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Abstract

This paper describes a novel approach to an objective measurement of aorta samples of rats and a quantitative evaluation of aorta-related
drugs. Two-photon fluorescence microscopy is used for recording image sequences of deforming aorta. Time sequence snake models are
used to track the structural deformations of aorta walls caused by drug stimulation of the elastic lamina in the aorta. Several objective and
quantitative biomarkers extracted from these models are used as diagnostic indicators. In a preliminary study, the technique was successfully
used for evaluating the effect of a newly developed drug—human erythrocyte-derived depressing factor quantitatively and objectively.
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1. Introduction

Modern biomedical research has benefited from a
renaissance in light microscopy, brought about by the
convergence of developments in the fields as diverse as
electronics, optics, molecular biology, computer science,
and reagent chemistry. Integration of these has transformed
microscopy into a highly useful and dynamic research tool
for biology and medicine. It is now possible to generate
highly resolved functional maps of molecular events in
living organisms where new types of specimens can be
studied quantitatively and non-invasively with greatly
improved spatial and temporal resolution.

Invented by Webb in 1990, two-photon fluorescence
microscopy (TPM) has been considered a revolutionary
development in bioimaging [1,2]. The technique is based on
the non-linear excitation of fluophores and is capable of
producing deeper penetration and better resolution in
optically turbid biological specimens, such as tissues. The
use of infrared light for excitation leads to reduced photon
damage to living samples. In a previous attempt, TPM was
successfully applied to obtain autofluorescence images of
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elastic lamina in rat aorta [3]. Features extracted from these
images suggest correlations between the morphology of the
elastic lamina and the pathological status of the aorta [4].
Although these images may contain rich features for
diagnostic applications, retrieving the information is not
trivial. Information obtained from visual examination by
pathologists is often subjective, qualitative and heavily
depends on personal experiences. There is an urgent
demand for extracting objective and quantitative bio-
markers from such images and using them as diagnostic
indicators. Although multi-photon imaging has been
successfully applied to some specific biological studies
[5-7], unfortunately, there has been no emphasis on
objective biomarker extraction and quantitative analysis.
The motivation behind this work is to develop new
methods for monitoring and quantitative analysis of aorta-
related drug effects on living tissues. The arterial wall of
specimen contains elastic lamina, which plays the most
important role in determining the physiological function of
the aorta. It has been observed in our previous experiments
that under the drug stimulation, living aorta samples will
produce a sudden structure deformation caused by the
shrinkage of internal elastic lamina, followed by a relatively
gently reversion process. The whole deformation typically
lasts for 4—5 min and can be recorded by TPM, benefited
from its minimum damage to living samples. It has also
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been observed that when adding different drugs to aorta
samples, the deformation processes are usually different.
This important fact provides us an opportunity to compare
different drugs by analyzing the corresponding aorta
deformations. For the purpose of objectivity and quantita-
tiveness, a time sequence active contour model is proposed
to track the vascular wall and their activities in image
sequences. Active contour, also called ‘snake’, was first
introduced by Kass [8]. Due to its intrinsic ability to handle
variations of the boundary, it has been widely used to solve
problems such as boundary detection and object extraction
[9,10], especially in medical and biological imaging
applications [11,12]. In our approach, the time sequence
snake model is a combination of 1D boundary represen-
tation of 2D shape [13] and the regular snake. It is not only
able to locate the aorta in each image, but also provides a
rich collection of biomarkers that can be used to describe the
deformations of arterial walls in time image sequence.
Experiments on a newly developed drug human erythro-
cyte-derived depressing factor (EDDF) show that these
biomarkers work well as diagnostic indicators and can be
used effectively for the evaluation of aorta-related drug
effects.

The layout of the paper is as follows. In Section 2, an
overview of two-photon fluorescence imaging and materials
used in our experiments are given. Section 3 discusses the
proposed time sequence snake model and several valuable
biomarkers extracted from it. In Section 4, the experimental
results are presented. A discussion on these results is given
in Section 5.

