.\

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 4 :

CO7K 7/40, A61K 37/26 Al
/| C12P 21/02

(11) International Publication Number:

WO 86/ 05496

(43) International Publication Date:

25 September 1986 (25.09.86)

(21) International Application Number: = PCT/DK86/00022

(22) International Filing Date: 14 March 1986 (14.03.86)

(31) Prierity Application Number: 1197/85

(32) Priority Date: 15 March 1985 (15.03.85)

(33) Priority Country: DK

(71) Applicant (for all designated States except US): NOR-
DISK GENTOFTE A/S [DK/DK]; Niels Steensens
Vej 1, DK-2820 Gentofte (DK).

(72) Inventors; and

(75) Inventors/Applicants (for US only) : BALSCHMIDT,
Per [DK/DK]; Tibberup Alle 20, DK-3060 Esperga-
erde (DK). HANSEN, Finn, Benned [DK/DK]; Oes-
terbrogade 54 B, DK-2100 Copenhagen (DK).

(74) Agent: DANSK PATENT KONTOR A/S; H.C. Oers-
tedsvej 70, DK-1879 Frederiksberg C (DK).

(81) Designated States: AT (European patent), AU, BE (Eu-
ropean patent), CH (European patent), DE (Euro-
pean patent), DK, FI, FR (European patent), GB
(European patent), IT (European patent), JP, LU
(European patent), NL (European patent), NO, SE
(European patent), US.

Published
With international search report.

(54) Title: NOVEL INSULIN DERIVATIVES AND PHARMACEUTICAL PREPARATIONS CONTAINING

THESE DERIVATIVES

(57) Abstract

Insulin derivatives wherein the B30 carboxyl group is blocked with an uncharged group and optionally one to four
of the carboxylic acid groups on the amino acid residues of positions A4, A17, A21, B13 and B21 are blocked with or con-
verted into an uncharged group provided that when only the B30 carboxyl group is blocked with an uncharged group, said
group comprises an alkyl group having at least 8 carbon atoms, and pharmaceutical preparations containing these insulin

derivatives.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international appli-
cations under the PCT.

AT Austria - GA Gabon MR Mauritania

AU  Australia GB  United Kingdom MW Malawi

BB Barbados HU Hungary NL Netherlands

BE Belgium IT Italy NO Norway

BG Bulgaria JP  Japan RO Romania

BR Brazil KP Democratic People’s Republic SD Sudan

CF  Central African Republic of Korea SE Sweden i
CG Congo KR Republic of Korea i SN  Senegal

CH Switzerland LI  Liechtenstein SU Soviet Union

CM Cameroon LK Sri Lanka TD Chad

DE Germany, Federal Republic of LU Luxembourg TG Togo

DK Denmark R MC Monaco US  United States of America
FI  Finiand MG Madagascar

FR France . ML Mali




-

WO 86/05496 PCT/DK86/00022

10

15

20

25

Novel insulin derivatives and pharmaceutical preparations

containing these derivatives.

TECHNICAL FIELD

The present invention relates to novel insulin derivatives
and to insulin preparations showing protracted action and
comprising at least one of the novel insulin derivatives

and, if desired, a fast acting insulin.

BACKGROUND ART

In severe or chronic cases the disease of Diabetes is us-
ually treated with injection preparations containing insu-

lin, e.g. porcine insulin, bovine insulin or human insulin.

Soluble insulin preparations are usually fast acting, but
in returnthe action ceases after few hours. Therefore, it
is necessary to give frequent injections, normally several

times a day.

In order to overcome this disadvantage insulin preparations
with protracted action have been formulated so that the ac-
tion is maintained for several hours or even up to 24 hours
or longer. Using such protracted preparations the diabetic
patient only has to receive a smaller number of injections,

e.g. a single or two injections during 24 hours.

Such a protracted action can be achieved by converting the
insulin to a slightly soluble salt, such as zinc insulin
or protamin insulin. The slightly soluble insulin salts are
used in the form of suspensions from which the insulin is

gradually released after subcutaneous injection.

Recently other methods have been invoked to achieve a pro-
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tracted action. An example hereof is the encapsulation of
insulin crystals in polymerized serum albumin. Another ex-
ample is continuously acting infusion devices, so-called in-
sulin pumps, which however may be uncomfortable and entail

a risk to the patient.

The specifications of Danish patent applications No. 3582/84
and No. 3583/84 disclose the preparation and use of insulin
derivatives wherein the C-terminus of the B-chain is ex-
tended with an organic group carrying at least one positive
charge, preferably Arg-OH or Arg-Arg-OH. Preparations con-
taining suspensions of such insulin derivatives exhibit a

protracted action.

