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Analogs of the 29 amino acid sequence of growth hormone-releasing hormone (GH-RH) with agmatine (Agni) 
in position 29 have been synthesized by the solid phase method, purified, and tested in itfro and in iii~i. The 
majority of the analogs contained desaminotyrosine (Dat) in position I ,  but a few of them had Tyrl, or N- 
MeTyr'. Some peptides contained one or more additional L- or D-amino acid substitutions in positions 2. 
12. 15, 21, 27, and/or 28. Compared to the natural sequence of GH-RH(1-29)NHz, [Dat',Ala15]GH-RH(1- 
28)Agm (MZ-3-191) and [~-Ala*,Ala'~]GH-RH(1-28)Agm (MZ-3-201) were 8.2 and 7.1 times more potent 
iri vitro, respectively. These two peptides contained Metz7. Their Nle'7 analogs. [ Dat',Ala1s,Nle'7]GH-RH( 1- 
2S)Agm (MZ-2-51), prepared previously (9), and [ D - A ~ ~ ' , A ~ ~ ~ ~ , N I ~ ~ * ] G H - R H (  1-28)Agm (MZ-3-195) showed 
relative if7 iitro potencies of 10.5 and 2.4, respectively. These data indicate that replacement of Met'' by NleZ7 
enhanced the GH-releasing activity of the analog when the nlolecule contained Dat1-Ala2 residues at the 
N-terminus, but peptides containing Tyr'-D-Ala' in addition to Nle27 showed decreased potencies. Replace- 
ment of Ser28 with Asp in multi-substituted analogs of GH-RH(1-28)Agm resulted in a decrease in in r i m  
potencies compared to the parent compound. Thus, the Ser'kontaining MZ-2-5 1, and [ Dat',Alali.D- 
Lys",NleZ7]GH-RH( 1-28)Agm, its Asp2* homolog (MZ-3-149), possessed relative activities of 10.5 and 5.6, 
respectively. In iivo after the iv injection, the analogs [ Dat',Ala15,Nle'7,Asp2X]GH-RH( 1-28)Agm (MZ-3- 
149), [ Dat', Ala'5]GH-RH( 1-28)Agm, (MZ-3-191) and [ D - A ~ ~ ' , A ~ ~ ' ~ ] G H - R H (  1-28)Agm (MZ-3-201) 
showed a potency equivalent to 7.6, 4.9 and 3.3 times that of GH-RH( 1-29)NH2, respectively, at 5 min and 
20.3, 4.3 and 1.7 times higher, respectively, at 15 min. After sc administration, analogs MZ-3-149, MZ-3-191, 
and MZ-3-201 were shown to be 63.7, 55.2 and 56.8 times more potent than the parent hormone at 15 min 
and 57.6. 60.6, and 42.6 times more active. respectively, at 30 min. In addition, MZ-3-149 had prolonged 
GH-releasing activity as compared to the standard, and proved to be more potent than MZ-2-51, the tnost 
active member of our previous series (8, 9). Our studies indicate that very potent GH-RH analogs can re- 
sult from the combination of agmatine in position 29 with other substitutions. 

K q  M D Y ~ T :  growth hormone-releasing hormone: GH-RH analogs: solid phase peptide synthesis; structure-activity rela- 
tionships 

Growth hormone-releasing hormone (GH-RH) exists 
in different molecular forms, such as GH-RH( 1-44)NHz 
(1) and GH-RH( 1-40)OH (2). Structure-activity stud- 

ies have demonstrated that the amino-terminal region 
is required for the GH-releasing activity (2, 3). It has 
been observed that replacement of Tyr' by desNH2- 

' Present address: Department of medical chemistry, Albert Szent- 
Gyorgyi Medical School, H-6720 Szeged, Hungary. 
Abbreviations of the amino acids are in accordance with the recom- 
mendations of the IUPAC-IUB JCBN ( J .  Biol. Chem. 264.668473: 
Europeotr J .  Biochem. 138, 11-37. 1984). Additional abbreviations: 
Ac20, acetic anhydride; Agm, agmatine = 4-guanidino-butylamine; 
Boc, [err.-butyloxycarbonyl-: Dat, desaminotyrosine; DCM. dichlo- 

romethane; CI-SPA, 4-chlorophenysulfonyl phenoxyacetic acid, DIC, 
N . N  -diisopropylcarbodiiniide; DIEA, diisopropylethylamine; DMF. 
dimethylformaniide; GH,  growth hormone; GH-RH, growth 
hormone-releasing hormone; hGH-RH. human GH-RH; HOBt, 1- 
hydroxybenzotriazole; HPLC, high performance liquid chromatog- 
raphy; MeCN, acetonitrile; im. intramuscular; iv, intravenous: sc. 
subcutaneous; TFA. trifluoroacetic acid. 
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Tyr' (Dat) led to analogs with increased biological ac- 
tivities as a result of enhanced resistancc of the NH1- 

terminus to enzymatic degradation (4, 5 ,  6-9), and D- 
amino acid substitutions in positions 1. 2. or 3 resulted 
in analogs with increased GH-releasing activities both 
it1 vitro and it1 viva (10- 12). 

