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PEPTIDES, FRAGMENTS THEREOF, AND PREPARATION 
OF COMPOSITIONS THEREFROM .' 

This invention relates to peptides, ,.fragments 

thereof and preparation of compositions lherefrom. 

Type 1 diabetes mellltus ls a dls~ase that 
affects large numbers of people, and,~esults from \he 

s destruction of a-cells within the islets of Langerhans 
in the pancreas. The current tberapy for type 1 
diabetes is with parenteral adm~riistration of 
replacement doses of insulin • .. ..1 It is de.sirable that\.­
diabetic control be such that,blood.gluco~e levels be 

10 returned to near normal in order to avoid the long term 
complications of diabetes •. .- Such therapy is, however, 
difficult to control in t~at it is frequently not easy 
to avoid the complicatio~1 of hypoglycaemia, which may 
lead to morbidity. hypoglycaemic coma, and in 

15 infrequent cases to long term brain damage or death. 
' It has long .been k-no~.ri that. for reasons which are not 

fully understood, h~~oglycaemia is a very frequent and 
very upsetting sid~~effect of insulin therapy. 

Type 2 diabet~s mellitus is about 8 to 16 times 
20 more prevalent than Type 1 diabetes. and may affect up 

to 4S of the adult population in Western countries. 
It is characterized by (1) a deficiency but not an 
absolute la~k of insulin secretion which results in 
hyperglycaemia, and usually also by (2) varying degrees 

: 

25 of resistance to the actions of insulin. In this 
form of diabetes. unlike Type 1, B-cells are retained 
in the islets in normal or only slightly reduced 
numbers. Islet amylold is also found In most cases 
(Clark A •• Cooper G.J.S. et al., Lancet ·August 2, 

30 1987). 
British Patent Application 8709871 filed 27 April 

1987, describes a novel peptide which Is identical to 
or substantially homologous with the amino acid 
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sequence: 

5 

5 10 15 20 25 30 35 

KCNTATCAT1RLAN1LYHSlNNFGllLSSJNYGSlTY 

or an active subfragment thereof. Cooper et al., 

"Purification and Characterization of a Peptide fran Amyloid-Rich 

10 Pancreases of Type 2 Diabetic Patients," Proc. Natl. Acad. Sci. 

15 

USA, Vol. 84 (1987). 

This may alternatively be written using the 
classical three letter designations of amino acid 
residues as follows: 

1 5 10 15 

Lys Cys Asn Thr Ala Thr Cys Ala Thr Gl~ Arg Leu Ala Asn Phe 

20 t 6 20 25 30 

25 

Leu Val His Ser Ser Asn Asn Phe Gly Al~ Ile Leu Ser Ser Thr 

31 35 

Asn Val Gly Ser Asn Thr Tyr 

This novel peptide, provisionally named diabetes 
associated peptide or cw>, and now renamed ~'amylin", has been 

isolated and characterized from the amyloid containing pancreases 

of type 2 diabetic humans. It is stated that amylin may be found to 

30 have clinical utility, such as appetite suppresant activity, and 

perhaps also vasodilator activity which could be either general 

activity or be specific for pancreas or islet blood flow. 

A peptide that is probably identical to a111Ylin has been 

described fran a ht.man insulinana, and a highly conserved peptide 

35 has been found in the pancreas of a spontaneously diabetic cat (P. 

Westennark et al., Proc. Natl. Acad. Sci. USA, Vol. 84, p3881 to 3885, 

June 1987, 
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Medical Sciences). This peptide has been named 
insul~noma or Islet amyloid polypeptide (IAPP), but 
there is said to be lltt)e doubt that the human and cat 
islet amyloids are of essentially similar chemical nature. 

