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The effects of wheat gluten fragments, hemoglobin, and milk B-caseins (exorphine C,
hemorphine-6, and p-casomorphine-7) on nociceptive sensitivity and behavior were studied
in albino rats. Hemorphine-6 and exorphine C induced hyperalgesia and increased anxiety;
B-casomorphine-7 decreased anxiety and nociceptive sensitivity. All peptides partially
decreased motor activity and the orientative-exploring reaction. In contrast to B-caso-
morphine-7, exorphine C and hemorphine-6 did not exhibit neurotropic activity intrinsic
to opioids and can be characterized as functional antagonists of endogenous opioid

peptides.
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The particular group of opioid peptides, exorphines,
was discovered in the 1980s. They are characterized
by the ability to enter the organism with dietary
proteins. B-Casomorphine-7, a fragment of milk
protein B-casein, is a typical exorphine studied in
details. This peptide enters the biood from the in-
testine [14] and affects opiate p- and §-receptors
[11]. B-Casomorphine-7 is highly resistant to enzy-
matic degradation. It possesses neurotropic and anal-
gesic potencies [6], affects the release of some en-
zymes [13], inhibits peristalsis of the gastrointestinal
tract [8], etc.

Release of exorphines may accompany utiliza-
tion of wheat gluten, hemoglobin, and a number of
other peptides [9, 10]. The ability of these peptides
to bind with opiate receptors of various types was
revealed in the mouse deferent duct preparations
[15]. However, physiological properties of wheat
gluten and hemoglobin fragments referred to as exor-
phine C and hemorphine were virtually unknown.
Our aim was to assess neurotropic activities of these
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peptides in comparison with physiological activity of-
B-casomorphine-7.

MATERIALS AND METHODS

Exorphine C (Tyr-Pro-Ile-Ser-Leu) and hemorphine-6
(Tyr-Pro-Trp-Thr-Gln-Arg) were synthesized at the
Cardiology Research Center; p-casomorphine-7 (Tyr-
Pro-Phe-Pro-Gly-Pro-Ile) at the Institute of Mole-
cular Genetics, Russian Academy of Sciences. The
study was carried out on 365 randomly bred male
albino rats weighing 200 g. The rats were subdivided
into groups of 10-15 animals. Aqueous solutions of
the peptides (5 and 20 mg/kg) were injected intra-
peritoneally (0.2 ml). Control rats received an equi-
valent volume of distilled water.

The threshold of nociceptive sensitivity was de-
termined in the standard tail-flick and hot plate
(55£1°C) tests.

Unrestrained motor activity was recorded for 30
min with an Opto-Varimex apparatus (Columbus
Instruments), which records horizontal (HC) and
vertical (VC) components of motor activity.

The orientative-exploring reaction was assessed
in a “hole chamber” test. Motor activity, grooming,
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and the number of examined holes were recorded
during 2 min.

Evaluation of anxiety was performed using several
tests [S]. Durations of the following events were re-
corded: descent from elevation, passing through a hole
in chamber’s wall, and going out from the “house”.
The complex included also a 5 min testing in the
“open field”. In this test a 3-min bright illumination
was followed by 1 min of red light, thereafter bright
illumination was restored. The assessed phenomena
were motor activity, the number of visits to the center
of arena, and grooming. After this test, the animal
reaction to experimenter’s hand was determined.

The data were statistically analyzed by the stan-
dard methods. Significance of differences was as-
sessed by the standard nonparametric tests.

RESULTS

p-Casomorphine-7 (20 mg/kg) decreases nociceptive
sensitivity in rats 10-70 min after intraperitoneal in-
jection [1]. In this work we studied analgesic effect
of the peptides hemorphine-6 and exorphine C.
There were no differencies between control and test
groups after administration of hemorphine-6 (5 and
20 mg/kg) concerning the nociceptive sensitivity in
the tail-flick test. In the hot plate test, a persistent
decrease in latency of the avoidance behavior was
observed after a dose of 20 mg/kg. Significant dif-
ferences from the control level were detected 40-150
min postinjection (Fig. 1, a, b). Exorphine C caused
no differences between control and test animals in
the hot plate test. However, higher doses of the pep-
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Fig. 1. Effects of hemorphine-6 and exorphine C on nociceptive sensitivity in rats. Ordinate: changes in the latency against the background
values (sec). Effect of (a) hemorphine-6 and (b) exorphine C in the hot plate test; effect of (c) hemorphine-6 and (d) exorphine C in the tail-
flick test. Here and in Fig. 2: 'p<0.05 in comparison with the control group.
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tides induced a marked decrease in the tail flick
latency, which was significant 120 min postinjection
(Fig. 1, b, d). Thus, the effect of exorphine C and
to a greater extent hemorphine-6 on nociceptive sen-
sitivity in rats was opposite to the effect of B-caso-
morphine-7 and can be characterized as hyperalgetic.