2. Two-photon fluorescence imaging and materials
preparation

2.1. Two-photon fluorescence imaging

The experimental set up is the same as described
previously [3]. Autofluorescence image sequences of aorta
samples were recorded using a BioRad MRC-1024MP two-
photon microscope. A mode-locked Ti:Sapphire laser
(Spectral Physics Millennium X pumped Tsunami Lite)
provided the excitation beam, as shown in Fig. 1. For two-
photon excitation, the laser was operated at 800 nm with
about 100 fs pulse width. A X 10 0.25 N.A objective lens
was used in all measurements. Pulse width at the sample
was estimated to be around 200 fs. Fluorescence was
collected through a 460 nm long-pass filter (Chroma).

2.2. Human erythrocyte-derived depressing factor

The drug evaluated in our experiments was extracted
from human red blood cells for the first time by Dr Wen and
was named erythrocyte-derived depressing factor or EDDF
[14]. EDDF exists in human beings and other kinds of
animals, including pig, dog, rat, rabbit, cow and so on. It is
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Fig. 1. Sketch map of the two-photon autofluorescence microscopy.

present in both erythrocytes and tissues such as brain, heart,
liver and kidney. Previous studies showed that it could
significantly decrease blood pressure in several experimen-
tal hypertensive models and was very safe with LD50 (50%
lethal dose) greater than 1500 mg/kg. Further studies
suggested that the action mechanisms of EDDF were
closely related to vasodilation in an endothelium dependent
manner, which might be mediated by endothelium-derived
relaxing factor-NO-cGMP pathways and significantly
decreasing cytosolic and nuclear Ca®" levels in vascular
smooth muscle cell. Although the toxicity, the physical and
chemical characteristics and the mechanisms of this drug
has been tested in previous studies, effects of it on living
tissues has not been observed directly and analyzed
quantitatively.

2.3. Experimental methods

The experiments were carried out on the abdominal
aortas of calcium overload Wistar male rats (180-220 g).
After a rat was sacrificed, its mesentery and abdomen aortas
were removed quickly and rinsed in PSS solution to remove
blood residue. The aortas were then cut laterally to rings of
1-2 mm width and kept in Petri dishes filled with PSS
solution. Before being imaged, these samples had to be
incubated in 37 °C, 5% CO, environment for 1-2h to
release the internal tension while keeping their biological
functionality. The aorta rings were then placed separately at
the bottom of the Petri dish with the cut cross section down
for two-photon autofluorescence imaging. Each ring was
submerged by a small droplet of PSS solution. The Petri
dish was then filled with paraffin wax to prevent the PSS
droplet from drying out and to keep the droplet stable during
imaging. Note that in our study, the aortic tissues were kept
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Fig. 2. Sample frames extracted from an image sequence. Different structures of the aorta in these images indicate the deformation of it due to drug stimulation.
(a) t = 0, the first frame. (b) t = 250 s, the 41st frame. (c) t = 500 s, the 66th frame.

alive with their physiological function maintained, although
rats were dead before experiments.

In the experiments, intensive contractions in mesenteric
artery rings were observed after they were stimulated by
some vasoactive agents such as HiK" and norepinephrine
(NE). Since EDDF can significantly relax vascular smooth
muscle and plays a role as a protector, it is natural to
suppose that after the treatment with EDDF, artery rings will
produce relatively subtle contractions under the HiK™* or NE
stimulation. To prove this, aorta samples were divided into
two groups: the treatment group and the control group.
Samples of the treatment group were incubated with EDDF
(1 mg/ml) for about half an hour before experiments, while
those of the control group were not. In each experiment, the
aorta sample was firstly imaged for 100 s to check possible
spontaneous contraction or relaxation. Once the ring
became stable, HiK* or NE was then injected slowly
through a micro-injector into the PSS droplet which
wrapped the sample. Any deformation of the ring was
recorded continuously during and after the injection. Fig. 2
shows some examples of such recorded image frames with
t = 0 as the moment of drug injection. These results show
that the structural deformations of aorta rings were notice-
able but their changes with time were not obvious. All
image sequences were processed and analyzed using the
time sequence snake model, which will be discussed in
detail in Section 3. Due to the intrinsic mechanisms of
EDDF, aortic deformations of the experiment and the
control group were expected to be different. By analyzing
biomarkers extracted from these deformations, the effec-
tiveness of the drug can be distinguished clearly, and more
important, quantitatively and objectively.

