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Abstract

The structure of the tissues is formed in a self-similar manner, forming fractal
structures in their transport networks. The structure exhibits allometric form-
ing and so-called scaling behavior. This is a basic growth model fine-tuned by
various connections of the cells (junctions and adherent connections), in-
tended to direct material and energy transports between them. This second-
ary control of cell metabolism decreases primary metabolic transport through
the free surfaces of the cells. The cellular network is formed by triggering the
endogenous electric fields, which are dominantly governed by cell membrane
potential. Proliferation exhibits a different electric pattern due to the low
cell-membrane potential and resulting negativity relative to its environment.
This potential change characterizes cells in normal proliferation and a cluster
of cells (a tumor) in the case of cancerous development. This latter has certain
similarities to the leakage transport of liquid in porous media, substituting
the pressure with endogenous tumor potential. The average survival of a tu-
mor depends on the kind of available metabolic transport and the fractal di-
mensions of the newly built angiogenic network.
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1. Introduction

The form of various organs is evolving in the early stage of the development of
the complete body. The evolution of mass of the organ roughly keeps the
form-similarity until the adultery of the subject. The question is automatically
arising: how the organ grows? We convinced having only one pivotal orientation

appears, the bioscaling [1], and the connected ontogenic growth [2], if it is valid
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for the individual organs [3]. In this assumption, we have two consequences:

¢ The network of the blood-flow in the organ follows the complete network of
the body in its structure and organizing,

* The network in the organ is optimized, suitable for the largest available
transfer of materials and energy flow.

When dividing the organ on small, tightly connected, space-filling elementary
cubes, we may assume that every cube grows isotropic way. The same number of
cells is born and dies by apoptosis in average in every cube. Consequently, the
linear size of the organ changes by the 1/3 power of time. This model is the
equally distributed production of cell numbers. All the cube-elements have the
same mass-balance, which has production and annihilation elements (mainly
apoptosis) are equal in average in every cube.

There are originally two categories of cells existing by their behaviour: collec-
tive and non-collective. The cells in solid malignant tumor usually are non-collective.
They are normally autonomic and competing for each other for the necessary
nutrients. In the healthy development of the tissue, the cells are cooperative, and
this cooperation determines their structural properties. We may assume in
healthy cases that every “elementary cube” described above has the same meta-
bolic conditions, [2]; the material transfer for the metabolism, in general, is op-
timized.

The circulation network is organized by fractal geometry [4], which is based
on the unified self-similar construction of the nets. This is a space-filling iso-
tropic growth model with simple steps of building: continuing with the same
template at every terminal. Due to this construction procedure, the metabolic
rate depends on the 3/4 power of the mass of the given volume [5].

Our goal is to show how the malignant growth modifies the normal healthy

growth of the tissue.

2. Character of the Cell-Fission

The organ is a set of cells that “democratically” consumes the optimal amount of
materials and energy from the network. However, this situation is approximate
only. The fractal-network of the vessels, which ensures the distribution is not
enough alone to provide the satisfactory info and material-exchange. Therefore,
cells form a secondary network of junctions and adherent connections between
them, making an additional distribution. These cellular connections make such
corrective actions, which guarantee the optimal distribution of the “resources”
between the cells. The secondary network needs a part of the membrane surface,
decreases the original effective free surface of the cells, decreasing the transport
facility forms of the primary network. Accordingly, the self-similar fractal net-
work is not enough for the information exchange and the system forces to gen-
erate the secondary networks of the cellular connections. The possible exchange
of molecules through the junctions specifies the correction of metabolic
processes which is the extension of the primary transport-networks. As well as

this secondary (adhesion) structure guarantees the mechanical structure of the
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organ, even it keeps the cells together in its ex-vivo states too.

