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Here we review new data about the physiological role of short peptides and their use as bio-
logically active food additives (parapharmaceutics). Some approaches to the development of
peptide preparations for peroral administration are considered and the mechanisms of non-
specific and tissue-specific effects produced by peroral peptide parapharmaceutics are dis-
cussed. Particular attention is given to biological properties of short peptides synthesized at
the St. Petersburg Institute of Bioregulation and Gerontology. These peptides hold much
promise for the synthesis of parapharmaceutics increasing organism’s resistance to extreme
factors and preventing accelerated aging and age-related diseases.
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Endogenous peptides are involved in the compensa-
tory and adaptive response of the organism to stress
and disturbances in homeostasis. The peptide system
plays a major role in neuroimmunoendocrine inter-
actions [9].

Despite multilevel hierarchy, the main functions
of homeostasis-regulating systems are coordination of
biosynthesis and maintenance of stable genetic com-
position of cells in organs and tissues. Disturbances in
the peptide-mediated regulation and transfer of infor-
mational molecules between cells lead to the develop-
ment of pathological states associated with decreased
organism’s resistance to destabilizing exogenous and
endogenous factors.

Much progress was recently achieved in the syn-
thesis of complex peptide-based preparations. Clinical
efficiency of these drugs is extensively studied to sub-
stantiate their use in combination therapy of various
diseases and disorders [11,13,20]. This approach is
based on the fact that bioregulation in the organism is
mediated by various oligopeptides selectively trans-
ferring information between the immune, nervous, and
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other cells. These oligopeptides are formed during
partial proteolysis of precursor proteins (e.g., cyto-
kines, growth and thymic factors, and immunoglobu-
lins) in the immediate proximity to the corresponding
receptors.

The general principle underlying organization of
the protein molecule is that higher structures are deter-
mined by lower structures. Therefore, the primary se-
quence of amino acids includes information required
for the formation of the protein molecule [1]. Accor-
ding to modern views, information can be transferred
by molecules consisting of 2-4 amino acid residues
with polar side radicals.

Homology of protein sequences of most peptide
hormones of the gastrointestinal tract (GIT), insulin,
calcitonin, and pituitary hormones attests to their com-
mon origin. For example, the study of the evolution of
these hormones showed that insulin is synthesized in
gastrointestinal mucosa in mollusks. Insulin and in-
sulin-like growth factor have the same evolutionary
origin. Moreover, insulin is evolutionarily similar to
nerve growth factors. It was shown that the amino acid
sequence of the peptide with insulin-like activity is
similar to that of trypsin inhibitor, somatomedin, and
relaxin. Comparative structural analysis of biological-
ly active substances (BAS) secreted by cells of the
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diffuse neuroendocrine system showed common origin
of peptide hormones [12,36].

Not only the whole molecule can affect physio-
logical processes. Sometimes fragments of 3-4 amino
acid residues are more effective than native compounds.
Therefore, the regulation and coordination of func-
tions can be realized via processing of polypeptides.
During this process fragments with different activity,
specificity, and effects on various physiological sys-
tems are cleaved from relatively long chains depen-
ding on the needs of organisms. Processing regulation
is characterized by considerable plasticity. This pro-
cess results in rapid and local formation of required
regulators from preexistent precursors due to activa-
tion of specific peptidases. The mechanism of pro-
cessing determines the sequence of activation of re-
gulators. Processing regulation is most typical of pep-
tide compounds with the linear structure. Their
molecules can undergo considerable conformational
changes even after cleavage of a single amino- or car-
boxyl-terminal amino acid residue. This cleavage is
followed by changes in various properties of mole-
cules, e.g., their hydrophobicity that determines the
ability to cross cell membranes and the blood-tissue
barriers [7].

A growing body of evidence indicates that regula-
tory oligopeptides are involved in the growth, deve-
lopment, and regeneration. Many oligopeptides are
well-studied compounds regulating various physio-
logical functions. Oligopeptides constitute a general
system regulating embryonic activity, growth, regene-
ration, and functioning of the mature organism [8].

The view of mechanisms underlying the regula-
tion of physiological functions, coordination of homeo-
stasis, and adaptation of functional systems to the en-
vironment was revised after studies of regulatory pep-
tides performed over the past 2-3 decades.

Nutrition is the major environmental factor that
affects the organism over the whole life. Nutrients are
metabolized into structural elements of cells, provide
physical and mental activity, and determine the health
and lifetime. Inadequate nutrition is always followed
by negative consequences. Nutrition adequate to the
age, professional activity, and state of health is an
important factor preventing various human diseases,
including cardiovascular (atherosclerosis, myocardial
infarction, insult, and hypertension) and gastrointes-
tinal pathologies, metabolic disorders (obesity and
osteochondrosis), and tumors.