Studies with deletion analogs of the carboxy-terminus 
have showed that GH-RH( 1-29)NH: possesses the full 
intrinsic activity ii1 vitro (10, 13) and it? I ' i w  (14) and is 
the shortest fragment endoued with this property (3, 
13). Since agmatine (Agm). an amino formed by de- 
carboxylation of arginine, i.e. 4-guanidinobutylamine, 
with the following structure: H:N-(CH?),-NH- 
C(NHz)=NH, can bc effectively substituted for the Arg 
residue in certain enzyme-inhibiting peptides (15). we 
have previously synthesized GH-RH analogs with Agm 
in position 29, i.e. the analogs of GH-RH( 1-28)Agni. 
and shown that some of them arc very potent (6-9) 
in virro and iii vi\~o. 

The it1 v i m  activities are increased in some analogs 
containing GlyI5 replaced by Ala" or other hydropho- 
bic residues (4, 5 ,  16). In order to avoid oxidative in- 
activation of the analogs, Met" was replaced bq Nle in 
some peptides. Replacement of Met" by Nle decreases 
the activity of some analogs (17), but in few multiple 
replacement analogs and also in GH-RH( 1-29)NH? 
increased activities were found (16, 17). All of our ear- 
lier synthesized analogs that displayed enhanced G H -  
releasing activities contained Nle27 (6-9). 

The aim of our work was to synthesize analogs of 
GH-RH( 1-28)Agni with high GH-releasing effect. We 
cornpared the activities of analogs containing Metz7 
with those of analogs containing Nle'7 and investigated 
how some changes in the amino- or carboxy-terminal 
region of the molecules influence the GH-releasing po- 
tencies. This paper describes our findings. 

MATERIALS A N D  METHODS 

Aniitio acid denratir~er 
All protected amino acids and resins used in peptide 
synthesis were purchased from Bachem Inc., Torrance. 
CA. Protected amino acids used in the synthesis were 
of the L-configuration unless stated otherwise. The z- 
amino function was protected exclusively with the Boc 
group. The reactive side-chain functional groups ivere 
protected as follows: benzyl for Thr and Ser; 2,6- 
dichlorobenzyl for Tyr and A'-MetTyr; p-toluene- 
sulfonyl for Arg, 2-chlorobenzyl-oxycarbonyl for Lys. 
cyclohexyl for Asp. and sulfoxide for Met. The side- 
chains of asparagine and glutanline were unprotected. 

Chemicals (DMF,  Acz0, TFA, DIC, and DIEA) 
used in peptide synthesis were obtained from Aldrich 
Co., Milwaukee, WI, and mere analytical or HPLC 
grade. HOBt was obtained from Advanced Chem- 
Tech, Louisville, KY, and HF was obtained from 
Matheson. 
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Sj~rithesrs of Boc-irgniariiie 
20 g (86 mmol) agmatine sulfate was suspended in 
300 mL 50", aqueous acetone, 25 m L  (179 mmol) tri- 
ethylanline and 25 g ( 1 15 inmol) di-tert.-butyl dicarbon- 
atc was added in small portions with stirring. After 2 h, 
an additional 12.5 g di-tert.-butyl dicarbonate was 
added, followed by another 12.5 g portion. After over- 
night stirring, the insoluble part was removed by filtra- 
tion. The basic solution (pH = 10-11) was extracted 
with diethjl ether (3  x 100 mL) and lyophilized. The 
residue was dissolved in 200 mL of distilled water and 
15 g sodium bicarbonate was added. The solution was 
kept at 4' in the refrigerator until white solid began to 
form. The yield of Boc-agmatine hydrogen carbonate 
was 15.8 g (67",) ,  melting point 128-130", with de- 
composition. The crude material can be recrystallized 
from water. 

Sjwrhesis qf' 4-clrlorosuIfbti~d pheiioxpcetic acid 

8 g (54 mmol) phenoxyacetic acid was dissolved in 
75 niL chloroform, cooled to 0" and 16.5 mL chloro- 
sulfonic acid in 25 mL chloroform was added drop- 
\vise. After 25 min, the temperature was allowed to 
reach 2 5 ' .  The mixture was then poured on ice and 
the aqueous phase was extracted twice with 50 mL 
ether. The combined organic phase was dried over an- 
hydrous sodium sulfate and evaporated in VNCUO. The 
solid was recrystallized from ether-hexane (1: 1 mix- 
ture). The yield was 11.5 g (87.5";). The melting point 
was 159-162'. 

