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We, FISONS PHARMACEUTICALS LIMITED,
a British Company, of 12 Derby Road, Lough-
borough, Leicestershire, do hereby declare the
invention, for which we pray that a patent
may be granted to us, and the method by
which it is to be performed, to be parti-
cularly described in and by the following
statement: —

The present invention is concerned with
improved therapeutically useful ferric hy-
droxide-carbohydrate complexes and to their
preparation.

Iron dextran has been known for approxi-
mately thirteen years, and its development
for the intramuscular adminijstration of iron
represented a substantial advance over pre-
viously available methods for the administra-
tion of iron. Iron dextron possesses many ad-
vantageous properties including comparatively
low toxicity, comparatively low incidence of
side reactions, and good absorption of iron.
However iron dextron does suffer from the
disadvantages that it is very difficult to pre-
pare therapeutic compositions containing more
than 109 iron, some side reactions do occur,
the intramuscular administration has to be
carried out over an extended period to correct
low homoglobin levels, the intravenous
toxicity is not as low as is optionally re-
quired, staining of the skin can occur, parti-

- cularly where a faulty administration “techni-

que is employed, and absorption of iron may
not be complete within a short period of
days. '

It has now been found that these disad-
vantages may be overcome with a new ferric
hydroxide complex as hereinafter described.

Accordingly the present invention is for a
complex of ferric hydroxide with at least one
of the heptonic acids dextran heptonic acid

IPrice 5s. 0d.]

and dextrin heptonic acid. According to a
preferred embodiment the invention is for a
complex of ferric hydroxide with dextran
heptonic acid.

Dextran and dextrin are polymeric glucose
derivatives; in the case of dextran the anhy-
droglucose units are linked predominantly by
alpha—1:6 linkages, and to a lesser extent
by alpha—1:4 or alpha—1:3 linkages; in
the case of dextrin the anhydroglucose units
are linked predominantly by alpha—1:4 link-
ages and to a lesser extent by alpha—1:6
linkages. Dextran is formed inter olia by
the controlled fermentation of sucrose with
Leuconostoc mesenteroides; partially depoly-
merised dextran may be obtained infer alia
by hydrolysis of native dextran, and fractions
of different molecular weight may be ob-
tained by solvent fractionation. Dextrin may
be obtained by the hydrolysis of starch; frac-
tions of different molecular weight may be
obtained similarly by solvent fractionation.

Dextran heptonic ‘acid and dextrin hep-
tonic acid are chemically different from dex-
tran and dextrin and are prepared by the
reaction of dextran or dextrin with cyanide
ions, forming the corresponding cyanhydrin,
which may then be hydrolysed to the corres-
ponding heptonic acid. By this reaction the
aldehyde group on the terminal anhydro-
glucose unit of the dextran or dextrin is con-
verted to a glycollic group as follows;

LT
—‘C')——>—(II—~CN —>--(|3—CO‘0'H
o OH OH

Consequently the heptonic acid can be in the
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tonic acid are desirably of low molecular
weight, and suitably have a molecular weight
of 500 to 50,000 and preferably from 1,000
to 10,000. The dextran starting material is
smtably partially depolymerised and fraction-
ated to the appropriate molecular fraction;
similarly the dextrin starting material is frac-
tionated to the appropriate molecular frac-
tion. The dextran heptonic acid and dextrin
heptonic acid are suitably prepared by the
reaction of dextran or dextrin of the appro-
priate molecular fraction, suitably having a
molecular weight of 500 to 50,000 with cy-
anide ions in solution. The reaction is suit-
ably effected with an alkali metal - cyanide;
it may also be carried out with hydrogen
cyanide and ammonia. The reaction is pre-
ferably carried out in an aqueous medium; it
may however be carried out in the medium of
a highly polar organic solvent such as pyri-
dine or dimethyl formamide. The reaction with
cyanide is suitably carried out at a pH in
the range 7—11, and preferably at abour pH
9. The reaction may be carried out at various
temperature, suitably in the range 20—50°C;
the rate of reaction is increased with tem=
perature, but at temperatures much in excess
of 50°C. hydrolysis of the cyanide reactant
takes place. When the formation of the cyan-
hydrin is complete or substantially complete,
the cyanhydrin may be hydrolysed, suitably
by heating the solution, for example to 90—
100°C, The hydrolysis is assisted by the pas-
sage of gas, for example air or nitrogen,
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The colloidal ferric hydroxide is generally
prepared by a double decomposition reac-
tion between a ferric salt and an alkali. Suit-
able ferric salts include ferric chloride, ferric
nitrate, ferric perchlorate, ferric trichloro-
acetate, ferric ammonjum acetate, ferric ci-
trate, ferric ammonium’ citrate and ferric oxy
salts. Suitable alkalis include sodium hy-
droxide, sodium carbonate, potassium hy-
droxide and ammonium carbonate..

