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Abstract

This paper is a review for the analytical modelling of the biophysical engine
represented by a liposome, filled with &n osmotic solution, introduced into &n
pqueons medinm, The processes leading to the appearance, evolution and dis-
appearance of the liposome-pore are presented. Due to osmosis, the liposome
grows to a maximum size that will lead to the appearance of a pore through
which part of the internal solution Bows, The liposome then shrinks and re-
turns to (s origingl siee, This is the first evele of the evolution of the pulsating
liposome, after which a new eycle begins, Starting from certain values of the
parameters and working in the analytical approach, we abtain the functions of
the muodel as explicit schotions of the constitutive eguations, These functicons
are liposome radius, pore radius and solute concentration. An anaelysis of the
processes described by these functions is performed,
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1 Introduction

The transport of moleenles across the cell membrane is of interest in Blology [1, 2].
As an application, wo encapsulate pharmaceuticals that need to be transported to o
target tissne [3] where the vesicle should discharge its contents, A pulsstory lipusome
te such a vesicle filled with an agueons solution having an impermeahble membranc
composed of a double layer of phospholipid molecules that are formed by a non-
pular carbon chain baving a hydrophobic tail snd o hydeoplilie head (Fig.1). The
liposome is introduced into an equecus environment, with water molecules entering
the lipesome dne to nsmosis (Fig.1). Thns, the liposome grows to a eritical size and
a pore suddenly appears. This leads to a decrease in the lipesome rading while the
pore rading increpses to o maxioon value, followed by the phase of decreasing to
zero of the pore, and the liposome returns to its initial size [4-6]. A new cycle can
begin,

In this paper, we analyse the results of analytical approaches working in linear
approximation and also in the pore radius hypothesis [7-11]. The advantage of
analytical spproaches is to obtein explicit solutions, We validate the modelling by
enmparing it with the results of previens studies [3, 10].

The paper has the following structure:

In Section 2, the differential equations of the model, material constants and
gleo the model parameters are presented, In Section 3, we present and analyse the
pulsatory liposome model functions obtained by analytical methods, such as the
linear approximation method and the pore radins assuwmption method, respectively.
Finally, a summary and discussion of our results in relation to previous studies is
provided, An appendix containing more computational details concludes the paper,

2 Pulsatory liposome modelling

Dhe to the pore ceourring, lposone swelling stops, its evolution changos, and she
liposome deflates (relaxes) [3, 12-14]. The pore radins increases to a mexinmm value
iz, then decreases until the pore disappears (Fig.2). The processes that contribute
to the relaxation and return of the liposome to its initial size are deseribed by a set
of three differential equations |10, 11].

The functions that maodel our liposome are the following: R(t) - liposome radius,
r{t) - pore radius, and C(t) - internal solute concentration.

Thus, wo are talking about these three basie equations with the specification of
soveral constants of material and model parameters,
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Figure 1: Lippsome and  phespholipid  molecules - Image  Credit
https:/ fupload. wikimedia.org/ wikipedia, commons /e,/el)/Liposom. pug ;
hittps:/ /S www.news-medical net /life-sciences / What-is-a-Liposome, nspx
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Figure 2: Phases of the liposome evolution

The porus radius equation is:

dr  Eior 5 ( r" )
—_ SR Ry) = —— , S{H; R, =1 1
dt  Ane iR (B Ro) = g o S\ Hts o) = " ARE (1)

where ¥ is the line tension acting for pore closure, ny, s membrane viscosity,

EI:‘-E'Fﬁf;:'z'!'EF:dh'Thn
(2)

2h being thickness of the lipid bilayer and E = 0.28m ™! the elastic modulus for
surface stretching or compression,
The equation for the liposome radivs {s;

dR _ E.¢? , " 235
T = 5 SO o) + AV (1-3 Ha) (ac-2F stmrg) @

where iy s the pulsatory liposome racdioe in the initial unseratehed state and v(1) is
the pore radius; 7 = 4.00914 - 10 %maol - =9 is the viscosity of aqueous solution;
= Ay Vuw = 541210 Wombmol st Vyw being the water molar volume.

