
Original article

Mast cell activation by fibrinogen-related homologous
c-terminal peptides (haptides) modulates systemic blood
pressure

Maamoun Basheer, MSc,a Herzl Schwalb, PhD,b Maoz Nesher, MSc,c Dan Gilon, MD,d Irit Shefler, PhD,f

Yoseph A. Mekori, MD,f Oz M. Shapira, MD,b,e and Raphael Gorodetsky, PhDa Jerusalem and Kfar Saba, Israel
Background: Haptides are a family of short peptides
homologous to C-termini sequences of fibrinogen chains b and g
(haptides Cb and preCg, respectively) which were previously
shown to penetrate and bind cells.
Objectives: This work investigates the systemic effect of the
haptides with possible clinical implications.
Methods: Intra-arterial monitoring in rats recorded the
haptides’ effects on systemic blood pressure. In parallel, their
effect was also tested in vitro on isolated rat peritoneal mast cells
and on human mast cells.
Results: Intra-arterial monitoring in rats showed that
intravenous administration of low haptides concentrations
(35-560 mg/kg rat) caused a shocklike behavior with transient
decrease in the systolic and diastolic blood pressure by up to
55% (P < .05) in a dose-dependent manner and a minor increase
in their heart rate. Randomly scrambled sequences of the
haptides had no such effect, suggesting a specific interaction
with receptors. Intravenous administration of blockers to
histamine receptors H1 and H2 before haptides administration
attenuated this effect. Furthermore, in vitro incubation of
human LAD2 mast cell line or isolated rat peritoneal mast cells
with the haptides caused degranulation of the mast cells. We
found that the haptides Cb and preCg activated mast cells
causing histamine release, resulting in a steep decrease in blood
pressure, comparable to anaphylactic shock.
Conclusion: In treating vascular occlusive diseases, massive
fibrinolysis is induced, and haptide-containing sequences are
released. We suggest that treatment with histamine receptor
blockers or with mast cell stabilizing agents in such pathological
conditions may overcome this effect. (J Allergy Clin Immunol
2010;nnn:nnn-nnn.)
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Fibrinogen molecules and fibrin gels were found to be highly
cell-binding.1 Part of themediation of cell bindingwas recently at-
tributed to small conserved family of short homologous (;20mer)
sequences on the c-termini of b chain and just preceding the c-ter-
mini of the g chain (Cb and preCg, respectively).2 Another par-
tially homologous sequence is present on the extended a-chain
aE, which is seen only in small fraction of fibrinogen molecules
in adult mammals because of posttranslational modification.2-4

We termed this family of homologous peptides haptides because
of their haptotactic (cell-binding) properties. Haptides also
showed high penetration properties into cultured cells,2,5 probably
mediated by their structure and their relatively high content of both
basic and cyclic or hydrophobic amino acids. It is ofmajor interest
that all the haptides in awide range of concentrations tested had no
apparent cytotoxic effect in vitro on different cell types, including
normal fibroblasts and endothelial cells.2When bound to collagen
matrix implants in rats, haptides increased cell bindingwith no ad-
verse effects.6 Haptides’ effect was also tested ex vivo on isolated
perfused beating hearts, in which high levels of haptides caused
significant vasoconstriction of the coronaries, resulting in im-
paired heart functions.7 Nevertheless, the systemic effect of the
haptides has not been investigated previously.

The possible effect of haptides administered into the circulation
is highly relevant to clinical practice. Fibrinolysis is a prominent
treatment for salvaging ischemic organs caused by obstructive
thrombotic events, resulting in a release of peptides containing
haptidic sequences.8,9 The effectiveness in reducing morbidity in
acute myocardial infarction is dependent on early thrombolytic
therapy.10-12 Streptokinase is widely used to initiate this cascade
by inducing the activation of the fibrinolytic enzyme plasmin,
which degrades fibrin clots at specific sites, yielding identifiable
soluble fragments that are released to the circulation.13-16 Elevation
of the level of large D-dimers, as well as small circulating
fragments, was observed in numerous pathological conditions14-17

and could serve as a marker of many vascular disorders.18

Low-molecular-weight fibrinogen degradation products derived
fromplasmin digestion exhibit a variety of biological activities. The
fibrin degradation products mediate platelet activation,19,20 fibro-
blast proliferation,21 endothelial cells spreading, proliferation and
capillary tube formation,20 and promotion of angiogenesis.22,23

