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Table 1. List of All Compounds and Their Potency Measured Using the Cloned Human GLP-1 Receptor Expressed in BHK Cells®

compd parent peptide acyl site acyl substituent potency (ECsg, pM)
1 GLP-1(7-37) none 55 £ 19
2 KSR26:M.GLP-1(7—-37) K® y-Gtu-C16 1260 =210
3 K¥ER*SMGLP-1(7-37) K!® y-Glu-C16 35.24+6.2
4 K2 RIM.GLP-1(7-37) K2? y-Glu-C16 30.1 £33
) RM-GLP-1(7-37) K26 y~Glu-C16 61.0 £ 7.1
6 K#R26M.GLP-1(7-37) K%7 y-Glu-C16 36.3 £ 03
7 R2-GLP-1(7-37) K3 y-Glu-C16 121 4: 26
] KIR26M.GLP-1(7-36) 36 y-Glu-C16 36.4 4+ 2.1
g R:M¥.GLP-1(7-38) K3 y-Glu-C16 5304 A8
18 GLP-1(7-37) 2634 bis-C16-diacid 7000 + 7
11 GLP-1(7-37) K 2634 bis-y-Glu-C16 16700 £ 3700
i2 GLP-1(7—37) K634 bis-p-Glu-Cl4 3050 £ 350
i3 GLP-~1(7—37) K263 bis-C12-diacid L7 7 o= 52
14 R¥*-GLP-1(7--37} K26 Cl6-diacid 154 4+ 66
is R¥*-GLP-1(7-37) K26 Ctl4-diacid 2 &8V
16 R¥*-GLP-1(7-37) K2 y-Glu-C18 194 4+ 24
17 R¥*-GLP-1(7—-37) K26 y-Glu-C14 22.0 4471
i R¥-GLP-1(7-37) K26 y-Glu-C12 27.3 + 8.4
19 desamino-H'R¥*-GLP-1(7--37) K26 y-Glu-C16 687 £ 129
20 RM-GLP-1(7-37) K26 GABA-CI6 8444221
21 R¥.GLP-1(7--37) K26 f5-Ala-Cl16 113 43
22 R¥*-GLP-1(7—37) K¢ Iso-Nip-C16 410 4 120
23 desamino-H7R?*-GLP-1(7—37) K y-Glu-C16 2360 4370
24 desamino-H'R*-GLP-1(7--37) K3 Cs 236 4 66
28 desamino-HR*-GLP-1(7—37) K3 y-Glu-C8 169 £ 1
26 K3$R26M.GLP-1(7~-36) K3 C20-diacid 2l 14
27 K36R26:34.GLP-1(7-36) K36 Cl6-diacid 7.89 4 1.21
28 KIR26M.GLP-1(7-36) 36 y-Giu-C18 3
2% RZ:M¥.GLP-1(7-38) K3 Cl6-diacid 33
30 R26M.GLP-1(7—38) R3¢ Ci2-diacid 98
31 R26:M.GLP-1(7-38) K38 y-Glu-C18 1
32 R26:M.GLP-1{7—38) K¢ -Glu-Cl4
33 GER*53M.GLP-1(7—38) KO8 y-Glu-C16 4
34 EYR>34.GLP-1(7-38) K3$ y-Glu-C16 Al
35 EYGSR26:M.GLP-1(7—-38) K y-Glu-C16
36 E37G3R26MUGLP-1(7-38) K38 y-Glu-C18 213 £+ 30

@ Abbreviations used for acvl groups in lysine Néacylated peptides:

7-Glu-C8 = y-L-glutamovl(¥ %octanoyl), y-Glu-Cl4 = y-L-

glutamoyl(¥ %tetradecanovl); y~Glu-C 16 = p-L-glutamovi(N *hexadecanoyl); y-Glu-C 18 = p-L-glutamoyvl (N *octadecanovl); C8 = octanoyl:
Cli2-diacid = w-earboxyvundecanoyl; Cl6-diacid = w-carboxypentadecanoyl C20-diacid = w-earboxvnonadecanoyl: GABA-CL6 = y-ami-
nobutwrovl{N7-hexadecanoyl). Iso-Nip-C16 = 1-{bexadecanovl)piperidvl-4-carbosy. Data are given as mean £ SD of two individual

experiments with triplicate samples.

The principle of fatty acid derivatization has been
used to protract the action of msulin by facilitating
binding to serum albumin.?> 2% In this article we
describe the structure—activity relationship (SAR) of a
large number of fatty acid derivatives of GLP-1. We
show that these compounds have pharmacokinetic
properties in pigs suitable for once daily administration.
Inthe absence of a nonpeptide agonist these compounds
may prove to be the best drug candidates for the treat-
ment of type 2 diabetes via the GLP-1 receptor target.

Piscussion

The acylated compounds were all synthesized as part
of a program aimed at protracting the action of the
peptide hormone GLP-1. Fatty acids or fatty diacids,
optionally extended with a “spacer”between the e-amino
group of the lysine side chain and the carboxyl group of
the fatty acid, were used. Acylation with monoactivated
esters of symmetrical diacids presented a potential
synthesis problem, which was solved by using an excess
of diacid versus N-hydroxysuccinimide in the activation
step. Acylation with simple fatty acids increases the net
negative charge of the resulting molecule by 1, whereas
peptides acvlated with a r-glutamoyl spacer or with
diacids provide a net increase of the negative charge
by 2. In the two latter cases, an enhanced etfect on
bindingtoalbumin is predicted.?>? This extra negative
charge added to the acylated molecule 1s also expected
to provide a higher solubility at physiological pH.

His’-Ala-Glu-Gly'*-Thr-Phe-Thr-Ser-Asp'®-Val-SerSer-Tyr-Leu®-Glu-

Gly-GlIn-Ala-Ala®-Lys-Glu-Phe-lle-Ala®-Trp-Leu-Val-Lys-Gly-Arg-Gly*
Figure I. Amino acid sequence of GLP-1.

The amino acid sequence of GLP-1 can be seen in
Figure 1. GLP-1(7—37)and close analogues thereof were
derivatized on position 8, 18, 23, 20, 27, 34, 36, or 38
with fatty acids and optionally a spacer (Table 1). The
SAR of the compounds was investigated using a func-
tional assay employing the cloned human GLP-1 recep-
tor expressed 1n baby hamster kidney (BHK) cells.
Figure 2 shows examples of the dose—response curves
for a few selected compounds. All compounds tested
were full agonists and were shown toactivate the GLP-1
receptor selectively (by using the cloned human gluca-
gon receptor, data not shown). Fatty acids have been
shown to interact with cell membranes as well as
albumin. However. the selective activation of the GLP-1
receptor evidences that this phenomenon is not impor-
tant for these compounds.

All compounds acylated with a fatty acid equal to or
longer than 12 carbon atoms were considerable pro-
tracted compared to GLP-1, which had a half-life after
sc¢c administration of only [.2 h. Table 2 shows plasma
half-lives after sc administration to pigs for a selection
of very potent compounds (4,5, 7,8, 18,28, 21, 27_35).
All had half-lives equal to or longer than 9 h. Bioavail-
ability was measured for sefected compounds only and
was shown to be in the order of 30% and above (data
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