross-linking the® + * s *
pol ysaccharide to render it water insoluble; and (d) drying the resulting
cross-1linked .and sol vent - exchanged polys&&charide material. 15 2. A

nmet hod according to claim 1l wherein the sol ubl e pol ysaccharide is sel ected
fromthe group consisting of soluble al ginates, xanthan gum guar gum
chitosan, carboxynmethyl cellul ose, hydroxymnethyl cellul ose, hyaluronic 20
aci d, pectin7and. @ xnetkedt kecesiding to Acletilnodé aceidwediaiq t thel aimuss-or 2,
wherein the agghart OnRA| at,.J I ght of one
or nore alging§§5%25%%¥% E% %é&%ggﬁaggékgﬁﬁg Fg %ﬁgkhggggﬁﬁé%gin t he

sol ubl e pol ysacchari de conprises at |east 75% by wei ght of one or nore

al ginatess 38. 5 A RetRbA0GRGTAIHG 9t O ARMIP! ©F edindaGlrdi BheWMtaiddy t he

cross-linking.aggnt IS S Iected.fron1hge g%oup cons'stiggﬁff
gl ut ar al dehydé™RdNgy GRS FPTPEFES PnPQE® ﬁe?§n§tW§P iS°socyanat e,
salts of multivalent cations and salts of nultivalent anions. 35 6. A
met hod ‘accor i ng 4,0 ‘él:{'i}bﬁ‘ ?cfﬂlét'iﬁg”té NP 'PHeed il 19 130C Uher i ERL! O
a divalent or trivalent netal calion.
solvent-exchanged polysaccharide product of step (c) is
‘10 immersed in at least one further bath of water-miscible
organic solvent to effect more complete exchange of organic
solvent for water in said polysaccharide material prior to

the drying step (d).

15 10. A method according to any preceding claim, wherein the
water-miscible organic solvent comprises a C,~-C, monohydric
alcohol or a C;-C, ketone.

11. A method according to any preceding claim, wherein said
20 drying step (d) is carried out under sub-atmospheric
pressure.

12. A substantially water-insoluble polysaccharide sponge

obtainable by a method according to any preceding claim.
25

13. A wound dressing or implant comprising a substantially

water insoluble polysaccharide sponge according to claim 12.

14. A method or a polysaccharide sponge substantially as
30 hereinbefore described with reference to Examples 1-7, 9, 10
or 11.



1177, A nmet hod according to claim®6, wherein the cross- |inking agent is
.calciumchloride or zinc chlorides5 8. A method according to claimS5,
Wwherein the cross- |inking agent conprises a borate or a phosphate. 9. A
met hod according to any preceding claim _wherein the sol vent-exchanged

pol ysaccharide product of step (c) is 10'mrersed in at |east one further
bath of water-m scible organic solvent to effect nore conpl ete exchange of

organi c solvent for water in said polxggﬁﬁﬂgéide material prior to the

drying step (d). 15 10. A nethod acco any preceding claim wherein
the water-m scible organic solvent conprises a [err] nonohydric al cohol or

a C3-C6 ketone. 11. A mBbhognachRTEbNPot2sABYHRREARIEBENEES M wherein said

20 drying step (d) is carried out under sub-atnospheric pressure. 12. A
substantially water-insol uble polysacchari de sponge obtai nable by a nethod

accordi ngsto any phecemhvéntidn Nordvidids Aneenbds dbES PrepaFingPvater-
RN TR Nt QR IR SRt
her ei nbef or emdansr bbethei mbthelier enThet meEkadpl esmprise?, () eroviding
an aqueous solution .of a soluble polysaccharide; (b)
freezing the solution; (c) treating the frozen solution with
10 a water-miscible organic solvent such as isopropanol to
effect solvent exchange for the water 1in the frozen
solution; and (d) drying the resulting pblysaccharide
material.  The organic solvent contains a cross-linking
agent such as calcium chloride to render the polysaccharide
15 water-insoluble in the solvént—exchange step (c). The
resulting materials are more conformable and less friable
than freeze-dried polysaccharide sponges.



