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OF PEPTIDE BIOREGULATORS ON “AGED” HETEROCHROMATIN
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Following the completion of the Human Genome Project,
the strategic direction of modern genetics moved toward func-
tional genomics. This field is concerned with the functions of
mapped genes, determining the functions of DNA located in
non-coding areas, and developing new technologies for the com-
parative analysis of gene expression. Non-coding DNA, often
comprising repetitive sequences of nucleotides, is localized in
heterochromatin. There are various types of heterochromatin,
including structural and facultative heterochromatin, nucleolar
organizer region (NORs) heterochromatin, and telomeric het-
erochromatin. However, the functions of heterochromatin re-
main largely unclear.

Facultative heterochromatin - heterochromatinization chromatin
(condensed euchromatin or heterochromatin regions, which mainly
consist of “closed” - transcribable genes) occur in aging [4,5] and are
generally hypoacetlated and methylated indicating of an epigenetic
change [1,11,14]. Hypermethylation causes heterochromatinization
and thus results in gene silencing [12]. The fact that such histone
modifications are reversible — offers potential usage in therapy [15].

In the present investigation are considered eligible the modi-
fication of heterochromatin (total heterochromatin, constitutive
— pericentromeric and telomeric heterochromatin, nucleolus or-
ganizer regions (NORs) heterochromatin and facultative het-
erochromatin) under the influence of peptide bioregulators
(tetrapeptides: Ala-Glu-Asp-Gly -Epitalon; Lys-Glu-Asp-Ala
— Livagen; Ala-Glu-Asp-Pro - Cortagen and dipeptide Lys-
Glu - Vilon) in lymphocyte cultures of healthy individuals,
aged 20-88 years.

Material and methods. We used molecular-cytogenetic
methods. We studied chromosomes in 40 lymphocyte cultures
obtained from 20 healthy individuals of 75-88 years and 10 cul-
tures from young 10 individuals - 20 to 40 years. In lympho-
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cyte cultures were studied: total heterochromatin (differential
scanning calorimeter); constitutive heterochromatin (activity
of ribosomal genes of acrocentric chromosome — NORs, peri-
centromeric C-heterochromatin (C-band) and telomeric hetero-
chromatin) and facultative heterochromatin (sister chromatid
exscanges — (SCE) with 5-bromdeoxyuridin (BrdU) [8].

Description of the preparations

Epithalon (Ala-Glu-Asp-Gly) reinforces the organism’s re-
sistance to stresses, regulating neuro-endocrine system and pro-
longs the average life expectancy;

Livagen (Lys-Glu-Asp-Ala) increases the average level of
protein synthesis in aging, renovates liver proteins and induces
the activation of protein synthesis in hepatocytes;

Cortagen (Ala-Glu-Asp-Pro) in humans demonstrated a pro-
nounced therapeutic effect on the structural and functional re-
covery of the damaged peripheral nerve tissue;

Vilon (Lys-Glu) stimulates lowering for the risk of premature
aging, has an antitumor activity and stimulates functioning of
the immune system and reparative processes, strengthens the re-
sistance of organisms to stress activities, favors prolongation of
the average life span [3].

The bioregulators kindly was provided by professor Vladimir
Khavinson (Institute Bioregulation and Gerontology, St. Peters-
burg, Russia).

Results and discussion. Differential Scanning calorimeter

The heat absorption curves corresponding to denaturation
processes in intact lymphocytes and in lymphocyte cultures
treated by peptides (Ala-Glu-Asp-Gly; Lys-Glu-Asp-Ala, Ala-
Glu-Asp-Pro, and Lys-Glu) indicate that the treatment of cells
with peptides induced heat redistribution and should be attrib-
uted to the local decondensation (deheterochromatinization) of
loops of up to the 30 nm fibers and partial decondensation of
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transcribed chromatin transformation of 10 nm filaments into
5 nm filaments in old individuals (75-88 years) in comparison
with young - 20-40 years individuals. Thus, we can conclude
that the peptide bioregulators (Ala-Glu-Asp-Gly; Ala-Glu-Asp-
Pro, Lys-Glu-Asp-Ala and Lys-Glu) unfolds the highest levels
of chromatin organization, that induces deheterochronatiniza-
tion of total (structural and facultative) chromatin in intact cells
of old individuals (Table).