Alternatively, the ferric hydroxide may be
prepared by treatment of the ferric salt with
an anion exchange resin, which may be strongly

or weakly basic. A further process for the

preparation of ferric hydroxide from a ferric
salt is by dialysis against an aqueous solution
centaining an alkali or by electrodialysis (elec-
trometathesis).

A preferred process for the complexing of
the heptonic acid with ferric hydroxide in-
cludes partial preforming of the colloidal
ferric hydroxide by slow partial neutralisation
of the ferric salt with the alkali before reac-
tion with the heptonic acid and subsequent
completion of the formation of the ferric
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hydroxide in the presence of the heptonic

acid, the slow neutralisation taking place
over at least 30 minutes. This first part of
the process for the formation of the complex
suitably takes place without heating, for ex-
ample at a temperature of about 30°C. The
partially formed complex may then be heated
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The complex of ferric hydroxide with the
heptonic acid according to the present inven-
ton can be separated as a solid. For thera-
peutic use this is required as a solution, and
therapeutically useful solutions may be ob-
tained directly from the aqueous reaction
product or by dissolving the separated solid
complex,

The complex of ferric hydroxide w1th the
heptonic acid according to the present inven-
tion forms a stable mobile solution suitable
for parenteral administration. The complex
is of extremely low intravenous toxicity, and
may readily be obtained with a high content
of iron suitable for parenteral administration.
The intravenous toxicity (LDy,) is generally
greater than about 4,000 mg. Fe. per Kg.
body weight, It is poss1ble to obtain without
difficulty ferric hydroxide-heptonic acid com-
plexes according to the present invention con-
taining up to 43% by weight of elemental
iron, and preferably containing 38—429% by
weight of elemental iron. Similarly it is pos-
sible to obtain injectable compositions of the
complex of ferric hydroxide with the hep-
tonic acid -according to the present invention
containing up to 250 mg. of elemental iron
per ml. of solution, and preferably containing
50—200 mg. of elemental iron per ml. of solu-
tion.

On account of the extremely low intra-
venous toxicity of the product, and the high
iron concentrations obtamable, it is possible
using the product of the invention to admini-
ster a patient’s total requirement of iron in a
single inravenous injection. This is a very
substantial advance and obviates the need for
repeated intramuscular m)ectlons Thus, for
example, a single 10 ml. injection containing
2 grams of iron (Fe) of the ferric hydroxide-
dextran heptonic acid complex according to
the present invention may be administered
as an intravenous injection over a period of
a few minutes. By way of contrast, if 2 grams
of iron are to be administered by intramuscu-
lar injection of iron dextran as the standard

5% solution, no less than 20 injections would
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cgutkcdr fmthding veterinary composition
containing the ferric hydroxide heptonic acid
complexes according to the present invention.
Such compositions suitably contain conven-
tional components such as carriers; such com-
positions may also contain other pharmaceu-
tically active components, such as Vitamin
B12 and/or folic acid.

The pharmaceutical composition for injec-
tion generally requires to be of an average
intrinsic viscosity in the range 0.025 to 0.25,
and preferably 0.05 to 0.07, at 25°C. The
viscosity of the preparation is related inter
alia to the concentration of the complex in
the solution and the molecular weight of the
heptonic acid used in the preparation of the
complex. .In general the lower the molecclar
weight of the heptonic acid starting material
the lower the viscosity of the product. The
variables molecular weight of the starting
material and concentration may be adjusted
to produce a product of any desired vis-
cosity. By operation in accordance with the
present invention preparations containing in
excess of 20% iron of a viscosity suitable
for injection may be prepared.

