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Nowadays, people are more vulnerable to a
range of serious diseases ñ a fact connected with civ-
ilizational development ñ such as cancer, arthritis,
diabetes, hypertension, coronary, Alzheimer and
Parkinson diseases. These are practically incurable,
and hence the difficult situation of the sufferers. One
can only diminish suffering and bring relief by apply-
ing adequate medicines and therapy. In view of that,
in recent years intensive studies have been conducted
to find effective compounds of plant origin that would
protect the human organism from the onset of various
diseases as well as assist therapy, without side effects.
Substances derived from plants have been in use for
centuries, owing to observed health-supporting

effects. Presently, thanks to extensive scientific
research, the composition of various plant extracts are
known in detail, as well as their properties and effects
on organisms at the cell and molecular level (1, 2). A
large group of plant compounds has not yet been sub-
jected to the basic biophysical investigation that could
lead to clarifying the molecular mechanism of their
healing effect on the organism. Garlic is one of the
significant plants that have been taken by man for
centuries, for seasoning and mostly as a natural,
harmless antibiotic of documented healing effects.
Numerous varieties of garlic contain substances that
exhibit a broad spectrum of protective and healing
effects on the organism (3, 4).
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Abstract: The aim of the study is to determine the antioxidant activity and influence of Allium ursinum L. leaf
extract on physicochemical and electrical properties of erythrocytes in order to help clarify its capacity to alle-
viate oxidative stress. The phenolic compounds were isolated from the leaves of bear garlic. The composition
of the extract is well documented and was earlier analyzed quantitatively and qualitatively by UPLC methods.
The impact of the extract constituents on the erythrocyte membrane properties was determined on the basis of
its osmotic fragility, fluidity, organization of the hydrophilic area and transmembrane potential with spec-
trophotometric and fluorimetric methods. Furthermore, the effect of the extract on the level of membrane lipid
oxidation and also on the extent of hemolysis of erythrocytes subjected to oxidation induced by AAPH com-
pound was determined. The study showed that the extract at 40 µg/mL lowers the level of erythrocyte hemoly-
sis caused by 76.8% oxidation. In addition, the extract protects lipid membranes against hemolysis better than
ascorbic acid. The extract, in examined range of concentrations, did not induce hemolysis of erythrocytes,
caused a small decrease in their electric potential and osmotic fragility, and increased disorder of the polar heads
of membrane lipids. The high antioxidant efficiency and determined effects of the interaction of bear garlic leaf
extract with the erythrocyte membrane suggest that its constituents may not only protect cells against free rad-
icals but also mitigate the effects of oxidative stress.
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Among medicinal and seasoning plants a great
discovery of recent years is the bear garlic (Allium
ursinum L.), though it has been in use for centuries.
As documented by scientific research, it has a
markedly broader health-supporting activity than
the common garlic (Allium sativum), mainly due to
its richer content of organic sulfur compounds (5).
Bear garlic grows wild in the forests of Europe and
Asia, and its long lancet leaves are the main edible
part of the plant, containing most of its healthy com-
pounds. According to legend, its name derives from
its original application as a plant eaten to help bears
gain new strength after awakening from winter
sleep. Such observations inspired herbalists to use
the leaves of bear garlic for treating human ailments.
Owing to the content of sulfur compounds, bear gar-
lic exhibits antiviral, antifungal and antiparasite
activity, and that is why it is seen as an effective nat-
ural antibiotic, which protects especially the respira-
tory and digestive system (6). It also supports the
digestive system due to bile production and chola-
gogic properties and protects the organism against
diseases by stimulating the production of antibodies
necessary in resisting infections. It has detoxing
effects on organisms owing to organic compounds
of sulfur that bind toxins into chemical structures
easily removable from the organism or converts
them into nontoxic compounds (7). Bear garlic is a
natural source of sulfur for an organism, the element
that influences on keratin, the protein affecting skin
complexion, hair and nails. The sulfur organic com-
pounds in bear garlic, whose amounts are several
times greater than in common garlic, make it an
effective anticancer agent, brain cancer including
(8). In addition, it is an effective medicine in rheu-
matic diseases, facilitates regeneration and proper
functioning of joints, thanks to its sulfur which is the
main constituent of connecting tissue and collagen.
Bear garlic protects the cardiovascular system,
increasing the level of HDL cholesterol and lowering
that of LDL cholesterol and triglycerides, which
results in a lower risk of heart and brain stroke or car-
diovascular disease (9). The content of iron and a
large content of adenosine in bear garlic are responsi-
ble for its positive impact on the circulatory system,
lowers blood viscosity and pressure, broadening
blood vessels and thus lowering the risk of clogging.
Leaves of that plant are markedly richer in polyphe-
nols than stems, bulbs and flowers (8). It has been
shown that kaempferol glycosides, the main polyphe-
nols of bear garlic (10, 11) lower blood sugar level,
and also exhibit antiphobic, analgesic and analergic
activity (12, 13). Such a high content of polyphenolic
substances in the leaves of bear garlic is evidently the