The purity was checked on Sigma F254 TLC ana- 
lytical plates in solvent A-ethyl acetate-acetic acid 9: l 
(v#/v) and solvent B-ether-hexane 2:l  (v/v) plus one 
drop of acetic acid. Rfl: Phenoxyacetic acid in system 
A=0 .85  and in system B =0.34. R f 2 :  Chlorosulfonyl 
phenoxyacetic acid in system A = 0.77 and in system 

(CI-SPA ) 

B = 0.17. 

S!xthesis qj. B o c - c ~ ~ t ~ ~ n t i i i e - N ~ - s i ~ ~ o t i ~ ~ I - ~ h e n o x y a c e t i ~  
crud (Boc-Agtir-SPA) 
Boc-agmatine hydrogen carbonate 4.5 g (1 1 mmol) was 
taken up in 5 0 m L  aqueous acetone and the pH was 
adjusted to 12 with NaOH.  4-Chlorosulfonyl phenoxy- 
acetic acid 5 g (20 mmol) in 15 m L  acetone was added 
in small portions with continuous stirring and cooling 
in an ice bath and the pH was kept at 12 with 4~ 
NaOH.  The reaction was followed by analytical RP- 
HPLC. The reaction was stopped after 3 h by acidify- 
ing the solution with loo,, citric acid. 

The acetone was removed in vucuo and the residue 
was extracted with 3 x 100 mL ethyl acetate. The com- 
bincd organic phase was successively washed with sat- 
urated NaCl solution and then dried over sodium sul- 
fate. After evaporation to dryness at room temperature, 
the crude Boc-Agm-SPA was obtained as an oil con- 
taining Agm-SPA and 4-sulfonyl phenoxyacetic acid in 
various proportions. After HPLC purification, the crys- 
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The column was eluted with a solvent system consist- 
ing of (A) 0.1 9' aqueous TFA and (B) 0.1 ',; TFA in 
70% aqueous MeCN in a linear gradient mode (e.g. 
30-7070 B in 80 min). Fractions were pooled for max- 
imum purity rather than yield. 

Analytical HPLC 
The analyses of crude and purified peptides were car- 
ried out on a Hewlett-Packard Model HP-1090 liquid 
chromatography using a 4.6 x 250 mm W-Porex C- 18 
silica gel column (particle size 5 pm, pore size 300 A, 
Phenomenex, Rancho Palos Verdes, CA). Elution was 
1.2 niL/min with solvent system described above (lin- 
ear gradient mode). 

talline material formed has a melting point of 146- 
154". The yield was 2.8 g (71°/'). 

Coupling of the Boc-Agin-SPA to the solid support 
1.5 g(3.5 mmol)Boc-Agm-SPA wasdissolvedin 20 mL 
DMF and reacted with 0.94 g (7 mmol) HOBt in the 
presence of 0.55 mL (3.5 mmol) N,N'-diisopropyl- 
carbodiimidc at room temperature for 30 min. The re- 
sulting activated ester solution was added to 2.5 g neu- 
tralized and D M F  washed aminomethyl resin (0.6 mmol 
free amino group/gram resin). The resin was stirred for 
90min and the unreacted free amino functions were 
blocked with 5 7' acetylimidazole in D M F  and washed 
several times with D M F  and methanol. 

Pep tide sj 'n thesis 
The analogs of GH-RH( 1-29)NH2 were prepared by 
manual solid-phase synthesis using the method de- 
scribed by Kent (18) on an aminomethyl resin 
(0.47 mmol/g, Bachem Inc., Torrance, CA) for analogs 
with C-terminal Agm. 

The protected amino acids were coupled in 3 M ex- 
cess in the presence of N,N'-diisopropylcarbodiimide 
for 20-40 min. Boc-Asn-OH and Boc-Gln-OH were 
coupled via their 1 -hydroxybenzotriazolyl ester, and 
Boc-Arg(Tos)-OH was coupled in the presence of 
1 equiv. HOBt. Coupling steps were monitored by the 
standard ninhydrin test ( 19) and repeated when neces- 
sary with preformed symmetrical anhydrides. When the 
repeated coupling was incomplete, acetylation was per- 
formed with an excess (30-fold) of acetic anhydride in 
DMF. 

The Boc group was removed after each completed 
coupling step by two treatments with 1009; TFA for 1 
and 4 min each. Deblocking steps were followed by 
washing with DMF and neutralization with 5;;  DIEA 
in DMF. 