The ferric hydroxide heptonic acid com-
plexes according to the present invention are
stable in storage and to sterilisation by auto-
claving.

The following examples are given to illu~
strate the present invention.

ExAMPLE 1

10 Grams of potassium cyanide were added
to a solution of 200 grams of low molecular
weight dextran (having an average molecular
weight of about 5 000) in 1,500 ml of
water. The reaction mixture was left over-
night at 40°C. and then the temperature of
the mixture was raised to 90—100°C. to
hydrolyse the cyanhydrxn and excess potas-
sium cyanide; air was passed through the
solution to assist removial of ammonia. The
pH of the solution was then adjusted to pH
7.0 by the addition of hydrochloric acid and
the solution concentrated by evaporation. The
liquid concentrate was an aqueous solution of
dextran heptonic acid which could, if de-
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filtered and the filtrate autoclaved at 10 ps:
for 30 minutes.

The “solution had an elemental iron con-
tent of 153 mg. Fe/ml and demonstrated at
LD,,, on intravenous administration to mice,
of greater than 3,800 mg. Fe. per Kg. body
wexght

On injection into the hind leg of _a rabbit
at a dosage of 40 mg. Fe/Kg. body weight an
average of 149, of iron was retained at the
injection site seven days after injection.

EXAMPLE 2
A solution of 7.2 Kg. of anhydrous aodmm
carbonate in 24 litres of water was added
slowly, over a périod of 2 hours, to 16.8 litres-
of liquor ferriperchloride (containing 209%
w/v elemental iron) which had been pre-
viously diluted to 32 litres. 3.75. Kg. of dex-

* tran heptonic acid (average molecular weight

5,000) in 14 litres of aqueous solution was
then added, maintaining the temperature at
30 to 40°C. On completion of this addition
and maintaining the temperature above 30°C.
a further quantity of 16% w/v sodium car-
bonate was added slowly to bring the pH
to 6.0.. The: solution was heated to 90°C. for
2 hours and then the volume was reduced to.
about 20 litres by heating in vacuo at 55°C.

" . Salt was removed by dialysis against dis-

tilled - water and the volume was again re-
duced to about. 20 litres (i.e. to a. concentra-
tion of 159 ferric hydroxzide dextran heptonic
acid complex). The salt concentration was ad-

“justed to 0.9% w/v and phenol was added

to a concentration of 0.5%. Particulate matter
was removed by passing the solution through
a No. 3 sintered glass filter and after being
sealed into ampoules the solution was auto-
claved at 15 1b./sq. in. for 1 hour.
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the pH to 4.3. Ethyl alcohol was added to a
concentration of 60% and the precipitated
complex was filtered off and washed three

times with 60% alcohol. The precxpltate was’

redissolved in water and heated to 75°C. to
remove alcohol. The pH was adjusted to 6.0

with 2.5N sodium hydroxide and the solution -

was heated to 90°C. for 2 hours. The volume
was reduced to about 1 litre (15% iron) and
the solution was filtered, filled into ampoules
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and sterilised by - autoclavmg at 15 Ib./sqin. .

for 1 hour.

The autoclaved solution of ferric hydrox1de '

dextran heptonic acid complex had an iron
content of 158.3 mg. Fe./ml and demon-
strated an LD5o on intravenous administra-
tion to mice, in exoess of 4,000 m. Fe./Kg.
body weight.

On injection to the hind leg of a rabbit
at a dosage of 40 mg. Fe. /Kg. body weight
an average of. 149% of the iron was retained
at the injection site seven days after injection.

ExAMPLE 4

The procedure of Example 3 ‘was followed
with the modification - that the weight ratio
of iron to carbohydrate in the starting
materials was adjusted to 1:0.75. The final
solution was concentrated to a volume con-
taining approximately 20% w/v of elemental
iron prior to the ultimate ampouling and
sterillisation steps.

The autoclaved solution of ferric hydroxxde.

dextran heptonic acid complex bad an iron
content of 186.0 mg. Fe./ml, and demon-
strated an LD,, on intravenous administra-

tion to mice of greater than 4,700 mg. Fe./.

