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KEYWORDS ABSTRACT:

) The work is about the preparation of calcium-containing 1,2-Dipalmitoyl-sn-glycero-3-phosphocholine
liposomes, (DPPC) and 1,2-Dipalmitoyl-sn-glycero-3-phosphatidic acid (DPPA )and their calorimetric study. We
nanoparticles, determined the possible structure of calcium-containing liposomes made by our new technology and
DPPA determined their thermostability. The paper provides calculations showing how many phospholipid
phospholipids, molecules are required to make a 200 nm diameter liposome. Calculations showed that 33x103 lipid
DPPC molecules are needed to prepare one DPPA and DPPC liposome. Based on the calorimetric experiments, we

determined that the structure of uncomplexed DPPA liposomes is unilaminar (one double layer), while
DPPC liposome is a nanoparticle with a multilaminar (multilayer) structure. This was determined by the
cooperativity of the heat absorption peak. Calorimetric studies of calcium liposomes made by our technology
showed that calcium ions are placed in the multilaminar structure of the DPPC liposome. Calcium ions also
formed a complex in the DPPA liposome structure, moreover, calcium made the DPPA liposome
multilaminar, since the cooperative narrow heat absorption peak was transformed into a three-peak heat
absorption peak. Since both types of liposomes in complex with calcium ions present a multilaminar
structure, where the number of lipid heads in one particle is large, the number of calcium ions in one particle
will also be increased. That makes it possible to use these nanoparticles as transporters of a large amount of
calcium ions in a living organism.

phospholipids,
calcium

1. Introduction toxicity did not touch other organs and the transferred
substance (drug) had to be protected from the
destructive action of enzymes. For this purpose,
scientists have created various types of bio-nano-
transporters, such as dendrimers, liposomes, and others
[2]. The lipid composition of liposomes is almost
identical to the composition of the cell membrane, and
their degradation occurs in the same way as biological
membranes. It should also be noted that they do not
cause an allergic reaction in the body. The aim of the
presented work is to prepare calcium-containing

One of the main goals of pharmaceutical companies in
the world is to improve the results of treatment by
taking into account many points of view, including
enhancing the therapeutic effectiveness of the drug, as
well as minimizing the side effects of the drug [1]. For
treatments to be effective, especially when using toxic
drugs that cure the disease but damage other tissues,
scientists must develop drug carriers that deliver the
drug to the target site in the required concentration. In
addition, it was necessary that drugs with such high
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liposomes that prevent the side effects caused by
hypo/hypercalcemia. It is known that calcium ions play
an important role in the human body, in particular they
participate in various cellular processes [3],[4].

It should be noted that 99% of the amount of calcium in
the body is in the bones, the remaining small amount
found in the intracellular and extracellular areas also
plays an important role in the functioning of the body
[5]. At the same time, an increase in the amount of
calcium in the blood (so-called hypercalcemia) can have
a negative impact on human health. Hypercalcemia can
cause pancreatitis, high blood pressure, kidney stones,
severe hypercalcemia inhibits neuromuscular and
myocardial depolarization, causing muscle weakness
and arrhythmia. Also, the increased concentration of
calcium in the blood leads to a decrease in the volume
of erythrocytes, which leads to anemia [6]. Another
adverse event associated with hypercalcemia is the fact
that red blood cells actively promote blood coagulation
and thrombus formation, which is initiated by calcium

[71.[8]

On the other hand, it should be noted that the low
content of calcium ions (hypocalcemia) is also a great
danger for the body. It should be noted that calcium
levels naturally decrease with age and as a result, the
body begins to fill it by removing calcium from the
bones. For this reason, people take calcium orally to
treat and prevent low calcium levels, muscle cramps,
osteoporosis, softening of the bones, as these problems
cannot be resolved when in the body there is calcium
deficiency. Placing calcium ions in nanoparticles will
increase the effectiveness of the drug incorporated into
the drug delivery system and, accordingly, the dose of
the drug will decrease. For this purpose, it is necessary
to select the appropriate chemical composition and
structure of the drug-delivery nanoparticles during the
preparation of the complex nanoparticle. It is clear that
drug-delivery nanoparticles must be made of molecules
that are not toxic to living organisms. order for the
advantage of nanoparticles to be fully used, it is
necessary to minimize immune sensitivity to
nanoparticles. In addition, it is important that these
nanoparticles have the ability to interact with
membranes and be able to enter the cytoplasm through
the membrane.