After completion of the synthesis, the dried and pro- 
tected peptide-resin was treated with a mixture consist- 
ing of 1 .O mL m-cresol and 10 mL anhydrous hydrogen 
fluoride per gram of peptide-resin for 45 min at 0" to 
cleave the peptide from the resin and to deprotect the 
side chain functional groups. After the removal of the 
hydrogen fluoride under a stream of nitrogen in vacuo, 
the free peptides were precipitated with ether, filtered, 
washed with ether and ethyl acetate, extracted with 
50': acetic acid, diluted with water, and lyophilized. 
Methionine sulfoxide was reduced to methionine by 
treatment with thioglycolic acid at 57" overnight and 
the solutions of the peptides were lyophilized. 

Pirrijicution 
Crude peptides were purified by using a MacRabbit 
HPLC system (Rainin Instrument Co. Inc., Woburn, 
MA) equipped with a Knauer UV Photometer and a 
Kipp and Zonen BD40 Recorder and a 21.2 x 250 mm 
DYNAMAX column packed with spherical C18 silica 
gel (300 A pore size, 12 pm particle size) (Rainin Inc.). 

Ainino acid analysis 
Analyses were performed with a Bcckman 6300 amino 
acid analyzer. Samples were hydrolyzed at 110" for 
20 h in evacuated tubes containing 6 M hydrochloric 
acid. 

Bioassqs 
The GH-releasing activities of the peptides were as- 
sayed in vitro using a system based on superfusion of 
male rat anterior pituitary cells (20). Each peptide was 
perfused through the cells for 3 min at various concen- 
trations (30 p ~ - l  p ~ ) .  GH content of the 1 niL frac- 
tions collected was determined by RIA. The net inte- 
gral values of the G H  release were evaluated and related 
to that of 1 nM GH-RH(1-29)NHz. 

For in vivo experiments, male Sprague-Dawley rats 
weighing 230-280 g were anesthetized with 60 mg/kg of 
sodium pentobarbital (Nembutal, Abbott laboratories, 
North Chicago, IL) between 0800 h and 0900 h and 
20 min later the analogs MZ-3-149, MZ-3-191, MZ-3- 
201 and GH-RH(1-29)NHz, dissolved in 0.9"/, saline, 
were injected iv or sc; control groups were injected only 
with saline. Blood samples were drawn from the jugular 
vein before and 5 ,  15, 30 and occasionally 60 min after 
the administration of the analogs and were replaced 
with saline. Groups of 5-7 rats were used in each ex- 
periment. G H  levels were measured by RIA using ma- 
terials supplied by the National Hormone and Pituitary 
program. Interassay variation was less than 15"' and 
intra-assay coefficient of variation was lower than 10%. 
Results were expressed as the mean i SEM. Statistical 
significance was assessed by Duncan's new multiple 
range test. The potencies of the peptides, based on 4- 
point assays, were calculated by the factorial analyses 
of Bliss and Marks with 950,' confidence limits (21). 

RESULTS AND DISCUSSION 

A novel series of analogs of human GH-RH( 1-28)Agm 
was synthesized by solid-phase methodology, following 
the method of Kent (IS), to shorten the time of the 
synthesis. Every synthesis was finished within 4-5 days 
depending on the number of the necessary repetitions 
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of incomplete coupling steps. The purity of crude pep- 
tides corresponded to that of our earlier synthesized 
peptides. 

After reduction of Met(0) with thioglycolic acid in 
peptides that contain Met27 the analogs were purified 
by preparative HPLC. The purity of isolated peptides 
was greater than 95”” on the basis of absorbance data 
obtained on analytical HPLC. Amino acid analyses of 
the pure products showed the expected amino acid 
compositions ( t 5 ”/b. 

The peptides were tested in vitro for their ability to 
release G H  from dispersed rat pituitary cells, as com- 
pared to GH-RH( 1-29)NHz. Table 1 presents the struc- 
tures and relative in tifro GH-releasing potencies of the 
12 new GH-RH( 1-28)Agm analogs, the parent com- 
pound GH-RH( 1-29)NH2 and two previously prepared 
control peptides (MZ-2-51, MZ-2-75). 

