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Aim. To investigate the effect of polyhexamethyleneguanidine (PHMG) to eukaryotic cell culture. Methods. The
passaged bovine tracheal cells culture (TCC) and primary culture of chicken embryo fibroblasts (FCE) were
used in the experiments. TCC and FCE monolayers were treated with aqueous solutions of PHMG chloride or
succinate. The method of PHMG polycation adsorption to the cells’ plasma membrane together with microscopy
were applied. Results. The dependence of PHMG effect on the eukaryotic cells on the agent concentration,
duration of exposure and the anion type has been fixed. The PHMG concentration of 10°° per cent (0.1 pg/ml)
never causes degradation of the previously formed cell monolayer, while the higher concentrations damage
it. The conditions of the PHMG chloride and succinate’s negative effect on cell proliferation and inhibition
of monolayer formation were determined. The hypothesis that under certain conditions PHMG stimulates the
proliferative activity of the cells has been confirmed. Stimulation may be associated with non-specific stress
adaptation of cells. In this case, it is due to modifications of the cell membrane after PHMG adsorption to
it. Conclusions. PHMG polycation binds with the membrane’s phosphoglycerides firmly and irreversibly.
A portion of the lipids are removed from participation in the normal cellular processes at that. At the same
time, the synthesis of new lipids and membrane-bound enzymes is probably accelerated. The phospholipids’
neogenesis acceleration can stimulate mitosis under certain conditions. The obtained results can be used in the

biotechnologies.
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INTRODUCTION

Polymeric derivatives of guanidine are often used
as the components of the disinfectants and antisep-
tics [1]. Polyhexamethyleneguanidine (PHMG) is the
typical representative of this group and in the con-
centrations of 0.005—1.0 per cent possesses bacteri-
cidal, antiviral and fungicidal properties. Previously,
PHMG biocidal properties and toxicity have been in-
vestigated [1, 2]. At the same time, widespread imple-
mentation of disinfectants on the basis of guanidine
polymeric derivatives demands the more thorough
analysis of all aspects of their effect on the biological
systems.

Although, the precise mechanisms of the PHMG ac-
tivity have not been finally explained yet, the substance
is considered to make an effect on the membranes of
cells predominantly [2—4]. At weak concentrations
PHMG polycation, being adsorbed to cells’ plasma
membrane (CPM), change its “lipid pattern”, permea-
bility, phospholipids’ lateral mobility, trans-membrane
electric potential and so forth. Higher (biocidal) con-

centrations lead to CPM destruction and loss of cell.
Since bacteria’s CPM, as a rule, contains the higher per-
centage of acid lipids (phosphatidyl glycerol, phospha-
tidyl serine, cardiolipin and others) [5], their sensitivity
to the PHMG agents must be higher than in eukaryotic
cells, including the cells of the human-being [1].

At the same time, the disembodied data concerning
the possible growth of PHMG enhancing properties be-
gan to appear. For example, treatment of wheat seeds
with 0.1—1.0 per cent aqueous solutions of PHMG can
not only protect these seeds from the defeat with molds,
but also favorably affects their germination [6]. Fur-
thermore, the study of the PHMG effect on the young
individuals of the guppy fishes (Poecilia reticulata)
showed that at concentrations of 1077—10°° per cent the
index of the specific growth rate increases through 7
days for more than 60 per cent in comparison with the
control group [7]. The rates of increase (specific growth
rate, fodder conversion efficiency, index of optimality)
were somewhat reduced through 14 days, but still ex-
ceeded the control group. The authors consider that the
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stimulating effect is connected to adaptation stress, and
must be finally completed with the exhaustion phase
(progressive toxicosis). It should be noted that in this
case the agent constantly acted on the aquarium fishes —
during entire time of experiment. It is also known that
PHMG in concentration 1 - 107 per cent can stimu-
late growth of the Aspergillus niger fungus, whereas 2 -
107 per cent, on the contrary, suppress [8].