5 Immunohistochemical techniques using a peroxidase -
technique suggest that IAPP ls released l~cally from 
islet 8-cells. Although the roll of IAPP in the 
islet Is stated to be unknown, its conservation and· 
partial identity with CGRP strongly indicate an 

10 important regulatory function. 
Arl\Ylin contains thirty-seven amino acid residues and 

is structurally similar to calcitonin gene related· 
peptide CGRP, having 46i identity with human CGRP-2. 
The following table compares the primary structure of 

15 1) amylin with that of 2) ~uman CGRP-2_,. 3) human CGRP-1. 

and 4) rat· CGRP-t. Amino acid identity between 
peptides is indicated by boxes. Dotted boxes · 
indicate areas·of displaced homology 

20 

t 5 10 15 20 25 30 35 
1) KC NT ATC AT QR LAN FL VHS s:N N°i=;G A IL SST NV GS NT Y 
2) A C N TA TC V TH R L A G L L S R S G G

0

H
0

V° K sfN ... F~·v P TN V G S K A F 
3) A C [ID T A T C V T H R L A G L l S R S G G V V K[~~ N F: V P T N . V G S K A F 

25~4) s c NT AT c v TH R l AGL s R G G v v K-o:N F:v p EA F 
. . .... -·- --·· 

It is known that CGRP exerts significant effects 
on blood pressure and blood catecholamine levels when 
administered to rats. 

30 In an article in the Lancet published on 2 August 
1937, A.Clark, G.J.S. Cooper et al. report that islet 
amyloid in twenty-two amyloid-containing type 2 
diabetic subjects showed immunoreactivity with antisera 
to CGRP. This was inhibited by preabsorption of the 

JS ant 1 sera with amyl in, which suggests that ·amylin is a major 
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protein constituent of islet amyloid. Cooper et al., supra (1987). 

confinned that amylin is a major component of islet amyloid. In 
addition CGRP/amylin inmunoreactivity was found in islet cells of 

both diabetic and non-diabetic subjects, and preliminary studies 

5 show its presence in B-cells. Cooper et al., Lancet 1987, 2:964. 

This identification, together with the finding of a similar peptide 

in insulinanas, suggests that amylin may be co-secreted with 

insulin. 
This invention arises fran the idea that amylin or amylin-

10 NH2 or CGRP or a functional peptide fragment of amylin or amylin­

NH2 or CGRP, or a conservative variant of the amylin or amylin-

NH2 or CGRP or fragment, will be of use in the treatment of diabetes 
mellitus or hypoglycaemia. This idea was unexpected. Although 

it was known that both amylin and CGRP are associated 

15 in sane way with diabetes mellitus, it had not previously been 

suggested that either might be useful in the treatment o~ the 
condition. The work on which this invention is based has been 

concerned with amylin. The invention extends to CGRP on the basis 

that this peptide has generally similar constitution and properties 

20 to amylin, and may therefore be expected to show the same surprising 

therapeutic effect. 

25 

Amylih may be in its carboxy tenninated fonn (amylin) or alter­

natively in its carboxy terminally amidated fonn (ar.iylin-NH2J. The 

structure of the amidated fonn may be represented as:­

R-NH-CC6H4CIIJ-CONH2 
where R is the residue of the amylin peptide up to the peptide 

bond to the carboxy tenninal residue Tyrosine. Currently known 

f9nns of CGRP include a C-tenninal amide group which is significant 

for their biological activity. 

30 By a functional peptide fragment of amylin or amylin-~ or 

CGRP is meant a peptide fragment at least 5 amino acid residues 

in length, which perfonns in vivo a 
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therapeutic function of the complete amylin or amylin-~.or CGRP 
peptide. By a conservative variant is meant a peptide which is 

substantially, though not canpletely, hanologous with amylin or 

amylin-NH2 or CGRP or the fragment thereof, but which is functionally 

5 equivalent thereto. (See M.O. Dayhoff, A Model of Evolutionary 

Change in Proteins, in "Atlas of Protein Sequence and Structure", 

volume 5, supplement 3, National Bianedical Research Foundation, 

1978, pages 345 to 352). 
According to a preferred aspect of the invention, a composition 

10 for use in the treatment of diabetes mellitus or hypoglycaemia 

comprises a) insulin and b) amylin or amylin-NH2 or CGRP, or a 

functional peptide fragment of amylin or amylin-NH2 or CGRP or· 

a conservative variant of the amylin or amylin-NH2 or CGRP or 

fragment. The tenn insulin is here used to cover insulin of natural 

15 and synthetic origin and also functional peptide fragments of 

insulin and conservative variants of insulin or fragments thereof, 
such as may be used in the conventional treatment of diabetes 

melli tus. 
Products according to the invention may conveniently be provided 

20 in the fonn of solutions suitable for parenteral administration. 