reason why garlic extract has a high antioxidative
capacity (14, 15). The high concentration of biologi-
cally active polyphenols in the leaves and their abili-
ty to scavenge free radicals prompted us to undertake
studies on the biological activity of bear garlic extract
in relation to erythrocytes and their membranes.

At present, a small number of papers is focused
on biophysical investigations that aim at explaining
the molecular effects of the interaction between sub-
stances contained in bear garlic and the biological
membrane. It has been shown that the compounds,
e.g. the volatile oils and allicin, cause the lipid bilay-
er fluidity to diminish (16, 17). However, there are
no publications which would specify the effect of
the polyphenolic fraction of bear garlic on the phys-
ical properties of cells and membranes. Knowing the
results of that interaction will allow us to determine
its molecular mechanism, enrich the present knowl-
edge and rationally utilize the garlic polyphenols, in
the form of extracts or functional food components,
for health protection and treatment of many serious
diseases. The purpose of the study is to determine
the antihemolytic and antioxidant activity of bear
garlic extract in relation to cells and biological
membranes and to specify its influence on their
physical properties. In this study, the erythrocyte
and its membrane served as an example and model
of the living cell and its membrane.

MATERIALS AND REAGENTS

Erythrocytes and erythrocyte membranes

The studies were conducted on pig erythro-
cytes and isolated erythrocyte membranes (ghosts).
The choice of pig erythrocytes was dictated by the
fact that this cellís percentage share of lipids is clos-
est to that of the human erythrocyte, and the blood
was easily available. The erythrocytes were obtain-
ed from fresh, heparinized pig blood. Erythrocyte
membranes were obtained from fresh blood using
the Dodge method (18) whereas their content in the
samples was determined on the basis of protein con-
centration, which was assayed using a modified
Lowry method (19), and it was 10 mg/mL.

The fluorescent probes ñ 6-dodecanoyl-2-di-
methylaminonaphthalene (Laurdan), 1,6-diphenyl-
1,3,5-hexatriene (DPH) and 3,3í-dippropylthiadicar-
bocyanine iodide (DiSC3(5)) were purchased from
Molecular Probes, Eugene, Oregon, USA. Oxida-
tion inducer 2,2í-azobis(2-amidinopropane) dihy-
drochloride (AAPH), ionophore valinomycin and
antioxidant standard L(+) ascorbic acid (AA) were
purchased from Sigma-Aldrich, Inc., Steinheim,
Germany. All other reagents were analytically pure.
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Extract preparation and its phenolic composition

The extract from Allium ursinum L. yellow
leaves was obtained from the Department of Fruit,
Vegetable and Plant Nutraceutical Technology and
was prepared according to the procedure described
in (10). Phenolic compounds in the extract were
identified with the UPLC-PDA-Q/TOF-MS method.
The detailed qualitative and quantitative analysis of
polyphenols contained in the extract was published
earlier in (10).

