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CATABOL| %O BRREES AFTER mwmmmmound O The Inventi GCT/YSIISHM2e| d of
the Invention. This inven rel'ates to a nethod of inproving recovery

after surgery by preventing YHE®catabolic reaction and insulin resistance

caused by surgical trauma. 10 2. Background I nformation. Approximately
20- 25, ooélsf, §@§g¢%¢%§%mﬂ (@LPtD) R | ANAIAIGSa TOs ABOBISH: ICATABOUIC
n

annual |y 7 | d. Surgery, like any trauma, .initiates marked
changes in netabolism[Shaw, J.H F., et al., Ann. Surg., 209(1):63-72
(1989); Little, R A, et E&ekérghﬁg.ofl&hgifﬁv%?é¥° Res. 263A:463-475"
(1987); Frayn, K.N., din. Endocrinol. 24:577-599 (fb86); Brandi, L., et
al.,>Cdin. Sci. 85:525-35 (1993)]. Accelerated synthesis of glucose, the
primary fuel of tissueidBPabf, thé 2AveARILHAN T‘Tﬁtsa_lﬁc}l\}&ntfgﬁ”%la[;ter
surgery oagdnpgﬁg%f %; t he expense of body 20 protein and energy g SFes

U ECE? [ ofy iMpToVing 18CeY8rys afters)surmeny bR Breventahg,
Ann. Sukhe toGadR(-i35 rdA@8yn . addesasalanges diatandedausly peen |
attribuggd égatthragJ"%co-regul atory stress hornones and other catabolic
factors, g such as cytokines, that are released as a response to trauma
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al ., Eur. iur%., 159:593-99 (i% I ntern.
Med., 13914233Ygini §&p) westexn piax¥ldper Surgeryat dbklei anyt atwsumay be
treat edinithatemsabelrkechohwmess parnecabaliym Goawih Hommane apd AHF-1

[ Hammar kuh St guEe.  €60@l (1) AL SU 1 - 184-190 (1991); Ziegler! T.,
et al.. Ao Ry fedl )453‘\’52592-38999%’321%&%%8@ér,AT.'R.e,t) @la . Brog.
Parent . CERE: Réed. Ress) 2638 :86 33 19960987) SoReaghudKedl.shawl i1 ¢l ear
bene}‘ | tERdOBY N80T D4 - EreALIRNt (19BER] APANG: | T BUMBRALENt &  Hi nton, P.,
et al., ! ) .
85:525-35 (1993)]. Accelerated synthesis of glucose, the
primary fuel of tissue repair, is an important metabolic

change after surgery, and occurs at the expense of body
20 protein and energy stores [Gump, F.E., et al., J. Trauma,

14:378-88 (1974); Black, R.B., et al., Ann. Surg. 196:420-3%
(1982)].

These changes have previously been attributed to the
gluco-regulatory stress hormones and other catabolic factors,
25 such as cytokines, that are released as a response to trauma.
The more marked the change toward catabolism, the greater is

the morbidity, and the slower is the recovery of the patient
[Thorell, A., et al., Eur. J. Surg., 159:593-99 (1993);

Chernow, B., et al., Arch. Intern. Med., 147:1273-8 (1987)].

30 Post-operative catabolic states may be treated with

anabolic hormones, particularly, Growth Hormoéne and IGF-1
(Hammarkvist, F., et al., Ann. Surg., 216(2):184-190 (1991);

Ziegler, T., et al., Annu. Rev. Med., 45:459-80 (1994) ;
Ziegler, T.R., et al. J. Parent. Ent. Nutr. 14(6) :574-81

35 (1990)]. Some studies show a clear benefit from insulin
treatment in catabolic trauma patients [Hinton, P., et al.,
Lancet, 17(April):767-69 (1971); Shizgal, H., et al., Am. J.
Clin. Nutr., 50:1355-63 (1989); Woolfson, AM.J., et al., N.
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Lancet, 17(April):767-69 (1971); Shizgal, H, et al., Am J. din. Nutr.,
50: 1355-63 (1989);.Wolfson, AMJ., et al., N ~ll~~~~ 10111 LILEE LERLE
111111 wologrogdrs! *@00002* - .r WO 98/ 08873 PCT/ US97/ 15042 ,ﬁsg.,%gﬁ Nutr.
50: 1355- 63 (1989); Wolfson, A MJ., et al., N Engl. J. W& 14-17 -
(1979); Brooks, D., et al., J. Surg Res. 40: 395- 405 (1986) Sakurai; Y.,
et al., Ann. Surg. 222: 283- 97 (1995)3- 5 Yet other studies, however, show
that the post- operative benefits of insulin are often conproni sed by
InSU|I% reS| fance. in iﬁguhén rg tance, normal concentrations of

i nsul i T8 i i ess Thah® ot il (FRE8dns ¥OOLEsam.i i Mos] st amteal nayNbe due
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aIterah@gns4bnjgg145§ﬂ{igég)netggghkggl ;he flrg% type, character zed as
a decrease in insulin sensitivity, can typlcﬁ (&} T %y i ncreased
i nsul i B22c@83eXT atli%AR) IThe second type, characterlzed as a decrease in
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catabolic responSe to trauma Ent .
Nutr . %@nae@9¥at19@1 48he1 swmend (EWF%ndChF¥a¢@erleedabs a, decr@hde.

| nvestin insulin responsiveness, cannot be overcome by large
15 qguantities of insulin.
Insulin resistance following trauma can be overcome
by doses of insulin that are proportional to the degree of

insulin resistance, and thus is apparently a decrease in
insulin sensitivity (Brandi, L.S., et al., Clin. Science

20 79:443-450 (1990); Henderson, A.A., et al., Clin. Sci. 80:25-
32 (1990)]. Reduction in insulin sensitivity following
elective abdominal surgery lasts at least five days, but not
more than three weeks, and is most profound on the first post-
operative day, and may take up to three weeks to normalize

25 (Thorell, A., et al., (1993)].

The causes of the observed transient insulin
resistance following trauma are not well-understood. Both

cortisol and glucagon may contribute to the catabolic response
to trauma [Alberti, K.G.M.M., et al., J. Parent. Ent. Nutr.

30 4(2): 141-46 (1980); Gelfand, R.A., et al., J. Clin. Invest.
74 (December) :2238-2248 (1984); Marliss, E.B., et al., J.
Clin. Invest. 49:2256-70 (1970)]. However, studies of post-
operative insulin resistance has failed to show any

correlation between changes in these catabolic hormones and
35 changes in insulin sensitivity after surgery [Thorell, A., et

al. (1993); Thorell A., Karolinska Hospital and Institute, 104



74( Decenber): 2238-2248 (1984); Marliss, E.B., et al., J. din. Invest.
49: 2256-70 (1970)]. However, studies of post- operative insulin resistance

has fail b béegaiPW any correl ati on between changes in thesgRairiedd2C
hor nrones and 35 changes in insulin sensitivity after surgery [Thorell, A ,°

et al. (1993); Thorell A, Karolinska Hospital ,and Institute, 104 WO
98/ 08873 PCTI US97/ 15042 -3 01 Stockhoidm Sweden (1993); Thorell, A et
al., Br. J. Surg. 81: 59 63 (1994)]. Increased availability of lipids after
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(198%); (BeMahacqeag.$. etetaml, .pDikpbenresaB9: 383~ 89 (61980k.--
RC, et_al., Aﬁl J. ghi3|ol 259: E736- 50a(1990) Bén%d§%Ea3%pg§gﬂnﬂq al .

Am J. Pﬁg}ereﬁseéwvrz&éa@el(lf%%% ExeecfayeysaFdesy (FEA) odmidwled per f or med
after aniASudyer peghkthage tad eﬂmegéd sg@b@ﬁ‘;raaesmgah%1o£h'éco%{‘t renched

practlce f fastjing %E %atlent n 10-1 houri{ before  surgery
enhances? %%oﬁ%vtPo nt S8 H& ¢ tﬁﬁ%%s StaPt, SAREtRBLONSs indudions
resi st anee. issudinas [Fﬁrifétﬂ@lmiderﬁ'gm gt a%resd,; €déh. agnivestr.r Wage 12087 -
endqtyoxegd a(lggl@z)vot Batifaslguag 20 foseperi OdﬁeESBélEBﬁnnz\%‘}sla‘}“rGS %y dl y

affects the cata response t'o trauma oVI C
Shock, 3@evil %C‘@E993§5*'E§ﬁala| - A Digbetqs o19 : 3 - 88 (8PQ) ; Bena@szrs@
(1991); Rjongaetskl.). Amet Jal BhyAtol. ﬁysmwisr582(ﬁ§98)98sohé%%§)ﬁa) Even

a short r?eél‘rboE;ﬁEaStl iLng lg,efg;esglho d1l'§/)‘I ﬂ%ﬁgéiggﬁg?hl n rats markedly -

decreases’ ta rate 1 éserves, profo or nonal
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b
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practice of fasting the patient overnight (10-16 hours) before
surgery enhances the development of the catabolic <state, and
worsens insulin resistance. Studies in rats undergoing
stress, such as hemorrhage and endotoxemia, show that fasting

20 for periods less than 24 hours markedly affects the catabolic
response to trauma [Alibegovic, A., et al., Circ. Shock, 39:1-

6 (1993); Eshali, A. H., et al. Eur. J. Surg., 157:85-89
(1991) ; Ljunggvist, O., et al., Am. J. Physiol., 22:E692-98
(1990)]). Even a short period of fasting before the onset of a
25 trauma in rats markedly decreases carbohydrate reserves,
profoundly changes the hormonal environment, increases stress
response, and, most importantly, increases mortality
[Alibegovic, A., et al., Circ. Shock, 39:1-6 (1993)]).

Glucose administration before surgery, either orally
30 (Nygren, J., et al., Ann. Surg. 222:728-34 (1995)], or by
infusion, reduces insulin resistance after surgery, compared
to fasted patients. Patients who received overnight glucose
infusions (5 mg/kg/min) before elective abdominal surgery lost
an average of 32% of insulin sensitivity after the operation,
35 while patients, entering surgery after a routine overnight
fast, lost an average of 55% of their insulin sensitivity



30 (Nygren, J., et al., Ann. Surg. 222:728-34 (1995)], or by infusion,
reduces insulin resistance after surgery, conpared to fasted patients.
Pat i ent s oM ei ved overni ght glucose infusions (5 ng/kg/mn) before

el ectivgv abdgﬂ%ﬁal surgery lost an average of 3211 of inggi”l"ﬁg B tivity
after the operation, 35 while patients, entering surgery after a routine
overnight fast, lost an average of 5%e of their insulin sensitivity WO
98/ 08873 PCT/ US97/ 15042 -4 (Ljungqvist, o., et al., J. Am Coll. Surg.
178:32%- 36 #9.94%]. In addition to the adverse effects of fasting on
recovery ISR SR gery; + | fhodilk i zdti M-offalde puzigntl 2B 20 +apocal or i ¢
nutritiamsdyni.ng and after surgery also increase insulin resistance after
surgery. In healt S %%ects, 24 hours of inmmobilization and hypocal oric
nutrition have b a':g WHOR ot PnlitieeadvesssoGfifestsasd ifiasgteiriop e al

i nsul i Fereviestyarform rsiegetpy vahobigerarithuss RSt QReHdve lysulin 10
resj st ReN orted atter_pre-qgperative glhucose i nfusions
[Lj%ungggﬁgtc?‘l%?&t%%%’)[’f&n‘% ‘?%rbﬁﬁt 358 ngetro SpRgeryd@ilisoy d refdfests of
post - opBFEARe Mgt Stancarmt typosargery. nuhr headBhyGsveR ddig Preyal ence of

sur ger Moukk b¥ I3 sand ¢ kD4 3% N, A tive side-effects, such as
catabolgg respo%ﬁ?ﬁgﬁ?h%%E&ﬁé}ﬁggs#g%éﬁggsg?ﬁ BPEEFLEEN RsvEy Pearml i ng and

to redBR8YnbPt ARdUre mbRAQ viRY aingreageuinnpeespheaate ihbudtimmt es

treat neesistahbe dai akellithywtwdBuMbbdrsNSulrh(s T renched .nmedical
prhactigce QLtBBf%éo%%re%t'i ve f%sti n%gex Eer bat essbogtssggbo?pgﬁéﬂevé‘%]dﬂbl I C
state and rnsuln resi st . TRkt ed attexyt RERr OPRARtdVer gdmesseot h t he
cat abolngusiane digungptiist, r@sj s{noee) j smageﬂﬁdpaﬁg gesglased helein, one

h t bot h_th | i t at I
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duri ng?uahdt4PRer the operation. Insulin infusion, however, creates the
potential for hypeglyCemeapMiLlende d5f | Deflglsy, bl ppd; S0l ucose bel ow 0.3
”WE H@%%H¥§§g1gebg%&%%8%§ é¥% %é%%éﬁ such as catabolic
response and
insulin resistance, in order to improve healing and to reduce
mortality. Post-operative inrulin resistance frustrates
treatment of the catabolic state with insulin. The entienched
medical practice of pre-operative fasting exacerbates bost-

20 operative catabolic state and insulin resistance. Thus, a
treatment that overcomes both the catabolic state and insulin
resistance is needed.