3515

2. Motivation

The goal of the presented work is the production of
calcium-containing complex liposomes from natural
phospholipids, because such systems will not increase
the concentration of calcium in the blood and therefore
avoid the complications caused by hypercalcemia. Due
to the enzymes in the cell, the nanoparticles that have
entered the cytoplasm undergo structural breakdown,
they are broken down into their component lipids, as a
result of which the calcium ions placed in the
nanoparticle are found inside the diseased cell with a
large concentration [9],[10].

The most common liposomes are made of
phospholipids, the composition of which is represented
by phosphatidylcholine amphiphilic molecules. Its
structure is characterized by two pairs of hydrophobic
acyl hydrocarbon chains connected to the polar,
hydrophilic head by a glycerol bridge [11],[12],[13].
Currently, the process of making liposomes is carried
out using different protocols, according to which it is
possible to make liposomes with different chemical
composition and physical properties (size, number of
lamellae, amount of surface charge, internal aqueous
volume, etc.) [14],[15],[16]. Our university also
managed to prepare phospholiposomes using our
technology, where both hydrophobic and hydrophilic
drugs can be incorporated into its structure [17 ], while
the amount of drug placed in the liposome is
significantly increased.

Degradation of liposomes with such a property in the
cells where it is necessary to deliver this drug occurs in
the same way as degradation of biological membranes
and most importantly, when they get into the body, they
do not cause a negative reaction of the body..

In our case, liposomes made of Dipalmitoyl
phosphatidylcholine - DPPC and 1,2-palmitoyl-
phosphatidic acid - DPPA phospholipids are used as
drug-delivery  nanoparticles. By  incorporating
hydrophobic drugs into liposomes, the final product
becomes water soluble, which is also important. It is
appropriate to study the structure and stability of
complex liposomes containing drugs using differential
scanning calorimeter (DSC) [18],[19],[20]. During the
preparation of drug and liposome complexes, in order to
determine their ratio, the number of lipids needed to
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create a liposome with a diameter of 200 nm is
calculated in the paper.

3. Preparation Method of Dppa and Dppc
Liposomes

In the experiments, liposomes were used, which were
produced using a new, simple technology developed by
us [21]. Two types of phospholipids were used to make
liposomes1,2-Dipalmitoyl-sn-glycero-3-phosphocholine
(DPPC) and 1,2-Dipalmitoyl-sn-glycero-3-
phosphatidic acid (DPPA). DPPA and DPPC lipids
were purchased from Lipoid (Newark, New Jersey).The
production technology for both lipids was similar. We
studied the thermal stability of calcium-containing
nanoparticles using a calorimeter. We chose calcium
chloride (CaCl;) as a calcium salt, and DPPA and
DPPC lipids were used as lipids.

Since the liposome is a spherical lipid bilayer with a
thickness of h=5 nm and a diameter of d=200 nm, we
calculated the surface area for such a spherical
nanoparticle as follows. We have taken 2 concentric
spheres, the radii of which are d/2 and (d/2-h)
respectively. If we take into account that the total
surface area of the spherical liposome, which consists of
two outer and inner layers, will be calculated by the

formula S=4m(5)? + 4m(5 — h)?.

_.-Hydrophilic head

Aqueous
solution

"“Hydrophobic tail

Fig. 1. Liposome structure

To calculate how many lipids are needed to make one
liposome with a diameter of 200 nm, we need to divide
this area by the area of one lipid, which according to the
literature is equal to a = 0.71x107(-18) m"2.
Accordingly, the formula that will be used to calculate
the amount of lipids required for the preparation of

3516

liposomes with a diameter of 200 nm has the following
form:

47'[(%)2 + 47r(% — h)?
N =

a

Taking these data into account, we can write

-9
4x3.14(22210 24 4x3.14(
N= 2

0.71x10718

000=3.3x 10° (2)

200x10~2

— =942
2 5x1077)

=~ 330

As confirmed by the obtained calculations, 3.3x10°
lipids are needed to make 1 liposome with a thickness
of 5 nm and a diameter of 200 nm.

We used the calorimetric method to determine the
thermodynamic  parameters of liposomes, both
uncomplexed and complex, calcium-containing DPPA
and DPPC liposomes, as drug-delivery nanoparticles.
The thermodynamic study of liposomes was carried out
using a precise DASM-4 microcalorimeter (Pushchino,
Russia), which belongs to high sensitivity type heat
flow calorimeters (Privalov & Potekhin, 1986).