In developed countries people consume consider-
able amounts of industrially manufactured food. Tech-
nological treatment markedly reduces the contents of
vitamins, mineral elements, and other BAS that re-
gulate metabolism and functional activity of various
organs and systems in the organism. In modern urba-
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nized society, people receiving traditional nutrient
products are extremely predisposed to the develop-
ment of nutrient deficiency. This determines inability
of protective systems in the body to respond adequa-
tely to adverse environmental factors and increases the
risk of various disorders. The experience of economi-
cally developed countries indicates that it is impos-
sible to improve the structure and quality of nutrition
by traditional methods. This problem can be solved
via development of new alternative methods for the
production of chemically pure BAS from natural
sources [15].

A long search and use of BAS in practice showed
that various chemical compounds with a completely or
partially known structure possess biological activity.
BAS were efficient during the therapy of diseases and
correction of mental and physical disturbances. Recent
lines of research involve the analysis of BAS effec-
tiveness in traditional spheres and other fields that
develop after the appearance of compounds with new
action on living matter.

There is a good reason to introduce the term “sys-
temic preparation”, whose components participate in
the regulation of various stages of the same key pro-
cess. They not only initiate certain stages of this pro-
cess, but also attenuate negative consequences of this
activation.

Apart from products of molecular biology, medi-
cinal preparations are synthesized from traditionally
used plant and animal products (even with an unknown
mechanism of action). A wide use of natural medicinal
preparations makes them similar to food products [3].

The theory of functional systems proposed by P.
K. Anokhin extended and refined the notion on the
mechanisms regulating homeostasis [2]. Functional
systems are involved in the regulation of a balance
between nutrient substances and removal of xenobio-
tics and foreign antigens. The theory suggests that
they recognize exogenous substrates or metabolites
and transfer information to other elements of the regu-
latory system. After reception of the exogenous sub-
stance or metabolite and integration of information
from other regulatory systems, the controlling element
of this regulatory system generates a signal that trig-
gers the operated or effector component. Information
about reception of substances is transferred by hor-
mones or mediators differing from nutrients in their
chemical structure. Therefore, regulatory systems can
differentiate food substrates and signals. This pathway
of information transfer allows the organism to main-
tain the required signal at a high level even under
conditions of pronounced nutrient deficiency. Many
secondary messengers of signals are formed from es-
sential compounds present in food products, but not
synthesized in the body.
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Information about the metabolic state is perceived
by ancient (intracellular) and evolutionarily young re-
gulatory systems (endocrine and nervous systems).
Allosteric modulation is performed by the ancient re-
gulatory system and responsible for fine adaptive reac-
tions. The regulation of gene activation and repression
contributes to the organism’s adaptation to changes in
food supply from the environment.

It cannot be excluded that endogenous and exo-
genous metabolic states are perceived similarly. Infor-
mation is disintegrated into components, whose in-
tensity is determined by receptors of the nervous and
other regulatory systems at the main stages of meta-
bolic processes.

Undoubtedly, information transfer is impaired under
pathological conditions. The release and accumulation
of endogenous compounds (e.g., peptides) transferring
abnormal information violate functional activity of
regulatory systems. Therefore, consumption of BAS
with food products prevents informational chaos in the
regulatory systems of patients.

According to Anokhin’s theory attainment of the
beneficial result is characteristic of all regulatory sys-
tems. It should be emphasized that the effectiveness
of regulatory systems developed during long evolu-
tion. There is a close relationship between phylogene-
tically developed systems and certain environmental
conditions. The beneficial result can not be achieved
under other conditions. Therefore, various anthropo-
genic factors produce a negative impact on coordina-
ted activity of regulatory systems.

Compounds transducing signals in regulatory sys-
tems in organisms at the lower level of food chains
enter the organisms of the next levels with food. If the
systems in organisms of these coupled elements of the
food chain are similar, these compounds can direc-
tionally affect the regulatory systems in the consumer
organism. The food chain transfers not only energy,
nutrients and toxins, but also information [10].

The regulatory systems of the intestine transfer
peptides formed from proteins during digestion more
rapidly than absorb the amino acid mixture, which are
unusual for this organism. The small intestine contains
di- and tripeptide transporters that provide absorption
of short peptides [22,38]. The rate of transport for
dipeptides surpasses that for amino acids. Peptidases
in the brush-border membrane of enterocytes cleave
40-60% short peptides to di- and tripeptides. This fact
also confirms high nutritive value of BAS and the pos-
sibility of regulation and coordination of the functions
of regulatory systems in the organism with these BAS.