METHODS

Hemolytic activity of the extract. Protection of

erythrocytes against oxidative hemolysis induced

by AAPH

The hemolytic experiments were conducted on
fresh, heparinized pig blood. For washing the ery-
throcytes, and in the experiments performed, an iso-
tonic phosphate solution of pH 7.4 was used. Upon
removing plasma the erythrocytes were washed four
times in the phosphate solution and then incubated
in the same solution but containing appropriate
amounts of the compound studied. The modification
was conducted at 37OC for 1 h, each sample con-
taining 10 mL of erythrocyte suspension of 1.2%
hematocrit, stirred continuously. After modification
1 mL samples were taken, centrifuged and the super-
natant assayed for hemoglobin content using a spec-
trophotometer (Specord 40, Analityk Jena) at 540
nm wavelength. Hemoglobin concentration in the
supernatant, expressed as a percentage of hemoglo-
bin concentration in the supernatant of totally hemo-
lyzed cells, was assumed as the measure of the
extent of hemolysis.

To test the effect of the extract on hemolysis
induced by free radicals, red blood cells (RBCs)
were pre-incubated with varying concentrations of
extracts at 37OC for 1 h. Hemolysis of RBCs was car-
ried out by mixing a 1.2% suspension of RBCs
(unmodified or modified by extract) in phosphate
buffer of pH 7.4 with AAPH solution (final concen-
tration 40 mmol/L). This reaction mixture was incu-
bated for 3 h at 37OC. After incubation, samples were
centrifuged for 15 min (2000 g) at 23OC. The extent
of hemolysis was determined spectrophotometrically
by measuring the absorbance of the supernatant at 
λ = 540 nm. For reference, RBCs were treated with
redistilled water and the absorbance of the
hemolysate was used as 100% hemolysis. The IC50

concentrations of extracts, responsible for 50% inhi-
bition of hemolysis induced by AAPH, were deter-
mined and compared with IC50 values determined for
the standard antioxidant L (+) ascorbic acid.

Protection of erythrocyte membrane from oxida-

tion induced by AAPH

The antioxidant activity of extract towards bio-
logical membranes was determined by fluorimetric
methods using AAPH as oxidation inducer. TMA-
DPH probe was used in the experiments. Erythro-
cyte membranes (ghosts) with and without (control)
addition of extract, were suspended in a phosphate
buffer of pH 7.4 and treated with the chemical oxi-
dation inducer AAPH for 30 min. Free radicals,
released in the process of hemolytic decomposition
of AAPH, cause quenching of TMA-DPH fluores-
cence, decreasing the probeís fluorescence. As a
measure of the extent of lipid oxidation the relative
fluorescence was used, i.e. the ratio of fluorescence
of AAPH-oxidized probe to the initial fluorescence
of the probe. Here, the relative fluorescence of an
erythrocyte ghost suspension that contained the dye
oxidized with AAPH was used as a control, while
the blank was the relative fluorescence of a suspen-
sion of the same concentration but not oxidized. A
Cary Eclipse (Varian) spectrofluorimeter was used
to measure free radical concentrations in the sam-
ples. Excitation and emission wavelengths were λex

= 364 nm and λem = 430 nm. The measure of lipid
oxidation was the relative change of fluorescence
intensity, F/F0, where F0 is the initial fluorescence
and F the one measured during the oxidation proce-
dure (20). The percentage of lipid oxidation inhibi-
tion was calculated from the formula:

(IFx ñ IFu)              % of oxidation inhibition = ñññññññññ       [1]
(IFk ñ IFu)

where: IFx = relative fluorescence of oxidized by
AAPH sample, for 30 min in the presence of the
extract; IFu = relative fluorescence of the control
sample, oxidized by AAPH, without the extract,
measured after 30 min.; IFk = relative fluorescence
of the blank sample, not subjected to oxidation pro-
cedure, measured after 30 min.