DISCLOSURE OF THE INVENTION

It has now surprisingly been found that by the use of in-
sulin derivatives, wherein the B3Q carboxyl group is blocked
with an uncharged groﬁp and optionally up to four of the
carboxylic acid groups on the amino acid residues of posi-
tions A4, Al7, A21, B13 and B21 are blocked with or con-
verted into an uncharged group, in insulin preparations, in
particular injection preparations, a hitherto unknown and
desirably long-lasting protracted action is achieved. This
effect is particularly pronounced, if the B30 carboxyl
group is blocked with a group containing an alkyl chain of
at least 8 carbon atoms, or if the B30 carboxyl group is
blocked with an uncharged group and at least one and not
more than four additional carboxyl groups at the same time

are blocked with or converted into an uncharged group.

Accordingly, the invention relates to insulin derivatives
wherein the B30 carboxyl group is blocked with an uncharged
group and optionally one to four of the carboxylic acid
groups on the amino acid residues of positions A4, Al7, A21,
Bl3 and B21 are blocked with or converted into an uncharged
group provided that when only the B30 carboxyl group is

blocked with an uncharged group, said group comprises an

1]
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alkyl group having at least 8 carbon atoms.

The invention relates specifically to insulin derivatives
wherein only the B30 carboxyl group is blocked with an un-
charged group which comprises an alkyl group of 8-12 carbon

atoms.

The invention relates in particular to insulin derivatives
in which the B30 carboxyl group is blocked as an alkyl

amide having at least 8 carbon atoms.

The invention relates particularly to insulin derivatives
wherein one of the carboxylic acid groups on the amino acid
residues of positions A4, Al7, B1l3 and B2l is blocked with
or converted into an uncharged group and the B30 carboxyl
group is blocked as an amide or with-an uncharged group

comprising an alkyl group of 1-12 carbon atoms.

The invention relates specifically to insulin derivatives
wherein one of the carboxylic acid groups on-the amino acid
resiaues of positions A4, Al7, B13 and B2l is blocked with
or converted into an uncharged group and the B30 carboxyl
group is blocked with an uncharged group comprising an al-
kyl group of 8-12 carbon atoms.

The invention also relates to insulin preparations contain-
ing at least one insulin derivative wherein the B30 carb-
oxyl group is blocked with an uncharged group and option-
ally one to four of the carboxylic acid groups on the amino
acid residues of positions A4, Al7, A2l1, Bl3 and B2l are
blocked with or converted into an uncharged group, provided
that when only the B30 carboxyl group is blocked with an
uncharged group, said group comprises an alkyl group having
at least 8 carbon atoms and, if desired, also containing a

fast acting insulin.

A particularly advantageous embodiment of the insulin pre—'
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paration of the invention is an injection preparation exhi-
biting protracted insulin action and comprising a suspen-
sion of at least one insulin derivative of the invention in
an isotonic agueous medium having a neutral pH and option-
ally containing a buffer and/or a preserving agent and, if

desired, a fast acting insulin.

Insulins which are normally used for the treatment of Dia-

betes, such as porcine, bovine, ovine, and human insulin,
do all contain six free carboxylic groups, viz. in the A4d-,
Al7-, A2l-, B13-, B21- and B30-amino acid residues. The
numbering is referring to the positions in the insulin A
and B chain, respectively, starting from the N termini. It
is known that an insulin in which the B30 carboxyl group

is converted into a methyl ester or amide possesses un-
changed biological activity, vide H. Zahn, et al.: Naturwis-
senschaften, 68, (1981), p. 56-62, and M. Kobayashi, et
al.: Diabetes, 30 (1981), p. 519-22. A protracted action
was not mentloned.,The blologlcal activity of insulin Wlll
usually decrease by an lncrea51ng'ﬁegree of derivatization.
However, the biological activity is influenced surprisingly
little even at high degrees of derivatization of the free
carboxylic acid groups; however, when all six free carb-
oxylic acid groups are derivatized the biological activity
is completely abolished, vide D. Levy: Biochem. Biophys.
Acta, 310 (1973), pages 406-415.

By means of the insulin preparations of the invention the
insulin activity can be maintained, and at the same time

a surprisingly protracted action can be achieved. This pro-
tracting effect is dependent on the properties of the spe-
cific derivative, i.e. not only on the number of carboxylic
acid groups being blocked, but also on the size and the
chemical composition of the blocking group. Thus, it is

possible to vary the protracted action at will.