3. Time sequence snake models
3.1. Single frame snake models

Autofluorescence aorta images collected in our exper-
iments usually have high signal-to-noise ratios due to

the powerful capability of the TPM, as shown in Fig. 2.
There is also enough prior knowledge about aorta rings. For
example, they usually have elliptical or circular shapes.
Given the quality of the images and the prior knowledge, it
seems quite easy to segment aorta rings from these images.
Indeed in our preliminary attempts, some straightforward
methods were tested. They are described as follows.

Thresholding was applied firstly to extract the main body
of the aorta ring from the image. The threshold was selected
automatically to make the aorta body have a fixed area ratio
to the whole image. To eliminate noise around the boundary
of the aorta, morphological operations such as opening and
closing [15] were applied, followed by a labeling operation.
After these simple and fast operations, the aorta ring was
roughly located and an estimation of the body of the ring
was obtained. A centroid-to-boundary method was then
used to draw the inner boundary of the aorta, as shown in
Fig. 3. The centroid of the image was also viewed as the
centroid of the ring. A series of radials were drawn from the
centroid and ended at the inner boundary of the aorta. These
intersection points were then connected as an estimation of
the inner boundary of the ring.

Stop points
of radials

Boundary

Fig. 3. The straightforward centroid-to-boundary method for inner aorta
boundary extraction. This method will be failed frequently in our situation.
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Although this method works well in some situations, it
frequently fails in others. The major problem of the method
is that in some images, parts of the aorta ring are blurred
caused by ring contraction and the corresponding boundary
cannot be observed. For this reason, using local detection
methods only is insufficient to extract whole aorta boundary
and some global optimization methods must be employed.

To give reasonable segmentation results, snake models
are used for aorta tracking, which have already been
successfully used for the similar purpose in MR images [16]
and CT images [17]. Snake is the energy-minimizing spline
guided by internal constraint forces and influenced by
external image forces that pull it toward lines and edges. A
snake is an ordered set of points denoted as V =
[vi,vs,...,v,], where each snaxel v; is defined on the 2D
finite grid: v;€E={(xy):x,y=12,....M}. The
internal and external energy of the snake is denoted as Ej;
and E.. The snake transfers the boundary extraction
problem into an energy minimization problem and the
boundary can be obtained by

Ns
Vo =argmin > A () + (1= A)Ee () (1)

i=1

where A; € [0, 1] are the regularization parameters, N, is the
number of snaxels in the snake. In our approach, we use the
regular snake formula described in Ref. [8] for single image
frame since it already yields promising segmentation
results. However, using the snake in each image separately
is still insufficient for extracting the characteristics of the
aorta deformation process.

3.2. Time sequence snake models

In this study, a rich set of characteristic features are
ensconced in the real-time sequence of aorta images, which
typically includes more than 80 frames. To analyze such a
sequence of images rather than a single frame, a time
sequence snake model is developed based on the regular
snake model described in Section 3.1 and important prior
knowledge of aorta images were collected. Comparing with
the speed of image capture, the deformations process of
aortas is slow, so that the difference between aorta structures
extracted from adjacent frames in the time sequence is
usually small. The centroid-to-boundary concept is used for
modeling the deformation of the aorta, as shown in Fig. 4.
The ith snaxel in the snake has a fixed central angle 6; = 2
i/N,, which enables the 2D shape to be represented by a 1D
centroid-to-boundary distance function. For a snaxel v;, its
movement from time ¢ to time ¢ + 1 can be measured by

vi(t) — O

(1) =Ag S Y
vilt 1) = Ady ol

i=1,..N 2)
where Ad, is the displacement of the snaxel along the radius
between the snaxel in question and the centroid O during the
time interval [, ¢ 4 1]. In this way, the regular snake model