4, Results

Initially, calorimetric experiments were performed on
uncomplexed, pure DPPA and DPPC liposomes
prepared by our new nanotechnology. For this purpose,
in the case of both lipids, 1 mg of lipid was used.

A temperature range of 0-100°C was selected for
calorimetric measurements of liposomes, with a
temperature scan rate of 2°C/min.

Fig.2 shows the calorimetric curve of liposomes made
from DPPA lipids.

o
dQ 66°C
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Fig. 2. Temperature(T) dependence of liposome
suspension’s heat capacity(dQ/dT), temperature
scanning speed V=2°K/min
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As can be seen from the curve, a single cooperative
narrow absorption peak with a temperature maximum at
66°C is obtained, indicating that one type of bond
breaking occurs in the liposomes.

The calorimetric study of DPPC liposomes is shown in
Fig. 3
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Fig. 3. Temperature(T) dependence of liposome
suspension’s heat capacity(dQ/dT), temperature
scanning speed V=2°K/min

According to the graph, the ordered structure of DPPC
liposomes undergoes thermal decomposition in several
temperature ranges. Also, DPPC liposomes are less
thermostable than DPPA liposomes.

We note that the difference between the heights of the
heat absorption peaks at 24°C and 42°C degrees is large,
and this heat absorption peak (at 24°C) can be detected
only by selecting high concentration and high
sensitivity parameters of the instrument.

In the case of DPPC liposome on the calorimetric curve,
the presence of so-called pre-peaks should be related to
the complex structure of the liposome.

In addition to the mentioned pure DPPA and DPPC
liposomes, calcium- containing complex DPPA and
DPPC liposomes were prepared and measured by us.
The amount of CaCl; required for their preparation was
selected according to the above calculations. However,
it should be noted that the amount of calcium we took is
more than the amount of calcium obtained by
calculation, because calcium may be placed not only at
the lipid heads, but also in the free volume of
liposomes. We also consider that CaCl, dissociates into
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ca and cl ions, and only Ca binds in the liposome
structure, which is why the amount of CaCl, during the
formation of complexes was 0.4 mg, and the amount of
lipids was 1 mg.

dQ/dT

1 1 1 1

40 50 60 70 8 90 TC

Fig. 4. Temperature(T) dependence of complex
DPPA/CaCl; liposomes suspension’s heat capacity
(dQ/dT), temperature scanning speed V=2°K/min.

As can be seen from the calorimetric record, the heat
absorption peak shape of the complex liposome is
completely different from the heat absorption peak
shape of pure DPPA liposomes (see Fig. 2) It is clear
that the reason for such a radical change in the
nanoparticle structure is the participation of calcium
ions in the formation of DPPA phospholipid liposomes.
Moreover, we think that the reason for such a change in
structure must be in our technology of preparation of
nanoparticles.

Using a similar method, we prepared complex
liposomes from CaCl, and DPPC lipids, the
calorimetric curve of which is shown in Fig. 5.
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Fig. 5. Temperature (T) dependence of complex
DPPC/CaCl; liposomes suspension’s heat capacity
(dQ/dT), temperature scanning speed V=2°K/min.
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The heat absorption peak shape of complex
DPPC/CaCl2 obtained by calorimetric experiments is
completely different from the heat absorption peak
shape of pure DPPC liposomes (see Fig. 3). The heat
absorption peak shape of complex DPPC/CaCl;
obtained by calorimetric measurements is completely
different from the heat absorption peak shape of pure
DPPC liposomes (see Fig. 3).

5. Discussion

According to literature, thermostability of liposomes,
including liposomes derived from DPPA and DPPC
lipids, is different. It is known that the longer the
hydrocarbon chains in the molecule, the higher the
phase transition temperature. During the phase
transition, changes occur in the lipid bilayer, in
particular, in the gel state, the fatty chains of lipids are
closer to each other. As the temperature rises, the fatty
chains become more mobile and the lipid bilayer
becomes thinner. [22]

