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Synthesis and Biological Activity of Peptides
Related to Bradykinin

Bradykinin has been obtained from plasma globulins
by the action of various enzymes!. The amino acid com-
position #:3, the structure4, and the biological properties?
of the pure product have recently been studied by Er-
LioTT, HorroN, and LEwis. We wish to report on the
synthesis and the biological activity of scveral peptides
related to bradykinin (Table).

Structure of peptides A-F

H-L-Arg-L-Pro-L-Pro-Gly-L-Phe-L-Ser-L-Pro-L-Phe-1-Arg-OH A
H-L-Arg-L-Pro-Gly-L-Phe-L-Ser-L-Pro-L-Phe-L-Arg-OH .
H-L-Arg-1-Pro--Pro-Gly-L-Phe-1-Ser-L-Phe-L-Arg-OH . .
H-L-Arg-1-Pro-L-Pro-L-Phe-Gly-L-Ser-L-Phe-1-Arg-OH . .
H-L-Arg-L-Pro-Gly-L-Pro-L-Phe-L-Ser-L-Phe-L-Arg-OH . .
H-L-Arg-L-Pro-Gly-L-Phe-L-Ser-L-Phe-L-Arg-OH .

TR Y oW

CBO-(nitro)Arg-Pro-OH (I) was condensed with H-Pro-
Gly-NHNH-CTO (II)5 by dicyclohexylcarbodiimid. By
selective splitting of the CTC group and treatment with
nitrous acid, CBO-{nitro)Arg-Pro-Pro-Gly-N, {(IT1) was ob-
tained. Condensation of CBO-Phe-Ser-N; {IV) with H-
Pro-Phe-{nitro)Arg-OBzN (V)% and selective splitting of
the CBO group yielded H-Phe-Ser-Pro-Phe-{nitrojArg-
OBzN (VI), which was condensed with III to CBO-(nitro)
Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-(nitro)Arg-OBzN(VII).
Catalytic hydrogenation of VII yielded A. By using CBO-
(nitro)Arg-Pro-Gly-OH (VIII} (from I and H-Gly-OH)
instead of I1I, B was obtained. By condensing 1V with
H-Phe-{nitro}Arg-OBzN (IX) and splitting the CBOgroup,
H-Phe-Ser-Phe-{nitrojArg-OBzN (X) was obtained; by
condensation with III, followed by catalytic hydrogena-
tion, this led to C. Condensation of IX with CBO-Gly-Ser-
N, followed by splitting of the CBO group and condensa-
tion with CBO-Pro-Phe-OH gave a hexapeptide, which,
after splitting of the CBO group, was condensed with I.
Catalytic hydrogenation of the protected octapeptide gave
D. Condensation of I with H-Gly-Pro-OH followed by
condensation with X and catalytic hydrogenation gave E.
Condensation of VIII with X, followed by catalytic hydro-
genation gave F. All the intermediary and {final products
were obtained in an analytically pure state.

The biclogical activity of the peptides A-F was first
‘determined on the isolated guinea pig ileum. The peptides
C, D, E, and F were without effect in doses up to 2.5 ug/ml,
whereas A and B produced a slow contraction in concen-
trations as small as 1 ngfml and 100 ng/ml respectively.
Boiling with concentrated HCI or incubation with guinea
pig serum destroyed the activity, whereas pretreatment of
the muscle with atropine and/or an antihistamine agent
(Thenalidine) only slightly interfered with the activity.

The nonapeptide A was further investigated using tests
known to be sensitive for bradykinin? %6, The following
results were obtained: On the rabbit duodenum, the con-
centration required to elicit contraction was 1 ng/ml. To
produce a depressor response in anesthetized rabbits, rats,
guinea pigs, cats, and dogs, the doses ranged from 200 to
400 ng/kg. Bronchoconstriction in the guinea pig occurred
with 200 ng/kg. An effect on capillary permeability to a
circulating dye (Evan’s Blue) in guinea pigs after intra-
dermal injection was observed with 1 ng.

On a molar basis, the nonapeptide A was more active
than histamine {ileum, bronchial muscle, and capillary
permeability of the guinea pig) and acetylcholine (duo-
denum of the rabbit, blood pressure of the rabbit and dog).
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The nonapeptide A is therefore one of the most active
biological substances exerting a bradykinin-like effect.
Further work will demonstrate if it is identical with or
closely similar to pure bradykinin.
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P.-A. JagueENoup, H. KonzeTT, and E. STURMER

Pharmazeutisch-chemisches und phavmakologisches Labo-
vatorium dev Sandoz AG., Basel, June 2, 1960.

