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A B S T R A C T

The aim of this work is to study local changes of fractality in mouse embryonic lens. Embryos were removed from
female mice that have been subjected to a diet deficient in folic acid for two and eight weeks. The local change of
fractality is studied through the analysis of the Local Connected Fractal Dimension (LCFD) on binarised images of
these lenses using FracLac plugin for ImageJ, after immunohistochemical analysis performed using anti-collagen
IV or anti-laminin-1. The samples were analysed previously by the authors to locate under and overexpression
lens zones of these proteins. The results show that there are variations of the LCFD with respect to control groups.
These changes show significant positive correlations with changes in spatial patterns of both proteins expression.

© 2020

Abbreviations

FA folic acid
LCFD local connected fractal dimension
FD fractal dimension
PCA principal component analysis
LFD local fractal dimension
RP rest of the processes
SNR signal-to-noise ratio.

1. Introduction

Folic acid (FA) is a vitamin involved in embryonic development.
Its deficit can cause congenital malformations and various tissue alter-
ations [2, 3, 12]. Recent studies have also shown alterations of ocu
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lar tissues, both in their morphology [26] and texture [25]. In recent
work by the authors (see Part I of this study), the alteration of ocular
tissue structures has been studied more deeply, not only in the lens, but
also in cornea, retina and vitreous. In that work, the fractal analysis of
these structures has been used. Fractal analysis is one of the most used
tools in the characterization of complex structures, and it has been ap-
plied to study biological tissues structure [5]. The method was used to
estimate various parameters (fractal dimension (FD), lacunarity, multi-
fractal spectrum, etc.) for tissue characterization. On the other hand, in
a previous study, we found that maternal FA-deficiency alters the spatial
expression of collagen IV and laminin-1 in embryonic eye lenses [24].
To compare both studies, we have decided to carry out the present study
to investigate the relationship between over- or underexpression of these
proteins and its spatial organization in tissue, characterized by its fractal
features. To do this, it is necessary to have local fractal parameters that
allow this comparison.

A "pure fractal set" is invariant with scale. On the contrary, bio-
logical objects are statistically self-similar only within a fractal domain
called “scaling window,” in which the relationship between the obser-
vation scale and the measured size or length of the object can be es-
tablished and defined as the FD [17]. That is, its properties of invari
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ance with the observation scale are only maintained in a certain range of
scales. In addition, due to the way fractal grow, they are subject to local
variations in the conditions of their development, so their fractal charac-
teristics change from one point to another [14]. For this purpose, local
measures of fractality have been developed and tested in various types
of biological tissues as a comparison between normal and pathological
tissues [14–16]. The purpose of the present work is the application of
these local measurements of fractality to embryonic mouse lens tissue.
Embryos were removed from female mice that have been subjected to
FA-deficient diets for two and eight weeks, respectively. The aim is to
compare the under- or overexpression of certain proteins: collagen IV
and laminin-1, previously obtained by the authors [24], with local frac-
tal dimension changes of tissues.

2. Material and method

2.1. Animals and diet

FA deprivation and immunohistochemistry experiments were per-
formed as described previously [20, 24, 25]. All experiments were per-
formed using protocols approved by the Animal Experimentation Com-
mittee of the Universidad Complutense of Madrid. As in the previous
studies, we are going to analyse three sample groups: Control group:
composed of embryos from females fed a standard rodent diet. D2
group: embryos from females fed a FA deficient diet during the first two
weeks of pregnancy, finally, the D8 group, consisting of embryos from
females fed a diet deficient in FA for 8 weeks: 6 before pregnancy and 2
during the two weeks of pregnancy.

Mouse embryos at 14.5 days of gestation were removed by cesarean
section, placed in cold sterile phosphate-buffered saline (PBS) and de-
capitated. The heads were cut using a microtome set at 5 μm. Sections
were placed on slides and collagen IV or laminin-1 staining was per-
formed.

Immunohistochemistry in sections was visualized using a Leica
DMRB microscope and photographed using Leica DFC 320 digital cam-
era with ×10 magnification, the resolution of each image is
2088 × 1550 pixels in RGB. Each image had a resolution of 1 pixel

, and the computer used the maximum window(31pix-
els ≈ 17.05μm). As has been noted, to compare the under- and overex-
pression of collagen IV and laminin-1 within embryonic lens with lo-
cal fractal dimension changes, the images analysed in this paper are the
same obtained by the authors in a previous study [24].