It is important to know the thermostability of liposomes
as drug- delivery nanosized particles in order to
determine the feasibility of their use in living systems.
Liposomes with a phase transition temperature lower
than the phase transition temperature of a living system
cannot be used as drug carriers. The phase transition
temperature of the liposomes we use is higher than the
temperature of a living organism, which allows us to
use them as drug carriers. Our research shows that
DPPA liposome is about 25°C more thermostable than
DPPC liposome (see Fig. 2, 3). Since the chemical
composition of the hydrophaobic tail of liposomes made
of DPPA and DPPC lipids is practically the same, their
hydrophobic interactions in aqueous solution will be the
same. The difference exists in the interaction between
the hydrophilic heads of the lipids in the liposome. It is
the weak hydrogen bonds between the phospholipid
heads that give rise to the heat absorption peaks that are
observed in calorimetric experiments. In the case of
DPPC liposomes, the presence of a choline group in the
hydrophilic head of the lipid decreases the hydrogen
bond energy compared to the hydrogen bond energy
present in DPPA. This explains the temperature
difference in heat absorption between DPPC and DPPA
liposomes. In addition, DPPA lipids are more tightly
packed and form additional intermolecular bonds with
water.[23]
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In addition, according to our calorimetric experiments,
DPPA and DPPC-liposomes differ not only in
thermostability, but also in the shape of the calorimetric
peak. In particular, during the calorimetric measurement
of DPPA liposomes, only one cooperative heat
absorption peak was observed, which is why we can
conclude that these liposomes are unilamellar. In the
case of DPPC liposomes, the cooperative heat
absorption peak is preceded by two more, smaller heat
absorption peaks, so-called pre-transition  peaks,
respectively - the first at 24°C, and the second at 37°C
temperature maxima (see Fig. 3), which indicates that
the structure of liposomes made of DPPC is not simple
and it should be multilamellar, that is, the liposome
should contain multiple bilayer structures separated
from each other by water layers. Here we would like to
mention that the water layer between the bilayers inside
the liposome should be thin, the structure of which will
be more ordered (so-called structural water) than free
water, and therefore the connections between the lipid
heads of the bilayer will be changed.

It is generally known that the presence of Ca?* in the
extracellular space strengthens and regulates the lipid
bilayer. Calcium in DPPC lipids may bind to the
phosphate group of DPPC lipids as well as to the
oxygen of the carbonyl group. It should also be noted
that 20% more calcium ions are bound to the phosphate
group of DPPC lipids than to the carbonyl
group[24],[25]. It is also known that at high calcium
concentrations, the calcium ion can bind to every third
lipid [24],[25]. After calcium binds to DPPC lipids, the
lipid heads gradually increase in size and the thickness
of the DPPC bilayer increases. At low concentrations,
most of the calcium ions are present deep in the lipid
bilayer. Also, the average number of water molecules in
the vicinity of phosphate and carbonyl groups of lipids
decreases with increasing CaCl, concentration [24],[25]
and their place is taken by calcium ions. Quite
interesting is the result that was revealed during the
calculation of the amount of heat that was released as a
result of the impact of temperature, both during the
destruction of the structure of the pure liposome and
calcium-containing complex liposomes. It was found
that the amount of heat released during the breakdown
of the complex DPPC liposome structure containing
calcium is less than the amount of heat released during
the breakdown of the structure of pure DPPC
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liposomes, because the concentration of water around
the liposomes decreases, less hydrogen bonds are
established. As for DPPA liposomes, they have fully
saturated acyl chains[23] and smaller heads than DPPC
molecules, allowing for stronger binding. In addition,
PA groups can form intermolecular hydrogen bonds
with water. After Ca interacts with DPPA liposomes,
calcium is located on the surface of liposomes, so that
DPPA liposomes have the ability to form additional
intermolecular hydrogen bonds with water, which is
also shown by the experimental results. In particular,
compared to pure DPPA liposomes, the amount of heat
released as a result of melting of calcium-containing
complex DPPA liposomes is large.

