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POPIK, P., B. BOBULA, M. JANUSZ, J. LISOWSKI AND J. VETULANI. Colostrinin, a polypeptide isolated from
early milk, facilitates learning and memory in rats. PHARMACOL BIOCHEM BEHAYV 64(1) 183-189, 1999.—Initial ob-
servations in humans indicated that colostrinin, a complex of polypeptides derived from the colostrum of sheep, facilitates
cognitive functioning in patients with Alzheimer’s disease. Its effect on learning and memory in more controlled settings as
well as the specificity of these effects were, however, unknown. The present experiments evaluated the effects of colostrinin
on spatial learning (Morris water maze) and incidental memory (habituation test) in male Wistar rats of two age groups. Co-
lostrinin, at a dose of 4 pg/rat IP, facilitated acquisition of spatial learning of 13- (aged) but not 3-month-old (young) rats. At
the same dose, it improved incidental learning in aged rats, while the dose of 20 pg/rat attenuated it. Colostrinin did not
change locomotor activity of rats. Taken together, the present findings indicate that colostrinin may have some beneficial ef-
fects on cognitive functioning, particularly in aged subjects. Given the fact that colostrum is the first nutritive agent of neo-
nates, it might be speculated that its peptides may facilitate the early postnatal development of the cerebral neurons and their

plasticity. © 1999 Elsevier Science Inc.
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COLOSTRUM, the early milk produced during the puerperal
period, plays an essential role in survival of the newborns, as it
is loaded with antibodies and other immunoactive substances.
Particularly in ungulates, in which mother antibodies do not
cross the placenta, the colostrum is the main source of immu-
nological defense in the first period of life. One of immuno-
logically active agents from ovine colostrum was isolated by
Janusz and colleagues (19-21), and was characterized as an 18
kD polypeptide, built of three 6 kD subunits, rich in proline
(22%) and nonpolar amino acids. The peptide was named co-
lostrinin, and was characterized as a new cytokine (18). The
preparation was subsequently found to be rather a complex of
proline-rich polypeptides (Georgiades and Kruzel, in prepara-
tion). Recently, the immunoactive properties of the human
analog of ovine colostrinin were described (12,27).

Cognitive deficits including learning impairment and de-
layed amnesia are one of the most prominent debilitating con-
sequences of the normal and pathological aging in humans.

Among the most severe forms of the senile dementia is Alzhe-
imer’s disease, which is associated with numerous pathophysi-
ological alterations of the CNS. Pathophysiological changes in
Alzheimer’s patients include, among others, accumulation of
beta-amyloid plaques and neurofibrillary tangles (15). In addi-
tion to the profound impairment in cholinergic transmission,
alterations in the function of cytokines and other factors asso-
ciated with immune reactions have been reported (3,5,11).

Exploiting the possibility that immunological factors may
play a role in the development of Alzheimer’s disease, Inglot
and coworkers (17) carried out a preliminary clinical experi-
ment and demonstrated in a double-blind, placebo-controlled
trial that three to six cycles of therapy consisting of oral ad-
ministration of colostrinin (100 pg every second day for 3
weeks) resulted in the substantial improvement of cognitive
functioning in 11 out of 16 patients as measured by the Mini
Mental State score and the recent memory test.

Investigation of the cognitive effects of peptides has a long
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history. In the 1960s, De Wied found that removal of the pos-
terior lobe of the pituitary in rats impaired the maintenance
of avoidance behavior, and that this deficit could be restored
by the treatment with vasopressin (6). These and other find-
ings resulted in 1970s in the appearance of the “neuropep-
tide” concept and a hypothesis that the peptides are impli-
cated in learning and memory processes. This hypothesis was
latter supported by findings showing that numerous peptides
affect learning and memory processes in various behavioral
paradigms [for reviews see (7,37)]. Because colostrinin was
demonstrated to produce improvement of cognitive functions
in some Alzheimer’s patients, the present experiments were
aimed at evaluating its cognitive effects in a more controllable
experimental setting.

METHOD
Animals

Male Wistar rats ~3 months of age [~200 g, (young sub-
jects)] or ~13 months of age [~400 g (aged subjects)], pur-
chased from a licensed dealer, were housed under standard
laboratory conditions (lights on at 0600 h, lights off at 1800 h;
room temperature 23 * 1°) with pelleted food and tap water
available ad lib. Rats were kept in 58 X 37 X 19 cm plastic
cages (four to five rats per cage). All animals were used once.