The logical assumption is that the growth of the consequent effective surface
of the cells in a specific organ is proportional to the effective surface of capilla-
ries (a) available for the material transfer. When N, is the actual number of
cells, and a, is the effective surface of a cell for metabolic activity, which de-
pends on its environmental population (depends of N, ), so a, =a, (NC), and
N, -aC(NC) is the effective surface of the input of a single cell, which is of

course is limited by the availability of the complete supply (a), so:
a<N, -a(N,) 1)

We have shown elsewhere [6] that the metabolic rate depends on not only the
mass but on the linear size of the circulation length by 3/4 power, too, and the
actual average mass (m) and the actual average length of the blood circulatory

network, (), related as:
m oc KI* (2)

where K is a constant, and N, ocm. moc I, where L is the linear size of the

given organ. Using (1) and (2) in case of optimal equality we obtain:
Poclta (N,)—>a, ol oL (3)

Consequently, the effective surface of a cell cannot decrease more intensive
than the —3/4 power of the linear size of the organ. Hence the effective mem-
brane surface is inversely proportional to the length of the organ, so the size of
the growth of the organ allows more possibilities to build up a secondary net-
work between the cells. This has further consequences: when the cell would be
able to terminate its secondary network, it will do it because the growth of its ac-
tive surface allows more metabolic influx. The survival on the cellular level has
higher priority for the cell than its organism level.

When the cell division starts, grows its metabolic demand. It needs more
energy and material transport than was before, and so the cell increases its de-
mand of metabolic transfer directly through its membrane. It must isolate itself
from the network, it tries to reach the autonomy, terminates the surface-limiting
connections to neighboring cells. The autonomy of the cells requests a new deci-
sion of the fate of it when the division is over, and the two autonomic daughter
cells appear. The termination of the networking in this line is an energetic con-
straint. This well explains the forming of a-state [7]. In the case of cancer-state
of the cell, the terminated collectivity is one of the factors to fulfill the high me-
tabolic request of permanent growth.

Building up a structure needs stability. The stable state in the level of forces
means a stationer equilibrium of the attractive and repulsive forces. Do these
forces act in the case of tissues? Yes, these exist in the structure of the tissue. The
attractive force is the collectivity. The distance of cellular communication de-
fined by different signaling mechanisms [8], including the intracellular, the in-
formation exchange between neighboring cells, as well as short distance com-

munication (e.g. synapses), and long-distance communications by various hor-
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mones and molecules, including exosomes and other vehicles. Research on sig-
naling (social signals) of cells [9] and the pathways of cell-communication are in
the focus of emerging attention [10].

There is an attraction between the identical collective cells even from the dis-
tance of =1 - 4 um, [11]. Such long-range interaction could be explained by re-
sonances and super-polarization [12]. The repulsive force which balances the at-
traction is the membrane polarization; the outside membrane-wall is positive,
which repulses the individual cells. The repulsion is crucial in living structures
because the material and energy-transport need free surfaces between the cells.
The process of decrease in the membrane potential is parallel with the decline in
the collective status of the cell.

The formation of the structures has a variation of the symmetries frequently
showing 6-fold and 5-fold arrangements. This symmetry-forming is well known
in the non-living environment too, [13]. However, the formation of organs is
thermodynamically very different from the crystallization of the non-living ob-
jects. In the crystallization process heat is liberated permanently because of the
crystal-structure forms by the ordering of the disordered material. Consequent-
ly, entropy is produced, which must be liberated from the system. The entropy
leaves the system by the internal energy flow, heat appears, when the crystalliza-
tion happens. This mechanism needs a free surface, so the entropy current is li-
mited by the availability of the surface. The information change in living systems
is much more than at the crystallization in non-living. A particular temperature
does not fix in the living organization, it happens at a wide range of temperature
interval, and no permanent cooling is necessary for this organizing process; with
another way of entropy decreasing. The entropy-decrease is probably sunk by
the order-disorder transition of the aqueous solution; the structured water takes
the entropy by its disordering. Without this order-disorder transition of the wa-
ter, no ordering of the cells could happen. During the organizing process of the
cells its structured water transforms to disordered, the water concentration de-
creases in the cytoplasm, so its resting potential will be higher. Only the cells
with resting potential and with ordered water in their interior can be organized.
The problem of the cancerous cells is that practically they have no ordered wa-
ter, which could take the entropy of the ordering transition of the cell. When this
primary ordering is not able to be performed, the polymerization forming of the
cytoskeleton is also blocked.