As disclosed herein, one such treatment that
overcomes both the catabolic state and insulin resistance is

25 administration of glucose and insulin together before, during,
and after the operation. 1Insulin infusion, however, creates
the potential for hypoglycemia, which is defined as blood
glucose below 0.3 mM. Hypoglycemia increases the risk of
ventricular arrhythmia and is a dangerous consequence of

30 insulin infusion. An algorithm for insulin infusion for
diabetics was developed to prevent hypoglycemia [Hendra, T.J.,
et al., Diabetes Res. Clin. Pract., 16:213-220 (1992)].
However, 21% of the patients developed hypoglycemia under this
algorithm. 1In another'study of giucose control following

35 myocardial infarction, 18% of the patients developed

4



ventricular arrhythma and is a dangerous consequence of 30 insulin

i nfusion. An algorithmfor insulin infusion for diabetics was devel oped to
prevent Qypeddsysem a [Hendra, T.J., et al., D abetes Res. pElriugonfoact . .

16: 213-220 (1992)]. However, 21% of the patients devel oped hypogl ycem a
under this algorithm In another studé of glucose control follow ng 35
nmyocardi al infarction, 18% of the patiénts devel oped WD 98/ 08873

PCTI US97/ 15042 -5 hypogl ycem a when infused with insulin and gl ucose
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(1992)]. A relationship between various in vitro [Taboratdry experinents
blood glucose levels before surgery, such as might be obtained

by intravenous administration of insulin. Considering the
risks and burdens inherent in insulin infusion, an alternate
approach to pre/post-surgery control of catabolic reaction to
20 trauma is needed.
The incretin hormone, glucagon-like peptide 1,

abbreviated as GLP-1, is processed from proglucagon in the gut
and enhances nutrient-induced insulin release (Krcymann B., et

al., Lancet 2:1300-1303 (1987)]. Various truncated forms of
25 GLP-1, are known to stimulate insulin secretion
(insulinotropic action) and cAMP formation [see, e g., Mojsov,
S., Int. J. Peptide Protein Research, 40:333-343 (1992)]. A
relationship between various in vitro laboratory experiments

and mammalian, especially human, insulinotropic responses to

30 exogenous administration of GLP-1, GLP-1(7-36) amide, and GLP-
1(7-37) acid has been established [see, e.g., Nauck, M.A., et

al., Diabetologia, 36:741-744 (1993); Gutniak, M., et al., New
England J. of Medicine, 326(20):1316-1322 (1992); Nauck, M.A.,
et al., J. Clin. Invest., 91:301-307 (1993); and Thorens, B.,
35 et al., Diabetes, 42:1219-1225 (1993)]. GLP-1(7-36) amide
exerts a pronounced antidiabetogenic effect ,Ain insulin-
dependent diabetics by stimulating insulin sensitivity and by



-and manmmal i an, especially human, insulinotropic responses to 30 exogenous
adm nistration of GLP-1, GP-1(7-36) am de, and G.P- 1(7-37) acid has been

establ i e.g., Nauck, MA , et al., Diabetol ogi : 744
(1993); %tm aﬁ’e et al., New England J. of Medici ne,pgyg’%%ﬂﬁfsm 1322
(1992); Nauck, M A et al., J. din. Invest., 91:301-307 (1993); and
Thorens, B., 35 et al., Diabetes, 42:"B219-1225 (1993)]. GLP-1(7-36) amide
exerts a pronounced anti di abet ogeni c effect~in insulin- dependent diabetics
by sti Iqt |n sensi élVl WO, 98/ 08873 PCT/ US97/ 15042 -6
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par ent enahhy fbafidree o fdwHog, Eﬂuhfﬁdﬁﬁs5%&éﬁ”édm1§¥§@@f¥ The Invention
The pre 1.Qn, t heref or res first time a nmethod of
attenua?’gg&ult%\é%%télu?‘a caﬁrh‘?1 %&F‘tse g%‘%ﬂ'éc%ee%“ % TSt PR resi stance,
conpri saﬁgmaermemest @si g qom td nyats @mfusnmecbtmmtreaacpﬁaoaﬁgeael ected

fram t hefgeeup [coendiak Mg &t @P-1,DEhdeanesp8517 2 3-d6s4vat i ves, and
(1994)]. In the present invention, GLP-1's short half-life
and the consequent need for continuous administration are not
disadvantages because the patient is typically hospitalized,
before surgery, and fluids are continuously administered
20 parenterally before, during, and after surgery.

Summary Of The Invention

The present invention therefore presents for the
first time a method of attenuating post-surgical catabolic
25 changes and insulin resistance, comprising, administering to a
patient in need thereof a compound selected from the group
consisting of GLP-1, GLP-1 analogs, GLP-1 derivatives, and
pharmaceutically-acceptable salts thereof.

30 Brief Description of the Drawings
Figure 1 is a graph of the percent change in glucose
infusion rate (GIR) in the post-operative (postop) clamp
period relative to the pre-operative (preop) clamp period for
six (6) control patients ( o ) and seven (7) patients
35 receiving a hyperinsulinemic, normoglycemic infusion ( W )
before and during elective surgery.



‘pharmaceut i cal l y-acceptable salts thereof. 30 Brief Description of the
Drawings Figure 1 is a graph of the percent change in glucose infusion
rate (G Ro swsste post-operative (postop) clanp period relmitusrhsod2he
pre-operative (preop) clanp period for six (6) control patients (O) and
seven (7) patients 35 receiving a hyperj(nsul I nem ¢, nornoglycem c infusion
( ~) before and during elective surgéefy.- WD 98/ 08873 PCT/US97/ 15042 -7
Figure 2 is a graph show ng the ef fect of continuous infusion G_P-l (7-36)
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different 15 day, g d@ét’glme&t Bofh meal

Description O  The I(r%vent i on PQQ pﬁe%ﬁ%%?%?‘? §%%%I%l§y cusqlbﬁ J(
art, th2®hnPRASEeARINRIQN 2R P2YEY2ge) Phgedhaducese qeacenmtatrian Qmand
t he 10ar boxy®ter i musflwrrmﬂ:m pathitemté Nehak | ﬂnﬁ@géénaﬁr%ggtﬁel%fn s
wel | - kno 'Q the art, but resent Belowfor t he readeér'

conveni e#nm]é hREs. BeSFsaSk 'ﬁﬂtﬂ g Sginnifg of each of three

Thr - Phe- m'ehalser Bhel gridgh &als@edeﬁyct—:&etlﬁé effect of subcutaneous

GQu-dy- 5-; klgl

Tr p- Leu- &?e él 6% rg- 3&&%??@%@?8%0‘4}“@8‘3 co@flgnfré‘rﬁl%

defined &s~ m)l)ecJJI1 etlh’avﬁﬂgeoﬁéve NIDDM patients, but on a different
15 day, and with injection shortly before each meal.

Detailed Description Of The Invention

"GLP-1" means GLP-1(7-37). By custom in the art,
the amino-terminus of GLP-1(7-37) has been assigned number 7
20 and the carboxy-terminus, number 37, The amino acid sequence
of GLP-1(7-37) is well-knhown in the art, but is presented
below for the reader's convenience:

NH2-His7-Ala-Glu-Glyl0-

25 Thr-Phe—Thf-Ser-Aspls-Val-Ser-Ser-Tyr—Leuzo-

Glu-Gly-Gln-Ala-Ala25-Lys-Glu-Phe-Ile-Ala30-
Trp-Leu-Val-Lys-Gly35-Arg-Gly37-COOH

(SEQ ID NO:1)

30 A "GLP-1 analog" is defined as a molecule having one
or more amino acid substitutions, deletions, inversions, or
additions compared with GLP-1. GLP-1 analogs known in the art
include, for example, GLP-1(7-34) .and GLP-1(7-35), GLP-1(7-
36), Gln9-GLP-1(7-37), D-Gln9-GLP-1(7-37), Thrl6é-Lysl8_gLp-

35 1(7-37), and Lysl8-GLP-1(7-37). Preferred GLP-1 analogs are



‘or nore amno acid substitutions, deletions, inversions, or additions
conpared with G.P-1. G.P-1 anal ogs known in the art include, for exanple, -
AP-1 (Woéossi GLP-1 (7-35) , GP-1(7- 36), G n9-GP- 1(;8?@ /150

DG n9- GLP-1(7-37), Thri6-Lys18-GLP 35 1(7-37), and Lysl 87 Pot(147).
Preferred GLP-1 anal ogs are WD 98/08873 PCTI US97/15042 -8 G.P-1(7-34) and
G.P-1(7-35), which are disclosed in U8S. . Patent No: 5,118,666, herein

i ncorporated by reference, and also G.P=1(7-36), which are the

bi ol ogi I r ssed, fQrns , of P-1 having insulinotropic properties.

Qt her dcigl’ it Psdan) Gg'rpe']d%'&%sed”'hcm arepdigpioned 3n545 518 which is
i ncor poPateuthdpei 15, &, &fear, ereere i " fhFodpdeat vat byeiekér@%fcie?e% a -

nol ecul Vhig . 1tde i n ' ce of .AP-1 or of a GP-1 anal og, but
addi t | oﬁé?? & gvfln(rga,eg%repm %g)lgcérrl‘gcﬁsfelqca ¥ RIBFOTHEALY nBFacspsed e no
acid si@é QZBUQS haying Basudtigras ropigri prdpent hes . grovherogLpenni nal

car lBoxyah&18§5dade0dl s A JRIMiGRly . MBI SRE 1 Q0 1 ockydes, jbut .is not -
linmted,to gddi ng c%eﬁgj cal r%oq?e iégts)fb%:érée:rgt%ilﬁg' ngwélgghgg,e ‘é’h&cieﬁﬁ/i ng
cheni cal"RBFRPFASEd e &fenff no acid side groups include,
without 15 |i nitani oGLPRQYatriinamivd ySi$eads Ak d0agr URS1 e Mudkk ity  Of
argini eh‘jaﬁfli-xgi Q%idorselq)é%inn% oaé lation of glutamc or _aspartic
carboxyli ¢ ac-'-d°groups,t and d&ani i%ﬂPEﬁOB|%t e aBRLagpakPagi ne.