In the case of Insulin-Dependent Diabetes a frequently used
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therdpy consists in two daily injections of a protracted
insulin preparation, one in the morning and one in the eve-
ning just before bedtime, in order to create a basic insu-~
lin level. Additionally, three injections of a fast acting
5 1insulin preparation are given prior to the principal meals.
The disadvantage of this therapy is that the late injection
of the protracted preparation may result in a dangerously
low blood glucose level in the course of the night. This
situation may be avoided by injecting~a mixed preparation
10 of a protracted and a fast acting insulin before supper,
whereby hypoglycemia will, if at all, occur during the eve-
ning, where it can be averted by means of a light snack.
However, this type of the therapy often results in hyper-
glycemia during the morning, as the most used protracted
15 insulin preparations "Insulatard" and "Monotard" do
not act long enough. Therefore, it is desirable to provide
the diabetic patient with insulin preparations that act
longer than the preparations commonly in use, in particular
if one injection of such preparations will suffice for one
20 or even several days. Insulin preparations prepared accord-
ing to the invention exhibit a protracted insulin action of
the same or longer duration than that of the commonly used
protracted insulin preparation "Insulatard"

With particular insulin derivatives of the invention in

25 which only the B30 carboxyl group is blocked with an un-
charged group, derivatives are preferred in which the block-
ing takes place in the form of alkyl ester or alkyl amide,
wherein the alkyl group contains from 8 to 18 carbon atoms,
in particular in the form of N-alkyl. If the alkyl group is

30 smaller, the prolongation will not become substantially
different.from that of "Insulatard" C), and if the alkyl
group is larger, solubility problems will arise which make

the preparation of the derivatives very difficult.

Among the insulin derivatives of the invention wherein the
35 B30 carboxyl group and additionally from 1 to 4 carboxyl

groups are blocked with an uncharged group, derivatives are
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preferred in which the blocking takes place in the form of
amide, alkyl ester and, as far as the B30 carboxyl group
is concerned, also in the form of alkyl amide, whereby an
alkyl group in the B30 carboxyl group may contain up to

18 carbon atoms, but in the remaining carboxyl groups not

more than four carbon atoms only.

The invention relates in particular to the following spe-

cific compounds:

Insulin-B30-octyl ester, insulin-B30~dodecyl amide,
insulin-B30-hexadecyl amide, insulin-(B21,B30)-dimethyl
ester, insulin-(Al17,B30)~dimethyl ester, insulin-(A4,B30)-
-diamide, insulin-Al7-amide-B30-octyl ester,
insulin-(A4,B13)-diamide-B30-hexyl amide,
insulin~-(A4,A17,B21,B30)-tetramide, insulin-(al17,B30)-4di-
amide, Ad4-ala-insulin-B30-amide, B30-leu-insulin-(A4,B30)-

-diamide.

When the insulin preparationé of the invention contain a
fast acting insulin, this insulin may e.g. be human or porc-

ine insulin.

The insulin derivatives in question may be derived from

porcine, bovine, ovine, rabbit, or in particular human in-
sulin, including other such insulins wherein the B30 amino
acid residue has been exchanged with another naturally oc-

curring amino acid residue, e.g. by semisynthesis.

The insulin derivatives can be prepared in a manner known
per se for the conversion of a carboxylic acid group into
an uncharged group, e.g. by esterification or amidation.
Thus, an insulin derivative wherein two or more of the to-
tal of six carboxylic acid groups are methylated, is e.gq.
prepared by reacting human insulin-B30-methyl ester in
borontrifluoride/methanol for a suitable time, followed by
a fractionation of the modified insulin derivatives on an

anion exchange column at a slightly basic pH value. Finally,
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the possible products can be fractionated and isolated by
preparative HPLC.

Derivatization of the B30 carboxyl group can take place by
enzymatic catalysis, e.g. by following the process dis-
closed in Danish Patent Specification No. 146,482. Accord-
ing to this process the B30-amino acid is removed by digest-
ing e.g. porcine insulin with carboxypeptidase A, and in

the second step the des-B30-insulin formed is reacted in

the presence of trypsin or a trypsin-like enzyme with a
neutral amino acid ester, especially the threonine methyl

ester.

A similar process is known from Danish Patent Application
No. 574/80, according to which process the B30-amino acid
in an insulin by a one pot method is exchanged by tryptic
catalysis with the desired amino acid ester or amide. Ac-
cording to the above application the reaction may even be

carried out using as starting material a proinsulin.