2.2. Local Connected Fractal Dimension

In the literature we can find several parameters associated to a lo-
cal fractal dimension. Most are related to the distribution of mass over
the image. By mass distribution is meant the number of pixels that form
the image after being binarised (black and white pixels). In the pre-
sent work, we will adopt the "local" fractal dimension that is calculated
using the plugin FracLac, whose algorithms are based on the work of
Landini and colleagues [16, 29]. This algorithm has been widely used
in the literature [6, 10, 14]. Figure 1 shows a schematic representa-
tion of the calculation procedure. On the binarised images the pixels
marked with "black" are located. Fractal scaling properties for each black
pixel was done by estimating the number of pixels, N(ε), that surround
each of them, i.e. the total number of pixels locally connected in a win-
dow of increasing size ε centred at a P pixel. The number of pixels
changes with the scale as , where F is a parameter known
as prefactor and DL is a number analogous to a local fractal dimen-
sion, although with slightly different properties, which can be obtained
as the slope of the line of log N(ɛ) versus log ɛ [16]. Operationally,
the values of ε are usually chosen between a minimum and maximum
value, usually in pixels, depending on the image [14]. A variant of

Figure 1. Diagram for the calculation of the local fractal dimensions. Boxes of size ε are
taken around a pixel P. For each box of ε size, the number of pixels in it is counted, either
total, N(ɛ), or connected with P,NC(ɛ) (set of pixels in bold in the image on the right). The
local dimension is calculated as the slope of the log (NC(ɛ)) of the corresponding number
of pixels versus the log ɛ.

the previous measure is the Local Connected Fractal Dimension (LCFD)
[15, 16]. In this case, only the number of pixels that are connected to
the considered P, NC(ɛ) (see set of points in bold in the figure 1) are
taken into account. This number varies with ε as , where
is the LCFD.

A variety of methods have been used as measures to classify image
textures. Tamura et al [28] suggested computational approximations to
the texture features, by observing psychological studies in the human
visual perception of textures. Texture classification using wavelet trans-
form [1], texture feature based on local Fourier transform [32], and
texture classification using Gabor filters have also been applied to tex-
ture classification [9]. In this paper we describe the application of the
LCFD for assessment of immunohistochemical images. The use of LCFD,
for example, may provide advantageous regional information by visual-
ising the distribution of local fractal dimensions inside the image, which
could improve the results obtained from the mean global fractal dimen-
sion (FD) discussed in Part I (see Part I of this study). Although FD mea-
sures only the complexity that describes the global features of the struc-
ture. However, there are localized morphologic changes that masked
each other [16]. It is important to note that LCFD can serve as a good
texture classifier method. In the present work, we have used FracLac
Plugin in ImageJ software to calculate the local fractal dimensionDLand
Local Connected Fractal Dimension DC of our images.

2.3. Image Processing

For each eye image, the lens area was selected. These images were
processed and analysed by using the FracLac plugin for ImageJ [13].
The images are pre-processed with ImageJ commands: contrast enhance-
ment (30%,) sharpening, despeckle (to decrease the noise) and binarisa-
tion. The final number of images studied were 54, nine in each group
(control, D2 and D8) with two types of different labelling, collagen IV
and laminin-1. The algorithm implemented in FracLac to obtain the lo-
cal fractal dimension and LCFD was applied to all of them. Each image
has dimensions: 750x750 pixels

2.4. Statistical Analysis: Principal Component Analysis-PCA method

The application of the PCA method can be summarized as follows.
We start from a set of images Ik(x), where . Being N, in our
case, the number of lenses of each group analysed and "x" a variable that
denotes the spatial location. The covariance matrix of the group is de-
fined as:

(1)

where the average value is taken over spatial locations and
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. The principal components, Yα(x), are defined as linear combinations of
the images Tk(x).

(2)

such that they maximize their variance, . Moreover, they
are being mutually uncorrelated, for α ≠ α′. These
conditions lead to the conclusion that the coefficients eα(k) of the lin-
ear combinations are the eigenvectors of the covariance matrix S, with
unit-norm, and the eigenvalues associated are λα [11]. The zero-covari-
ance property between the principal components follows from the ortho-
normality of the eα eigenvectors. Analogously, the original images can
be seen as linear combinations of the principal components, through a
process called rectification [7, 19].