The effect of extract on erythrocyte membrane

fluidity and its hydrophilic area organization 

The effect of polyphenols on fluidity and
mobility/hydration of the polar heads of lipids in the
erythrocyte membrane (ghosts) was investigated
using the fluorimetric method. The fluorescent
probes Laurdan and DPH were used because each of
them is incorporated into different regions of the
lipid bilayer. The active part (fluorophore) of DPH
probe is located in the hydrophobic and that of
Laurdan in the hydrophilic region of the bilayer,
respectively. Such differentiated incorporation of
the probes gives an insight into the structural
changes caused by incorporation of extract (21). The
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erythrocyte membranes were suspended in isotonic
phosphate solution of pH 7.4, at a quantity such that
the protein concentration in the samples amounted
to approx. 100 µg/mL. The control samples con-
tained erythrocyte ghosts and a fluorescent probe,
while the investigated samples contained in addition
appropriate concentrations of the compound studied.
The concentration of the probes in the samples was
10 mM, while concentrations of the extract were
within the range 0.005ñ0.05 mg/mL. The measure-
ments were conducted at 37OC with a fluorimeter
(CARRY Eclipse of VARIAN) equipped with a
Peltier temperature controller DBS (temp. accuracy
± 0.1OC). The excitation and emission wavelengths
for DPH probe were λex = 360 nm, lem = 425 nm. The
excitation wavelength for Laurdan was 360 nm, and
the emitted fluorescence was recorded at two wave-
lengths, 440 and 490 nm.

The GP was calculated with the formula (22):
Ib ñ IrGP =  ñññññññññ                      [2]
Ib + Ir

where: Ib is fluorescence intensity at = 440 nm and Ir

is fluorescence intensity at = 490 nm.
The obtained values of GP were compared

with those of unmodified erythrocytes. The rise in
GP value was interpreted in terms of bilayer dehy-
dration and/or increase in lipid packing density and
vice versa. 

Fluorescence anisotropy (A) for DPH probe
was calculated using the formula (21):

(III ñ GII)A = ññññññññññññ                    [3]
(III + 2GII)

Where: III and II are fluorescence intensities
observed in directions parallel and perpendicular,
respectively, to the polarization direction of the
exciting wave. G is an apparatus constant dependent
on the emission wavelength. Increase in DPH
anisotropy indicates a decrease in membrane fluidi-
ty and vice versa.

The effect of extract on osmotic resistance of ery-

throcytes

Osmotic resistance assay was performed on
fresh pig blood. Full blood was centrifuged for 3
min, 2500 rev/min, at 4OC to remove the plasma and
leucocytes. The erythrocytes obtained were washed
thrice with a cool (ca. 4OC) 310 mOsm PBS (phos-
phate buffered saline, pH 7.4) isotonic solution.
Next, a 2% red cell suspension containing extract of
0.01 mg/mL concentration was prepared and left for
1 h at 37OC with continuous stirring. After this mod-
ification, the suspension of erythrocytes was cen-
trifuged for 15 min at room temperature in order to
remove the cells from the extract solution. From the

cell sediment 100 µL samples of the extract-modi-
fied cells were taken and suspended in test tubes
containing NaCl solutions of 0.5-0.86% concentra-
tion and in an isotonic (0.9%) NaCl solution. In
solutions of the same concentrations were also sus-
pended unmodified red blood cells that constituted
the control for osmotic resistance determinations.
Then, the suspension was stirred and centrifuged
under the above-stated conditions. After that, the
percentage of hemolysis was measured with a spec-
trophotometer at λ = 540 nm. On the basis of the
results, the relation was determined between the per-
centage of hemolysis and NaCl concentration in the
solution. Next, using obtained plots, the NaCl con-
centrations (C50) that caused 50% hemolysis were
found. The C50 values were taken as a measure of
osmotic resistance. If a determined sodium chloride
concentration is higher than that of control cells, the
osmotic resistance of the erythrocytes is regarded to
be lower, and vice versa.