0

Fig. 4. Illustration of the time sequence snake model. Each snaxel on the
snake has a fixed central angle in all frames in an image sequence.

evolves to a time sequence snake model and yields not only
satisfying segmentation results but also a rich set of
biomarkers in our specific case. Obviously, the accuracy
of the model heavily depends on the number of snaxels in
the snake. If snaxels are distributed too sparsely, the snake
cannot represent the boundary very well and if they are
distributed too densely, the snake will be largely affected by
local image noise. To select the number of snaxels properly,
a mismatch criterion minimization algorithm is proposed.
We first select several representative images from the image
sequences and manually mark enough points to represent
the inner shape of the aorta ring in each image. These shapes
are denoted as S' . = s\, s5,...,s',],i = 1,2,..., Nj, where
N is the number of images we selected, w is the number of
points in each boundary. The jth points in each shape has a
fixed central angle 6; = 2mwj/w. The algorithm is formally
described as follows:

(A) Set N, = n initially to make n < w.
(B) Calculate the snake in each image. After the snake is
stable, sample w points along the snake, denoted as
i ake =07, 0%, ..., 0%), i =1,2,...,N. The jth points
in each vector has a fixed central angle 6; = 2j/w.
(C) Calculate the following mismatch criterion:

1 Ny 1 w ) ;

I =1

(D) If E, is diminished, set N, = N, + 1 and return to (B),
otherwise quit the algorithm.

Another advantage of the proposed time sequence snake
is that the initialization and the energy minimization process
of it are simplified. Since the aorta structures of adjacent
frames differ only slightly, snake of the current frame can be
directly used as the initial position of the next frame.
Furthermore, in a regular snake model, energy minimization
needs exhaustive search in each snaxel’s neighborhood and
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therefore, it is very time-consuming. In the proposed model,
each snaxel can only move towards one of two possible
directions and the computation complexity is reduced
dramatically. It makes the time sequence snake model
more efficient and suitable for real-time processing.

In the proposed model, the centroid of the aorta is
considered as stable and the motion of the aorta as a whole is
discarded. However, the aorta ring will be impacted by the
drug drop in the experiment and will generate a slight
movement toward a certain direction. Such motion contains
no useful information about the deformation but it would
affect the calculation of biomarkers if it had not been
removed before biomarker extraction. An image registration
algorithm based on the time sequence snake is proposed to
solve this problem. The position of the centroid of the aorta
at the time ¢ is defined as g(7) and the global movement of
the aorta during the time interval [z, 7 + 1] is defined as

Ag(t,t+1) =gt +1) — g(0) “4)

The deformation variance during the time interval is defined
as

N
AVt +1) =D vt + 1) = vi(t) = Agr. e+ DIF (5)

i=1

The global movement can be obtained by seeking a solution
for

{Ag(t,t+ 1)} =arg min AV(t,t+ 1) (6)
Ag(tt+1)

Because of the small difference between adjacent frames,
only a few neighbors of g(f) needs to be searched to
determine the location of g(¢ + 1).

3.3. Biomarker extraction

The time sequence snake model provides rich features of
the deformation of the aorta ring. Based on their properties,
these biomarkers can be classified into three categories:
geometrical features, energy features and motorial features.

Typical geometrical features include perimeter, area,
contour ratio and so on. The calculation of these parameters
is carried out on the inner boundary of the aorta located by
the snake. The perimeter is calculated as

Ny
P= Z”Vi - Vi-l”’ Vo = VN< (7)
i=1

The area is calculated as
A=M+K-1 ®)

where M is the total number of pixels enclosed by the snake,
and K is the total number of pixels on the snake curve. The
contour ratio is defined as

P2

C= 4 ©)

It indicates the smoothness of the boundary and how it is
close to a circle.