Modi f i caddbhionalie haarimgnahemiiaed imxd iftfscat i hofit ohé Nbi-albeB, offhe

desopam s MnkAvehcabkyli geNa@H ﬂ&/\le' lo - y. d | di f.i cations.
Modi fi cati ons of tﬁe t_erlmengﬁiocar bQ)?y grp%%ﬁ%%?ﬂ%é,%%%gﬁ AMat i on,
t he -am HeQUPt oREr CEFR}RAANTAEPARYA IS 12 dEroumd |dwehemikyl ester

modi i ansd DRScat var iakbiubelss ButChldotl -1 LA dB! 2aQ08, OhHRLE ST de
groups, or_ term ngl oups, m bed rotected by 25 prot ectlge groups “known
to the o?ld?%la??ry-gﬁghlé‘% BEYt é)loﬁl chéﬂcgtr.emleh ng hephcal malekies-acid
may be Mmﬁmbﬁioatidhsepbylamﬁad. ak il efiele efgimsipi d16dE; lwaoRbRES and
deg5vatieseat PbnliS8ckat 18nPeRs sl $20hA%d 300§ APl el oS ©f
of arginine, histidine, or lysine, alkylation of glutamic or
aspartic carboxylic acid groups, and deamidation of glutamine
or asparagine. Modifications of the terminal amino include,
without limitation, the des-amino, N-lower alkyl, N-di-lower
20 alkyl, and N-acyl modifications. Modifications of the
terminal carboxy group include, without limitation, the amide,
lower alkyl amide, dialkyl amide, and lower alkyl ester
modifications. Lower alkyl is C;-C4 alkyl. Furthermore, one
or more side groups, or terminal groups, may be protected by
25 protective groups known to the prdinarily—skilléd prﬁﬁéin
chemist. The a-carbon of an amino acid may be mono- or
dimethylated.
A preferred group of GLP-1 analogs and derivatives
for use in the present invention is composed of molecules of
30 the formula:
R1-X-Glu-GlylO0-
Thr-Phe-Thr-Ser-Aspl5-val-Ser-Ser-Tyr-Leu20-
Y -Gly-Gln-Ala-Ala25-Lys- 2 -Phe-Ile-Ala30-
Trp-Leu-Val-Lys-Gly35-Arg-Ry

35 (SEQ ID NO:2)



"R1- X-3 u- Glyl10_ Thr-Phe-Thr- Ser - Asp15- Val - Ser - Ser - Tyr-Leu20- Y
-@y-Adn-Al a-A a25-Lys- Z -Phe-11e-Ala30_ Trp-Leu-Val-Lys-A@y35-Arg-R2 35
(SEQ | D Wo deros¥¥3 98/ 08873 PCTI US97115042 -9 and the PCT/US97/15042
pharmaceutical | y-acceptabl e salts thereof, wherein: RL is selected from
the group consisti ng of L-histidine, D hi stidi ne, desam no-hi stidine,

2- am no- hi sti di ne, - hydr oxy- histi di ¥, -honohi sti di ne,

al pha-f | uor onet hyl - hi stidine,. and 5 al pha-methyl-histidine; X is selected

fromth . I

aIr ghma rrgtahrdlo%%e %q{%ﬁéséés}% ec?ﬂd?f ?gﬁwg §33F0§Q1t8 §?‘§rﬁ?gf of " RETEIRY Rl
Al a, Thr is Serlecuell Gizom Ahes grdept ednsisminhheofr R4hicWidixtie hapof G u;
an, AaniTihiaide, bl @ RRihs, selarlfd- higtila o (M oxy -

consi sti ng 0 2, GQy-OH  provided that the compoun

i soel ect h#@tsmﬂen mque‘nr%mg%lw omhabarféuerpmeabw thg.sx idime f ander
provigli nﬁlb'ﬁ%t-rd@ﬁiyl%ls‘%lﬂﬁ'zex 'ﬁ féasei(ebEe@ Eroma'ﬂqlxez Jg U, R2 nust
be NH2. Numrerous GCP-1 anal ogs and derivati ves havi_ng | soel ectric
poi nt i nCPREd StaRge Ha e et i st bsedhEnd! FncPBéeaIP&a' eAl@p,-1

(7-36) NHZ i€ y@1€@dtel (fhchb)d¥® gtdud- &Esisﬁfn§7bf2@lg' Gdl%‘ AAtal (Ths/)

tyl - Lys9- GLP 7- 37 ThQGLP D Thr 9- GLP- 1
Zgﬁgyap¥s a??)l G(z‘é’ Ko i "(‘%ds%° s‘éPEzSK{’ EscﬂPéz‘%“Gf’ﬁ;z@fGFﬁ%
(7-37) $P\F116A|}3?81§'17(9_P-SP1('7 aﬂ‘} G 1y s 130& B2 116788 Fpcheg2 SranmP-the B3R p 30

Ar g% GLBohshst3fy omndiHe dikeslpasH; €. grovi@d that the compound has
an isoelectric point in the range from about 6.0 to about 9.0
and further providing that when R3; is His, X is Ala, Y is Glu,
and Z is Glu, R2 must be NHo.

Numerous GLP-1 analogs and derivatives having an
15 isoelectric point in this range have been disclosed and

include, for example:
GLP-1 (7-36)NH>

Gly8-GLP-1 (7-36)NH2
Gln2-GLP-1 (7-37)
20 _ D-Gln2-GLP-1 (7-37)
acetyl-Lys2-GLP-1 (7-37)
Thr-GLP-1 (7-37)
D-Thr2-GLP-1 (7-37)
Asn9-GLP-1 (7-37)
25 D-Asn?-GLP-1 (7-37)
Ser22-prg23-arg24-G1n26-GLP-1 (7-37)
Thrl6-Lysl8.GLP-1 (7-37)
Lysl8-GLP-1 (7-37)
Arg23-GLP-1 (7-37)
30 Arg24-GLP-1 (7-37), and the like [see, e.g., WO
91/11457). '

Another preferred group of active compounds for use
in the present invention is disclosed in WO 91/11457, and
consists essentially of GLP-1(7-34), GLP-1(7-35), GLP-1(7-36),

35 or GLP-1(7-37), or the amide form thereof, and



©91/11457]. Another preferred group of active conpounds for use in the
present invention is disclosed in WO 91/11457, and consists essentially of

GLP- 1( 7wd/osi08833P- 1(7-35), G.P-1(7-36), 35 or GP-1(7-37), P?"l‘/lkb%l&g% de form
t hereof, and WO 98/08873 PCT1US97/ 15042 -10 pharnaceutically-acceptable -
salts thereof, having at |east one gi fication selected fromthe group
consisting of: (a) substitution of gFg ine, serine, cysteine, threonine,
asparagi ne, glutam ne, tyrosine, alanine, valine, 5 isoleucine, |eucine,
met hi onpRarmpbenyliaiani codgt D 1E, ' for _| ysine at. position 26
and/ or lﬁo Ltion 34 o }n?ubscgﬁ ut:i[%nsggta ;%%?kggfée?’ﬁxé,ngcf& éiepr‘?e‘s,t one

t hr eoni AR EAEREARG e lefitRAnfFRm Eheograrp gbasistingaldfne, i sol euci ne,

| euci ne, methionine) phiysdidwnidae, of Ygipeine! gepigggi Qh)y?:ei%o for
an_oxi dati OR-resi st'ant am no

arginin Lti .~ (:R)_ substitution of
aci d fo?h?%gg?glﬁha%ggt% Sggllq{el'o b@‘i‘fa‘f‘tﬁ‘eSUB¥FPF&PFonaéﬁnéﬂellea®tli_oree, of :
tyr gsi neSPbeuciapi ndeacipesi tiasthiioningsi prefiglatenifne, abkrPesiihieon ob8; 15
aspartip-pekdné okog! ) i s+ POSI T4, on » . serine for ' yci ne at
posi tion gg;,grgLﬁing&%gP%b%ﬁ{ ﬁ?%%ﬁgiﬁp%gi?ﬁééOEBPOSéFQPHiﬁgif€F al ani ne
at posiTHRACBEUCIRE GLuddNMicids.orSeNinee cystebse! i thrabniaad (d)

substi tagparaging] beashmime OfcyMyAde, aPinSLL! NGa1 PheCYSLEL NE fOT
alanirmiéﬁc gsitiop 86 aspartic a%! . glycine, Sering, Cy%?g'ﬁEFlne'

t hr eoni T S Hipar BGFRECPIPEr aeRY 13 1aniniee, 1¥$ e neorval Drergindheuci ne,
| ed@i nefomerrgomine, abr poph¢riynalzai ne for glutamic acid at position 9;

serine, cysteine h ' aragine, glutamne, tyrosine, alanine, 25
val i ne, isoleuciné?slégggﬁg?uﬁgt |5ﬁ?ﬁgf?ﬁaéﬁﬁ%ﬂﬁéf%ﬁ+ﬁEaF6ramgP?cine at

posi ti GFfud; fhEHYREGRhanaatd Posritdsymriic acid at  position 15: and (e)
substitution of gl¥Fi BEbsEEELRE orl )t %eﬂ%aétrfo%?é"&?z %Z]Eara ing,
gl utam_ne,. tyrosine, .alanine, valine, 30 i1soleucing;”’| PREICEPRI oni ne,
or phe%ﬁ1ﬂ9§%4ﬁhp?§thgnDl6; lysine for serine at position 18;

15 aspartic acid for glutamic acid at position 21; serine for
glycine at position 22; arginine for glutamine at position 23;
arginine for alanine at position 24; and glutamine for lysine
at position 26; and

(d) substitution of at least one of: glycine,

20 serine, or cysteine for alanine at position 8; aspartic acid,
glycine, serine, cysteine, threonine, asparagine, glutamine,
tyrosine, alanine, valine, isoleucine, leucine, methionine, or
phenylalanine for glutamic acid at position 9; serine,
cysteine, threonine, asparagine, glutamine, tyrosine, alanine,

25 valine, isoleucine, leucine, methionine, or phenylalanine for
glycine at position 10; and glutamic acid for aspartic acid at
position 15; and

(e) substitution of glycine, serine, cysteine,
threonine, asparagine, glutamine, tyrosine, alanine, valine,

- 30 isoleucine, leucine, methionine, or phenylalanine, or the D-
or N-acylated or alkylated form of histidine for histidine at
position 7; wherein, in the substitutions is (a), (b), (4),
and (e), the substituted amino acids can optionally be in the
D-form and the amino acids substituted at position 7 can

35  optionally be in the N-acylated or N-alkylated form.

_ Because the enzyme, dipeptidyl-pegpidase IV (DpP
'IV), may be responsible for the observed rapid in vivo



or N-acylated or alkylated formof histidine for histidine at position 7,
wherein, in the substitutions is (a) , (b) , (d) , and (e), the

substi t utyed 9998879 aci ds can optionally be in the D-form arpﬁ,hg, 430
acids substituted at position 7 can 35 optionally be in the acy’flat ed or

N-al kyl ated form Because the enzyne,_ .di peptidyl-peptidase |V (DPP [V),
may be responsi ble for the observed ra& d in vivo WD 98/ 08873
PCTI US97/ 15042 -11 inactivation of adm nistered GLP-1, [see, e.g.,

Ment | ei n, , ~EU 4:8 835 (1993)1, .
admi ni st r:aér&}%tl@é%iin of édm nlgtg(r%?amgr |P\2/é't| v%g Shat- (%‘r'e ﬁ‘afé‘é%ﬁd Rreom
t he act|V|ty of Fggﬁ‘rre

A% RB3 2 di 3 Bratadmintseration

G y8- QP b@ﬂ%alé@%&ﬂ%éfiv&ﬁ%s i%h'i%lt e 2! ddisq Helof UL

an y or arna euti ca y ccep e sall

t her eof , a%‘tqa’]itg'Lpr ef%l?ge%‘g_'ﬁ ﬁgg ‘Eé dnjigHis toratoion tnf)l ecul e
cl ai ned GHYS-SLEzk 6ht3 0z, 168l GGLPWBN(('Zh37s) Oébcplaeafdt)hyll-mli&%mr at ed

by referange3d)nny ef£id ash ySUsIH2DLEEBLE (hs t fromthe
consi sting of a peptide hav, ng the am no(aciaggsb?cugg é)harmace fed1y-
NH2- H|s7aA|C&P@|aml@1>sﬁ)ltsrmrh@mofrhr1semonspprsefatrrser Ser - Tyr-Leu20 15

Au-dy-dn-A a- A agfe s Gu-dhe-hle 3 u |- X ( DNO3)
wherein X,iLS_S Iectgpéeromthe o%p %ﬁgl gﬁ’%geék% f/)\séaa %L

“a derivaft@&™ pthiAfEn ei 7 388 d6PEpt Whdchs 1§e|69f@tra$s‘]nom t he

gr ou cohsrstrpoganfed dy pefiowand j ché | praceepbabl espehd maddidipn Sal t of
sai d peQEigﬁteﬁ }%Q%m% u rcozﬂ | y- acce tabl e car boxgl ate salt g’f sal

pepti de; arnmaceut| ca ﬁ 2Pt HbT St biker © | RyP& téAeohayringaithepept i de;
and a phamra@eaplldaISIWt abI e am de of said peptide selected fromthe
group consisting of amde, |ower alkyl am de, and | ower dial kyl  am de.