It should be emphasized that short peptides, in-
cluding dipeptides, have different sensitivity to hydro-
lysis with peptidases. Some peptides are weakly hydro-
lyzed in enterocyte brush border. Other dipeptides,
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including glycyl-glycyl, proline and hydroxyproline
dipeptides, glycyl- sarcosine, carnosine, and tripeptide
glycyl-sarcosyl-sarcosine, do not undergo complete
intracellular hydrolysis and enter the portal vein [32].

It is interesting that insulin, vasopressin, and other
hormones include peptide fragments stimulating the
growth of microorganisms. Initially these observations
produced a conclusion that hormonal regulation in
higher animals is similar to regulation of cell division
in microorganisms. Since these fragments differ in the
amino acid sequence, it was hypothesized that pep-
tides are characterized by the common steric confi-
guration with stimulatory activity [10]. Further studies
showed that in bacteria these fragments were formed
from amino acids absent in the medium and making
the composition more balanced [33]. The stimulatory
effect of casein di- and tripeptides on the growth of
nematodes was explained similarly [37]. It was con-
cluded that these peptides do not belong to endoge-
nous growth-regulating factors.

Addition of Gln-containing dipeptides Ala-Gln
and Gly-Gln to parenteral nutrition prevents distur-
bances during stress and malnutrition [24,27]. Paren-
teral nutrition enriched with Gly-Gln dipeptide pre-
vents atrophy of the lymphoid tissue in the small inte-
stine and promotes the recovery of secretory immunity
(as differentiated from standard parenteral nutrition),
which is related to the increase in IgA content in the
intestinal and upper respiratory tract mucosa after in-
tranasal infection of mice with influenza virus HINI
[30]. Parenteral nutrition enriched with Ala-Gln dipep-
tide normalizes the nitrogen balance, maintains intra-
cellular Gln content, restores the total lymphocyte
count in the peripheral blood, provides intestinal per-
meability and absorption, and shortens hospitalization
period for surgical patients (42-86 years) after abdo-
minal operations [34].

Peroral peptide preparations with different phar-
macological activity are nowsynthesized and intensi-
vely studied [23,39,41]. However, these peptides are
characterized by low resistance to enzyme hydrolysis
in the stomach and small intestine. The synthesis of
modified peptides or enzyme-resistant polymer con-
jugates would solve this problem [25, 26,28,29,31].
Pharmacokinetics of peroral peptide preparations and
the role of peptide transport in the small intestine were
extensively studied [35,40,42].

Progressive involution of the gastrointestinal
mucosa during aging is associated with changes in the
rate of regeneration and dystrophic and atrophic pro-
cesses. They are characterized by shortening and thi-
ckening of villi, decrease in the number of microvilli,
and structural impairment of the glicocalix [5,6]. Ac-
tivity of enzymes involved in final cleavage of disac-
charides, dipeptides, and esters of phosphoric acid is
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modified [16]. Age-related changes in the intestinal
mucosa and peculiarities of short peptide absorption
provided the basis for synthesizing biologically active
food additive from carnosine (3-Ala-His), whose gero-
protective effects are primarily related to antioxidant
activity of the peptide [4].

Peroral administration of tetrapeptide Asn-Leu-
Pro-Arg (NLPR) to rats with memory disturbances
enhances perceptivity, induces behavioral response,
and promotes expression of nerve growth factor (NGF)
in the brain. NLPR improves memory via initiation of
NGF expression and holds much promise for the ther-
apy of memory disturbances [43].

Studies of structural and functional characteristics
of peptides elucidated the mechanism of their effects.
Amino acid analysis of polypeptide preparations per-
formed at the St. Petersburg Institute of Bioregulation
and Gerontology resulted in the synthesis of their
structural analogues. The dipeptide Vilon (Lys-Glu)
was synthesized after amino acid analysis of a com-
plex thymic preparation Thymalin and studies of im-
munobiological and physicochemical properties of
amino acids. The tetrapeptide Epithalon (Ala-Glu-
Asp-Gly) was constructed after amino acid analysis of
the polypeptide preparation from the pituitary gland
Epithalamin.

