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Abstract
Colostral proline-rich polypeptide complex (PRP) with immunoregulatory and procognitive activities shows beneficial effects 
in Alzheimer’s disease (AD). As the laboratory method of isolating PRP is expensive, laborious, and time consuming, a new 
large-scale methanol method of PRP isolation was developed. The proline-rich polypeptide complex obtained by this new 
method (named methanol PRP–MPRP) from both ovine or bovine colostra shows psychotropic activity and inhibitory effect 
on amyloid β aggregation similar to those produced by the laboratory-scale method. The comparative study of the antioxidant 
properties, cytokine-inducing activity, and nitric oxide release of PRP and MPRP showed that preparations are biologically 
active, moreover MPRP should be used at concentration higher than 100 µg/ml to obtain results comparable to PRP.
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Introduction

Very substantial progress in elucidating the molecular mech-
anisms of the pathogenesis of neurodegenerative disorders 
allowed considering a new group of compounds with thera-
peutic significance as promising agents for modulation of 
the growth and function of central nervous system (CNS) 
cells (Barger et al. 1995; Vitkovic et al. 2000, 2001; Mac-
cioni et al. 2001; Mattson 2004; Parihar and Hemnani 2004; 
Steinman 2008; Lynch 2014; Weiner et al. 2017). Upon acti-
vation, glial cells are able to secrete immunomodulatory 
factors that activate immunologically competent peripheral 

cells as well as glial cells themselves. The bidirectional com-
munication between lymphoid cells and glial cells within the 
CNS occurs via various mediators, including cytokines and 
NO. The function of this mediators as well as the regulation 
of their secretion and activity have become subjects of inten-
sive study (Aarli 2003; Lindberg et al. 2005). Any substance 
with antioxidant, NO, and cytokine regulatory properties 
could exert therapeutic effects in neurodegenerative disor-
ders such as Alzheimer’s disease (AD). A very promising 
example of a preparation with these properties are proline-
rich polypeptide complexes (PRPs).

A complex of proline-rich polypeptides (PRP) was dis-
covered and first isolated from ovine colostrum by Janusz 
et al. (1974). Similar complexes were subsequently found 
in human, cow, and goat colostra (Piasecki et al. 1997; 
Kruzel et al. 2004; Sokołowska et al. 2008). The proper-
ties of bovine PRP, named later Colostrinin™,1 indicated 
that it is a very promising and nontoxic preparation with 
a potential use as a drug in neurological disorders. The 
potential value of the proline-rich polypeptide complex 
in the treatment of AD was shown for the first time in a 
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double-blinded placebo-controlled trial and a long-term 
open-label study (Leszek et al. 1999, 2002) and confirmed 
in multicenter clinical trials (Bilikiewicz and Gaus 2004).

Results of the clinical trials correlated well with the 
effect of PRP on incidental memory improvement and 
cognitive abilities in aged rats (Popik et al. 1999) and 
enhancement of long-term memory in one-day-old chick-
ens trained on a weak passive-avoidance learning para-
digm (Steward and Banks 2006). A very important activity 
of PRP is the prevention of Aβ aggregation and the disrup-
tion of aggregates already existing (Schuster et al. 2005; 
Janusz et al. 2009). PRP increases neurite outgrowth in 
a dose-dependent manner as demonstrated in a cell dif-
ferentiation model system of pheochromocytoma PC12 
cells (Basci et al. 2005; Zabłocka et al. 2014). PRP is 
considered as a promising pharmacological agent, due to 
its ability to suppress uncontrolled microglial activation. 
An inhibitory effect on the differentiation/maturation of 
cells of the monocyte/macrophage lineage was also shown 
(Kubis et al. 2005).