Drugs

Colostrinin was obtained from sheep colostrum according
to the procedure of Janusz and colleagues (21). Physiological
saline (vehicle) served as placebo. All injections were done IP
in the volume of 1 ml/kg. The selection of doses for current
investigation was based on immunotropic effects of colostri-
nin in animals (16,39).

Experimental Procedures

Locomotor activity. The test was performed on young rats.
The animals were placed individually in the Opto-Varimex
activity chambers (Columbus Instruments, Columbus, OH),
linked to a PC computer. The rectangular chambers were illu-
minated with dim light. Each chamber (43 X 44 cm) was
equipped with 15 infrared emitters placed on adjacent walls
and with an equivalent number of receivers on the opposite
walls. The rats were kept in the chambers for a 30-min adap-
tation period and then injected with colostrinin (4 or 20 g/
rat) or placebo. Immediately after the injection, the recording
of the horizontal activity begun and was continued for 90 min.
The locomotion, defined as an interruption of three consecu-
tive photobeams, was analyzed using Auto-track software
(Columbus Instruments, Columbus, OH). Experimental
groups consisted of 10 animals each.

Spatial learning (Morris water test). The test was carried
out on 20 young and 20 aged rats. A gray metal circular pool
(180 cm in diameter, 50 cm in height) was filled to a height of
25 cm with 22°C tap water, which was changed every day as
described previously (29,30). Curtains, bright lamps, and
other objects around and above the pool provided numerous
stable extramaze cues. The total circular area of the pool was
divided into four quadrants (NE, SE, SW, and NW) by means
of the signs on the TV screen on which the training was ob-
served.

Spatial learning consisted of the acquisition trials (days 1-
12, one trial per day), the “transfer test” (day 13), and the vis-
ible platform (visual perception) test (day 14).
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During acquisition trials, 30 min before each trial one-half
of rats were injected with colostrinin (4 pg/rat), the other half
received placebo injections. The trial consisted of manually
placing a rat into the water, facing the wall of the pool, at one
of the four starting positions (compass points N, W, S, or E)
around the pool perimeter. Every day the starting position
was changed. The rat was required to find a gray metal plat-
form (10 X 10 cm) that was present in the SE quadrant in the
middle between its center and the wall, with the upper surface
submerged 1 cm below the water surface. If a rat escaped
onto the platform it was permitted to remain there for 30 s. If
a rat failed to find the platform within 120 s, it was placed
onto the platform by hand and allowed to remain there for
30 s. After completion of the trial, the rats were put in the
“drying” cage and heated by infrared lamp.

To measure the strength of the spatial memory, on day 13,
a “transfer test” was performed, during which, rats were
swimming for 1 min in the pool without platform. On days 13
and 14, no drugs were administered.

On day 14, the ability of placebo-treated, young and aged
rats, to find a visible platform was tested. The platform was
placed in the NW quadrant (opposite to that in which it was
kept during the acquisition trials), and was raised 1 cm above
the water surface so that the sides (marked white) were
clearly discernible.

Swimming behavior during the acquisition trials and the
“transfer test” was video-recorded using a commercial VCR
and analyzed by a PC computer, using the EYE 1.3 (J.
Dtugopolski, Krakéw, Poland), TRACK-ANALYZER (40)
and Wintrack software. In addition to the escape latencies,
the analysis of swimming behavior recorded during the acqui-
sition trials involved calculation of Whishaw’s indexes, repre-
senting % of path swum within a straight “corridor,” 16 cm
wide, connecting the starting point and the escape platform
(38). During the “transfer test” calculated were: 1) the time
(in seconds) spent by a rat in the SE quadrant in which the
platform was hidden during acquisition trials, and 2) the num-
ber of episodes of swimming exactly over the previous posi-
tion of the platform (direct “hits”).

Incidental learning. This experiment was carried out on the
aged rats. The procedure used in this experiment was concep-
tually based on the habituation test, developed initially for
mice (28). Briefly, each rat was exposed to an open field
twice, and the decrease of exploratory activity on the second
exposure served as the measure of incidental memory. The
open field (50 X 50 X 50 cm) was made of the plywood and
painted black. To make the open field more distinctive, in the
two corners, a pieces of the blotting paper were attached to
the wall. Each blotting paper was marked with few drops
of the flavored oil NDC-0395-1913-91 or NDC-0395-2015-91
(Humco, TX). The level of illumination was kept as low as
possible to allow videotaping. The exposures were videotaped
using TV camera attached to the commercial VCR and a PC
computer. After each exposure, the cages were cleaned and
dried.