Kg. body weight. The viscosity ‘of the solution
was 52§7 centistrokes at 25°C. and the pH
was

On injection into the hind leg of a rabbit at
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to 160 ml with water and added to 19.0 gm.
of dextran heptonic acid (average molecular
weight 5,000) in 70 ml. of aqueous solution.
The combined . solution was dialysed against
10 litres of distilled water containing 100
ml. of 0.880 ammonia, for a period of 24
hours. The ammonia dialysis solution was re-
placed with a further 10 litres of distilled
water and 50 ml. of 0.880 ammonia and
dialysis was contirmued for a further 24 hours
by which time the iron solution in the dialysis
sac had been neutralised to pH 8.0. The am-
monia dialysis solution was replaced by dis-
tilled water and dlalysxs for a further 24 hours
reduced the pHto 6.5.

The solution of the ferric hydroxide dex-
tran heptonic acid complex was heated in an
autoclave at 15 Ibs./sq. in. for 2 hours re-
duced to 100 ml. volume, filtered, ampouled
and sterilised for 1 hour at 15 “Tbs. /sq. in

This autoclaved solution containing 117
mg. Fe./ml.; the viscosity of the solution was
6.6 centistrokes at 25°C, and the pH was
6.2. On injection into the hind leg of a rabbit
at a dosage of 40 mg. Fe./Kg. body weight
an average of 12.5% of iron was retained at
the injection site seven days after m)ectlon

" EXAMPLE 7
10 Grams of potassium cyanide are added
to a solution of 200 grams of low molecular
weight dextrin (having an average molecular
weight of about 5,000) in 1.5 litres of water.
The reaction mixture is allowed to stand over-

whe popil Jydon
SPD BT s e

the addition of 10% aqueous sodium hydroxide
solution. The solution is then maintained
at a temperature of 90°C. for a period of
2.25 hours, the pH of the solution being kept
at 6.0 throughout this period.

The solution is then filtered, the volume ad-
justed to 95 ml. and ﬁnally the solution is
autoclaved at 10 p.si.g. for 30 minutes to
yield a final solution containing about 100
mg. Fe./ml.

EXAMPLE 8

Nine day old piglets were each given an
intramuscular injection of a 159 ferric hy-
droxide dextran heptonic acid complex pre-
pared as in Example 2 containing 200 mg.
of elementary iron. Blood samples were taken
every seven days thereafter and the piglets
were weighed at regular intervals,

A group of control anmials were similarly
studied, these animals receiving exactly the
same treatment as the experimental animals
with regard to diet, husbandry etc., but not
receiving the ferric hydroxide dextran hep-
tonic acid complex injection. :

The average weight in the animals at the
start of the experiment was 1.6 Kg. and the
haemoglobin level of the blood was 7.1 gms./
100 ml. After six weeks the treated animals
had an average weight of 8.9 Kg. and a
haemoglobin level of 10.5 gm./100 mi. blood
whereas the untreated animals had an average
weight of 6.8 Kg. and a haemoglobin Tevel
of 7.7 gms./100 ml. blood.,
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2.88 " kgm. of anhydro A process’ as claimed in claim 10
with a %mnsplpgrmqg in 9 litres of water W:Z wherem the ferric hydroxide is formed in situ
1, 183, 94ded slowly over a period.of two hours to in the reaction. 26. A
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9 d rlcx& vazer- 14. A process as claimed in any of claims -
age molecular weight, 5,000) in 7 litres of 10—13 wherein the last stage of the process, i '
aqueous solution was then added, maintaining either as a part of the process or a separate

20 the temperature at 30—40°C. On complet- step, comprises heating to a temperature in
ing this addition, and maintaining the tem- excess of 50°C at a pH between 5 and 7. 85 -
perature above 30°C, 16% w/v sodium car- =~ 15. A process as claimed in claim 14 where-
bonate was added slowly to bring the pH to in an intérmediate product is precipitated and
5.0. subjected to this heating step. _

25 Salt was removed by electrodialysis and 16. A process as claimed in any of the pre- _
the pH adjusted to 6.0 by the addition' of ceding claims 10—15 wherein the ferric hy- 90
10% sodium hydroxide. The resulting solu- droxide is formed by a double decomposi-
tion was heated in an autoclave at 15 lbs./ tion reaction between a fernc salt ‘and an
sq. in. for one hour, and the volume then re- alkali. _