Despite therapeutic evidence, the exact mechanism of 
PRP action in Alzheimer’s disease is not yet fully clarified. 
PRP was initially found to show immunomodulatory activ-
ity affecting the maturation and differentiation of murine 
thymocytes (Janusz and Lisowski 1993), the production 
of interferon gamma (IFN-γ), tumor necrosis factor alpha 
(TNF-α), interleukin 6 (IL-6), and other cytokines (Inglot 
et al. 1996; Zabłocka et al. 2001, 2007). PRP and one of its 
peptide components, nonapeptide (NP), inhibit the super-
oxide anion and nitric oxide production induced by LPS in 
mice in vivo (Zabłocka et al. 2005). It was shown that some 
PRP’s constituent peptides, similarly to the whole polypep-
tide complex, induce cytokine secretion and proliferation 
of peripheral blood leukocytes (Stanton et al. 2001). PRP 
decreases the intracellular oxidative stress level, reduces 
4-hydroxynonenal (4HNE)-mediated cellular damage, and 
suppresses 4HNE-induced cellular signaling in cultured 
cells (Boldogh et al. 2003; Zablocka and Janusz 2012). PRP 
induces signaling pathways and modulates gene expression 
in cellular redox regulation as well as cell proliferation and 
differentiation (Basci et al. 2005, 2007; Boldogh and Kruzel 
2008). Oxidative stress as an early event is a key factor in 
the pathogenesis of AD and therapeutic strategies should 
therefore emphasize antioxidant agents (Lovell et al. 1997; 
Zhu et al. 2004; Wang et al. 2014).

Due to the costly, laborious, and time-consuming 
method of PRP isolation on a laboratory scale, a simple 
and fast method of separating proline-rich polypeptide 
complex from colostrum on a large scale was devel-
oped (Kruzel et al. 2004). So far it has been shown in 
many experiments that the newly made PRP preparations 
obtained from both ovine and bovine colostra very much 
resemble that isolated by the previous method in terms 

of inhibition of Aβ aggregation and psychotropic activity 
(Basci et al. 2005; Bourhim et al. 2007; Steward and Banks 
2006; Boldogh and Kruzel 2008).

In this manuscript we present the results of a compara-
tive study of biological activity of proline-rich polypeptide 
complex prepared by both methods: laboratory by Janusz 
et al. (1981) (PRP), and large-scale methanol method by 
Kruzel et al. (2004) (MPRP). The impact on cytokine secre-
tion, nitric oxide release, and antioxidant properties was 
determined. The result obtained showed that both PRP and 
MPRP preparations are biologically active, moreover MPRP, 
to obtain results comparable to PRP, should be used at con-
centration higher than 100 µg/ml.

Materials and Methods

Reagents

Proline-rich polypeptide complex preparations (PRPs) 
were prepared in Faculty of Biotechnology, University of 
Wrocław. Proline-rich polypeptide complex preparations 
(PRPs) were isolated from ovine and bovine colostra in 
both according to Janusz et al. (1981) and using the modi-
fied method of methanol extraction published in details by 
Kruzel et al. (2004). Preparations for the purpose of this 
manuscript, “PRP” was adopted for a preparation obtained 
by Janusz’s method (1981) and “MPRP” (methanol PRP) for 
that separated by the methanol procedure of Kruzel (2004).

RPMI 1640 medium was obtained from the Laboratory 
of general Chemistry IITD, PAS. Tissue culture plates were 
from Costar. Leukoagglutinin (PHA), bacterial lipopolysac-
charide (LPS) from E. coli (serotype 055:B5), ABTS, BCA 
kit, l-glutamine, and antibiotics (penicillin/streptomycin 
mixture) were obtained from Sigma. Fetal bovine serum 
(FBS) was obtained from Gibco BRL. Human IL-1β, IL-6, 
IL-10, and TNF-α Elisa Sets were purchased from Bec-
ton–Dickinson Biosciences Pharmingen.

Materials

Blood samples were collected from healthy donors and 
kindly provided by the Station of Blood Donation, 4th Mili-
tary Hospital, Wrocław, Poland.

The murine J774A.1 macrophage cell line was obtained 
from the ATCC (American Type Culture Collection). Cells 
in RPMI 1640 medium supplemented with 10% heat-inac-
tivated fetal bovine serum (FBS), 2 mM l-glutamine, and 
antibiotics (penicillin, streptomycin) were cultured at 37 °C 
in a humidified atmosphere of 95% air and 5%  CO2 unless 
otherwise indicated.
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SDS‑PAGE

SDS/polyacrylamide slab gels (12%) were prepared by 
the use of TXG Fast Cast Acrylamide solutions (Bio-Rad, 
California, USA). The protein samples were diluted with 
the buffer containing dithiothreitol as reducing reagent and 
loaded on to gel slabs. At the end of analysis gel slabs were 
stained with Coomassie Brilliant G -250.