The current study examines whether haptides can contribute to
the systemic side effects that are observed after massive fibrinol-
ysis. Our findings in the current report suggest that haptides
exhibit hemodynamic effects with significant induction of
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Abbreviations used
BP: B
lood pressure
Cb: H
aptides, homologous to sequences on the

C-termini of fibrinogen beta chains
DBP: D
iastolic blood pressure
b-hex: b
-Hexosaminidase
HR: H
eart rate
LAD2: H
uman mast cell line
MAP: M
ean arterial pressure
preCg: H
aptides, homologous to sequences on the

C-termini of gamma chains
SBP: S
ystolic blood pressure
hypotension. Furthermore, we propose that the mechanism of
such effect may be associated with histamine and serotonin
secretion as a result of systemic activation of mast cells.

METHODS

Peptides synthesis
The synthetic haptides Cb (KGSWYSMRKMSMKIRPFFPQQ) and preCg

(KTRWYSMKKTTMKIIPFNRL) correspond to addresses 471-491 of the C-

terminal of fibrinogen precursor of the b chain and 399-418 of the precursor of

the g chain, respectively. The control peptide Ca (SEADHEGTHSTKR-

GHAKSRP) corresponds to a sequence close to the C-terminal of fibrinogen

a chain. The arbitrary scrambled sequences of Cb and preCg were

ISSWYKFPMQGQKRPRMSFKM and FIKLMNPWSTRYIKMRTKTK, re-

spectively. The peptides were synthesized by GeneScript (Piscataway, NJ).

The experiments used peptides that were >90% pure as determined by HPLC

and mass spectrometry.

Fibrinogen
Human fibrinogen as a component of a tissue sealant was obtained

fromOmrix (Rehovot, Israel). Compound 48/80, ketanserin tartrate salt, fexofe-

nadine, famotidine, pyrilamine, cimetidine, cromolyn A, and p-nitrophenyl-

N-acetyl-b-D-glucosaminide were supplied by Sigma (Rehovot, Israel).

Animals
Male Sprague-Dawley rats (275-300 g; Harlan Laboratories, Rehovot,

Israel) were grown in specific pathogen-free conditions. All animals received

humane care in compliancewith the Guide for the Care and Use of Laboratory

Animals (http://www.nap.edu/catalog/5140.html). The experiments were ap-

proved by the Institutional Animal Care and Utilization Committee.

Blood pressure monitoring
Male Sprague-Dawley rats (250-300 g; Harlan Laboratories) were kept in

specific pathogen-free conditions in accordance with the Guide for the Care

and Use of Laboratory Animals (NIH pub no. 86-23, revised 1996). Experi-

ments were approved by the Institutional Animal Care and Utilization Com-

mittee (Application MD-103.05-1).

The ratswere anesthetizedwith urethane (1 g/kg, intraperitoneal) and placed

on a heated pad. Rectal temperature was adjusted to 37.5 to 388C by a rectal

probe. After tracheotomy and insertion of a PE260 catheter, the right femoral

artery and vein were cannulated with a PE50 heparinized tube. Blood pressure

(BP)was recorded from the right femoral artery using an SP 844 pressure trans-

ducer (MEMSCAP, Skoppum, Norway) coupled to an amplifier (Laboratory

Linc V; Coulbourn Instruments, Allentown, Pa). Heart rate (HR) was measured

in parallel. Mean arterial blood pressure (MAP) was calculated as the sum of

two thirds diastolic blood pressure and one third systolic pressure (mmHg).

After 20 minutes of equilibration, peptides dissolved in saline were

administered by a bolus injection through the femoral vein cannula in a final

volume of 100mL, and the hemodynamic parameters weremeasured. After 15

minutes, a higher dose of the peptide was injected, and the hemodynamic
parameters were measured for additional 15 minutes. The maximal effect of

the haptides was recorded after 3 minutes.

