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To verify experimentally the model of permeabilized hepatocytes, the degree of cell permeability was
assessed using trypan blue and polarographycally determined cell respiration rate upon succinate (0.35 mM)
and a-ketoglutarate (1 mM) oxidation. Oxidative phosphorylation was stimulated by ADP (750 uM). Hepato-
cyte permeabilization depends on digitonin concentraion in medium and on the number of cells in suspension.
Thus, the permeabilization of 0.9-1.7 million cells/ml was completed by 25 ug/ml of digitonin, permeabiliza-
tion of 2.0-3.0 million cells/ml — by 50 ug/ml of digitonin and permeabilization of 4.0-5.6 million cells/ml — by
100 ug/ml. Thus, the higher is the suspension density, the higher digitonin concentration is required. Treat-
ment of hepatocytes with digitonin resulted in a decrease of endogenous respiration rate to a minimum upon
20-22 ug of digitonin per 1 million cells. Supplementation of permeabilized hepatocytes with o-ketoglutarate
maintained stable respiration rate on the level higher than endogenous respiration at the corresponding
digitonin concentration, unlike the intact cells. Respiration rate of permeabilized hepatocytes at the simul-
taneous addition of a-ketoglutarate and ADP increased to the level of intact cell respiration, irrespective of
digitonin concentration. Addition of solely succinate and especially succinate plus ADP markedly intensified
the respiration of permeabilized hepatocytes to the level higher than that of intact cells. The dependence of
succinate-stimulated respiration on digitonin concentration reached maximum at 20-22 ug of digitonin per 1
million cells. Optimal ratio of digitonin amount and the cell number in suspension is expected to be different
in various tissues.

Key words: permeabilized hepatocytes, digitonin, mitochondria, respiration, succinate, a-ketoglutarate.

T he digitonin-permeabilization of hepatocytes
depends on both digitonin concentraion
in medium and the number of cells in sus-
pension. Thus, complete permeabilization was ob-
served at cell concentration 0.9-1.7x10° cells/ml of
suspension and digitonin concentration 25 pg/ml, or
at cell concentration 2.0-3.0x10° cells/ml and digi-
tonin concentration 50 pg/ml, or at cell concentra-
tion 4.0-5.6x10° cells/ml and digitonin concentration
100 pg/ml.

The rate of oxygen uptake is one of the inte-
gral parameters characterizing the functional state
of energy-producing cell system. This rate is measu-
red in a polarographic system using an oxygen elec-
trode. The methodological basis for the study of
mitochondrial respiration was suggested by Chance
and Williams, 1955 [1]. They characterized the basic
metabolic states, in which the electron flow inten-
sity in the respiratory chain is determined by various
factors such as: availability of endogenous oxida-
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tion substrates (state S,), concentrations of ADP and
phosphate required for oxidative phosphorylation
(state S,), the presence of exogenous oxidation sub-
strate at an excess of exogenous ADP (activation of
oxidative phosphorylation, state S,) or ADP deple-
tion (cessation of oxidative phosphorylation, state
S,), low pressure (depletion) of oxygen (state S) [1].

Monitoring of respiration rate in the isolated
mitochondria suspension contributed to a better un-
derstanding and control of the mitochondrial oxida-
tion pathway specifically in these organelles. Howe-
ver, the absence of structural and functional links
between isolated mitochondria and other cell compo-
nents makes it difficult to investigate the regulation
of mitochondrial oxidative processes, in which other
organelles and cytosolic factors are involved. In the
cell, mitochondria are present in close contacts with
endoplasmic reticulum and Golgi complex [2-4], and
the intensity of oxidative phosphorylation is regu-
lated by adjacent organelles, for example, by the al-

113



EKCITEPUMEHTAIJIBHI POBOTHU

teration in the cytosol ATP consumption and Ca*
concentration [3]. Therefore, the study of isolated
mitochondria may not fully indicate the peculiarities
of their functioning in vivo. Given, the polarographic
measurement of oxygen uptake has been adapted for
the study of respiration of permeabilized cells (or
mitochondria in situ).