The effect of extract on erythrocyte transmem-

brane potential

The transmembrane potential of erythrocytes
was measured with the fluorescence indicator
DiSC3(5) according to a procedure described in (23),
with minor modification. Briefly, 1 mL of erythro-
cytes solution of 1.2% hematocrit was incubated
with increasing concentrations of extract for 1h at
37OC. After this modification, 2 mL of 310 mOsm
PBS was added to the suspension, centrifuged for 15
min at room temperature and the supernatant
removed, in order to separate the cells from the
extract solution. Next, 220 µL samples were sus-
pended in buffered saline, containing 10 mmol/L
Tris-HCl, pH 7.4 and 150 mmol/L (KCl + NaCl),
with K+ concentration increased from 50 to 140
mmol/L. Next, an ethanolic solution of DiSC3 (5)
was added to a final concentration of 2 mmol/L,
and samples were incubated for 10 min at room
temperature. The fluorescence intensity of the dye
(I) was measured with a fluorimeter (CARRY
Eclipse of VARIAN) at 660 nm and excited at 625
nm. Then, the ionophore valinomycin was added to
the samples to a final concentration of 1 mmol/L,
incubated for 10 min and fluorescence intensity of
the probe (II) was measured again. From the plot-
ted dependence between (I-II)/I and log2 of external
K+ concentration the external potassium concentra-
tion (K+

ex), for which no change in DiSC3 (5) fluo-
rescence intensity occurs upon valinomycin addi-
tion, was calculated. The transmembrane potential
(Em) was calculated from the Nernst equation for
monovalent ions (24):



Allium ursinum L. leaves components modified the physico-chemical properties of... 487

R ∑ T K+
exEm = ññññññ ln ññññññ                [4]

F            K+
in

where Em is the transmembrane potential, T, R and F
are temperatures, gas constant and Faradayís con-
stant, respectively. K+

ex is extracellular potassium
concentration and K+

in is intracellular potassium con-
centration of erythrocytes (152 mmol/L).

Statistical analysis
Statistical analysis of the results was per-

formed using the STATISTICA 12.0 (StatSoft PL)
software. Statistical analysis was conducted using
the Dunnett test (post-hoc test ñ ANOVA) at signif-
icance level α= 0.01 or α= 0.05. All the experiments
were done in at least five replicates, the results were
presented as mean ± standard deviation.

RESULTS AND DISCUSSION 

Hemolytic and antioxidant activity of bear garlic

extract

Studies on the hemolytic activity of the extract,
tested in a wide range of concentrations (0.01-0.1
mg/mL), showed that the compounds it contains do
not induce hemolysis of erythrocytes. The percent-
age of hemolysis of erythrocytes modified with the
extract did not significantly differ from that of con-
trol cells (results not included). We also tested the
effect of the extract on hemolysis of AAPH- treated
erythrocytes. This compound at 37OC undergoes
hemolytic decomposition, inducing the creation of
free radicals (25), which by oxidizing the erythro-
cyte membrane cause damage and consequent break
down of its continuity and leakage of hemoglobin.

In those studies, the percentage of hemolysis was
determined for erythrocytes preincubated with
extract at concentrations within the range 4-40
µg/mL, and then exposed to the action of AAPH. The
percentage of inhibition of AAPH-induced hemoly-
sis was calculated relative to oxidized erythrocytes
which had not been treated with the extract. The
results showed that bear garlic extract protects ery-
throcytes from oxidative damage, measured here as
the percentage of hemolysis. In the examined con-
centration range of extract the inhibition of hemoly-
sis was 12.0% for the lowest concentration of extract
(4 µg/mL) and ca. 77% for 40 µg/mL (Fig. 1). The
efficacy of bear garlic extract proved to be better
than that of L (+) ascorbic acid. This is evident from
comparison of IC50 values for both substances: for
the extract IC50 = 20.6 ± 0.82 µg/mL, whereas for
ascorbic acid it is IC50 = 32.5 ± 4.2 µg/mL.

