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Abstract

Albert Einstein combined continuous space and time into his special relativity, El-Naschie discovered the transfinite
discontinuity of space—time in his E-infinity theory where infinity of dimensions was created. We find a partner of both
space-time and E-infinity in biology. In our theory, the number of cells in an organism endows an additional dimension
in biology, leading to explanation of many complex phenomena.
© 2005 Elsevier Ltd. All rights reserved.

In recent years there has been a flurry of original papers published on the foundation and application of El-Naschie’s
E-infinity Cantorian spacetime theory [1-9]. The main application of E-infinity theory shows miraculous exactness com-
pared to experimental measurements, especially in determining theoretically coupling constants and the mass spectrum
of the standard model of elementary particles [5,7-9]. In this letter we will apply E-infinity theory to biology for the first
time.

In the theory of n-dimensional spaces, what we mean by n-dimensional is simply that we need » numbers represent-
ing n coordinates to fix the position of a point in this space. In our classical space time, these are the familiar triple x, y
and z; while in relativity we have a fourth coordinate or dimension, namely the time z. The formal dimension in E-infin-
ity theory, however, is

The physical understanding of Eq. (1) in biology will be discussed later. The topological dimension in E-infinity theory
reads

Dy = 4. (2)

The dimension 3 + 1 =4 means that at our observation level, the biological world appears to us as if it were four-
dimensional, where the number of cells in an organ is endowed with an additional dimension [10-13]

nocr. 3)

Here n is the number of the organ; and r is the average radius of the cells in the organ. We call this dimension /ife dimen-
sion [12]. This is very similar to Einstein’s theory where time is considered a dimension. It is a well-known fact that time
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enters into the metric with a negative sign. In our theory, the dimension of life enters into the manifold with random cell
construction like that of El Naschie’s Chaos-like quantum world. Life characteristic appears only in 3 + 1 dimensional
space-number manifold. If a cell is isolated from the heart of a rat, or heart cells are cultivated on a plane (D = 2), no
life dimension is involved. Therefore, these cells have no life functional characteristic. However, if sufficient number of
heart cells are cultivated and accumulated together in three dimensions, the isolated cardiac cell begins to beat [14], and
life dimension appears.

One of the miraculous hallmarks of the introduced space-number manifold is that it provides us with a powerful
mathematical tool in dealing with complex phenomena in biology. As an intuitive and heuristical example, we consider
the metabolic rate B of an organ, which scales linearly with respect to its total surface of the cells in the organ

B o m? o 1. (4)
And the mass M of the organ scales linearly with respect to its total volume of cells
M o nr o (5)

From the scaling relations (4) and (5), we obtain immediately the well-known Kleiber’s 3/4 allometric scaling law [15—
19], which reads

B o M4, (6)

In 1977, Blum [20] suggested that the 3/4-law can be understood by a four-dimensional approach. In D + 1 dimen-
sions, the “area” A4 of the hypersurface enclosing a D + 1 dimensional hypervolume scales like 4 o yPIP D where D
is the spatial dimension of the organism. When D = 3, we have 4 /% a four-dimensional construction.

Now we consider a leaf of a plant, a two-dimensional construction. We have proved that [10,12]

nocr. (7)

That means that life dimension is not a necessity in the leaf, just like time dimension is not required in Newton’s
three-dimensional Universal where time is a mere flying parameter. Similarly one of the hallmarks of the two-dimen-
sional organs is that number of cells is mere parameter, not a dimension. The output of photosynthesis of a leaf depends
upon its total number of cells, but the life characteristic of the two-dimensional organs does not seriously depend upon
the number of cells involved. This is the reason why a destroyed leaf can still make photosynthesis, and can replace the
dead cells, whereas the adult human brain cannot replace lost neurons [21].

In view of the scaling relation (7), the metabolic rate of a leaf and its mass scale as

Blear ¢ 11 < 17, (8)

M ocnr o PP, 9)
We, therefore, obtain the well-known Rubner’s 2/3 allometric scaling law [10,12,22], which reads

Blear o< M. (10)
Generally for D dimensional organs, it follows [10] the scaling

B oc MP/(P+Y), (11)

It is a mystery that a liver in mammals acts like a leaf of plant which scales like Bjjyer M?. The liver contains
50,000-100,000 individual lobules. The liver lobule is constructed around a central vein. The lobule itself is composed
of many slice-like hepatic cellular plates like many leaves piled up, each hepatic plate being one- or two-cell thick.
Therefore, the liver obeys the same scaling law as a leaf of plant (see Fig. 1), and it is of two-dimensional construction
(D =2). Accordingly the liver can be transplanted like a plant [12].