We reported earlier that some analogs of GH-RH( 1- 
29)NHz containing Agm” are very active (6-9). In 
addition to Agm substitution, all these peptides con- 
tained Nle in position 27. In order to determine whether 
the high GH-releasing potencies of these analogs are 
due to replacement of Arg” by Agm or whether addi- 
tional substitutions such as Nle’7.Ala’5.~-Ala’ and 
Dat’ play a role in the increased activities, we synthe- 
sized a series of peptides: hGH-RH( 1-28)Agm (MZ- 
3-175), [Nle27]GH-RH(1-28)Agm (MZ-3-179), [Dat’,  
Ala15]GH-RH( 1-28)Agm (MZ-3-191), [ Dat ‘,AIa’j, 
Nle”]GH-RH( 1-28)Agm (MZ-2-51). (9), [ D-Ala’. 
Ala15]GH-RH( 1-28)Agm (MZ-3-201) and [ D-Ala’. 
Alal’, NleZ7]GH-RH( 1-28)Agm (MZ-3-195). 117 v i m  
results showed that replacement of Arg” by Agm in the 
GH-RH( 1-29)NH’ molecule (MZ-3-175) caused a 
slight increase in the relative potency. 1.2. Introduction 

of [ Dat’,Ala’j] and [~-Ala’ ,Ala’~]  into GH-RH( 1- 
28)Agm (MZ-3-175) led to MZ-3-191 and MZ-3-201 
possessing relative activities of 8, 2 and 7.1. respec- 
tively. Nle” substitution in GH-RH( 1-28)Agm (MZ- 
3-179) and MZ-3-191 (MZ-2-51) increased the poten- 
cies to 3.8 and 10.5, respectively. However, the same 
substitution in MZ-3-201 (MZ-3-195) resulted in a de- 
crease of relative potencies to one third, that is, 2.4. 
Apparenth, the effect of replacement of Met27 by Nlc 
depends on the N-terminal structure; it is advantageous 
in the presence of Datl-Ala’ but is unfavorable when 
paired \vith TyrI-D-Ala’. The relative potencies of 
peptides containing Agm at the C-terminus increase in 
the following order: GH-RH( 1-29)NH. < GH-RH( 1- 
28)Agm < [ Nle”]GH-RH( 1-28)Agm < [ D-Ala2, AlaI5]- 
GH-RH( 1-28)Agnl< [Dat1,Ala”]GH-RH(1-28)Agin 
< [ Datl, Alalj, Nle27]GH-RH(1-28)Agm. 

The synthesis of analogs containing N-MeTyr’ was 
based on the fact that incorporation of this amino acid 
together with D-Ala’ and Ala’ j into GH-RH( 1-29)NH2 
yielded a very active analog (5). Our analogs that con- 
tain N-MeTyr’ were less active than peptides with des- 
NH’-Tyr in position 1. [ N-MeTyr’, D-Ala2, Ala“, 
NIe”]GH-RH(1-28)Agm (MZ-3-213) displayed 2.6 
times higher G H  release than GH-RH( 1-29)NH2, but 
comparing its activity with that of MZ-2-51, replace- 
ment of Dat’ by N-MeTyr’ (MZ-2-217) decreased the 
potency to one-fourth. 

The effects of the iv administration of GH-RH(1- 
29)NH2, used as a reference standard, and of the an- 
alogs MZ-3-149, MZ-3-191, and MZ-3-201 in male 
rats 5 min after the injection are shown in Table 2.MZ- 
3-149, MZ-3-191, and MZ-3-201 induced G H  release 
7.6, 3.9. and 3.3 times as great as GH-RH(1-29)NH?, 

Code No. Amino acids in position Relative 
potency 

7 1 - I?. 15 21 27 2X 29 

hGH-RH( 1-29)NHz 
MZ-3-115 
MZ-3-149 
MZ-3-175 
MZ-3- I79 
MZ-3- 191 
MZ-3-195 
MZ-3-199 
MZ-3-201 
MZ-3-213 
MZ-3-2 17 
MZ-3-22 I 
MZ-3-225 
MZ-2-75.‘ 
MZ-2-5 1” 

T) r 
Dat 
Dat 
TJ r 
T! r 
Dat 
T> I_ 

D at 
T! r 
2’-MeTur 
.l-h.leT! r 
2’-MeT) r 
.C-MeT!r 
Dat 
D<lt 

Met S el’ 
Nle Asp 
Nlc ASP 
Mct Ser 
Nle Scr 
Met StX 
Nle Scr 
Nle Ser 
Met scl- 
Nle Scr 
Nlc Ses 
Nlc S er 
Nlc Ser 
Nle S or 
Nlc Ser 

ArgNH? 1 .o 
Agm 1 

Agm 1.1 
4gni 5.6 

Agm 3.8 
Agm 8.2 
Agm 2.4 
Agm 0.6 
4gm 7.1 
Agm 2.6 
4gIll 3.4 
Agin 1 . 1  
Agni I .5 
Agm 4.0 
Agni 10.5 