Anot her preferred group of nol ecules for mzinigheA19L§§gnbli};1\oenti on

consi sts of conmpounds,. clainmed in U S.
P Thr ghe Thr-Ser-Aspl5-val-Ser-Ser-Tyr-Leu20-

15 Glu-Gly-Gln-Ala-Ala25-Lys-Glu-Phe-Ile-2A1a30-
Trp-Leu-~Val-X | |

(SEQ ID NO:3)
wherein X is selected from the group consisting of Lys and
20 Lys-Gly; and a derivative of said peptide, wherein said
peptide is selected from the group consisting of: a
pharmaceutically-acceptable acid addition salt of said
peptide; a pharmaceutically-acceptable carboxylate salt of
said peptide; a pharmaceutically-acceptable lower alkylester
25 of said peptide; and a pharmaceutically-acceptable amide of
said peptide selected from the group consisting of amide,
lower alkyl amide, and lower dialkyl amide.
Another preferred group of molecules for use in the
present invention consists of compounds, claimed in U.S.
30 Patent No. 5,512,549, which is expressly incorporated herein
by reference, of the general formula:

and .



30 Patent No. 5,512,549, which is expressly incorporated herein by
reference, of the general formula: WO 98/08873 PCT/US97/ 15042 -12

R1- Al ay 8, 4 O Thr - Phe- Thr - Ser - Asp15- Val - Ser - Ser - Tyr - ?J,Lﬁg

Gu-dy- a- Al a2S- Xaa- d u-Phe-11e-A a30- 5 Trp-Leu-Va HM%?)S Arg- R3
R2 (SEQ I D NG 4) 10 and pharmaceutical |l y-acceptable salts ther eof wherein
Rl is selected fromthe group consi'&tzi'ng of 4-i m dazopr opi onyl, 4-

i m dazoacetyl, or 4-imdazo-a,a dinethyl-acetyl; R2 is selected fromthe
group consi sting of C6-Cl10 unbranched acyl, or. is absent; R3 is selected
fromthe group consisting of Qy-OH or 15 NH2 and, Xaa is Lys or Arg, may
be used in present invention. Mre preferred é?dnfﬁdand?du}fGISE(Q-l D NO 4 for

use in the present 5 i R2 is
0B6- C10 unbranched aﬂf}\/ %i:é/ %hﬁéﬁl (?‘(’)Mo%%d? %ﬁ E’B“‘ 4 for use
20 in the present i ‘?epé'ﬁ'bséi ng'hG%aPhg Alg-Aka C6- C10
unbbanched acyl, and‘rliﬁnesx-dql{mysmﬁ%m%breferred corrpounds of SEQ
ID NO4 for wuse in the present ||nvent|on are those in which Xaa is Arg, R2
i s C6-Cl0 unbranched acyl, R3is'@y-OH and RL is 4 25 i m dazopropi onyl.
The nost preferred conpound of SE@) ID NO 4 for use in the present
invention is that in which Xaa is Arg, R2 is C8 unbr@eghed aryds) R3 is
@y-OH, and Rl is 4-imdazopropionyl. The use in the present invention of a

noj @culaga %Qié’ﬂ'tﬁé@@gti@apl§ aEéEEEEbﬁ}IQ sgﬂ:goaﬁég‘eo\ﬁh Ghel oS eXH‘{es'y y

i ncor por at ed ef erence, i s g referre uch ‘nol el s Xl ect ed
fromt & %‘Ps'f’i‘?lggﬁ‘?“ﬁ Feperd 1HSvPﬁg4rHé‘ld&r¥PMQm|QM§eqLﬂeﬂce WD

98/ 0881311I?Iéfﬂd£9§¢)1]504dr 4 13mhHR zbi-a /e Al ine@Hy1GHEEEy]l ; R2 is selected
from the group consisting of Cg-Cio unbranched acyl, or is

absent; R3 is selected from the group consisting of Gly-OH or
15 NH2; and, Xaa is Lys or Arg, may be used in present invention.

More preferred compounds of SEQ ID NO:4 for use in
the present invention are those in which Xaa is Arg and R2 is
Ce-Ci10 unbranch~=d acyl.

Highly preferred compounds of SEQ ID NO:4 for use

20 in the present invention are those in which Xaa is Arg, R2 is
Cs-Cio unbranched acyl, and R3 is Gly-OH.

More highly preferred compounds of SEQ ID NO:4 for
use in the present invention are those in which Xaa is Arg, R2
is Cg-Cio unbranched acyl, R3 is Gly-OH, and Rl is 4-
25 imidazopropionyl. '

The most preferred compound of SEQ ID NO:4 for use
in the present invention is that in which Xaa is Arg, R2 is Cg
unbranched acyl, R3 is Gly-OH, and Rl is 4-imidazopropionyl.

The use in the present invention of a molecule

30 claimed in U.S. Patent No. 5,120,712, which is expressly
incorporated by reference, is highly preferred. Such molecule
is selected from the group consisting of a pepti&e having the
amino acid sequence:



Thr - Phe- Thr - Ser - Asp15- Val - Ser - Ser - Tyr - Leu20-

A u-dy-dn-Al a- Al a25-Lys- A3 u- Phe- 11 e- Al a30-

Tr p- Leu- Vadb obyge7sd y35- Arg-d y37-COON 5 (SEQ I D NO 1) and a gefisaiisgser of

sai d peptide, wherein said peptide is selected fromthe group consisting
of : a pharnmaceutically- acceptable acid,gddition salt of said peptide; a 10
phar maceuti cal | y-accept abl e carboxyl ate salt of said peptide; a
pharmaceutical | y-accept abl e | ower al kyl ester of said peptide; and a
pharmaceutical | y-acceptabl e am de of said peptide selected fromthe group

consisting of am de, lower alkyl am de, angylower7di,gl.ky, am.dg.g 15 The
use of G.P-1(7-36) am de, or a phar maceuticgt.r‘}zy!w%cc<‘la“g't‘-’la\!ﬂJlé1 sraaill}f t'her eof,
in the present inventiBartBhao¥hr -iSeghiAsprefial-@kr Ther anypoLagl-sequence

of GLP-1(7-36) amide d‘;fﬁ-@&?;@ﬁzzﬁa@ 253 D540 phe - 30
Thr - Phe- Thr - Ser - AspZ5-Val - S -Ser-Tyr-Egu - 1)950 Gﬁp Phe-Ile-Ala3f-

A u-d y-G n- Al a- Al a25-T¥R-Tepy-Bad -Live-[ly30 - Angr-Qlar® U000) s- G y35- Ar g- NH2
(SEQ BED NGO 5) 25 Methods for preparing the active conmpound used in the
present invention, nanely, GP-1, an GLP-1 anal og, ,or a__G.P-1 derivative
used in the present invention are well-known, and{3E@ dBsNP:Bdd in U S.
Pat ent Nos. 5,118,666, 5,120,712, and 5,523,549, which are incorporated by
ref erenc@nd(a Therawahoveciod perid qreptidée whereincsapdupdptsge iish the

present iJWERNLEOR £PbmArRECGHRY %&%f i ndr So FRd Lther Db %)
sol i d- phase synt het ?cmghem' gti_‘;y,; 2 purél%’r(l:%t?g% 50?3?;%1@%8}%& P&d¥From
natural SUIFRIAPLE 3Fifcofitian TNA ebchmid desPt ¥R 98408873
PCT/ U$97/pkidaceddi Sall i ¢ - peaep celiTd cadrisoky 1esé S8t POEYRSREI B@Et’iﬁe el |
known in the art andt]r]%glge_found |a§3%e]gﬁ$al texts in the _area stch as
Dugas, HZ2 &Nt Penney T B 665G wer Blkylester of said-
peptide; and a pharmaceutically-acceptable amide of said
peptide selected from the group consisting of amide, lower
alkyl amide, and lower dialkyl amide.

15 The use of GLP-1(7-36) amide, or a pharmaceutically-
acceptable salt thereof, in the present invention is most
highly preferred. The amino acid sequence of GLP-1(7-36)
amide is:

NH2-His7-Ala-Glu-Glyl0-
20 Thr-Phe-Thr-Ser-Aspl5-val-Ser-Ser-Tyr-Leu20-

Glu-Gly-Gln-Ala-Ala25-Lys-Glu-Phe-Ile-A1a30-
Trp-Leu-Val-Lys-Gly35-Arg-NH,

_ . (SEQ ID NO:5)

25 Methods for preparing the active compound used in
the present invention, namely, GLP-1, an GLP-1 analog, or a
GLP-1 derivative used in the present invention are well-known,
and are described in U.S. Patent Nos. 5,118,666, 5,120,712,
and 5,523,549, which are incorporated by reference.

30 The amino acid portion of the active compound used
in the present invention, or a precursor thereto, is made
either by 1) solid-phase synthetic chemistry; 2) purification
of GLP molecules from natural sources; or 3) recombinant DNA
technology.



Springer-Verlag, New York (1981), pp. 54-92, Merrifield, 5 J.M, Chem

Soc., 85:2149 (1962), and Stewart and Young, Solid Phase Peptlde

Synt heswe,9shgszeman, San Franci sco (1969) pp. 24- 66. For pewo®d-ased2ne am no
acid portion may be synthesized by solid-phase nethodol ogy utilizing a -
430A 10 peptide synthesizer (PE-ApplLhgd Bi osystens, Inc., 850 Lincoln
Center Drive, Foster Cty, CA 94404) and.synthesis cycles supplied by

PE- Appl i ed Bi osystens. BOC-am no acids and other reagents are comercially
avai | abl e from PEJpd ipltade oshehtaal apfthebes efePAFpepiids hpyses.

Sequentjealy ﬁq&&p sﬁt}{%e%g%u%ﬁggmg%ug esoQuRl € epg%%%%c%bﬁ are ﬁap I|ed to

t he startln né resins ofhe-
t er mi n&"S Iy II’he %?OBEEPHSVI &t - CBleorgaaic zﬁ'i‘mmlsﬁ;m,
corresa@&dﬁ@@ﬁ&?@f ntméww&@lk £2981 63, Nppang4A Pgl ?rﬁ O!Iél,ﬁl ng

raf or otriaz ol'| ow e chain
Brgiecp?ﬁb éggﬁﬁi Egggb’ é?-? £ Sigéiéyl ﬂs%gegﬁgFoﬁ |YOR§Q, 9¢idhexy

25 Ser Pha&ez\Repitiirde B‘anzsdnem]ﬁ Bfrhemm), c8aboBeanaiycBoq 1¢@w)olKs! | pH- MY
be acc lished with trifluoroacetic acid in nmethylene chloride. Follow ng
30 conplétion of the synthesis the peptides may be deprotected and cleaved
fromthe resin w Faraakanpdes My egumd |agird geory i4#1) m@ythéning 101i

et a- Ckesehe TRV 8L 1 tdepisd de ﬁ@@hﬁdoﬂ&%&eﬁEgggzgﬁguer a%b o?/\nd of the

peptide fromthe resin is carried out at on ice for
60t %i nBEBS 1de3 S YRGS 1z&ny HFE &P@%ﬁewﬁl@ﬁxsbepﬁpdéncesu 85i0s Tviareaskh wi t h

et her, candetrh@rﬁezret,l ey acieg, WA hogh o) ahnacgyhﬁhégll@ @t1dgyophilized.
Technlgues wel,l < artisan in‘reconbi nant DNA

he. qrd | y- sk
{echnob SGp2AGY BY SEeaT 1 eV 98 oschaCreninaosrides and pher

reagents are commercially available from PE-Applied Biosystems
and other chemical supply houses. Sequential Boc chemistry

15 using double couple protocols are applied to the starting p-
methyl benzhydryl amine resins for the production of C-

terminal carboxamides. For the production of C-terminal

acids, the corresponding PAM resin is used. Asn, Gln, and Arg

are coupled using preformed hydroxy benzotriazole esters. The
20 following side chain protecting groups may be used:

Arg, Tosyl
Asp, cyclohexyl
Glu, cyclohexyl
25 Ser, Benzyl
Thr, Benzyl
Tyr, 4-bromo carbobenzoxy