Computer analysis of amino acid sequence of
polypeptides (Eucaryotae databank) presented in the
PIR bank showed that fragments Lys-Glu and Ala-
Glu-Asp-Gly are present in various endogenous re-
gulatory peptides. Lys-Glu is a fragment of interleu-
kin-1B (IL-1pB), IL-2, IL-3, IL-4, IL-5, IL-6, inter-
feron-y, splenin, splenopentin, thymosins o, B,, and
B,-Bis» thymopoietins I and II, motilin, parathyroid
hormone, and somatoliberin. Ala-Glu-Asp-Gly enters
the composition of prothymosin, parathymosin, cyto-
statin, troponin, thyroglobulin, neuron adhesion mole-
cules, glyceraldehyde-3-phosphate dehydrogenase,
and calmodulin-binding proteins GAP-43 and P-57.
The data suggest that peptides Lys-Glu and Ala-Glu-
Asp-Gly are formed in the organism from various pre-
cursor proteins during proteolysis. A comparative
study of biological activity of polypeptide prepara-
tions and synthetic peptides revealed that they produce
similar effects on various organs and tissues under
normal and pathological conditions. Evaluation of the
pharmacological effect produced by short peptides
during peroral administration is of special interest.
Cleavage of Vilon and Epithalon proceeding in media
with various pH or induced by proteases of the sto-
mach and contents or homogenate of the small inte-
stine indicates that these preparations are low hydro-
lyzable or hydrolysis-resistant peptides. These pro-
perties of Vilon and Epithalon allowed synthesizing
peroral medicinal preparations of peptides for the pre-
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vention and correction of immunodeficiency and ac-
celerated aging.

Peroral treatment of male and female Wistar rats
aging 3 and 11 months with Vilon and Epithalon af-
fected activity of digestive enzymes (invertase, mal-
tase, alkaline phosphatase, and amino- and dipepti-
dases) hydrolyzing carbohydrates, proteins, and esters
of phosphoric acid in various portions of GIT (sto-
mach, duodenum, ileum, and large intestine). Enzyme
activity increased most significantly in 11-month-old
animals. Therefore, the differences between enzyme
activities in rats of various ages became less pronoun-
ced. These data indicate that Vilon and Epithalon re-
gulate enzyme activity in GIT during aging [19,21].

Peroral treatment with Vilon and Epithalon (for
1 month) improved transport in the small intestine in
old rats. It should be emphasized that these prepara-
tions produced a strong effect on passive and active
transport of glucose. Passive accumulation of glucose
in the serous fluid of the diverticulum increased in
distal (Vilon) and medial portions of the small inte-
stine (Epithalon) by 1.6 and 2.2 times, respectively.
Vilon and Epithalon enhanced active absorption of
glucose. Vilon 2-fold increased active accumulation of
glucose in the serous fluid of the diverticulum in the
medial portion of the small intestine. Epithalon inten-
sified this process in the proximal and medial portions
of the small intestine by 6 and 8 times, respectively.
Peptides had no effect on passive absorption of gly-
cine. Epithalon increased only active absorption of
glycine in the proximal and medial portions of the
small intestine [18].

Vilon and Epithalon affect activity of digestive
enzymes and absorption of glucose and glycine in the
small intestine of old rats. Peptides improve functions
of enzyme and transport systems in the small intestine,
which probably promotes food assimilation and nor-
malizes digestion during aging.

Modern notions about nutrition and effects of nu-
trient substances on regulatory systems in the orga-
nism, studies of the mechanisms underlying the in-
fluence of short peptides, and synthesis of peroral
medicinal preparations and parapharmaceutics indicate
that the composition of therapeutic and preventive
diets should be improved. Short peptides possess gero-
protective properties and can be used as parapharma-
ceutics [18]. Probably, exogenous peptide preparations
temporally substitute the impaired element of physio-
logical regulation. This process allows the organism to
restore the diminished or lost function and to maintain
it for a long time. These data confirm the view that
functional compensatory systems can be formed in old
organisms [14]. We hypothesize that peptides normalize
and maintain protein synthesis in the corresponding
organ at a level typical of young individuals. The re-
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covery of proteins in cell receptors normalizes their
sensitivity to other humoral regulators.

Physiologically active short peptides should be
used as biologically active food additives at any age
for the maintenance of metabolic processes, preven-
tion and therapy of various diseases, rehabilitation
after severe disorders, traumas, and surgeries, and de-
celeration of aging.

The appropriate and substantiated use of biologi-
cally active food additives from short peptides opens
up fresh opportunities for a new field of science, “inte-
gral medicine”. Pharmaconutrition in combination
with modern diagnostic procedures holds much pro-
mise as an effective and harmless method for the
maintenance of health and increase in the lifetime.
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