(9). 
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TABLE 2 
Intruvenou.~ aetivity qf GH-RH(l-29)-NH2 rind its Agni un~ilogs ii7 rests 011 GH releuse in inrile i-(it,F 

~ 

Pcptide 
~~~ ~~ 

Dose Plasma GH (ng mL) hlean ? SEM 

(vcgikg) 
0 mm 5 min 15 niin 

Saline 76.5 f 13.2 80.7 2 16.7 32.1 * 2.7 

GH-RH( 1-29)NHl 0.4 78 & 6.5 22L.bfJh.3* 63.7 i 18.5 
59.0 13.3 450.4 5 53.6** 1 2 1 . O - t  l4.9* 1.0 

Potency I .0 I .o 
MZ-3- 149 0.2 81.2k 17.0 531.1 2 129** 196.1 k39 . l "  

0.5 67.2 & 14.8 1796.6 f 245** 355.0 2 69.4** 
Potency 7.6 20.9 
95",, limits (3.3-16.7) (3.5-292.3) 

0.5 63.7 & 10.4 501.4 i- 84.9b 107.8 * 24.9.' 
Potcncy 4.9 4.3 
95"" limits (1.3-18.6) (0.8-21.9) 

MZ-3-201 0.2 79.5 f 13.3 109.6 37.7" 47.1 8.7 

MZ-3- I9 I 0.2 53.5 f 8.3 352.5 f 65Lib 124.4 +_ 36.7.' 

133.1 ? 21.1.' 0.5 71 .05  10.9 690 5 93.1" 
Potency 3.3 I .7 
957, limits (1.9 f 5.8) (0 .95  3.3) 

Potencies of the analogs were calculated by the factorial analysis of Bliss and Marks with 959, confidence limits and n w c  based on the 
doses of 0.4 and 1.0 pg/kg b.w. of GH-RH(I-29)-NHr and 0.2 and 0.5 pglkg b.w. of the analogs. 
a P<0.05 and " P<0.01 vs. saline. 

respectively. When these analogs were compared to the 
parent hormone at 15 min post-injection, they showed 
potencies 20.9, 4.3, and 1.7 times higher, respectively. 
The intravenous activity of analog MZ-3-149 was higher 
than that of MZ-2-51, which induced G H  release 4.4 
times as great GH-RH(1-29)NH2 at 5 min and 5.57 
times higher at 15 rnin (8). Thirty rnin after the injec- 
tion, only the G H  levels in animals injected with MZ- 
3-149 at the dose of 0.5 pg/kg were higher (P<0.05) 
than in controls. The response to 0.5 pg/kg of MZ-3- 
149 at 5 min post-injection was significantly greater 
than the G H  level induced by the same dose of MZ- 
3-191 and MZ-3-201 (P<0.01) or by 1.0 pg/kg of GH-  
RH(l-29)NHz (P < 0.01). Both doses of MZ-3-149 (0.2 
and 0.5 pg/kg) produced a significantly greater G H  re- 
lease than the standard (P<0.01) 15 min after the in- 
jection. 

The sc activity of these peptides is shown in Table 3. 
The relative potencies of MZ-3-149, MZ-3-191 and 
MZ-3-20 1 compared to GH-RH( 1-29)NHl (accepted 
as 1.0) were 63.7, 55.2, and 56.8 at 15min and 57.6, 
60.6, and 42.6, respectively, at 30 rnin post-injection. In 
previous tests (8) the sc activity of MZ-2-51 was 34.3 
times greater than that of GH-RH(1-29)NHl at 15 min. 
At 60 min, only MZ-3-149 showed significant activity 
(P t0 .05)  compared to controls at the dose of 0.5 pg/  
kg. These results indicate that the Agm analogs MZ- 
3-149, MZ-3-191, and MZ-3-201 are much more po- 
tent than the parent hormone when they are injected sc 
or iv. Furthermore, MZ-3-149 shows a more prolonged 

G H  release than GH-RH( 1-29)NH2. These findings 
indicate that these analogs are resistant to local degra- 
dation at the site of injection and suggest that they are 
also less susceptible to enzymatic inactivation in the 
bloodstream and/or that they possess a greater affinity 
for the GH-RH receptors than GH-RH( 1-29)NH?. 

Our work shows that in addition to Agm in position 
29, substitutions in other positions, e.g. 1, or 2, 15, 27 
and/or 28 can lead to analogs with increased GH- 
releasing activities. 

Analogs of GH-RH( I-28)Agm containing Dat in 
