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Iniroduction. Tissue hormones of polypeptide nature
affecting smooth muscles and possessing vasoactive
Properties {(hypo- and hypertensive) are called ‘kinins’
(kinin hormones) by RocHa E SiLval-3, These
kinins are not secreted by specific glands but released
from inactive precursors in blood plasma. Besides the
angiotensins4-%, compounds with hypotensive proper-
ties (properly called plasmakinins?), bradykinin, kalli-
fiin, and methionyl-lysyl-bradykinin have been chem-
lcally and pharmacologically characterized:

Bradykinin (kallidin I or kallidin-9)

H-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH
1 2 3 4 5 6 7 8 9

Kallidin (kallidin II or kallidin-10)

H-Lys-Arg-Pro-Pro-Gly-1’he-Ser-Pro-Phe-Arg-OH
1 2 3 4 5 6 7 8 9 10

Methionyl-lysyl-bradykinin

H-Met-Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH
1 2 3 4 b 6 7 8 9 10 11

Apart from providing a brief summary of the most
important pharmacological properties of the original
kinins, this review will give a survey of the chemical
Modifications and the changes of biological activity
Connected therewith.

Isolation and structural investigations. Bradykinin,
Which was first described in 1949 by RocHA E SiLva
et al.8 a5 a hypotensive substance stimulating smooth
Muscles, is released by the action of either snake ven-
Oms (Bothrops jararaca) or trypsin on plasma proteins.
ISOlation and structural clarification were achieved by

LLIOTT et al.®% in conjunction with synthetic ex-
Periments carried out by Borssonnas et al.13-15.

According to WERLE et al. !¢ kallidin is obtained by
the incubation of bovine serum with trypsin-free sub-
Maxillaris-kallikrein, The same authors also succeeded
I elucidating the structure of kallidin. Pierce and

EBSTERI%1® established the same structure for a
deCapeptide released by incubating acid-treated hu-
Man plasma with urinary kallikrein (human).

Methionyl-lysyl-bradykinin could be isolated by

LLioTT et al.?® after incubating an acid-treated
Pseudo-globulinfraction of bovine plasma at pH 7.5.

The same authors were also able to determine its un-
decapeptide structure.

Formation and degradation. The mechanism of kinin
formation from inactive precursors present in the oy-
globulin fraction of plasma in an enzymatic way is not
clear as yet2-2, Several laboratories are working on
the isolation of kininogenes?2i-31,
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Kallidin and methionyl-lysyl-bradykinin are con-
verted to bradykinin by aminopeptidases as well as by
trypsin %1932 The C-terminal arginin is first removed
by chymotrypsin in all three kinins and subsequently
the phenylalanyl-seryl bond is split™33 The C-
terminal arginin and phenylalanin residues are re-
moved by carboxypeptidases1t.13,33-38, Specific inhib-
itors have not so far been ascertained37-42,

Pharmacological activities. Apart from the chemical
characteristics, extensive qualitative and quantitative
pharmacological examinations with synthetic and
natural bradykinin (trypsin- and snake venom-brady-
kinin) revealed the identity of all three products (how-
ever, see recent examinations by PEREIRA4%4). The
activities of bradykinin may be briefly outlined as fol-
lows®21,45-51 " concerning effects on smooth muscles,
circulation, capillary permeability and local effects on
tissues {pain and oedema).

The intravenous LDy, of synthetic bradykinin for
white mice amounts to 16-20 mg/kg*. However, ex-
periments of our own revealed that even quantities up
to 70 mg/kg (injection time 1 min) are still tolerated.

An in witro contracting action of bradykinin on the
ileum of guinea-pigs, rats, rabbits, cats, and dogs has
been described. The activity is exclusively myo-
tropic52. Apparently only the longitudinal muscles are
contracted®. The threshold dose for the guinea-pig
ileum amounts to 1 ng/ml%. Some smooth muscle
preparations like the rabbit duodenum and the rat
colon are relaxed by doses of 1 ng/ml and then con-
tracted by bradykinin 55, The rat duodenum responds
with relaxation only %58,

The rat uterus is the most sensitive organ with re-
gard to bradykinin. The threshold dose is between 0.03
and 0.1 ng/m1453.57 The isolated human myometrium
is influenced by very high doses only .59, [y situ, the
uteri are less sensitive.

The isolated bronchial muscles of dog, rabbit, and
man are not affected by bradykinin®. Intravenous
doses of up to 0.2 pg/kg bradykinin, however, cause
bronchoconstriction in urethan-anaesthetized guinea-
pigs5%5%81, 62, Bradykinin when inhaled from aerosols
has a strong bronchoconstrictory effect in asthmatics %,

No increased depletion of milk could be observed in
lactating rabbits after intravenous administration of
bradykinin in doses between 0.01 and 10.0 ug/animal®.

Bradykinin causes a brief decrease in arterial blood
pressure in all the mammals tested as well as in man
and hen54-56,6568 {threshold doses: rabbits 0.05 ug/kg,
dog and guinea-pig 0.2 ug/kg, hen 40-80 ug/kg).
Pressor effects are frequently observed in nephrec-
tomized or intact rats with subnormal blood pressure 7.

Unanaesthetized dogs with an exposed loop of the
carotis communis and carotis interna showed an in-
creased blood flow in both these spheres after intra-
venous {10-80 ug) or intra-arterial (5-20 ug) adminis-
tration of bradykinin®. By means of registration of the
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intra-cranial venous pressure and the intra-cranial
venous blood flow, a dilatation of the cerebral ves-
sels® could be observed in dogs under chloralose-
anaesthesia after the intravenous administration of
0.5-3 ug/kg.

The isolated hearts of guinea-pigs (threshold doses
0.1-1 ng/ml"), rabbits, cats, dogs, and rats respond t0
bradykinin with a considerably increased coronary
flow. Spiral strips of the coronary arteries of sheep
respond to 0.001-0.1 pg/mi™.
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In the perfused lungs of dogs, a dilatation of the
vessels and a dropping of the resistance of the pul-
Monary artery could be observed 7278 after the injec-
tion of 0.5-5 pg/kg bradykinin.

After 5 yg/kg bradykinin unanaesthetized and un-
Testrained dogs showed an increased heart frequency
and cardiac output and a decreased peripheral resist-
ance of the vessels? 7 in the course of hypotension.
Intravenous doses of 1-8 uglkg bradykinin cause a
Considerable but only briefly increased rate of respira-
tion in guinea-pigs and rabbits under urethan-anaes-
thesia. High doses (20~40 pg/kg i.v.) cause a cessation
of breathing in guinea-pigs lasting for 10-30 sec?77.