Extracting energy features of the snake is a natural
consideration since the snake model is built on the concept
of energy minimization. The internal energy of a single
snake V(s) in Ref. [8] is composed of its first and second
derivatives denoted as

Ei = (alV(s)* + BV (s)1H)2 (10)

where o and B are weight factors. However, this kind of
energy definition is meaningless in our situation since it is
only related to the snake shape in a single frame. In our case,
the energy must be defined on the whole image sequence to
capture the characteristics of the aorta deformation. Since
the intension in the aorta ring is released before experiment,
we define the initial location of the aorta ring as a zero
potential energy position. To describe the cumulated
potential energy during the deformation process, a global
internal energy for each snaxel is introduced as

Ivi, — vi I

0D = =

(1)
where vi denote the ith snaxel of the kth snake curve in the
sequence, /(V) is the average snaxel distance:

TR
Z(Vk)z ﬁq ;H\/k - Vi 1” . Vg = ka,. (12)

The average global internal energy of the kth frame is
calculated as

| A
E(Vo) = 5 > (). (13)
S =1

Motorial features provide motorial information of snaxels
during deformation. Since the deformation of the aorta is
typically slow, the sampling frequency can be easily
controlled to avoid under-sampling problem. For a snaxel
v;, its velocity and acceleration at time ¢ are denoted as u}
and a!, and satisfy the motion equations:

1
Ad} = uiAr + EaﬁArz (14)

Ut =l + dlAr (15)

where Ad} is the displacement of the snaxel in the time
interval Ar.

Current location of the snake will influence its future
position. The dynamic equation of the motion of the snake

in the ith frame is:
9%V, _
91 ot

+ Fi(V)) (16)

where A is a coefficient related to the physical property of
the aorta. By solving the equation, the force F;(V,) is
calculated from each frame and is used as a direct measure
of the internal physical force during the deformation.
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4. Results

Biomarkers were extracted using the models and
methods described above and were plotted as a function
of time. Some parameters were normalized to eliminate
effects due to the large diversities among different samples.
For a biomarker P, its value in each frame in an image
sequence is denoted as P(i), i = 1,...,n and is normalized as

P'(i) = P(i)/P . P.x = Max P(i) a7

Most of the biomarkers have strong correlations with the
structural deformations of aorta rings caused by the drug
stimulation. Because of the limitation of space, only a part
of them are drawn in Fig. 5. It suggests that the proposed
techniques are capable of detecting small deformations of
aorta rings, even in the situation where the deformation is
indistinguishable by human eyes.

Biomarkers extracted from both the treatment group
and the control group are compared in Fig. 6. To make
the biomarker values calculated from different image
sequences comparable, another normalization method is
employed. For a biomarker P, its values calculated from
the experiment and the control group are denoted as
Pg(i) and Pc(i). Then the maximum and minimum values
of P in each group are obtained as

PYE = Max(Pgc(i), PY® = Min(Pgc(i),

(18)
i=1,...,n
The biomarker values are normalized as
o [ PrcGYPEE, if PR >0
Piyc(i) = e (19)
Pgc()/Max(Pg ™, Pc™), if Pgc =0

It suggests that the contraction of the aortas in the
treatment group is significantly reduced compared with
those in the control group. Since the only difference
between aortas in different groups is that the samples in
the treatment group have been incubated with EDDF
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Fig. 5. Biomarkers extracted from the image sequence are normalized and

plotted against time. Changes of these biomarkers give a quantitative

description of the deformation of the aorta.
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Fig. 6. Normalized biomarkers vs. time. (a). Normalized area. (b).
Normalized perimeter. (c). Normalized global internal energy. The
significant dynamic differences between biomarkers extracted from
the treatment group and the control group give a quantitative evaluation
of the drug EDDF.

while samples in the control group have not, it can be
concluded that EDDF can effectively improve blood
vessel reactivity of calcium overload rats to vasoactive
agents.