position 1 or D-Ala in position 2 ,  plus A h ' '  display 
peptides with very high activity. Substitution of Met?' 
by Nle increased the potency further provided it was 
purified with Dat'. Replacement of S e P  by Asp caused 
a certain decrease of the activity iii vitro (Table 2). 
Although among our new analogs [ Dat1,Ala15]GH- 
RH( 1-28)Agm (MZ-3-191), [ D - A I ~ ~ , A ~ ~ ~ ~ ] G H - R H (  1- 
28)Agm (MZ-3-201), and [ Dat1,Ala's.Nle27,Asp?S] 
GH-RH( 1-28)Agm (Mz-3- 149) showed, in that order. 
the highest activity itz v i m ,  they were less active than 
the Nle2' homolog of MZ-3-191 (MZ-2-51) or our pre- 
vious series (9). 

These four peptides were also the most active iri  v i m  
but in an entirely different potency order. Previousl\~. 
we reported that our agmatine analog [desNHZ-Tyrl, 
Alals, Nlez7]GH-RH( 1-28)Agm (MZ-2-5 1) was 4.4 
and 34.4 times more potent than GH-RH(1-29)NH: 
when it was injected iv and sc, respectively (8). Our 
results indicate that the new agmatine analog MZ-3- 
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Peptide Dose Plasma G H  (ng mL) Mean SEM 

(jig kg) 
11 niin 15 min 30 min 

Salinc 

GHRH( 1-29)NHz 

Potency 

MZ-3-149 

Potcncq 
95"" limits 

MZ-3- I9 1 

Potency 
9500 limits 

MZ-3-201 

Potencq 
95"" limits 

50 
I50 

I .5 
4.5 

1 .s  
4.5 

1.5 
4.5 

78.0 f 12.3 

69.4 i 13.8 
60.0 2 12.8 

77.8 f 11.3 
74.8 f 10.7 

47.2 f 8.9 
68.8 9.8 

73.8 f 11.3 
7'3.0 2 9.8 

6.4 i 15.6 

177.3 f ??.Oh 
462.2 i 25.9b 

1 .o 
273.6 k 78.3h 
794.4 _+ 129h 

63.7 
(30.0- 100.3) 

255 .3  c 5.0** 
736.2 f 1 1  2** 

55.2 
(36.1-84.5) 

290.3 f 36.2** 
672.2 f lJil+" 

( 3  1.2- 103.3) 
56.8 

62.4 f 12.4 

125.2 f 10.03 
138.5 f 48.3" 

106.1 & 10.3" 
207.0 2 20.0h 

1.0 

57.6 
(24.1 - 137.7) 

119.3 f 19.0* 
223.5 k 29.0* 

60.6 
(17.9-205.2) 

117.5 2 15.0* 
173.8 i 23.7"" 
42.6 
(7.7-235.6) 

Potencies of the analogs were calculated b) the factorial ana1)sis of Bliss and hlarks Xvith 95", confidence limits and were based on the 
doses of 50 and 150pg kg b.\v. of GH-RH(I-29)-NH3 and 1.5 and 4.5 p g  kg b.\v. of the analogs. 
: ' P<0 .05  and P <0.01 i s .  saline 

149, which is structurally similar to MZ-2-5 1, but con- 
tains Asp in position 28 in place of Ser (Table 1) is 
more potent than GH-RH(1-29)NH., and also more 
potent than MZ-3-191 and MZ-3-201. Thus. MZ-3- 
149 with Aspz8 appears to be at present the most po- 
tent analog in iivo and more active than its S e P  ho- 
molog, MZ-2-5 1, which is the most potent analog 
in vim. While activity iri vitro mainly depends on the 
binding capacity of the peptides to their receptors, high 
in vivo potency also requires the fulfilling of some ad- 
ditional criteria, such as favorable transport properties, 
suitable binding the plasma proteins, enhanced ability 
to permeate various barriers and metabolic stability. 
These latter criteria seem to be met by the zwitterionic 
Asp(0- )'"-Agrn(H + ) portion of MZ-3-149 to an ex- 
tent that recompenses for the higher binding capacity of 
MZ-2-5 1 rendered by its basic Ser'8-Agm(H + ) moiety. 

Although further investigations are necessary to de- 
termine the acute and chronic effects in other animal 
species and in humans, it is likely that our highly active 
GH-RH( 1-28)Agm analogs. especially MZ-3- 149, nil1 
