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Selected lanthmm carbonate by&at= may be administered 
into the ghrointestinat tract, to treat &perphosphataemia in 
patients with renal failure. 
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PHARMACELJTICAL COMPQSKTlrON 
CONTATNING SELEmD li%NTWNUM 

CARBONATE HYDRATE% 

This application is a 371 of ‘PCT/GE96/OOS75 E&d on 
Mar. 19, 1996. 

This invention concerns a novel and inventive pharma- 
ceutical composition and method, more par&&&y h con- 
cerns a composition for the treatment of hyper$imspha- 
taemia. 

Hypetphosphataemia is a particular problem of patients 
with renal failure, using dialysis equipment ‘Convetitipnal 
dialysis fails to reduce levels of phosphate in the blood, sb 
that the levels rise in time. It is known to control phosphate 
levels by the oral administration of aluminium salts, or 
calcium salts. With the known toxic effects of alu&~nium, 
aiuminium-based therapy tends to be avoided. fn the case of 
calcium salts, calcium is absorb& rather readily from the 
gut, and in turn causes hypeccal~aeniia. 

It has been suggested (Nakagawa et al, Tram Am Sot 
Intern Organs, 31. (1985) 155-9)that hydrous cerium oxide 
could be used as a bead in an ion-exchar&e column, to bind 
phosphate during dialysis. Jap‘amse published patent appli- 
cation 61004 529 appears to cover the same &ea, sugg~@ng 
that the hydrous oxides of La, Ce and Y may be used-in the 
column. However, although the rare earths are generally 
considered of low toxicity according to the Hedge-Sterner 
cIassi&ation system (Am fnd HygAssoc Quart, 14 (x943), 
93), their toxicity when given iv, which corresponds to use 
in a bhood dialysis system, is &nifU+nt apd we are not 
aware that the suggested ion exchange system or any devel- 
opment thereof has met with widespread acceptant br has 
been tested clinically For hyperphosphataemia. 

It appears that c&urn oxide or oxalate was administered 
many years ago for d-rent midical indications, but that 
this has fallen into complete disuse. 

Japanese published patent application number 
62-145024 (Asahi Chemical Ind KK) discloses that rare 
earth carbonates, bicarbonates or organic acid compbunds 
may be used as phosphate binding agents, One example of 
said published application relates to the use of Iaatbanum 
carbonate, although iu the tests described, cerium organic 
acid salts and carbonate gave better phosphate ion extraction 
than lanthanum carbonate. J.?xaqple 21 of said gublished 
application ptipares Laz(CQ&H~O, ie the monohydrate; 
all the other Examples are dire&d to rare eti cat&mates 
other than lanthanum carbonate. 

We have now discovered that certain forms of la&&mm 
carbonate exhibit improved pe$omance in d variety oftests, 
over standard commercial lan~bamun carbonate, w&h is 
believed to be the octabydrate form, and -over La&O,) 
s.H20 or similar compounds. 

According to one aspect therefore, the present inveatioa 
is the use of lanthanum carbonate of formula L+(CQ,) 
,.xH,O where x bas a vafue from 3 to &preferably tiom 3.5 
to 5, more especially from 3.8 to 4.5, for the preparation of 
a medicament for the treatment of hyperphospbataemia by 
administration into the gastrointestinal tract. 

The invention further provides a pharmawutical awnpo- 
sition comprising said lanthanum carbonate, in admixture or 
association with a pharmaceutically acocptable dBent or 
carrier, in a form for administrati~a into the gastrointe&nal 
tract for the treatment of hyperphospbataemia. 

The invention may also be expressed as a method of 
treatment of hyperphosphataemia in a patient with renal 
failure, comprising the administration of an effective dose of 
said lanthanum carbonate into the gastrointsstinal tract. 

2 
Accordii~ tq ad&et aspect, the present invention B a 

process For the preparation of I&thanum carbonate whic.h 
comprises the steps of: 

5 () 
i reacting ianthaqm axide with an acid which gives a 

soluble salt of lanthanum; 
(ii) reacting a solutian of the thus obtained lanthanum salt 

&th ae aWli met& carbonah to produce a wet cake of 
lanthamxm carbonate o&hydrate; and 

1. (iii) controlled ,dt!yine; of the wet cake of lanthanum 
carbonate o&hydrate so as to obtain a lqthanum 
carbonate with 3 tb 6 molecuEes of water of crystalli- 
sation. 