The PHMG inhibiting concentrations (IC,) have
been determined on the cell cultures of the human be-
ing [9]. For the cells of kidneys, skin and lungs at 24-
h incubation they are within the limits of 0.5 - 1072—
1.3 - 1072 per cent, the kidney cells appeared to be more
sensitive. Another guanidine polymeric derivative,
polyhexamethylenebiguanidine (PHMB), favorably
affects the keratocyte proliferation in the human body
at concentrations 2 -+ 10°-2 - 10~ per cent, whereas
it already manifests toxic action at somewhat stronger
doses [10]. Besides antiseptic effect, PHMB positive-
ly influences on the epithelization process during the
treatment of burns [11]. Also, there are all reasons to
assume the presence of the PHMB growth enhancing
effect under specific conditions.

The aim of the present research is to detect the nature
of PHMG salts influence on the eukaryotic cultures,
and also to prove that the agent can make the stimulat-
ing effect on their proliferative activity.

MATERIALS AND METHODS

The primary culture of chicken embryo fibroblasts
(FCE) and passaged bovine tracheal cells culture
(TCC) were used as the objects of the current research.
The cell cultures were prepared with application of the
standard procedures in our modification [12]. Cell sus-
pension in nutrient medium consisting of the mixture
of medium 199 (45 per cent), minimal medium Igla or
MEM (45 per cent) and livestock blood serum (10 per
cent) was sown to the 96-well plastic plates, 0.1 ml per
well. The TCC monolayer was formed using the sus-
pension containing =~ 800 thousand cells per 1 cm?.

The influence of PHMG chloride (PHMG-chl)
and PHMG di-basic succinate (PHMG-ds) (Termit,
Ukraine), the molecular weight within the limits of
5—10 kDa, on the cells was studied. PHMG was dis-
solved in the sterile Hanks’ balanced salt solution (pH
7.2—7.4) in volume ratio of constituents 1:9. For de-
termining the inhibiting (toxic) and growth enhanc-
ing properties the PHMG-chl and PHMG-ds solutions
were taken in the doses of 0.1-0.3 ml per well and in
the concentrations from 10~ per cent (0.01 ng/ml) to
1072 per cent (0.1 mg/ml). On conversion to the molar
concentration (throughout the monomer mass) it com-
poses = 1071°-107° M. In the beginning of the test tar-
geted on the study of the PHMG salts toxic properties,
their solutions were single-time added to the already
formed cells monolayer.

PHMG stimulating influence on cells’ proliferative
activity was studied by their suspension diluting (titra-

tion) in the growth medium in the wells from 1:2 to
1:128 for TCC and from 1:2 to 1:2,048 for FCE. After
24-h incubation of cells (t = 37 °C) the monolayer be-
gan to form in the wells. Depending on the cells initial
titer, the degree of its formation was from 10 per cent
to 50 per cent. The studied solutions of PHMG salts
were added for 15 min in the dose of 0.1 ml to the form-
ing monolayer of cells. After 15-min exposure the me-
dium containing PHMG was carefully removed, then
the cells were rinsed in the sterile buffered physiologi-
cal solution (pH 7.0—7.2) and Hanks’ solution, and the
clean growth nutrient medium was added. In the con-
trol group, the Hanks’ balanced salt solution was added
to the cells for 15 min. The cell cultures in the micro-
plates were placed into the incubator (t = 37 °C) and
incubated during 4—6 days. The state of monolayer was
estimated visually with the aid of the binocular micro-
scope (x70), while the quantity of cells was calculated
by means of Goryaev chamber after treatment with
trypsin. Each test was reproduced into 3—5 repeats. The
obtained data were statistically processed by common
methods applying the Microsoft Excel software.

RESULTS AND DISCUSSION

The exploration of the PHMG-chl toxic action
on the TCC formed monolayer fixed that the sub-
stance in concentrations starting from 107 per cent
(10 pg/ml) and stronger, in doses of 0.1-0.3 ml per
well causes the cells loss and monolayer destruction
as ecarly as during first 24 h. The concentration of
10 per cent, in doses of 0.1-0.3 ml per well leads
to the loss approximately of half of cells during the
first day and 100 per cent loss during following 1-2
days. The concentration of the agent in 107 per cent
and in dose of 0.2 ml per well never causes notice-
able changes of monolayer cells’ state during the first
day, while up to the sixth day of incubation about half
of cells remained undamaged. The PHMGp-chl con-
centration of 10°° per cent (or 0.1 pg/ml) in a dose of
0.1 ml per well is possible to be considered as nontoxic
for TCC.

