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(54) Title : GLP-1 ANALOGS USEFUL FOR DIABETES TREATMENT 

(S7) Abstract 

The invention provides effective analogs of the active GLP-1 peptides, 7-34, 7-35, 7-36, and 7-37, which have improved 
characteristics for treatment of diabetes Type II. These analogs have amino acid substitutions at positions 7-10 and/or are tnm­
cated at the C-tenninus and/ or contain various other amino ~cid substitutions in the basic peptide. The analogs may either have 
an enhanced capacity to stimulate insulin production as cottfpared to gluc'agon or may exhibit enhanced stability in plasma as 
compared to GLP-1 (7-37) or both. Either of these properties will enhance the potency of the analog as a therapeutic. Analogs 
having D-amino acid substitutions in the 7 and 8 positions and/or N-alkylated· or N-acylated amino acids in the 7 position are 
particularly resistant to degradation in vivo. · 
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5 GLP-1 ANALOGS USEFUL FOR DIABETES TREATMENT 
' ·-

This is· a contt.i1.1uation-'in-part of U.S. 
Application Serial No. 4·68, 736, filed 24 January 1990. 

10 Technical Field 

15 

The .invention relates to the f i eld of improved 

pha.rmaceutical co.mpositi ofis. Specifically, the invention 

concerns analogs of the g.lucagon-like peptide I fragment 

7-36 or 7-37 with impro~d pharmacological properties. 

Background Art 
Glucose metabo1ism is regu.iated by a number of 

peptide hormones, includihg iris~in~ glucagon, and 
gastric inhibitory ·'peptide . (GIP). · Tl1e complex mechanism 

20 by which these peptld~ ' h~rmones regulate this metabolism 

·and the manner in which tihey affe·c::~:: each other is at 
. ' . . ~ ·•:· . 

least partially elucidated. For .}e-xample, glucagon binds 
.! + • ; 

to receptors on the surface of the pancreatic beta cells 
' " •!I., 

which produce insul:in, and stimu.1.ates in5ulin secretion. 

25 Glucagon-like peptide I" has been suggested to stimulate 
. . 1 

30 

35 

insulin secretion but· ~his has not:"been confirmed. 

several of the~--hormonas·t·ori•~:inate from a mam­

malian glucagon pre·cursor "prog:l..'?"cagoh'" · which is a 180 

amino acid peptide:· · Prot~olysis, a~d process1ng of this 

peptide results i .n a number of the~ prot~ih hormones; .. 
the results of the processing dep~nd on the origin of the 

. ~ . 

cells in which .this•. 0¢c1.Ws ~ For eximple, in ~he pig and 

.r ·at pancreas, pr.og1u·cagor( is -processed to form glucagon 

and glicentin-related pan9reatie ··peptide, a large peptide 

. ..; . ~ .... ~ 
.r... , i. • • " ff 
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which contain·s both GLP-1 and GLP-2 s·e9uences : : in. ~ 

porcine small intestine, the secreted products are the 69 
amino acid glucagon-containing peptide glicentin and the 

two glucagon-like sequences,GLP-1 and GLP-2 as separate 

5 peptides. 

In any event, however, the overall sequence of 
proglucagon contains the 29·amino acid sequence of 

glucagon,. the 36 or 37 amino acid sequence of GLP-1 and 

the 34 amino acid sequence of GLP-2; separated by amino 
10 acid spacer sequences. 

Early attempts to assign a pattern of activity 

to GLP-1 gave ambiguous results, and it was subsequently 
concluded that truncated forms of this peptide. are bio­

logically active. Mojsov, S., et al. J Clin Invest 

15 (1987} 79:616-619 disclose that only the 31 amino acid 
peptide GLP-1 (7-37) strongly stimulates the release of 
insulin from pancreas; although both the truncated and 
full length 37 amino acid form had earlier been found in 
pancreas and intestine. It has been demonstrated that 

20 GLP-1 (7-36}, possibly with the carboxy terminus 

amidated, is also a potent mediator of insulin release. 

(See, e.g., Holst, J.J., et al. FEBS Letters · (1987) 

211:169-174). 

The invention described below concerns analogs 
25 of these truncated· forms of GLP-1, which have desirable 

combinations of characteristics as they relate to potency 
in potentiating glucose-induced insulin secretion and 

glucose-induced inhibition of glucagon secretion and to 

circulating half-life. The physiological effects of the 

30 truncated forms in potentiating glucose-induced insulin 

secretion have been shown as described above by Holst, 

J .J., et al. and Mojsov, s., et . al. (supra). · The 

35 

. activity of the truncated hormones in iphibiting glucagon 
release has been shown by orskov, c., et al. Endocrinol 
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(1°988) ill,:2009-201_3; Suzuki, s., . eF al. Diabetes 
. . . ;.,. 

Research; Clinical Practice (1988} a(Supp. 1}:S30. The 
f · . a . 

circulating half-life of these ~runcated forms is 
short--approxiinately four m±nute$ as shown by Kreymann et 

. . 
5 al. The Lancet (December .~~ 1987) ~300-1303. The 

modified forms of these 1rruncated GLP-1 peptides provide 
the opportunity to optiaj..ze ·these properties. 

Ther~ is som~ .. lriteratu~~ r~lating to the study 
of degradation ~f peptidff:.~pnnones ·J~ the liver and in 

i, ,· . • ,. t . . \ , . · ·""" ' ·.· 

10 plasma and the half-life .of such ,,~ormones in vivo 
. . . : . 'l,,, . ': ' :'· 

generally. An early paper ,by McD'otia.ld, J .1{. et al., J 
.. ~ . . · 

Biol Chem (1969) 2.il:619~,"."6208 ~aowed t~at a dipeptidase 
. .. . , ... ;. , • . . .. 

was responsible fo~ th~ degradatton 'of glucagon in rat 
· . .. •: :.:· · ... -.~ . ' , . . 

liver. Studies on t~e gi'.Qwth hormone rel,easing factor, a 
• • I. •• : •' • · ~ ...... 

15 member of the general glµ.cagon, .GI,.B-1, GLP-2 family, was 
. . . ' ; . ~ . '. . . 

shown to be rapidly degr.aded in .. plasma ln vitro and also 
': ... . , . 

in vivo by a dipeptidase, (F:ronman, L.A. et al., J Clin 
Inyest (1986} 78:9.06~913) . • ·)!urphy, · W.A. et al., in 
Peptide Research (i!l88} ,_,l·~ 36~41; '" showed that some but not 

20 all alkylated grQwth horin:one releas~ng factor peptides 
had higher potency in vf-cto· •· In particular, for example, ,. • ,r~. • . 
the triisopropylated GRF~'29 was found to be 106 times 

more active than q!U'-29 i~self. On ~he other hand, GRF- · 
29 which.was in methylated at the N-terminus was only 40% 

t • • .. . , 

25 as potent as the parent. · It was also shown that 
substitution of D-Ala __ position 2 of this hormone enhanced 
its potency. It was, of course, .not certa~n to what 

• . . "I·. 

30 

35 

effect on properties t~~ enhance~ent of potency could be 
attributed. 

Others have at~empted so•e modifications of 
GLP-1 (7-37). It h~s bee!l s.hown that deletion of the 
histidine residue at position 7 greatly diminishes the 
activity of th~ hormon~ .. (Suzuki, s., et al,. (supra); 

: ' .... . -

Hendrick, G.K.; et al. Abstract: Ensocrine Society 
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