According to yet another aspect, the present invention is 
lanthanim carbonate ‘when obtained by the above- 

Is mention@ process. 
Acco&iing to a f&her aspect, the present invention is 

la&am& carbo&e &E the form& ia&Q,),.xHaO where 
x has a v&e from 3 $2 6. 

20 BRIEF DESCNPTKM OH THE DRAWiNGS 
Embodiments of the pmsent %vention are described 

below, by way of exarnge ouly, with reference to the 
accompany&g drawiugs in w&i& 

FIG, i iNstrates the phosphate-binding capability of 
2s lanthanum carbotlates having diifereat degrees of water of 

crystal~tion; ’ 
FIG. 2 illustrates tie drying curves for five batches of 

Iaathauum carbode prepare&by the method indicated in 
3. Example 1; 

RG. 3 illustrates the XRD analysis of lanthanum carbon- 
ate 4H,O prepared by’the method indicated in Example 2, 
and 

FIG. 4 illustrates the XRD analysis of lanthannm carbon- 
3s ate 8.8H,O of Sampie 1 above. 

For the tests describea lmreir&ter, samples ,of lanthanum 
carbonate wece obtained as foUo@sz 
Sample 1. Corn&&al lari&~n~ cadxlnate obtained from 

a chemical campany. 
40 This was charact&qd.by elemental analysis (La, C, H), 

TGA, X-ray powder @&action and ic spe&oscopy, to have 
the formula L.a&O&8.8H# 
Samples 2-4 were pn$tied~by heating portions of Sample 

1 at varying temperatures for varying lengths of time, 
4s either under vacuqm or at atrno+&@e pressure to obtain 

materials of formula Ia&O&xHzO where Oux-& 

Sample 5~ is a samPie> of lanthanum czutnmate which when 
analysed indicated a foimula of La(CO&4H20. 
Sample, 6 is a sample 05 la&ha&n cafbonate prepared 

accord&g to Exampie t below and having the formula 
60 La,(C0&3.8H& 

In order to show that certain lanrhanum carbonate 
hydrates are sigui&cantly diierest ia phosphate binding 
activity from both l&haatim earbobate octahydraie and 
from La&O&.pl(zU, Samples wem rested as follows: 

65 i) a stock solut@a was prepared bydissolving 13.75 g of 
anhydrous %&PO,. 8.5 g oENaCl in 1 iitre deioonised 
water. 
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ii) 100 ml of the stock solutios was adjusted to pII by the 
addition of concentrated HCI. 

iii) A 5 ml sample was taken .and filtered through a 0.02 
m Elter to give a Tune 0 sample. Tbiswasanalysed for 
phosphate using a Sigma Diagnostics Calorimetric 
Phosphorus test kit. 

iv) 5 ml fresh stock solution was added to reestabI&h 100 
ml, and the pH was re-adjusted to approximately 3. 

v) La,(CO,&xH,O as a dry, powder was added in an 
amount according to the molecular weight of the par- 
ticular hydrate, to give a two-foId molar exe&s of 
lanthanum over phosphate and stirred at room tempera- 
ture. 

vi) Sampling was carried out at time intervals from 0.5 to 
10 minutes, and the percentage of phosphate was 
determined as in iii) above. The results are shown in the 
Table 1 below. 

TAI3LE 1 20 

TIME 

0 
0 
0.5 
1 
1.5 
2 
2.5 
3 

s 
10 

% PHOSPHKIE REMOVBD 
ksmI!Jte 

1 2 3’ 4 5 6 

53.4 18.8 15.1 22.9 31‘4 
29 18.4 315 26.8 40.4 55.5 

25.4 43.1 36 55.2 74.8 
28.1 50.6 45.3 695 88.1 
30.8 60.5 52.8 79.9 95.3 
34.4 69’ 57.6 903 99.6 

100 
70.5 39.9 96.5 76.3 I00 X00 
100 NO PP.1 ND lo4 loo 

It can readily be seen from Table 1 that Sampie 3 
(La&G&.4.4HaO); Sample 5 (La,(CO,3,.4HaOJ and 
Sample 6 (La&X,),3.8HaO appreei&iy quicker th& the 
8.8H,O, .1.3H,O or 2.2&O forms. We believe that the 
results for La&JO&.13H20 are in agreement with the 
resultsshown in the above mentioned Japanese published 
patent application number 62-145024 where for l,a&!O,~ 
aJIaO, only 90% removal is shqvn after 120 minutes. 