Boc deprotection may be accomplished with
trifluorocacetic acid in methylene chloride. Following
30 completion of the synthesis the peptides may be deprotected
and cleaved from the resin with anhydrous hydrogen fluoride
(HF) containing 10% meta-cresol. Cleavage of the side chain
protecting group(s) and of the peptide from the resin is
carried out at -5°C to 5°C, preferably on ice for 60 minutes.
35 After removal of the HF, the peptide/resin is washed with
ether, and the peptide extracted with glacial acetic acid and
lyophilized. '
Techniques well-known to the ordinarily-skilled

artisan in recombinant DNA technology may belused to prepare



the active conpound used in present invention. In fact, reconbinant DNA
nmet hods may be preferabl e because of higher vyield. The basic steps in
reconmbi Ny ogagsgect i on are: 5 a) isolating a natural DNA saqreussiserodi ng
a G.P-1 nolecule or constructing a synthetic or sem-synthetic DNA codi ng
sequence for a G.P-1 nolecule, 10 b) placing the coding sequence into an
expression vector in d manner suitable¥ar expressing proteins either

al one or as a fusion protelns c) transformng an appropriate eukaryotic or
15 prokaryotic hpst cell wt essm vector, d) culturing the
transforr%be%%‘fl‘é'%l ?°E1388Pd ugngiltlo G vﬂf’?‘felbre*?ﬁt exPr g§§| fon of a
20 GLP-lrﬁﬁmmhdmanandNA)meeh@d@rmqyzhﬂjgnﬂﬁéqabtptwmcaesenbfnaﬁghﬁr

produced u I %§ﬁ55 nces may be
25 whol | Wsyn hg?#lggoir)g ésrsgs%’% t lll]fs Tk Icatl Oﬁr%&@{:ﬁﬂoﬁ gg native
gl ucagon encodi ng DNA. . A DNA sequence that encodes preprogl ucagon is
presehted in L&nd, b?oaPtln récnaﬂﬁﬂa nCQJ%P¢9d¥99345 349 (1982)
and may be used as L16d9%t i on of

t he conpounds of 308?23 Egg%’ #?ﬁﬂ é’r‘?’ﬁﬁ? a?"i%‘f%m‘be%g%r t B¥B-dequence

to achieve the desl Sults. Synthetlc genes, the in vitro or in vivo

t t dt f
T A S O RS (e R
Owni ng to the natur ggﬁge _a&yleg ety L ap(r)gggf kgd artisan

will recognize th a St zabl e yet definite nunbe sequencés may be

constructed, gl Ofcf@hghogmgageaﬁepbﬂaﬁﬁ@d@%uﬂiﬁya@woam ogy of
syntyigtic gene CO“%fé‘Eéf?Gth& ho4@ &1~ ke dHe tdgpredsiSge Brown, et

al . (1979) Methods vect&pzynol ogy, Academic Press, N. Y., 68:109-151. The
DNA sequence is designed fromthe desired am no acid sequence
d) culturing the transformed host cell under
conditions that will permit expression of a
20 GLP-1 molecule, and
e) recovering and purifying the recombinantly

produced GLP-1 molecule.
As previously staced, the coding sequences may be
25 wholly synthetic or the result of modifications to the larger,

native glucagon-encoding DNA. A DNA sequence that encodes
preproglucagon is presented in Lund, et al., Proc. Natl. Acad.

Sci. U.S.A. 79:345-349 (1982) and may be used as starting
material in the semisynthetic production of the compounds of

30 the present invention by altering the native sequence to
achieve the desired results.

Synthetic genes, the in vitro or in vivo
transcription and translation of which results in the
production of a GLP-1 molecule, may be constructed by

35 techniques well known in the art. Owing to the natural
degeneracy of the genetic code, the skilled artisan will
recognize that a sizable yet definite number of DNA sequences
may be constructed, all of which encode GLP-1 molecules.

The methodology of synthetic gene construction is
-40 well-known in the art. See Brown, et al. (1979) Methods in

Enzymology, Academic Press, N.Y., 68:109-151. The DNA

sequence is designed from the desired amino acid sequence
using the genetic code, which is easily ascertained by the



using the genetic code, which is easily ascertai ned by the WO 98/ 08873.
PCT/ US97/ 15042 -16 ordinarily-skilled biologist. Once desi gned, the
sequenceyo sgigegty. may be generated using conventional 15(1499
apparatus such as the Mbddel 380A or 380B DNA synt hesi zers

Bi osystens, Inc., 850 Lincoln Center Drive, Foster 5 City, CA 94404) To
express the amno acid portion of a céﬁpaund used in the present

i nventi on, one inserts the engineered synthetic DNA sequence in any one of

many appr. r| r_e o) expressi on vectors. through the use of
approprlgatgg P rﬁﬁ%%ﬁ%ﬁé?éase? ncge desdiges | ;ﬂ:%rﬁsaquenee al .
(1989) HKbisedf zma}' @e)rgerrmraﬁtd:@busangr ycoMmm:Il,oanl ®N2DT d\AYSh 8 :
Labor at , e ctio nucI ease C eava sites
Bk by e e | ndapleSHECLo I :

are engineere to elt er end o ‘F\@lmsto
facilitdPE-PeBldabBIINFLEMD, | Fregs afsﬁgancpam Ceamﬂn fhEDFé ONFE8Eer
expresscogyyeeporggap) - known in the art. The particular endonucl eases
enpl oyed w il be djctat ed by the restriction endonucl ease cl eavage pattern
of the parent expT‘és@?‘Bﬁe§§ctt5’re SRS aFiReReYt ton onf sat esmpoanchessi t 0

proper | ynothenpriesentodimngraeipieNcendi i Hse2Rk €hes @AMy £0s %,{‘81{1 eby.
achi evi gga p%gagre c% frarg% eadl ng. and_expressi on of ~“the rote|

interest. The coding sequenca miZt BaYp gPFPBﬁéBtForﬁé’qwlﬁrﬂfp}érDmeadl ng
frame WPXRTERE1ipnoivecsorendhrdugls oblee buadi of appeopk itahe %@ﬁ@{bn

atoor , ehdbhuefl ealsiesh f L t
veawor , e ualledlsesh e fgulediOHND, MaAniheiBosk g9l P%ﬁﬂgfqgﬁi ed %%ef:g

|stob o%? expr.e d To acg@ve ffIC nt transcri pt

gene, el 2‘ EPFAF %5 a EFbﬁE?eHaé‘b@fratlaboraamm

Ther ef opﬁeskhenpwormt\m .operat orRé@:gfp@cpéntBﬁdéMﬂUﬂS € 93054 9[43' agec' ']['
codon o

t he samg éggugggl al _ori ent%g9 pect tot
the synthetrcogen& I REFAF ee’x %Es?% 9§CFB?SGG§eﬂuIme1@rcule-
transf cem¢PgipgoRbAY bbi Cagnid iadtar yidoLatthbh SfaoR, Wehl KBQ‘@S;réﬂ&rhe art.

gg?g-rf]elrg%%”egﬁp@h?heﬁltﬁglﬁ ggﬁieaer)%}fégfjéﬁ;téectorgl odYyg- now%) l(nPrtorreega

The particular endonucleases employed will be dictated
by the restriction endonuclease cleavage pattern of the parent

expression vector employed. Restriction sites are chosen to .
properly orient the coding sequence with control sequences,

20 thereby achieving proper in-frame reading and expression of
the protein of interest. The coding sequence must be
positioned to be in proper reading frame with the promoter and
ribosome binding site of the expression vector, both of which
are functional in the host cell in which the protein is to be

25 expressed.

To achieve efficient transcription of the synthetic
gene, it must be operably associated with a promoter-operator
region. Therefore, the promoter-operator region of the
synthetic gene is placed in the same sequential orientation

30 with respect to the ATG start codon of the synthetic gene.

A yariety of expression vectors useful for

transforming prokaryotic and eukaryotic cells are well known
in the art. GSee The Promega Biological Research Products

Catalogue (1992) (Promega Corp., 2800 Woods Hollow Road,

35 Madison, WI, 53711-5399); and The Stratagene Cloning Systems
Catalogue (1992) (Stratagene Corp., 11011 North Torrey Pines
Road, La Jolla, CA, 92037). Also, U.S. Paté;t No. 4,710,473



35 Madi son, W, 53711-5399); and The Stratagene C oning Systens Catal ogue
(1992) (Stratagene Corp., 11011 North Torrey Pines Road, La Jolla, CA,
92037). Aweos/bs’>. Patent No. 4,710,473 WO 98/ 08873 PCT/ USOdd-fraSshasoszl?
describes circular DNA plasm d transformation vectors useful for
expressi on of exogenous genes in E. coli_at high levels. These plasmds
are useful as transformation vectors it 7teconbi nant DNA procedures and 5
(a) confer on the plasm d the capacity for autononobus replication in a

host cell; . tral tQn us. plasmd replicatiop in relation 10 to

t he terrpe‘rigfggr}éggg ﬁgfgﬁﬂﬁ%s%eﬁlo%%%?‘&a’%@%?h?lai Kegtors) usedmill i ze
mai nt enan€8T oPXPRESEERENE ieragRiowe|gengfopiit afi onel i 15t (Higti levkls.

synt hesi s A <PLdU | g [ m d maiptenance in a host
cel | popu?ﬁ%?én?i?égiafos?%&ﬁ#&%%‘2% ettt B R BREEpEgaen 20

recogni t i PRESTPéBAR igﬂé peocsdyses AN and (f) terninate mRNA
transeription. These circular DNA plasm ds are useful as vectors in 25
reconbi nant DNfapr oeefliees ohot hee@lidsmg ditdle |eusisi fgfpgggﬁhggo'gg
exogenous genes. Harepgicanibnudied dosex@edslsi on vector for the am no
acid portion of a conpound used in the present invention, the next step is
to place the véklorcontvod 30temcmebise plelsmiahdrdgielebyis®nNshr ¥eiadion
recodBi nant host cetp theetempesatener essiwig dhhéaged yeDl | €l tdeednagaes
for transform ng ceaistainmRdreconbi nant DNA vectors are well known in the

art and may be found in_ such general references as Muniatis, et al. supra.
Host cells mad&he %Bﬂ?i%ﬁé?eﬂaﬂp6ﬁpﬁgc@iPﬁéﬁh@ﬂaﬁ%&mid:im oskacedlic

cel I's. Prokaryotic RORPLBEFPESdeneral |y produce the protein at higher
rates”and are ﬁgﬁi@é.to uItuEg. Prot ei ns_expressed .
irect synthesis of a protein product indicative of

plasmid maintenance in a host cell population;

(e) provide in-series restriction endonuclease
20 recognition sites unique to the plasmid; and

(f) terminate mRNA transcription.

These circular DNA plasmids are useful as vectors in
25 recombinant DNA procedures for securing high levels of
expression of exogenous genes.

Having constructed an expression vector for the
amino acid portion of a compound used in the present
invention, the next step is to place the vector into a

30 suitable cell and thereby construct a recémbinant host cell
useful for expressing the polypeptide. Techniques for
transforming cells with recombinant DNA vectors are well known
in the art and may be found in such general references as
Maniatis, et al. supra. Host cells made be constructed from

35 either eukaryotic or prokaryotic cells.