As for FCE, the summarized results of PHMG-chl
toxic action exploration concerning this very culture in
various concentrations in a dose of 0.1 ml per well are
given in Table 1.

Table 1. PHMG-chl Toxic Action on the Chicken Embryo
Fibroblasts in Various Concentrations

PHMG
concentration, Fibroblasts monolayer state
%
1073 Monolayer destruction during the first 3—5 h
10+ Monolayer destruction during 1-3 days
107 No changes during 5 days
10°¢ No changes during 5 days
107 No changes during 5 days
Control group | No changes during 5 days
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Thus, the PHMG-chl concentrations of 10~ per cent
and weaker are possible to be considered as nontoxic
for FCE as well. At least, they no longer exert a sub-
stantial influence on the formed monolayer of cells. In
the course of tests it was also reported that if PHMG-
chl is added to the monolayer for the short period
(1020 min) even in comparatively high concentra-

tions (107°=1072 per cent), and after the agent removal
the monolayer is rinsed in normal saline, then no cells
loss is observed. Short-term PHMG exposure in “bio-
cidal” concentrations never damages the monolayer.

The research of the PHMG salts’ effect on the cells
monolayer forming rate proved the following: the add-
ing of PHMG-chl in concentrations of 10°—107¢ per
cent in the very beginning of the FCE monolayer for-
mation leads to the complete inhibition of prolifera-
tive activity; whereas the concentrations of 0.3 - 10—
0.3 - 107 per cent at a constant effect partially inhib-
it the proliferative activity of the fibroblasts and also
slow down the process of the cells monolayer forma-
tion (Figure). It appears that the FCE culture is con-
siderably more sensitive to the PHMG action, than the
cells of Escherichia coli to its analogue — PHMB [13].

Entirely different picture is observed at the short-
term influence of the PHMG salts on the cells. As far
as knowledge goes, in the titers from 1:2 to 1:64 the
FCE monolayer is formed practically completely after
the first day of incubation, the agents were added into
the wells with the initial dilution of cells from 1:128
to 1:2,028. This made it possible to determine the dy-
namics of the monolayer forming process after their
short exposure with the PHMG salts. The summarized
results are given in Table 2.

Table 2. Dynamics of the Chicken Embryo Fibroblasts’ Monolayer Shaping After 15-min Exposure With PHMG-chl and

PHMG-ds

Degree of the chicken embryo fibroblasts’ monolayer formation, %

After 24 h
(in the moment of the substance
adding)

After 2 days

After 3 days

Substance
concentration, %

Cell culture titers

1:128 | 1:256 | 1:512 | 1:1,024 | 1:2,028 | 1:128 | 1:256 | 1:512 | 1:1,024 | 1:2,028 | 1:128 | 1:256 | 1:512 | 1:1,024 | 1:2,028

PHMG-chl

10°° 50 30 20 10 10 50 30
1076 50 30 20 10 10 60 30
107 50 30 20 10 10 100 | 80
1078 50 30 20 10 10 100 | 80
107 50 30 20 10 10 80 50

20 10 0 40 20 10 0 0

30 10 10 40 70 | 40 30 20
70 50 40 100 | 100 | 100 | 100 80
80 50 40 100 | 100 | 100 | 100 100
50 20 20 100 | 100 | 90 40 30

PHMG-ds

10°° 50 30 20 10 10 70 40
10°° 50 30 20 10 10 80 50
107 50 30 20 10 10 100 | 100
1078 50 30 20 10 10 100 | 100
107 50 30 20 10 10 90 60

30 20 10 80 60 | 40 30 20
50 20 20 100 | 100 | 80 40 30
100 80 50 100 | 100 | 100 | 100 80
100 90 80 100 | 100 | 100 | 100 100
60 40 30 100 | 100 | 100 80 70