This method is applied in various degrees to
skeletal muscle fibers [5], smooth muscle cells [6],
hepatocytes [7], pancreacytes [8] and enable to
maintain the interaction between mitochondrial res-
piration and other cell processes. The advantage of
using permeabilized cells is that, unlike the isolated
mitochondrial fraction, entire cell population of mi-
tochondria is studied in its natural environment [9].

Plasma membrane permeabilization is per-
formed for the introduction of exogenous agents
that affect the respiratory chain, but normally do not
penetrate through membrane [10-12]. Such agents in-
clude ions, substrates of the Krebs cycle, regulators
of the cycle’s enzyme activity, adenine nucleotides,
inhibitors of respiratory chain complexes etc.

Digitonin is one of the most effective plasma
membrane permeabilizers that form insoluble com-
plexes with cholesterol causing the pore formation
[13]. It is believed that digitonin affects plasmalem-
ma selectively without breaking other membrane in-
tegrity, since the cholesterol content therein is lower
by several orders [14]. It is proved that digitonin at
low concentrations (0.05-0.15 mg/ml) does not cause
the disruption of the intracellular organelles and cy-
toskeleton ultrastructures [15]. However, digitonin
at concentrations of 0.8 mg/ml damages the mem-
branes of mitochondria and endoplasmic reticulum
that is evidenced by both the change in their ultra-
structure and the release of marker enzymes in the
supernatant [16]. Thus, it is very important to choose
digitonin concentration at which plasmalemmas of
all cells would be permeabilized, while organelle
membranes remain intact.

It should be noted that for the complete selec-
tive plasma membrane hepatocytes permeabiliza-
tion, researchers use digitonin in a very wide range
of concentrations. Thus, according to Holmuhame-
dov E. L., this detergent is able to completely per-
meabilize liver cells already at concentration of
10 pg/ml, and at 100 pg/ml to cause the release of
cytochrome C in the supernatant i.e. to damage mi-
tochondrial membrane [7]. Other researchers have
shown that digitonin at concentration of 10 ug/ml
does not affect the integrity of the plasma membrane
of hepatocytes and damages it at concentrations of
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50-150 pg/ml without changing mitochondria state
[15, 17]. In our test experiments a lot of attention
was given to the selection of exact minimal digitonin
concentration for complete hepatocyte permeabili-
zation. In some cases, digitonin concentration of
20 png/ml was sufficient, while in others — 100 ug/ml.
The cell number in suspension was the only parame-
ter that changed during the experiments. Therefore,
it was assumed that the degree of hepatocyte per-
meabilization depends rather on the ratio detergent
amount/cell number than on digitonin concentration.

The aim of this work was to investigate the de-
pendence of hepatocytes permeabilization degree on
the ratio digitonin concentration/the cell number in
suspension, and assess the mitochondrial oxidation
state under different conditions of detergent applica-
tion that would enable to adapt this technique for the
study of mitochondrial respiration in situ.

Materials and Methods

Mature male underbred rats weighing 200-
250 g were used for the study. Hepatocytes were
isolated by the two-step Seglen method [18]. Cells
were counted using hemocytometer. To assess the
plasmalemma integrity, hepatocytes were stained
with 0.1% trypan blue solution, and then examined
using fluorescent or light microscopy (Nikon Op-
tiphot-2) at an emission wavelength > 600 nm and
an excitation wavelength < 560 nm. Immediately
after isolation, 75-90% of cells in the suspension
were with intact plasma membranes (Fig. 1, A). Per-
meabilization was performed using digitonin in the
intracellular solution for 10 min at 37 °C. Thereafter,
hepatocytes were washed three times with the same
solution, centrifuged each time at 50 g, and plasma
membrane integrity was determined (Fig. 1, C, D).

To assess the ability of hepatocyte mitochon-
dria to maintain membrane potential, the fluores-
cence of rhodamine 123, the potential-sensitive dye
(1 nM, pre-incubation for 10 min), in the range of
emission wavelengths > 560 nm at excitation by light
with wavelength 485 nm was measured. The fluo-
rescence of rhodamine 123 in permeabilized hepato-
cytes indicates the functional activity of mitochon-
dria (the ability to maintain membrane potential) and
intactness of the inner membranes (Fig. 1, B).