Some of the carboxyl group blockings preferred according

to the invention can be established by biotechnological
methods. This applies to the blocking of the carboxyl
groups in the positions of A4, Al7, B13 and B2l in the form
of amides, or by changing some of or all the glutamic acids
located at these positions with naturally occuring amino

acids carrying an uncharged side chain.

Usually the amino acids in these positions are glutamic
acid, but in some of the insulin derivatives of the inven-

tion they are exchanged with glutamine.

It is obvious to prepare these modified insulins by bio-

synthesis, as by changing only a single base in the codon
in the DNA strand coding for glutamic acid this codon can
be made code for e.g. glutamine. By changing bases in the

DNA strand coding for insulin (or proinsulin) it is thus
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pbssible to make modifications which would be difficult or
impossible to make chemically due to limitations as to iso-

lation.

There exists a number of different methods to prepare human
insulin by biosynthesis. It is common to all of them that
the DNA strand coding for either the entire proinsulin, a
modified version thereof or the A- and B-chain separately
has been inserted into a replicable plasmide containing a
suitable promotor. By transforming this system into a given
host organism‘a product can be produced, which can be con-
verted into authentic human insulin in a manner known per

se.

Some known methods for biosynthesis of proinsulin or A- and

B-chain and their conversion to insulin are described below.

In the well known Genentech process an. intracellular prepa-
ration in E. coli of polypeptides is made, wherein theée
polypeptides are a fusion between P-galactosidase and the
A- and B-chain respectively, of insulin. After fermentation
the two products are isolated, the A-’and B-chains are
split off from f-galactosidase by means of cyanogen brom-
ide, whereafter the sulphitated chains are combined under
reducing conditions in the presence of dithibthreitol at a
pH value of 10.5. Finally human insulin is isolated from

this reaction mixture.

In the process disclosed in EPO 55945 the product is synthe-
tized as a fusion protein with another protein separated by
a cleaving site. This may be a protease cleaving site or a
site which can be cleaved chemically (e.g. methionine).

The gene for proinsulin is e.g. cloned as a genefusion with
another protein by means of recombinant DNA techniques.
After isolation, the chimeric protein is cleaved by using

a suitable enzyme or CNBr, whereupon the denatured proin-

sulin is isolated in a sulphitolyzed form. This product



WO 86/05496 PCT /DK86/00022

10

15

20

25

30

is renatured under reducing conditions using f-mercapto
ethanol at a pH of 10.5, as described by Frank, followed
by trypsin/CpB cleavage as described by Kemmler (1971).

The resulting insulin is isolated in a manner known per se.

Finally, proinsulin can be prepared biosynthetically by
using the method disclosed in EPO 116201. In this method
proteins are secreted into the culture medium by using the
d-factor system from Saccharomyces cerevisiae. By insert-
ing the gene coding for proinsulin into this system, pro-
insulin can be isolated from the culture medium by using
the system described in DK patent application No. 3091/84.
Hereafter, proinsulin can be converted into insulin by the

known methods described above.

In the above, methods are described in which the product is
either proinsulin or A~ and B-chain separately. Furthermore,
these products are either synthetized together with a sig-
nal sequence, the purpose of which is to bring the product
through to the cell surface where it is split, or as a fu-
sion with a protein, the purpose of which is to stabilize
the product. '

Moreover it is possible to prepare modified proinsulins bio-
synthetically. European Patent Application No. 82303071.3
discloses proinsulins wherein the C-chain is modified by

means of recombinant DNA techniques.

The above-mentioned modifications of insulin can be pre-
pared by expressing the modified DNA sequence in a suitable
expression system. The changes of the DNA sequence can be
made by in vitro mutagenesis of the insulin gene by a
method described by Thomas A. Kunkel, Proc. Natl. Acad.
Sci., USA, Vol 82, pp. 448-492 (1985). According to this
method the insulin gene is cloned into the single-stranded ~
DNA bacteriophage M13. DNA from this phage is purified, and
hereto a primer, typically a 15-25-mer, which contains the
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given mutation (one mismatch) as well as a homology on each
side of this mutation is annealed. The primer is then ex-
tended by use of a DNA polymerase in the total length of
the phagegenome and thus provides the complete double-
-strand molecule, wherein one strand contains the mutation,
and the other contains the wild type gene. By introducing
this molecule into an E. coli cell, the phage progeny will
partly be phages containing the wild type gene, partly
phages containing the mutation. Among these phages it is
then possible to screen for the desired type by hybridiza-
tion with the mutagenization primer to single=-stranded DNA
of the phage progeny. The primer will have complete homo-
logy to the mutated strand, but will be differentrfrom the
wild type at a single nucleotide. After screening, double
strand DNA can be isolated from the E. coli cells, wherein
the phage is replicated, and the modified insulin gene can
be isolated herefrom. This gene is thereafter reinserted

into the original expression system.