Prokaryotic host cells generally produce the protein
at higher rates and are easier to culture. Proteins expressed
in high-level bacterial expression systems characteristically
aggregate in granules or inclusion bodies, which contain high

40 levels of the overexpressed protein. Such protein aggregates

typically must be recovered, solubilized, denatured and
refolded using techniques well known in the/art. See Kreuger,

et al. (1990) in Protein Folding, Gierasch and King, eds., pgs



i n high-level bacterial expression systens characteristically aggregate I n
granul es or inclusion bodies, which contain high 40 |evels of the

over ex{eesgengrPprotein. Such protein aggregates typicall ypcisbiiesa:
recovered, solubilized, denatured and refolded using techniques well known
in the art. See Kreuger, et al. (1990Q) in Protein Folding, G erasch and
King, eds., pgs WD 98/08873 PCT/USQTF 5042 -18 136-142, Anerican

Associ ation for the Advancenent of Science Publication No. 89-18S,

Washi ng C. 3, Alterations to a
precurstc?%né_% Amgffﬁyﬁ ana?wgglg?ln r?c?r,a(%% zgdﬁé’ﬁc?@‘entt ofr FRIERSE desired
GLP-1 é’mxéqlog:ammmM 8er108ti Veshangtmde Db . vie laindk mawn m&tdwﬂs Nahen cal
nodi fi gatgon, g@epzymatic nodification, or a combination of chemnical and
enzymati'c nodification of GLP-1 precursors. The techniques of classical

sol uti on phase nmethedsakhenSerP 20PFPRUAECTC GhBtrRoes FBP-Al smaleguseful for

pr epar iand rid1 & - éeqlﬁ@h@éw €6 seauba bhaeRigeeantLpnYeRhi9dy Met hegs for
preparln t he ecul esent | nye tion are well known to

B D AR VS o FFETRIE BHeHPILkRRGR: Mo hohesn CHEP.cadoup 1o 1 he
epsi | omoddifriccagy oo, éﬁzmmatys3m0daﬁ1bataononpk|ahedmbihaglamyoﬁne of a

vari et Jit hgds t Bi.@C u Chem " Chem,ca
Nbdlfl%a%%bns of Prd%@ a*?fs@§?§EE°8§§§ Fgagﬁgng reCU§Sfrs 5“?1990)
and Ha$gRchgtiguas £ clnssharlebPidrirasp sezyletmzp@smed( sesd) . 20 For

exegrpl gyn@méwwdﬁ@e%ayqawlals@ Bt ake?li1 %&aa%gaé‘i g ‘Eg@ %%pa ed to
t he Iy& h&ﬁp Ion a ne u€$ng 5001 acetonitrile in bora er

pepti d € hRFEBENEr ANYENLALEr  NethrAgaZeKi ¢ group |s
added. pripaadyey thé Gmm»pembldeulaspbépahedp&ee@ﬂblﬂﬁﬂbhﬁaoﬁC&E@tlon 25
prior n I sine in the GP-1
derlva%%vg ?ﬁ ’%qﬁg %ggfggghkﬁkslﬁ§g§8§5ggﬁ CHGREER i s I ncor por at ed

herein by referedﬁ%ﬂlq¢mne&fs@éné@Y&nGranp&pathénepﬁléonuhmuhodgr@hp
Prig eChed Ly GiBF 1154l adPempRi Ehabll ¥sRhet 8hiCEneNBEULAL 220y of
methods known in the art. See Bioconjugate Chem. "Chemical
Modifications of Proteins: History and Apn»nlications" pages 1,
2-12 (1990) and Hashimoto et al., Pharmacuetical Res.
6(2):172-176 (1989).
20 For example, an N-hydroxy-succinimide ester of
octanoic acid can be added to the lysyl-epsilon amine using
50% acetonitrile in borate buffer. The peptide can be
acylated either before or after the imidazolic group is added.
Morebver, if the peptide is prepared recombinantly, acylation
25 prior to enzymatic cleavage is possible. Also, the lysine in
the GLP-1 derivative can be acylated as taught in W096—29342,
which is incorporated herein by reference.
The existence and preparation of a multitude of
protected, unprotected, and partially-protected, natural and
30 unnatural, functional analogs and derivatives of GLP-1 (7-

36)amide and GLP-1 (7-37) molecules have been described in the
art [see, e.g., U.S. Pat. No. 5,120,712 and 5,118,666, which

are herein incorporated by reference, and Orskov, C., et al.,
J. Biol. Chem., 264(22):12826-12829 (1989) and WO 91/11457
35 (Buckley, D.I., et al., published August 8, 1991)].
Optionally, the amino and carboxy ferminal amino
acid residues of GLP-1 derivatives may be protected, or,



30 unnatural, functional anal ogs and derivatives of GLP-1 (7 36)am de and
GP-1 (7 37) nol ecul es have been described in the art (see, e.g., US.

Pat . ﬁﬁas 12 and 5 118, 666, which are herein incorp

reference an % skov, C., et al. J. Biol. Chem, 264(22) :12 %§¥?%829
(1989) and WO 91/11457 35 (Buckley, D.l1., et al., publlshed August 8,
1991)]. Optionally, the am no and carBéxy germ nal amno acid residues of
GP-1 derivatives may be protected, or, WO 98/08873 PCTIUS97/15042 -19

optlonall one of. the ter Eh F‘ rotected. Reactions for the
f or mat i oft 5&8’ (aloHY SR B Et ﬁ%‘“ﬂj%u;ﬁ RroOtegtsd i h&eaqt ianmdar d
wor ks i n€buditig, foamaaxdianpland féhovattoﬁesﬁbhup&ot&danﬁy1g%dayﬁﬂéﬁéY"'

Pl enum P 5 #Eﬂé 1 en, "Protectlve C}oups
in C}gaﬁggégéﬁghes Séﬂ%k xﬁé¥k%o?ﬁgéﬁ8§§§ aﬁa efﬁ lIs’eptldes" Vo
I, Schr odBroaﬁdtth}’@ké;rQ\Mérﬁ ©Organic Shevastamd . NeWeXomk BrE@as) . London

Repr esengghi N%wa’\lﬂo'}.ﬁk POt rtﬂréléﬁ’up'? H' nclvbéecet:e&veXéwugys gy myl,

acetyl, isopropyl, b toxycar [ uorenylnet oxycarhb '
carboben??ﬂﬁ?&c §ﬂ@t 'ke“ﬁgﬁb e@%ﬂt%?Fbe &aﬁﬁéxyaﬁﬁoféwﬁlng gr oups

i ncl ude, pebe&degaqpml banZ)dc}ﬁS&daér mahybbnat eAcaabh\yE @&*e%rs, LorRidny |
ester, ni,t en t the term

| over - al ‘W?ﬂ {é‘g{” r\é_lﬁ%s% derl?/%]flﬁ%% %Eé&e ﬁmf'ﬁ8 BFSggﬁFlﬁ“ﬁv@ﬁﬂ“@ﬁ are
preparedlbyludeaCEDWgemhwpigmrﬁqrmilrGﬂ;eey&anmbopmbpynhe desired
pOlXﬁeptbQEOkQCEQEOHQQSe@T%dye&&fﬁgéﬂd*#gaﬁﬁ?gyiucBa@ﬁon*Q& Or'?F?CId'

Appropriate conditions for such alk ester I on 1 nc ¥ e&c
t enper at thre B%kébouBeEGGSE@Q%ﬁ}Y%%ﬁﬁFQWFYTH%OB?CEBBEt9I°H9§r1n§1a@@ut 3

hours. &bfi brampledl benz6at erstderj wadt gs @6téhpe AeRyandkeerd u- bh‘%?ldues
can be forped. Frﬁgg%gt#ﬂédﬂi éégpoxggadghgeiiﬂgtlve of a conpound used
ornme

in the present tnven for exanple,” 25 as described in
Stewart, J. M, et Cakbpox$oeltiednBhesk, PeprexieaBypl hester, Peepce Cheni ca

Company FLessac 1984 uBeNatMmeRHtLaldN: 206eRhEPLE SaLt plopmal BLP-1
reacting the desired (C;1-C4) alkanol with the desired
polypeptide in the presence of a catalytic acid such ‘as
hydrochloric acid. Appropriate conditions for such alkyl
ester formation include a reaction temperature of about 50°C

20 and reaction time of about 1 hour to about 3 hours.
Similarly, alkyl ester derivatives of the Asp and/or Glu
residues can be formed.

Preparation of a carboxamide derivative of a

compound used in the present invention is formed, for example,
25 as described in Stewart, J. M., et al., Solid Phase Peptide

Synthesis, Pierce Chemical Company Press, 1984.

A pharmaceutically-acceptable salt form of GLP-1,
of a GLP-1 analog, or of a GLP-1 derivative may be used in
the present invention. Acids commonly employed to form acid

30 addition salts are inorganic acids such as hydrochloric
acid, hydrobromic acid, hydroiodic acid, sulfuric acid,
phosphoric acid, and the like, and organic acids such as p-
toluenesulfonic acid, methanesulfonic acid, oxalic acid, p-
bromophenyl-sulfonic acid, carbonic acid, succinic acid,

35 citric acid, benzoic acid, acetic acid, and the 1like.
_Examples of such salts include the sulfate,‘pyrosulfate,
bisulfate, sulfite, bisulfite, phosphate,



of a G.P-1 analog, or of a G.P-1 derivative may be used in the present

I nvention. Acids comonly enployed to formacid 30 addition salts are

i nor garwo 9808813 such as hydrochloric acid, hydrobrom c agiTdysohMss4@i odi C
acid, sulfuric acid, phosphoric acid, and the |i ke, and organic acids such
as p- toluenesul fonic acid, nethanesulfonic acid, oxalic acid, p-

br omophenyl - sul foni ¢ acid, car boni ¢ "48id, succinic acid, 35 citric acid,
benzoic acid, acetic acid, and the like. Exanples of such salts include

the sulpf S |sulf|te hgsphat e, WO
08/ 08873[:?1%"? %ﬁ%&%ﬁha% rrg%ﬁhg"S RSEBﬁgFe mg;i R}’d}cg“g@}ﬁﬂﬁsphate,
netaph@ﬁﬂﬂﬂh?spﬁﬁﬁ%phéhbﬁﬁiée chrgmnde, bpdnﬁde acettate,, acet at e, :

pr opi oml&moaa@camal atg r?@éﬂeat schéEEt € formagutyrate,
capr oat.e, . t anoat eq.@g?@oﬁtée BBEP§OXG ate, 5 mal onat e, succdi nat e, suber at e,

sebacati&® afte, ABORLE. JPEAPEOLAERY NOXE 1Gtd 0at e,
bers oatmaonadeys cmecnznﬁtee netbylheszogtBacdtBi t EQREREACRL Emaleate,

hydr oxybe ggte (?q&ybqggogﬁg ipgtﬁghskBUtéFafgga%ﬁtrg{Lenesu f'onat e,

phenylace pr opi onate | act at e,
gamma- Fd %n&ﬁ%» m%ﬂ@mbb@meoatartdane;rqbehanasulfonate

propang?aggyygéhzogggﬂuﬁgﬂﬁgﬁyﬁeﬁgggggatgaaHgPQEQaI Pif% S\l.fonate,

mandel a and the Iike. Preferred acrid lon Salts aré tHose forned

W th n¥ Fﬁeﬁﬂﬂﬁﬂ?%ﬁﬁﬂ1QE?*M%@%%EFE?:cphenulaﬁéplgnhydnobronlc acid, and,
eaaEC|phbhy1Mﬁ$yxaﬂéwldagga@b £ﬁ§@a@Q¢Iégﬁﬁa53&3§okpﬁbgggakgpse deri ved

from 3 n|c bas e uch as, anmoni ne éarth netal

hydr oxPa&s @&Fbo cd?%%?%?%§uf€hﬂafﬁe PrRBanesydfopases useful in
preparnﬁghth@hanafi1ﬁukﬂnmatmyemapbuhabenéus soLfofatepdimamdevditexi de,

pot assh Rydr axite, aé?mmdhagmxaé&tg% SZLED GRLPPRAR, and L

i ke. The salt forns, are particula &ep- 1 anal og, or
GLP-1 fermes: widhudddgyal tarids eseph aﬂva@rmhhaymeamdnahdt ed with one

0rL370r Rydrobrenlice e defai®, UsepébidlBy Proy&Rb-hI¥ENLT QR4 gFOr exanpl e,
Base addition salts include those derived from
inorganic bases, such as ammonium or alkali or alkaline earth
metal hydroxides, carbonates, bicarbonates, and the liké.
Such bases useful in preparing the salts of this invention

20 thus include sodium hydroxide, potassium hydroxide, ammonium
hydroxide, potassium carbonate, and the like. The salt forms
are particularly preferred.

A GLP-1, GLP-1 analog, or GLP-1 derivative used in
the present invention may be formulated with one or more

25 excipients before use in the present invention. For example,
the active compound used in the present invention may be
complexed with a divalent metal cation by well-known methods.
Such metal cations include, for example, Zn*+, Mn*+, Fe++, Cb**,
cd*+, Ni++, and the like.

30 Optionally, the active compound used in the present
invention may be combined with a pharmaceutically-acceptable
buffer, and the pH adjusted to provide acceptable stability,
and a pH acceptable for parenteral administration.