In the histaminergic blockade experiment, rats were intravenously admin-

istrated with the histamine antagonists cimetidine (15 mg/kg) and pyrilamine

(1mg/kg), famotidine (2 mg/kg), or fexofenadine (2mg/kg) 10minutes before

haptide injection. Cromolyn A (intravenous, 1 mg/kg/min) was injected for 5

minutes before haptide injection. Administration of the saline and antagonist

H1 and H2 alone had no significant effect on the BP.

Isolation and purification of rat peritoneal mast

cells
Rat peritoneal mast cells were obtained from Sprague-Dawley rats by a

peritoneal lavage, and the cells were purified as previously described.24

Briefly, a suspension of washed peritoneal cells was layered over a cushion

of 30% Ficoll 400 (Pharmacia Biotech, Uppsala, Sweden) in buffered saline

supplemented with 0.1% BSA and centrifuged at 1500g for 15 minutes. The

purity of mast cells recovered from the bottom of the tubewas 90% as assessed

by toluidine blue staining.

Purified mast cells (53 105 cells/mL in a final volume of 0.5 mL) were in-

cubated in Tyrode buffer (137 mM NaCl, 2.7 mM KCl, 20 mM HEPES, pH

7.4, 1 mM CaCl2, 5.6 mM glucose, 1 mg/mL BSA) and were stimulated by

the activating agent for 20 minutes. Reactions were terminated by placing

the tubes on ice, followed by a brief centrifugation by microfuge (12,000

rpm for 20 seconds) at 48C. Aliquots of 50 mL were collected from the super-

natant for determination of histamine levels.

The amount of histamine released was determined by using the O-phthal-

dialdehyde fluorometric method, as previously described.24,25 The results are

presented as final concentration of histamine above the baseline values.

Histamine released after haptides administration
Blood samples were collected after intravenous administration of haptides

(preCg or Cb) or the control peptide Ca at a concentration of 280 mg/kg

animal. The blood samples were centrifuged for 10 minutes at 3000 rpm.

Aliquots of 50 mL plasma were used for the determination of histamine, as

previously described.24,25 Results are presented as net concentration of hista-

mine released. The baseline histamine and negligible readings of haptides

alone in the system were deducted from the relevant readings.

Human-derived LAD2 mast cells line
The LAD2 human mast cell line was maintained and used as previously

described.26 The LAD2 human mast cells (106/mL) were incubated with the

Cb and preCg haptides. A dose response for both haptides activity was per-

formed for 2 minutes incubation for doses of 0.1 to 100 mg/mL. Incubation

of LAD2mast cells was also performed for 2 time intervals (2 and 30minutes)

with the peptides Cb or preCg as well as with the control Ca at concentration

of 50 or 100 mg/mL. Mast cell degranulation was measured by b-hexosamin-

idase (b-hex) release as previously described.27,28 Briefly, 20 mL sample

supernatants were mixed with 50 mL substrate solution (8 mmol/L p-nitro-

phenyl-N-acetyl-b-D-glucosaminide in 48 mmol/L citric acid and 56 mmol/

L Na2HPO4, pH 4.5), and incubated for 90 minutes at 378C. The reaction

was stopped by addition of 150 mL ice-cold glycine (0.2 mol/L, pH 10.7),

and the optical density measurement was immediately performed by using a

spectrophotometer (OD 405 nm). Results were expressed as percentage of to-

tal b-hex activity present in the cells as previously described.26,29 Total activ-

ity was the one measured in cell lysates plus supernatant. Haptides alone had

no effect on the readings. For IgE-mediated activation, cells were sensitized

overnight with 100 ng/mL human myeloma IgE-biotin (Calbiochem, Merck

KGaA, Darmstadt, Germany), then stimulated with 100 ng/mL streptavidin

(Jackson ImmunoResearch Laboratories, West Grove, Pa) as previously

described.30

Statistical analysis
All values are expressed as means6 SEs. One-way ANOVA and a 2-tailed

Student t test were used for comparing between relevant groups. Statistical

differences of P < .05 were considered significant.

http://www.nap.edu/catalog/5140.html


FIG 1. Effect of escalating doses of intravenous (IV) administration of haptides on blood-pressure and heart

rate in the rat.A,An arterial pressure records at baseline and 6minutes after intravenous injection of 1.5 mg/

kg Cb showing a triphasic response effect on blood pressure (lines 1-3). Haptides effect (35-560 mg/kg) on

diastolic, systolic, and mean arterial BP as well as heart rate were tested (n 5 6) (B-E, respectively). Results

were compared with the control peptide Ca (*P < .05; **P < .01).