The oxygen uptake rate was measured using
polarographic method, which is based on the recor-
ding of the electrochemical reduction of dissolved
oxygen at the cathode at the potential difference of
0.6-0.7 V:
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Fig. 1. Images of the isolated hepatocytes: A, C — intact and digitonin-permeabilized cells stained by trypan
blue, in passing visible light; B — fluorescence of permeabilized cells treated with rhodamine 123, A, .= 485 nm;
D — fluorescence of permeabilized hepatocytes stained by trypan blue, 2, = 560 nm; [digitonin] = 20 pg/ml
per 1x10° cells; [rhodamine 123] = 1 nM; [trypan blue] = 0.1%, images were obtained using fluorescent
microscope Nikon Optiphot-2 with integrated camera

0,+2H"+2e =H,0,,

H,0,+2H,+2e =2H,0.

Diffusion current was determined using po-
larographic system which consisted of: Clark oxy-
gen electrode, unit “Oxygen monitor YSI 53007,
potentiometer KSP-4, magnetic stirrer for suspen-
sion and glass thermostated closed chamber (volu-
me of 1.6 ml). Oxygen uptake by permeabilized
hepatocytes was studied by oxidation of endogenous
substrates, a-ketoglutarate (1 mM) and succinate
(0.35 mM) at 37 °C. Respiration was stimulated by
adding 1.2 uM ADP (concentration in polarographic
chamber was increased to 750 uM).
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The basic extracellular solution had the
following composition, mM: NaCl — 140.0, KCI —
4.7, CaCl, - 1.3, MgCl, — 1.0, HEPES - 10.0, glu-
cose — 5.0; pH 7.4. At certain stages of isolation of
liver cells, the following modified solutions were
used: 1) without addition CaCl, and with 1 mM
EGTA; 2) supplemented with collagenase (120 unit/
ml) and CaCl, (3 mM). Intracellular solution had
the following composition, mM: KCI —90.0, NaCl —
15.0, KH,PO, — 2.0, MgCl, — 1.0, HEPES — 10.0,
EGTA - 0.5; pH 7.2. The solution composition cor-
responded to the ion composition of the hepatocytes
intracellular medium [19-21]. Statistical processing
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of the obtained data was performed using the soft-
ware Microsoft Office Excel.

Results and Discussion

To determine the dependence of the degree of
permeabilizationontheratio digitonin concentration/
the number of hepatocytes in suspension, both
parameters were changed. That is, digitonin, at final
concentrations of 10, 25, 50 and 100 pg/ml, was
added to the suspensions with varying amount of
hepatocytes. The experimental data were divided
into three groups according to the number of cells
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in suspension. The samples of group | contained
from 0.9 to 1.7 million cells/ml of suspension (on
the average 1.27 £ 0.09 million cells/ml), samples
of group Il contained 2.0-3.0 million cells/ml
(2.45 £ 0.11 million cells/ml) and samples of group
111 contained 4.0-5.6 million cells/ml (4.67 + 0.46
million cells/ml).

In isolated hepatocytes (control) 21.67 + 2.94%
of cells were colored by trypan blue. In group I,
complete permeabilization of plasma membrane
was observed already at digitonin concentration
of 25 pg/ml, in group II — at 50 pg/ml, while in
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Fig. 2. Part of trypan-positive cells and respiration rate of hepatocytes in the presence of digitonin: A — degree
of permeabilization at various digitonin concentrations and cell suspension densities; B — rate of endogenous
respiration of permeabilized hepatocytes; C and D — polarographic records of oxygen tension changes in sus-
pension of intact and permeabilized hepatocytes upon the oxidation of endogenous substrates and exogenous
a-ketoglutarate (green line) or succinate (orange line); vertical arrows indicate the time of the addition of oxi-
dation substrates or ADP; [succinate] = 0.35 mM, [o-ketoglutarate] = 1 mM, [ADP] = 750 uM, hereinafter:
* statistical significance relative to control (P <0.05); ** statistical significance relative to control (P < 0.01);
*** statistical significance relative to control (P <0.001); (n = 3-5)
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group III — only at concentration of 100 pg/ml
(Fig. 2, A). Addition of lower concentrations of the
detergent caused membrane permeabilization only
in part of hepatocytes of all three groups.