In man, bradykinin causes a dilatation of the periph-
eral arteries and thus diminution of the systolic and
diastolic pressure, increase of the cardiac output and
the pulse rate®® 787 Flushing in the face, a feeling of
OPpressed respiration, palpitation, and a chill or feeling
of heat over the whole body are observed after intra-
Venous administration. The haemodynamics of the
kidneys (0.07 pg/kg per min) are influenced by brady-

inin, The considerable hypotension after high doses
Causes a decrease of the diuresis®:81,

The capillary permeability in guinea-pigs is in-
Creased by intracutaneous injection of 0.001-0.01
48/0.1 m154-56.6582  After subplantar injection (rat,
1-100 ug/0.1 ml) a dose-dependent oedema develops
at the paw within 30-60 min838¢,

. E:I;Eerning the physiological role of kinins, see *

Kallidin does not differ qualitatively from brady-
kinin in its pharmacological properties. Quantitative
differences could, however, be found in different assays
by StisrMER and BERDE™-#. As an example, kallidin
Possesses one-third of the bradykinin activity in the
Ruinea-pig ileum and ca. two-thirds in the rat uterus.
Kallidin is three times more active than bradykinin on
the blood pressure of the rat and twice as active on
the blood pressure of the rabbit.

Methionyl-lysyl-bradykinin has about one-quarter
the activity of bradykinin on the isolated ileum of
8uinea-pigs, the rat uterus, colon, and duodenum, as
well as on bronchoconstriction in guinea-pigs, vaso-
dilatation in cats and pain production in man?®. A
Quantitative comparison of the synthetic methionyl-
1}’Syl-bradykinin and bradykinin on the blood pressure
of rabbits revealed that the undecapeptide has twice
the activity of bradykinin®%,

_ Synthesis. Boissonnas et al.13 (Figure 1) succeeded
I carrying out the first synthesis of bradykinin with
Complete biological activity. Other syntheses were
described by GUTTMANN et al.% (Figure 2), Nico-
LAIDES and DEWALDY (Figure 3), and afterwards by
StEM1oN 98 (Figure 4). The syntheses of kallidin which
Were carried out by PLEss et al.%, NICOLAIDES et
al.100 4nd ScHRODER and GIBIAN 'Y respectively, can
¢ seen from Figures 5, 6, 7, and 8,
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Methionyl-lysyl-bradykinin has been prepared by
ScHRODER® from tert.-butyloxycarbonyl-L-methionyl-
Ne-tert.-butyloxycarbonyl-L-lysinhydrazide and bra-
dykininhydrochloride, and removal of the protecting
groups with trifluoracetic acid.

Relations between chemical structure and biological
activity. Particularly BoDANszkY et al.1%2, Nico-
LAIDES et al.1®, and SCHRODER® have synthesized
numerous analogues of bradykinin and kallidin in an
attempt to discover relationships between structure
and activity. The compounds listed in Table I have
been subdivided into ’analogues by modified func-
tional groups’, 'analogues by replacement of amino
acids’, ‘analogues by shortening of the peptide chain’
and ‘aminoacyl-bradykinins (kallidin analogues)’.
Since different test objects (rat uterus, guinea-pig
ileum, blood pressure of rat, guinea-pig, or rabbit, and
bronchoconstriction of guinea-pig) were employed by

72 B, A, WaaLER, J. Physiol, {London) 154, 57 P {1960).
7 B, A, WaaLeg, J. Physiol. (London) 157, 475 (1961).
74 F, OumsteD and L. H. Pacg, Am. J. Physiol. 203, 951 (1962).
1% I, H, Pace and F. OLMSTED, Am. J. Physiol. 201, 92 (1961),
YV, Gjuri§, B, HeickE, P, Hovrz, and E, WesTERMANN, Exper. 18,
385 (1962).
17 Y, Gyuris and E. WESTERMANN, Arch. exp. Path. Pharmak. 245,
285 {1963).
78 H, BROGHAMMER and W. WERNITsCH, Z. Kreislaufforsch, 57, 798
(1962).
» T, M. pE Frerras, E. Z. Faraco, and D. F. pE Azevepo, Circu-
lation 29, 66 (1964).
8 D, P. MERTZ, Arch. exp. Path. Pharmak. 244, 405 (1963).
81 M, RocHa E S1LvA JR. and G. MaLnic, Med. Exp. 7, 329 (1962).
8 8, WrrtE, K, Tn, SCHRICKER, and K. Scumip, Arzneimittelforsch.
11,619 (1961).
8 J. MfiroN and J. LEcomts, C. R, Soc. biol. 755, 947 (1961).
8% E. StUrmMER and A. CerLeTTI, Helv, physiol. pharmacol. Acta 19,
€32 (1961).
8 S, M. HiLton and G. P. LEwis, Brit. Med. Bull, 13, 189 (1957).
8 C. G. Hucoins and E. J. Waraszek, Am. Heart J. 66, 976 (1960).
87 H. Ko~zerr, E. STURMER, and A. CERLETTI, Clin. terap. 20, 21
(1961).
8 G. P. LEwrs, Physiol. Rev. 40, 647 (1980},
8 G. P. Lewis, Nature 792, 596 {1961).
% G P. Lewis, Ann. N.Y. Acad. Sci. 184, 236 {1963).
81 E. SrormER and B. BerpE, Arch. exp. Path. Pharmak. 243, 355
(1962).
92 I, SturMER and B. BerbpE, J. Pharmacol. exp. Therap, 139, 38
(1963),
9 P, HoLtz, 3. HEICKE, and S. Barck, Exper. 18, 184 (1962).
% P, Hortz, S, Barck, and B. Heickg, Arch. int. Pharmacodyn,
140,79 (1962).
9 1. ScurSpER, Exper. 20, 39 (1964).
%8 S1, GurrManw, J. Press, and R, A. Boissonnas, Helv. chim.
Acta 45, 170 (1962).
97 K. D. Nicovampes and H., A. DEWaLp, ]. org. Chem. 26, 3872
(1961).
98 1, Z. Siem1on, Roczniki Chem. 38, 133 (1964).
% J. Press, i. STUrRMER, ST. GurrmanN, and R. A. BoIssoNNAs,
Helv. chim. Acta 45, 394 (1962).
100 B, D. NicorAipes, H. A, DEWaALD, and D, A, McCarTny, Bio-
chem. biophys. Res. Conunun. §, 210 {1961).
1 17 Scuréper and H. Gisran, Liebigs Ann. 673, 176 (1964).
102 M, Bopanszky, M. A. OnpETT1, J. T. Sueenaxn, and S. LANDE,
Ann. N.Y. Acad. Sci, 7104, 24 {1983).
108 £, D, NicorLaipes, H. A. DEWaLp, and M. K. Crarr, Ann. N.Y.
Acad. Sci. 104, 15 (1963).
104 E, ScHRODER, 6th Peptid-Symposium (Athen 1963), in press
(Pergamon Press).