° a
= 3 50 30 20 10 10 80 50
S &

50 20 20 100 | 100 | 80 40 30

Note. n=3, P> 0.95.
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In the following concentrations: PHMG-chl
107°-107 per cent, and PHMG-ds — 107 per cent in-
hibit the process of cells’ monolayer shaping. PHMG-
chl stimulates the fibroblasts’ proliferative activity in
concentrations of 10*—1077 per cent, while PHMGsd —
10°—1077 per cent. Why the same concentrations of
PHMG-chl do slow down an increase in the monolayer
at a constant presence in the growth medium (Figure)?
Probably, it depends upon the time, necessary for the
more complete PHMG polycation adsorption to CPM.
In that case the stimulating concentrations of the sub-
stance could be 2—3 next-weaker orders providing its
permanent effect. However, in such weak concentra-
tions the substance remains in solutions for a short pe-
riod of time. Therefore the stress appearing under the
single-time short-term effect of the PHMG salts on the
cells can be significant.

The TCC cells in 1:2 solution practically completely
form the monolayer during the first 24 h of incubation.
Therefore, the preparations were added to the wells
containing the initial titer of cells from 1:4 to 1:128
in the second day. As early as 24 h the essential differ-
ences in the rate of the monolayer growth depending on
the PHMG salt concentrations became noticeable. The
summarized results are given in Table 3.

Thus, PHMG-chl in concentration of 1077 per cent,
and PHMG-ds — 10°® per cent strengthen the prolife-
rative activity of TCC. Although, it is important to note
that the latter manifests the stimulating effect within

the sufficiently wide range of concentrations — from
107% to 107 per cent. In concentration of 10~ per cent
PHMG-chl slows down the process of the monolayer
formation.

One can see, the cells of the fibroblasts’ primary
culture form the monolayer considerably faster than
the transformed trachea cells having been previously
undergone more than thousand passages. Though, the
stimulating effect of the PHMG salts manifests itself
on both types of cells. At that, the fibroblasts are at least
ten-times more sensitive.

The mechanism of the PHMG growth enhancing ef-
fect is not entirely clear. It can be caused, as in the case
with the P, reticulata fishes [7], by non-specific (stress)
adaptation of cells. Apparently, the changes, proceed-
ing in CPM after polycation adsorption to it are the de-
termining factor here. It is known that the surface and
transmembrane potentials of a cell, the membrane per-
meability for both the water and low-molecular ions,
also the mobility of phospholipids are changed with
the adsorption, whereas the functioning of membrane-
related membrane-bound enzymes of PHMG can in-
hibit the activity of such ferments, as catalase and
superoxide dismutase. On some microorganisms, for
example, Candida tropicalis, PHMG makes the simi-
lar effect in concentration of 107 per cent, while on
Salmonella typhimurium — 107 per cent [14]. Since
these ferments makes an antioxidant effect, the process
of changes in the CPM properties (caused by PHMG

Table 3. Dynamics of the Bovine Tracheal Cells’ Monolayer Shaping After 15-min Exposure With PHMG-chl and PHMG-ds

=y Degree of the bovine tracheal cells’ monolayer formation, %

0 S

% I After 2 days After 4 days After 6 days

2 2 X

38 Cell culture titers

s g

© 1:4 | 1:8 | 1:16| 1:32 | 1:64| 1:128 | 1:4 | 1:8 | 1:16 | 1:32 | 1:64| 1:128| 1:4 | 1:8 | 1:16 | 1:32 | 1:64 | 1:128
PHMG-chl
107 70 | 60 | 30 | 10 | O 0 90 | 70 | 40 | 30 | O 0O [ 100| 80 | 40 | 40 | O 0
1076 70 | 70 | 50 { 10 | 10| O | 100| 8 | 70 | 50 | 50 | 20 | 100 | 100 | 80 | 60 | 60 | 40
107 90 | 70 | 70 | 70 | 30 | 30 | 100 | 100 | 90 | 80 | 70 | 50 | 100 | 100 | 100 | 100 | 100 | 100
10°® 90 | 70 | 70 | 50 | 20 | 10 | 100 90 | 90 | 70 | 50 | 40 | 100 | 100 | 90 | 90 | 80 | 70
107 70 | 70 | 60 | 50 | 10 | 10 | 100 | 80 | 80 | 60 | 50 | 30 | 100 | 100 | 80 | 70 | 60 | 50
PHMG-ds