Cytokine Induction in Human Whole Blood Cell 
Cultures

Cytokine secretion was induced according to the procedure 
described by Inglot et al. (1996). Blood samples from at least 
ten donors were collected into syringes containing sodium 
heparin. Within 1 h after the collection the blood was diluted 
with RPMI 1640 medium supplemented with penicillin/
streptomycin, l-glutamine, and 2% FBS. One-ml portions 
of the cell suspension were distributed into 24-well flat-
bottomed tissue culture plates and the examined inducers 
(PRP and MPRP) at doses of 5, 50, and 100 μg per 100 μl of 
RPMI 1640 were added. The inducers (2 μg/ml of PHA and 
2 μg/ml of LPS) were used as a positive control. Wells con-
taining untreated blood cell samples were used to measure 
the spontaneous production of cytokines (negative control). 
The plates were incubated for 20 h at 37 °C in a 5%  CO2 
atmosphere. After incubation, the plates were centrifuged 
at 200×g for 15 min. at room temperature. The supernatants 
were collected and used for the determination of cytokines.

Determination of Cytokines

The interleukins IL-1β, IL-6, and IL-10 and TNF-α were 
determined by a microplate ELISA using commercially 
available ELISA sets from Becton–Dickinson according to 
the procedure recommended by the manufacturer.

Nitrite/Nitrate Generation

J774 cells were plated in 48-well culture plates at 1 × 106 
cells/ml/well and cultured for 24 h with or without PRP/
MPRP (10, or 100 μg/ml) or 2 μg/ml of LPS in 5%  CO2. To 
determine the effect of PRP/MPRP on nitric oxide induction, 
PRP/MPRP in concentrations of 10 and 100 μg/ml of cell 
culture were added simultaneously with LP 8 h before or 
after the induction. After incubation the plates were centri-
fuged at 200×g for 5 min at 4 °C and the level of nitric oxide 
in the supernatants was determined.

Nitrite/Nitrate Determination

Nitrite and nitrate levels were measured in the superna-
tants after the reduction of nitrate to nitrite with NADPH 

nitrate reductase as described by Guevara et al. (1998) and 
Moshage et al. (1995) with some modifications. In short, 
100-μl samples of supernatant were incubated for 45 min at 
37 °C with nitrate reductase (25 mU/sample) in 20 mM Tris 
buffer, pH 7.6. The total volume of the reaction mixture was 
300 μl. After the enzymatic conversion, the nitrite concen-
tration in the supernatant was measured using Griess reagent 
(0.1% N-(1-naphthyl)-ethylenediamine dihydrochloride and 
1% sulfanilamide in 5% phosphoric acid). After 10 min of 
incubation at room temperature, the absorbance at 550 nm 
was measured. The concentration of nitrite was calculated 
from an  NaNO2 standard curve.

Cell Viability

J774 cells were cultured in 75-cm2 flasks at 37 °C in a 95% 
humidified atmosphere and 5%  CO2 in RPMI 1640 medium 
supplemented with 10% fetal bovine serum, 50 U/ml penicil-
lin/streptomycin, and 2 mM l-glutamine. Viability of cells 
incubated 24 h in the presence and in the absence of PRP/
MPRP was assessed by the trypan blue exclusion assay. Cells 
(1 × 104) were treated with 0.4% trypan blue stain for 15 min. 
Trypan blue unstained cells (live) and stained (dead) cells 
were counted in a hemocytometer in three selected fields and 
averaged. The proportion of dead cells was calculated as the 
percentage of the total number of counted cells.

