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It is became generally accepted that
liposomes are effective drug carriers.
Therefore, the question of whether lipo-
somes per se can exhibit their own bio-
logical activity will seem strange to some-
one. Of course, they are not really empty!
More precisely, they are not completely
empty. The so-called empty liposome, i.e.
liposome per se, contains in its cavity the
medium in which it was formed. For
instance, it could be practically indiffer-
ent sodium chloride solution. When we
say that some liposomes are empty, we
mean that their internal cavity or the
membrane does not include any biologi-
cally active chemical compounds, such as
drugs for pharmacotherapy.

Recently, an international group of
scientists [1] in the pages of the Che-
mical Review journal summed up the
results of many years of studies of
these amazing formations - lipo-
somes — microscopic capsules (vesicles),
which are currently widely used to cre-
ate drugs around the world. It is well
known many years that liposomes are
successfully used, first of all, for drug
delivery [2] and their self-biological
activity has not yet been seriously con-
sidered. Since in chemical composition,
they are similar to natural cell mem-
branes, able to transport a wide range
of medical chemicals (including water-
insoluble and toxic ones) and practi-
cally do not cause allergic and other
adverse reactions.
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What qualities of liposomes give
them advantages over other drug carri-
ers? First of all, it is an affinity with
natural cell membranes in chemical
composition. It is known that the lipids
that make up the membranes occupy
from 20 to 80 percent of their mass.
Therefore, with the correct selection of
liposome components, this type of
pharmacological intervention into the
body does not cause negative reactions.

The second important property of
liposomes is versatility. Due to their
semi-synthetic nature, their sizes,
structural characteristics and surface
composition, liposomes can be widely
varied. This makes it possible to
«charge» liposomes to carry a wide
range of pharmacologically active sub-
stances: antitumor and antimicrobial
drugs, hormones, enzymes, vaccines,
as well as additional sources of energy
for the cell, genetic material.

Thirdly, liposomes disintegrate rela-
tively easily in the body (biodegrada-
tion), releasing the delivered substanc-
es, but because of their origin, lipo-
somes, themselves devoid of antigenic
properties, reliably hide their load
from contact with the immune system
and, therefore, do not cause protective
and allergic reactions of the body.

There is no doubt the thesis that
most diseases do not affect the entire
body, but individual organs and tissues
(although, of course, this does not pass
without leaving a trace for other organs
and systems). Therefore, the treatment
will be faster and more successful if

394

®apmakonoris Ta nikapceka Tokcukonoris, Tom 15, No 6/2021

ISSN 2227-7943. Pharmacology and Drug Toxicology, 2021, 15 (6), 394—405



the drugs are delivered directly to the
focus of the disease, i. e., act in a tar-
geted manner. This is especially impor-
tant in those cases when you have to
deal with rather toxic drugs that treat
the disease itself well, but at the same
time have a bad effect on other body
systems. This is the case, for example,
in the treatment of cancer.

The creation of the required concen-
tration of medicinal substances in the
areas affected by the disease, without
affecting the organs and tissues not
involved in the pathological process, is
not an easy task. After all, medicines, no
matter how they were administered,
enter the bloodstream and disperse
throughout the body more or less evenly.
And in order for them to reach the right
places («targets»), some kind of carrier is
needed that could deliver them there in
sufficient quantity. Over the past few
years, many attempts have been made to
solve this problem, many compounds
have been tried, and it turns out that
liposomes are the best drug carriers.

Many years ago we first discovered
that even empty (i.e., containing no
active substances in their internal cav-
ity or membrane) phosphatidylcholine
liposomes (PCL), i.e. liposomes per se,
have an amazing ability to restore con-
tractile activity of blood vessels
impaired under hypoxia [3] and reno-
vate endothelium-dependent vascular
relaxation blunted in spontaneously
hypertensive rats [4].

Later it was established that lipo-
somes per se possess the ability to nor-
malize endothelium-dependent vascular
relaxation damaged after exposure to
y radiation [5]. Finally, it was shown [6]
that empty PCL effectively restored
Maxi-K channels activity depressed
after y-radiation impact. It was really
surprising discovery for us, for which
there was no any reliable explanations
for long period of time.

The aim of the present work is an
attempt to explain why empty lipo-
somes per se have the ability to norma-
lize contractile activity of smooth mus-
cle cells, impaired under the influence
of external factors affecting their ionic
conductivity and contractile force
development.

Methods. Animals and ethical appro-
vals. Mammalian animal studies were
performed using adult male Wistar
rats in accordance with the recommen-
dations of the European Convention for
the protection of Vertebrate Animals
used for Experimental and other Scien-
tific Purposes and was approved by the
Institutional Animal care and Use Con-
ditions. All experiments were per-
formed on rats housed under controlled
environmental conditions (21 °C, 12 h —
12 h light-dark cycle) and free access to
water and standard rodent diet.