Variability of facultative heterochromatin based on the SCE
test. The results of studies on the induction of SCEs by peptide
bioregulators (tetrapeptides: Ala-Glu-Asp-Gly, Lys-Glu-Asp-
Ala, Ala-Glu-Asp-Pro and dipeptide Lys-Glu) in lymphocyte
cultures of aged individuals are shown in Table. The analysis
showed that Epitalon induced a significant increase in SCE
counts in A, C, D and G group chromosomes. Epitalon-treat-
ed cells from old individuals corresponding to an average of
8.4+0.5 SCE/per cell (for intact cultures of the same individuals,
this value was 5.9+0.2 SCE/cell); Livagen (Lys-Glu-Asp-Ala)
induced a significant increase in SCE counts in A, B, C, D, E
and G group chromosomes with statistic relevance (an average
0f 9.2+0.4 SCE/cell); Cortagen (Ala-Glu-Asp-Pro) significantly
increased SCE counts in A, C and D group chromosomes (an av-
erage of 10.1+0.3 SCE/cell) in comparison with intact cells and
the bioregulator Vilon (Lys-Glu) significantly increased SCE
counts in A, C, D, E and G group chromosomes (an average of
9.9+0.6 SCE/per cell).

This data indicates that each of the studied peptide bioregula-
tors has a selective effect on definite chromosomes. Higher level
of SCEs (deheterochromatinization) were registered in telo-
meric heterochromatin and dicreased (heterochromatinization )
in the medial regions of chromosome arms; The SCE processes
do not occur or are less in heterochromatin or heterochroma-
tinized chromosome regions. Therefore, the increased frequency
of SCEs under the influence of bioregulators demonstrates the
decondensation (deheterochromatinization) of the condensed
during the aging chromosome regions, followed by the release
of the repressed genes located there [10,13].

Transcriptional activity of ribosomal genes.

The associative activity of the strands of acrocentric chromo-
somes positively correlates with the intensity of Ag-staining that
depends on the activity of the ribosomal genes located in NORs.

The absence of silver staining (caused by condensation of the
stalks) also testifies to the inactivation of ribosomal genes.

The data obtained from the analysis of Ag-positive NORs in
cultured lymphocytes, intact and treated with bioregulators,
obtained in the case of old donors, are shown in the Table.
It was shown that peptide bioregulators (Ala-Glu-Asp-Gly,
Lys-Glu-Asp-Ala, Ala-Glu-Asp-Pro, and Lys-Glu) strongly
increased the amount of Ag-positive NORs in all acrocen-
tric chromosomes involved or not involved in associations,
in comparison with intact cells (p<0.001). In particular, the
number of Ag-positive NORs of acrocentric chromosomes
involved in association corresponded to 2.32+0.12 for Epital-
on; to 2.49+0.14 for Livagen; to 2.20+0.11 for Cortagen and
2.39+0.11 for Vilon; for per bioregulator - treated cells, this
data is significantly higher than the corresponding index for
intact culture cells (Table). Our results are in accordance with
the previous data [8]. In particular, hormones, various growth
factors and chemicals induced chromosome decondensation
(in old age as well) resulting in increased transcriptional ac-
tivity of nucleolar organizer regions [7,8]. An increase in the
amount and size of Ag-positive NORs, and an increase in the
number of acrocentric chromosomes involved in associations
in the cultures obtained from old individuals and treated with
peptide bioregulators, indicated deheterochromatinization of
satellite stalks, when compared with control values. This can
lead to the intensification of protein synthesis because of the
activation of ribosomal genes in aged individuals [2,6].

Heteromorphism of structural pericentromeric C-heterochro-
matin. The data on heteromorphism of structural pericentro-
meric heterochromatin (C-segments) in intact lymphpcytes and
in lymphpcytes treated by peptide bioregulators (Ala-Glu-Asp-
Gly; Lys-Glu-Asp-Ala, Ala-Glu-Asp-Pro, and Lys-Glu) of old
individuals for chromosomes 1, 9 and 16 are presented in the
Table.