The energy minima derive the actual arrangement of the non-living struc-
tures. Contrary, the living ones prefer the symmetries depending on the real role
of the collectivity of the cells. The structures which must have small hydraulic
resistance for transfers will arrange mostly pentagonal (five-fold) symmetry
which has “lazy” space filling, allow free space for transfers [14]. However, when
the surface energy should be minimized, the 6-fold, hexagonal structure forms.

The above forming symmetry well explained by the Dirichlet theorem of mi-
nimizing the electrostatic energy, [15]. Consider the cells conductive, having
resting potential (70 - 100 mV). There is neutral (having the same amount of
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positive and negative ions) electrolyte between the cells. However, the equili-
brium ion-distribution of the extracellular electrolyte changes nearby the cells,
electric double-layer forms, Figure 1. The substitutional circuit on discrete ca-
pacitors was worked out in details [16].

The tissue contains a network of capacitors, as many parallel circuits as the
number of cells in Figure 2.

According to the Dirichlet theorem, the electrostatic energy has its minimum
in the equilibrium phase. The energy could be minimized, when the complete,
consequent capacity of the system in Figure 2 is minimal. The capacity depends
on the permittivity of the material between the electrodes and the geometry of
the electrode arrangement. Knowing that the thickness of the double layer and
inter-distance of the cells are much less than the size of the cell, the condensers
could be regarded as planar, so

. )
where A is the value of the surface, and dis the distances of the cells (electrodes
of the capacitors). The coagulation of the cells is inhibited by their surface
charges. Consequently, the minimizing of the consequent capacity could happen
by the minimizing of the actual surfaces or maximize the distances. In the case of
a hexagonal arrangement, the surface would be kept to a minimum; however,
with a pentagonal structure thickness increases. Which solution is realized de-

pends on the actual function of the arrangement.
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Figure 1. Distribution of charge and potential near the boundary of the cell.
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Figure 2. Electric substitutional picture of the tissue.
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The physics of the tissue forming in this picture is very like the stability condi-
tions of the colloidal solutions. This description well fits to the early evolution,
when the coagulation is prohibited, and the free-space between the cells was go-
verned by the metabolic transports. The formed distances depended on the
shape, resting potential, charge-conditions, etc.

The above description models some tendencies but cannot explain the form-
ing of the tissue by mostly repulsive interactions. The opposite (attractive) forces
have to be involved for more realistic description. This request is like the form-
ing of non-living structures, but the non-living explanations could not be ade-
quate to the active living state. One of the guiding rules of the non-living world
is the tendency to make energy-minima. For example, the crystals show this rule.
The crystals, however, have no unique forms; they could have very different
crystalline structures. All the crystalline structures obey the minimal energy rule;
however, various tissues form in the living cell based on the nature of that par-
ticular organ. The organs have appropriate forms and their size growth by time.
The tissue structure of the organs also has an identity; their cells form the tissues
of the organs with the unified architecture. By the growing of the subject, the
architecture grows too, but the shape is conserved. The form of the organ, tissue,
and cells could not be explained by physical interaction mechanisms alone. The
form must be functional. The functional architecture probable was formed suc-
cessively by the evolution, and the mutations, the selection and their information
fixed in the DNA developed the self-replication basic mechanisms.

The function of the cell is determined by its position in the tissue, so probably
two identical cells do not exist. The cell has adaptability and differentiability
making it suitable for the actual function of the actual position. The cell behaves
differently when the conditions change. In this meaning, it is well like a logical
electric circuit. The basic discrete elements are equivalent, but their function
differs according to their actual position in the circuit. Its actual environment
determines the differentiation of the cell. The environment by its physical and
chemical inputs reprograms the cellular function, fixing it in the DNA. This also
means that certain useless functions are blocked. The newly born cell inherits
this block. This is the microscopic evolution realizing the function of the cell in
the organ according to its position. The macro-differentiation develops the basic
cells of the organs.