FIG 2. Effect of haptides versus scrambled haptides sequences on DBP,

SBP, and MAP.Rats were injected with 280 mg/kg of the haptides Cb, preCg

or their scrambled versions as well as with whole human fibrinogen (n5 6).

The results (mean 6 SE) are presented as percentages of the baseline

values. The effects are compared with the baseline values (P < .01).
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RESULTS

Effect of haptides on the rat hemodynamic

parameters
Intravenous injection of a 1.5 mg/kg bolus of both fibrin-related

Cb and preCg haptides in nonsedated rats caused immobilization of
the animals with a shocklike behavior. In sedated rats, intravenous
administration through the femoral vein resulted in significant
reduction of blood pressure as monitored by intra-arterial monitor
(Fig 1). The maximal effect was observed within 3 minutes after
pulse administration of the haptides. Full recovery was recorded
within 15minutes. High-dose bolus of haptides resulted in triphasic
effect on arterial blood pressure, made up of an initial intense but
brief vasodepressor response followedbyamoderatevasopressor re-
sponse. The third phasewas a longer-lasting vasodepressor response
that persisted until the full recovery in about 15 minutes (Fig 1, A).

The administration of haptides (preCg and Cb) within the
concentration range of 35 to 560 mg/kg produced a dose-
dependent decrease of the systolic BP (SBP), diastolic BP
(DBP), and MAP (Fig 1, B-D). Maximal MAP decrease of as
much as 50% (P < .01) was recorded at a higher dose of
280 mg/kg (Fig 1, D). In addition, the HR minimally increased
in correlation with doses of haptides given, reaching a significant
elevation at 560 mg/mL (P < .05; Fig 1, E). However, the control
peptide Ca at the same concentration did not affect both BP and
HR (Fig 1, B-E).

Effect of scrambled haptides sequences and whole

fibrinogen on rat blood pressure
To study the specific effect of haptides sequences that

modulate BP, scrambled sequences of haptides were tested. In
parallel, the effect of the whole intact fibrinogen molecule was
also studied. Administration of 280 mg/kg scrambled sequences
of the haptides, preCg and Cb, or fibrinogen did not affect the



FIG 3. Compound 48/80–mast cell activator and serotonin decreases rat BP in the samemanner as haptides.

A, Trace record of arterial pressure at baseline and following intravenous (IV) injection in rat of 2 mg/kg

compound 48/80. Hemodynamic parameters in response to escalating doses of compound 48/80 and sero-

tonin are summarized in B and C, respectively (n 5 6). Results presented as percentages of the baseline

(mean 6 SE). The effects are compared with the baseline values (*P < .05; **P < .01).

FIG 4. Histaminergic blockade attenuates haptides’ effect on rat blood pressure. A, Effect of haptides (280

mg/kg) on hemodynamic parameters in rats pretreated with cromolyn or with pyrilamine and cimetidine. B,

A chart of blood pressure drop caused by intravenous haptide administration and pretreatment with cromo-

lyn. C, Effects of haptides on BP in rats pretreated with fexofenadine or famotidine. The results (mean6 SE)

are presented as percentages of the baseline (n 5 6; *P < .05).
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SBP, DBP, MAP, or HR (Fig 2). In contrast, haptides preCg and
Cb at a concentration of 280 mg/kg decreased SBP, DBP, and
MAP by 50% of baseline blood pressure values (P < .01).
Effect of the mast cell secretagogue compound 48/

80 and serotonin on BP
The reduction of BP by haptides is similar to the effect

observed after repeated injections of the mast cell secretagogue
compound 48/80 (Fig 3, A). This suggests that haptides-mediated
hypotension could be generated by mast cell activation and hista-
mine release.