532

the different research groups, a comparison is some-
times possible to a limited degree only.

It has been shown in biologically active polypeptides
of which many synthetic analogues are so far known
{angiotensintype4-%, oxytocin-vasopressintype10% 19§,
bradykinin-kallidin-type), that the change of the bio-
logical activity, which accompanies the replacement
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of amino acids in a single position, is highly dependent
upon the character of the amino acid being exchanged.

85 R, A. Boissonxas, St. GurtMany, B. Beror, and H. KoNZETT,
Exper. 17, 377 (1961).

105 3, Bproe, Pharmacologie des hormones neurohypophysaires €4 de
leurs analogues synthétiques (Masson et Cie,, Paris 1963).

Syntheses of bradykinin

1 2 3 4 6 7 8 9
Arg Pro Pro Gly Phe Ser Pro Phe Arg
/NOZ
Cbo OH H OBzINO,
| No, Boc o,
Cho! OMe Cbo NHNH Cbo OMe Cbo OBzINO,
No, BoC NO,
Cbo OH H NHNH Cbo NHNH, H OBzINO,
N, BOC NO,
Cbo NHNH Cbo OBzINO,
NO; /NO2
Cho NHNH, H OBzINO,
fNOg /NO2
Cbo OBzINO,
H OH
Arg Pro Pro Gly Phe Ser Pro Phe Arg
Fig. 1. BoissonNas et al.!3
1 2 3 4 5 6 7 8 9
Arg Pro Pro Gly Phe Ser Pro Phe Arg
/Tos
Cho OH
Tos
Cho OH H OH
Tos
Cho OEt Cbo OH
Tos
Cho OH Cho NHNH, H OH
] /Tos /Tos
Cbom=OPhNO, H OH Chbo OH
/Tos /TOS
Cho OPhNO, H OH
Tos Tos
Chbo OH
H OH
Arg Pro Pro Gly Phe Ser Pro Phe Arg

Fig. 2. GurTMANN et al.®®
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1 2 3 4 5 6 7 8 9
Arg Pro Pro Gly Phe Ser Pro Phe Arg

NO,
Cbo OMe

NO,
OMe

Cbo

NO,
Cbo OMe

NO,
Chbor OMe

NO,
Cbo! »*OMe

NO,
Cbo OMe

~

NO,
Cho OMe

(Cbo), NO,
Cbo OMe

N

Cbo NO,
OH

H OH

Arg Pro Pro Gly Phe Ser Pro Phe Arg

Fig. 8. NicoLaipes and DEWaLp®?

1 2 3 4 5 6 7 8 9
Arg Pro Pro Gly Phe Ser Pro Phe Arg
L /NO2
Cbo=OPhNO, Cbo=OPhNO, Hmm(OH
NO, NO,
HMOH Cho=OH Cbo OH Chbo=0OH H=OPhNO, Cho=OH
/N02 /N02
Cbow=OH HwOMe Cbo=OPhNO, H OH Cbo OPhNO, ChowmOBzINO,
NGO, NO,
Cho OMe Cbo OH Cbo OH  H#=0OBzINO,
NG, /N02
Cbo NHNH, H OH Cbo OBzINO,
NO, NO,
Cbo OH H OBzINO,
/N02 /Noz
Cho OBzINO,
H OH
Arg Pro Pro Gly Phe Ser Pro Phe Arg

Fig. 4. SiEmMION®8
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Syntheses of kallidin
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1 2 3 4 5 6 7 8 9 10
Lys Arg Pro Pro Gly Phe Ser Pro Phe Arg
/Tos
Cbo OH
/Tos Tos /,’I'os
C!:oe-[-'OPhNO2 H OH - HBr
Tos /Tos
Cbo OH
P OH
Lys Arg Pro Pro Gly Phe Ser Pro Phe Arg
Fig. 5. PLEss et al.®®
Lys Arg Pro Pro Gly Phe Ser Pro Phe Arg
NO, NO,
Cbo! OBzINO,
/Cbo ’/NO,‘, !,Noz
Cbow=sOPhNO, H OBzINO,
Chbo NG, NO,
Cbo 4 4 /OBZIN O,
H OH
Lys Arg Pro Pro Gly Phe Ser Pro Phe Arg
Fig. 6. PLEss et al.®®
1 2 3 4 5 6 7 8 9 10
Lys Arg Pro Pro Gly Phe Ser Pro Phe Arg
NO,
Cho OMe
/Cbo NO, /NOz
Cho OPhNO, H OMe
Cbo NO, VO,
Cbo / /gMe
Cho NQO, /N02
Cbo OH
H OH
Lys Arg Pro Pro Gly Phe Ser Pro Phe Arg

Fig. 7. N1coLAIDES et al, 100



15. X, 1964

Articoli riassuntivi — Surveys

535

1 2 3 4 5 6 7 8 9 10
Lys Arg Pro Pro Gly Phe Ser Pro Phe Arg
NO,
Cbo NHNH, H OMe
O,
Cbo OMe
Cho No, NO,
Chow=OH H OMe  Chommmmmm—— )11 H OMe
Cbo NO, NO,
Che OMe Cbo OMe
/Cbo NO, N,
Cbo OCH H OMe
Cbo - NO, NO,
Chbo 4 4 /OMe
Cbo NO, NO,
Cbo 4 4 OH
H OH
Lys Arg Pro Pro Gly Phe Ser Pro Phe Arg

Fig. 8, Scur6pEr and Gisian 161

Depending upon the amino acid used, both ineffec-
tive and also highly effective analogues may result
from a change in one single position (e.g. the inactive
tyr.oxytoxin or the active val-oxytocin). Therefore,
the different positions cannot in every case be com-
Pared per se with regard to their importance for bio-
logical activity.