(3)

In addition, it is possible to define a parameter
which represents the proportion of variance explained by the component
α. In this way, it is possible to decide which component or components
are the most representative in the set of images and reconstruct them
with only the selected ones, by means of equation 3.

In general terms, PCA is a useful statistical technique for finding pat-
terns in data of high dimension such as the images, for this reason it is
often used in biological and medical images analysis [22]. In our work,
we applied PCA to all lens images with fractal colour coding.

Another interesting statistical parameter is the Mahalanobis Dis-
tance. It is a distance that can be defined for each pixel of a set of im-
ages, Ik(x), where .

For each pixel “x” a vector v(x) is defined as:
. A mean vector for a whole set of images

can be defined as, . The Mahalanobis
Distance, D(x)for the pixel “x” is defined as [4]:

(4)

In case of a single image, this distance for each pixel is
, being σ2 the variance o the image. The previous

expression leads us to the idea that Mahalanobis Distance measures
the departure from the mean in standard deviation units. It is like a
signal-to-noise ratio (SNR). The equation 4 is the generalization to a
multivariate scenario. A high Mahalanobis Distance value for a given
pixel informs us that its values in the image sequence are very distant

from the average pixel values, measured in the variability units of the
set of images, given by the covariance matrix S. So, it has been used very
often to detect outliers in different contexts [18].

3. Results

The maps of Local Fractal Dimension (LFD) and Local Connected
Fractal Dimension (LCFD) are very similar for all analysed images (see
figure 2). As expected, the LFD maps extend over a larger area, since
the connected points-sets in which the LCFD is based are smaller. This
figure of merit seems to be better adapted to the type of images that are
processed. Since the proteins used for this type of labelling (collagen IV
and laminin-1) are usually articulated in the form of networks [8].

The results for Mahalanobis Distance, Eq.4, are shown in figure 3.
In general, the distance is lower for groups labelled with anti-collagen
IV than those with anti-laminin-1, indicating a more homogeneous dis-
tribution of LCFD for collagen IV than for laminin-1. In the case of colla-
gen IV, the control group presents variations mainly in the anterior lens
epithelium, Bow region and posterior part of lens fibres. However, for
D2 and D8 groups the difference increases in comparison with control,
especially in the lens epithelium, central lens fibre and Bow region. In
the case of laminin-1, as maternal FA-deficit increases, there is a greater
difference in the LCFD in joining zone between epithelial and fibre cells
and in the Bow region. The difference in LCFD between groups is greater
in laminin-1 than in collagen IV.

On the other hand, regarding the results of the Principal Component
Analysis (PCA), the percentage of variance explained by each compo-
nent appears in Table 1. According to these data, two groups of com-
ponents can be established to rectify images according to equation 3.
From the data, we can distinguish a first group or Process (P1) compris-
ing the first two principal components and a second Process that com-
prises the rest of the processes (RP). The average value Ik of equation 3
is added to the first process. As can be seen in Table 1, the first two
principal components (PC1 and PC2) add up to more than 10% in all
groups. In the case of D2 group there is a third component just at that
limit. Therefore, we have decided to take as the most relevant principal
components the first two for all group.

With these two principal components (PC1 and PC2), the images
are reconstructed according to equation 4, adding up their average
value to each one (see equation 4). These rectified images are sub-
tracted from the original group to give a set of images as “Rest”. There

Figure 2. Distribution of the Local Fractal Dimension (LFD) and the Local Connected Fractal Dimension (LCFD) for embryonic mouse lenses labelled with anti-collagen IV.
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Figure 3. Mahalanobis distance of LCFD maps for the groups studied. High values marks pixels with increasing distance respect to the mean pixel behaviour.

Table 1
Values of the percentage of variance explained by each principal component. In most of
them, the first two principal components (PC1 and PC2) add up to more than 10 percent,
so these two are taken for the reconstruction of the images.