Zusammenfassung

Die Synthese von 6 Polypeptiden aus den im Brady-
kinin vorkommenden Aminosiuren wird beschrieben. Das
Nonapeptid H-L-Arg-L-Pro-L-Pro-Gly-L-Phe-L-Ser-1-Pro-
L-Phe-L-Arg-OH zeigte hohe Bradykinin-dhnliche Wirk-
samkeit in verschiedenen biologischen Testen.
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Muscle Atrophy Following Section
of the Spinal Cord in the Rat

Fiscuer?!, SoLanpt and MAGLADERY? observed that
the course of muscle atrophy, following transection of the
spinal cord, is biphasic. During the first 10-14 days follow-
ing complete transection of the cord and unilateral dener-
vation, the gastrocnemius-soleus muscle was found to
atrophy on the ‘plegic’ side (i.e. after lesion of the upper
motor neuron) at a similar rate as on the side of denerva-
tion (i.e. after lower motor lesion). Later, however, the
plegic muscles gained in weight, so that 56 days after the
operation their weight returned almost to initial values,
In neither of these reports, however, have changes in total
body weight occurring in the course of the experiment
been taken into account. It is plausible to assume that if
there are any changes in body weight, they might in-
fluence the interpretation of these results.

For this reason experiments were performed in an
identical manner as those of the above authors. The spinal
cord was sectioned at Th, in female rats (190-205 g body
weight) and at the same time the sciatic nerve was cut
and its central stump ligated to prevent regeneration of
nerve axons. The soleus and gastrocnemius muscles were
then excised in different groups of animals 7, 14, 28 and,
56 days after the operation. The body weight of all animals
was carefully registered. As can be seen from the Figure,

1 E, Fiscuer, Proc. Soc. exp. Biol. Med. ¢7, 277 (1941).
D. Y. Soraxpr and J. W, MaGLADERY, J. Neurophysiol, 5, 373
(1942).
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there is a distinct loss of body weight during the first
7-9 days which is later followed by a gain in body weight,
so that 56 days after the operation the initial body weight
is regained,

It was found that during the first phase, the atrophy
on the plegic side progressed at the same rate as that of
the denervated muscles (Figure). No differences were
noted between the wet and dry muscle weights.

Following this, there was a gradual but significant gain
in weight in both the gastrocnemius and soleus 56 days
after transection of the cord, as compared with their
lowest values. These results are thus in accord with the
findings of Fiscaer?!, SoLaNpT and MAGLADERY 2

However, the evaluation of results in this type of experi-
ment in absolute units only (mg) does not take into
account the changes due to body weight which can in-
fluence the muscle weights. In order to elucidate the role
played by the temporary loss of body weight in the above
changes, all the muscle weights were calculated as an
muscle weight in mg

index: : ; . It was found that during the

body weight in g
first phase following section of the spinal cord, atrophy
of the plegic muscles does actually occur, i.e. that the
muscles lose weight at a faster rate than would correspond
to the loss in body weight. But during the second part of

. the experiment, the index values do not exhibit a tendency
to increase, i.e. the absolute gain in weight of the soleus
and gastrocnemius is proportional to the gain in body
weight (Figure).
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in body weight, muscle
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in rats, 7, 14, 28, and
56 days after complete
transection of thespinal
cord and unilateral sec-
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It is thus possible to explain the restitution of weight
of the gastrocnemius and soleus, i.e. muscles investigated
by F1scHER, SOLANDT, and MAGLADERY, in the first place
by the increase of body weight of the experimental
animals. P. HNIK

Physiological Institute, Czechoslovak Academy of Sciences,
Prague, August 26, 1959.

Zusmtzmmfasszmg

Nach Myelotomie verlduft die Muskelatrophie in zwei
Phasen. In der ersten Phase stimmt der Gewichtsverlust
der Muskeln mit demjenigen nach Denervation iiberein.
Dagegen erfolgt in der zweiten eine Gewichtszunahme,
die durch die analoge Gesamtzunahme des Korper-
gewichts erkldrt wird.

PRO EXPERIMENTIS

A Method of Determining Electrophoretic
Mobilities of Antibodies

" The localization of antibody activity after electro-
phoresis has been determined by several methods. It has
been done using free electrophoresis!, paper electro-
phoresis®3, and agar gel electrophoresist, In the latter
cases®-* the antibody activity has been determined in
fractions of the separated serum obtained by elution from
the paper or the agar after the electrophoretic run. A
method has also been published, however, with which
hemagglutinins can be localized after paper electrophoresis
by the disposal of red blood cells directly on the paper
after the electrophoretic run®. This method ~ although
convenient — has been reported not to be very sensitive
and does not seem to allow a very precise localization of
the antibodies® The present report discusses a technique
in which antibodies can be accuratelylocalized by antigen-
antibody reactions in basins placed in direct contact with
the electro-separated material after the run.

Technique: The electrophoretic separation is performed
in agar as described by WapswortH and Hanson?, Bufi-
ered agar of 19, is poured on a 8-2 X 8-2 cm photographic
glass to which is attached by adhesive tape two glass
pieces 2 X 8-2 cm on opposing sides. The material to be
analyzed is mixed with agar and placed in 3 mm wide cut
basins. After the separation is complete, the glass end
pieces, which provide contact with the buffer in the elec-
trode vessels, are removed. A matrix (78 x 15 mm) of
3 mm thick plexiglass, in which basins 3 mm in diameter
are formed, is placed on top of the agar over the separated
material (Fig.). The basins in the matrix are placed so
that they cover areas which overlap each other along
the axis of separation. It is important to eliminate con-
fluence of the material between these different basins.
Therefore the matrix is provided with a piece of 0-5 mm
thick waterproof tape at each end and melted agar of
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