In many cases, it will be convenient to provide insulin and amylin 

or amylin-NH2 or CGRP (or fragment or variant) in a single solution 

for administration together. In other cases, it may more advan­

tageous to administer insulin, and amylin or amylin-NH2 or CGRP 
25 (or fragment or variant), separately. A suitable administration 

regime may best be detennined by a doctor for each patient indivi­

dually. It will generally be preferable to fonnulate such that 

the molar ratio of insulin to amylin or amylin-NH2 or CGRP (or 

f~agment or variant) used for the treatment is from 100:1 to 0.1:1. 

30 A preliminary study has indicated that, like insulin 

-
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imnunoreactivity, amylin imnunoreactivity and hence amylin, is 

absent fran the islets of Langerhans in type 1 diabetics. It is 

therefore proposed that the type 1 diabetic syndrome results_ from 

a deficiency of not one (i.e. insulin as previously thought) but 

5 two (insulin and amylin or amylin-NH2 or CGRP) honnones. As 

previously noted, the major problem with insulin treatment of 

diabetes is hypoglycaemia. It is likely that co-administration 

of insulin and amylin or amylin~ or CGRP may avoid this side 

effect. 'Illis may then allow:-

10 Tighter diabetic control with reduced risk of 
hypoglycaemia. This applies to the treatment of 
type 1 diabetes mellitus. and also for type 2 diabetes 
mellitus (in·the phase of secondary islet cell 
failure) .• 

15 The use of amylin or amylin-NH2 or CGP.P for t~ 

therapy of recurrent hypoglycaemia complicating the . 
i nsu 1 in therapy of type 1 di abet.es me 111 tus (or of type 
2 diabetes mellltus). 

The therapy of brittle diabetes (type 1 
20 diabetes mellitus with increased risk of 

hypoglycaemia). 
The therapy of the intractable hypoglycaemia 

which may compiicate the course of the disease produced 
by insulin secreting tumours, such as insullnomas. 

25 Although this invention is concerned with results 
and not with theories, the following explanation of the 
possible of mode of action of amylin (or CGRP) may be of 
. 

interest. 
1. Amylin or alll'Jlin-NH2 is produced in the islets of 

30 Langerhans. almost certainly in the B-cell i.e. the 
same cell that produces insulin. Type 1 diabetes 
results from the destruction of B-cells in the islets 
of Langerhans. As these cells contain amylin or amylin-
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: pepeSJednS; 
19. J _ ... ·:;~. 

NH 2 , the·n it is very likely that type 1 diabetes is 
associated with a defic.iency Of amylin or amylin-NH2 as 
well as insulin. CeFtainly, ~lin or amylin-NH2 is not seen 
in the islets of Langerhans in this condition. 

2. Amylin and CGRP have been shown to modulate the 
rate of glucose induced insulin secretion from islet B 
cells in a number of model systems. (Ahren B, 
Martensson H, Nobin A. Effects of calcitonin gene­
related peptide (CGRP) on islet hormone secretion in 
the pig. Diabetologia 1987; 30: 354-359.) 

3. In isolated rat soleus muscles,amylin reduces 
the rate of glycogen synthesis in both the basal and 
the insulin-stimulated modes (see Example below). 

When 2 and 3 a re taken together, amylin (or CGRPJ 

exerts a powerful modulating effect on insulin-induced 
storage of glucose as glycogen. As this may well be . 
the mechanism whereby insulin resistance is c~used in 
type 2 di~betes, then it may well be that 
hyper secret 1 on of amylin or amylin-NH2 (or CGRP) is .a factor 
in the genesis of the insulin resistance found in that 
condition. 