For modifications of biologically active polypeptides
by replacing amino acids, the following principles were
taken into consideration: exchange of amino acids
Telated in structure [e.g. Arg/Cit, Ser/Thr, Lys/Orn,
Glu/ASp, Glu(NH,)/Asp(NH,), Ileu/Leu/Val], or re-
lated in polarity (e.g. Arg/Lys/Orn, GlufAsp). Fur-
thermore, exchanges were made of complementarily
charged amino acids [e.g. Lys/Glu], or by the omission
Or substitution of functional groups [e.g. Ser/Ala,
Tyr/Phe, Lys/Lys(Form), Arg/Arg(NO,), Glu/Glu-
(NH,)]. Finally it was attempted to detect an influ-
€nce of the length of the chain by shortening or length-
€ning the peptide chain at the N- or C-terminal or in
the middle, respectively, The information available on
Principles of the primary structure of polypeptides
and proteins is also frequently used as a guide for the
€xperimental exchange of amino acids. In this respect,
the fact may be mentioned that frequently only one or
4 few amino acids are exchanged in the amino acid
Sequences of polypeptides or proteins of functional
®Quality. This refers also to polypeptides and proteins
of the same organs of different species and possibly
®ven only of different individuals. Furthermore,

changes of the position, insertions or omissions of
amino acids occur07-109,

For the first time in the case of the bradykinin
molecule, it was attempted to replace one by one the
position by a single amino acid (alanin)%119 The
result of this systematic replacement is shown in Fig-
ure 9. Based on additional results with replacement by
other amino acids, the following relationship of struc-
turc-activity is obtained: the bradykinin analogues
are randomly divided into three groups: effective,
medium effective and slightly effective (i.e. practically
inactive) analogues with 1-1/50 or 1/50-1/500 and
<(1/500 of the original bradykinin activity.

A replacement of amino acids by alanin in the posi-
tions 1, 5, 7, 8 and 9 {compounds III, XIX, XXX,
XXXIV, XLII} causes a decrease of activity to 1/1000
or less compared with bradykinin on the blood pres-
sure of rabbits, i.e. inactive derivatives are obtained.
Analogues such as Glyl-bradykinin (VI), Gly?-brady-
kinin (XLIV), Asp(NH,)’-bradykinin (XXXI) and
His?-bradykinin (XXXIII) are also ineffective, and
confirm the importance of positions 1, 7, and 9. In the
case of Ala’ a considerably lower loss of activity
{1/100) is noted with smooth muscle preparations [see

197 H. Gip1AN, Z, Naturforsch. 16b, 18 (1860).

108 ¥, Jorm, Coll. Czech. Chem, Commun, 27, 1604 (1962); 26, 1180
(1961); 24, 3169 (1959).

100 B, Kerw and F. Sorwm, Coll. Czech. Chem. Commun. 27, 1310
(1962).

10 §. ScHRODER, Liebigs Ann., in press.
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Table I
Nr. Variation Substance Amino acid sequences
in position
Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH
1 2 3 4 5 6 7 8 9
() Bradykinin analogues with modified functional groups

NO, NO,

i 1
1 149 Arg(NO,)-Arg(NO,)®-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-A4rg-OH

CONH,
i
II 6 (O-Carbamyl-L-Scr)8-Bradykinin H-Arg-T'ro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH
(B) Bradykinin analogues by replacing of amino acid

111 1 Alal-Bradykinin H-A4la-Pro-Pro-Gly-Phe-Ser-I’ro-Phe-Arg-OH
v 1 Citl-Bradykinin H-Cit-I'ro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH
v 1 Glu'-Bradykinin H-Glu-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH
VI 1 Gly*-Bradykinin H-Gly-Pro-’ro-Gly-Phe-Ser-Pro-Phe-Arg-OH
VII 1 Lys'-Bradykinin H-Lys-Pro-Tro-Gly-Phe-Ser-Pro-Phe-Arg-Oll
VIII 1 Orn*-Bradykinin H-Orn-Pro-Pro-Gly-Phe-Ser-Tro-Phe-Arg-OH
19,4 2 Ala®-Bradykinin 11-Arg-A4la-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH
X 2 Val?-Bradykinin H-Arg-17al-Pro-Gly-Phe-Ser-Pro-Ihe-Arg-OH
X1 142 Prol-Arg?-Bradykinin H- Pro-A4rg-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH
X1 3 Alad-Bradykinin H-Arg-Pro-Ala-Gly-Phe-Ser-Pro-Phe-Arg-OH
XIII 3 Pip*Bradykinin H-Arg-Pro- Pip-Gly-Phe-Ser-Pro-Phe-Arg-OH
X 3 Val-Bradykinin H-Arg-Pro-17al-Gly-Phe-Scr-Pro-Phe-Arg-OH
XV 4 Alat-Bradykinin H-Arg-Pro-Pro-4la-Phe-Ser-Pro-Phe-Arg-OH
XVI 4 Prot-Bradykinin H-Arg-Pro-Pro- Pro-Phe-Ser-Pro-Phe-Arg-OH
XVil 4 Sar?-Bradykinin H-Arg-Pro-Pro-Sar-The-Ser-Pro-Phe-Arg-OFH
XVIl 4 Sér"—Brad vkinin H-Arg-Pro-Pro-Ser-Phe-Ser-Pro-Phe-Arg-OH
XIX 5 Alab-Bradykinin H-Arg-Pro-Pro-Gly-4la-Ser-Pro-Phe-Arg-OH
XX 5 Tyrd-Bradykinin H-Arg-Pro-Pro-Gly-Tyr-Ser-Pro-Phe-Arg-OH
XX1 [ Ala®Bradykinin H-Arg-VPro-Pro-Gly-Phe-4la-Pro-Phe-Arg-OH
XXI11 G Gly®-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Gly-Pro-Phe-Arg-OH
XXin 8 Sar®-Bradykinin H-Arg-Yro-Pro-Gly-Phe-Sar-Pro-Phe-Arg-OH
XX1v 4] v-Ser®-Bradykiniu H-Arg-Pro-Tro-Gly-Phe-n-Ser-Pro-Phe-Arg-OH
XXV 6 Thrf-Bradykinin H-Arg-Pro-Pro-Gly-Phe- Thr-Pro-Phe-Arg-OH
XXVI 346 Ala®-Gly®-Bradykinin H-Arg-Pro-Ala-Gly-Phe-Gly-Pro-Phe-Arg-OH
XXVIl 446 Serd-Gly®-Bradykinin H-Arg-Pro-Pro-Ser-Phe-Gly-Pro-Phe-Arg-OH
XXVIIT 546 Ala%-GlyS-Bradykinin H-Arg-Pro-Pro-Gly-Ala-Gly-Pro-Phe-Arg-OH
XXIX 546 Pro’-Gly®-Bradykinin H-Arg-Pro-'ro-Gly- Pro-Gly-Pro-Phe-Arg-OH