The structure of the liposome made of pure DPPA
lipids, as previously mentioned, is unilamellar, as
indicated by a single cooperativity curve undergoing a
structural  breakdown at 66°C. However, the
calorimetric curve of DPPA complex liposomes
containing CaCl, is absolutely different from the pure
liposome curve. On the calorimetric curve of the
complex liposome, it can be clearly seen that the
ordered structure of the complex liposomes undergoes
thermal destruction in several temperature intervals near
the temperature of 62°C, 69°C and 76°C (see Fig. 3).
Therefore, we can conclude that the structure of the
complex liposomes formed by the interaction of DPPA
liposomes and Ca is not simple and it should be
multilamellar,so , the complex liposome should contain
multi-layered structures separated from each other by
water layers. We think that CaClI2 dissociated into Ca
and Cl ions. Here we note that water is contained in the
inner volume of the nanoparticle, which is hermetic
from the environment of the nanoparticle. When the
sample was heated in the calorimeter ampoule, the
hermetically sealed water began to expand, which
caused an increase in the size of the nanoparticles and a
stretching of the lipid bilayers. It is clear that depending
on the multilaminar structure and geometry of the
particles, the lipid bilayers will be stretched by different
forces, in particular, nanoparticle bilayers with smaller
diameters will be stretched by more forces than those
with larger diameters. As a result, under certain stresses,
it is possible for a small diameter lipid bilayer to
fuse/integrate with a neighboring bilayer. As already
mentioned, when multilamellar complex liposome is
heated, the water contained in its internal volume begins
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to expand, as a result the membrane expands, when the
tension reaches a critical limit, the bonds between lipids
in the membrane are broken. That is why we think that
this should be the reason for the presence of pre-
transition peaks, which appear on the temperature
dependence curve of heat absorption of DPPA / CaCl2
complex liposomes. The calorimetric curve also allows
us to determine that during the preparation of liposomes
complexed with DPPC lipids and calcium salts, the
divalent calcium ion creates electrostatic bonds between
the layers of DPPC multilaminar liposomes, which is
revealed by the change of low-temperature calorimetric
heat absorption peaks. In particular, unlike the
calorimetric curve of the pure liposome, where two
small peaks appear before the main transition peak,
these small peaks disappear in the calorimetric curve of
the complexed calcium-containing liposome. Which
gives us the possibility to assume that the calcium ions
are connected with the layers in the inner volume of the
multilamellar liposome, which caused the aggregation
of the small liposomal bilayers inside the liposome and,
accordingly, the change of the low temperature peaks.

6. Conclusion

In the initial stage of liposome preparation,
phospholipids and calcium chloride are intensively
mixed, where the formation of ionic bonds between
phospholipid and calcium occurs (see the protocol of
the described method). The consequence of this is that,
unlike pure DPPA liposomes, which are obtained with a
unilaminar structure, calcium-containing liposomes are
multilaminar. This is confirmed by the formation of
additional small heat absorption peaks instead of the
cooperative heat absorption peak.The addition of
calcium ensures the formation of a multilamellar
structure of complex nanoparticles (in the case of DPPA
liposomes), which indicates that a large amount of
calcium ions can be found in these nanoparticles. As for
the liposome made of DPPC lipids, they are already
multilamellar, therefore, when calcium is added, a large
amount of calcium ions will be found in them. Thus, we
can conclude that the multilamellar structure helps the
nanoparticle to contain as many calcium ions as
possible in the structure of both DPPC and DPPA
liposomes. This also means that liposomes made of
DPPA and DPPC lipids can be used as good calcium
transporting nanoparticles.


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2023) 13(6), 3514-3521 | ISSN:2251-6727

Acknowledgement

The work is funded by the Shota Rustaveli Scientific
Foundation of Georgia within the framework of a
fundamental grant FR-21-19898

References:

1.

10.

Lee, P. I.; Li, J.-X. Evolution of Oral Controlled
Release Dosage Forms. in Oral Controlled Release
Formulation Design and Drug Delivery: Theory to
Practice; Wen, H., Park, K., Eds.; John Wiley &
Sons, 2011; pp 21— 31.

Nishi Mody, Dendrimer, Liposomes, Carbon
Nanotubes and PLGA Nanoparticles: One
Platform Assessment of Drug Delivery Potential ,
2014.

Roberts-Thomson, S.J.; Chalmers, S.B.; Monteith,
G.R. The Calcium-Signaling Toolkit in Cancer:
Remodeling and Targeting. Cold Spring Harb.
Perspect. Biol. 2019, 11, a035204.

O’Grady, S.; Morgan, M.P. Calcium transport and
signalling in breast cancer: Functional and
prognostic significance. Semin. Cancer Biol. 2021,
72,19-26

Schnellmann, R. G., & Covington, M. D. (2010).
Calcium and Proteases. Comprehensive
Toxicology, 587-608. doi:10.1016/b978-0-08-
046884-6.00233-5

Lang, F., Birka, C., Myssina, S., Lang, K. S.,
Lang, P. A., Tanneur, V., Huber, S. M. (n.d.).
Erythrocyte lon Channels in Regulation of
Apoptosis. Advances in Experimental Medicine
and Biology, 211-217.