Intravenous bolus injection of compound 48/80 (35-280 mg/
kg) in rats resulted in a dose-dependent decrease in SBP, DBP,
and MAP (Fig 3, B). Serotonin injection in a range of 3 to
30 mg/kg also resulted in a dose-dependent decrease in the
BP (Fig 3, C).
Histaminergic blockade attenuates haptide

hypotension effect
To verify that haptides-induced hypotension is associated with

mast cell activation, the rats were pretreated with histamine
receptor blockers or with mast cell stabilizers. Pretreatment of the
rats with cimetidine, a histamine receptor type 2 antagonist, and
pyrilamine, a histamine receptor type 1 antagonist (Fig 4, A),
resulted in a significant attenuation of haptides-induced decrease
of the BP (P < .05). Infusion of the mast cell stabilizing agent
cromolyn A 5 minutes before haptide injection hindered the
haptide-mediated hypotension effect (Fig 4, A). The effect was
most pronounced for preCg (P <.05). Cromolyn alone did not af-
fect any of the parameters tested. An example of a chart of the re-
corded BP drop caused by intravenous administration of haptide
and modulation with pretreatment with cromolyn is presented in
Fig 4, B. The red arrows indicate the amplitude and time interval
of the responsewith no pretreatment with cromolyn (upper chart).



FIG 5. Haptides activate rat mast cells. Effect of haptides on histamine

release in isolated rat peritonealmast cells. Themast cells (23 105 cells/mL)

were preincubated for 30 minutes with 100 mg/mL haptides (A). Plasma his-

tamine level in rats pretreated with 280 mg/kg preCg, Cb, or the control (Ca;

n 5 5; B). Results are presented as means 6 SEs. The effects are compared

with the control peptide Ca values (*P < .01).
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The same arrows are superimposed on the response recorded with
pretreatment with cromolyn (lower chart) for better manifestation
of the reduction of the haptide effect. The newly introduced
antihistamine agent fexofenadine showed a significant inhibition
(P <.05) of haptides-induced decrease of BP (Fig 4, C). These re-
sults clearly demonstrate that mast cell stabilizers and histamine
antagonists significantly attenuated the haptides-induced hypo-
tensive response. This further indicates that the systemic effect
of the haptides, as reflected by a drop of BP, seems to be associ-
ated with regulation of histamine secretion by mast cells.
Haptides activate rat peritoneal mast cells
The effect of haptides on the activation of isolated rat peritoneal

mast cells was tested. Thus, peritoneal mast cells were incubated
in the absence or presence of haptides (100 mg/mL), and
histamine content was measured in the supernatant. Trypan blue
exclusion assay showed that the haptides had no effect on cell
viability, which was found to be greater than 98% in all
experiments.

Incubation of rat peritoneal mast cells with haptides, preCg,
and Cb for 30 minutes resulted in a significant histamine release
(Fig 5, A) relative to the group that was treated with the Ca inac-
tive control peptide (P < .05). Furthermore, intravenous haptides
administration induced a significant increase in plasma histamine
level (Fig 5, B) relative to the control group (P < .05).
Haptides activate cultured human mast cells
Haptides’ effect on humanmast cell (LAD2) degranulationwas

tested by b-hex release. A dose response of the haptides’ effect
after 2 minutes of exposure is shown in Fig 6, A. The effect was
tested after incubation for 2 or 30 minutes in the presence of 2
doses of the haptides (50 and 100 mg/mL), as seen in Fig 6, B
and C. In both concentrations, the haptides induced a highly sig-
nificant b-hex release (Fig 6, B and C; P < .05) not dependent on
the time of incubation. In the same conditions and experimental
system, activation of the LAD2 human mast cells for 2 and 30
minutes via the FceRI (biotinylated IgE plus streptavidin)
resulted in only 5% and 15% b-hex release, respectively (data
not shown). The effect of the haptides on b-hex release was
also evident within the very short time of 2 minutes after the ad-
dition of the haptides, which coincides with the time scale of the
systemic effect by in vivo administration. The control unrelated
peptide Ca had no such effect (Fig 6, B and C).
Effect of serotonin receptor antagonist on the

vasopressor phase mediated by haptides
Both the injection of serotonin and high-dose haptides induced

a triphasic effect on arterial BP made up of an initial intense but
brief vasodepressor response followed by a moderate vasopressor
response (Fig 1, A). Finally, a longer-lasting vasodepressor re-
sponse was recorded. The vasopressor phase varied quantitatively
depending on the species and the experimental conditions.31-34