In the model of unrestrained behavior in an
Opto-Varimex apparatus it was previously shown that
both HC and VC decreased 5 min after injection of
B-casomorphine-7 [4].

This test also revealed a decrease in HC and VC
after injection of hemorphine-6 (5 and 20 mg/kg).
However, this effect was observed only for 3 min at
the beginning of recording. No significant differences
from the control were revealed for both doses of
exorphine C.

The orientative-exploring reaction was studied in
the “hole chamber” 5 min after injection of hemor-
phine-6 and exorphine C. Injections of higher doses
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of the peptides led to a decrease in the run and ti.
number of sets, which was most pronounced on the 21
min of observation (Fig. 2). In addition, exorphine C lea
to a decrease in the number of examined holes on the
2nd min of testing for the dose of 5 mg/kg and in
total for both minutes for the dose of 20 mg/kg.
Hemorphine-6 and exorphine C did not affect
the duration of descent from an elevation, the period
of passing through a hole in the chamber’s wall, and
the period necessary to leave the “house”. However,
in the open field test, these peptides decreased the run,
the number of sets, and the number of visits to the
center (Fig. 3). In addition, hemorphine-6 (20 mg/kg)
induced spontaneous backward motion and a 4-fold
increase in the number of vocalization in response to
experimenter’s hand compared with the control.
B-Casomorphine-7 (5 mg/kg) increased the value
of run and the number of visits to center on the 4th
min, i.e., after turning the bright illumination off, the
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Fig. 2. Effects of hemorphine-6 and exorphine C injected 5 min prior to testing on the animal behavior in the “hole chamber” test. Ordinate:
the indices in arbitrary units. The effect of (a) hemorphine-6 and (b) exorphine C on the value of a run; the effect of (¢c) hemorphine-6 and
(d) exorphine C on the number of sets.
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Fig. 3. Effects of hemorphine-6, exorphine C, and p-casomorphine-7 on rat behavior in the “open field” test. Dark downward arrows show
a decrease of the parameter relative to the control value (p<0.10), dark upward arrows indicate an increase of the parameter (p<0.05).

test rats adapted to new conditions more rapidly than
the control rats. In addition, there was a decrease in
grooming on the 3rd min of testing. p-Casomor-
phine-7 (5 mg/kg) seems to produce some decrease
in the anxiety level. This agrees with the data on
anxiolytic ability of endogenous opioids [7].

From our results it can be concluded that not-
withstanding the revealed ability of hemorphine-6 and
exorphine C to bind with opioid receptors [15], these
peptides have no neurotropic properties characteristic
of opioids. In contrast te other opioid peptides, B-
casomorphine-7 included, hemorphine-6 and exor-
phine C provoke hyperalgesia and increase anxiety in
rats. Considering the possible reasons of these pheno-
mena, it should be pointed out that these peptides lack
phenylalanine in the third position. It can be assumed
that the binding of hemorphine-6 and exorphine C to
opioid receptors does not activate them, because these
peptides (or their fragments resulting from enzymatic
degradation) act as blockers of opioid receptors and at
least partially as antagonists of the exogenous opioids.
A similar situation, when a shorter or modified pep-
tide is an antagonist of its precursor, has been de-
scribed for the substance P fragments and endo-
genous immunopotentiator tuftcin, as well as for
tripeptide lu-Arg-Pro, an analog of ACTH(5-7) and
functional antagonists of ACTH(4-7) [3].

A decrease in motor activity and in orientative-
exploring reaction under the action of hemorphine-
6 and exorphine C can result from moderation of
anxiety, the more so that this decrease occurs in
another period that in the case of f-casomorphine-7
injection. Anxiolytic effect of the peptides seems to
be at least a partial reason of their hyperalgetic
action. There are data on significant decrease in
latency of nociceptive reaction accompanied by in-
crease in anxiety in animals [2].

The anxiogenic effect of exorphine C can be at-
tributed to a similarity of its structure (Tyr-Pro-Ile-

Ser-Leu) with that of the peptide Pro-Pro-Ile, a
fragment of corticoliberin, which is known to in-
crease anxiety [12].

The multidirectional neurotropic activity of exor-
phines may account for some “unexpected” physio-
logical effects of dietary peptide fragments. The abi-
lity of these fragments to affect nociceptive sensitivity,
emotional status, and memory should be taken into
account when absorption of the peptide in the gastro-
intestinal tract is augmented by any reason (in neo-
nates, under stress, upon mucosa damage, etc.).
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