It am also be readily seen from FIG.’ 1 of the aecompa- 
eying drawings that the highest phosphate removd ,is 
obtained with lanthanum carbonates having 3 to 6 molecules 
of water. 

The present invention o&s the possibility of bmdiug 
phosphate without any incursion of Iantbanum into the bbod 
stream, where toxic e&cts can cause problems. The speei- 
fied Ianthanum carbonate has negligible absorption from the 
got, as shown by the in viva tests describe6 below. 

Throughout this document, the term “treatment*’ is 
intended to include preventative treatment. 

Processes for preparing lanthanum carbonates acco&ng 
to the present invention are described by way oE ilhmtration 
in the following Examples 1 and 2. 

EXAMPLE 1 
Lanthanum oxide (1.5 kg, 4.58 moI) was suspended in 

water (5.S lines) in a 20 litre flask. Nitric acid (Analar grade, 
69%, SG 1.42, 1.88 litres, 29.23 mot) was ‘added to the 
stirred solutioo over 1.5 hours at such a rate as to k&p the 
temperature between 60-80” C. The resuhiug fanthartum 
nitrate solution was left to cool to room’temperature and 
filtered. Asolution of sodium carbonate (1.65 kg, 1557mol} 
in water (7.75 Ii&es) was added, to the stirred lautbanum 
nitrate solution over 45 miuutes. At the end of the addifion 
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4 
the pH of the suspension w as 9.74. The suspension was left 
overnight, fIltered (I3uchuer fu.nneI, 540 paper) an&dried on 
the filter in a current of air f&r 30 minutes. “Ibe s&d was then 
re-suspended in water, stirred for 40 minutes and filtered. 
This procedure gas repeated to give a total of six washes, 
when the nitrate cor@ennation inthr~ I&rate was ~500 ppm. 
The final material (4.604 kg) w&s divided between three 
Pyrex dishes and a sample from each analysed for water 
content. ‘(By d+mqor&oo of weighed sample of (I& 
(CO&.&& ix! lOSO’ C., 2 &ours to La&Q The dishes 
were then pIaced in afan ovea at 8o”.C. and the weight loss 
of each &sh nidnitored until the material of the required 
degree hydration was obtained. The progress of the drying is 
shown below 

nnc mof &Q/La 

(h-9 pi&l @i&2 Dish3 

3.50 10.9‘ 13.5 12.6 
12 S.? _ 6D ET.2 
14 5;s 4.6 
I6 4.9 ::: 4.3 
17 4.4 4.6 3.8 
195 3.8 4.0 3.2 

Drying curves far five batches produced by this route are 
shown in FIG 2. 

La&Co3)3.3.811a0 from dish 1 was selected as Sample 6 
for the phosphate binding tests set forth in Tab&e 1. 

fiixA.mm2 
The process dExampIe 1 was repeated but using hydro- 

cbloric acid~(12.2@$2.118 lit&) .in >place of nitric acid to 
dissolve Ianthanum oxide (1.5 kg). ‘I&e yield OE crude 
product after sixwashns was 4.378 kg. The product was 
dividea in three approximately equal pmtiods ih Pyrex 
dishes and dried in a fan overi at. fXI* C. After 2 hours a 
sample was, taken fmnt each tray and water aoalysed by 
decomposition to Iantbauum oxide -as described above. 
These figwes were used to cakxilate the weight loss needed 
to give mate&I of the ‘required, composition. The time 
caurse of thq drying process. is showti below. 

Tim aal ‘H&/b 

(hc-) ash1 Dish 2 Dish 3 

2 21.3 22.1 20.4 
55 123 132 12.2 
9 7.9 8.Q 7.6 

1.X.5 6.9 7.0 6.6 
17 4.9 5.1 4.6 
18.5 4.6 4.8 4.2 
195 

s 
4.4 4.1 

20 4.6 4.0 

-_ 

Samples were taken &om each djh, combined and aoaly- 
sed. T&e following resuhs were obfainedz 

Found Calahation for la&O&.4Hz0 

52.3a% 52.4% 
5.76 awl& 5.66 m&g 

13.06% 13.59% 

The XRD analysis for lanthanum carbonate MI& pre- 
pared by the method of Example 2 is ilhmtrated in FIG. 3. 
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EIG. 4 illustrates the XRD, of lanthanum carbonate 
SSH,O and it is evident that it has a d&rent crystalline 
structure horn lanthanum carbouate 4Ii,O prepared by the 
method of Example 2. The XRD analysis OF lanthanum 
carbonate 4H,O prepared by tIreSmethod of Example 1 was 
similar to the XRD analysis af lanthanum catbonate 4IIeO 
prepared by the method of Example 2. 