Contractile recordings. Briefly, expe-
riments were performed on rat portal
vein strips and aortal rings obtained
immediately after the rats were anes-
thetized with alpha chloralose, 40 mg/kg
plus urethane, 0.4 g/kg b/w., i. p. and
sacrificed with cervical dislocation.
Then vascular tissues were dissected
and prepared with care in order to keep
the endothelium intact. Then the prepa-
rations were mounted isometrically in a
tissue bath between a stationary stain-
less steel hook and an isometric force
transducer (AE 801, SensoNor A/S,
Norten, Norway) coupled to a chart
recorder (model 202, Cole-Parmer
Instrument Company, USA) and were
maintained at 37 ‘C and superfused
continuously at a rate of 2 ml/min with
standard Krebs-bicarbonate buffer
solution. They were allowed to equili-
brate for 1 h under resting tension of
400 mg (portal vein) and 3 g (aortas)
before experiments commenced.

Electrophysiological studies. Brief-
ly, smooth muscle cells were isolated
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from tissues by enzymatic treatment,
as described below. Pulmonary artery
with diameters of 0.5-1 mm was dis-
sected and was cut into small pieces
(1.0 x 1.0 mm) in Ca?"-free modified
Krebs solution containing (in mM)
120 NaCl, 12 glucose, 10 HEPES,
6 KCl, (pH 7.4). The pieces were digest-
ed at 36.5 °C for 20 min in 2 ml Ca2*-
free modified Krebs solution contain-
ing papain (1 mg/ml), dithiothreitol
(1 mg/ml), bovine serum albumin
(1 mg/ml), then removed and again
repeatedly digested at 36.5 "C for 10 min
in 2 ml Ca?"-free modified Krebs solu-
tion containing collagenase type 1A
(1 mg/ml), dithiothreitol (1 mg/ml),
bovine serum albumin (1 mg/ml) and at
the end were washed three times with
Ca?"-free modified Krebs solution to
stop enzymatic digestion.

Ileal SM cells were obtained from
two-month-old male mice euthanized by
cervical dislocation. Then abdominal
cavity was dissected and ileum longitu-
dinal smooth muscle strips were rapidly
removed into the normal physiological
salt solution (PSS) (in mM) : 120 NaCl,
12 glucose, 10 HEPES, 6 KCl, 2.5 CaCl,,
1.2 MgCl,, pH adjusted to 7.4 with
NaOH. Strips were cut into pieces of
1 mm in length in Ca, Mg-free PSS (in
mM: 120 NaCl, 12 glucose, 10 HEPES,
6 KCIl, pH 7.4 with NaOH). SM cells
were isolated following enzymatic
digestion using (in mg/ml): 1 collage-
nase type 1A, 1 soybean trypsin inhib-
itor type II-S, 1.5 bovine serum albu-
min in Ca, Mg-free PSS for 18 min at
36.5 ‘C. Next, the enzymes were washed
out three times by Ca-free PSS. Suspen-
sion was triturated by fire-polished Pas-
teur pipette, dropped on coverslips with
addition of normal PSS at 2:1 ratio and
stored in fridge at 5 °C until use within
6-8 hours after cell isolation.

All electrophysiological experiments
were carried out at room temperature

(about 22—-25 °C). Transmembrane cur-
rents were recorded using the patch-
clamp techniques in the whole-cell or
cell-attached configurations using the
AxoPatch 200B amplifier and the soft-
ware pClamp 8 (Molecular Devices,
Sunnyvale, CA, USA). Patch pipettes
were made from borosilicate glass tubes
(external diameter 1.5 mm, internal
diameter 0.86 mm; Harvard Appara-
tus, Hollister, MA, USA) using a
micro-electrode puller P-97 (Sutter
Instruments, Novato, CA, USA). After
filling the pipettes with a pipette solu-
tion they had a resistance of 4-5 MQ.

In the whole-cell mode, patch pipettes
were filled with the intracellular solu-
tion containing (in mmol/l): KCI 130,
MgATP 1, creatine 5, glucose 10, EGTA
0.3, HEPES 10 (pH adjusted to 7.4 with
KOH). For single-channel recordings,
the pipette solution contained modified
Krebs solution while KCl was added
(80 mmol/l) to the external solution in
order to minimize the resting potential
of smooth muscle cells. Unitary cur-
rents were recorded at a holding poten-
tial of 60 mV. The signal after its ana-
log filtering using the 4" order Bessel
filter at 1 kHz was digitized at 10 kHz.