30 duced to about 4.5 litres in a rotary evaporas 17. A process ‘as claimed in claim 16
tor. Particulate matter was removed by pas» wherein the ferric hydroxide is formed by o5
sing the solution through a No. 3 sintered a double decomposition reaction between a
glass filter and, after being sealed. into am- ferric chloride and sodium carbonate.
pules the solution was autoclaved at 10 Ibs./ 18. A process as' claimed in any of the

35 sq. in, for 30 minutes. : precedmg claims 10—15 wherein the ferric

The autoclaved solution of ferric hydroxide hyroxide is formed by treatment of a ferric 100
dextran heptonate complex had an iron con- salt with an anion exchange resin. .
tent of 223 mgm./ml. 19. A process as claimed in any of the
preceding claims 10—15 wherein the ferric
WHAT WE CLAIM IS: — - hydroxide is formed by d1a1ys1s of a femc

40 1. A complex of ferric hydroxide with at salt against an alkali. 105
least one of the heptonic acids dextran hep- 20. A process as claimed in any of the
tonic acid and dextrin heptonic acid. preceding claims 10—15 wherein the ferric

2. A complex of ferric hydroxide with hydroxide is formed by electrodmlysxs
dextran heptonic acid. 21. A process as claimed 'in any of claims

45 3. A complex of ferric hydroxide with dex- 10—20 wherein the heptonic acid is prepared 110
trin heptonic acid. - by reacting ‘dextran or dextrin with an alkali

4. A complex as claimed in any of claims metal cyanide to form a cyanhydrin which
1—3 in which the heptonic acid has an aver- is then hydrolysed to form the heptonic acid.

_ age molecular weight of 500—50,000. 22. A process as claimed in claim 21 where-

50 5. A complex as claimed in Claim 4 in in there is used a partially depolymerised 115
which the heptonic acid has an average mole- dextran having a weight average molecular
cular weight of 1000—10,000. weight of 500—50,000.

6. A complex as claimed in any of the 23. A process as claimed in claim 22
preceding claims which contains up to 43%  wherein there is used a partially depolymerised = -

55 by weight of elémental iron. dextran having a weight average molecclar 120

7. A complex as claimed in claim 6 which weight of 1,000—10,000. i
contains 38—429% by weight of elemental 24. A process as claimed in claim 21 i
iron. wherein there is used dextrin having a weight L}

8. A complex as claimed in ‘any of the average molecular weight of 500—50,000.

60 preceding claims wherein the LD;, on intra- 25. A process as claimed in any of clauns 125

venous administration is greater than about
4000 mg Fe per KG body weight.
9. A complex of ferric hydroxide with a

21—24 wherein the hydrolysis takes place
in the reaction liquor in which the cyanhydrin
is formed.
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The autoclaved solution of ferric hydroxxde
dextran heptonate complex had an iron con-
tent of 223 mgm./ml

WHAT WE CLAIM IS:—

least one of the heptonic acids dextran hep-
tonic acid and dextrin heptonic acid.

2. A complex of ferric hydroxide with
dextran heptonic acid.

3. A complex of ferric hydroxide with dex-
trin heptonic acid.

4. A complex as claimed in any of claims
1—3 in which the heptonic acid has an aver-
age molecular weight of 500-—50,000.

5. A complex as claimed in Claim 4 in
which the heptonic acid has an average mole-
cular weight of 1000—10,000.

6. A complex as claimed in any of the
preceding claims which contains up to 43%
by weight of elemental iron.

7. A complex as claimed in claim 6 which
contains 38—429% by weight of elemental
iron.

8. A complex as claimed in any of the
preceding claims wherein the LD;, on intra-
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venous administration is greater than about

4000 mg Fe per KG body weight.
9. A complex of ferric hydroxide with a

1. A complex of ferric hydroxide with at_

18. A process as claimed in any of the
preceding claims 10-—15 wherein the ferric
hyroxide is formed by treatment of a ferric
salt with an anion exchange resin.

19. A process as claimed in any of the
preceding claims 10—15 wherein the ferric
hydroxide is formed by dialysis of a ferric
salt against an alkali.

20. A process as claimed in any of the
preceding claims 10—15 wherein the ferric
hydroxide is formed by electrodialysis.

21. A process as claimed in any of claims
10—20 wherein the heptonic acid is prepared
by reacting dextran or dextrin with an alkali
metal cyamde to form a cyanhydrin which
is then hydrolysed to form the heptonic acid.