Two exposures, each 10 min long, were separated by vari-
ous interexposure intervals (IEIs). The behavior of rats (hori-
zontal activity) was analyzed using the EYE 1.3 (J. Dtugopol-
ski, Krakéw, Poland) and TRACK-ANALYZER (40)
software. For each rat, the total length of the path traveled
during both exposures was recorded. As the measure of inci-
dental memory, the decrease of horizontal activity on the ex-
posure #2, was used [the difference between length of the
path during exposure #1 and exposure #2, (A exploration
score)].
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Two independent experiments were performed. The pre-
liminary experiment served to establish the effect of the
length of IEI on decline of incidental memory in drug-free
rats. It was assumed that at a long IEI, the memory is weaker
than at a short IEI. Subjects were placed in experimental
cages and their exploratory activity was measured as de-
scribed. Because incidental memory in mice lasts no longer
than 7 days (28), rats (n = 5 or 7) were placed subsequently in
their home cages for a IEI of 1 or 7 days. After that time, rats
were investigated in the experimental cages again (exposure #2).

In the proper experiment, the effect of colostrinin (4 or 20
pg/rat) on the consolidation of incidental memory was inves-
tigated. Colostrinin was administered ~1 min after the expo-
sure #1. The IEI lasted for 3 days. There were 12, 7, and 6 rats
for colostrinin at doses of 0, 4, or 20 pg/rat, respectively.

Statistics

Repeated-measures two-way ANOVA followed by New-
man-Keuls test was used for the comparison of escape laten-
cies in the Morris water maze. To evaluate other effects, one-
way ANOVA followed by Dunnet’s test or Student’s t-test
were used, where appropriate.

All experiments were carried out according to the Na-
tional Institutes of Health Guide for Care and Use of Labora-
tory Animals (publication No. 85-23, revised 1985), and were
approved by the internal Bioethics Commission.

RESULTS
Locomotor activity

Table 1 shows the effects of colostrinin on the horizontal
locomotor activity recorded for 90 min, right after its adminis-
tration. Colostrinin did not influence horizontal locomotor
activity in young rats.

Spatial Learning (Morris Water Maze) Test

Rats demonstrated rapid acquisition of the spatial naviga-
tion task, and by day 10, the latencies to escape onto the plat-
form were less than 10 s, and did not decrease on the follow-
ing days (Fig. 1). In the young rats, escape latencies and
Whishaw’s indexes were virtually identical in placebo- and co-
lostrinin-treated subjects. However, the aged, placebo-treated
controls demonstrated markedly longer swimming latencies
on days 3 and 4 of the training than all other subjects. Statisti-
cally significant difference between aged placebo-treated and
aged colostrinin-treated rats may suggest that colostrinin im-

TABLE 1

THE EFFECT OF COLOSTRININ ON THE
HORIZONTAL LOCOMOTOR ACTIVITY IN
3-MONTH-OLD RATS

Colostrinin (ng/Rat) Horizontal Activity

0 470 * 130
4 530 + 87

20 550 + 130

ANOVA: F(2,29) = 0.10, p > 0.05

The activity was recorded for 90 min after co-
lostrinin administration. The data are mean =
SEM of arbitrary units. The n for each group
was 10.
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proves the ability of aged subjects to acquire the platform po-
sition. In addition, a detailed analysis of swimming behavior
indicated that the aged placebo-treated rats showed impair-
ment in the latter stages of spatial learning. Thus, they were
finding the platform with less accuracy compared to all other
groups, because they were not swimming toward it straight
from the starting point (Fig. 2). Because no such impairment
was noted in aged rats treated with colostrinin, this may sug-
gest that colostrinin improved the ability of aged subjects to
search for the platform more effectively. There were no dif-
ferences between colostrinin-treated and control rats in the
swimming speed (data not shown).