find important clinical and veterinary applications. 

ACKNOWLEDGMENTS 

We thank Dr. Kate Groot and Mr. S. Song for performing the 
hormone assays and the National Hormone and Pituitar! Program 
(NHPP) for the gifts of materials uscd in radioininiunonssa!. The 
ivork described in this paper was supported b! a grant from W.R. 

'I6 

Grace and Co.-Conn. and National Institutes of Health pant -  
DK07467 and h! the Medical Research Service of the Veterans 
Affairs (to 4.V.S.). 

REFERENCES 

1. Guilleniin. R.. Brazeau, P.. Bohlen, P., Esch, F.. Ling, N .  & 
Wehrenberg. W.B. (1982) Science 218, 585-587 

2 Rivier. J.. Spiess, J.. Thorner, M. & Vale, W. (1982) Nunwe 
(Lorlcloir) 300. 216-278 

3. Wehrenberg, W.B. & Ling, N. (1983) Biochem. Biophy.7. Rex 
Coviimiri. 115, 525-530 

4. Felix. A.M.. Wang, C.-T., Heirner. E., Fournier, A,, Bolin, D.R., 
Ahmad, M., Lambros. T., Moules, T. & Miller, L. (1988) in 
Peprider: Chemiwj, rrrid Bio/ogj, (Marshall, G.R., ed.), pp. 465- 
467. Esconi. Leidcn 

5 .  Felix. A.M.. Hcimer, E . P . .  Wang. C.-T., Lambros. T.J., Fourn- 
ier, A.. Modes ,  T.F.. Maines, S., Campbell, R.M., Wegrzynski, 
B.B.. Toome. V., Fry, D. & Madison, V.S. (1988) In!. J .  Pepride 
Proreiir Res.  32. 441-454 

6. Kovacs, M., Gulyas. J., Bajusz, S. & Schally, A.V. (1988) Life 
Sci. 42, 27-35 

7 .  Gul!as. J. ,  Bajusz, S. & Schally, A.V. (1988) Peprides (Penke. B. 
& Toruk. A,. ed.), pp. 113- 116, Walter de Gruytcr, Berlin 

X Bokscr. L.. Zarandi, M . .  & Schally, A.V. (1989) L$e Sci. 46. 
999- 1005 

9. Zarandi. M., Csernus, V.. Bokscr, L., Bajusz, S. ,  Groot, K .  & 
Schall), A . V .  (1990) I m .  J .  Peptitle Prorein Re.y. 36. 499-505 

10. Lance.V.A..Murph). W.A.,Suciras-Diaz,J.&Coy,D.H.(1984) 
Biochem. B iuph j~ .  Res. Cowriurr. 119, 265-272 

1 1 .  Coy. D.H.. Murphy. W.A.. Sueiras-Dias, J . .  Coy, E.J. & Lance, 
V . A .  (1985)J .  Med. Cheni. 28, 181-185 



GH-RH agonists 

19. Kaiser, E., Colescott, R.L., Bossinger, C.D. & Cook, P.I. (1970) 
Anal. Biocheni. 34, 595-598 

20. Csernus, V.J. & Schally. A.V. (1991) Neuroendocrine Rrsetrrch 
Merhods: (Greenstein, B.D.. ed.), Hamood Academic Publish- 
ers, London 

21. Pugsley, L.I. (1946) Endocrinology 39. 161-176 

12. Ling, N., Baird, A,,  U’ehrenberg, W.B., Ueno, N., Munegumi, T., 
Regno, T.C. & Brazeau, P. (1984) Biochem. Biopbys. Res. 
Corjnnun. 122. 304-310 

13. Ling. N., Baird, A,,  Wehrcnherg, W.B., Ueno, N., Munegumi, T. 
& Brazeau. P. ( I  984) Biochein. Biophj~s. Res. Convniu?. 123, 854- 
86 I 

14. Grossman, A,. Savage, M.O., Lytras. N., Preece, M.A., Sueiras- 
Diaz, .l., Coy, D.H.. Rees, L.H. & Besser. G.M. (1984) Chi. 
Didocrinol. 21, 321-330 

15. Bajusz, S., Barabas, E. & Bagdy, D.  (1983)Peptides 1982 (Blaha, 
K.  & Malon, P., eds.), pp. 643-647, Walter de Gruyter, Berlin 

16. Felix, A.M., Hciiiier, E.P.. hlowles, T.F., Eisenbeis, H., Leung, 
P., Lambros, T.J., Ahrnad. M., Wang, C.-T. & Brazeau, P. (1986) 
Pepptides 1986 (Theodoropoulos, D., ed.), pp. 481-484, Walter de 
Gruyter, Berlin 

17. Co). D.H.. Murphy, W.A., Lance, V.A. & Heiman, M.L. (1986) 
Peptides Suppl. I ,  7, 49-52 

18. Schneider, I. & Kent, S.B.H. (1988) Cell 54, 363-368 

Address: 

Dr. Andrew V. Schal/y (151) 
Veterans Administration Medical Center 
1601 Perdido Street 
New Orleans, LA 70146 
USA 
Phonc: (504)589-5230 
Fax: (504)566-1625 