The degree of permeabilization was also
evaluated based on the rate of endogenous respira-
tion and respiration stimulated by oxidation sub-
strates and ADP. It is known that the low level of
endogenous respiration is inherent in the cells with
damaged plasma membrane [10]. It is caused by the
decrease in the concentration of substrates in cyto-
plasm due to their diffusion in extracellular medium.
Treatment of isolated hepatocytes with digitonin led
to a decrease in the rate of oxygen uptake by hepato-
cytes at the oxidation of endogenous substrates. In
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group | the endogenous respiration rate reached its
minimum at digitonin concentration of 25 pg/ml,
in group II — at concentration of 50 pg/ml, while
in group III — only at concentration of 100 pg/ml
(Fig. 2, B). These data are entirely consistent with
the results of the Trypan Blue assay.

The addition of a-ketoglutarate and succinate to
the polarographic chamber with intact hepatocytes
almost did not affect oxygen uptake rate (Fig. 2, C),
in contrast to the permeabilized cells (Fig. 2, D). The
addition of a-ketoglutarate to permeabilized hepato-
cytes maintained respiration indicators at a stable
level, slightly higher than the level of endogenous
respiration at the corresponding digitonin concentra-
tion, but lower than in intact cells (Fig. 3, A). The rate
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Fig. 3. Dependence of respiration rate of permeabilized hepatocytes upon oxidation of exogenous substrates
(A and C; metabolic condition close to the state S,) and activation of oxidative phosphorylation by ADP (B
and D; state S,) on digitonin concentration: A and B — at oxidation of a-ketoglutarate; C and D — at oxidation
of succinate, [a-ketoglutarate] = 1 mM, [succinate] = 0.35 mM, [ADP] = 750 uM
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of the oxygen uptake by permeabilized hepatocytes
in the simultaneous presence of a-ketoglutarate and
ADP in the polarographic chamber increased to the
level of endogenous respiration of intact cells (Fig. 3,
B). That is, the introduction of a-ketoglutarate in the
presence of ADP restored oxidative processes in
permeabilized hepatocytes. It is known that respira-
tion in intact cells occurs mainly due to oxidation
of NAD-dependent substrates. Thus, restoration of
oxygen consumption by a-ketoglutarate to the level
of intact hepatocytes evidences that digitonin does
not affect the functioning of NAD-dependent com-
ponents of the mitochondrial respiratory chain.
Adding succinate to the chamber significantly
intensified oxygen uptake by permeabilized hepato-
cytes (Fig. 3, C), the rate of which increased even
more with the addition of ADP and exceeded the
level of endogenous respiration of intact cells (Fig. 3,
D). This is consistent with the concept of the priori-
ty of the application of succinate compared to other
substrates and its ability to monopolize the respira-
tory chain [22], providing a high level of intensity of
mitochondrial processes in accordance with the cell
needs. The dependence of the rate of ADP-stimula-
ted respiration upon succinate oxidation on the digi-
tonin concentration and the number of cells corre-
lates well with the results of the Trypan Blue assay:
the intensity of oxygen uptake in group I reached
the peak at digitonin final concentration of 25 pg/
ml, in group II — at final concentration of 50 pg/ml,
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in group III — at final concentration of 100 pg/ml
(Fig. 3, D).

Taking this into account, the analysis of the
obtained results allows suggesting that the ratio be-
tween the amount of digitonin and the number of
cells in suspension is the determining factor in the
study of mitochondrial respiration in situ. The opti-
mal ratio of digitonin amount/amount of hepatocytes
was found to be 20-22 pg per 1 million cells (Fig. 4,
B). The dependence of the amount of trypan-positive
hepatocytes on the ratio of the amount of digitonin
to the number of liver cells in suspension has been
shown in Fig. 4, A. As it can be seen, 20-22 g of
digitonin per 1 million cells has been also sufficient
for complete hepatocytes permeabilization. That is,
the results of Trypan Blue assay are fully consistent
with the results obtained during the study of respira-
tion processes.

