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A number of peptides stimulate smooth
muscles and alter blood pressure. Among
these, bradykinin (1), eledoisin (1) and sub-
stance P (2, 3) are potent hypotensive
agents. Although the fall in blood pressure
presumably results from a direct action of
the peptides on vascular smooth muscle, it
might be enhanced by histamine. High con-
centrations of bradykinin release histamine
from mast cells in vitro (4). Since both
histamine (5) and kinins (6) have been
implicated in acute allergic reactions, it was
important to determine whether vasoactive
peptides liberate histamine. Such an effect
may potentiate the activity of the peptides.
We tested synthetic kinins and several other
vasoactive peptides, including eledoisin, sub-
stance P and Polistes kinin (7, 8), for
histamine releasing action on rat mast cells
in vitro. The relative potencies of the peptides
as histamine releasers were compared with
that of compound 48/80. ,

Methods. Cell suspensions. Serous fluid
cells were collected by lavage® of peritoneal
and pleural cavities of large male Sprague-
Dawley rats (9). Cells from 3-6 rats were
pooled for each experiment. These prepara-
tions contained 6-10% mast cells as deter-
mined by the mast cell counting technique
of Bray and Van Arsdale (10).

Histamine release. Aliquots of cell suspen-

1 Publication No. 1098 of the Division of Basic
Health Sciences, Emory University. This study
was supported by NIH U.S. Public Health Service
AT 008853, HL 14598 and HL 08764 and by the
ONR N00014-69-A-0385.

2 The standard buffered medium (pH 7.0) used
for collection and incubation of cells contained 150
mM NaCl, 2.7 mM KCl, 09 mM CaCl, 4 mM
Na,HPO;, 2.5 mM KH.PO,, 5.6 mM dextrose and
0.1% human serum albumin (Fraction V, Nutritional
Biochemicals).

sion (0.9 ml) were warmed to 37° in a
metabolic shaker. Peptides (1-1000 pg/ml),
or compound 48/80 (10 pg/ml) were added
in a volume of 0.1 ml and incubation was
continued for 10 min. The cells were separated
from the suspending medium by centrifuga-
tion at 500g. The cell pellets were treated
with 2 ml of 0.2 ¥ HCI to release residual
cell histamine in order to calculate the per-
centage of total histamine released by various
agents. The amounts of histamine in both
cell and supernatant fractions was deter-
mined by bioassay on strips of guinea pig
ileum.? Because most of the peptides tested
contract guinea pig ileum, each assay sample
was adjusted to pH 7.8 and incubated with
100 pg/ml of chymotrypsin (Calbiochem)
for 30 min. The tubes were then boiled for
10 min to inactivate chymotrypsin and cen-
trifuged at 500g prior to assay for histamine.
This procedure effectively eliminated all
smooth muscle stimulating activity of the
peptides. The technique used for the inactiva-
tion of chymotrypsin had no effect on
histamine, This was shown by subjecting
standard solutions of histamine to the same
treatment.

Lactic dehydrogenase release. In experi-
ments where release of lactic dehydrogenase
was determined, mast cells were isolated and
concentrated by centrifugation through solu-
tions (35%) of Ficoll (Pharmacia) in buff-
ered medium (9). Isolated mast cells were
washed 3 times in fresh medium to remove
Ficoll and 0.9 ml aliquots of cell suspension
were treated with 0.1 ml of peptide (brady-
kinin, kallidin or methionyl-lysyl bradyki-