The data reflecting variability of large (d and e) and small (a
and b) C-segment variant frequencies in separate chromosomes
appeared to be equal in the case of the tested bioregulators. It
should be noted that in the cells, treated with Cortagen (Ala-
Glu-Asp-Pro) and Vilon (Lys-Glu), the distribution of C-seg-
ment variants for chromosomes 1, 9 and 16 remained stable and
did not differ in old people (p>0.05).

Table. Influence of peptide bioregulators (Epitalon, Livagen, Cortagen and Vilon)
on reactivation of chromatin from old individuals

Experi-men- Association. Facultative Structural heterochromatin(C- bends)
tal condi- of acrocentric heterochromatin Total hete.rochro- Chromosomes
tions chromosomes (SCE per cell) matin
per cell 1 9 16
Control .. Stable Stable Stable
+ +
(20-40yr.) 1.3320.06 77204 Stable condition condition condition condition
Control Heterochro- Heterochro- Stable Stable
+ +
(75-88yr.) 1.170.05 3:9+02 matinized matinized condition condition
Epitalon 2324012 8.440.5 Dehetf:rf)chro- Dehetfzrf)chro- Dehetf:rgchro- Stapl.e
matinized matinized matinized condition
Livagen 24940 14 9240 4 Dehet?rgchro- Dehetqpchro- Dehet;rgchro- Stal.)l.e
matinized matinized matinized condition
Cortagen 2.20+0.11 10.120.3 Deheterochro- | Heterochro- Stable Stable
matinized matinized condition condition
Vilon 2.39+0.11 9.9+0.6 Deheterochro- | Heterochro- Stable Stable
matinized matinized condition condition
© GMN 121



Chromosome 1 and 9 appeared to be deheterochroma-
tinized (the decrease of large bands in size) in Epitalon and
Livagen- treated cells. The rate of heteromorphism for ap-
pointed chromosomes was significant (p<0.001). A difference
from the control indices was not noticed for chromosome
16. It should be noted that in the cells, treated with Cortagen
(Ala-Glu-Asp-Pro) and Vilon (Lys-Glu) (Table), large and
small C-segment variants in chromosomes were registered
with approximately the same <frequency in intact cells, and
differences between the indices compared were not signifi-
cant (Table). The results indicated that each peptide bioregu-
lator selectively deheterochromatinizes 1, 9 and 16 chromo-
some C-segment variants.

Conclusion. Epigenetic process — heterochromatiniza-
tion progress with aging and can deactivate many previously
functioning active genes. It blocks certain stages of normal
metabolic processes in the cell, which inhibits many specific
enzymes and leads to aging pathologies. The action of ge-
netic systems reveals general rules in the behavior of such
systems, such as the connection between the structural and
functional interrelationships between the “directing” and “di-
rected” structures. In this respect, it should be noted that het-
erochromatinised regions in chromosomes can reversed by
many physical and chemical agents, hormones and peptide
bioregulators [5,7,9]. Peptide bioregulators (tetrapeptides:
Ala-Glu-Asp-Gly; Lys-Glu-Asp-Ala, Ala-Glu-Asp-Pro, and
dipeptide Lys-Glu) generally affects the remodeling of fac-
ultative heterochromatin (deheterochromatinization). Peptide
bioregulators induce: 1. Unrolling -deheterochromatinization
of total heterochromatin, constitutive (pericentromeric, telo-
meric, and nucleolar organizer regions (NOR)) and faculta-
tive heterochromatin; 2. Higher level of SCEs (deheterochro-
matinization) were registered in telomeric heterochromatin
and decreased (heterochromatinization) in the medial regions
of chromosome arms; 3. Each peptide bioregulator selective-
ly deheterochromatinizes a specific region of chromosomes
releasing inactive (once active) genes, which, apparently, can
contributes to the targeted treatment of aging diseases.

The proposed genetic mechanism responsible for constitu-
tive and facultative heterochromatin remodeling (dehetero-
chromatinization) of old age may lead for the prolongation of
the life span and to the development strategy of therapeutic
treat of the aging pathologies.
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SUMMARY

EPIGENETIC MODIFICATION UNDER THE IN-
FLUENCE OF PEPTIDE BIOREGULATORS ON
“AGED” HETEROCHROMATIN

12Lezhava T., "*Jokhadze T., >*Monaselidze J., ?Buadze T.,
2Gaiozishvili M., '“Sigua T.

