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In this paper a method is presented for determining the permeability
coefficient of bilayer lipid membrane (BLM) for porphyrins by UV/Vis spectro-
photometry. BLM is formed on the hole separating two compartments of the cell.
The coefficient permeability of BLM is calculated for meso-tetra-[4-N-(2'-
-hydroxyethyl)pyridyl] porphyrin. The proposed method can be used to determine
the permeability coefficient of BLM for other substances.
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Introduction. In the past decade the interest in supramolecular interactions
of water-soluble cationic porphyrins with biological molecules has increased
steadily. Porphyrins and especially their metal derivatives are biologically active
substances widely spread in nature. They are included in many biological
compounds like hemoglobin, chlorophyll, vitamins B and so on. Both natural and
synthetic porphyrins are widely used in medicine and biology, mainly because they
have low toxicity, are highly soluble in water and quickly removed from the
organism, have low effective concentration, etc. Porphyrins have a wide range of
applications in oncology, radiobiology, they are also used as antiviral, antifungal,
antibacterial drugs.

It is shown that porphyrins accumulate selectively in tumor cells. They are
used as a diagnostic test in oncology practice to detect the form of tumor.
Photosensitizing property of porphyrins is successfully used in photodynamic
therapy of tumors [1, 2]. It was found that most of the damage caused by
porphyrins in tumor cells, including electric depolarization, increased permeability,
membrane rupture and cell lysis, occurred in the plasma and organelle membranes
[3-5]. Because of these, many researchers are interested in synthesis of novel
porphyrins aiming to create drugs based on them. Although the selectivity of
porphyrins for tumors has been recognized for about 60 years, many questions
about the interaction mechanisms remain.

* E-mail: atorosyan@ysu.am




34 Proc. of the Yerevan State Univ. Chemistry and Biology Sci., 2013, Ne 3, p. 33-37.

During many years in many laboratories of the world the interaction of
porphyrins with DNA and proteins has been studied in vitro [6-8]. It is well
known that the photobiological activity of porphyrins appears to be mainly
governed by their ability to locate in the plasmic membrane or to cross it and reach
DNA and other intracellular targets. That’s why it is very important to study the
interaction of porphyrins with membranes and to check, if this interaction has any
effect on the physicochemical properties of membranes. The transport of porphy-
rins through the membrane can also take place. Such a process, as well as
localization of porphyrins within subcellular membrane structures, must involve
passive diffusion [9, 10]. Thus, in this case also, the final biological effect of
porphyrins on the cells essentially depends on its interaction with the cell
membrane.

It appears from the above that the physicochemical properties of porphyrins
and, in particular, their interactions with membranes are important determining
factors of their biological activity. Despite several papers devoted to the interaction
of porphyrins with model membranes [11-15], yet there are no direct experimental
studies describing the permeability of bilayer lipid membrane (BLM) for
porphyrins. That’s why it is very important to study the interaction of porphyrins
with membranes, as well as to examine membrane permeability in the presence
of porphyrins.

Materials and Methods. Because of the complicated organization and
functioning of cellular membranes, the study of permeability of membranes is very
difficult. Thus, it is appropriate to conduct experiments on model object, as BLM,
which is the structural basis of biological membranes. Characteristic parameters of
BLM are close to parameters of biological membranes. As a model, BLM is
constructed very simply than biological membrane, and results obtained using
BLM, in most cases can be unequivocally interpreted.

Experiments are conducted on BLM derived from phosphatydilserine and
phosphatidylethanolamine, which are suspended in decane. BLM is formed by the
method of Muller et al. [16] on a hole with 1 mm diameter in the 0.1 M solution
of NaCl. The penetration of meso-tetra-[4-N-(2 -oxyethyl)pyridyl] porphyrin
(TOEtPyP4) synthesized in the department of pharmacological chemistry at
YSMU [17] through the bilayer lipid membrane is studied.

Special cells adapted to UV/Vis spectrophotometer (Specord M40) are made
for investigation of porphyrin penetration through BLM. After forming and
complete blackening of the membrane the solution of porphyrin with concentration
10* M is added to one side of the cell. After turning on spectrophotometer the rays
of 424 nm length (corresponds to the Soret band maximum of TOEtPyP4) [18] pass
trough quartz walls of the cells. At every moment the device measures the time
dependence of absorbance.

Estimation Method of BLM Permeability. The aim of the present work is to
determine the permeability of BLM for cationic porphyrins. The cell for BLM
formation consists of two compartments, which volumes are equal to V. The
porphyrin is added into the compartment I. In compartment II the device records
the absorption of porphyrin molecules, which pass through BLM from
compartment I to compartment II.
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The beginning concentration of the porphyrin in the compartment I is c;,.

Porphyrin’s concentration dynamics in compartment II as a result of molecules’
outflow from compartment I to compartment II is described by equation (1):

cll(t)z%(l—e_k’), (1)
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where k :P;, P is permeability of BLM, ¢ (¢) is the current concentration of

porphyrin in compartment II, 4 is area of BLM.
It is very convenient to represent the experimental points by the coordinates
cy(2)
0.5-¢

and 7:
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In this case P; is determined by the method of least-squares, which is

equal to tangent of angle of curve slope. If the values of 4 and V" are known the
permeability P can be determined.

Results and Discussion. The passage of porphyrin through the membrane is
investigated by absorption in the Soret band as a function of time. As a result the
time dependence of the porphyrin's concentration in compartment II is obtained.

. . . A .
Then, by using obtained results from equation (2), parameter P; is calculated by

the method of least-squares for 3 different experiments (min™'):

P]ﬁ=1.8-10'5, Pzé=1.1-10‘5, gﬁ=1.1-10-5.
4 4 4

The volume of the compartments is equal to ¥ =10 mL =10 cm’. The
diameter of the hole is d =1 mm =0.1 cm. In this case the area of the BLM will be

A=7.85-10" cm®.
So, for permeability coefficients we obtained these results (cm/s) :
P =23-10", P, =38-10"%, B, =38-10".
The average of them will be the following:

P+P +P
SOF0FH 3300 em/s.

av

Conclusion. In this work it is shown how the permeability coefficient of the
BLM can be determined for TOEPyP4 porphyrins by placing the cell for BLM
formation into the differential spectrophotometer. This method allows to record the
time dependence of substance absorption and to calculate the permeability
parameter. The real situation in biological membranes is much more complex than
that described in the present model system. The obtained results allow us to find
out the mechanisms of porphyrins passage through the lipid bilayer part of the cell
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membranes. This approach can be used to optimize the chemical structure and
pharmacological properties of porphyrins used in photodynamic therapy.
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