Quercetin-filled phosphatidylcho-
line liposomes (PCL-Q) preparation.
Phosphatidylcholine liposomes were
prepared with lipid stock solution in
ethanol. Solvent was removed on a
rotary evaporator at 35 °‘C. To prepare
PCL-Q, the suspension of lipid and
quercetin were dried together in one
flask. The weight ratio of quercetin to
lipid was 1:50. The solution containing
140 mmol/L NaCl was added to the
resultant pellicle and stirred until the
lipids were completely emulsified. The
suspension was bathed in 40 ‘C water
and sonicated for 1 min using a soni-
fier (model 300, Fisher). After that,
liposomes were frozen at —25 °‘C and
could be stored under argon for 1 week.
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The final concentration of filled lipo-
somes in bath solution was 100 pg/mL
to lipid content and 3 pg/mL to the
active substance, quercetin. The prepa-
ration of PCL was the same way as
PCL-Q without the quercetin in mix-
ture. The final PCL and PCL-Q were
unilamellar vesicles and their diame-
ters were (100 = 20) nm and (140 = 30)
nm, respectively.

Preparation of nitric oxide-con-
tainig liposomes. Synthesis of nitroso-
glutathione (GSNO).

Briefly, L-glutathione in an amount
of 100 mg was dissolved in 2 ml of an
aqueous phosphate buffer solution
(8 mmol, pH 6.7-7.4). It was cooled to
+5 °C and then 20 ul of a hydrochloric
acid solution (6 moles) was added, then
again cooled to +5 °C. To this solution
0.5 ml of a cooled solution of sodium
nitrite (NaNO,) Xmol) was added. The
formation of nitrosoglutathione accom-
panied by a change in the color of solu-
tion to bright red. After that, 20 ul of
a cooled solution of sodium hydroxide
(6 moles) was added to this solution.

Acetone, cooled to minus 20 °‘C, was
used to precipitate nitrosoglutathione.
10 ml of acetone were added to the
resulting solution of nitrosoglutathi-
one, stirred vigorously and centrifuged
for 5 minutes at 3000 g at 0 ‘C. After
centrifugation, the supernatant was
discarded and the pellet was washed
several times with chilled acetone.
Next, the precipitate was freeze-dried
using a lyophilic MartinChristEpsilon
2D-6 (Germany). About 109 mg of
nitrosoglutathione (GSNO) were
obtained. Nitrosoglutathione in aque-
ous solution has spectral absorption
peak at a wavelength of 344 nm.

Preparation of phospholipid lipo-
somes containing cytochrome C inside.
Phosphatidylcholine and dipalmetoylpho-
sphatidylglycerol in a 10:3 ratio were
dissolved in the alcohol-chloroform mix-

ture. A film was obtained with the vac-
uum-evaporator rotor (Buchi, Switzer-
land), and then washed with a solution
of cytochrome C at a concentration of
1.0 mg/ml in phosphate buffer (8 mmol,
pH 6.7-7.4). The emulsion was then
homogenized on a high-pressure homo-
genizer (Microfluidics M-110, USA) at a
pressure of 600 to 800 bar to obtain a
liposomal nanoemulsion with liposomes
sizes from 90 to 110 nm (Nano-S, Mal-
vern, UK). Inclusion of cytochrome C
into the liposomes was evaluated by
HPLC on a Tricorn 200 column (GE,
USA) with Sepharose G-25 sorbent
(Amersham, Sweden). Inclusion of cyto-
chrome C was not less than 95 %.

Preparation of the reduced form of
liposomal cytochrome C. To remove
atmospheric oxygen, a high purity argon
gas was pumped for 30 min through a
liposomal emulsion of cytochrome C
(100 ml), obtained after homogenization.
The aim of this procedure was to prevent
nitrous acid formation due to nitric oxide
(NO) reaction with oxygen in the aqueous
medium. After that, the nitric oxide
(NO) obtained in the reaction of nitric
acid and metallic copper was fed into the
emulsion in an argon flow. The mixture
of gases was first passed through a solu-
tion of sodium hydroxide to remove the
salt-forming oxides. Simultaneously, the
liposome emulsion was acidified with
nitric acid to pH 6.3-6.5. In this case,
the liposomal cytochrome C was trans-
formed into a reduced form (cytC3*-NO).
The transition indicator was a change in
the color of the emulsion from reddish-
brown to bright pink, and also spectral
absorption peaks at 528 nm and 560 nm.
To stabilize the liposomal cytochrome C,
10 mg of nitrosoglutathione was added to
the emulsion.

Then, the emulsion was filtered through
a hydrophilic membrane (PES) with a
pore diameter of 0.2 ym (PALL, Germa-
ny), poured over vials and lyophilized on
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a lyophilizer (MartinChristEpsilon 2-6D,
Germany). For further experimental bio-
logical studies work, an emulsion obtained
by reconstitution of the lyophilisate with
working solutions was used.

Chemicals. All reagents and chemi-
cals were obtained from Sigma Chemi-
cal (St. Louis, MO, USA), except for the
constituents for Lip (NO) preparation
which was detailed in [7].