The growth of the organ keeps the geometric similarity, accompanied by the
fixed density in actual place of the organ. Probable the structure does not change
inside of the organ while it is healthy, hence the cell-fission is homogeneous li-
gands, and division promoters distribute homogeneously in, they have gradient
only at the boundary of the organ.

3. Growth of a Tumor and Its Average Survival Time

Before you begin to format your paper, first write and save the content as a sep-
arate text file. Keep your text and graphic files separate until after the text has
been formatted and styled. Do not use hard tabs, and limit use of hard returns to
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only one return at the end of a paragraph. Do not add any kind of pagination
anywhere in the paper. Do not number text heads—the template will do that for
you.

The ratio of / and the asymptotic length of completed network (/;), equal
with the ratio of m and the asymptotic mass ( m, ) on the 1/4 power, so

/4
M A

Consequently, the average /length of the network may be chosen as growth

factor. We may introduce the biological self-time by
Alr)=1-¢"

6
r=at/AM"* ~In(1-1,) ©

where 4, is the ratio of the just-born mass to the asymptotic (completed, final)
mass, and 7 is the self-time. This well corresponds with the measurements,
[17]. Every similar network has same biological self-time.

The normal reaction to injury is to improve the cellular proliferation replacing
the damaged cells and heal the wound. The membrane potential of these newly
proliferation cells is also significantly lower than the cell membrane potential of
healthy mature cells [18]. After maturing of the daughter cells, their mem-
brane-potential grow again to the healthy character. However, in cancerous pro-
liferation, such return does not happen. The mineral contents of the cancerous
cells are robustly changed which has role keeping the cell-membrane potential
low, [18] [19] [20], especially an increase in the intracellular concentration of
positively charged ions and an increase in negative charges on the glycocalyx
coat of the cell. Together with the lower electrical membrane potentials cancer
cells have lower electrical impedance than normal cells [20] [21] [22].

The membrane potentials of proliferating cells are certainly lower, irrespective
that these are malignant or normal processes [23] [24], as well as the macro-
phages seeking to repair the broken arrangements changes its membrane poten-
tial is not repulsed by the irregularly depolarized, out of network cooperation
cells [25] Figure 3.

Membrane potential of cells (V,,)

healthy and tumor cells heathy cells [no tumor-cells]

Proliferating cells Non-proliferating cells
(depolarized, abnormal) (hyperpolarized, normal)
| |

; y ] ' >

Over-shoot
depolarized

<

|
1
Om

-20 mV -40 mV -60 mV -80 mV -100 mV
regulatory of wound- classically activated
healing macrophages macrophages

[ [

Figure 3. Membrane potentials of networked and proliferating cells are forming two
distinct groups. The proliferation (irrespective that it is healthy or malignant) is always
depolarized. Eg. the fertilized egg has approximately the same membrane potential (Vm)
than the ovarian tumour-cells; mouse hepatoma cells have approx. the same Vm than the
human one; proliferating fibroblasts and fibrosarcoma have also approx.. same Vm.
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Therefore, a key component of cell repair and cancer treatment would be to
re-establish a healthy membrane potential in the body’s cells [26] [27]. The ex-
ternal oscillating electric field in the extracellular electrolyte can adversely affect
and support the growth of the membrane potential, [28] [29]. This is one of the
factors of modulated electrohyperthermia (mEHT, trade name oncothermia)
[30] [31].

4. Growth of the Healthy Tissues, Competition for Nutrients

The mechanisms of the growth of the cellular clusters are very similar for can-
cerous and healthy embryonal cases. The huge difference, however, in their
boundary conditions. A tumor grows dominantly on its surface, while the
growth of normal embryo is certainly volumetric. Consequently, the supportive
transport network has different fractal structure.