The actions of amylin (or CGRP), as seen above, 
modulate and reduce the hypoglycaemic effects of 
insulin, both by reducing the release of insulin in 
relation to a given glucose stimulus, and (more 
importantly in the case of type 1 diabetes) by reducing 
the rate of storage of glucose as glycogen. · Hence, 
amylin ·(or CGRP) may include "insulin resistance", and 

cushion the hypoglycaemic effects of Insulin. 
The efficacy of a preparation of amylin in the treatment 

30 of diabetes mellitus is dependent on the ability of the amylin 
to gain access to the circulation. To that end, preparations 
of amylin that are soluble are required. It has been demonstrated 
that certain processes may be used to solubilized amylin when 
present in amyloid masses, and these methods will also be of 

35 use in solubilizing amylin. fran other sources. Cooper, et al., 
Proc. Natl. Acad. Sci. USA, 84:8628-8623 (1987}. 'Ibey include 
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(1) dissolution of amylin in guanidinilDII solutions, especially 
guanidinilDll hydrochloride, pH 7.5, buffered in 0.2 M sodi'-'m 
monohydrogen phosphate/sodilDll dihydrogen phosphate; (2) disso­
lution of amylin in trifluoroacetic acid/acetonitrile solutions, 

5 especially 1.0\ trifluoroacetic acid/67\ acetonitrile; (3) 
dissolution of amylin in fonnic acid solution, especially 70% 
fonnic acid; and (4) the use of ultrasound to dissolve amylin. 

Experimental work also indicates that lyophilization may 
render amylin mare soluble, perhaps by altering its physical 

10 state. 

Comparison of the activity of amylin which has been chemi­
cally synthesized with that from natural sources indicates that 
the activity of amylin from these differing sources can be 
quantitatively different. It is likely that any difference in. 

15 activity is caused by a lack during chemical synthesis to com­
pletely reconstitute the molecule into the natural con~onnation 
necessary for full biological activity. This is believed caused 
in part by failure to completely reconstitute the disulfide bond 
in the chemically synthesized material. Therefore, it is useful 

20 to observe that the activity of amylin fran different sources, 
i.e., extracted from the natural state, and chemically synthesized, 
may be different owing in part to differing degrees of recon­
stitution of the natural secondary and tertiary structure 
of the molecule. 

25 Reconstitution of the molecule in dilute aqueous solution 
at pH 8 produced a degree of biological activity. In view of 
the low solubility of the synthetic material in solution in pH 
8 water, however, improved reconstitution of synthetic amylin 
may be obtained by refolding material resulting from synthetic 

30 methods, in an aqueous denaturing solution, for example, 
guanidinitJD or urea solutions, especially 6.0 M guanidinilDll chloride 
or 8.0 M urea, at a specified pH, especially a mildly alkaline 

pH between about 7.5 and about 9.0. Alternatively, solution 
for subsequent reconstitution may be effective in a non-aqueous, 

35 denaturing solvent, such as dimethyl fonnamide. Under such 
conditions, the reconstitution of the disulfide bond by mild 
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oxidation, such as produced by solutions of potassium, 

ferricyanide or by exposure to atmospheric oxygen, are expected 
to produce optimal reconstitution of the disulfide bond. 

For therapuetic use, it will be useful to have amylin 

5 preparations of differing durations of action, such as those 

in use for insulin. See Larner, J., "Insulin and Oral Hypogylcaemic 
Drugs; Glucagon." (In Gilman, et al., Eds., The Phannacologic 
Basis of Therapeutics, 7th F.cli tion, MacMillan 1985, p. 1501-02). 

To that end, methods similar to those used for insulin are to 
10 be employed for therapeutic preparations of amylin. All such 

preparations may be used either alone, or in canbination with 
appropriate combinations of insulin, for the treatment of diabetes 

mellitus, hypoglycaemia and other conditions. These procedures 
and preparations include (1) reaction of amylin with zinc and 

15 protamine, according to the method of Hagedorn, et al., 
11Protamine Insulinate, 11 JPMA 106:177-180 (1936), to produce an 

amylin preparation, the onset and duration of action ot which 

is delayed compared with that of non-canplexed amylin; (2) a 
suspension of the protamine-amylin prepared as above in a suitable 