Data analysis. Data were analyzed
using pClamp 10 (Molecular Devices,
Sunnyvale, CA, USA) and OriginPro
9.7 (OriginLab Corporation, Northamp-
ton, MA, USA). The «Event Detec-
tion — Single Channel Search» algo-
rithm was used to identify channel
transitions between closed and open
states based on current level crossing
50 % of the maximum amplitude of the
open state [8]. For our 1 kHz filter,
events that lasted less than 0.32 ms
were not taken into account. Mean open
and closed dwell times were calculated
from thus idealized current traces.
Channel open probability was given by
Clampfit after completion of the «Sin-
gle Channel Search» routine.

Activation curves (G-V relationships)
were fitted by the Boltzmann equation
in the following form:

G
G = max (1)

 Ltexpl(V - V,,)/k)

where G is membrane conductance at
membrane potential V, Gmax is its maxi-
mal value at strongly depolarized poten-
tials, V, /2 is the potential of half-maxi-
mal activation at which G = 0.5 G, .
and k is the slope factor.

The current amplitude histograms
were approximated by the standard
Gaussian equation (normal distribu-
tion). The concentration dependences
were fitted by the Hill equation:

Y.
Y= e N )

I+{[Lip(NO)]/EC,)}”

where Y — measured value at a given
Lip (NO) concentration, Y — its
maximal value, [Lip(NO)] — molar con-
centration of Lip(NO); EC,, — concen-
tration at which Y =0.5Y__, p — slope
factor.

The results of the statistical process-
ing of the experimental data are pre-
sented as means =+ the standard error
of the mean (n — the number of mea-
surements). Student’s t-test was used
for statistical comparison and differ-
ences were considered to be statistical-
ly significant at P < 0.05.

Results and discussion. Below, we
present data on the effect of «empty»
phosphatidylcholine liposomes on the
contractile activity of vascular smooth
muscles (thoracic aortas) obtained from
rats with genetically determined hyper-
tension (Fig. 1), under conditions of
oxygen deficiency (Fig. 2, 3) and under
the influence of ionizing radiation
(Fig. 4). In all three cases, a clear res-
toration of the contractile function of
the vessels under the influence of lipo-
somes could be clearly observed.

For instance [4], Figure 1 shows that
liposomes do not affect the amplitude of
acetylcholine relaxation in the thoracic
aortas from healthy rats (A). At the same
time, they effectively restore endotheli-
um-dependent relaxation damaged in
vascular tissues obtained from SHR (B).

Figure 2 illustrates an experiments
in which ATP- and PCr-filled liposomes
were used to make clear the role of
high-energy phosphate depletion in
hypoxic relaxation of vascular SM [9].
The data obtained indicate that when
applied to SM of rat portal vein precon-
stricted with Kt-rich solution, phos-
phcreatin (PCr) — filled liposomes sig-
nificantly decreased the amplitude of
hypoxia-induced vasorelaxation, i. e.,
in the absence of liposomes filled with
PCr, hypoxic relaxation of SM precon-
stricted with 60 mM KCL has been
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Lip, 125 ug/ml

Control

ACh, 10°M

NA, 10°M

Lip, 125 ug/ml

Fig. 1. Effect of 125 ug/ml phosphatidyl-
choline liposomes (PCL, Lip) on acetyl-
choline (Ach )-induced relaxation in aortic
smooth muscle preconstricted with a dose
of 107 mol/l noradrenaline (NA) isolated
from (A) Wistar-Kyoto rat and (B) spon-
taneously hypertensive rat (SHR). 1, 2 —
different type of response of SHR aortae
to Ach. The bars beneath — the traces
indicating Ach exposure

ACh, 10 M
NA, 10°M
o 30 60 90 120 160 Ig[K* o
v v r v v
s}
<
2
g
& 50
e
o @ Control
H
S O ATPHilled liposomes
r I5fp
A PCr-illed liposomes
B "empty" liposomes
100 -

Fig. 2. Effects of ATP — (open circles)
and PCr — filled (triangles) liposomes in
comparison to empty liposomes (squares)
on hypoxia-induced (29 mm Hg) relax-
ation of rat portal vein preactivated with
different K*concentrations. Abscissa,
log[K* ], in bath solution; ordinate, ampli-
tude of hypoxic relaxation in percent to
maximal amplitude of K*-contracture
tonic component at normoxic condition
(141 mm Hg)

revealed to be 60-65 % while in the
presence of PCr-filled liposomes it was
only about 30 %. The effect of adenos-
ine triphosphate (ATP)-filled liposomes
was expressed in a smaller degree. It is
interesting that even «empty» lipo-
somes also possess ability to support
contractile force of portal vein at
hypoxia but this effect was expressed
in a lower degree than when they were
filled with high energy phosphates.