Oxidation of erythrocyte membrane lipids by
AAPH in presence of bear garlic extract was inves-
tigated on isolated red blood cell membranes
(ghosts) using the fluorimetric method. The degree
of oxidation inhibition caused by the extract was
calculated on the basis of the relative intensity of
fluorescence, after 30 min oxidation. Fluorescence
intensity of the probe decreases with increasing con-
centration of free radicals in the samples. The results
(Fig. 1) show that relative fluorescence intensity
increased with increasing concentration of extract,
as a result of decreasing concentration of free radi-
cals in the samples; the largest effect occurring at an
extract concentration of 8 µg/mL. To estimate the
antioxidant activity of the extract with respect to
membrane lipids, the investigation was also con-

Figure 1. Percentage of oxidative damage (hemolysis) inhibition of erythrocytes, induced by AAPH compound for different concentrations
of bear garlic extract (left). Relative fluorescence intensity of TMA-DPH probe for different times of AAPH-induced oxidation of ery-
throcyte membranes, for control and extract-modified samples (right)
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ducted for the standard antioxidant (L+) ascorbic
acid, resulting in the determination of concentra-
tions responsible for 50% inhibition of lipid oxida-
tion (IC50). The antioxidant activity of the extract is
considerably higher than that of ascorbic acid
because the same level of oxidation inhibition (50%)
was achieved at a lower extract concentration (IC50

= 6.43 ± 0.19 µg/mL) than for ascorbic acid (IC50 =
20.5 ± 1.78 µg/mL). 

The spectrophotometric studies of the extract
hemolytic and antioxidant activity showed that
extractís constituents do not exert destructive action
on erythrocytes, but effectively protect them against
free radicals induced by AAPH compound.
Furthermore, the fluorimetric studies revealed that
extract ingredients not only protect whole erythro-
cytes but also their membrane against oxidation
induced by free radicals. The observed protective
effects resulted from chemical reduction of free rad-
icals, which had been bound to the membrane of
erythrocytes during their preincubation with the
extract. The plant polyphenolic compounds, also
kaempferol present in garlic extract, belong to effec-
tive scavengers of free radicals, because of the pres-
ence of OH groups in their molecules (25).
Lowering the concentration of the free radicals in
the solution diminishes the extent of oxidation of
erythrocyte membranes and thus protects the lipids
and proteins from radical-induced damage that can
disturb membrane function, the transport one
including, and ultimately leads to hemolysis.

The impact of the extract on physical properties

of erythrocytes and their membranes 

In order to determine the location of extract
components in the erythrocyte membrane, we per-
formed tests with the fluorescence probes Laurdan
and DPH, that embedded in hydrophilic and

hydrophobic membrane area, respectively. We stud-
ied the effect of bear garlic leaves extract on orien-
tation and packing order of the polar heads of lipids
in the erythrocyte membrane and fluidity of its
hydrophobic core. Based on fluorescence intensity,
we calculated the generalized polarization (GP) of
Laurdan probe using formula [2] and fluorescence
anisotropy (A) of DPH probe from formula [3].
Extract concentrations used in this investigation
were within the range of 10-100 µg/mL. A clear
decrease in GP with increasing extract concentration
was found (Table 1), this signifying increased disor-
der of the hydrophilic area of the erythrocyte mem-
branes. The approx. 50% decrease in GP of Laurdan
probe for the highest concentration of extract means
that the polar heads of membrane lipids underwent
modification caused by the presence of extract mol-
ecules, which were probably adsorbed to the mem-
brane as a result of electrostatic interaction between
the hydrophilic groups of extract polythenols and
the polar heads of lipids. The presence of the com-
pounds in the hydrophilic membrane area may
increase the number of water molecules surrounding
the phosphate and carbonyl groups of lipids, thus a
disturbance of the interaction between them may
occur, with a consequent change in their orientation
and packing (26).