Respiratory control by Chance (the ratio of
the oxygen uptake rate in the state S, to the oxy-
gen uptake rate in the state S,), which characterizes
the coupling of respiration processes and oxidative
phosphorylation, reached the maximum at a ratio
of digitonin concentration to the number of cells of
about 20-22 g per 1 million cells. In particular, the
dependence of the respiratory control on the ratio of
digitonin concentration/the number of hepatocytes
upon a-ketoglutarate oxidation had a bell-like shape
curve with a maximum value in the range stated
above. This feature, upon the succinate oxidation
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Fig. 4. Degree of hepatocyte plasma membrane permeabilization (A) and respiration rate of permeabilized
hepatocytes (B) upon different ratio of digitonin amount to cell number: initial experimental data are shown

in Fig. 2and 3
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and minimum value of the ratio of digitonin con-
centration/the number of cells, reached the highest
value, however decreased dramatically at the ratio of
more than 21.8 g digitonin per one million hepato-
cytes.

The increase in the ratio of the digitonin con-
centration to the number of cells caused the de-
crease in the respiratory control index upon both
a-ketoglutarate and succinate oxidations. This oc-
curs owing to the decrease in intensity of oxygen
consumption in state S, and/or the increase in oxy-
gen consumption in state S, although the alterations
in respiration rates themselves are insignificant
within the range of statistical error. The increase in
oxygen uptake rate in state S, upon the decrease in
respiratory control indicates the need to compensate
for the proton leak across the mitochondria plasma
membrane due to alterations in its permeability.

Thus, the density of the hepatocytes suspension
significantly affects the degree of plasma membrane
permeabilization by digitonin: a higher concentra-
tion of digitonin is required for the larger amount
of cells.

The low ratio of digitonin concentration to the
number of cells does not provide complete hepato-
cytes permeabilization and does not enable complete
penetration of exogenous substrates. At the high ra-
tio of the digitonin concentration to the number of
cells, the integrity of not only the plasma membrane
is disrupted but also the membrane of intracellular
organelles that negatively affects the functioning
of hepatocytes and prevents their application as a
model.

It is obvious that the optimal ratio of the digi-
tonin concentration to the number of cells in suspen-
sion will be different for various tissues. For ade-
quate selection of the ratio it is necessary not only
to assess plasma membrane integrity (Trypan Blue
assay, determination of the release of cytoplasm
marker proteins) but also to evaluate organelle func-
tional activity. Without performing such tests, not
only objective comparison of the results from differ-
ent authors, but also obtaining high quality prepara-
tions of permeabilized cells and minimizing effects
of artifacts are not possible.
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TEOATOLMTIB JJ1s1 JOCJALIKEHHSI
JUXAHHSI MITOXOH/IPIH IN SITU

B. M. Mepnascoruii, b. O. Manwio,
O. B. Ixkepm, B. B. Manvko

JIbBIBCHKMIT HAIlIOHAJIEHUH YHIBEPCUTET
imeni IBana ®@panka, Ykpaina
e-mail: vvmanko@Inu.edu.ua