Optionally, one or more pharmaceutically-acceptable

35 anti-microbial agents may be added. Meta-cresol and phenol
are preferred pharmaceutically-acceptable anti-microbial
agents. One or more pharmaceutically-acceptable salts may be
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i nvent i oh E?ggera Ve%kf% %%ﬁﬂjvm?ﬁa%r Fﬁﬁgd 5F%§h§ﬂ?é%uﬁﬂ prlate
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invention are more pfeferred. Intravenous and subcutaneous
routes of administration of the compounds used in the rresent
invention are yet more highly preferred. For parenteral
administration, an active compound used in the present
20 invention preferably is combined with distilled water at an
appropriate PH. '
Additional pharmaceutical methods may be employed to
control the duration of action. Controlled release
preparations may be achieved by the use of polymers to complex
25 or absorb the active compound used in the present invention.
Extended duration may be obtained by selecting appropriate
macromolecules, for example, polyesters, polyamino acids,
polyvinylpyrrolidone, ethylenevinyl acetate, methylcellulose,
carboxymethylcellulose, or protamine sulfate, and by selecting
30 the concentration of macromolecules, as well as the methods of
incorporation, in order to prolong release. Another possible
method to extend the duration of action by controlled release
preparations is to incorporate an active compound used in the
present invention into particles of a polymeric material such
35 as polyesters, polyamino acids, hydrogels, poly (lactic acid)
or ethylene vinylacetate copolymers. Alternatively, instead
of incorporating a compound into these polymeric particles, it
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effects and |nsul In20 resistance w pen St o1 viHds ®ffects are
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hour before surgery begins. The length of time before surgery
when the compounds used in the present invention should be
administered in order to reduce catabolic effects and insulin

20 resistance will depend on factors whose effects are known to
the'physician of ordinary skill, and include, most
importantly, whether the patient is fasted or supplied with a
glucose infusion or beverage, or some other form of sustenance
during the preparatory period before surgery, and also,

25 without limitation, the patient's sex, weight and age, the
severity of any inability to regulate blood glucose, the
underlying causes of any inability to regulate blood glucose,
the expected severity of the trauma caused by the surgery, the
route of administration and biocavailability, the persistence

30 in the body, the formulation, and the potency of the compound
administered. A preferred time interval within which to begin
administration of the compounds used in the present invention
is from about one hour to about ten hours before surgery
begins. The most preferred interval to begin administration

35 is between two hours and eight houré.before surgery begins.

As explained hereinabove, insulin resistance
_following a particular type of surgery, eleétive abdominal
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adm ni stration of the conpounds use e prese
than five WRB§sPPEYr ofibgiotFydarion, and the potency of the compound

administered. The preferred duration of administration of the
compounds used in the present invention is not more than five
days following surgery.

20 The term "post-surgical catabolic changes" is well-
known to the surgeon of ordinary skill ([Shaw, J.H.F., et al.,

Ann. Surg. (1989); Little, R. A., et al. (1987); Frayn, K.N.

(1986); Brandi, L., et al., (1993)], and is defined herein as

a state of metabolism caused by the trauma of surgery that may
25 be characterized by one or more of the following phenomena:

negative nitrogen balance, with loss of body nitrogen
[(Wernerman, J., et al., J. Parent. Enter. Nutr. 10:578-82

(1986) ; Tashiro, T., et al., J. Parent. Enter. Nutr. 9:452-5

(1985)], peripheral utilization of fat in preference to

30 glucose with reduction of the respiratory quotient [Frayn,
K.N., et al., Arch. Emerg. Med. 4:91-9 (1987) ; Stjernstrom,

H., et al., Clin. Physiol. 1:59-72 (1981)}, and endogenous
glucose production at the expense of body protein and energy
stores in spite of hyperglycemia [Gump, F.E., et al. (1974) ;

35 Black, R.B., et al., (1982); Frayn, K.N., et al., (1987);
Frayn, K.N. Br. Med. Bull. 41(3):232-9 (1985)].
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following elective abdominal surgery lasts at least five days,
but not more than three weeks, and is most profound onﬂfhe
first post—operative day, and may take up to three weeks to
20 normalize [Thorell, A., et al., (1993)]. The causes of the
observed transient insulin resistance following trauma are not
well-understood.
The dose of GLP-1, GLP-1 analog, or GLP-1 derivative
effective to normalize a patient's blood glucose level will
25 depend on a number of factors, among which are included,
without limitation, the patient's sex, weight and age, the
severity of inability to regulate blood glucose, the
underlying causes of inability to regulate blood glucose,
whether glucose, or another carbohydrate source, is
30 simultaneously administered, the route of administration and
bioavailability, the persistence in the body, the formulation,
and the potency. Where administration is continuous, a
suitable dosage rate is between 0.25 and 6 pmol/kg body
weight/min, preferably from about 0.5 to about 1.2
35 pmol/kg/min. Where administration is intermittent, the dose
per administration should take into account the interval
between doses, the bioavailability of GLP-1, GLP-1 analog, or
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15 levels, CRP and liver tests (bilirubine, alkaline phosfatase,

AST and ALT) were normal in all thirteen patients.

- Seven patients (insulin group, age, 5615 years; BMI,
25t1 kg/m?) were studied beginning at 08:00 after an overnight
fast. After an initial basal period, during which time

20 samples were taken for measurements of blood glucose and
hormones, and indirect calorimetry was performed for 30 min,
insulin (Actrapid®, Novo, Copenhagen) was infused
intravenously at a constant rate of 0.8 mU/kg/min, while a
variable intravenous infusion of glucose (200 mg/ml) was given

25 to maintain blood glucose at a constant level (4.5 mM). After
one hour at steady state conditions, all patients underwent a
standardized surgical treatment (hipartroplasty). The
operation started 290*23 minutes after the beginning of
insulin infusion. The hyperinsulinemic, normoglycemic clamp

30 was then maintained during surgery and continued for a further
3-4 hours after surgery. The data will be presented according
to the following nomenclature:

basal 30 min. before start of insulin
infusion

35 preop clamp steady state hYperinsulinemic,

normoglycemic clamp for 60 min before
surgery



251 kg/ n2) were studi ed beginning at 08:00 after an overnight fast. After
an initial basal period, during which tine 20 sanples were taken for ° '
measur ewendsfs®fs bl ood gl ucose and hornones, and indirectpEplg941RBr Y Was

performed for 30 min, insulin (Actrapid(r), Novo, Copenhagen) was infused
i ntravenously at a constant rate of O mJ kg/ mn, while a variable

I ntravenous i nfusion of glucose (200’%€7n1) was given 25 to maintain bl ood
gl ucose at a constant level (4.5 mM). After one hour at steady state

conditions, all palj SN S ardi zed suygical treatnent
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control group received infusion of insulin (0.8 mU/kg/min.),

15 and a hyperinsulinemic, normoglycemic (4.5 mM) clamp (postop)
was begun.

Indirect calorimatry (Deltatrac® Dansj®d, Sweden)
[Frayn, K.N. J. Appl. Physiol. 55(2):628-34 (1983); Takala,
J., et al., Crit. Care Med. 17(10): 1041-47 (1989)] was

20 performed for 30 minutes during the basal phase, twice dufing
surgery (early op and late op), and during the last 30 minutes
of the preop and postop clamps. Timed sampling of urine for
analysis of urinary urea excretion was performed. After
correction for changes in urea pool size [Tappy, L, et al.,

25 Diabetes 37:1212-16 (1988)], non-protein energy expenditure
(EE) , respiratory quotients (RQ) and substrate oxidation rates
were calculated.

Blood samples were collected from a heated hand vein
repeatedly during the basal, preop, early op, late op and

30 postop periods. Blood glucose was measured immediately upon
collection using the glucose oxidase method (Yellow Springs
Instruments, Yellow Springs, Ohio) [Hugget, A.S., et al.,

Lancet 2:368-70 (1957)]. Radio immunoassays (RIA) were used
to measure serum concentrations of insulin ([Grill, V., et al.,

35 Metabolism 39:251-58 (1990)}; C-peptide (Novo Research,

Bagsvard, Denmark); cortisol (Harris, V., et al., In Jaffe,
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serum insulin level duri, n% m_nut e steady-State
15 Serum in ulln levels were similar between the two

groups, both at basal and during the preop clamp. 1In the
insulin group, insulin levels remained around 60 pU/ml during
surgery and the postop clamp. 1In the control group, insulin
levels remained unchanged compared to basal levels during
20 surgery. Insulin levels at the postop clamp in the control
group were not significantly different from the levels during
the preop clamp nor different to those in the insulin group
during the postop clamp.
C-peptide levels (Table I) were similar between the
25 groups at basal and during the preop and postop clamps. The
insulin group displayed lower C-peptide levels during surgery
compared to the control group.

Serum glucagon levels decreased (p<0.05) after

surgery in both groups (Table I). However, the relative
30 change after surgery (% vs preop) was higher in the insulin

group (p<0.01 vs control).

_Serum cortisol levels (Table I) decreased after
surgery in the insulin group while levels in the control group

tended to increase (p=0.1). The postoperative levels of
35 cortisol were lower in the insulin group compared to the

control group (p<0.05).



15 Seruminsulin levels were simlar between the two groups, both at basal
and during the preop clanp. In the insulin group, insulin |evels remiined
around Q8 oblogds3during surgery and the postop clanp. In tF@r@@ﬁ;fsQLz group,
insulin levels remai ned unchanged conpared to basal | evel s during 2

surgery. Insulin levels at the postop clanp in the control group were not
significantly different fromthe | eved& during the preop clanp nor
different to those in the insulin group during the postop clanp. C peptide
| evels (Table I) were simlar between the 25 groups at basal and during
the pr d pos |ns I|n rou dis d | ower C-peptide
Ievelsegg??%g surﬁégmgngngﬁvF; %ﬁr d* ePbﬁ?ﬁF eRd@Ftevel s
decreased (p<0.05 a%f r r |n ot Ta%f ) OTHBWEREr , the
rel ative 30 changg$ @ﬁ%%lﬂﬁm#ﬁe i nsuli n

group (p<0.01 vs on frof erunrcortrsol IeveIs (TabIe I) decreased after
surgery IR ' ° S Ja _ ) ended to

i ncrease (p=0.1). The pos op o %vel s ?r 5 cor ti° ITP?%v‘r in the
i nSUl | n arad to—t he fa¥a¥al ML o | nr‘ n||n Pn(ﬂ n"_\\ OR/\D QR/DS@HB

PCTIU897/1§g§§pE{§§,T bl rmong, | vel s ati ent under oin
hi partropl asty ; thﬁaan§§+ ght %. % (cpﬂ#Pdf —%gi o afgéF %Pour
ol 5F| )+<ba

hours of nhucln nnlra sul’i R ﬁl Qlln . sﬁ?—pﬂé early

| ace post p ggp trde %g troI 68. 08 .41.09 .70.11 .70.13

.31.09 |nsuI| : 58.143%32 11 4@4@cagon36¢2trol 482

421 433 413 372“5H ||r$%%b 5zm5mmﬁ 354 $8+3* CoRiHdol 33+4"
Cortisol

control 229+39 238421 154463  116%43 366+83"
insulin 171%41  266%35 234446 21244 1724g3'"*

'p<0.05 compared to preop by the Wilcoxon signed rank test;
'p<0.05 compared to control by the Mann-Whitney U-test.

10 Glucagon levels decreased in both groups after
surgery although the greatest reduction (%) was found in the
insulin group (p<0.01 vs control). Cortisol levels decreased
after surgery in the insulin group (p<0.05 vs preop), thle
levels in the control group tended to increase (p = 0.1).

15 Thus, cortisol levels were significantly lower in the insulin
group compared to the control group after surgery (p<0.05).