To be more convincing, many groups of experimental
results have been combined to extract some statistically
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Table 1

DRREC values of seven biomarkers averaged from 18 groups of experiments. These values give a quantitative evaluation of the drug EDDF

Perimeter Area Contour ratio

Global internal energy

Absolute velocity Absolute acceleration Absolute force

DRREC 0.59 = 0.06 0.70 = 0.04 0.81 = 0.05

0.56 = 0.04

0.84 = 0.05 0.78 = 0.04 0.82 = 0.05

valuable numeric indicators. For a biomarker P, its
normalized values calculated from the experiment and
control group using Eq. (19) are denoted as Pg(i) and Pi(i).
A new parameter named Dynamic Range Ratio of the
Experiment Group to Control Group (DRREC) is defined as

(Max(Pg (i) — Min(P(i)))

DRREC = (MaX(Plc(l)) — MlIl(P/C(l)))

(20)

Obviously, DRREC < 1 indicates that the drug has worked
in the experiments and a smaller value of DRREC indicates
a higher effectiveness of the drug. Table 1 shows the
DRREC values of seven biomarkers we extracted. Each
value was calculated by averaging the experimental results
of three groups of rats, including 18 pairs of aortas. These
statistical results show the effectiveness of EDDF clearly,
numerically and objectively.

5. Discussion

The success of the proposed approach has benefited
mainly from two important factors: the two-photon
fluorescence imaging technique and the snake model
based quantitative analysis method. The former provides
us a powerful tool for on-line observation of living tissues
and their physiological activities, while the latter enables us
to track aortas in image sequences and to model their
deformations. Biomarkers extracted from the model work
well in our experiments on giving quantitative evaluations
of aorta-related drugs.

However, a common problem of this type of work is the
uncertainty to some extent of whether the differences
presented in the experiments are due to artifacts of the
algorithms or are produced by biological factors. Generally
speaking, there are three major types of possible artifacts of
the algorithm that may cause some uncertainties in the
results, and listed as below.

1. The snake model may fail completely in dealing with
some images, resulting in a large fluctuation of some
biomarkers.

2. Although the snake can segment aorta walls quite well,
there is always some mismatch between the extracted
aorta boundary and its real location. This kind of
mismatch may affect the results.

3. Some biomarkers such as the internal energy of the
snake can be defined differently. If their definitions
are changed, the difference between the control and
the treatment group may disappear.

The first type of artifact can be excluded statistically by a
large amount of experiments. Since the DRREC value of
each biomarker we presented is calculated from 18 separate
experiments, it cannot be claimed as an outcome of pure
accidents. Besides, extracted biomarkers are also checked
for large fluctuation between adjacent frames and if the
abnormal fluctuation occurs, the total image sequence will
be abandoned to avoid errors.

The possibility of the second type of artifact can also be
excluded by statistical methods. The mismatch between the
snake and the actual boundary of aorta ring can be viewed as
algorithm noise. Although it will affect the calculation of
biomarkers in a single image, it will be statistically
diminished in the final DRREC values. To check whether
this kind of noise is typically small, a comparative
experiment was done. Three aorta rings were used in the
experiment, denoted as aorta A, B and C, respectively.
Aorta A was treated in the same way as those in the
treatment group, stimulated by HiK™ after incubated with
EDDF. Aorta B was only stimulated by HiK" without
EDDF, as those in the control group. Aorta C was only
incubated with EDDF and was not stimulated during the
experiment. It was used to test to what extent the biomarkers
will fluctuate due to only algorithm artifacts. Values of the
biomarker area calculated from the three aortas were plotted
against time and compared in Fig. 7. It suggests that the
biomarker fluctuation purely produced by algorithm arti-
facts is very small and the changes of biomarkers are mainly
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Fig. 7. Normalized area vs. time of three aortas: aorta A (stimulated by
HiK™ after incubated with EDDF), aorta B (stimulated by HiK ™ only) and
aorta C (incubated with EDDF only). Since aorta C is not stimulated, the
fluctuation of the biomarker extracted from it reflects only computational
noise. It suggests that the difference between biomarkers extracted from A
and B is so significant that cannot be claimed as algorithm artifacts.
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produced by the HiK™" or NE stimulation. Furthermore, the
difference between the treatment group and the control
group is so significant that it cannot be produced by the
mismatch of the algorithm.