The injection preparations can CQmprise the insulin deri;
vatives of the invention as amorphous and/or crystalline
suspensions, either separately or in combination with other
such insulin derivatives and/or naturally occurring insu-
lins. It has been found that a majority of these deriva-
tives can be crystallized with zinc, either at a pH value
being higher than their isoelectric points, or at a pH
value about the isoelectric pH value, when the crystalli-
zation medium contains a phenol. It is also possible to
crystallize the insulin derivatives of the invention in the
presence of protamin or an excess of zinc, which causes a

further protracted activity.

MODES FOR CARRYING OUT THE INVENTION

The invention is further illustrated by means of the fol-
lowing examples. However, Example 5 illustrates the prepa-
ration of an insulin derivative falling outside the scope

of the invention and used as comparative compound in Ex-
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. ample 6. Example 9 illustrates the preparation of starting

materials used in Examples 1 and 5.

Example 1

Preparation of human insulin-B30-n-dodecyl amide

970 mg of L-threonine-n-dodecyl amide were dissolved in a
mixture of 3.60 ml of t.butanol, 1.20 ml of dimethyl form-
amide and 1.40 ml of water. 450 mg of des-B30-alanine porc-
ine insulin were dissolved in the mixture with stirring

and the pH value adjusted to 6.4 - 6.5 with acetic acid. A
solution of 8 mg of trypsin in 0.20 ml of 0.001 M calcium
acetate was added and the reaction mixture left at 20° C.
for 2 hours. A sample was analyzed by reverse phase high
pressure liquid chromatography which showed that 71 % of
the des-B30-insulin was converted into insulin-B30-n-do-

decyl amide.

The reaction mixture was poured into 5 ml of 2-propanol and
left for 15 minutes. The precipitated protein was isolated
by centrifugation and the precipitate washed with 25 ml of

2-propanol and centrifuged again.

The precipitate was redissolved in 15 ml of 1 M acetic acid
in 7 M urea, and after filtration the solution wasiapplied
to a 2.6 x 90 cm column packed with Sephadex G50 Super-
fine and equilibrated with 1 M acetic acid. The protein was
eluted with the same buffer at a rate of 25 ml per hour,
and fractions of 5 ml were collected. The optical density
at 277 nm of the fractions were examined, whereupon the

proteinaceous main fraction was collected and freeze-dried.

The freeze-dried protein was redissolved in 25 ml of 60 %
by volume ethanol and the pH adjusted to 9.0 with 1 M TRIS.
After filtration, the solution was applied to a 1.6 x 20 cm
column of Q—Sepharose<:)CL-6B FF, equilibrated with 0.02 M
TRIS/hydrochloric acid in 60 % by volume ethanol, pH 8.25.
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The column was eluted at 20O C. at a rate of 50 ml per hour,
first for 1.5 hour with equilibration buffer and then with
a linear gradient of from 0 to 0.1 M sodium chloride in the
same buffer for 16 hours. The proteinaceous main fraction
eluted at a salt strength of about 0.05 M sodium chloride
was collected, whereupon the ethanol was removed by evacu-
ation. The pH value of the aqueous residue was adjusted to
6.3 with hydrochloric acid and centrifuged after standing
at 4° C..for 1 hour, whereafter the isolated human insulin-

-B30-n-dodecyl amide was freeze-dried. Yield: 96 mg.

Example 2

Formulation and biological effect of an insulin preparation

containing human insulin-B30-n-dodecyl amide.

30 mg of human insulin-B30-n-dodecyl amide were dissolved
in 10 ml of 0.05 M m-cresol by the addition of a small a-
mount of hydrochloric acid, whereafter the solution was
sterilized by filtration. 5 ml of a sterile solution being
0.05 M in respect to sodium dihydrogen phosphate and 0.7 M
in respect to glycerol were then added to the solution,
whereupon the pH value was adjusted to 7.3 with sodium
hydroxide solution. Finally, the volume was increased to

20 ml by addition of sterile water.