Figure 3 clearly demonstrates that
the addition of PCL to the buffer solu-
tion against the background of hypoxia
restores the rhythmic contractile activ-
ity of rat portal vein smooth muscles
and increases the level of isometric
tension developed by them [3].

It should be emphasized that it is
phosphatidylcholine liposomes that
have the most pronounced antihypoxic
effect. Sphingomyelin liposomes also

WAL

Fig 3. Influence of phosphatidylcholine liposomes on autorhythmic activity of rat portal vein
under hypoxia. Arrow indicates the beginning of hypoxia impact (pO, — 30 mm Hg). Bar
under curve indicates addition of PCL (100 ug/ml) to the organ bath solution
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showed antihypoxic effect, but it was
expressed to a much lesser extent and
cardiolipin liposomes was without any
influence on wvascular autorhythmic
activity (not shown in this figure).
The next Fig. 4 shows the effect of
PCL intraperitoneally injected (30 mg/
kg) to the rabbits on relaxant responses
of thoracic aortas to ACh and therapeu-
tic NO donors. It is clear that PCL
almost completely restored ACh-induced
relaxation and significantly improved
relaxant responses to NO donors when
added 1 h after irradiation. But they
had no a similar effect being adminis-
tered 1 h before irradiation. When
added directly to the bath solution, PCL
(100 pg/ml) restored damaged endothe-
lium-dependent responses to ACh but
was without effect on endothelium-
independent vascular responses to NO-
donors. To make the choice of PCL dose
we used our previous investigations on
vascular smooth muscle from spontane-
ously hypertensive rats in which its
restoring effect was plateaued in a
range of 40-100 pg/ml [4]. When
administered to the rabbit 1 h after
irradiation impact, PCL normalized
also the sensitivity of thoracic aorta to

authentic NO (aqueous NO solution) that
was significantly increased after irra-
diation. The EC,, for healthy and irra-
diated vascular tissue for NO in vascu-
lar tissue before PCL administration
were (1.5 = 0.8) + 10 M and (2.8 *
0.8) <1077 M, respectively (p < 0.05,
n = 14). It is important to note that the
amplitude of maximal ACh relaxation
(R,,,) to NO was without significant
difference in both kinds of tissue (R,
were (77.8 = 10.0) % and (87.1 = 3.9) %,
respectively, p > 0.05, n = 14). Under
PCL action ECy, for irradiated tissue
had increased and became very close to
normal value — (1.3 = 0.6) + 10® M
(p > 0.05); R, was (77.6 = 6.7) % (p >
0.05, n = 12).

It is interesting to note that lipo-
somes are not protective when exposed
before irradiation. When administered
to animals one hour before exposure to
radiation, they did not affect endothe-
lium-dependent and independent vascu-
lar reactions. But at the same time,
they had a distinct reparative effect if
they were prescribed after the end of
the radiation exposure.

Figure 5 demonstrates dose-depen-
dent effect of quercetine-filled lipo-

Control

6 Gy + PCL in vitro
6 Gy + PCL after
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Fig. 4. Effect of on relaxant responses in isolated aortic rings obtained from healthy and irra-
diated (6 Gy, 9 days after irradiation) rabbits to Ach (1 uM ) and NO-donors (GTN and
SIN-1, both 10 um). Liposomes were administered 1 h before or after irradiation. Additional-
ly, PCL were added directly to the buffer solution 15—30 min before Ach application. The tis-
sues were preconstricted with phenylephrine (10 uM ). Data shown as mean = S.E.M. from

12 experiments. The asterisk indicates a statistically significant difference between parame-

ters (P < 0.005)
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somes and their constituents on BK,
activity in irradiated SM cells of rat
thoracic aorta obtained on the 9" and
30t days of post-irradiation. It is clear
that on the 9% day of post-irradiation
there was no difference in the action of
these compounds at the maximal con-
centrations while a low dose demon-
strates a higher activity of PCL-Q as
compared to its constituents. In con-
trast, the maximal repairing effect of
PCL-Q, on the 30 day of post-irradia-
tion appears to be higher as compared
to Q@ and so much as the PCL. The
therapeutic effectiveness of the com-
pounds investigated can be ranked
arranged as the ratio 1.0 : 0.6 : 0.4 for
all doses except maximal concentration

The nature of the interaction of lipo-
somes with cells membrane plays an
important role in their advantages over
other drug carriers and makes them
capable of manifesting their own bio-
logical activity. It can take different
forms: the simplest one is that lipo-
somes are adsorbed (attached) to the
cell surface. The matter may end there,
or it may go further: the cell will
absorb the liposome (this process of
«swallowing» is called endocytosis),

and together with it the substances
that it delivered will enter the cell.
Finally, liposomes can fuse with cell
membranes and become part of them.
This can change the properties of cell
membranes, for example: viscosity and
permeability; the amount of electric
charge; phospholipid environment of
enzymes and ion channels and, accord-
ingly, their activity; changes in the
number of channels embedded in mem-
branes (that's why even the so-called
empty liposome can be a biologically
active agent!). Thus, thanks to lipo-
somes, a new way of targeting the cell
appears, which can be called «mem-
brane engineering», i. e. it becomes
possible to modify the cell membrane
in a given direction.

