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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.

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 
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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  
γ radiation [5]. Finally, it was shown [6] 
that empty PCL effectively restored 
Maxi-K channels activity depressed 
after γ-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 × 1.0 mm) in Ca2+-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 Ca2+-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 
Ca2+-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 CaCl2, 
1.2 MgCl2, 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 KCl, 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 MΩ.

In the whole-cell mode, patch pipettes 
were filled with the intracellular solu-
tion containing (in mmol/l): KCl 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 4th order Bessel 
filter at 1 kHz was digitized at 10 kHz.

Quercetin­filled phosphatidylcho­
line liposomes (PCL­Q) 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. 

Фармакологія та лікарська токсикологія, Том 15, № 6/2021
ISSN 2227-7943. Pharmacology and Drug Toxicology, 2021, 15 (6), 394–405



397

The final concentration of filled lipo-
somes in bath solution was 100 µg/mL 
to lipid content and 3 µg/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 oxide­con­
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 µl 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 (NaNO2) Xmol) was added. The 
formation of nitrosoglutathione accom-
panied by a change in the color of solu-
tion to bright red. After that, 20 µl 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 dipalmetoyl pho-
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 µm (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:

Gmax

1+exp{(V – V1/2)/k}
,      (1)G =

where G is membrane conductance at 
membrane potential V, Gmax is its maxi-
mal value at strongly depolarized poten-
tials, V1/2 is the potential of half-maxi-
mal activation at which G = 0.5 Gmax 
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:

Ymax

1+{[Lip(NO)]/EC50)}
P

,     (2)Y =

where Y – measured value at a given 
Lip (NO) concentration, Ymax – its 
maximal value, [Lip(NO)] – molar con-
centration of Lip(NO); EC50 – concen-
tration at which Y = 0.5 Ymax, 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 K+-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 

Фармакологія та лікарська токсикологія, Том 15, № 6/2021
ISSN 2227-7943. Pharmacology and Drug Toxicology, 2021, 15 (6), 394–405



399

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 

Fig. 1. Effect of 125 µg/ml phosphatidyl-
choline liposomes (PCL, Lip) on acetyl-
choline (Ach)-induced relaxation in aortic 
smooth muscle preconstricted with a dose 
of 10–6 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

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+]o 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)

Fig 3. Influence of phosphatidylcholine liposomes on autorhythmic activity of rat portal vein 
under hypoxia. Arrow indicates the beginning of hypoxia impact (pO2 – 30 mm Hg). Bar 
under curve indicates addition of PCL (100 µg/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 vascular 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 µg/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 µg/ml [4]. When 
administered to the rabbit 1 h after 
irradiation impact, PCL norma lized 
also the sensitivity of thoracic aorta to 

authentic NO (aqueous NO solution) that 
was significantly increased after irra-
diation. The EC50 for healthy and irra-
diated vascular tissue for NO in vascu-
lar tissue before PCL administration 
were (1.5 ± 0.8) • 10–6 M and (2.8 ± 
0.8) •10–7 M, respectively (p < 0.05,  
n = 14). It is important to note that the 
amplitude of maximal ACh relaxation 
(Rmax) to NO was without significant 
difference in both kinds of tissue (Rmax 
were (77.8 ± 10.0) % and (87.1 ± 3.9) %, 
respectively, p > 0.05, n = 14). Under 
PCL action EC50 for irradiated tissue 
had increased and became very close to 
normal value – (1.3 ± 0.6) • 10–6 M  
(p > 0.05); Rmax 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-

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 µM) and NO-donors (GTN and 
SIN-1, both 10 µm). 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 µM). 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 BKCa 
activity in irradiated SM cells of rat 
thoracic aorta obtained on the 9th and 
30th days of post-irradiation. It is clear 
that on the 9th 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 30th 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. 