When the resulting suspension preparation was injected sub-
cutaneously into guinea pigs (20 plitres per kg) hypoglyce-
mia persisted substantially longer than the hypoglycemic
effect producéd by the standard NPH insulin preparation
"Insulatard"

Example 3

Preparation of human insulin-(B21,B30)-dimethyl ester and

human insulin-(Al7,B30)-dimethyl ester, respectively.

500 mg of human insulin-B30-methyl ester were suspended in
50 ml of dry methanol. 2.0 ml of 20 % by weight borontri-
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fluoride in methanol were added with stirring. After stand-
ing at ambient temperature for 2 hours the sample was
poured into 400 ml of ether and centrifuged for 20 minutes
at 2500 x g, 4° c. The precipitate was washed twice with
ether, resuspended in 150 ml of ether, evaporated in vacuo
and dissolved in 50 ml of 20 mM TRIS/hydrochloride, 60 % by
volume ethanol, pH value 8.25. The sample was then applied
to g 1.6 x 21 cm Q-Sepharose CL-6B Fast Flow column
equilibrated with the same buffer. After 1 hour of isocra-
tic elution at a flow rate of 24 cm/hour the sodium chlor-
ide concentration was increased linearly from 0 to 0.1 M
during the following 16 hours. The peak contaihing insulin

dimethyl ester was collected in 3 main pools.

The first eluted pool was further fractionated on a

4 x 250 mm LiChrosorb RP18 column (Merck 50333) equili-
brated with a buffer containing 0.125 M ammonium sulphate,
PH value 4.0 and acetonitrile. 1 - 2 mg of protein was ap-
pliéd to the column and eluted with the above buffer con-
taining 38 % acetonitrile. The main proteinaceous fraction
eluted after 20 - 25 minutes. The acetonitrile was removed
from the sample in vacuo and the protein applied to a
SepPak Cl8 column (Waters Ass. No. 51910), washed with
H20 and eluted with 70 ¢ methanol. The latter was removed
in vacuo, and the protein was freeze-dried. Hereby 20 ml of

human insulin-B21,B30-dimethyl ester were obtained.

The next eluted pool was treated in a corresponding manner,
whereby 15 mg of human insulin-Al7,B30-dimethyl ester were

obtained.

Both human insulin dimethyl esters were characterized by
Plasma Desorption Mass Spectrometry, whereby the correct
molecular weight was found, and by decomposition with

S. Aureus protease, whereby the esterified glutamic acids

were identified.
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Example 4

Biological effect of preparations containing human insulin

dimethyl esters

25 ml of a medium containing 1.6 % (w/v) of glycerol,

0.33 & (w/v) of m-cresol, 1/75 M of sodium phosphate, pH
value 7.3, were prepared. The solution was sterilized by
filtration. 2.1 mg of human insulin-(B21,B30)-dimethyl es-
ter, prepared as described in Example 3, were suspended in
1.0 ml of medium.

Analogously, 3.2 mg of human insulin-(Al17,B30)-dimethyl es-
ter, prepared as described in Example 3, were suspended in

1.0 ml of medium.

Strongly protracted hypoglycemia was observed by adminis-
tering these zinc-free preparations subcutaneously to guin-
ea pigs. As it is apparent from the Table bélow, the pro-
traction is comparable to the commonly used crystalline

protamin-insulin preparation "Insulatard"

Time (hours) 0 1 2 4 6

Insulatard ® 11 pg/kg 100 74 45 82 98

Human insulin-(B21,B30)-
-dimethyl ester 16 pg/kg 100 64 51 79 94

Human insulin-(Al17,B30)-di-
methyl ester 24 pg/kg 100 50 38 55 94

The Table shows the blood glucose value in % of the start-

ing value (n = 6 animals).

-
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Example 5

Preparation of human insulin-B30-n-hexyl amide

290 mg of L-threonine-n~hexyl amide, prepared as described
in Example 9, were dissolved in a mixture of 2.60 ml of

96 % by volume ethanol, 0.80 ml of water and 0.16 ml of
acetic acid. 240 mg of des=-B30-alanine porcine insulin were
added with stirring and the pH value adjusted to 6.3 - 6.4
with triethylamine. A solution of 5 mg of trypsin in 0.10
ml of 0.001 M calcium acetate was then added and the reac-
tion mixture left at 12° C. After two hours the reaction
mixture was poured into 20 ml of 2-propanol, and after
standing for 15 minutes the precipitated protein was iso-
lated by centrifugation. The precipitate was washed with

20 ml of 2-propanol and centrifuged again.