Jns  excneprMEHTaIbHOTO OOTpYHTYBaHHSA
MOJIeNi  TIepMeadiTi30BaHUX TEMaTOIHTIB IIypPiB
OIIIHIOBAIIM CTYIIHB MepMeaOdimizamii KIITHH, BUKO-
PHUCTOBYIOYH TPUTIAHOBUW TECT Ta IXHIO MIBUJIKICTH
MUXaHHS, Ky BH3HAYAJIH TOJSpOrpadigaHIM METO-
JIOM 32 OKHCIJICHHSI €HJIOTEHHUX CyOCTpaTiB — CyK-
nuaary (0,35 MM) Ta a-kerormytapary (1 mMM).
Oxucuae dochopuntoBanHs crumymoBamun ADP
(750 mxM). Crymine nmepmea0imizaiii renaTonuTis
JIUTITOHIHOM 3aJIe)KUTh K BiJ HOr0 KOHIIEHTpAIii
y CEpEeloBHIIl, TaK i KITBKOCTI KJIITHH y CyCIHeH3ii.
3a 0,9—-1,7 MJTH. KIIITHH B OTHOMY MJI CYCIIeH311 ITOB-
Ha riepmeaOimizamis BifOyBaitachk 3a KOHIEHTpAIii
25 Mkr/mn guritoHiny, 3a 2,0-3,0 MIH. KIITHH —
50 MKr/™MIT UTiTOHIHY, a 3a 4,0—5,6 MITH. KIIITHH —
100 mkr/™mMn puritoHiHy. OTXe, 4uM Oiiblna Ty-
CTHHA CYCHEH3il KJIITHH, THM OLIbIIOI Mae OyTH
KOHIIEHTpalisi auriToHiHy. OOpoOKa remaTonuTiB
JUTITOHIHOM 3HIJKYBaJla IIBUJKICTh €HIOTCHHOTO
MUXaHHs, SKa JocsATaga MiHIMyMy Tex 3a 20—22 MKT
JIUTITOHIHY Ha OIWH MJH. KIiTHUH. [logaBaHHSA 10
nepMealdiTi3oBaHNX TENaTOIUTIB 0-KeTOTIyTapaTy
M ITPUMYBAJIO MMOKa3HUKHU UXaHHS Ha
CTa0lTBHOMY PiBHI, BUIIIOMY 32 PiBE€Hb €H/I0T€HHOTO
JUXaHHS 32 BiJNOBITHOI KOHIIEHTpAIlii TUTITOHIHY,
aJie He IHTaKTHHUX KJIITHH. 3a 0JHOYaCHOI'O BHECEH-
HA o-KeTormytapary i ADP mBHIKiCTh AMXaHHS
nepMeadiTi3oBaHNX TenaTolUTIB 301IBITyBalach
JIO PiBHSI €HJIOTEHHOTO JINXaHHS IHTAKTHUX KJITHH
He3alle)kHO BiJ KOHIIGHTpallii AWTiTOHIHY. BhHe-
CeHHS Yy KOMIpPKY JIMIIE CYKIIMHATy Ta OCOOJIMBO
cyknuHaty 3a HasBHOCTI ADP 3HauHO akTHBY-
Ball0 NWUXaHHA TMepMmealii3oBaHUX TEeIaTOoIHNTIB,
SIK€ TIEPEBUIIYBAJIO PiBEHb €H/JIOTEHHOTO JAMXaHHS
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IHTaKTHUX KJIITUH. 3aJIeKHICTh IIBUIKOCTI CYKI[U-
HAaTCTUMYJIbOBAHOTO JMXAaHHS BiJl KOHIEHTpAIil
JUTITOHIHY Jgocaraja MakcuMymy 3a 20-22 MKr
JUTITOHIHY Y PO3paxyHKy Ha OAMH MJIH. KIIITHH.
[lependayaeThest, 110 ONTHUMAJIBHE CITiBBITHOIIICHHS
MK KiJBKICTIO IUTITOHIHY 1 KiJIBKICTIO KJITHH Y
CyCHeH3ii [UIst pi3HUX TKAHUH BiJIPI3HAETHCA.