20 aqueous buffer for parenteral administration: (3) crystalline 

amylin prepared by the crystallization of amylin in the presence 
of a zinc salt, especially zinc chloride in a suitable buffer 

meditun, and especially one of neutral pH (Larner, supra); (4) 
a suspension of crystalline zinc amylin in a suitable aqueous 

25 buffer, prepared as above, and suitable for parenteral admini­
stration: (5) a modified protamine zinc suspension of amylin 

that is crystalline, where the concentrations of amylin, zinc 
and protamine may be so arranged that the onset and duration 

of action are intennediate between those of the soluble and 

30 protamine fonns of amylin; (6) the material of (5) above for­

mulated in a suitable aqueous buffer useful for parenteral admini­

stration: (7) a preparation of crystalline zinc-amylin resus­
pended in a solution of sodium chloride/sodium acetate, pH 7.2-

7.5, and suitable for parenteral administration; (8) amorphous 
35 insulin precipitated at high pH and suitable for parenteral 

administration; and (9) a mixture of crystallin and amorphous 
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amylin suitable for parenteral administration. Each such pre­
paration will be suitable for parenteral administration by the 
subcutaneous route. 

The stability of amylin preparations may be increased 
5 at neutral pH. Neutral preparations of amylin may be mixed with 

other neutral preparations of amylin, or with appropriate prepara­
tions of insulin resulting in increased clinical utility. Larner, 
supra. 

To purify amylin frcxn various different sources to a level 
10 useful in human therapeutics, various methods have been used. 

It has been demonstrated that amylin can be isolated fran the -
human pancreas in a highly pure state by a canbination of 
concentration using a centrifuge, gel filtration chranatography, 
and reverse phase chrcxnatography, specifically HPLC. In, for 

15 example, larger scale purification of amylin, fonns of chrana­
tography other than HPLC, such as fast protein liquid chromato­
graphy (FPLC), may be useful and appropriate. It is also possible 
that other fonns of chromatography may be useful,.such as ion 
exchange, molecularsieve, or hydrophobic interaction chranato-

20 graphy. 

Therapy of Type 1 diabetes mellitus with transplants of 
islet cell tissue or whole pancreatic tissues, or with islet 
cell implants, may well become important treatments. Because 
some of the therapeutic effects of such therapy will accrue fran 

25 replacement of the ability to manufacture and secrete amylin, 
monitoring of amylin levels will be necessary to follow the 
course of such therapy. Similarly, it may be necessary to 
monitor amylin levels in blood, serum or plasma, to assess the 
treatment of hypoglycaemia, Type 1 diabetes mellitus, and various 

30 amylin-deficient states. 

EXAMPLE 
This experiment was performed to demonstrate 3 

above. that amylin reduces the rate of glycogen synthesis 
35 in both basal and insulin-stimulated modes. 

After having been starved overnight, rats were 
killed and their soleus muscles extracted and incubated 
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in bU-ffer at physiological pH. 14c-labelled glucose 
and cold (unlabelled) glucose were added and the rate of 
.lncorportlon of glucose into glycogen was measured by 
extraction of glycogen and counting at Intervals of up 
to six hours. The experiments were done in the 
presence, 1, 10, 100 ~nd 1000 microunlts of insulin per 
ml. Half the experiments were performed in the 
presenc~ of 120 nanomoles p~r litre of amylin. 

The results are set out in the accompanying Figure 
1, which is a graph of rate of glycogen synthesis 
against insulin concentration. The open circles 
~epresent the results of experiments performed in the 
absence of amylin;_ the filled circles represent results of 
experiments performed io the pr.eserice of 15 micromoles 
per l l tre of amylin. Each spot at 1 and 100 
microunits per ml insulin ls the mean of 11 r.eP.llcate 
experiments; each spot at 10 and 1000 mlcrou~its per ml 
insulin ls the mean of 5 replicates •. . 

At al~ physiological concentrations of Insulin 
(from t to 100 microunits per ml), glycogen synthesis 

20 · is slowed down l n the presence of amyl in. The 

differences are statistically significant (p is 
less than 0.05 at 1 and 100 mfcrounlts per ml by the 
Mann Whitney U test. 