Analysis of the precipitate by reverse phase high pressure
liquid chromatography showed a conversion of 65 %.

The precipitate was redissolved in 10 ml of 1 M acetic acid
in 7 M urea, and, after filtratidn, the solution was ap-
plied to a 2.6 x 90 cm Sephadex G50 Superfine column
equilibrated with 1 M acetic acid. This column was eluted
with the same buffer at a rate of 25 ml per hour. The pro-

teinaceous main fraction was collected and freeze-dried.

The freeze-dried protein was redissolved in 20 ml of 60 %

by volume ethanol by adjusting the pH value to 8.25 with

1 M tris=-(hydroxymethyl)~-amino methane (TRIS). After filtra-
tion, the solution was applied to a 1.5 x 20 cm Q-Sepha-
rose CL-6B FF column, equilibrated with 0.02 M TRIS/-
hydrochloric acid in 60 % by volume ethanol, pH 8.25. The
column was eluted at 20° C. at a rate of 50 ml per hour,
first with equilibration buffer for 1.5 hour and for the
following 16 hours with a linear gradient of from 0 to

0.1 M sodium chloride. The protein material ‘eluting at a

salt strength of A/0.05 M sodium chloride was collected,
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whereupon the ethanol was removed in vacuo. The pH value of
the aqueous evaporation residue was adjusted to 6.3 with
hydrochloric acid and centrifuged after standing at 4° c.
for 4 hours. The isolated human insulin-B30-n-hexyl amide

was freeze-dried. Yield: 50 mg.

Example 6

Formulation and biological effect of an insulin preparation

containing human insulin-B30-n-hexyl amide 4

30 mg of human insulin-B30-n-hexyl amide were dissolved in

10 ml of 0.05 M m-cresol by adding a small amount of hydro-
chloric acid, whereupon the solution was sterilized by fil-
tration. 5 ml of a sterile solution being 0.05 M in respect
to sodium dihydrogen phosphate and 0.7 M in respect to gly-
cerol were added to the solution and the pH value adjusted

to 7.3 with a sterile sodium hydroxide solution. Finally,

sterile water was added to give a final volume of 20 ml.

Subcutaneous injection (20 plitres/kg) of this preparation
into guinea pigs resulted in a protracted hypoglycemia cor-
responding to the hypoglycemia induced by a standard NPH

insulin preparation ("Insulatard" ).

Example 7

Preparation of human insulin-A4-amide-B30-ethyl ester

50 mg of human proinsulin, wherein the glutamic acid of po-
sition A4 has been replaced by glutamine, introducted by one
of the biotechnological methods described in the introductory
part, were dissolved in a mixture containing 400 plitres of
N,N-dimethyl formamide, 100 plitres of water, and 125 mg of
L-threonine ethyl ester. The pH value of the solution was

adjusted to 6.5 with acetic acid. 2.5 mg of porcine trypsin,
dissolved in 100 plitres of 0.001 M calcium acetate, was

added and the reaction mixture left at 12° c. The reaction
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was stopped after 48 hours by precipiting the proteins with
10 ml of 2-propanol. The precipitate was isolated by cen-
trifugation and subsequently fractionated by gelfiltration
and ion-exchange chromatography as described in Example 5.
Hereby 15 mg of human insulin-Ad4-amide-B30-ethyl ester were
obtained.

Example 8

Formulation and biological effect of an insulin preparation

containing human insulin-A4-amide-B30-ethyl ester

15 mg of human insulin-A4-amide-B30-ethyl ester were sus-
pended in 5 ml of an aqueous solution containing 15 mg of
sodium acetate trihydrate, 400 mg of mannitol, and 30 mg
of phenol, whereupon the pH value was adjusted to 7.3, and

water was added to give a final volume of 10 ml.

Subcutaneous injection (20 plitres/kg) of this preparation

into guinea pigs fesulted in a hypoglycemia of longer. dura-
tion than the hypoglycemia induced by a standard NPH-insu-

lin preparation ("Insulatard" ).