Tbilisi State University, Department of Genetics; *Tbilisi State
University, Institute of Genetics,’E.Andronikashvili Institute of
Physics, Laboratory of Physics, Thilisi, Georgia

Following the completion of the Human Genome Project, the
strategic direction of modern genetics has moved toward func-
tional genomics, to explore the functions of non-coding regions
of DNA. These non-coding regions are localized in heterochro-
matin. The functions of heterochromatin largely remain unclear.
Facultative heterochromatin occurs in aging.

The effect of synthetic peptide bioregulators (tetrapeptides:
Ala-Glu-Asp-Gly; Lys-Glu-Asp-Ala; Ala-Glu-Asp-Pro and di-
peptide - Lys-Glu) on total heterochromatin, constitutive (struc-
tural) and facultative heterochromatin in cultured lymphocytes
of individuals aged 75-88 and 20 - 40 years have been studied.

We used a molecular-cytogenetic methods: differential scan-
ning calorimetry; activity of ribosomal genes of acrocentric
chromosome satellite stalks — NORs; C-heterochromatin; sister
chromatid exchanges (SCE).

The results showed that peptide bioregulators: 1. induce un-
rolling - deheterochromatinization of total heterochromatin,
constitutive (pericentromeric, telomeric, and nucleolar organizer
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regions (NOR)) and facultative heterochromatin; 2. induce high-
er level of SCEs (deheterochromatinization), were registered in
telomeric heterochromatin and decreased (heterochromatiniza-
tion) SCEs level in the medial regions of chromosome arms;
3. each peptide bioregulator selectively deheterochromatinizes a
specific region of chromosomes releasing inactive (once active)
genes, which, apparently, can contribute to the targeted treat-
ment of aging diseases.

The proposed genetic mechanism responsible for the remod-
eling of constitutive and facultative heterochromatin emphasiz-
es the importance of external and internal factors in the develop-
ment of diseases and may lead to the development of a strategy
for the therapeutic treatment of senile pathology.

Keywords: association, acrocentric chromosomes, bioregula-
tors, heterochromatin, NOR, SCE.

PE3IOME

SIIUIT'EHETUYECKAS MOIUPUKAIIUA T'ETEPOX-
POMATHHA TIPU CTAPEHHUU TOJ JEACTBUEM
HNENTUJIHBIX BUOPEI'YJISITOPOB

12TexxaBa T.A., 2Jlxxoxanze T.A., 2*Monacemnaze k. P.,
2Byanse T.)K., *Ianosnmsuiaun M.H., *Curya T.II.

"Tounuccruii 2ocyoapemeennoiil ynusepcumem um. Me. Jicasa-
xuweunu, kageopa cenemuxu, >TOUMUCCKULL 20CYOapCMBEEeHHbLIL
yHueepcumem um. Me. Jpicasaxuweunu Hncmumym cenemuxu,
SUnemumym usuku um. E. Anoponuxaweunu, Jlabopamopus
Gusuru, Tounucu, Ipysus

[Tocne 3aBepuieHusi npoekra «l'€HOM ueoBeKa» crpare-
rMYecKoe HallpaBICHUE COBPEMEHHOI IeHEeTUKH NepeMeCcTH-
JIOCh B CTOPOHY (YHKIIMOHAJIBHONH TCHOMHUKH. JTa 00JaCTh
CBs3aHAa C H3ydeHHeM (QYHKLUUIl KapTHPOBAaHHBIX TI'€HOB,
onpenenennem ¢ynkuuit JJTHK, pacrnonoxkeHHBIX B HEKOIM-
pyrouux obnactsax. Hexogupyromas JIHK, gacro comepixka-
masi MOBTOPSIOIIMECS IOCIEI0BATE]IbHOCTH HYKJICOTHU/IOB,
JIOKaJIM30BaHa B rerepoxpoMarne. OyHKIUN reTepoxpoma-
THHA B 3HAYUTEJILHOIN CTENIEHU OCTAIOTCS HEACHBIMH.