There is reason to believe that remod-
elling of the phospholipid bilayer of the
membrane, for example, by polyunsatu-
rated fatty acids, can significantly
change the functional activity of ion
channels. However, the mechanisms of
this phenomenon are still poorly under-
stood [10, 11]. It is known that the
Maxi K channel is under double cont-
rol — the level of membrane potential
and intracellular calcium concentration.

300 1

250 A

200 4

150

AL %

100 A

50

0.034 034 3.4 10.2
by quercetine

0.034 034 3.4 10.2
by quercetine

Concentration, pug/ml

1.24 12.4 124.0 372.0
by lecithin

Fig. 5. Concentration-dependent effects of quercetin-filled phosphatidylcholine liposomes (PCL-Q ),
free quercetin (@) and « empty» PCL on outward currents measured in irradiated aortic SM
cells at the end of the pulses to + 70 mV. Abscissa — concentration (ug/ml) of active substance.
Ordinate — BK , increment (Al ) under the treatment with PCL-Q, @ and PCL expressed as a
percentage of the initial current, (Al = (I, — 1,)/I,, where I, and I, — currents before and after
the treatment, respectively. The asterisks indicate statistically significant difference for the cur-
rent values before and after treatment with the drugs investigated (P < 0.05)

®apmakonoris Ta nikapcska Tokcukonoris, Tom 15, Ne 6/2021

401

ISSN 2227-7943. Pharmacology and Drug Toxicology, 2021, 15 (6), 394—405



Hoshi T. and colleagues [12 ] showed
that docosahexaenoic acid is capable of
activating Maxi K at nanomolar con-
centrations in the absence of stimula-
tion of the potential sensor or calcium
binding sites, i. e. its effect on the
channel may result from the direct
interaction of the channel protein com-
plex and the fatty acid.

There is convincing evidence [13] that
TRPV1 channels may be directly acti-
vated by lysophosphatidic acid which is
a lipid metabolite composed of a phos-
phate, a glycerol, and a fatty acid. 38
years earlier, when studying the role of
fatty acids in molluscs membrane fluid-
ity in the activation of ion channels it
has been shown [14] that 2-decanoic acid
has strong effect on membrane fluidity
and blocks Na channel activity in squid
giant axonal membrane.

A little later, in 1987, in the Reports
of the Academy of Sciences of USSR
was published the work with the par-
ticipation of Takenaka, in which was
hypothesized that the lipid environ-
ment of integral channel proteins is
important for their specific activity
[15]. Their approval was based on the
evidence that ouabain-insensitive
response to acetylcholine due to activa-
tion of sodium and potassium ion chan-
nels, are transformed into ouabain-
sensitive after the treatment with decy-
lene acid.

It is well known that though the cell
membrane is a protective barrier, it
also plays an important role in letting
some material and related information
through ion channels, integral mem-
brane proteins, that are embedded in
the cell membrane. It is becoming
increasingly clear that the phospholipid
environment can significantly affect
channel function. Now new research
from the Nobel Prize-winning labora-
tory [16] earnestly demonstrate con-
vincing evidence that ion channel func-

tion is controlled in part by a complex
interaction between a channel's voltage
sensor and the cell membrane immedi-
ately adjacent to it. They showed that
the function of a voltage-dependent
K'channel is dependent on the nega-
tively charged phosphodiester of phos-
pholipid molecules. When they made
some different bilayers with non-phos-
pholipids that were either positively
charged, negatively charged, or had no
charge at all. They then added Kv
channels and tested their function and
Kv did not demonstrate function. After
that they added phospholipid and the
channel function was restored.

Thus, it is becoming clear now that
a channel and its surrounding mem-
brane lipids together represent a func-
tional unified unit [17]. Later [18]
postulated that the lipids play an
important role in the gating of voltage-
operated ion channels.

In our control experiments related
to studies of liposomal quercetin [7]
we observed that «empty» (without
quercetin) PCl are able to activatethe
Maxi-K channels. Simultaneous ope-
nings of up to 2 Maxi-K channels were
observed, when these were surpris-
ingly activated by empty liposomes
(100 pg/ml). Again, single channel
conductance remained unchanged as
unitary current amplitudes recorded
at the same test potential remained
constant, while the main effect (clear-
ly evident in Fig. 6) was due to an
increase in the frequency of channel
openings.