Fig. 5. Concentration-dependent effects of quercetin-filled phosphatidylcholine liposomes (PCL-Q), 
free quercetin (Q) and « empty» PCL on outward currents measured in irradiated aortic SM 
cells at the end of the pulses to + 70 mV. Abscissa – concentration (µg/ml) of active substance. 
Ordinate – BKCa increment (∆I) under the treatment with PCL-Q, Q and PCL expressed as a 
percentage of the initial current, (∆I = (It – I0)/I0, where I0 and It – 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)

Фармакологія та лікарська токсикологія, Том 15, № 6/2021
ISSN 2227-7943. Pharmacology and Drug Toxicology, 2021, 15 (6), 394–405



402

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 µg/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 10–5 M 
Lip (NO) compared to the control (peak 
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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 

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 µg/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–O2) 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

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 µM. (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. І. 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 γ-radiation. It was shown also that liposomes per 
se effectively restored Maxi-K channels activity damaged following genotoxic oxidative stress induced by 
γ-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

А. І. Соловйов 
Чому «порожні» ліпосоми мають власну біологічну активність?
Відомо, що ліпосоми успішно використовуються, перш за все, у фармакології та фармакотерапії 

для доставки ліків, але не можна виключати їхню власну біологічну активність. 
Отримані дані чітко демонструють, що навіть порожні (тобто, ті, що не містять активних речовин у 

своїй внутрішній порожнині або мембрані) фосфатидилхолінові ліпосоми (PCL), тобто, ліпосоми самі по 
собі, мають дивовижну здатність нормалізувати скоротливу активність судин, порушених при гіпоксії, 
відновлювати функцію ендотелію при артеріальній гіпертензії та цукровому діабеті й навіть відновити 
ендотелій-залежну релаксантну функцію судин, пошкоджену після впливу іонізуючого γ-випроміню-
вання. Також було показано, що ліпосоми самі по собі ефективно відновлюють активність Maxi K-каналів, 
пошкоджену внаслідок генотоксичного окисного стресу, спричиненого γ-випромінюванням. 

Таким чином, порожні фосфатидилхолінові ліпосоми мають виражену внутрішню біологічну 
активність щодо тканин судинної стінки. Це дійсно дивовижне відкриття, і ці ефекти можуть бути 
пов’язані з їхньою здатністю впливати на фосфоліпідне оточення іонних каналів і, таким чином, 
модулювати функціональну активність іонних каналів.

Ключові слова: «порожні» ліпосоми, фосфатидилхолінові ліпосоми, біологічна 
активність

А. И. Соловьев 
Почему «пустые» липосомы обладают собственной биологической 
активностью?
Хорошо известно, что липосомы успешно используются, прежде всего, в фармакологии и фарма-

котерапии для доставки лекарств, но нельзя исключать и их собственную биологическую активность. 
Полученные данные наглядно демонстрируют, что даже пустые (то есть, не содержащие активных 

веществ во внутренней полости или мембране) фосфатидилхолиновые липосомы (PCL), то есть, 
липосомы сами по себе, обладают удивительной способностью нормализовать сократительную 
активность кровеносных сосудов, нарушенную в условиях гипоксии, восстанавливать эндотелиаль-
ную функцию при артериальной гипертензии и диабете и даже восстанавливают эндотелий-зависи-
мое расслабление сосудов, нарушенное после воздействия ионизирующего γ-излучения. Было 
также показано, что липосомы сами по себе эффективно восстанавливают активность Maxi K-кана-
лов, поврежденную в результате генотоксического окислительного стресса, вызванного γ-излучением. 

Таким образом, пустые фосфатидилхолиновые липосомы обладают выраженной, внутренне им 
присущей биологической активностью в отношении тканей сосудистой стенки. Это действительно 
удивительное открытие, и эти эффекты могут быть связаны с их способностью влиять на фосфоли-
пидное окружение ионных каналов и, таким образом, модулировать их функциональную активность.

Ключевые слова: «пустые» липосомы, фосфатидилхолиновые липосомы, 
биологическая активность
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