8 The histamine assay medium (pH 7.4) contained
138 mM NaCl, 2.7 mM KCl, 1.8 mM CaCl, 1.0
mM NaHPO,, 1.2 mM NaHCOs, 5.6 mM dextrose
and 1 pg/ml of atropine sulfate.
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nin), 48/80, or with Triton X-100 to yield
the following final concentrations per milli-
liter: 50 mmole, 1 ug and 0.5 mg, respec-
tively. The cell suspensions were then in-
cubated for 10 min at 37°. The samples were
separated by centrifugation at 500g for 10
min, the cell pellets were resuspended in
2.0 ml of 0.2 M Tris (pH 8.5) and 1 ml of
Tris was added to the supernatant medium.
All samples were sonified with a Branson
probe sonifier for 10 sec and the extracts
were assayed for lactic dehydrogenase activity
by a modification of the fluorometric method
of Burch et al. (11). Aliquots (0.05-0.2 ml)
of each cell or supernatant extract were added
to 1 ml of 0.2 M Tris (pH 8.5) containing
1 mmole of NAD. The production of NADH
during 10 min at room temperature (27°)
was measured in a Farrand fluorometer
before and after addition of lactate as sub-
strate (5 mM). The remainder of the sonified
extracts was acidified and stored frozen
until assayed for histamine.

Trypan blue staining. Suspensions of iso-
lated mast cells were incubated with peptides,
48/80 or Triton X-100 as indicated above.
One drop of cell suspension for each sample
was placed on a clean glass coverslip and
mixed with 1 drop of trypan blue dye solu-
tion (2.5% in isotonic saline). The coverslips
were placed on glass slides and examined
under the light microscope. At least 25 cells
in each of 4 different fields were examined
at a magnification of 450 and the percent-
age of cells stained with trypan blue was
estimated.

Peptides and drugs. Bradykinin, kallidin,
methionyl-lysyl-bradykinin, angiotensin I and
II were purchased from Schwarz/Mann
(Orangeburg, NY), and crystalline glucagon
was purchased from Eli Lilly Co., Inc.
(Indianapolis, IN). Human fibrinopeptide A
was purchased from Spectrum Medical In-
dustries, Inc. (Los Angeles, CA). Other

Bradykinin

Kallidin
(Lys-bradykinin)
Met-Lys-bradykinin
Substance P
Polistes kinin

1253

synthetic peptides were generously donated
by the following individuals or companies:
Substance P by Dr. S. Leeman (Brandeis
University), eledoisin by Farmitalia (Milan),
Polistes kinin by Dr. J. M. Stewart (Univer-
sity of Colorado), and bradykinin tetrapeptide
by Dr. M. O. Ondetti (Squibb Inst, Prince-
ton, NJ). Compound 48/80 was obtained
from Burroughs-Wellcome, Inc. (Research
Triangle Park, NC). Inactivated bradykinin
was prepared by incubating 500 pg of syn-
thetic peptide with either 5 ul of 11 mg/ml
carboxypeptidase B (Worthington Biochemi-
cals, Freehold, NJ) or with 0.2 ml of guinea
pig serum in 1 ml of buffered medium?® (pH
7.8) at 37° for 15 min. Inactivation of the
peptides was established by testing them
on guinea pig ileum.

Results. . Release of histamine. Histamine
was released from suspensions of rat mast
cells by several of the vasoactive peptides
tested. In order of ascending potency, brady-
kinin, kallidin, methionyl-lysyl-bradykinin,
substance P and Polistes kinin released more
than 50% of the total histamine. Bradykinin
tetrapeptide was only slightly active at a
concentration of 2 X 10—23 M. The structure
of these peptides is given in Fig. 1. The most
potent of the peptides, Polistes kinin, was
only slightly less active than compound
48/80. When the releasing agents were com-
pared on the basis of EDj, (conc that
releases 509 of the total mast cell histamine)
the value for Polistes kinin was 3 X 10-% M
as compared with 8.5 X 10—7 M for 48/80
(Fig. 2).

Eledoisin (8 X 10—% M), angiotensin I
(9 X 1075 M) and glucagon (3 X 10—% M)
did not release histamine. Angiotensin II
(10—* M), fibrinopeptide A (7 X 1075 M)
and bradykinin tetrapeptide (2 X 10—* M)
were only slightly active and liberated less
than 12% of the total histamine. The data
in Table I indicate that the release of

Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg
Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg

Met-Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg
Arg-Pro-Lys-Pro-GIn-Gin-Phe-Phe-Gly-Leu-Met-NH,
Pyr-Thr-Asn-Lys-Lys-Lys-Leu-Arg-Gly-bradykinin

