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METHODS
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Radioreceptor analysis showed that human β-casomorphin-7 displaced 3H-spiperone
from 5-HT2-serotonin receptors of the rat cerebral frontal cortex: EC50 8±1 µM. Human
and bovine β-casomorphin-7 dose-dependently blocked serotonin-induced human
platelet aggregation: IC50 5±1 and 20±4 µM, respectively. It was proved that β-caso-
morphins-7 act as 5-HT2-serotonin receptor antagonists; one of the mechanisms of their
biological effects is presumably associated with modulation of the serotoninergic system.
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Casomorphins are exogenous bioactive peptides
forming during proteolytic degradation of human
and animal milk casein [4]. They modulate noci-
ception [2,6], regulate maternal and child behavior
[1], produce anxiolytic [3] and cardiotropic [12]
effects. However, the mechanisms of action of
these peptide bioregulators remain unclear. Caso-
morphins interact with µ- and δ-opioid receptors
[10], but the wide spectrum of their biological acti-
vity can hardly be explained by relationships with
the opioid system alone. It was found that caso-
morphins reduced hyperlocomotion in rats induced
by injection of apomorphine (dopamine receptor
agonist) [13]; the role of casomorphins in the
pathogenesis of postpartum psychosis is now inten-
sively studied [11].

We studied the interactions of β-casomor-
phins-7 with receptor binding sites of spiperone

(antipsychotic, serotonin and dopamine receptor
antagonist) and its capacity to modify serotonin-
induced aggregation of human platelets.

MATERIALS AND METHODS

Human β-casomorphin-7 (Tyr-Pro-Phe-Val-Glu-Pro-
Ile) affinity for serotonin and dopamine receptors was
evaluated in vitro by their competition with tritiated
spiperone for binding to the membrane fraction re-
ceptors of rat cerebral frontal cortex and striatum,
characterized by high density of 5-HT2-serotonin and
D2-dopamine receptors, respectively.

Radioreceptor analysis was carried out using
the method developed by Bymaster et al. [7]. The
reaction mixture for studies of spiperone binding to
receptors in rat cerebral frontal cortex (final volume
300 µl) contained 50 mM Tris-HCl buffer (pH 7.4),
membrane fraction of the frontal cortex (0.15 mg
protein/ml), 50 µg/ml bacitracin, ascorbic acid (0.1
mg/ml), 10 µM pargyline, 5 nM 3H-spiperone (120
Ci/mmol, Amersham), and human β-casomorphin-7
in concentrations of 0.1-100.0 µM.
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The reaction mixture for the analysis of spipe-
rone binding with striatum receptors (final volume
300 µl) contained 50 mM Tris-HCl buffer (pH 7.4),
120 mM NaCl, 5 mM KCl, 2 mM CaCl2, 1 mM
MgCl2, membrane fraction of the striatum (0.15 mg
protein/ml), 50 µg/ml bacitracin, ascorbic acid (0.1
mg/ml), 10 µM pargyline, 0.7 nM 3H-spiperone,
and human β-casomorphin in concentrations of 0.1-
100.0 µM. The mixture was incubated at 25oC for
40 min. Bound and free label were separated on a
Skatron harvester on GF-B fiberglass filters (What-
man) pre-impregnated in 0.1% polyethylenimine.
Ketanserin, sulpiride, and unlabeled spiperone in
concentrations of 0.1 nM to 1 µM were used for
plotting the control displacement calibration curve.
Each point was determined for three parallels in
three independent experiments. Protein in samples
was measured by the method of Lowry.

The effects of human and bovine (Tyr-Pro-
Phe-Pro-Gly-Pro-Ile) β-casomorphins on serotonin-
induced human platelet aggregation were studied in
vitro on a Biola two-channel optical aggregometer
by the method proposed by Borne and O’Bryan [9].
Venous blood was collected from the ulnar veins
of 5 healthy volunteers and put into 3.8% Na
citrate (pH 6.5) in 9:1 ratio. Platelet-rich plasma
(PRP) was prepared by blood centrifugation at 200g
for 10 min. Platelet-free plasma was prepared from
the supernatant by repeated centrifugation at 600g for
20 min. Changes in PRP light transmission were
analyzed at different concentrations of the inductor.
Changes in the mean radius of platelet aggregates
were recorded simultaneously with light transmission.
PRP was analyzed within 2 h after preparation of the
suspension. Spontaneous and induced aggregation
was evaluated at 37oC. Serotonin (Sigma) in the final
concentration of 10 µM served as the inductor.
Ketanserin (0.01-1.00 µM) or studied peptides (0.1-
100.0 µM) were added into incubation medium 2
min before serotonin.