10°° 70 | 50 | 30| 40 [ 10| O |100| 70 | 60 | 50 | 50 | 30 | 100 | 100 | 80 | 70 | 50 | 40
10°¢ 90 | 50 | 50 | 50 20| O |100| 80 | 70 | 70 | 60 | 40 | 100 | 100 | 90 | 80 | 70 | 60
1077 90 | 50 | 70 | 50 [ 20 | 30 | 100 | 100 | 90 | 80 | 70 | 40 | 100 | 100 | 100 | 90 | 80 | 70
10°% 90 | 100 | 70 | 100 | 30 | 10 | 100 | 100 | 100 | 100 | 80 | 50 | 100 | 100 | 100 | 100 | 100 | 100
107 70 | 70 | 60 | 30 | 20 | 10 | 100 | 80 | 70 | 70 | 50 | 30 | 100 | 100 | 80 | 80 | 70 | 50
° a
§ § 751 70 | 40 | 30 | 10 | 10 | 100 | 75 | 70 | 60 | 50 | 30 | 100 | 100 | 80 | 70 | 60 | 50
O °D

Note. n=3,P>0.95.
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adsorption) is aggravated with hydrogen peroxide
and superoxide concentration increase. Aggressive
H,O, and :O, can interact with the remainders of the
unsaturated %atty acids of diaphragm lipids and also
strengthen the damaged membranes. At the short-term
effect of the PHMG weak (stimulating) concentrations
the inhibition of these ferments is reversible, whereas
the cell’s compensating mechanisms initiate new li-
pogenesis and synthesis of new ferments. It is known
that PHMB can affect the expression of some genes
in E. coli, the synthesis of ferments, and so forth [13].
PHMG included into the medicine Akacid can reduce
the S-phase of the cancerous cells’ cycle in the pros-
tate, affect the D1, E, p27 cyclines and cycline-related
kinases expression [15].

It should also be noted that PHMG polycation is quite
steadily connected to phosphoglycerides, not necessa-
rily with the acid ones only. For example, it is rapidly
adsorbed, and so, changes the ionic permeability of a
comparatively electrically neutral model bilayer lipid
membrane from the phosphatidylcholine — cholesterol
complex (volumetric ratio 2: 1) [16]. The removal of
the part of the CPM phospholipids from active partici-
pation in the cell processes forces the initiation of the
new lipids synthesis process. Probably, that particular
influences on shortening of the cell cycle duration.
Thus, at the PHMG stimulating effect on 4. niger cell’s
adaptive mechanisms also start the synthesis of new
polar lipids [8]. In this case lipids rich in saturated fatty
acids are formed, hereupon CPM becomes more du-
rable. Under certain conditions, the acceleration of the
new phospholipids’ synthesis stimulates mitosis. The
obtained results can be extrapolated to the cells of the
human being’s tissues as well.

CONCLUSIONS

Thus, the performed tests fixed that the influence of
polyhexamethyleneguanidine on the cell culture de-
pends on the agent concentration, duration of exposure
and the anion type of the salts. PHMG concentrations
of <107 per cent (0.1 pug/ml) are possible to be consi-
dered as nontoxic for the already formed FCE or TCC
monolayer.

The PHMG-chl concentrations of > 107°-107° per
cent completely suppress the cells’ proliferative ac-
tivity in the growth medium, while concentrations
0.3 - (10°—1077) per cent partially inhibit fibroblast
mitosis and slow down the rate of monolayer forma-
tion. Under preliminary 15-min exposure of fibro-
blasts with PHMG-chl at concentrations of 107°-107
per cent, or PHMG-ds — 1075 per cent monolayer for-
mation also slows down. On the contrary, PHMG-chl
concentrations of 10781077 per cent and PHMG-ds
concentrations of 10°—1077 per cent stimulate prolif-
erative activity of fibroblasts. The short-term (during
15 min) PHMG-chl exposure on the trachea cells at
concentration of 107 per cent inhibits mitosis, while

at 1077 per cent — stimulates. PHMG-ds manifests the
stimulating effect on TCC within the concentration
range of 107*-107° per cent.