TEAC Assay

Trolox, a water-soluble analog of vitamin E, scavenges free 
radicals and provides protection from a mild form of oxi-
dative stress. The Trolox Equivalent Antioxidant Capacity 
(TEAC) assay is based on the suppression of the absorbance 
of radical cations of 2,2′-azinobis(3-ethylbenzothiazoline 
6-sulfonate) (ABTS) by antioxidants in the test sample. 
TEAC is widely applied to assess the amount of radicals that 
can be scavenged by antioxidant, i.e. the antioxidant capac-
ity. To measure the antioxidant activity of the PRP samples, 
the method of Arts et al. (2004) with some modifications 
was used. Since the PRP preparations constitute a mixture of 
peptides, the potent antioxidant’s concentration in μg rather 
than μM of polypeptide was evaluated. The experimental 
conditions were adapted for a 96-well microplate (rather 
than a cuvette). To a fixed concentration of a potent antioxi-
dant (1.25 μg per 10-μl sample), 290 μl of  ABTS• solution 
in increasing concentrations (0–45 μM) was added. After 
6 min. of incubation at 30 °C the absorbance at 734 nm was 
measured using a Multiscan Ascent plate reader. The con-
centration of  ABTS• was calculated using a molar extinc-
tion coefficient of 1.5 × 10425 mU/sampleM−1 cm−1. The 
reduction in  ABTS• concentration was plotted against its 
initial concentration. The curve was fitted according to the 
exponential function y = C (1 − e(−bx)) using Grafit (version 
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3), where y is the reduction in  ABTS• concentration, x the 
initial  ABTS• concentration, and C the maximal amount of 
 ABTS• scavenged by the antioxidant at the concentration 
tested. Finally C, with a standard deviation calculated using 
Excel, is the average value of the  ABTS• concentrations 
measured at least three times in duplicate using daily fresh 
diluted  ABTS• solution.

Statistical Analysis

Data comparisons were made with the program Statistica 
6.0. The median (M) and standard deviation (SD) were cal-
culated for each group. The hypothesis of the equality of 
means was verified using Student t test and nonparametric 
Wilcoxon test.

Results and Discussion

Cytokine‑Inducing Capability

It was previously shown that PRP obtained from ovine 
colostrum by Janusz method and MPRP, obtained by Kru-
zel’s methanol method, as well as one of its peptide compo-
nents (NP) inhibit Aβ aggregation, affect long-term memory, 
and increase neurite outgrowth (Popik et al. 1999, 2001; 
Basci et al. 2005; Schuster et al. 2005; Janusz et al. 2009). It 
was therefore of interest to compare their cytokine-inducing 
activity as well. The whole human blood cultures used in our 
experiments offer the advantage of reproducing the natural 
microenvironment of immunocompetent cells and provides 
the possibility to preserve intracellular communication 
between different cell populations (De Groote et al. 1992). 
MPRP of both ovine and bovine origin showed a lower 
inducing activity than PRP. In the doses used (5–100 μg/
ml), PRP induced the secretion of all the cytokines analyzed 
(IL-1β, IL-6, IL-10, TNF-α), although its inducing activ-
ity was lower than that of LPS + PHA (2 μg + 2 μg) used 
as a positive control (Fig. 1a–d). Ovine and bovine MPRP 
induced, in a statistically significant manner, the secretion 
of only IL-1β and IL-6. However, the inducing capacity of 
MPRP was lower than that of PRP (Figs. 1a, b). With regard 
to IL-10 and TNF-α, MPRP showed an inducing activity 
only when as much as 100 μg of the preparation was used 
in the test, and that was equivalent to the effect of 5 μg of 
PRP (Fig. 1c, d).

Both resident cells and cells infiltrating the CNS, such 
as monocytes, T cells, and neutrophils, can release pro- 
and anti-inflammatory cytokines when activated. These 
cytokines act as modulators of neural and glial function. 
They can provide inflammatory signals, but can also act 
as signals for neuroprotection and brain repair (Steinman 
2008). The cytokines IL-1β, IL-6, and TNF-α can regulate 

synaptic plasticity and neurogenesis. As neuromodulators 
they may play a role in cognitive processes at the molecu-
lar level (Vitkovic et al. 2000; Harding et al. 2005; Bruel-
Jungerman et al. 2007; McAfoose and Baune 2009; Zhan 
et al. 2011; Ben Menachem-Zidon et al. 2011). TNF, under 
immunologically unchallenged conditions, is essential for 
memory and learning processes (Baune et al. 2008). IL-1 
was shown to be involved in the modulation of synaptic 
plasticity, crucial to memory and learning processes in the 
developing brain (Avital et al. 2003; Goshen et al. 2007). 
The cytokine-inducing capability of colostrum-derived PRP, 
including MPRP, could be one of the possible mechanisms 
of its effects in AD. However, the obtained results suggest 
that higher doses of MPRP should be used to receive the 
same results.