Bilezikian JP. Primary Hyperparathyroidism. J
Clin Endocrinol Metab. 2018 Nov
01;103(11):3993-4004.

Carrick Al, Costner HB. Rapid Fire:
Hypercalcemia. Emerg Med Clin North Am. 2018
Aug;36(3):549-555.

David M. Chenoweth ,Chemical Tools for
Imaging, Manipulating, and Tracking Biological
Systems: Diverse Methods Based on Optical
Imaging and Fluorescence, 1st Edition, Volume
641 - July 23, 2020

Abolfazl Akbarzadeh, Soodabeh Davaran, Sang
Woo Joo, "Liposome: classification, preparation,
and applications" Nanoscale Res Lett. 2013; 8(1):
102.

3520

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Xin Liu, Guihua Huang "Formation strategies,
mechanism of intracellular delivery and potential
clinical applications of pH-sensitive liposomes"
Asian Journal of Pharmaceutical Sciences,
Volume 8, Issue 6, December 2013, Pages 319-
328

Cullis Pt, B. De Kruijff“Lipid polymorphism and
the functional roles of lipids in biological
membranes” Biochim Biophys Acta (BBA), 559
(4), pp. 399-420.(1979).

R. Yang, X. Zhang, F. Li, et al“.Role of
phospholipids and copolymers in enhancing
stability —and controlling  degradation  of
intravenous lipid emulsions Colloid Surf A
Physicochem Eng Asp, 436 (0), pp. 434-
442.(2013).

Atrooz OM: Effects of alkylresorcinolic lipids
obtained from acetonic extract of Jordanian wheat
grains on liposome properties. Int J Biol Chem
2011, 5(5):314-321.

Benech RO, Kheadr EE, Laridi R, Lacroix C, Fliss
I: Inhibition of Listeria innocua in cheddar cheese
by addition of nisin Z in liposomes or by in situ
production in mixed culture. Applied Environ
Microbiol 2002, 68:3683-3690.

Shehata T, Ogawara K, Higaki K, Kimura T:
Prolongation of residence time of liposome by
surface-modification with mixture of hydrophilic
polymers.

M. Khvedelidze, T. Mdzinarashvili, E. Shekiladze,
M. Schneider, D. Moersdorf, 1. Bernhardt
”Structure of drug delivery DPPA and DPPC
liposomes with ligands and their permeability
through cells” Journal of Liposome Research, Vol.
25, Nel, pp. 20-31, 2015

Shaheen SM, Shakil Ahmed FR, Hossen MN,
Ahmed M, Amran MS, Ul-Islam MA: Liposome
as a carrier for advanced drug delivery. Pak J Biol
Sci, 9(6):1181-1191. (2006).

Mabrey, S. & Sturtevant, J. M. Investigation of
phase transitions of lipids and lipid mixtures by
sensitivity ~ differential scanning calorimetry.
Proceedings of the National Academy of Sciences
73, 3862-3866. (1976).

Chiu MH, Prenner EJ. Differential Scanning
Calorimetry: An Invaluable Tool for a Detailed
Thermodynamic Characterization of


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org
JCHR (2023) 13(6), 3514-3521 | ISSN:2251-6727

Macromolecules and their Interactions. J. pharm.
bioallied sci. 3: 39-59. (2011).

21. T. Mdzinarashvili, M. Khvedelidze, E. Shekiladze,
R. Machaidze “Novel technology for the fast
production of complex nanoliposomes” Journal of
Biological Physics and Chemistry, Vol.16/4, pp.
172-176, 2016.

22. Roland Faller UCD Biophysics 241: Membrane
Biology, university of California ,USA

23. Unsaturation Waldemar  Kulig, Hanna
Korolainen,Maria ~ Zatorska,Urszula ~ Kwolek,
Pawet Wydro, Mariusz Kepczynski Complex
Behavior of Phosphatidylcholine—Phosphatidic
Acid Bilayers and Monolayers: Effect of Acyl
Chain

24. Adéla Melcrovd, Sarka Pokorna, Saranya
Pullanchery, Miriam Kohagen, The complex
nature of calcium cation interactions with
phospholipid bilayers

25. Aleksandra Szcze$l Effect of the enzymatically
modified supported dipalmitoylphos
phatidylcholine  (DPPC) bilayerson calcium
carbonate formation

3521


http://www.jchr.org/