Fic. 1. Structure of histamine releasing peptides; amino acid sequence of peptides that release

histamine.
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Fic. 2. Release of histamine from rat serous fluid mast cells by peptides and by compound
48/80. Abscissa: M concn of agent; ordinate: percentage histamine released. Values are means =+
SE of 3-6 separate determinations. 0 on the abscissa = 1 X 107 M concn.

histamine by peptides does not depend on the
structure of the N- or C-terminal amino acids
but on the number of basic groups in the
peptides. We estimate that .in incubation
medium at pH 7.0, the most potent peptide,
Polistes kinin has 5 positively charged groups,
kallidin, methionyl-lysyl bradykinin and sub-
stance P each have 3, and bradykinin has
only 2. Removal of even one basic amino acid

TABLE 1. Effect of Biologically

from bradykinin by the action of carboxy-
peptidase B (12) results in complete loss of
histamine releasing activity. Peptides con-
taining only negatively charged groups were
inactive or only slightly active.

Release of lactic dehydrogenase. Mast cells
incubated with 48/80 or with any of the
three bradykinin derivatives released hista-
mine but not lactic dehydrogenase. In con-

Active Peptides on Mast Cells.

Amino acid

Concn Release of No. of

Peptide (M X 1079 Basic® Acidic® histamine (%,) expts
1. Control (buffer) — 0 0 3803 20
2. Bradykinin 5 2 62.2 & 4.71 8
3. Kallidin 4 3 729 == 8.7f 4
4. Met-Lys-bradykinin 4 3 78.2 + 3.07 6
5. C-term, tetrapeptide of bk. 18 1 9.5 + 24° 3
6. Bradykinin-inactiv.° 6 1 3.2+ 09 4
7. Bradykinin-inactiv.? 7 1 2.6 + 0.6 5
8. Polistes kinin 0.5 6 61.0 + 2.87 6
9. Substance P 1 2 65.8 + 3.97 4
10. Eledoisin 8 1 1 6.6 +2.3 4
11. Angiotensin I 9 1 1 84 +20 3
12. Angiotensin II 10 1 1 9.6 + 1.5° 3
13. Glucagon 3 3 3 68 +12 4
14. Fibrinopeptide A 7 1 4 11.3 &= 2,57 4

2 No. of unsubstituted diamino or guanido amino acids in the peptide chain.

b No. of dicarboxylic amino acids.

° Bradykinin inactivated by carboxypeptidase B.
¢ Bradykinin inactivated by guinea pig serum.
¢p < 0L

Tp < .001.
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TABLE II. Effect of Histamine Releasers on Mast Cells.

Release of

Cells stained with
Agents Histamine (%, Lactic dehydrogenase (%)  trypan blue (%)
Buffer 23+14 6.9 + 3.0 7.1+20
Compound 48/80 (10-° M) 61.8 + 3.3 54+ 1.0 44+ 10
Bradykinin (5 % 10-% M) 62.1 + 8.0 3.0+02 83+ 13
Kallidin (4 x 10~ M) 729 + 3.7 34 +11 6.7 +1.0
Met-Lys-bradykinin (3 x 10-5) 75.9 + 3.0 5.7 +2.3 43 +038
Triton X-100 (0.05%) 89.1 =07 962 + 2.1 98.0 + 0.1

trast, cells treated with Triton X-100 re-
leased both histamine and lactic dehy-
drogenase into the suspending medium (Table
II).

Staining with trypan blue. Although the
appearance of mast cells incubated with
active peptides or 48/80 was altered in com-
parison with untreated cells, these releasing
agents did not increase the number of cells
which stained with trypan blue. In samples
where histamine was liberated, mast cells
appeared slightly swollen and the cell edges
were rugged in contrast to the smooth out-
line of control cells, These changes in
morphology are consistent with “degranula-
tion” induced by histamine releasing agents
such as 48/80 (13) and antigen (14) and
suggest that the peptides affect mast cells in
a similar manner. Mast cells which were
treated with Triton X-100 were visibly dis-
rupted and more than 90% were stained
by trypan blue.