It will observed that the inhibition of glycogen 
25 synthesis by amylin persists at low, and presumably even 

at zero insulin concentrations. It appears that amylin 
has its own action which is contrary to that of insulin 
but probably not mediated by direct antagonism of 
insulin action. In support of this, it has been 

30 observed that amylin is not capable of significantly 
displacing insulin from its receptor on red blood 
cells • 

35 
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CLAiftS: 

l. Amylin or amylin-NH2 or CGRP or a functional peptide fragment of 
amylin or amylin-NH2 or CGRP, or a conservative variant Of the amylin 
or amylin- NH2 or CGRP or fragment, for use in the treatment of 

diabetes mellitus or hyJX>9lycaemia~ 

2. A canposition canprising a) insulin and b) amylin or amylin-NH2 
or CGRP, or a functional peptide fragment of amylin or amylin-NH2 or 
CGRP or a conservative variant of the amylin or amylin-NH2 or CGRP or 
fragment, for use in the treatment of diabetes mellitus or 

10 hypoglycaemia. 

15 

3. A ccmposition as claimed in claim 2, wherein the molar ratio Of 

insulin to amylin or amylin-NH2 or CGRP (or fragment or variant) is 

fran 100:1 to 0.1:1. 

. 
4. A product accordirg to aey one of claims 1 to 3, in the form of a 
solution suitable for parenteral administration. 

5. A method Of preparirg a product for the treatment of diabetes 
20 mellitus or hypoglycaemia, Which method comprises bringing an active 

irgredient selected fran amylin, amylin-NH2, CGRP, functional peptide 
fragments thereOf and conservative variants of the amylin or amylin-NH2 
or CGRP or fragment, into the form Of a solution suitable for 
parenteral administration. 

25 

6. A method Of preparirg a oanposition for the treatment of diabetes 
mellitus or hypoglycaemia, which method comprises bringing the active 
irgredients a) insulin and b) amylin or amylin-NH2 or CGRP or a 

functional p~ide fragment thereOf or a conservative variant of the 
30 amylin or amylin- NH2 or CGRP or fragment, into the foon of a solution 

suitable for parenteral administration. 

7. Use of a peptide in a method for the preparation of a medicament 
for treating a mamnalian patient for diabetes mellitus or 