The possible effect of exogenous
phospholipids on the function of ionic
channel has been observed when study-
ing the effect of liposomal nitric oxide
on smooth muscle of pulmonary artery
[19].

Figure 7 illustrates an increase in
baseline noise in the presence of 107> M
Lip (NO) compared to the control (peak
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Fig. 6. Potentiating effect of «empty» phosphatidylcholine liposomes (PCL) on single Maxi-K
channels in mouse ileal myocytes. (A) Representative single-channel recording of Maxi-K
channel activity in a cell-attached membrane patch held at 50 mV (n 1/4 5). The PCL applica-
tion (100 pug/ml) is indicated by the horizontal bar. (B) Expended segments of the trace
shown in A with the dashed horizontal lines indicating closed (C) and open (O) levels. Simul-
taneous openings of up to 2 channels (denoted O1-02) of identical conductance were
observed when Maxi-K channels were strongly activated by PCL. (C) Time course of Maxi-K
channel activity expressed as NPo measured in consecutive segments of 1 s duration

widths were (0.212 = 0.003) and (0.452 =+
0.0040, respectively, P < 0.01), which
may indicate a certain non-specific effect
of Lip (NO) related to membrane destabi-
lization. This effect is most likely to be
caused by phospholipids of liposomes
after their membrane fusion, and not be
due to NO releasing from Lip (NO).

Modulation of the activity of Maxi-K
channels, carrying most of the outgo-
ing potassium current, directly
affects the level of polarization of the
cell membrane and, indirectly, deter-
mines the level of activity of voltage-
gated calcium channels. The role of
ions in the regulation of smooth
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Fig. 7. Lip (NO) increases current noise. (A) Representative segments of currents recorded in
the same patch in control and in the presence of Lip (NO) at 10 uM. (B) All-point amplitude
histograms were fitted by Gaussian function. Full width at half maximum (FWHM ) in the

presence of Lip (NO) was about 2-fold larger [(1.06 = 0.01) pA vs. (0.50 = 0.01) pA, in cont-
rol; P <0.05)
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muscle cell function is difficult to
overestimate.

In conclusion, there is reason to
believe that, upon embedding into a
structure of the cell membrane, lipo-
somes alter the phospholipid environ-
ment of the channel, the state of which
directly affects the channel ability to be

activated. This way the so-called empty
phosphatidylcholine liposomes, which do
not carry any additional chemical com-
pounds, can exhibit their own biological
activity. Obviously, this is due to their
ability to influence the phospholipid
environment of ion channels and, there-
by, change their functional activity.
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A. I. Soloviev
Why do «empty» liposomes have their own biological activity?

It is well known, that liposomes are successfully used, first of all, in pharmacology and pharmacother-
apy, for drug delivery, but their own biological activity cannot be excluded.

The data obtained clearly demonstrate, that even empty (i. e., containing no active substances in their
internal cavity or membrane) phosphatidylcholine liposomes (PCL), i. e. liposomes per se, possess an
amazing ability to normalize the contractile activity of blood vessels impaired under hypoxia, restore endo-
thelial function at arterial hypertension and diabetes, and even to renovate endothelium-dependent relax-
ant vascular function damaged after exposure to ionized y-radiation. It was shown also that liposomes per
se effectively restored Maxi-K channels activity damaged following genotoxic oxidative stress induced by
y-radiation.

Thus, empty phosphatidylcholine liposomes have a pronounced intrinsic biological activity regarding
vascular tissues. This is a really surprising discovery and these effects may be due to their ability to influence
the phospholipid environment of ion channels and, thereby, to modulate ion channel functional activity.

Key words: «empty» liposomes, biological activity, phosphatidylcholine liposomes

A. I. Conosiios
Yomy «MopoXHi» inocoMu MaloTb BiacHy 6ioNoriyHy akTUBHICTbL?

Bigomo, o ninocomu ycniwHO BUKOPUCTOBYIOTLCS, NepLu 3a Bce, y dapmakonorii Ta papmakotepanii
0151 [OCTaBKU JIiKiB, ane He MOXHA BMKJTIOHATU IXHIO BNIACHY 6i0NOriyHy akTUBHICTb.