Collagen IV Laminin-1

Control D2 D8 Control D2 D8
PC1 37.10 29.26 37.76 44.33 43.35 46.77
PC2 11.32 13.73 10.32 12.08 11.25 15.77
PC3 9.03 11.01 9.75 8.99 10.03 8.96
PC4 8.23 8.71 9.06 7.00 8.16 6.91
PC5 7.72 8.27 8.64 6.90 7.25 5.67
PC6 7.51 7.53 7.92 5.86 6.45 4.98
PC7 6.65 7.40 6.62 5.60 5.02 4.38
PC8 6.51 7.30 5.58 5.00 4.48 3.61
PC9 5.93 6.79 4.35 4.24 4.01 2.95

fore, for a group of 9 original images, we have finally 9 rectified images
and another nine in the group called “Rest”. For each of these two sub-
groups, we can calculate the average value of each pixel (average image)
and its standard deviation. In this way, we can summarize this informa-
tion by giving two images for each subgroup, one is from the average
image and the other one represents the SNR of each point (average im-
age divided by the standard deviation image). A high SNR informs us
that the average value of the pixel is representative of all individuals in
the same group. A low SNR (less than one) tells us that the average value
of that pixel varies a lot between individuals. Therefore, it expresses the
variability within the group and no means representative of the whole
group. The result of this procedure for the control groups (collagen IV
and laminin-1) can be seen in Figure 4. As can be seen, variability be-
tween individuals from the control group does not has a marked spatial
distribution.

The principal component method gives us a way to section the data
in a representative part of the group and another that gives us the vari-
ation within the group, as well as being able to estimate the percent-
age between both, through the percentage of the variance explained by
the components that we use to estimate the SNR. Therefore, the "signal"
is the average of each pixel in the reconstructed image with the first
two principal components (CP1 and CP2). The increment value of the

LCFD for each group is calculated as the difference of this "signal (re-
construction with the first process P1)" for each group minus the "signal"
given by the control. Results can be seen in figure 5 (D2 group labelled
with anti-collagen IV), figure 6 (D8 group labelled with anti-collagen
IV), figure 7 (D2 group labelled with anti-laminin-1), and figure 8 (D8
group labelled with anti-laminin-1).

In these figures, it can be seen for each group how the average of
the whole image can be decomposed into an average image of the re-
construction with the process P1 (Mean P1) (which has a high SNR)
plus small local variations with a low SNR (Mean RP). Both images have
a defined spatial structure. The first one (Mean P1) informs us about
zones that are representative of the whole group along with their level of
representation (sum of the variance percentages explained by the prin-
cipal components 1 and 2). For all groups this level of representation
is 50% ± 7%. Therefore, the variation among individuals within each
group is almost 50% of the variability of all data. Mahalanobis Distance
already gives us information about which zone of the lens is related
to this variation between individuals (see figure 3). To delve into this
study, standard deviation of each pixel of the images reconstructed by
the process RP for all groups has been represented (figure 9). The com-
parison between both proteins show that the dispersion among individ-
uals is more uniform for collagen IV than laminin-1. In the latter case,
the difference between the groups is very evident. In addition, it can be
seen that the variance between lens areas is quite clear. The variability
among individuals being concentrated in Bow region and joining zone
between epithelial and fibre cells. However, In the case of collagen IV,
variability among individuals from the same group also increases in the
central zone of fibres and in epithelial cells.

As discussed in the introduction, it is of great interest to compare
LCFD maps of the lens with similar measurements made for the over-
or under-expression of collagen IV and laminin-1. That study was car-
ried out by the authors in a previous work [24]. In that work, the
same samples as those of the present article were studied, using the
PCA technique, in order to obtain representative images of each group,
giving a spatial map with under- or overexpression of collagen IV and
laminin-1 within the lens. Unlike the case of the LCFD, with only the
first principal component a level of representation is achieved around
97% ± 1% [24]. Figures 10 and 11 show the comparison between
collagen IV and laminin-1 overexpression maps and the distribution
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Figure 4. Decomposition of the control group images for the labelling with anti-collagen IV (left) and anti-laminin-1(right). The group of images is represented by a single image. The
average of the images reconstructed with the process P1 (first and second principal component). The mean of the images reconstructed with the resto of process appears as Mean RP.

Figure 5. In the left part, the section of the total average value of the images can be seen for D2 marked with anti-collagen IV (Mean D2), in a representative part of the group (mean D2
P1) plus a remainder (Mean D2 RP). In the case of 'Mean D2 P1′ its SNR is high, while 'Mean D2 RP' has a SNR less than 1 in all pixels (noise or variation between individuals). However,
the variation between individuals is not random, it shows a clear spatial distribution. The figure on the right represents the increase of LCFD with respect to the process P1 of the control
group.

of LCFD. For this, Pearson correlation coefficient between pixels of im-
ages that represent the LCFD increment value (right images in figures 5
to 8) and the overexpression maps of collagen IV and laminin-1 exhib

ited in the paper [24], was calculated. Results are shown in Table 2
together with an estimation of their uncertainty made by bootstrap
resampling techniques implemented in Matlab software. All the val
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Figure 6. In the left part, the section of the total average value of the images can be seen for D8 marked with anti-collagen IV (Mean D8), in a representative part of the group (mean D8
P1) plus a remainder (Mean D8 RP). In the case of 'Mean D8 P1′ its SNR is high, while 'Mean D8 RP' has a SNR less than 1 in all pixels (noise or variation between individuals). However,
the variation between individuals is not random, it shows a clear spatial distribution. The figure on the right represents the increase of LCFD with respect to the process P1 of the control
group.