During the transfer test, rats were swimming in the vicinity
of the place that contained escape platform during the acqui-
sition trials. The treatment with colostrinin resulted in the
higher precision of the search for the platform as revealed by
the higher number of episodes of direct “hits” (Fig. 1, inset).
The difference between the performance of aged placebo-
treated and colostrinin-treated rats was significant. This spa-
tial bias was not observed when the time spent in the “train-
ing” quadrant was calculated (data not shown). Mean swim-
ming time in the quadrant previously containing the platform
was 20-25 s for all groups.

The surface plots analysis of the time spent by rats in a 10 X
10 cm segments of the water maze during the “transfer test”
(Fig. 3) has revealed that young rats, regardless of treatment,
preferred both the place where the platform was positioned
and the starting (north) point. On the other hand, placebo-
treated, aged rats did not show any preference for a particular
segment of the water maze. However, the aged rats receiving
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FIG. 1. Acquisition of spatial learning by young and aged rats
treated with colostrinin. Rats were trained for 12 days with one trial
per day, to navigate into the hidden platform. Presented are mean
escape latencies to find the hidden platform. For aged subjects, the —
and + SEM are shown for placebo and colostrinin-treated rats,
respectively. For the sake of clarity, the SEM of young rats is not pre-
sented. Asterisks indicate statistically significant difference from all
other groups [two-way repeated measures ANOVA: group, F(3, 36)
= 3.46, p < 0.05, day, F(1, 36) = 8.59, p < 0.01]. This difference is
attributed to the longer latencies of placebo-treated 13-month-old
rats (post hoc Newman-Keuls test p < 0.05 vs. all other groups). The
n for all groups was 10. Inset: Assessment of the strength of spatial
memory during the “transfer test.” Presented are mean = SEM num-
ber of swims (“hits”) over the place where the platform was located
during training. Thirteen-month-old rats treated with colostrinin
demonstrated higher number of “hits” compared to their agemates
treated with placebo [p < 0.05 Dunnet’s test followed by ANOVA,
F(3,39) = 4.013, p < 0.025].



186

50+
S R
< 404 A --0-- 3 mo, Placebo
§ —e— 3 mo, Colostrinin
£ 304 ---0-= 13 mo, Placebo
»
2 —=— 13 mo, Colostrinin
& 204
2
<
2 104

0-

FIG. 2. Effects of colostrinin on the precision of swimming to the
goal platform (Whishaw’s indexes) of young and aged rats. The data
are derived from the same experiment as that presented in Fig. 1.
Rats were trained for 12 days with one trial per day to navigate into
the hidden platform. Presented are mean Whishaw’s indexes, repre-
senting % of path swum within a straight “corridor,” 16 cm wide, con-
necting the start and the platform. Periods of inactivity were not
considered. For all groups, except aged rats treated with placebo, the
SEM are not presented for clarity. Asterisks indicate statistically sig-
nificant difference from all other groups [two-way repeated measures
ANOVA: group, F(3, 36) = 3.68, p < 0.05, day, F(2,72) = 0.69, p >
0.05]. This difference is attributed to the lower values of Wishaw’s
indexes of placebo-treated 13-month-old rats (post hoc Newman-—
Keuls test p < 0.05 vs. all other groups).

colostrinin during training demonstrated the preference for
the segments where the platform was located.

The placebo-treated rats. regardless of age, performed
equally well in the test for perception of objects (swimming to
the visible platform). The mean *+ SEM latencies to reach the
platform were 19.20 = 2.25 s and 21.30 * 5.47 s for young and
aged rats, respectively, suggesting that the perception of ob-
jects was not compromised by the age of the subjects.

Incidental Memory

Drug-free aged rats exposed to the open field twice with a
IEI of 1 day demonstrated marked decrease of horizontal ac-
tivity on the second exposure [exposure #1 and #2: 1002 =
163.5 and 676.7 = 170.1 (mean * SEM arbitrary units), re-
spectively]. In contrast, rats that were exposed to the open
field twice with a 1EI of 7 days did not show such a decrease of
horizontal activity on the second exposure (exposure #1 and
#2: 1004 = 96.68 and 950.5 * 143.9). The A exploration scores
for IEI of 1 and 7 days (325.0 * 32.33 and 54.03 = 72.15, re-
spectively) appear to differ significantly, #(10) = 2.99, p < 0.01.