Exremiestia XX/10
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Biological activities

l?at uterus
(isolateq)

Guinea-pig ileum
(isolated)

Rabbit
blood pressure

Guinea-pig
blood pressure

Guinea-pig broncho-
constriction

References

Laaomw grog — ¢

100

< 111500

17600
Lapo
< 1/1500

—

1/500
1/300
/100

~ 1/500
1

—

< /1500

—

™~ 1/800
11000
11500
/10

1
110

< 11500

_—

1-107% g/l = 1

< 1/1500

1/150-1/300
1/150

1/500

~ 1/1500

1

~ 1/1500

< 1/1500

< 1/800
1/500

< 1/800
< 11500
1/150

1/5

1/3-1
1/1500

1/3
/5

1/100

< 1/1500

501078 g/kg = 1

~ 1/1000

< 1/1000

1/250
1/200
1/200

~ 11500
1

1125

1/300

~ 1/200
14125
~ 1/200
~ 1/1000
1/300

1/10

1/2-1
171060

110
1/8

1/100

1/200

< 1/1000

21077 glkg = 1

< 1/100 (rat)
1/250

1/300

1/10

1/50

1/2000

210 %7g/ml =1

< 1/2000
< 1/500

< 1/2000
< 1/2000

1/62

1/1000

<< 1/2000

1/40

< 1/500

CERLETTI et al. 48

Nrcoraipes and DEWaALD Y

Bonaxszky et al.5?

BopaNszKY et al, 57,102

NicoLAIDES et al. 108
DEWaLD et al. 111

SCHRODER 104, 110

Bopanszky et al, 37102
OnpETTIT?
NICOLAIDES et 2].10%, 18

NicoraIpes et al. 138
SCHRGDER 104

NrcoLAIDES et al. 103, 118
SCHREDER 184, 114

NICOLAIDES et al, 198 118
SCHRHBDER1IM 110
ScHRODER (unpublished)
SCHRODER et al, 104, 118
SCHRGDER 104, 110
NICOLAIDES et al. 108
ScHRODER (unpublished)

ScHRGDER et al. 118
SCHRODER 104

ScHRODER (unpublished)
ScurODER {unpublished)
ScurOpER (unpublished)
SCHRODER 04,116

SCHRODERIM
SCHRODER ¢t al. 118
Nowaxg7?

SCHRYUDER 104,110

Bonanszxy et al, 10% 118
SCHRODER 104118

Scuriper 10t

N1cOLAIDES et al, 102
DEWALD et al. 111

DEWaLD et al. 111
ScHRGDER (unpublished)

ScHRODER {unpublished)

SCHRODER et al, 118
ScHRODER 104

Scurdper {unpublished)

ScHRODER (unpublished)
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Nr. Yariat'iqn Substance Amino acid sequences
in position
XXX 7 Ala’-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser-4/a-Phe-Arg-OH
NH,
XXXI1 7 Asp(NH,)?-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser—z‘isp-Phe-Arg-OH
XXXII 7 Gly?-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser-Gly-Phe-Arg-OH
XXXIII 7 His?-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser-His-Phe-Arg-OH
XXXI1V 8 Ala8-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Ala-Arg-OH
XXXV 8 p-Phet-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser-Pro-n- Phe-Arg-OH
F
XXXVI 8 Phe{F)3-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser-Pro- }:’he-Arg-OH
¥
XXXVII 8 p-Phe(F)8-Bradykinin H-Arg-Pro-Pro-Gly- Phe—Ser-Pro-D-ii’he‘Arg-OH
XXXVII 2444648 Phe?-Sert-Gly®-Pro®-Bradykinin H-Arg- Phe-Pro-Ser-Phe-Gly-Pro- Pro-Arg-OH
« Retrobradykinin»
XXXIX 2-8 Arg-heptagly-Arg H-Arg-Gly-Gly-Gly-Gly-Gly-Gly-Gly-Arg-OH
XL 546-+8 Leu®-Thrt-Leu?-Bradykinin H-Arg-Pro-Pro-Gly-Leu- Thr-Pro-Leu-Arg-OH
XLI 648 Thr8-Leut-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Thr-Pro-Leu-Arg-OH
XLIT 9 Ala®-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-A4la-OH
XLIII 9 Cit®-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Cit-OH
XLIV el Gly®-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Gly-OH
XLV 9 His?-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-His-OH
XLVI 9 Lys*-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Lys-OH
XLVII 9 Orn?-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Orn-OH
XLvIia 149 Cit!-Cit?-Bradykinin H-Cit-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Cit-OH
XLIX 1+9 Dab!-Dab?-Bradykinin H-Dab-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Dab-OH
L 1+9 Lys!-Lys?-Bradykinin H-Lys-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Lys-OH
BOC
LI 149 Lyst-Lys{BOC)?-Bradykinin H-Lys-Pro-Pro-Gly-Phe- Ser—Pro-Phe-Il,ys-OH
LI 74849 Phe?-Arg?-Pro®-Bradykinin H-Arg-Pro-Pro-Gly-Phe-Ser- Phe-Arg- Pro-OH
() Bradykinin analogues by shortening the peptide chaint
LIII 1 Des-(Arg)l-Bradykinin H-_]-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH
LIV 3 Des-(Pro)3-Bradykinin H-Arg-Pro{__|-Gly-Phe-Ser-Pro-Phe-Arg-OH
LV 7 Des-(Pro)?-Bradykinin H-Arg- Pro-Pro-Gly-Plle-Ser-]:]-Plle-Arg-OH
LVI 3+447 Des-(Pro?)-Gly®-Pro*-Bradykinin H-Arg-Pro-Gly-Pro-Phe-Ser-| __|-Phe-Arg-OH
LVII 44547 Des-{Pro”)-Phet-GlyS-Bradykinin H-Arg-Pro-Pro-Plze-Gly-Ser-Lj—Phe-Arg-OH
LVIII 3+7 Des-~{Pro®-Pro%)-Bradykinin H-Arg-Pro-]___|-Gly- Phe-Ser-| __ |-Phe-Arg-OH
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Biological activities