V3ydeHo BIUSIHUE CUHTETHYECKHUX MENTHIHBIX OHOPEryIIsiTo-
poB (terpanentuist: Ala-Glu-Asp-Gly; Lys-Glu-Asp-Ala; Ala-
Glu-Asp-Pro u qunentuy Lys-Glu) Ha o6uumii rerepoxpomaTi,
KOHCTHTYTHBHBIH (CTPYKTYPHBIN) U (paKy/IbTaTUBHBIA I€TePOX-
pOMaTHH B KYJIBTUBHPYEMbIX JUMQOLUTaX ML B Bo3pacTte 75-
88 1 20-40 ner.

Vcnons30BaHbl  MOJICKYJISIPHO-LIUTOTEHETUYECKUE  METOMBI
- muddepeHnmanbHas CKaHUPYIOAs KaJOPHUMETPHUS; METO-
JMKa BBUIBJICHHMS M ydYeTa: aKTHBHOCTH PHUOOCOMHBIX T'CHOB
CIYTHUYHBIX HHUTEH aKpoleHTpuueckux xpomarun - SIOP;
C-reTepoxXpoMaTuHa; CECTPUHCKHUX XPOMAaTHIHBIX OOMEHOB
(CXO).

PesynbraThl OKa3any, 4TO MPH CTAPSHUH MENTHIHbIE O10-
perynaropsl: 1) BBI3BIBAIOT pacKpydHBaHHE - JAETETEPOXpPO-
MaTHHM3ALUI0 OOLIEro reTepoxpoMaTiHa, KOHCTUTYTHBHOTO
(IPUIIEHTPOMEPHOT0, TEIOMEPHOTO U SAPBIIIKOOOPA3YOLIIX
obnacreit - SJOP) u (akyIbTaTUBHOTO reTepoXpoMaTHHa; 2)
UHAYLUPYIOT HoBbllIeHHEe ypoBHA CXO, perucTpupyembix
B TEJIOMEPHOM TIeTepOXpOMaTHHE (HereTepoxpoMaTHHHU3A-
uus) u cHuxarwT ypoBeHb CXO B MeIualbHBIX 00JIaCTsIX
XPOMOCOMHBIX IJIed (FeTepoXpOoMaTHHM3ALMs); 3) KaKIbli
HENTUAHBIA OMOPETryITOP CENEKTUBHO JAreTePOXPOMATHHH-
3UpYET ONpeesIeHHbI crienn(pUIecKril y4acTOK XpOMOCOM,
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JIeYeHHIO OOJIe3HeH CTapeHwusl.

[Ipennaraemplii reHETHUECKUH MEXaHU3M, OTBETCTBEHHBIN 32
pEeMOICIMPOBAaHNE KOHCTUTYTHBHOTO U (haKy/IbTaTHBHOIO TeTe-
POXpOMAaTHHA, TOAYEPKUBACT 3HAYMMOCTb BHEIIIHUX U BHYTPEH-
HUX (DAKTOPOB B Pa3BUTHHU 3a00JCBAaHUN M MOXKET NMPHUBECTH K
pa3paboTKe CTPATEruu TEPAEeBTHYCCKOTO JICUCHHSI CTApYCeCKON
NaTOJIOTUH.
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EPINEURIAL SUTURES, POLYETHYLENE GLYCOL HYDROGEL
AND FIBRIN GLUE IN THE SCIATIC NERVE REPAIR IN RATS: FUNCTIONAL
AND MORPHOLOGICAL ASSESSMENTS IN EXPERIMENT

Goncharuk O., Savosko S., Petriv T., Tatarchuk M., Medvediev V., Tsymbaliuk V.

Bogomolets National Medical University, Kyiv, Ukraine

Mechanical damage to the peripheral nerve is a fairly com-
mon type of injury, which is characterized by a complex of
long-term neurological disorders [2,4,10,11,19,28,33,38,41] and
require significant financial costs [2,4,10,17,23,25,33,37,44].
Regeneration of the damaged nerve is a staged process and de-
pends on a number of factors: the level and extent of damage,
time from damage and microsurgical restoration, the method of
microsurgery, revascularization [9]. The search for new and ef-
fective microsurgical techniques in the restoration of peripheral
nerves is not complete.