In this test, colostrinin administered after exposure #1 pro-
duced a significant reduction of the horizontal activity of aged
rats recorded during exposure #2 only when given at the dose
of 4 pg/rat (Table 2). The detailed analysis demonstrated that
the A exploration score increased after a low (4 wg/rat), but
decreased after a high (20 pg/rat) dose of colostrinin (Table
2). This may indicate that colostrinin has a biphasic effect on
the consolidation of incidental memory, with low doses im-
proving, and high doses deteriorating it.

DISCUSSION

The present study demonstrates that colostrinin, a com-
plex of proline-rich polypeptides isolated from ovine milk and
having immunomodulatory properties, may have potent be-
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havioral effects in rodents. Of particular interest is that colos-
trinin apparently improved cognitive functions that were de-
teriorated in aged rats. Thus, at the dose of 4 pg/rat, it
facilitates the acquisition of spatial learning in aged rats.
bringing it to the level observed in young subjects. In addi-
tion, the dose of 4 pg/rat of colostrinin improves the consoli-
dation of incidental memory in aged rats (increases the extent
of between-trial habituation). Although the dose of 20 pg/rat
of colostrinin produced an inhibitory effect on incidental mem-
ory, this agrees with the common finding that the procogni-
tive drugs, as a rule, produce biphasic effect on learning and
memory processes.

In the present study, the promnestic effects of colostrinin
were demonstrated in two paradigms, including spatial learn-
ing in the Morris water maze (25) as well as in the incidental
memory (habituation test) developed originally for mice (28).
Habituation tests are based on the observation that an ani-
mal’s reaction to a novel stimulus is reduced at the next expo-
sure to the same stimulus. This paradigm is regarded as a
rapid and effective screening test, but its use is compromised
by the low predictive validity and difficulty in reproducing re-
sults due to the sensitivity to environmental factors. On the
other hand, the Morris water maze is regarded as a test very
sensitive to a number of treatments producing deficits in spa-
tial learning, including brain lesions and a variety of amnestic
agents [see (4) for review]. This test measures spatial mem-
ory, which is highly dependent on the presence of extramaze
cues. These two tests differ also in other aspects. Thus, the ha-
bituation test appears to measure learning of an information
acquired in the absence of an explicit reinforcement (other
than curiosity) and involves implicit memory. The Morris wa-
ter maze is dependent upon a potent motivation (escape from
water) and involves explicit memory. Both tests appear to
measure long-term memory, and both are independent on the
level of food or water deprivation.

Investigators of “antidementia” drugs lack both a reliable
model of human dementia and a standard, recognizable mem-
ory-facilitating reference compound. The lack of these two
basic tools in the learning and memory research (as opposed
to other areas of psychopharmacology) is a serious obstacle in
drug development. This prompts for a development of a vari-
ety of animal models of dementia, of which none to date
seems to be fully satisfactory [for a review see (32)]. Nonethe-
less, there is a common agreement that the best animal model
of the normal and pathological aging in humans is the aging
animal itself. Aged rodents show deficits in a number of
learning and memory paradigms, including passive avoidance
(2), habituation tests (1,26,36), and the Morris water maze
(10,32). From this perspective, our attempt to investigate
promnestic effects of colostrinin in aged rats seem to corre-
spond well with the currently available and most broadly ac-
cepted animal models of human dementia.

As mentioned above, colostrinin produced a biphasic ef-
fect on the incidental memory in aged rats, because the dose
of 4 pg/rat facilitated, and the dose of 20 pg/rat attenuated its
consolidation. This finding is not surprising, because numer-
ous observations indicate that the dose-response curve for
the effects of promnestic agents on learning and memory is
typically of an inverted-U shape in that low doses have oppo-
site effects from high doses (24). Such effects were demon-
strated for naloxone (8), neuropeptide Y (9), or oxytocin (31).
It is also worth mentioning that similar dose-response rela-
tionship, characteristic for substances with regulatory proper-
ties, was observed in the case of studies on the effect of colos-
trinin on the immune responses (39).
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FIG. 3. Surface plot analysis of swimming behavior recorded during the “transfer” test of young and aged rats
treated with colostrinin during acquisition trials. Presented are surface plots of spatial preferences of rats
recorded on day 13 of training. The whole area of the tank was divided into 10 X 10-cm segments, and the mean
number of times the rats swam in a particular segment are plotted. The platform was positioned in the SE quad-
rant in the middle way between the center of the pool and the wall. It appears that aged, placebo-treated rats did
not swim in the vicinity of the platform to the same extent as all other rats did.