It is true that there are so many ways to define the internal
energy of a snake and we cannot give each a test. In fact,
there is no need for such an exhaustive test. Since the
effectiveness of EDDF has already been approved by
chemical and biological experiments, the fundamental goal
of our work is to extract valuable and meaningful
biomarkers, which can give a quantitative and objective
evaluation of its effects on living tissues. Although
numerous features can be extracted from these images,
only those that are sensitive to the deformation of the aortas
and are physically meaningful can be used as biomarkers
and others will be discarded. To demonstrate that there are
also other features that can be used as biomarkers, we
modified our energy definition for another test. The global
internal energy defined in Eqgs. (11) and (13) is a potential
energy; we changed it slightly to give a global kinetic
energy which mainly focuses on kinetic information of the
deformation. The energy is defined as

i, — vi_ P

E,(vi) = 21
g(vk) l(Vk) ( )
The global kinetic energy is calculated as
1 & ;
E((Vi) = — > E;(v0) (22)
i=1

where parameters i, k and /(V) are the same as those in Egs.
(11) and (13). The global kinetic energy of the treatment
group and the control group is plotted against time in Fig. 8.
Although the definition of the energy is changed,
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Fig. 8. The modified global internal energy is plotted against time. It is
shown that the significant difference between the treatment and the control
group still exists.

the significant difference between the treatment and the
control group still exists. This experiment makes it more
convincing that this kind of difference is introduced mainly
by EDDF rather than algorithm itself.

It should also be pointed out that currently all biomarkers
we used are extracted from the time sequence snake model.
They provide good description of deformation character-
istics of aorta rings under drug stimulation in our
experiments, but the relationships between some of the
biomarkers and the biomechanical properties of the aorta
are still unknown. More works are underway to setup
quantitative relationship between the extracted biomarkers
and some biomechanical parameters of the aorta obtained
by other biomechanical experiments.

6. Summary

In this paper, an objective and quantitative evaluation
method is proposed for aorta-related drugs, by combining
advanced modern optical techniques and quantitative
analysis methods. Two-photon excitation fluorescence
microscopy is used for recording time sequence autofluor-
escence images of rat aorta. It has the advantage of less
invasiveness and enables biological samples to maintain
their physiological functions during experiments. Features
in these images suggest correlations between the mor-
phology of the elastic lamina and the pathological status of
the aorta.

For the purpose of objectivity and quantitativeness, a
time sequence active contour model is proposed to track the
vascular wall and their activities in image sequences. By
combining 1D boundary representation of 2D shape, single
frame snake model evolves to a time sequence snake model
and it not only is able to locate the aorta wall in each image,
but also provides a rich collection of biomarkers that can be
used for the description of the deformations of arterial walls
in image sequences. Three categories of biomarkers are
extracted using the proposed models: geometrical features,
energy features and motorial features.

Experiments on a newly developed aorta-related drug
EDDF suggest that these biomarkers work well as
diagnostic indicators and can be used effectively for the
evaluation of drug effects. Most of the biomarkers have
strong correlations with the structural deformations of aorta
rings caused by the drug stimulation. By comparing the
biomarker values calculated from the treatment group and
the control group, it can be concluded that EDDF can
effectively improve blood vessel reactivity of calcium
overload rats to vasoactive agents. Different drugs can be
compared quantitatively and objectively in the same way.
To be objective, several kinds of possible artifacts of the
algorithm that may cause some uncertainties in the results
are thoroughly discussed and analyzed.
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