KnrmodoBi cioBa: renaTomuTy mepmeadi-
Ti30BaHi, TUTITOHIH, MITOXOHIPii, TUXaHHS, CyKIIH-
HAT, O-KETOTrIyTapar.
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JI1s1 SKCTIEpUMEHTAIBHOTO 00OCHOBaHUS MO-
JIeTU TIepMeabMIN3UPOBAHHBIX TENaTOINUTOB KPBIC
OIICHUBAJIM CTETCHh MEPMEAOUIN3AIUK  KJIIETOK,
WCIIONIB3YSl TPUIIAHOBBIN TECT, H UX CKOPOCTH JIBI-
XaHUs1, KOTOPYIO ONPEICIISIIH O porpapuIecKium
CII0CO0OM TIPH OKUCJICHUH YHJOTEHHEBIX CyOCTpaToB
— cyknuHata (0,35 MM) u a-ketormyTapara (1 MM).
Oxucnurenbaoe (ocHopuITHpoBaHHE CTUMYIHUPO-
Banu ADP (750 MxM). CreneHb niepMeadUIn3ainu
TeMaTOIMUTOB JUTUTOHUHOM 3aBUCUT KaK OT €ro
KOHIICHTPAILMH B CPEJe, TAK U KOJIMYECTBA KIIETOK
B cycnen3uu. [Ipu 0,9-1,7 muH. ki1eTok B 1 M cy-
CIICH3UM TIOJTHASI TIEPMEAOIITN3AINS OCYIIECTBIIS-
Jach MPH KOHIIGHTPAIMU 25 MKI/MJ JUTUTOHUHA,
mpu 2,0-3,0 MITH. KJI€TOK — 50 MKI/MJI IMTUTOHUHA,
a npu 4,0-5,6 MiH. ki1eToKk — 100 MKI/MJI TUTUTO-
HuHa. CremoBareiibHO, 4eM OOJibliasi IMJIOTHOCTh
CYCIICH3UHU KJIETOK, T€M OOJIbIIEH MOJKHA OBITH
KOHIIeHTpanus nurutonnHa. O6padoTka renaToim-
TOB JTUTUTOHUHOM CHIJKaJIa CKOPOCTH dHIOTEHHO-
T0 JIBIXaHUS, KOTOPOE MOCTUTAI0 MHUHUMYMa TIPH
20-22 MKT ITUTHTOHWHA HA OJWH MJIH. KJI€TOK. BHe-
CeHHE K TMepMeabdMIN3UPOBAHHBIM TeMaTOIUTaAM
O-KeTOTayTapaTa MOAICPKUBANIO MOKA3ATEIH JIbI-
XaHUS Ha CTaOUIIBHOM YPOBHE, BBICIIIC YPOBHS JH-
JIOTEHHOTO JIBIXaHUs TMPU COOTBETCTBYIOMICH KOH-
HEHTPAINH JUTUTOHWHA, HO HE HHTaKTHBIX KIJIETOK.
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IIpy ogHOBpEMEHHOM BHECEHUH O-KeToriTyTapaTa
u ADP cKopoCTh IbIXaHUS TIepMeaOUIU3UPOBAH-
HBIX TENaTOLUTOB yBEIMYMBAIACh O YPOBHS JH-
JIOTEHHOT'O JIBIXaHWS HHTAKTHBIX KJIETOK HE3aBH-
CHUMO OT KOHIIEHTpallul JUTMTOHHHA. BHeceHue B
AYEHKY TOJNBKO CyKLMHATa 1 OCOOEHHO CyKIIMHATa
npu Hanuyuu ADP cymiecTBeHHO akTHBHPOBAJIO
JIbIXaHWE TepPMEeaOMIN3NPOBAHHBIX TeMaTOINTOB,
KOTOpO€ MPEBBIIIANI0 YPOBEHb YHIOT€HHOIO JbIXa-
HUsI WHTAaKTHBIX KJIETOK. 3aBUCUMOCTb CKOPOCTH
CYKIIMHATCTUMYJIUPOBAHHOIO JbIXaHUs OT KOH-
LHEHTpallMi JUTMTOHHHA JOCTHTaJla MaKCUMyMa
npu 20—22 MKr JUTUTOHMHA B pacyeTe Ha OIUH
MJTH. KJIeTok. [Ipenmonaraercs, 4To onTuMaiabHOE
COOTHOILIEHUE MEXKAY KOTUYECTBOM JTUTUTOHMHA U
KOJINYECTBOM KJIETOK B CYCHEH3UH JJIsSI Pa3JIMYHBIX
TKaHel oTiInyaeTcs.

KnmoueBnie cinoBa: rernaTouruThl ICpMea-
6I/IJ'II/I?)I/IpOBaHHLIC, AUTUTOHUH, MUTOXOHAPUHU, ObI-
XaHue, CYKInHar, a-KeToriryrapar.
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