Figure 7. In the left part, the section of the total average value of the images can be seen for D2 marked with anti-laminin-1 (Mean D2), in a representative part of the group (mean D2
P1) plus a remainder (Mean D2 RP). In the case of 'Mean D2 P1′ its SNR is high, while 'Mean D2 RP' has a SNR less than 1 in all pixels (noise or variation between individuals). However,
the variation between individuals is not random, it shows a clear spatial distribution. The figure on the right represents the increase of LCFD with respect to the process P1 of the control
group.
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Figure 8. In the left part, the section of the total average value of the images can be seen for D8 marked with anti-laminin-1 (Mean D8), in a representative part of the group (mean D8
P1) plus a remainder (Mean D8 RP). In the case of 'Mean D8 P1′ its SNR is high, while 'Mean D8 RP' has a SNR less than 1 in all pixels (noise or variation between individuals). However,
the variation between individuals is not random, it shows a clear spatial distribution. The figure on the right represents the increase of LCFD with respect to the process P1 of the control
group.

Figure 9. Images of standard deviation for each pixel of images corresponding to the reconstruction with the process RP for each group (control, D2, D8) and labelling (anti-collagen IV,
anti-laminin-1).

ues that appear in the table are significant (p <0.05). In addition, all
correlation values are positive, although small, indicating that an in-
crease or decrease in the expression of collagen IV or laminin-1 implies
a slight increase or decrease in the LCFD, respectively.

Figures 9 and 10 show a more detailed analysis for the higher cor-
relation cases shown in Table 2: group D2 labelled with anti-colla

gen IV (figure 10) and group D8 labelled with anti-laminin-1 (fig-
ure 11). These figures show that the degree of correlation is not even
over the whole image (scatter diagrams are not perfectly elliptical). In
the images on the right of said figures, the points where overexpression
occurs are marked in black. It can be seen how, in the case of collagen
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Figure 10. Structure of the correlation between the overexpression of collagen IV and its LCFD for the case of group D2.

Figure 11. Structure of the correlation between the overexpression of laminin-1 and its LCFD for the case of group D8.

Table 2
Pearson´s Correlation coefficient values among pixels of the under- overexpression images
of collagen IV and laminin-1 and those of the LCFD together with their uncertainty. All
values are significant (p <0.05).

Correlation coefficient

Lenses from D2 group stained with anti-collagen IV 0.261±0.003
Lenses from D2 group stained with anti-laminin-1 0.111±0.003
Lenses from D8 group stained with anti-collagen IV 0.127±0.003
Lenses from D8 group stained with anti-laminin-1 0.216±0.003

IV, the correlation occurs mainly in the fibre zone, while for laminin-1
it is in lens epithelial cells zone and Bow region.

4. Discussion

The use of the LCFD to study ocular structures has been fundamen-
tally carried out on vascular structures of the retina [10, 14]. In this
work, it has also been applied to the local characterization of lens tissues
from mouse embryos derived from female mice that have been subjected
to FA-deficient diet. In another study realized by the authors (see part
I of this study), variations of the multifractality of concrete eye tissues
have been found.
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In the present work, the Principal Component Analysis allow us to
study a group of images to find their covariance structure and small dif-
ferences between them. Since the lens presents a circular shape, its study
adapts very well to the analysis of principal components, because the
main differences between images will not be in their shape, but in the
local content of the fractal dimension. This type of study was already
carried out with the same images by the authors, to study alterations in
the concentration of collagen IV and laminin-1 due to maternal FA-defi-
ciency [24].