Glucose infusion rates (GIRs) were not significantly
different between the insulin and control groups during the
preop clamp. The control group had a decreased average GIR

20 required to maintain normoglycemia during the postop clamp
compared to the preop clamp (-39%5%, p<0.05). In contrast,
the insulin group maintained the GIR during surgery, and, on
average, even tended to increase GIR in the postop clamp
(+16%20%, p=0.2). Most significantly, and unexpectedly, the

25 average GIR during the postop clamp in the insulin group was
significantly higher compared to the control group (p<0.05)
(see Figure 1). All changes in GIR at the preop and postop
clamps were statistically significant (p<0.05), regardless of
whether GIR was corrected for the mean serum insulin levels

30 during the periods of steady state.
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These findings conclusively demonstrate that

patients undergoing elective surgery in the fasted state

.develop postoperative insulin resistance and increased fat
oxidation. Furthermore, these findings aiso demonstrate for
20 the first time that catabolic changes after surgery are
completely abolished, and the hormonal response to stress
completely attenuated, if the patients enter surgical stress
in a state of elevated insulin levels which is maintained
throughout the operation.
25
Example 2
GLP-1 (7-36) amide was administered by a
subcutaneous infusion at a dose rate of 1.2 pmol/kg/hr, for
ten hours during the night, to five patients having non-
30 insulin dependent diabetes (NIDDM). As a control, insulin was
continuously infused in the same five patients, but on a
different day than the GLP-1 (7-36) amide infusion. The rate
of insulin infusion was adjusted every two hours to achieve
optimum control, and to avoid hypoglycemia. As demonstrated
35 by the data in Table II, and in Figure 2, subcutaneous
infusion of GLP-1 (7-36) amide nearly normalized blood glucose
without inducing hypoglycemia in any of the.patients. The



Fasting glucose levels were simlar between the insulin and control

groups. At steady-state during insulin infusion, nornoglycema was

mai nt awesroggesul ting in nean intra-individual coeffici @affs9186asi ation
for glucose of 4.60 15 in the control, and 6.2%in the insulin group. These
findi ngs conclusively denonstrate th 5 pati ents undergoing el ective
surgery in the fasted state . devel og postoperative insulin resistance and
i ncreased fat oxidation. Furthernore, these findings also denonstrate for
20 t he neitao i dBedit@to LAl AOR| GEPChanges g3f Lgs g3u e | gt el

abol i shed,. and, the hornpnal re pongeqtgogg?rtggéd%c%%géee tyeraﬁt%érg;nugﬁ%%%/ i f
the pafCieyech®d AFYH T WdctBe avezageabdosh slansissy lievail iwad evel s
whi gh lowesi it rab- 1 hgomﬁm&rgwe eaeaatnjea?. t_&éan%'}pltglez darftrb f75}§6)2
‘am de i nistered by a -subcutaneous in ign at a dose rate o :
pnol / k\gé?%'rt%clrl &lcf%nl)ﬂosufr/%md{ﬂ?ﬂﬁgtﬂréoﬂf‘ hett 53 ‘Blove 0580 -end Bdvi ng non 30
i nsul i B:80pendent di abetes (NNDDM. As a control, insulin was continuously
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for ten hours during dgfig.deght Glucose
Hour (mM) (mM) (mM) (mM)
21:00 7.5 0.45 6.9 0.68
22:00 5.4 0.76 6.6 0.55
23:00 4.5 0.16 5.9 0.98 .
0:00 4.4 0.23 5.6 0.90
1:00 4.4 0.29 5.1 0.58
2:00 4.8 0.34 5.2 0.58
3:00 5.2 0.41 5.4 0.30
4:00 5.4 0.41 5.7 0.25
5:00 . 5.8 0.41 6.0 0.30
6:00 6.0 0.45 6.1 0.38
7:00 6.2 0.45 6.1 0

.33




with GLP-1 (7-36) amde. In a control study with 10 the sane patients on a
different day, insulin was adm nistered by continuous infusion. GP-1

I nfusio Infusion (Control) Average Std. Error g Error
Bl ood Blh‘gog§ éucose d ucose Hour (mMM (MM (MM (MW Ay % 45 6. 9

0.68 22:00 5.4 0.76 6.6 0.55 23:00 4.j 0.16 5.9 0:98 0.00 4.4 0.23 5.6
0.90 1:00 4.4 0.29 5.1 0.58 2:00 4.8%.34 5.2 0.58 3:00 5.2 0.41 5.4
0.30- 4:00 5.4 0.41 5.7 0.25 5:00 5.8 0.41 6.0 0.30 6:00 6.0 0.45 6.1
0.38 7:00 6.2 0.45 6.1 0.33 WO 98/ @8343,1RCH US97/ 15042 -31 Exanple 3
During the day, GP-1 (7-36) amde was infused into five N DDM patients
for three hours duPungngrthef day, Gl (ZRk)diambde Wwae infuseanihtses

were 7: 300 @Poﬁﬁrgakiaﬁ& férlﬁh?z%el n%Qn(é LMr%g %]&dﬁ,%go [ 3% jnner),

as indicated_|n ure 3. ILn a control experinen NI DDM
pati ent andh rAeE- onThedifEedRP ddynes wane n’ whd-1Gj et toreakbast hneous! y

j ustsbefier @ d-fe: 36 ar1unéh) heandaks 302y : Indidnirask ) 0 £ @i SacdBi L g GP-1
was i nf ndi al _gl ucose excur i ons observed wth |nsuI|n

t 10
i nj ect i dr‘?/verfepg ’i‘n’i"n‘é&%gro n&x%(?lrﬁ'g\ LR | Teves NP
mai nt ai rp@d:lelmmedu:m@tllqtaﬁten aednrrfrfamermg eimh Glrizull iy vaaﬁé imfeeeed

ldo ef PRttty (S5E bE¥BLe! SpURIhy DOMH AL B2 T ndi cat e
t hat GLpngqppqﬁg %ﬁnﬂbgure 3. While GLP-1 was infused, the post-

10 prandial glucose excursions observed with insulin injection
were eliminated, and normal blood glucose levels were
maintained. Immediately after terminating each GLP-1 (7-36)
amide infusion, the blood glucose level increased .
significantly. No untoward side effects of GLP-1 (7-36) amide

15 were observed. These data indicate that GLP-1 (7-36) amide

infusion more effectively controls post-prandial glucose
levels than insulin injection, and that the control is

effective as long as GLP-1 (7-36) amide infusion is continued.



i nfusion nore effectively controls post-prandial glucose |evels than
insulin injection, and that the control is effective as long as G.P«1
(7-36) \wBlodRsdsef usion i s continued. WO 98/08873 PCTI USQ?/% 5@ TabI e
I11. Average blood glucose levels for five NNDDM patients infused with -
GP-1 (7-36) amde for three hours, beginning at the start of each neal.
In a control study with the sane pat3|26nts on a different 5 day, insulin

was admini stered by subcutaneous injection just before each neal. Meals
GP-1 1 nsul i n | nf usi on Subcut aneous

began 110 nd t 4 30.
t?%n ]AV3P A%gra 4o foxy {Fs‘é%eNEPEQSr d ucose

et
Eplr g(r: Hour (ﬁirvpag? sy 6%71 41am8d90fqr9tbrss 7.0
0.51 9:00 % udd 72ch 1mepl )q_, .84 8.2

0.7 1200940 5§78 200, o L AH qn-ddkikexeng g |
0,97 1500 7.2 0. %gy CQ?%IL:%&SS¥6L£QS]J:¢£ %ﬁgos LIRS, 2 1.06 6.5

0.590 18:00 5.7 1.5936,310.60 . L%idQo 4 30 94 Faby Re9ds2h 71 6.0
0.41 21:00 9.3 0.71 6.4 0. 44 WD 98/ 08873 PCT/U897/15042 -33- | claim
GLP-} Insulin
Infusion . Subcutaneous
Injection
Average Average

Blood std. Blood std.

Glucose Errorxr Glucose Error

Hour (mM) (mM) {(mM) (mM)
7:00 5.4 0.35 6.1 0.41
8:00 4.9 0.38 7.0 0.51
9:00 5.7 0.59 9.1 0.74
10:00 5.8 '1.06 9.9 0.78
11:00 8.1 0.94 8.2 0.76
12:00 9.4 0.59 6.5 0.74
13:00 7.2 ©1.18 9.1 0.90
14:00 5.3 1.21 8.1 0.91
15:00 7.2 0.71 7.0 0.87
16:00 10.4 0.26 7.2 0.57
17:00 9.2 1.06 6.5 0.59"
18:00 5.7 1.59 7.3 0.65
19:00 6.6 0.94 6.1 0.59
20:00 8.3 0.71 6.0 0.41
21:00 9.3 0.71 6.4 0.44




1. A nethod of attenuating post-surgical catabolic changes and insulin
resi stance, conprising, admnistering to a patient in need thereof a
conpoundwardsaasmd fromthe group 5 consisting of GLP-1, GLRBdr/8se 866
G.P-1 derivatives, and pharmaceutically-acceptable salts thereof. 2. The
met hod of Claim1, wherein the conpound.is admnistered intravenously. 3.
The nethod of Caim1l, wherein the co dind is .10 adni ni stered

subcut aneously. 4. The nethod of Clainms 2 or 3, wherein the admnistration
i's continuous. 5. Theygidod of Caim4 wherein the rate of administration
of the compound is between 0.25 and 6 15 pnol/kg/ mn. 6. The nethod of

Clai m5 wherein thératé dtethesi af sREhenvatdng Postorpogicats batubeni@. 5

and 2.4 chanbekgaiid.insullite rediwedante O abhip iWHE] j ] 0
bet ween abgut .5 an&zﬁi&t 1.2 pm)?/ke/m'(r;ﬁbgl Tﬁgpdhéﬁ} céé%?é#§1§% a
wher ei n Phe*FRtr &Ved6iTs iberﬁerﬁ%t'? a??'BﬁoFg | fedEmtak firom theegreunod of
C ai 7 2 ehBEEEN inge ocfoFIdnid iGLP alinknalogsedGLPIa\GONE Y ved, ahSQ |

admi ni st M v t eThe nethod of Claim?9
wherein ?&ggg?%g?qugani%%ﬂggéﬁﬁﬁgﬁéa¥gg 288%89 feous route. 11.' The

nmet hod of O aim 1 whereiThe metdwhoRhdClaimi ai swheseins tHeP(Cofdundi g, or

a phar meg@mi heatby¥eddd meattimilsrpal t thereof. 12. A method of attenuating
post - surgi cal catabolic, changes and_hornpnal responses to stress,
conprising, adninfsteritR§ f‘l?gcg‘cﬁﬂt‘?%n(fl?hmnéedwf’ﬁé‘leé@f thec srprRernd hias
exelDs iadminibsteppdc sabcurianedwsliynt eracting with the same 35 receptor, or

nexerting their Baoul fhE FEred SF et b o5/ despieReiBHat0ns
administration is continuous.

5. The method of Claim 4 wherein the rate 6f
administration of the compound is between 0.25 and 6

15 pmol/kg/min.

6. The method of Claim 5 wherein the rate of
administration of the compound is between 0.5 and 2.4
pmol/kg/min.

7. The method of Claim 5 wherein said rate is

20 Dbetween about 0.5 and about 1.2 pmol/kg/min.
. 8. The method of Claim 2 wherein the intravenous
administration is intermittent.

9. The method of Claim 2 wherein the compound is
administered intravenously and also administered by another

25 parenteral route.
10. The method of Claim 9 wherein the other
. parenteral route is the subcutaneous route.

11. The method of Claim 1 wherein the compound

administered is GLP(7-36) amide, or a pharmaceutically-
30 acceptable salt thereof.

12. A method of attenuating post-surgical catabolic
changes and hormonal responses to stress, comprising,
administering to a patient in need thereof a compound that
exerts insulinotropic activity by interacting with the same

35 receptor, or receptors, with which'GLP-l, GLP-1 analogs, and
GLP-1 derivatives interact in exerting their insulinotropic

activity.



-34 13. A nethod of attenuating post-surgical catabolic changes and
hor nonal responses to stress, conprising, admnistering a conpound that-

enhancego bf)edghs N sensitivity by interacting with the sag&nr &% or
receptors, with which 5 GP-1, GP-1 anal ogs, and GLP-1 erlvatl §

interact to enhance insulin sensit vty

13. A method of attenuating post-surgical catabolic
changes and hormonal responses to stress, comprising,
administering a compound that enhances insulin sensitivity by
interacting with the same receptor, or receptors, with which

5 GLP-1, GLP-1 analogs, and GLP-1 derivatives 1nteract to
enhance insulin sensitivity.