Finally, for the internal csmotic solute concentration Ct) and also for the amount
of solute, the equation is:

d(inC Vi)  E-r? :'E rt
dt R\ ORI i iR

(4)

where C'(t) is the solute concentration inside t.}m liposome, Vip(t) is the volume of

the liposome and Q(t) = Cft) « Vi = C(t) 3 H”{t} is the quantity of osmotic
solute from internal solution,
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3 Solving methods and results

By analytical modelling for the evolution of liposome In its three phases, namely the
relaxation of liposomme and its return to the initial size accompanied by the growth
and decrease of the pore, we presemt some results regarding the solutions of the
model in analytical forms. For the first life cycle of pulsatory liposome, some results
for the functions of the model are presented as follows:

In panels-a of fizures 34, we give the graphical representation for R and C
as functions of the time variable { in the linear approximation in the growth and
shrinking phases of the pore during first cycle. On the cther hand, during first cycle
of lipecsome lifctime, in panels-b of figures 3-4 | we give the graphical representations
for R and C, but as functions of the porus radius variable r. We give in Appendix
several caloulus details for the expressions of functions in both approximations.

Comparing both of panels in figure 3, we observe the behaviour of R as a de-
creasing function. In addition, the graphical representations give with details of
behaviour for R'- derivative of R-function in the neighbourhood of ryy at the transi-
tion between growth and shrinking phases of the pore. Furthermore, specifying the
derivative C-function in the vicinity of transition moment between the growth and
shrinking phases of the pore, figure 4 in both itz panels confirms the decreasing be-
haviour for C-function. These results on the r,R.C functions of liposome modelling
are in harmony with laboratory data from previous studies [3-8].

4 Conclusions

We analysed the graphical representations for the analytical solutions in all three
stages of the first cyvcle in the evolution of pulsatory liposome. From the model
function diagrams, we can conclude that the resolts of analvticel methods presented
in thi= article are in harmony with previous studies, Since the ocsmotic solute can be
a substance with pharmacological properties, the pulsatory liposome can be used in
medical applications [11-13] and as a bionic object [16].

5 Appendix

In linear approximation (Al) [7], a linear behaviour for the pore evolution is used
as follows:

ra(t) = d{t — &)+ ro,d > 0,1y > 0,8, < £ < tay. (5)
mp(t) =g(Ty —t),q> 0ty <t < Tj. (6)

Based on the previcus studics for the solute concentration function, we consider
for the pore evolution a decreasing law in the 2nd and 3rd phases {Fig.2), as follows:

Cas(t) =r{ta=1) +Cu, ks > 0,1 <1 < Ty (7)
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Figure 3: R-function in linear approximation (panel-a) and in r-hypothesis approx-
imation (panel-5)[7] during the growth and shrinking phases of the pore
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Figure 4: C-function in linear approximation (panel-a) and in r-hypothesis approx-
imation (panel-b)[7] during the growth and shrinking phases of the pore
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where d, q, & and of course &, tpr, Ty remain to be determined into liposome-maodel.
In r-hypothesis approximation (A2) [9], we recall that due to the osmosis process
liposome swells up to a critical size, when suddenly a pore appears of ry radivs. In
fa-phase {Fig.2), the porus radius is increasing from ry to rar, where ry is an input
parameter for the model which indicates the start of porus growth phase:

2

P P 1
Sy AL S P 8
P _1\/H r>0,fF (ET;)T{E (8)

In fb-phase, the pore radius is decreasing from ryy to ( which closes the liposome

cycle:
2
i A S ) o X 0
F 2‘]‘21'“” rl <0, F (ET;) r<b (9)

Understanding that T denotes o parameter which means the time period of the
proper phase, we obtain:

r? G+r

Rir: - 14— 4 —— 10

(<7 Hﬂ/ R (10)
where E,G, v, 88 constants of material.

Also as a consequence of r-hypothesis, the derivative of R-function relative to

time in fa and fb phases is as follows:

L _r% +g_f _(G+7)p

2R\2R; Er Er?

Then, the solute concentration in phases fa and fb has the expression:

R{riT) =

(11)

E]

E <
T = B RrT) S R{r;T)
Cirrﬂ_(ﬂr-p(l-‘ = )+1) -:rIIn'."‘]I+H_(l_d - )

where o(r; T) = 2% (’—‘(ﬁg’l - - 1) and Be = 28E.

Working in r-hypothesis, we ask that the conditions of continuity be met for the
functions R{r;T) and C(r;T) in ry in the start of fa-phase and also in r = 0 at the
end of fb-phase.

Thus, we obtain the parameters of liposome-model such as T} - the duration of
pore growth phase and T; - the duration of pore decrease phase:

(12)

T_I'I-' ri‘-—nrﬂ T_i'r-rM (13)
1 By 3 vA3 = THA .
2Er(f - -1)-¢€ G
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