The vasopressor response to haptide, preCg, and Cb, was blocked
by ketanserin, a serotonin receptor type 2 (5-HT2) antagonist
(Fig 7, A-D).
DISCUSSION
We have previously identified and characterized the haptides, a

family of cell-binding and penetrating fibrin-related peptides.2,5

The importance of the current study is in demonstrating that the
haptides havemajor direct effects on systemic BP. Systemic intra-
venous administration of relatively low doses (35-560 mg/kg) of
haptides Cb and preCg induced significant hypotension (Fig 1).
The maximal effect was observed within 3 minutes after the bolus
injection of the haptides. Higher doses of haptides (1.5 mg/rat)
resulted in triphasic effect on the arterial BP, made up of an initial
intense brief vasodepressor response followed by a moderate
vasopressor response. Later, a longer-lasting vasodepressor re-
sponse that returned to baselinewithin;15minutes was recorded
(Fig1,A).Thesefindingshavespecificimportanceincases inwhich
massive fibrinolysis occurs or is induced as part of the treatment of
occlusive arterial diseases, where vast amounts of fragments of
fibrin with haptides sequences are released into the circulation.8,9

We demonstrated that the effect of haptides on BP dropping is a
result of the activation of mast cells, followed by histamine and
serotonin release, as observed during anaphylaxis.31 This is fur-
ther supported by the direct evidence whereby intravenous hapti-
des injection indeed caused a significant histamine release (Fig 5,
A). A similar effect on BP was also observed, with similar timing,
after the injections of compound 48/80 (Fig 3), a known mast cell
secretagogue, or serotonin, an active mediator and histamine an-
alog in rats that is stored in mast cell granules.32-34 In parallel, the
effect of haptides on blood pressure was suppressed by histamine
receptor type 1 and 2 antagonists or cromolyn A, a mast cell–
stabilizing agent (Fig 4). Fexofenadine, a newly introduced agent,
significantly suppressed the effect of haptides on blood pressure
more than famotidine. Although famotidine is a histamine
H2-receptor antagonist that inhibits H-pump and is used in the
treatment of peptic ulcer disease and gastroesophageal reflux,35

it is only marginally involved in regulating blood pressure
compared with histamine H1 receptors that are blocked more ef-
ficiently by fexofenadine.36 Therefore, it is not surprising that fa-
motidine did not mask the effect of haptides as much as recorded
with fexofenadine.

The time interval of haptides-induced in vivo maximal effect
was short, within ;3 minutes after their administration. To



FIG 7. Effect of intravenous administration of ketanserin, 5-HT2 receptor antagonists, on BP variability in

rats. Trace records of arterial BP at baseline and 6 minutes after injection into the femoral veins of 2 mg/kg

haptides Cb (A) or preCg (C). Tracings of arterial BP records where both haptides were injected 10 minutes

after a single dose of intravenous ketanserin (1mg/kg) administration are presented in B and D, respectively.

FIG 6. Effect of haptides on degranulation of cultured LAD2 cells. Haptides effects on LAD2 cells activation

as monitored by b-hex secretion. A, Dose response of 2-minute incubation with haptides. The cells were

preincubated for 2minutes (B) or 30minutes (C)with 50 or 100mg/mLwith haptides preCg, Cb, or the control

Ca (n 5 4). Values are percentages of total b-hex release. The haptides effects are presented relative to Ca

(**P < .01).
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investigate whether this timing is sufficient for an induced effect
caused by mast cells activation, we tested the timing for a direct
effect of haptides on cultured mast cells. Both haptides preCg
and Cb induced significant degranulation of the LAD2 cells
(Fig 6) within a short time of 2 minutes. This indeed conforms
to the timing of the onset of the effect observed in the whole an-
imal (Fig 1).

The vasopressor response to serotonin can be blocked by
5-HT2 receptor antagonists such as ketanserin.37,38 Accordingly,
the vasopressor effects on arteries and veins from rats and humans
are generally mediated by 5-HT2 receptors.33,37-39 We found that
the vasopressor response to haptides was blocked by 5-HT2
receptor antagonist ketanserin (Fig 7), indicating that haptides
affect on cardiovascular function is associated with activation
of the serotonin receptors.