In E-infinity view [1-3,7-9], space-time is an infinite dimensional fractal that happens to have D =4 as the expec-
tation value for the topological dimension. Similarly in biology, 3 + 1 dimension means that the prediction (6) is valid
macroscopically. D =4 is expected to be the expectation value for the topological dimension of the discussed organ.
Consequently the number of dimension in biology may appear to be 4, 5, 10 or 26 dimensions and that is not a con-
tradiction—it all depends on the scale with which we are making our observations. This innocent sounding message has
major repercussions and consequences for understanding physics and biology in general and memory in particle which
we will be discussing in this letter.

Now we write down the Hausdorff dimension in E-infinity theory [1-3,7-9]:

DH:<D[gms<w>>:4+<¢>3:4+4+1;:4,23606..., (12)

4+,
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Fig. 1. Diagram showing the structure of liver lobule, which is composed of many slice-like hepatic cellular plates, each hepatic plate
being one- to two-cell thick, so the liver of two-dimensional construction.
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i

Fig. 2. Fractal geometry of the blood-vessel system.

where ¢ = (v/5 — 1)/2 is the golden mean. Like pi [23], ¢ is a very particular number, and it plays an important role in
E-infinity theory.

Recently fractal analysis of blood vessel has been described [16,24,25]. Geometry of biological structure can be found
everywhere in biology. Mammalian circulatory and respiratory systems are composed of branching tubes, as illustrated
in Fig. 2. We sum an infinite number of Hausdorff-fractal dimension of one dimensional Cantor sets, with Hausdorff
dimension (dio))", where n=0,1,2,...

Consequently we have

(@O = 1+ (@) 4 @O 4 13
i=0

i

Here we assume that the length of mother vessel is equal to 1, and (dﬁo))" is the length of nth children vessel. The expec-
tation value for this sum in terms of d'” is
- 1
_ 0)yn 7 7(0) _

i=0

(14)

E-infinity theory shows that a randomly constructed triadic Cantor set has a Hausdorff-fractal dimension equal to
d") = ¢. Inserting the result in (14), we have
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1 1

d)=——""—=—=4+¢°, 15
R R (15)
exactly as anticipated by E-infinity theory [8]. This formula already implies that 7= oo in biology. This is because we
have been summing over n =0,...,00 and this is the formal dimension of E-infinity.
Consequently we modify (8) to the form
B oc M©Pr=1)/Dn (16)

The 3/4-Kleiber law, therefore, becomes
B o< M7, (17)

E-infinity allows us to use different dimensions at different levels to optimally describe intractable problems in biology.
One of the hallmarks of cortical functional architecture is that maps vary continuously across the cortical surface, but
are punctuated by occasional jumps or discontinuities [26]. According to E-infinity, we need infinite dimensions to com-
pletely describe the intricate activities in human brain. However, to model pain or memory, we should study in den-
drites level, leading to five dimensions of human brain [12]:

Birain 0 My/2i.- (18)

Noticing that Einstein’s special relativity forbids traveling faster than the speed of light, so Newton’s law becomes
invalid when speed is near to the speed of light. In biology, animals cannot exceed their threshold speeds, though the
values of the threshold speeds might be different from species to species. Our previous predictions are actually valid only
for the case when an animal is in rest or moves at a lower speed than its threshold speed. When an animal exercises
intensely, “time dimension” should be introduced like in Einstein’s theory. Combining the time dimension into our
space-number manifold, we can modify our scaling laws (11) and (16) in the forms

Bmotion 08 M(D+l)/<D+2)7 (19)
or
Bunotion 0 MPi1/®Pr 1), (20)

Our prediction shows that Byotion X M2 or Buotion ¢ M1, which is very close to Taylor’s data [27]: Bumotion X MO8,
Space—time-number manifold is also suitable for the heart. Our prediction for heart is Byeare ¢ M5!, while the experi-
mental observation [28] shows Byear o M%7,

Considering the case D = oo, from (11) we have B o< M. Such a case arises in body expansion [29] and for all trophic
groups [30].

We like to stress that E-infinity theory is more of a framework for understanding complex phenomena in biology
than just a new equation. Of course we have obtained some totally novel equations and results but this is not the main
point. The main point is stressing the fact that everything we see or measure in biology is resolution dependent. El-Nas-
chie’s E-infinity theory may turn out to have considerable implications in biology in the near future.
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