The growth enhancing effect of the PHMG salts’
weak concentrations is apparently connected to chang-
es in the properties of the cell cytoplasmic membrane
after the polycation adsorption to it and also expression
of the genes corresponding to the synthesis of phos-
pholipids.
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Merta. [locniantu niro mosmirekcamerunenryaniguay (I1II'MI)
Ha KyJIBTYPH KITITHH eBKapioTiB. MeToau. B ekcnepumen-
TaX BUKOPUCTAHO MEPELICINIIOBAHY KYyJIBTYpy KIITHH Tpaxei
tenatu (KTT) Ta nmepBuHHY KynbTypy ¢idpoOmacTiB Kypsi-
goro em6Opiona (®KE). Mounomapu wmitua KTT i ®KE
00poOIsITM BOAHUMH po3uuHaMu conelt xjopuay [II'MIT
a6o cykuunary [II'MI. 3acTtocoBaHo meToj amcopOrii Mo-
nekyn nonikariony [II'MI" Ha rla3maTudHy MeMOpaHy Kiti-
THH, a TakoK Mikpockorisi. PesynsraTn. Ilokazano, mio
BruimB [II'MI" Ha KIIITHHH €BKapioTiB 3aJIeKHUTh BiJl KOH-
LEeHTpalil Ipenapary, TPUBAJIOCTI eKCIO3UIIT 1 TUIY aHio-
Ha. Bcranosneno, mo kourentparis I[II'MIT 1075 %
(0,1 MKr/Mir) He BHKIIMKA€E AECTPYKIii Bke C(HOPMOBAHOTO
MOHOUIAPY KIITHH, OUIbII BHMCOKI KOHIIEHTpamii ioro
MOIIKO/DKYIOTh. 3’5ICOBaHO, 32 SIKMX YMOB XJIOpHZ 1 CyK-
muHat [ITMIT HeratWBHO BIUIMBaKOTh Ha Mpotidepariito
KJIITHH 1 rajibMyIOTh IPOLEC YTBOpEHHs MoHomapy. Ilia-
TBEP/DKEHO TPHIYIICHHS PO Te, IO 3a IIEeBHUX YMOB
[I'MI" crumyntoe nposidepaTuBHy aKTHBHICTH KIIITHH.
CrumMymsniss Moke OyTH TOB’si3aHa 3 Hecnelu(igHOo
CTPECOBOIO QJIANTAIli€l0 KIITHH. Y I[bOMY pa3i BoHa 00y-
MOBJIEHAa 3MiHAMH B IUIa3MaTH4HId MeMOpaHi KIITHH IIic-
nst ancopOii Ha Hei [II'MI. BucnoBkm. Ilonikarion [IT'MIT
MIIIHO 1 HE3BOPOTHO 3B’S3y€Thcs 3 (ocdorminepuHamMu
MeMmOpanu. YacTuHa JIMIJIIB NPH LILOMY YCYBAa€ThCs Bij
y4acTi B HOPMANBHUX KIITHHHEX pomecax. VIMoBipHO, mpu
I[bOMY BiZOyBa€ThCs NMPHUCKOPEHHS CHHTE3y HOBHX JIIITIIB
1 TIOB’s13aHUX 3 MeMOpaHoto (epmeHTiB. [Ipuckopennii He-
oreHe3 GocQomimniaiB 3a MEBHAX YMOB MOXKE CTUMYJIIOBATH
MiT03. OTprUMaHi pe3ynbTaTH MOXYTb OyTH BHUKOPHCTaHI B
6ioTexHoIIoTIi.