35 hypoglycaemia, Which peptide is amylin or amylin-NH2 or CGRP or a 
functional peptide fragment Of amylin or amylin-NH2 or CGRP or a 

~~~~~~~~~-
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conservative variant Of the amylin or amylin-NH2 or CGRP or frcgrrent. 

8. A use as claimed in claim 7, Wherein insulin is also canbined 
with the medicament. 

9. A use as claimed in claim 8, Wherein the insulin and the amyl in 
or amylin-NH2 or CGRP (or frcgment or variant) are cont>ined in a nolar 
ratio of fran 100:1 to 0 .1 :1. 

10 10. A use as claimed in claim 8 or claim 9 wherein a canposition 
canprising the insulin and the amylin or amylin-NH2 or CGRP (or 
frcgment or variant) is administered parenterally. · 

11. A composition for treatrrent of diabetes rrellitus or hypogl~emia 
15 canprisirq a canbination of peptide or frcgment accordirg to artt one of 

claim$ 1 to 4 and insulin. 

12. A canposition according to claim 11 wherein the insulin and the 
amylin or amylin-NH2 or CGRP (or frcgrrent or variant) are combined in a 

20 oolar ratio of fran 100:1 to 0.1:1. 

25 

13. A soluble preparation Of amylin or amylin-amide, or active 
subfrcgment(s) Of amylin or amylin-amide, useful in the treatment of 
diabetes mellitus or hypoglycaemia. 

14. The preparation Of claim 13 that has been rendered soluble by 
treatment with formic acid. 

15. The preparation Of claim 14 wherein said formic acid is 70% 
30 formic acid. 

16. The preparation Of claim 13 that has been rendered soluble by 
treatment with guanidinium hydrochloride. 

35 17. The preparation Of claim 16 wherein said «}.lanidinium 
hydrochloride is 6.0 M guanidinium hydrochloride in a b.Jffer containing 
monohydrogen phosphate or sodium dihydrogen phosphate. 
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18. The preparati<'.Xl of claim 17 wherein said buffered guanidinium 

hydrochloride has a final guanidinium hydrochloride concentration of 

6.0 M. 

5 19. 'lhe preparation of claim 13 that has been rendered by soluble by 

ultrasound. 

20. . 'lhe preparation of claim 13 that has been rendered soluble by 

dissolutioo in salts of sodiun or anmonium, especially amoonium 

10 bicarbonate or carbonate or sodium bicarbonate or carbonate. 

15 

21. 'lbe preparatioo of claim 13 that has been solubilized by 

treabnent with trifluoroacetic acid or acetonitrile, or a mixture 

thereof. 

22. 'lhe preparatiori of claim 21 wherein said trifluoroacetic acid is 

about 0.1-1.01 trifluoroacetic acid. 

23. A preparation of, amylin or amylin-amide, or active subfragment(s) 

20 of aiey"lin or amylin-amide, that is lyophilized. 

24. A delayed release preparation of amylin or amylin-amide, or 

active subfragment(s) of amylin or aiey"lin-amide. 

25 25. 'lhe preparation of claim 24 in combination with insulin. 

26. The preparatioo of either of claims 24 or 25 foroulated with 

protamine. 

30 27. 'lhe preparation of any of . claims 24 to 26 foI'lllllated with a zinc 

salt. 

35 

28. '1he preparation of claim 27 wherein said zinc salt is zinc 

chloride. 

29. A preparation of amylin or amylin-amide, or active subfragment:(s) 

of amylin or amylin-amide, in which the amylin, amylin-amide, or 

subfragments thereof are crystallized. 
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30. The preparation of claim 29 further comprising a zinc salt and a 
buffer suitable for parenteral administration. 

31. The preparation of claim 30 'tttlerein said zinc salt is zinc 
5 Chloride. 

10 

32. A suspension Of amylin or amylin-amide, or active subfragment(s) 
of amylin or amylin-amide, formulated with a zinc salt in a b..tf fer 
suitable for parenteral administration. 

33. The suspension Of claim 32 wherein said zinc salt is zinc 
chloride. 

34. A crystallized preparation of amylin and divalent zinc cation, in 
15 whieh the crystals have been resuspended in a solution Of sodium 

20 

acetate/sodium chloride. 

35. The preparation of claim 34 wherein said solution has a Pf of 
abcut 7.2 to abcut 7.5. 

36. The preparation Of arty of claims 13 to 35 in which the disulfide 
bond is intact. 

37. The preparation of arty of claims 13 to 35 in which the disulfide 
25 bond is not intact. 

38. A method for preparing amylin, amylin-amide, or subfragments 
thereof, comprising dissolution of said amylin, amylin-amide or 
subf ra:Jments thereof in an appropriate denaturing agent and oxidation 

30 by an appropriate oxidizing agent. 

39. The metbod Of claim 38 wherein said oxidizing agent -is potassium 
fer ricyanide. 

3 S 40. The method Of either of claims 3 8 and 3 9 wherein said denaturing 
agent is selected f ran guanidinium chloride and urea. 
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41. A use of a peptide in a methOd for RDnitoring the theraw of 
diabetes mellitus or hypoglycaemia by determination of the level of 
peptide in the blood, serum or plasma of a patient undercping said 
therapy in Which said peptide is amylin. 

42. A use accordirg to claim 41 wherein said therapy is an islet cell 
transplant. · 

43. A use accordirg to claim 41 wherein said therapy is a pancreatic 
10 transplant. 

44. A use accordirg to claim 41 wherein said therapy is an implant of 
pancreatic tissue. 

15 45. A use accordirg to claim 41 wherein said therapy is or includes 
amylin therapy. 

46. A use accordirg to art:/ one Of claims 41 to 45 wherein the amylin 
is a preparation according to any one of claims 13 to 35. 
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