OTpumaHi gaHi 4iTko AeMOHCTPYIOTb, L0 HaBiTb NMOPOXHI (TOOTO, Ti, WO HE MICTATb aKTUBHMX PEYOBUH Y
CBOIli BHYTPILLHI NOPOXHUHI 260 MembpaHi) docdaTtnamnxoniHosi ninocomu (PCL), To6TO, Ninocomu cami no
c006i, MaloTb AVBOBWXHY 34ATHICTb HOPMAai3yBaTy CKOPOT/IMBY aKTUBHICTb CYLAMWH, MOPYLUEHUX MPU TiMOKCil,
BiAHOB/IOBATN PYHKLIIO eHAO0TENiI0 NpY apTepiasbHil rinepTeHsii Ta LykpoBOMY AiabeTi i HaBiTb BiAHOBUTK
eHAoTeNin-3anexHy penakcaHTHy YHKLIIO CyAMH, MOLUKOAXEHY MiC/A BrMBY IOHI3YI0HOro Y-BUMPOMIHIO-
BaHHs. Takox 6yn0 NokasaHo, Lo NinocomMu cami no cobi edekTUBHO BiAHOBIIOIOTL aKTUBHICTL Maxi K-kaHarnis,
MOLLKOAXEHY BHACAIAOK FEHOTOKCUYHOIO OKUCHOMO CTPECY, CMPUHNHEHOIO Y-BUMNPOMIHIOBAHHSM.

TakuM 4YMHOM, MOPOXHI PoCcHaTUANNXONIHOBI NIMOCOMU MalTb BUPAXEHY BHYTPILUHIO GionoriyHy
aKTUBHICTb OO0 TKAHWMH CYAVHHOI CTiHKW. Lle OiliCHO OMBOBUXHE BigkpuTTS, i Li edekTn MoxXyTb 6yTn
NoB’A3aHi 3 iXHbOI 3OATHICTIO BNAMBaTKM Ha docdoninigHe OTOYEHHS IOHHUX KaHaniB i, TakUM YMHOM,
MoAayntoBaTy GyHKLOHANbHY aKTUBHICTb iOHHUX KaHaniB.

KntoyoBi crioBa: «rnopoxkHi» ninocomu, poceatnamsixoniHosi ninocomu, 6ionoriyHa
aKTUBHICTb

A. U. ConoBbeB
Mouyemy «nycTble» NIMNOCOMbI 0611aAal0T COGCTBEHHO OMoNormyeckoi
aKTUBHOCTbIO?

XOpOLLO M3BECTHO, YTO IMMOCOMbI YCMELLHO UCMOMNL3YIOTCS, MPeXae BCero, B papmMakosoruv n papma-
KoTepanuu st AOCTaBKM JIEKAPCTB, HO HEMb3s UCKJKOYaTh U X COOCTBEHHYIO OMONIOMMYECKYO aKTUBHOCTb.

[MonyyeHHbIe faHHbIE HArNAAHO AEMOHCTPUPYIOT, YTO AaXe NyCTble (TO eCTb, HE CoAepPXaLLme akTUBHbIX
BELLECTB BO BHYTPEHHEN MOSIOCTU U MembpaHe) docdatnannxonmHosble nunocomsl (PCL), To ecTb,
JIMNOCOMbI camu no cebe, 06nafaloT yaUBUTENbHOW CMOCOOHOCTBI0 HOPMAaNIM30BaTb COKPATUTENbHYIO
aKTUBHOCTb KPOBEHOCHbIX COCYO0B, HaPYLLUEHHYIO B YCIOBMSX MMNOKCUM, BOCCTAHABANBATL SHAOTENMANb-
HYI0 OYHKLMIO NPU apTepuranbHOM rmnepTeH3nn n anabeTe 1 aaxe BOCCTaHABMBAIOT 3HAOTENNIA-3aBUCU -
Moe paccnabrieHne CoCyaoB, HapyLUEHHOE MOC/e BO3AENCTBUS MOHU3MPYIOLLErO Y-u3nyyeHus. Bbino
TakXe NnokasaHo, Y4TO JIMMOCOMbI caMu no cebe abheKTBHO BOCCTaHABAMBAIOT akTMBHOCTL Maxi K-kaHa-
NOB, MOBPEXAEHHYIO B pe3yNbTaTe reHOTOKCMYECKOro OKUCINTENBHOIO CTPECCA, BbI3BAHHOIO Y-U3JTyYEHNEM.

Taknum o6pasom, nycTele dochaTnaniXoNnMHOBLIE IMMOCOMbI 061a4al0T BbIPAXEHHOW, BHYTPEHHE UM
npucyLlen BUoNorMyeckort akTMBHOCTBIO B OTHOLLEHMW TKAHEW COCYAMCTON CTeHKU. DTO AENCTBUTENBHO
YOMBUTENBHOE OTKPbITUE, U 3TN 3P dEeKTbl MOryT ObiTb CBA3AHbLI C MX CMOCOOHOCTLIO BAUATL HA pochonm-
NMUOHOE OKPY>XEHWE NOHHbIX KAHAOB 1, TakuM 06pa3oM, MOAYIMPOBATE MX QYHKLIMOHANIbHYIO aKTUBHOCTb.

KntodeBble cioBa: «ryCcTble» IMMOCOMbI, pocHaTuamnaxomHOBbIE JINMOCOMbI,
6uosiornyeckas akTMBHOCTb
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