Regarding the specificity of the procognitive effects of co-
lostrinin, two issues should be brought about. First, it is un-
likely that the shorter latencies to find the platform of the co-
lostrinin—treated aged rats were due to the possible “stimulatory”

TABLE 2

THE EFFECT OF COLOSTRININ ON THE
CONSOLIDATION OF INCIDENTAL MEMORY
AT INTEREXPOSURE INTERVAL OF
3 DAYS IN AGED RATS

Colostrinin (pg/Rat) A Exploration Score

0 118.2 = 93.08
4 357.5 = 47.26*
20 —151.9 = 113.5%

ANOVA F(2,24) = 5.68, p < 0.05

Administration of 4 pg/rat of colostrinin re-
sulted in the higher (*p < 0.05) A exploration
score; the dose of 2 pg/rat produced significantly
(*p < 0.05) lower A exploration score compared
to placebo-treated controls. The data are mean *
SEM. There were 12, 7, and 6 rats for colostrinin
at doses of 0, 4, or 20 pg/rat, respectively. The
mean horizontal activity of rats on the exposure
#1 did not differ significantly among groups, and
was 1050.6 = 72.4 (n = 25) arbitrary units.

effect. This is because colostrinin did not influence locomotor
activity in young rats (Table 1) nor the swimming speed of
rats as measured in the Morris water maze (data not shown).
Alternatively, aged rats might have impaired sense of sight
and colostrinin might improve it. This explanation is also un-
likely, because we found no difference between young and
aged rats in the latency to find visible platform (visual percep-
tion test), performed on day 14.

The present study supports clinical observations indicating
that colostrinin may facilitate cognitive functioning in pa-
tients suffering from Alzheimer’s disease (17). At present, we
do not propose the mechanism of this action. It cannot be ex-
cluded, however, that the immunomodulatory effects of co-
lostrinin, [reviewed by Janusz and Lisowski (19)] may be of
importance. For example, it has been reported that spatial
learning is impaired in mice suffering profound deficits in im-
munological responses (35). The interferon gamma-inducing
activity of colostrinin (16) might thus play a role in the mech-
anism of promnestic effects of this preparation. The findings
of Schmitt et al. (34) and Ringheim et al. (33) demonstrating
that interferon gamma inhibits production of the Alzheimer’s
amyloid beta precursor protein are in favor of this idea. How-
ever, whether or not the immunomodulatory effects of colos-
trinin are of importance for the improvement of cognitive
functions in rats and humans, remains to be established.

One of the central issues in the cognitive effects of pep-
tides is the question of whether these effects are centrally me-
diated (6,7,37). As far as colostrinin is concerned, at present
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no data on its permeability through the blood-brain barrier
are available. However, the high content of hydrophobic
amino acids, resulting in lipophilicity of colostrinin may sug-
gest that it might penetrate into the central nervous system.
Colostrum, because of its immunoactive peptides, offers
the immunological protection to the newborns, before they
can start producing their own antibodies. Converging lines of
evidence demonstrate the favorable effect of breast feeding
on mental development of babies. A better development of
brain and retina resulting in the improved cognition and vi-
sual function, intelligence, and neurological development has
been frequently associated with breast feeding, especially
when it is done within the first months, or even first 2 weeks
of life (13,14,22,23). According to some hypotheses, human
milk is more suitable than artificial formulations, owing to the
proper content of essential fatty acids, indispensable for neu-
ronal membrane formation (13,14,23). However, the particu-
lar importance of breast feeding within short period after par-
turition emphasizes the effects of compounds present in
colostrum. It is interesting that in ovine colostrum the highest
content of the colostrinin complex was found in the early co-
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lostrum (6-12 h after the delivery), and was significantly
lower in samples of colostrum or milk collected within several
days after the delivery (21). It cannot be excluded that the
peptides contained in colostrum play a unique function. In
support, as pointed by Golding et al. (13), there is evidence
that breast milk that has been pasteurized before feeding
does not produce beneficial effects on cognitive functioning,
whereas the fresh breast milk is effective whether it is deliv-
ered by the tube or by the breast. The present findings, dem-
onstrating the procognitive effects of colostrinin, together
with the literature data, may thus open an intriguing possibil-
ity that colostrum peptides may facilitate the early postnatal
development of the cerebral neurons and their plasticity.
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