The embryonic growth of healthy organ performs cell division on any points
of the organ volume. This growth results in embryonic cells, sharing the same
terminal of the blood-vessel network as the mother cell had originally. Due to
the relative negative surface (lowered positive charges) of the embryonal cells, a
potential gradient will induce currents activation the VEGF receptors, triggering
the directed growth of the transport network to serve them [32]. During the
transition time, until the generation of the new blood vessels, the diffusion
transports the nutrients, governed by the concentration gradients. Note, that the
physiological electric fields can generate not only neo-vascular growth but direc-
tional nerve development as well [33]. The triggering and control of the con-
struction of various networks in the living systems could be well organized by
endogenous electric signals [34]. These processes belong to the category of diffu-
sion-limited aggregation (DLA), like the electric field of dielectric breakdown
production too [35]. The DLA processes produce branching pattern fractal net-
work [36].

The process of growing number of cells is not a competition; it is the repeti-
tion on the same physiological principle in all steps of the development. The
process is stable because the mature cell stops the triggering. The primary em-
bryonal cell starts the forming of its network (electric field triggering, like a tem-
plate) and this micro-process repeated identically, constructs the self-similar

structure, serving the formed network with well-supplied blood.

5. Growth of Cancer

The cancerous set of cells has in principle infinite ability of growth. This agglo-
merate is more negative in its charge than the healthy surrounding because the
individual cells are negatives. This macroscopic cluster similarly triggers the
growth of blood-supply as the individual embryonic cell, but this is now ma-
croscopic. The growth of this macroscopic set of cells is surface controlled, (the
surface of the cluster growths), while the embryonic process is volume con-

trolled by microscopic source. Consequently, despite the applied same physio-
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logical principle the branching pattern and so the fractal dimension will be dif-
ferent. In the case of cancer, the layers are growing on each other. The layer of a
surface neo-angiogenic fractal is covered by the next layer of neo-angiogenic
fractal supplying the tumor layer by layer.

The Darcy-principle describes the velocity of the liquid in leakage [37]. The

mathematical form from Hagen-Poisseuil and Navier-Stokes equations
v =pgradp 7)

where p is the pressure. In aqueous solutions like the blood, the incompressibili-

ty of the liquid is assumed, so

divv =0 (8)

Hence the pressure satisfies the Laplace equation:

Ap=0 9)

Which is completed by boundary conditions, which has a definite role in the
forming of the branching pattern, but in our present mathematical process have
no role.

The triggering electric field acts in porous media too, where the differential

Ohm-law is effective:
j=cE (10)

where j is the current density and E is the electric field-strength.
Due to the relatively large conduction of the extracellular electrolyte, no

space-charge could be formed. Hence
divj =0 (11)
On the other hand, the field is induced by standing charges, so it is curl-free:
E= grad® (12)

Accordingly, the formed electric potential satisfies the Laplace equation:
AD =0 (13)

Compared this to (9) shows the mathematical equivalency of the electric trig-
ger of this phenomenon with the leakage problem in space.

Consequently, from the above, while the angiogenesis stops by the maturation
of the healthy cell, in the case of the malignancy the neo-angiogenesis remains
active until the nutrients input balances the requested amount of keeping the
tumor alive. When the balance is created, no further growth happens. However,
during the permanent division of tumour-cells, the electric trigger remains ac-
tive, and the balance of the amount of transport and utilization cannot be
created.

The nutrition influx made by transport of the vascular-network is proportion-
al a power of the number of the cells which are alimented, due to the self-similarity
of the construction process. This power exponent appears as the fractal character
of the pattern of the actually formed vascular-network.

The physical mechanism of structural developing of the cells is probably iden-
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tical or very similar to the healthy and tumorous growth. The tree-branch-like
structure of the leakage currents is a morphogenetic stimulus. The crucial factor
is the fission of the cells. During the division, the cell isolates itself from the
standard healthy network. By this isolation, its effective membrane surface
growth and the mobility of ionic species (nutrients and waste) grow as well. The
cells in fission have definitely smaller membrane potential than the same cell in
the healthy network [23]. This relatively negative charge is essential for the start
of flows of micro-currents. Furthermore, the individuality constructs a freedom
of their shapes (which follows the collapse of the normal cytoskeleton during the
fission), and usually, they are more globular than there are in networks. With
this, the cells in fission minimize their volumetric energy and maximize their
relative surfaces for metabolic transfers. During the fission process, the free
extracellular electrolyte in the vicinity of the cell allows higher diffusion rates of
ions and molecules and could happen more glucose supply from and more waste
efflux to the neighborhood. These processes support the drastic increase in the
energy demand of the division, producing two daughters.