In the current research, the principal components analysis and Maha-
lanobis Distance permit us to identify zones of the lens that differ signif-
icantly from the average within each group. These areas coincide with
lens epithelial cells zone and Bow region (figure 3), especially those la-
belled with anti-laminin-1. According to the literature, extracellular ma-
trix proteins, including laminin-1, play an important role in cell mor-
phology changes to adhere to the extracellular matrix [27]. In a pre-
vious study, the authors have been shown that FA-deficiency leads to
an increase in the expression of laminin-1 in the epithelial cells zone
and Bow region of the lens [24]. Yan et. al suggest that higher increase
of laminin-1 expression produces an alteration in the development of
the epithelial cells causing changes in cell adhesion and differentiation,
which can alter the correct formation of lens fibres [31]. This alteration
should be reflected in changes in the organization of the tissue. Based
on our findings, alterations were detected in all areas of the lens as a
change in their multifractal features (see Part I of this study), as well
as change in the LCFD. For labelling with anti-collagen IV, changes in
LCFD occur also in lens fibre cells zone.

LCFD shows a greater variability in alterations in lens tissues be-
tween individuals than changes in collagen IV and laminin-1 expres-
sions. In addition, this variability has a spatial structure. While in case of
the over- and underexpression of these proteins, the first principal com-
ponent represents on average almost 97% of the data for all groups (con-
trol, D2 and D8) [24], for LCFD this percentage is calculated between
30% - 47% only. In a previous article ( [24], Supplementary informa-
tion), the authors have defined a metric that gives the angle between the
eigenvector associated with the first principal component and the one
that would be associated with taking the average value of the images. In
the case of LCFD, this angle has been calculated and around 10º, much
higher than in the under-/over- expression. This shows that the varia-
tion between individuals is not distributed randomly but with a marked
spatial structure. As can be seen in Figure 9, again, lens epithelial cells
areas and the Bow region are the zones where the variability is greater
(laminin-1). In the case of Collagen IV, for D2, there is also variation in
lens fibres zone, coinciding with the over-expression observed in this re-
gion in a prior study [24].

In a previous study, the area of fibres regarding the "grain size" has
been studied [25], in the case of laminin-1 the size of the ''grain size''
decreased. However, in the case of collagen IV increased. That increase
and decrease coincides with the over-/underexpression of these mole-
cules in the lens fibre zone [24]. That is, laminin-1 underexpression in
fibres leads to decrease in its grain size, contrary to the case of colla-
gen IV, where the increase in its expression causes increase in grain size.
The present study has demonstrated that these changes are also accom-
panied by changes in the LCFD. Figures 10 and 11 show that zones of
overexpression of collagen IV and laminin-1 in the lens correlate posi-
tively with an increase in LCFD with respect to the control group. How-
ever, the correlation is not very high. In this respect, it is useful to re-
member that the correlation was established with the reconstructed im-
ages for the LCFD with the first process P1, the most representative for
all groups, having a percentage of the total variance around 50%. How-
ever, the same zones are marked in images of variations among individ-
uals of the same group (figure 9). Alterations in spatial organization of
collagen IV and laminin-1 as well as their distribution in the lens, de-
scribed above, suggest that they may cause changes in optical charac

teristics of the lenses. The fractal spectrum of tissues was related to their
scattering parameters [23, 30], which may be related to pathologies
such as cataracts in their initial stages [21]. In addition, changes in the
scattering properties of tissues open the way to future research projected
on changes in the degree of polarization of the light after its interaction
with theses tissues and its relationship with maternal FA-deficiency, in
which the authors are currently involved.

5. Conclusions

The local fractal characteristics of the lens of mouse embryos whose
mothers were subjected to FA-deficient diet for two and eight weeks,
have been studied. For this, an image processing technique (FracLac for
ImageJ plus the principal component analysis performed in Matlab) has
been used, which allowed us to section the variability of a group of in-
dividuals with respect to the control. The changes in the LCFD are more
important in lens epithelial cells zone and Bow region, for lenses la-
belled with anti-laminin-1, and in lens fibre cells zone for lenses labelled
with anti-collagen IV. These changes correlate positively with the under-
or overexpression of both molecules in those zones. Even so, the corre-
lation is not very high, since the local fractal dimension of the lens has
high variation between individuals of the same group. This variation be-
tween individuals is more uniform over the lens, in the case of the con-
trol group, being more marked in D2 and D8 groups, above all in areas
with under/overexpression of collagen IV or laminin-1. The authors pos-
tulate that changes in the local structure of fractality maybe alters the
optical properties of the lens tissue. For this reason, that are the subject
of future research by the authors.
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