The results were processed using Prism 3.0 soft-
ware (GraphPad).

RESULTS

Specific binding (SB) of 3H-spiperone with cortical
and striatal receptors, determined as the difference
between total (TB) and nonspecific binding in the
presence of unlabeled spiperone excess, was 60-
70% TB.

Relationship between 3H-spiperone SB to rat
cerebral frontal cortical receptors and concentra-
tions of ketanserin and human β-casomorphin-7 in
the incubation medium is presented in Fig. 1. The
curve of displacement with ketanserin (selective

ligand of 5-HT2 receptor) reached a plateau corre-
sponding to 35% TB. Spiperone can bind not only
5-HT2-, but also 5-HT1-serotonin, dopamine (D2,
D3, and D4), σ-opioid receptors, and α1-adrenore-
ceptors [5,8]. This can account for incomplete dis-
placement of 3H-spiperone from the rat cerebral
frontal cortical receptors by ketanserin. The differ-
ence between TB and binding in the presence of
high concentrations of ketanserin can be regarded
as a 5-HT2 component of 3H-spiperone SB.

Starting from the concentration of 500 nM,
human β-casomorphin-7 displaced 3H-spiperone
from rat cerebral frontal cortical receptors (Fig. 1).
Curves presenting displacement of the studied pep-
tide and ketanserin are parallel and reach the same
plateau, which attests to competitive interactions of
these ligands with spiperone binding sites. It can be
hypothesized that human β-casomorphin-7 also reacts
with 5-HT2-receptors. Therefore, for estimation of
EC50 values for β-casomorphin-7 we used 5-HT2-
component of spiperone SB. EC50 for human β-caso-
morphin-7 was 8±1 µM, which was 15-fold higher
than EC50 for ketanserin (0.5±0.1 µM). No interac-
tions of human β-casomorphin-7 with striatal recep-
tors were detected (EC50>80 µM). It was previously
shown that β-casomorphins-7 can interact with µ- and
δ-opioid receptors. Inhibition constants (Ki) for β-
casomorphins-7 during interactions with opioid re-
ceptors varied from 5 µM for µ- to 20 µM for δ-re-
ceptors [10]. The affinity of human β-casomorphin-7
for 5-HT2-receptors varied within the same range
(Fig. 1).

In order to confirm the capacity of β-casomor-
phins-7 to interact with 5-HT2-serotonin receptors
and identify the agonist/antagonistic type of this

Fig. 1. Effects of ketanserin (1) and human β-casomorphin-7 (2)
on specific binding of 3H-spiperone (3) to rat cerebral frontal cortical
receptors.
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interaction, we studied the effects of human and
bovine β-casomorphins-7 on human platelet aggre-
gation. None of the peptides in the selected con-
centration range induced platelet aggregation, i.e.
they were not serotonin receptor agonists. How-
ever, both peptides dose-dependently blocked sero-
tonin-induced platelet aggregation (Fig. 2), i.e. acted
as 5-HT2-serotonin receptor antagonists. IC50 values
for human and bovine β-casomorphins-7 in this test
were 5±1 and 20±4 µM, respectively. The inhibi-
tory activity of peptides was much lower than that
of ketanserin (IC50 10±2 nM).
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react with 5-HT2-serotonin receptors was demon-
strated by two independent methods. Hence, one of
the mechanisms of central and/or peripheral effects
of β-casomorphines-7 can be due to their effects
not only on the opioid, but also on the serotoniner-
gic system.
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Fig. 2. Effects of human and bovine β-casomorphins-7 on
serotonin-induced human platelet aggregation. 1) ketanserin; 2)
human β-casomorphine; 3) bovine β-casomorphin-7.
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