Antioxidant Capacity of PRPs

The antioxidant properties of PRP and MPRP prepara-
tions obtained from both ovine and bovine colostrum was 
assessed colorimetrically by the TEAC method. The trolox-
equivalent antioxidant capacity (TEAC) assay is a popular 
method for assessing the capacity of a compound to scav-
enge ABTS radicals. As presented in Table 1, the ovine and 
bovine MPRP preparations were able to scavenge compa-
rable concentrations of  ABTS• (8.32 ± 8.6 and 8.42 ± 0.49, 
respectively). However, the effects were weaker than those 
of the PRP preparations obtained from ovine and bovine 
colostra (14.12 ± 2.79 and 13.96 ± 1.98, respectively) using 
the method of Janusz et al. (1981).

Besides the presence of valuable macro- and micronu-
trients, milk contains antioxidant factors. Whey protein 
hydrolysates, casein, and low-molecular casein-derived 
peptides are reported to have antioxidant activity (Laakso 
1984; Suetsuna et al. 2000; Diaz et al. 2003). Several pep-
tides with radical scavenging activity were also identified 
in α-lactalbumin and β-lactoglobulin hydrolysates (Her-
nandez-Ledesma et al. 2005). The antioxidant properties 
of whey proteins can be increased through fractionation or 
hydrolysis with certain enzymes (Peňa-Ramos and Xiong 
2001). Studies on the relationships between structure and 
antioxidant activity have been shown that the antioxidant 
capacity of the small peptides obtained by e.g. hydroly-
sis of white egg or milk proteins, can be related to their 
molecular mass, amino acid compositions, sequences, and 
hydrophobicities [Tang-Bin Zou et al. 2016]. A high con-
tent of amino acids like His, Trp, Phe, Pro, Gly, Lys, Ile 
and Val, and relative spatial structure of this amino acids 
in the peptide sequence is considered as the key factor in 
peptide ability to scavenge radicals. It was also observed 
that hydrolytic components with antioxidant activity were 
localized among peptides with relatively low molecular 
masses (lower than < 10 kDa) (Peňa-Ramos and Xiong 
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Fig. 1  Cytokine induction by PRP and ovine and bovine MPRP in 
cultures of human blood cells. 1-ml cultures of human whole blood, 
10 × diluted in RPMI 1640 medium supplemented with l-glutamine 
and antibiotics, were incubated with or without inducers for 22 h at 
37 °C in a 5%  CO2 atmosphere. A mixture of LPS (2 μg) and PHA 
(2 μg), named LP, was used as a positive control. The inducers: PRP 
and  MPRPo isolated from ovine colostrum, and  MPRPb isolated from 
bovine colostrum were applied to the cells in doses of 5 μg/ml (PRP5, 

 MPRPo5,  MPRPb5), 50  μg/ml (PRP50,  MPRPo50,  MPRPb50), and 
100 μg/ml (PRP100,  MPRPo100,  MPRPb100). After incubation, the 
supernatants were collected and the levels of IL-1β (a), IL-6 (b), 
TNF-α (c), and IL-10 (d) were determined using ELISA. Results are 
expressed as the median (M) ± standard deviation (SD). Differences 
between samples were assumed to be significant at p ≤ 0.05 (*); ana-
lyzed by non-parametric Wilcoxon test
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2001; Hernandez-Ledesma et al. 2005; Pihlanto 2006, 
Tang-Bin Zou et al. 2016). Both PRP and MPRP seems to 
belong to a group of low molecular weight antioxidants, 
and its antioxidant properties can be connected with its 
peptide composition and high concentration of proline 
(22%) and hydrophobic amino acids (about 40%). How-
ever, as was determined by Kruzel et al. (2004) small 

amount of higher molecular weight peptides (< 20 kDa) 
in MPRP was shown, what can be the reason of its weaker 
antioxidant activity (Fig. 2).