In the case of tumor development, the cluster of the dividing cells (micro-tumour)
has relative negative potential on its cluster (a tumor) surface due to the relative
negativity of the surface of the cells inside the cluster. The surface of starting
tumor by developing micro-cluster remains negative, which induces the devel-
opment of new blood vessels. The cancerous cluster of cells has a united action
to create the potential for angiogenesis; the demand for nutrients is collective,
while the healthy cells are forming their optimal pattern individually. The
neo-angiogenesis dominantly supplies the tumor surface. The development of
the new vessels occupies the surface layer of a tumor [38]. Inside of the cluster
mostly has less oxygen, and starts the fermentative ATP generation, like in
healthy cases by hypoxia.

In many cases, the expected survival time of cancerous patients is approx-
imated from the doubling-time of tumor size [7]. In the following, we use this
approximation, and transform the allometric parameter from the mass [2] to the
characteristic size in the scaling, using the experimentally easy measurable L,
linear size of the tumorous cell-cluster.

Similarly, to (2) the connection of the mass and its characteristic length of the
transport network have scaling of fourth power, so

m, =KI' (14)
where K, is constant and [ is the characteristic (average) length of the trans-
port network (dominantly neo-angiogenic) and m, is the actual mass of a tu-
mor. Due to the dense surface growth of the new vessels, we can consider its
asymptotic structure by Hilbert fractal [39], having fractal dimension [40]. This
means the linear size of a tumor ( L, ) is proportional with /,, so the linear size

of the tumour determines the mass by scaling:
m, =KL (15)

where K|, is a constant, which value depends on the structure and density of
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the tumour. When the asymptotic mass is M, and the asymptotic linear size of

the tumour is L, , then:
M, =KL (16)

moreover, consequently:

1
L
. E— (17)
M L,
From (6) we get that the geometric size of growing could be expressed as a

universal expression like:

L’(T)zl ,

LO

t L(r=0 L(r=0 (18)
=Y —11{1— (= )J: a —1n(1_bj

4M§ LtO 4K[ LtO Lt 0

When the size of a tumor is L in the actual time of detection, and the le-

detec
thal size is approximated as L, both parameters are experimentally deter-
mined.

Assuming that the asymptotic size is longer than both the detected and lethal
sizes, then the exponential function well approximated by the two first terms of
its Taylor series, like:

4K
Tt ( Lleth - Ldetec ) ( 1 9)

<l> = (tleth - tdetec) =

This is valid for ideal alimentation of a tumor, so here <t> = <t>i , - The for-
mulation shows definite similarities with the formulation of survival time by ap-
proximation with diffusion theory [41].

As we had shown elsewhere, the growth of the mass of a tumor in case of
non-ideal alimentation (shortage of nutrients) support is described with the

formulation:

1-a I-a 7”(1‘0’)’ _Mﬂn[p[m]]?a]
ﬂ I ﬂ o M —1—e M M, e
M, M, '

where «a depends on the fractal dimension of the vascular-network.
Usually, in healthy structures, the fractal dimension of the length of the

transport network is 1, the effective surface in this state has fractal dimension 3,
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and the volume where it fills up has dimension 4. In the tumor case, the linear
fractal dimension is not valid ever more; the angiogenic structures cover the
surface of a tumor densely. In measurements, the fractal dimension of the
transport network in cancer is higher than 1. In the asymptotic situation, we ex-
pect complete covering with Hilbert fractal pattern with dimension 2 of the
network pattern. In the case of DLA in 3-dimension is about 2.5 [42], in plane
growth 1.41, [43].