References

Rat uterus Guinea-pig ileum Rabbit Guinea-pig Guinea-pig broncho-

(1solated) (isolated) blood pressure blood-pressure constriction

1780 1/100 < 1/1000 — - SCHRGDER 104 110

- — — 1/1000 0 NicorLaipzes et al. 108

/100 — — — — Bopanszky et al, 102,118

- < 1/1500 ~ 1/1000 e e SCHRODER et al, 16

~ 11500 ~ 1/1000 ~ 1/1000 o — SCHRODER 104,110

— _ o 1/4 1/60 NiIcOLAIDES et al, 109

— — — 1/4 /20 NicoLAIDES et al. 118

— . - 1,5 1,4 N1COLAIDES et 31,108

- - e 1,5 1,4 NicoLAIDES et al, 119

— . — 1/3 1/100 NiICOLAIDES et al.1¥®

'fnaCtiVe up to 10— — - - - VOGLER et al,}20

nactiveup to 8105 — —— - - Lanprizt

<< 145000 — — - - Bopanszky et al, 102

0 — — - - Bopanszky et al, 102, 118

Slight activity — - - - STEWART?2

Bradykinin-like — - - e STEWART122

activity,

in small doses anti

1/500 < 1/800 < 11000 e — SCHREDER 104 110

/400 —_ - - - Bopanszky et al, 5102

/400 _ — < 1/100 (rat) — OnDpETTI IS

— _ — 1/20 1/1000 MICOLAIDES et al 103
DeEWaLp and NicoLAIDES!®

< 11500 < 1/1500 ~ 1{1000 - — SCHRODER 104

- —_ — 1/20 1/2000 NiCOLAIDES et al.108

- — - 1/20 < 1/2000 DEWaLp and NICOLAIDESIZ®

- ~ 1{500 ~ 1/1000 - — ScHRODER (unpublished)

1/500 1/5 1/10-1/30 - — SCHRSDER 104, 114

-~ 1/100 1/400 - e ScHRODER et al, 1%

< 1/5000 — - - — Bopanszky et al.b% 102

< 1/5000 — - < 1/100 (rat} — OxDETTINE

Inactive up to 1074 — - - - VoOGLER et al, 1%

< /1500 << 1/1500 1/500 - - SCHRODER10 114

< 1/1500 < 1/1500 < 1/1000 — — SCHRODER 1M, 114

< 1/300 1/150 < 1/1000 - - SCHRODERM

- — e 1/80 << 1/2000 NICOLAIDES et al, 108, 118

120 1/100 — - — GurTmany and BoissonNas®

Inactive up to 10~

inactjve up to 10—

Inactive up to 10-8

~—

inactive up to 1078

inactive up to 10-3
inactive up to 10—

inactive up to
2,6+ 108

BorssoNnas et al. M
SCHWYZER et al, 1%
NICOLAIDES et al, 1#6
GurTMANN and BorssonNas!®
GurrMany and BoissonNasis

GurrManN and Boissonnas!®
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Nr. Variation Substance Amino acid sequences
in position
LIX 9 Des-{Arg®)-Bradykinin H-Arg-Pro-Pro-Gly-The-Ser-Pro-Phe| jFOH
LX 149 Des-(Arg!-Arg?)-Bradykinin H-| |-Pro-Pro-Gly-Phe-Ser- Pro-Phe- jfFOH
LXI 1454648 Des-(Argl)-Leu®-Thré-Leus-Bradykinin H- -Pro-Pro-Gly-Leu-Thr-Pro-Leuw-Arg-OH
{0) Bradykinin analogues by lengthesving the peptide chain
{Kallidin and Kallidin analogues)
Kallidin H-Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH
1 2 3 4 5 6 7 8 9 10
LXI1 1 Argt-Kallidin H-Arg-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH
LX1I1 1 Gly!-Kallidin H-Gly-Arg-Pro-Pro-Gly-Phe-Ser- Pro-Phe-Arg-OH
LXIV 1 Orn'-Kallidin H-0rn-Arg-Pro-Pro-Gly-The-Ser-Pro-Phe-Arg-OH
LXV 1 Phel-Kallidin H- Phe-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH
LXVI 2 Lys®-Kallidin H-Lys-Lys-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH
LXVII 7 Gly?-Kallidin H-Lys-Arg-Pro-Pro-Gly-Phe-Gly-Pro-Phe-Arg-OH
¥
)

LXVIIT 9 Phe(F)?-Kallidin H-Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro- Phe-Arg-OH
LXIX 10 Lys™®-Kallidin H-Lys-Arg-Pro-Pro-Gly-FPhe-Ser-Pro-Phe-Lys-OH
LXX (Met-Lys-Arg)'-Bradykinin H-Met-Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH

The values given by SCHRODER, resp. SCHRODER et al., for guinca-pig ileum and rat uterus have been obtained by a comparison of the threshold

sults (half-logarithm scale) within the range of a 10%,-359%, decline,

also Gly?-bradykinin (XXXII)]. Contrary to AlaS-
bradykinin (XIX) the blood pressure of rabbits shows
only a loss of activity to 1/300in the case of Tyr®-brady-
kinin (XX). Following a p-substitution of the Phe®-
residue by a fluor atom [Phe(IF)8-bradykinin (X XXVI)]
an increased activity can be observed on the blood
pressure of guinea-pigs and the bronchoconstriction.
Even after a reversal of the configuration [p-Phe®-
bradykinin (XXXV)] and also after additional -
substitution [D-Phe(F)8-bradykinin (XXXVII}] a high
activity of 1/4 or 1/3 is maintained at the guinea-pig
ileum. The bronchoconstrictory activity is somewhat
lower in this case. The aromatic side chain in position
8 must, therefore, subsist if biological activity is to be
maintained. A p-substitution does not turn out to be
disadvantageous. However, it is not yet possible to
judge if this also refers to substituents other than the
one examined so far. Similar results concerning the
importance of the aromatic side chain apply also to
position 5.

Besides replacing the N- and C-terminal arginin
residues by neutral amino acids, the influence of acid,
or of other basi¢c amino acids, and of citrullin, struc-
turally resembling the arginin, have been examined in

these positions. Lys!-bradykinin (VII) has 1/10 of the
bradykinin activity on the blood pressure of guinea-
pigs and 1/250 on the blood pressure of rabbits. Lys®-
bradykinin (XLVI) is considerably more active with
1/10-1/30 of the bradykinin activity on the blood pres-
sure of rabbits. The corresponding Orn-analogues
(VIILL or XLVII) are less active. Citrullin analogues
showed interesting findings. While Citl-bradykinin
(IV) has 1/250 of the bradykinin activity on the blood
pressure of guinea-pigs and thus has a lower activity
than the Lys!-compound, a value of 1/20 is obtained
for Cit%-bradykinin (XLIII). Cit!- and Cit®-brady-
kinin with a value of <1/100 demonstrate equal activ-
ity on the blood pressure of rats.