The results obtained with DPH probe, in the
form of calculated values of that probeís fluores-
cence anisotropy, undergo small changes only at
highest concentrations of extract, amounting to 50,
75 and 100 µg/mL (Table 1). Smaller values of flu-
orescence anisotropy signify a small decrease in the
fluidity of the hydrophobic area, which is deter-
mined both by the packing and mobility of the
hydrophobic chains of membrane lipids. One can
thus think that the extract polyphenols bind mainly
to the erythrocyte membrane but do not penetrate its

Table 1. Values of generalized polarization (GP) of Laudan probe, fluorescence anisotropy (A) of DPH probe
and membrane potential (Em) in control and extract modified erythrocytes membrane or erythrocytes.

Concentration GP A Em

µg/mL a.u. a.u. mV

0 0.255 ± 0.025 0.229 ± 0.003 -11.9 ± 1.1

10 0.231 ± 0.024a 0.225 ± 0.004 -11.6 ± 1.0

25 0.189 ± 0.021b 0.218 ± 0.004a -11.4 ± 1.2

50 0.157 ± 0.012b 0.207 ± 0.007a -11.3 ± 1.3

75 0.137 ± 0.006b 0.202 ± 0.005a -10.8 ± 0.8a

100 0.120 ± 0.011b 0.202 ± 0.001a -9.9 ± 0.9a

Results are expressed as an average ± SD of five experiments. Statistically significant results are denoted 
((aP < 0.1, bP < 0.05)
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hydrophobic core. These small changes in the fluid-
ity of the hydrophobic region seem to be the conse-
quence of alterations occurring in the hydrophilic
region of the membrane. The extract compounds do
not penetrate the region of hydrocarbon chains of
lipids due to both the size of the sugar groups of
quercetin glycosides and their hydrophilic character.
Not only polyphenols contained in bear garlic but also
other substances present in leaves of that plant pos-
sess the ability to make the lipid membrane more
fluid (16, 17).

We also studied the effect of the extract on
osmotic resistance of erythrocytes in hypotonic
solutions of sodium chloride. For this, the erythro-
cytes were incubated in isotonic solutions contain-
ing the bear leaf extract of 10 and 50 µg/mL con-
centration. Extract-modified erythrocytes were sus-
pended in hypotonic solutions of sodium chloride
and the percentage of hemolysis was measured rela-
tive to 100% hemolysis caused by distilled water.
The results (Fig. 2) show that modification of the
erythrocytes with extract of a higher concentration,
50 µg/mL, causes smaller hemolysis in hypotonic
NaCl solutions, i.e. an increase in osmotic resistance
of erythrocytes. It means that the erythrocyte mem-
brane modified by the extract is less susceptible to
changes in osmotic pressure of the medium, com-
pared with susceptibility of unmodified cells (con-
trol). Since the osmotic resistance of the erythrocyte

depends on the permeability of its membrane and on
its surface to volume ratio (27), it can be assumed
that substances contained in the extract bind to the
hydrophilic membrane area and thus ìsealî it
against water penetrating into the erythrocyte. This
is possible because the compounds can form hydro-
gen bonds with the polar groups of lipids, expelling
water molecules and/or restricting their permeation
into the lipid bilayer (28). The extractís kaempferol
glycosides possess various sugar groups which are
capable to intercalate with the phospholipid head-
groups through hydrogen bonding and replace
smaller sized water molecules from the membrane
surface (29).