Oxidative stress is a key mechanism of Aβ-mediated 
neurotoxicity (Cheignon et al. 2018). The anti-oxidative 
activity of PRP is possibly responsible for its therapeutic 
effect in Alzheimer’s disease.

Fig. 1  (continued)
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Effect on Nitric Oxide Release

Neither PRP nor ovine and bovine MPRP induced NO 
release in the J774 cell cultures (data not shown). However, 
only PRP at a concentration of 100 μg/ml inhibited NO 
release induced by LPS (Fig. 3). No toxic effect of PRP or 
MPRP measured by trypan blue exclusion was observed at 
all doses used. An inhibitory effect of PRP at the applied 
doses of 1–100 μg on LPS-induced NO release in murine 
macrophages, and mice in vivo was shown in our previous 
experiments (Zabłocka et al. 2005). The present results show 
that MPRP at the doses used did not affect NO release. The 
concentration higher than 100 µg/ml of MPRP should prob-
ably be used.

Conclusions

Ovine and bovine MPRPs, like the PRP isolated on a labora-
tory scale using the method of Janusz et al. (1981), inhibited 
Aβ aggregation, improved memory function, were not spe-
cies specific, and were active both in vivo and in vitro. They 
showed cytokine-inducing as well as antioxidant and NO 
inhibitory activities. It is suggested that both their antioxi-
dant activity and their influence on cytokine and NO levels 
are rather connected with the lower-molecular-weight com-
ponents of PRP complex. The efficacy of PRP concentration 
ranging from 5 to 100 μg/ml was previously shown in exper-
iments on cultures of human whole blood cells, murine mac-
rophages, and in mice in vivo (Inglot et al. 1996; Zabłocka 
et al. 2001, 2005, 2007). However, at the same concentration 
the activity of the MPRPs was lower than that of the PRP.

Comparison of amino acid composition of both PRP and 
MPRPs were found to be very similar. In particular, high 
level of proline residues (about 20%) and hydrophobic amino 
acids were confirmed (Kruzel et al. 2004). However, com-
parison of the electrophoretic patterns and the RP-HPLC 
elution profiles of the PRP and MPRP preparations revealed 
the presence in the latter of additional larger-molecular-
weight peptides (> 14 kDa) (Kruzel et al. 2004; Sokołowska 
et al. 2008). It can therefore be assumed that in examined 
MPRP doses (ranging from 5 to 100 μg/ml) the percent-
age of low-molecular-weight peptides is lower than in PRP, 
which results from the presence of an additional fraction of 
peptides with a molecular weight above 14 kDa. To confirm 
this, additional tests with doses above 100 µg/ml should be 
carried out.

Table 1  Antioxidant capacities of PRP and MPRP preparations

Antioxidant capacities of preparations of  PRPo and  MPRPo iso-
lated from ovine colostrum, and  PRPb and  MPRPb isolated from 
bovine colostrum was determined by TEAC method. The concentra-
tion of  ABTS• was calculated using a molar extinction coefficient 
of 1.5 ×104  M−1  cm−1. The reduction in  ABTS• concentration was 
plotted against its initial concentration. The final Cmax with standard 
deviation calculated using Excel is the average value of the  ABTS• 
concentration determined at least three times in duplicate
a Cmax—maximal concentration of ABST scavenged by 1.25  μg of 
PRP/MPRP
b  ± SD—standard deviation

Potential 
antioxi-
dant

Source Isolation procedure Ca
max (μM) ± SDb

PRPo Ovine colostrum Janusz et al. 14.12 ± 2.79
PRPb Bovine colostrum Janusz et al. 13.96 ± 1.98
MPRPo Ovine colostrum Methanol 8.32 ± 0.86
MPRPb Bovine colostrum Methanol 8.42 ± 0.49

Fig. 2  SDS-PAGE analysis of PRP and MPRP isolated from ovine 
and bovine colostrum. Samples were rehydrated, assayed for pro-
tein content and equal amounts of protein were loaded to 15% SDS 
PAGE, followed staining with Coomassie blue R-250. (1)—MW 
molecular weight marker, (2)—PRPo obtained from ovine colostrum 
by Janusz et  al. (3)—MPRPo and (4)—MPRPb obtained from ovine 
and bovine colostrum, respectively, by Kruzel et al.
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