From the higher activity of the bradykinin ana-
logues which are modified in position 9 as compared
with those in position 1, it can be concluded that the
Argi-residue is of great importance. The activities of
Des-(Arg)!-bradykinin (LIII) and of Des-(Arg)®-brady-
kinin (LIX), with 1/80 and <(1/2000 respectively of the
bradykinin activity, on the blood pressure of guinea-
pigs are, however, contrary to these observations. The
high activity of the Cit-compounds as compared with
the Ala- and Gly-derivatives shows a distinct influence
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Biological activities

Rat uteryg

References

R Guinea-pig ileum Rabbit Guinea-pig Guinea-pig broncho-

{isolateq) {isolated) blood pressure blood pressure constriction

-~ — — < 1/2000 < 1/2000 NICOLAIDES et al. 109
DeWarp and NicorLaipes'®

- — —_ < 1{2000 << 1/2000 NicoLAIDES et al, 108

inactive — — e — STEWART122

ca. 1/2-2/3 1/8 4 1j10 1,9 4+ 0,4 1/2-2/3 (cat) — Press et al. "

ca, 1223 13 + 1/10 1,9 4 ¢4 3,3 - 0,8 (rat) — STURMER and BERDE®2

— . —_ 213 173 Nicoraiprs et al, 190

1110 1 2 — — ScHRODER and Gipian10l

1 1/10 1/3-1/4 — — SCHRODER et al. {(unpublished}

1-2 1 1/2-1/3 — — ScHRGDER (unpublished)

1o 13 1/5-1/10 — — ScHrRODER and Gisranie!
ScHRODER 14

1 1/2 /5 — — SCHRODER 1

— _ — 120 1/500 NicorLaipes et al. 108

L1 —_ — — — Bopanszky et al, 118

~1/1¢ ~ 110 2-3 — — ScHrRODER {unpublished)

— _ — 2/3 1/3 NICOLAIDES et al 108

500 1/100 1,5 - — ScHRBDER 04

14 1/4 — - 1/4 Erviort et al.¥®

113 1/3 2-3 - - SCHREDER®

doses with synthetic bradykinin. The blood-pressure values in rabbits were ascertained from a graph by these authors of the dose-response re-

of the structural factors in these positions besides the
importance of the basicity. The relatively high activity
of a Glul-bradykinin (V) on the blood pressure of
guinea-pigs (1/300 that of bradykinin) is somewhat
surprising.

A simultaneous replacement of the Arg'- and Arg®-
residue, as in Cit!-Cit%-bradykinin (XLVIII), Dab!-
Dab®-bradykinin (XLIX) and Lys!-Lys®-bradykinin
(L), leads to practically ineffective derivatives, of
Which the Lys!-Lys?-compound with 1/500 of the
activity of bradykinin is still the relatively most
active,

By replacing the amino acids in the positions 2, 3,
4, and 6 by alanin, the activity of bradykinin is main-
tained to a more or less considerable degree. An ana-
logue could be found in Ala3-bradykinin (XII) which
Possesses the full activity of bradykinin both on iso-
lated smooth muscles and on the blood pressure of rab-
bits. An Ala2-bradykinin (IX) with1/200 has a distinctly
lower activity. The activities of Val2-bradykinin (X)
and Vals-bradykinin (XIV) are lower than those of
the corresponding Ala-derivatives, A comparison of
the activities of Ala?-, Ala%, and Ala%-bradykinin al-
lows an estimation of the importance of the Pro-

residues in positions 2, 3, and 7 of the original brady-
kinin. The Pro?-residue is more important than that in
position 2 and ultimately more than that in position 3.
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. L . . : . L . Fig. 9. Activities of the ala-analogues
Na' Ala® Ala? Ala* Ala’ Alab Ala7 Ala® Ala’ of bradykinin (bradykinin = 1)

These findings are in conformity with those values
found for Des-{Pro}*-bradykinin (LIV) and Des-
{Pro)*-bradykinin (LV). While 1/20 and 1/100 respec-
tively of the bradykinin activity was still found for
the first compound on the rat uterus and the guinea-
pig ileum, the Des-(Pro)? compound is inactive up to
10-5 gfml.

A replacement of the Gly*residue by alanin (XV)
and even by other amino acids [Prolin (XVI), Sarkosin
(XVII), Serin (XVIII)] always weakens the activity
which is higher on the blood pressure of rabibts than
on isolated smooth muscles.

Remarkable results were obtained by changes in
position 6. While a substitution of the hydroxyl group
of the serin residue by a carbamyl group (II) on the
blood pressure of guinea-pigs only resulted in 1/75 of
the activity of bradykinin and reduced the broncho-
constrictory activity to <1/500, analogues obtained by
an exchange of amino acids partly show a very high
activity. As an example, an analogue with practically
the full activity of bradykinin is at hand in the Gly®-
bradykinin {XXII). p-Ser®-bradykinin (XXIV} and
Thré-bradykin (XXV) have half the activity of brady-
kinin on the blood pressure of guinea-pigs. The Thr®-
compound is somewhat lower with 1/10 on the blood
pressure of rabbits, and as active as bradykinin on the
rat uterus. The activity of AlaS-bradykinin (XXI) is
comparable with that of the Thrf-compound. Sar®-
bradykinin (XXIII) represents an exception amongst
these highly active derivatives with only 1/1000 of the
activity of bradykinin on the blood pressure of rabbits.

An exchange of amino acids in two positions of
bradykinin or an interchange of two amino acids leads

to differing results. Prol-Arg?-bradykinin (XI) is a
practically inactive analogue. The importance of the
Arg-residue in the N-terminal position is thus con-
firmed. A simultaneous changing of positions 3 and 6
by alanin and glycin leads to a very active bradykinin
analogue [Ala3-Gly®-bradykinin (XXVI)] with 1/6 of
the activity of bradykinin on the blood pressure of
rabbits, i.e. even in comparison with Gly®%- or Ala’-
bradykinin, which demonstrated the full activity of
bradykinin, only a very low loss of the activity occurs.
As expected, the activity of Alas5-Gly®-bradykinin
(XXVIII) and Pro8-GlyS-bradykinin (XXIX) is con-
siderably decreased by replacement of the important
Pheb-residue. In contrast to this is the relatively high
activity of the Ser-Gly®-bradykinin (XXVII) (guinea-
pig ileum and blood pressure of rabbits 1/100), which
again points to the less important position of the Gly*-
residue.