Example 9

Preparation of L-threonine alkyl amides

10 mmoles of t-butyloxyZcarbonyl-L-threonine and 10 mmoles
of alkylamine were dissolved in 25 ml of chloroform, where-
upon 11 mmoles of N-ethyloxyZcarbonyl-2-ethyloxy-1,2-dihy-
droquinoline (EEDQ) were added. The reaction mixture was
stirred at ?OO C. for 16 hours, whereupon the solvent was
removed by evaporation in vacuo. The resulting viscous oil
was redissolved in 100 ml of ethyl acetate, washed with

2 x 50 ml of 10 & citric acid, 2 x 50 ml of 1 M sodium bi-
carbonate and 2 x 50 ml of water. The organic phase was
dried over anhydrous sodium sulphate and removed by evapo-
ration in vacuo.
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To splitt off the protecting group the residue was dis-
solved in 25 ml of trifluoroacetic acid and left at 20° C.
for 30 minutes. After removal of trifluoroacetic acid by
evaporation the resulting viscous o0il was mixed with 50 ml
5 of 1 M sodium carbonate and the mixture extracted with
3 x 50 ml of chloroform. The combined extracts were dried
over anhydrous sodium sulphate and evaporated in vacuo. The
residue solidified to waxy crystals upon standing at 4° c.
Yield: 50 - 85 %.

Ty
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CLAIMS

1. Insulin derivative, c haracterized in that
the B30 carboxyl group is blocked with an uncharged group and
that optionally one to four of the carboxylic acid groups on
the amino acid residues of positions A4, Al7, A21, Bl3 and
B21 are blocked with or converted into an uncharged group
provided that when only the B30 carboxyl group is blocked
with an uncharged group, said group comprises an alkyl group
having at least 8 carbon atoms.

2. Insulin derivative according to claim 1, c har ac -
terized in that only the B30 carboxyl group is blocked
with an uncharged group which comprises an alkyl group of 8-12

carbon atoms.

3. Insulin derivative according to claim 1, c ha r a c -
terized in that the B30 carboxyl group is blocked as

an alkyl amide having at least 8 carbon atoms.

4. Insulin derivative according to claim 1, char ac -
terized in that one of the carboxylic acid groups on
the amino acid residues of positions A4, Al7, B13 and B2l

is blocked with or converted into an uncharged group and that
the B30 carboxyl group ié blocked as an amide or with an un-

charged group comprising an alkyl group of 1-12 carbon atoms.

5. Insulin derivative according to claim 1, char ac -
ter ized 1in that one of the carboxylic acid groups on
the amino acid residues of positions A4, Al7, B13 and B2l is
blocked with or converted into an uncharged group and that
the B30 carboxyl group is blocked with an uncharged group

comprising an alkyl group of 8-12 carbon atoms.

6. Insulin derivative according to claim 1, char ac =~

terized in being an insulin-(A4-B30)-diamide.
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7. Insulin preparation, c haracterized by
containing at least one insulin derivative wherein the B30
carboxyl group is blocked with an uncharged group and option-
ally one to four of the carboxylic acid groups on the amino
acid residues of positions A4, Al7, A21, B13 and B2l are
blocked with or converted into an uncharged group, provided
that when only the B30 carboxyl group is blocked with an un-
charged group, said group comprises an alkyl group having at
least 8 carbon aﬁoms and, if desired, also containing a fast

acting insulin.

8. Insulin preparation according to claim 7, c har ac -

terized by comprising at least one insulin derivative,

wherein only the B30 carboxyl group is blocked with an un-
charged group comprising an alkyl group having 8-12 carbon

atoms.

9. Insulin preparation according to claim 7, c har a c -

terized by comprising at least one insulin derivative, -

wherein the B30 carboxyl group is blocked as an alkyl amide

having at least 8 carbon atoms.

10. Insulin preparation according to claim 7, c h ar a c -
terized by comprising at least one insulin derivative,
wherein one of the carboxylic acid groups on the amino acid
residues of positions A4, Al7, B13 and B2l is blocked with
or converted into an uncharged group and that the B30 carb-
oxyl group is blocked with an uncharged group comprising an

alkyl group of 1-12 carbon atoms.

11. Insulin preparation according to claim 7, c har a c -
terized by comprising at least one insulin derivative,
wherein one of the carboxylic acid groups on the amino acid
residues of positions A4, Al7, B1l3 and B2l is blocked with
or converted into an uncharged group and that the B30 carb-
oxyl group is blocked with an uncharged group comprising an

alkyl group of 8-12 carbon atoms.

2y
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12, Insulin preparation according to c¢laim 7, ¢ ha r a c -

terized by comprising an insulin-(A4-B30)-diamide.

13. Preparation according to claim 7, c haractezx -
i zed by being an injection preparation exhibiting pro-

5 tracted insulin action and comprising a suspension of at
least one insulin derivative in an isotonic aqueous medium
having a neutral pH and optionally containing a buffer and/-

or a preserving agent and, if desired, a fast acting insulin.
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