The found changes induced by the extract in
the physical properties of the erythrocyte membrane
indicate that extract components may also induce,
directly or indirectly, changes in transmembrane
potential of the cell. A typical value of the potential
for normal healthy erythrocytes is within the range -
10 to -15 mV (29), which reflects potassium perme-
ability of the erythrocyte membrane and depends on
the concentration of the ions within and outside cell.
The fluorimetric study with DiSC3(5) probe showed
that the presence of extract in the erythrocyte mem-
brane only slightly modifies the value of its electric
potential (Table 1). The calculated membrane poten-
tial is ñ 11.9 mV, which does not significantly differ
from blood cells modified with extract of 10 to 

.

Figure 2. Percentage of hemolysis of control and extract-modified erythrocytes at 0.01 and 0.05 mg/mL versus sodium chloride concen-
tration
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50 µg/mL concentration. With erythrocytes modi-
fied with 75 and 100 µg/mL, we observed dimi-
nished value of transmembrane potential, which was
-10.8 and -9.9 mV, respectively. This signifies that
compounds contained in extract slightly limit ion
permeation across the membrane. That small sealing
of membrane is brought about by extract molecules
being bound to the hydrophilic area of the mem-
brane. This, in turn, causes a reorganization of that
membrane area, involving changing inclination of
the polar heads of lipids and resultant relocation of
electric charges on the surface of the membrane.
Such type of change may also result in alterations of
the activity of membrane ionic exchangers. 

Results of our study indicate that the polyphe-
nolic compounds, aside of other biologically active
components of bear garlic, may participate in the
healthy properties of this plant. It is possible
because they exhibit substantial capacity to protect
the cells and their membranes against oxidation, by
effectively scavenging free radicals present in the
aqueous medium. This is possible because they
become embedded mainly in the hydrophilic region
of membrane and/or at its surface, and diminish free
radicals concentration by neutralizing them and
inhibiting free-radical reactions, thereby protecting
both the protein and lipid components of the mem-
brane against oxidation. The polyphenolic extract
from bear garlic also modifies the physical proper-
ties of the membrane, it slightly lowers its trans-
membrane potential, making the membrane more
fluid and more resistant to changes in medium tonic-
ity. The observed decrease in membrane potential,
increase in membrane fluidity and osmotic resist-
ance of erythrocytes in the presence of the sub-
stances make us believe that they not only can pro-
tect the membrane against oxidation buy also can
operate against deleterious changes induced in
membranes and cells exposed to oxidative stress. It
is well known that oxidative stress causes alterations
in physical properties of cell membranes; among
others, it makes the erythrocyte membrane more
rigid, more susceptible to osmotic pressure and
hyperpolarized with significantly higher transmem-
brane potential (24, 30).

CONCLUSION

Bear garlic extract proves to be a rich source of
flavonoids, among them mostly kaempferol glyco-
sides. The results of this biophysical study on ery-
throcytes and their ghosts have shown that the
extract has very good protective properties. In the
studied concentration range, the extract does not

induce hemolysis of erythrocytes but strengthens
them, and makes them more resistant to changes in
osmotic pressure of the medium. Flavonoids con-
tained in the extract markedly inhibit hemolysis of
erythrocytes oxidized with AAPH compound.
Extract from the leaves of bear garlic is a more
potent antioxidant than ascorbic acid in relation to
lipids contained in the erythrocyte membrane. In
addition, the extract compounds interact mainly
with the hydrophilic part of membrane, which
allows them to slightly affect the membrane fluidity
and membrane electrical potential. Based on the
results of the study, it is evident that phenolic sub-
stances contained in garlic interact with the polar
part of the membrane and therefore protect the
membrane from oxidation, and will thus diminish
the risk of illnesses caused by oxidative stress. In
addition, changes induced by extract components in
the physical properties of the membranes indicate
that garlic constituents can play a vital role in ame-
liorating the damaging activity of free radicals.
Thus, it may be hoped that extracts of that valuable
plant will be applied as nutraceuticals in functional
food, health protection and treatment of many dis-
eases.
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