Pharmaceutical compositions for oral administration 
according to the invention may be formulated and manu- 
factured using methods well known in the art. S&able 
d&rents or carriers are a?so well knownThe compositions 
may desirably be in a dosage form, to provide &single dairy 
dose, or a number of sub-daily dosages. Convention@ @tar- 
macoiogical methods may be used to ascertain suitable dose 
levels. The level of phosphate itt itie food that an individual 
ingests is important. Daily dosages are indicated to be in the 
range 0.1 to 50 g, preferably about 0.5 to 15 g. Suitable 
forms for oral administration include solid forms such as 
tablets, capsules and dragees and Iiqnid forms such as 
suspensions or syrups. In addition to dihrents and carriers, it 
is conventional in the formuIatien of oral prepamtiotk to 
in&de non-active ingredients such as thickeners, ‘taste- 
improving components and colouring agents The said car- 
bonate may also be coated or treated to provide deIayed- 
release forms. Preferably, the required daily dosage is given 
in tablet form, eg chewable tab&t form, to be”takeii with 
meals. A suitable daiIy dosage of about 2 g for 70 kg man, 
should be compared with a da& dosage of 20 g for a 
commercial calcium-based phosphate bindiig composition. 

To demonstrate that the lanthanum carbonate of the 
invention (or lanthanum phosphake formed after bindiug to 
phosphate in the gut} is fully excreted and does not pass out 
of the gut into the circulation system when given orally, 
three rats were dosed with 20 mgilrg of La.&O,),.4II& 
(Sample 5) and kept in metabolii: cages where faeees and 
urine could be collected. The results am shown in Table 2 
below. 

Tune 
Anii No. @~rs) % La Recovered 

: 
24 103.2 
48 0.1 

1 72 =a..2 

: 
TOtal 103.3 

24 75.3 
2 46 23 
2 72 1.2 

2 Told 99.5 
3 24 93.8 
3 46 10 
3 72 0.1 

3 Total , 103.8 

5 
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50 

6 
It can be seen that after ‘72 horns, aM of the lanthanum has 

been e&-e&d. In the urine samples, the amount of lantha- 
num Was below detection limits. After the test, the rats were 
sacrificed, sad hidney~ liver and femur were aoaiysed for 
lanthanum. In all cases, the amaunt of lanthanum was below . 
0.1 ppm, 

We claim: 
1. ~A pharmaceutical composition Ear the treatment of 

hyperphosphataemia comprising lanthanum carbonate of the 
formtda 

where x has a value from 3 to 6, in admixture with a 
phakrtaceuticaliy acceptable d&tent or carrier in a form 
for administration to the ga&eiutesti@ tract. 

2. A kqositioa aqzording to claim 1, wherein x has a 
value &om 3.5 ti 5. 

3. A climposition according to claim 2, wherein x has a 
value from 3.8 to 4.5. 

4. A composition according fo any one of daims 1 to 3 in 
wit dosage f&m to provide from 0.1 to 20 g/day. 

5. Aprocess fw the preparation ofla’nthanum carbonate as 
defined in any 0111: of ch+ns 1 to3 k&i?& comprises the steps 
Of: 

(i) reacthag lCaothanum oxide with hydrocblcuic acid to 
obtain lanthanum chloride; 

(ii) rea@ng a sohttion of the &ms obtained lanthanum 
chloride with an al&ah metal carbonate to produce a 
wet cake of Ianthamrm carbomde o&hydrate; and 

(iii) drying the wet cake of knthanum carbonate octahy- 
drate so as mobtain a lah&rantun carbonate with 3 to 6 
mole&es of water of crystaRisr@ioa. 

6. A process a8 daimed in claim S *rein the alkali metal 
carbonate is SQdiiun 6arbonate. 

7. A method to tieat hyperpktosphataemia in a subject 
which method comprises admit&+&g to said subject an 
amount of lanthanum carbonate of the formula 

wherein x has a value from 3 to 6 effedve to treat said 
hyperphosphataemia. 

8. The method of claim 7 wherein x has a value from 35 
to 5. 

9. The method of claim 8 wherein x has a value from 38 
to 4.5. 

10. The method af any of &aims 7-9 wherein said 
administering is by an oral route. 

* * * 0 * 
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