It is expected that in treating certain pathological conditions
such as occlusive blood vessels disease, massive degradation of
fibrin and fibrinogen is induced. In such conditions, peptides
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containing haptides sequences are released into the circulation.
Each fibrinogen molecule contains 4 haptidic sequences.8,9 In
cases with massive fibrinolysis, fibrin degradation products with
haptide containing sequences are equivalent to haptides levels
of ;1 to 5 mg/mL.40,41 In our rat model, the effective levels of
haptides in the circulation that influenced BP were in the range
of 0.5 to 7 mg/mL. In the in vitro system with LAD2 cells
(Fig 6, A), the potent concentrations tested (<10 mg/mL) were
equivalent to those used in vivo (;0.5-7 mg/mL blood or
70-560mg/kg animal). Therefore, the potent levels used in the ex-
perimental rat model seem to be equivalent to the physiological
situation in cases associated with massive fibrinolysis.

It was previously demonstrated that low-molecular-weight
fibrinogen degradation products caused dose-dependent secretion
of collagenase and histamine from mast cells.42 Our study iden-
tifies the haptides as potential fibrin-related sequences that could
trigger such effects after fibrinolysis.

The damage to blood vessels caused by clot formation induced
endothelial-mediated mast cell attraction. The activated mast
cells were previously shown to release b-tryptase, a specific
enzyme of mast cells.43 Tryptase, a very potent proteolytic en-
zyme, was shown further to enhance full degradation of fibrin,
as well as fibrinogen, to produce fibrinopeptides of smaller size
containing haptides sequences.44 This positive feedback cycle
may increase the haptides release, which may further activate
the mast cells that in turn secrete more tryptase.

Therapeutic use of plasminogen activators remains controver-
sial because of the sometimes inefficient restoration of blood
vessel tonus, coupled with the risk of hypotension as a side-effect.
Streptokinase-based treatment was found to be associated with a
risk of developing hypotension.12,45 The mechanism responsible
for this streptokinase effect remains unknown.18,46,47 We suggest
that streptokinase-induced fibrinolysis through plasmin activation
results in the release of smaller fragments containing the C-ter-
mini of fibrin with haptide sequences,8,9 which, as shown here,
may trigger hypotension.

It is of interest whether the specific haptides effect may be
mediated by a receptor. The control peptide Ca, which is not re-
lated to the haptides, did not affect the BP (Fig 1). Even arbitrary
scrambled sequences of the haptides that have similar mean
hydrophobicity and positive charge had no such effect (Fig 2).
Furthermore, we found that haptides caused major mast cell acti-
vation in a system without IgE and added complement (Fig 6),
whereas IgE and the specific antigen caused merely 15% activa-
tion at 30 minutes.29 These findings suggest that the haptides ef-
fect is probably not equivalent to classical IgE mediated
activation. Their major effect may be mediated through a specific
receptor on the target cells that has not been identified yet.
Nevertheless, a direct effect, such as the one recorded by basic
secretagogues that were previously proposed as effectors of ana-
phylaxis, still cannot be ruled out.29,48

Integrin aIIbb3 is highly expressed in mouse, rat, and human
mast cells. In the presence of stem cell factor and FceRI, it was
reported to bind to fibrinogen and activate the mast cells.49 We
found that the haptides alone, but not the whole fibrinogen, with
no addition of other factors, induced mast cells activation. There-
fore, other candidate targets may also be considered.

To conclude, haptides were shown to induce release of hista-
mine and serotonin from mast cells, which can explain their me-
diation of hypotension. This response can be abrogated by
histamine receptor antagonists and other anti-inflammatory
drugs. These findings may be relevant to the possible mode of ac-
tion of circulating fibrinogen fragments containing haptides as a
result of induced fibrinolysis in the management of vascular oc-
clusive diseases.
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Clinical implications: Haptides, short peptides homologous to
sequences on the C-termini of fibrinogen, induce hypotension
by mast cell activation; thus, they are presented as possible
key mediators of hypotension after streptokinase-induced
fibrinolysis.
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