Discussion. These experiments indicate that
several biologically active peptides release
histamine from rat serous fluid mast cells.
Kinins and other hypotensive peptides such
as substance P and Polistes kinin were effec-
tive but the hypertensive angiotensin I and
angiotensin I were relatively inactive in
this test system.

The releasing activity of the kinins in-
creased with the length of the peptide chain.
The most potent agent was Polistes kinin.
One mole of this peptide liberated up to 47
moles of histamine. For comparison, 100 to
200 moles of histamine were liberated by
1 mole of 48/80.%

Release of histamine from mast cells can
not be correlated directly with hypotensive
actions of the peptides, because eledoisin,

4 The molecular weight of 48/80 as trimer (520)
was used for this calculation.

one of the most potent vasodepressor sub-
stances (15) was inactive. In contrast, the
structurally related substance P (16) lib-
erated as much as 60% of the total mast cell
histamine. The difference may be due to the
presence of basic amino acids in the first
and third positions in the peptide chain of
substance P while eledoisin contains only
a single basic amino acid (lysine) in the
third and an acidic one (aspartic acid) as
well in the fourth position. Apparently the
carboxyl end of the peptide need not contain
a free carboxyl group, since substance P ter-
minates in methionylamide. In general, pep-
tides that were active had two or more basic
groups (Table I). Where the net charge was
lowered by removal of a basic amino acid
(peptides 5-7) or by the presence of posi-
tively charged groups (peptide 13) no his-
tamine was released.

Other peptides which liberated histamine
have been extracted from leukocytes of
several species (17-19) and from serum (20,
21). The activity of these agents probably
depends also upon a net basic charge.

Although we can not precisely define the
mechanisms of histamine release by basic
peptides our observations suggest, that, just
as 48/80 or antigen, peptides stimulate
exocytosis of mast cell granules. This state-
ment is based on the following considerations.
First, kinins released histamine but not lactic
dehydrogenase from mast cells. Second, even
though the cells appeared “degranulated”
after exposure to kinins they did not stain
with trypan blue. These criteria have been
used for the definition of a selective release
mechanism by 48/80, antigen (22) and
several basic drugs (23). Thus, exclusion of
trypan blue and retention of lactic dehy-
drogenase following release of histamine in-
dicate that the basic peptides stimulate
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exocytosis rather than disrupt cell mem-
branes.

Release of histamine alone can not ac-
count for the hypotensive actions of these
peptides, but it may add to some of the
activities of Polistes kinin or substance P.
Under our conditions ## vitro 1 or 3 nmoles
of the two peptides already liberated appreci-
able quantities of histamine. For example,
Polistes kinin is a constituent of a wasp
venom (7, 8). Several histamine liberators
such as phospholipase A, mellitin and a “mast
cell disrupting” peptide have been extracted
from venoms (24), but the activity of Polistes
kinin has not been completely characterized.
Here histamine could contribute to the actions
of wasp venom on smooth muscle and blood
vessels.

Substance P was synthesized only recently
(16) although it has been known that the
natural peptide prepared from either brain or
intestine has potent hypotensive and smooth
muscle stimulating properties (25). Its
physiological importance remains unknown.
Because substance P occurs in brain and in
nerve endings there has been considerable
interest in its possible role in the nervous
system (26). Our studies do not indicate a
specific function for substance P, but if this
peptide can release histamine from storage
sites in mast cells it may also release amines
in brain and other tissues.

Summary. The effect of a variety of syn-
thetic peptides on rat mast cells was investi-
gated. Peptides with two or more basic groups
were active histamine releasers, while eledoi-
sin, angiotensin I and II, glucagon, and fibrin-
opeptide A had slight or no activity. The
activity of bradykinin analogues increased
with the chain length. Des-arginine deriva-
tives of bradykinin did not release histamine.
The most potent histamine liberators were
substance P and Polistes kinin; the activity
of the latter one approached that of 48/80.
Because histamine could be released by the
kinin peptides without disruption of the mast
cell membrane, these agents like 48/80,
probably stimulate exocytosis of mast cell
granules.

We gratefully acknowledge the technical assis-
tance of Mr. Pangiotis P, Soublis.
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