KuarouoBi ciioBa: mosirekcaMeTHIICHIyaHiIMH, KyJIbTypa KITi-
THH, ¢idpobdracTu, npomidepartiss, TOKCHIHICTb.
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Hexotopblie 0c00eHHOCTH AeiicTBUS coJiei
MOJIUTCKCAMETHICHI'YAaHU/ITHHA HA KYJIbTYPbI KJIETOK

H. C. Mannsirpa, A. B. Jlucuma
e-mail: lysycya@ukr.net
HHCcTuTyT cenbekoro xo3stiicta 3amaanoro [Tomechs

HAAH VYxpaunsl
V. Kusi3st Bagumupa, 16/18, PoBro, Ykpanna, 33028

Heab. MccnenoBarh AelCTBUE NOIUIEKCAMETUIIEHTYyaHU-
muaa (IITMI7) Ha KyIBTYpBHI KIETOK 9YKapHOoTOB. MeToabl.
B ombITax MCIOIB30BAIHN MEPEBUBAEMYIO KYJIBTYPY KIETOK
tpaxen Tenenka (KTT) m mepBuunyro Kymsrypy ¢(ubpo-
6mactoB kKypuHoro »moproHa (PKDI). MoHOCTON KIETOK
KTT n ®KD obpabareiBaigy BOTHBIMH PACTBOPAMH COJEH
xaopuzna [II'MI" unu cykuunara III'MIT. Ilpumenen me-
Tox azcopbuu moiekyn moiukatHona [II'MIT ma mmas-
MaTHYECKyI0 MEMOpaHy KIETOK, a TaKKe MHKPOCKOIIHS.
Pesyabrarsel. Ilokazano, yto BiausHue III'MI' Ha KileTku
9YKapHOTOB 3aBUCHUT OT KOHIICHTPAIUX Ipenapara, Ipoaoi-
JKUTCIBHOCTH JKCIO3HMIIMM W THUIIA aHUOHA. YCTaHOBHeHO,
gro koHrerTparms [IMMI 107 % (0,1 MKr/MJT) He BBI3BIBACT
JIECTPYKIMHU yKe C(HOPMHUPOBAHHOTO MOHOCIION KJIETOK, 0jIee
BBICOKHME KOHLIGHTPALIMKM €ro MOBpPEekIatoT. BrisicHeHO, npu
KaKUX yClI0BHAX xyopul u cykuuHar III'MIT orpunaresnsHo
JICUCTBYIOT Ha NPOIH(EPaAIHIO KIETOK U TOPMO3SIT MPOLIECC
oOpazoBaHust MOHOCIOS. [1oATBEPKIEHO TIPEITONIOKEHHE O
TOM, UTO IIpy onpezeseHHbIX ycaoBusax [II'MIT crumynupyer
npon(epaTUBHYO aKTHBHOCTh KJICTOK. CTHMYJISIHS MO-
JKeT OBITh CBsI3aHA C HECMCIU(PUUSCKON CTPECCOBOI anar-
Tanuen KiIeTok. B aToMm ciiyyae oHa oOyciOBJIEHa MOJM-
(UKaIUsIMA TTa3MaTHYECKOM MeMOpaHbl KIIETOK MOCie aj-
copouuu Ha Hee [II'MI. BwiBombl. [lonwmkaruwon I[MI'MIT
MIPOYHO M HEOOpaTHMO CBsI3bIBAETCs ¢ (hochortuuepuaamu
MeMmOpaHnbl. YacTh JIMOHMIOB HPH STOM YCTPAHSETCS OT
y4acTHs B HOPMaJIbHBIX KJIETOUHBIX Ipoleccax. BeposTHo,
IIPU ITOM YCKOPSAETCSI CHHTE3 HOBBIX JIMIUAOB U CBSI3aHHBIX
c MeMOpaHo#l (epMEeHTOB. YCKOpEHHBIN HeoreHe3 (ocdo-
JIUMHUJOB TPHU ONPEJCNICHHBIX YCIOBHAX MOXET CTHUMYIIH-
poBark MHTO3. [lomydeHHbIe pe3yabTaThl MOTYT OBITH HC-
T10JIb30BaHbI B OMOTEXHOJIOTHH.

KuroueBble cj10Ba: IoIMreKcaMeTHIICHTyaHUIUH, KyJIbTypa
KIIETOK, puOpobdracTsl, mponudepanys, TOKCHIHOCTb.
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