An exchange of amino acids in more than two posi-
tions (XXXVIII, XXXIX, LII) or a shortening of
the peptide chain (LIV, LV, LVIII, LIX, LX) or 2
shortening with simultaneous replacing of amino acids
{LVI, LVII, LXI) leads to inactive derivatives.

Analogues of kallidin have so far only been synthe-
sized to a small extent. An exchange of the N-terminal
lysinresidue against neutral or basic amino acids
[Gly*-kallidin (LXIII), Phel-kallidin (LXV), Arg’-
kallidin (LXII), Ornl-kallidin (LXIV)] revealed only
a limited loss of activity (to 1/2-1/10) on the blood pres-
sure of rabbits as compared with bradykinin (and
correspondingly a greater loss compared with kalli-
din). A loss of activity to 1/20 follows from an exchange
of the Argresidue against lysin [Lys?-kallidin
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Variation 1 2 3 4 5 6 7 8 ) Biological activity
N position H——Arg—Pro—Pro—Gly—Phe Ser—Pro Phe Arg—OH {blood pressure)
bradykinin = 1
Variation only Lys
In one position Orn
against . Ala
Ala
Gly
D-Ser
Thr 1-1/50
Phe(¥)
p-Phe
p-Phe(F)
Cit
His
Lys
Cit
Glu
Ala
Val Ala 1/50-1/500
Sar
Tyr
Orn
Ala
Gly
Pip
Ala
Sar
Ala < 1/500
Asp(NH,)
His
Ala
Ala
Gly
Variation Ala Gly 1-1/50
N two positions
against , ,, Ser Gly
Ala  Gly
cit it } 1/50-1/500
Lys Lys
Pro Arg << 1/500
Variation Phe Arg Pro
I more than Leu  Thr Leu } < 1/500
W0 positions Phe Ser Gly Pro

Fig. 10. Amino acid exchange in the bradykinin molecule

(LXVI)]. Corresponding to the GlyS-bradykinin, an
analpgue with practically the full activity of kallidin
(blood pressure in rabbits) was also found in Gly’-
kallidin (LXVII). On the other hand, a Phe(F)®-kalli-
din (LXVIII) is slightly less active than Phe(F)s-
bradykinin. By replacing the C-terminal arginin resi-
due in kallidin against lysin [Lys'%-kallidin (LXIX)], a
kalligin analogue is formed possessing practically the
full activity of kallidin on the blood pressure of rab-

its (see Lys®-bradykinin). A more remarkable loss of
activity occurs on isolated smooth muscles.

None of the bradykinin or kallidin analogues so far
described had a prolonged action compared with
bradykinin. Apart from Thré-Leus-bradykinin (XLI),
without defined dates!??, no antagonistic effects have
been reported so far.

Supplementary to the findings obtained from the
blood pressure and smooth muscle preparations, some
of the bradykinin and kallidin analogues synthesized
in our laboratory were examined on the isolated per-
fused heart of guinea-pigs (Langendorff preparation,
Table II). However, while differences of activity up to
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Table I1. Coronary vasodilation onisolated guinea-pig heart produced
by bradykinin and kallidin analogues (bradykinin = 100)

Substance (100 ng) Coronary vasodilation

Lys!-Bradykinin 85
Ala®-Bradykinin 108
Val?-Bradykinin 89
Ala®-Bradykinin 82
Gly8-Bradykinin 97
Thré-Bradykinin 91
Lys®-Bradykinin 105
Lys!-Lys®-Bradykinin 75
Kallidin 100
Orn!-Kallidin 84
Phe!-Kallidin 93
Lyst?-Kallidin 59
Ala?-Bradykinin 34
Ala®-Bradykinin 44
Ala5-Bradykinin 30
Ser*-Gly®-Bradykinin 49
Ala’-Bradykinin 43
Ala8-Bradykinin 44
Ala®-Bradykinin 49
His?-Bradykinin 35

several times the power of ten could be observed on the
blood pressure of rabbits following the administration
of the different compounds, depending upon the
changes of the bradykininmolecule, the isolated heart
preparation shows an extremely low differentiation
only. A classification of only two groups seems pos-
sible: the first group comprises analogues the activity
of which is comparable with bradykinin itself (75-
100%,). In this case, we are concerned with compounds
which have also a high activity on the blood pressure
of rabbits (except Lys!®-kallidin). The second group
comprises analogues with <509, of the bradykinin
activity. Apart from Ala?- and Ser-GlyS-bradykinin,
these derivatives were practically inactive, having not
more than 1/1000 of the activity of bradykinin on the
blood pressure of rabbits. To judge from the coronary
vasodilatation, the receptors responding to brady-
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kinin and kallidin are obviously less sensitive regard-
ing modifications of the bradykinin molecule than in
the remaining vascular system.

In trying to classify the single positions of the brady-
kinin molecule corresponding to their influence on the
biological activity based on the experimental material
available, the following series is obtained:

7,8>1>9>5>4>2>3>6

i.e. the Pro? and Phe8 residues appear to be most €5
sential for the biological activity {further examples aré
necessary). The terminal arginin residues can only be
replaced by neutral amino acids subject to loss of
activity. A replacement by basic amino acids or those
amino acids which are structurally similar to arginin
(i.e. Citrullin) causes a partial loss of activity only.

The aromatic residue in position 5 is essential
(further examples are necessary). An exchange of
the Gly%- and Pro®-residues causes a medium loss
of activity. The Pro®- and SerS-residues can only
be replaced subject to minor loss of activity, in
part even with complete preservation of the brady-
kinin activity ¥,

Zusammenfassung., Biochemie und Pharmakologie
der drei natiirlich vorkommenden und in der Struk-
tur bekannten Kinine — Bradykinin, Kallidin und
Methionyl-Lysyl-Bradykinin ~ sowie deren Synthesen
werden besprochen. Fiir die bisher bekannten 70 Ana-
loga des Bradykinins und Kallidins wurden die bio-
logischen Eigenschaften (Rattenuterus, Meerschwein-
chenileum, Kaninchenblutdruck, Meerschweinchen-
blutdruck, Rattenblutdruck, Bronchokonstriktorak-
tivitat) tabellarisch zusammengestellt. Die einzelnen
Analoga werden untereinander verglichen und Bezie-
hungen zwischen Struktur und Wirksamkeit disku-
tiert.

127 Our thanks are duc to Frau Prof. Dr. H. Lancrcker and Dr. H-
GiBian for their valuable comments in discussion.