22. A process as claimed in claim 21 where-
in there is used a partially depolymerised
dextran having a weight average molecular
weight of 500-—50,000.

23. A process as claimed in claim 22
wherein there is used a partially depolymerised
dextran having a weight average molecclar
weight of 1,000-—10,000.

24. A process as claimed in claim 21
wherein there is used dextrin having a weight
average molecular weight of 500—50,000.

25. A process as claimed in any of claims
21—24 wherein the _hydrolysis takes place
in the reaction liquor in which the cyanhydrin
is formed.

a5

100

105

110

115

120

125

ARy SV



30 or dextrin heptonic acid.

conpri ses ad- 33. A pharnmaceuti cal
m ni st eri

clainmed in claim32 wherein the
hept oni c
wi th dextran heptonic acid.
cl ai m 42 where- 35 ,34. A pharnmaceuti cal
conplex is as clained in cl ai m 30.
33 wherein the

heptonic acid is as #d. & lpa:dess As clhla:edmﬁelaun 25 in
35. A phar nacetni cdrhidrthe, Bidglysip y, passing a

Al { cant . T S oo oY SO %

Chartered Patent sAJEP?. Processes for the prephi@dofion a Fdh: Criy 3s=—x4
Fiydroxide lcpmpléxeiith a heptonic aciflext BANA b

with

conplex is a conplex of ferric hydroxide
44, A process as clainedégg

tion asp d flb
o gk,

deficiency in animls which

or veteri nary com
pOSI tion as

pl ex of ferric hydrOX|de and dextrin

aci d.

or veterinary com in

36. A pharmaceuﬂEal dviuiRiRisity composi-
5 wherein the

w1th dextran
0N

acid.
zg{f b¥ Qd’ei’ghtCofl'BY ﬁﬁ

hialaon tzbtemmary com-

dextrin heptonic acfged from dextran heP@? adq addlfte, P‘I’;‘:}‘:’“ 2 nﬁ?qﬁ‘? rg%l e ’iﬁlgemental

43% by wei ght of
Suf f ol k.
Press,

Sout hanpt on Bui | d|

29 Process for the preparation of a ferric
15 hydroxide complex with dextrin heptonic acid
substantially as hereinbefore described and
illustrated in Example 7.
30. Complexes of ferric hydroxide with
dextran heptonic acid when prepared by the
process claimed in any of claims 10—28.
31. Complexes of ferric hydroxide with
dextrin heptonic acid when prepared by the
process claimed in any of claims 10—27 and
29,
32. A pharmaceutical or veterinary com-
position for the treatment of iron deficiency
by parenteral administration which comprises
an aqueous colloid solution of a complex of
ferric hydroxide with dextran heptonic acid
or dextrin heptonic acid.
. 33. A pharmaceutical or veterinary com-

position as claimed in claim 32 wherein the
.complex is a complex of ferric hydroxide
- with dextran heptonic acid.

34, A pharmaceutical or veterinary com-
position as claimed in claim 33 wherein the
complex of ferric hydroxide with dextran
heptonic acid is as claimed in claim 30.

35. A pharmaceutical or veterinary com-
position as claimed in any of claims 32—34
wherein the complex of ferric hydroxide with
dextran heptonic acid or dextrin heptonic acid
contains up to 43% by weight of elemental
iron.
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39. A pharmaceutical or veterinary com-
position as claimed in any of claims 32—38
which contains one or more additional phar-
maceutically active components.

40. A pharmaceutical or wveterinary com-
position as claimed in claim 39 in which the
additional pharmaceutically active components
are selected from vitamin B12 and folic acid.

41, Pharmaceutical or veterinary composi-
tions substantially as hereinbefore described.

42. A process for the treatment of iron de-
ficiency in animals which comprises admini-
stering parenterally a solution of a complex
of dfetric hydroxide and dextran heptonic
acid.

43. A process for the treatment of iron
deficiency in animals which comprises ad-
ministering parenterally a solution of a com-
plf;g of ferric hydroxide and dextrin heptonic
acid.

_ 44. A process as claimed in claim 42 where-
in the complex is as claimed in claim 30.
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