The basic technical method of restoring the spatial integrity of
the injured nerve is neuroraphy [14,16,31] — suturing the ends of
the nerve “end-to-end” through epi- or perineurium with a bio-
compatible monofilament. The disadvantages of the method are
time and financial cost, high manual qualification requirements
for the surgeon, as well as the persistence of xenogenic suture mate-
rial and incomplete spatial isolation of the injured area — additional
triggers of local inflammatory reactions [3,13,29], which generally
limit and slow down the regenerative growth of nerve fibers. All
this motivates the development of sutureless sealed coaptation — ad-
hesive, laser, photochemical [3,7,13-15,22,29,40,43,45,47], nano-
composite [18] or electrowelded [34].

The listed types of direct connection of nerve stumps, first of
all, epineural suture (ES), are used in cases of easy, tension-free
coaptation of nerve ends; otherwise recovery requires a graft
[26]. The efficiency of regeneration and functional recovery is
determined by the level of regeneration of nerve fibers through
the sutured area, and if there are several such areas, as in the
case of a graft, the number of regenerating nerve fibers in the
distal nerve decreases. Grinsell D. and Keating C.P. note that at
the level of one suture zone loses about 50% of nerve fibers, and
after two suture areas - 75% [20].

The efficiency of functional recovery of the limb is influenced
by both the level of nerve regeneration and the state of denervat-
ed muscles during reinnervation, such as malnutrition, fibrotic
changes. The question arises of improving nerve regeneration by
neuroraphy with innovative biodegradable polymers that would
ensure the adhesion of the nerve ends and sufficient strength of
this connection. The synthetic and biodegradable substances
currently used in such way have partially realized this potential.
Prospective data are available on the use of adhesives based on
polyethylene glycol hydrogel (PEG) and fibrin glue (FG) [39].
The advantages of adhesives are ease of use, safety, less trauma
to the nerve endings compared to ES, lower connective tissue
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density at the level of coaptation. However, there are concerns
about the strength of connection of the nerve ends, so several
ESs are still used to avoid “failure” of the suture [24]. Also, PEG
and FG should not interfere with the regeneration of nerve fi-
bers in the distal end of the nerve. Thus, FG is considered as
an alternative to the microenvironment in conduits [12,32,35].
There is evidence for longer biodegradation of PEG in the dam-
aged nerve and its better adhesion and strength compared to FG
[30,42]. That is why a comparative analysis of the effectiveness
of damaged nerve regeneration after different methods of neuro-
raphy is useful for neurosurgical practice.

The aim of the study was to evaluate the effectiveness of sci-
atic nerve regeneration after neuroraphy by ES, PEG and FG.

Material and methods. The animal model. The study was car-
ried out with 30 white not purebred male rats (250+25 g, 5-6 months
of age). Rats were randomly selected into the experimental groups:

Group Ne 1. Control — intact rats;

Group Ne 2. Shame-operated — a linear skin incision on the
lateral surface of the femur was performed, the left sciatic nerve
was isolated and mobilized. This was followed by layer-by-layer
restoration of soft tissue integrity without nerve manipulation;

Group Ne 3. The complete transection (CT) of the sciatic
nerve — the actions, as in the group Ne 2 with the additional com-
plete transection of the sciatic nerve, the endings of the nerve
were not connected, but remained freely in the wound. This was
followed by layer-by-layer restoration of soft tissue integrity
without nerve manipulation;

Group Ne 4. Epineural sutures (ES) — the actions, as in group
Ne 2 with an additional complete transection of the sciatic nerve
and its subsequent fixation end-to-end by epineurial neuroraphy
with the atraumatic needle (4-6 epineurial sutures with a poly-
amide thread Ne 10/0);

Group Ne 5. Polyethylene glycol (PEG) — DuraSeal hydrogel —
the actions as in group Ne 2 with an additional complete cross-sec-
tion of the sciatic nerve and its subsequent fixation with use of hy-
drogel DuraSeal®, (Covidien LLC, USA) and 2 “fixating sutures”.

Group Ne 6. Fibrin glue (FG) — Tisseel glue — the actions, as in
group Ne 2 with an additional complete transection of the sciatic
nerve and its subsequent fixation with Tisseel® fibrin glue and
2 “fixating sutures”;

The surgery was performed under general anesthesia (xyla-
zine 15 mg/kg and ketamine 70 mg/kg, intraperitoneally), ac-
cording to the rules of asepsis and antiseptics. An access to the
sciatic nerve in group 3 was performed as follows: an animal