Let us denote by & the increase in transport-network dimension from 1. In

this last case,

3-¢
a= 22
4+¢ (22
e 2.59
which is in plane DLA growth case £=0.41,s0 o= 241 ~ 0.587.
Hence:
l+e
L(r
( t ( )J — l_efz
LtO
R hey g 1TE, . (23)
L(z=0 L(r=0
i (O] T (a0
Mt Lt() KtLIO 10
When the actually detected linear size of the cancer is again L,, and L,

is the lethal size, both have to be determined in every tumour-type on the expe-
rimental way. When the asymptotic size is considerably more than both, the av-
erage survival time in case of non-ideal alimentation in optimized support of the
complete volume (<t>m, dopt ) with the available nutrients:

— _ Kt 4+¢ l+& I+&
nidopt *~ \"leth etec ) e etec 2
<t> » (tltl e ) 71+8(L[th_Ldt ) ( 4)

This survival time shows the non-ideal (shortage) supply of alimentation but
the available nutrients as maximal as possible [2]. In this case, the boundary
conditions govern the process which does not distribute the available nutrients
optimally in a complete tumour, prefers the outer layers supplied better by the
neo-angiogenic formations. This calculation shows the considerable difference
from the approximated average survival time by diffusion theory [41].

Another approach of non-ideal alimentation is when we assume the ideal dis-
tribution of the available nutrients in all over the volume. In this case, we have

four-dimensionality of the dependence of metabolism from the mass [44]. In

this case
3-¢
a= (25)
4
Hence
e
m=KL* (26)
Moreover, consequently:
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— — Kt 4 I+& l+e
nonid - eth ~ ‘detec ) — eth — Hdetec
(g ()= (tian = i) P 1+5(thh Lo, ) 27)

This calculation shows considerable difference again from the approximated
average survival time by diffusion theory.

Comparison of survival times in healthy, ideal and cancerous, non-ideal ali-
mentation conditions it is evident that the survival time decreases by the grow-
ing limitation of nutrients. Survival time vs. the fractal dimension, which cha-
racterizes the degree of non-ideal conditions, shows a rapid decline in survival
by growing fractal dimension, Figure 4.

In the case of an optimal distribution of nutrients throughout a tumor, the
decrease in survival is slightly more than in the situation of heterogeneity, which
maximizes the metabolic rate of a tumor. In the case of simple DLA, forming the
survival of maximized and ideal metabolic conditions is 32.5% and 29.5%, re-
spectively. In the case of the complete surface covering (a blood-pool) when a
Hilbert fractal is formed (most advanced cancer cases), the corresponding values
are 6.9% and 5.5%.

6. Conclusion

The primary metabolic transport is governed by the free membrane surface of
the cell. This free surface is suppressed by various connections of the cells (junc-
tions and adherent connections), intended to additional material and energy
transports. This precise control of cell metabolism decreases primary metabolic
transport through the free surfaces of the cells. The cellular network is formed by

triggering the endogenous electric fields, which are dominantly governed by cell

—_

=sssssss Relative time, when the metabolism is “democratically” optimized

Relative time, when the metabolism is maximized

Relative self-time (t )

0.8 \ -

0.6 -

0.4 . R .,'.. | DLA forming dimension (¢ = 0.41) -

02 i -

0 s
0 0.2 0.4 0.6 0.8

Fractal dimension (g)

Figure 4. The relative survival time vs. fractal dimension (changing of limiting the
alimentation conditions), shows shortening of survival by the development of a tumor.
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actual membrane potential. The proliferation of the cell occurs with low
cell-membrane potential resulting negativity relative to its environment. Can-
cer-cells break their cellular connections “free” their membrane surface for in-
tensive metabolic activity, mainly by fermentative, anaerobic way (Warbug effect
[45]), and also these cells have lower membrane potential than their healthy
counterparts. The malignant proliferation has certain similarities to the leakage
transport of liquid in porous media, substituting the pressure with endogenous
tumor potential. The average survival of the tumour-cells shortens by the grow-
ing fractal dimension of the newly built angiogenic network and modifies by the

kind of alimentation of the tumour.
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