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AAA is a complex disease that leads to a localized dilation of the infrarenal aorta that develops over years. Longitudinal
information in humans has been difficult to obtain for this disease, therefore mouse models have become increasingly
used to study the development of AAAs. The objective of this study was to determine any changes that occur in the
biomechanical response and fiber microstructure in the ApoE~ Angll mouse model of aneurysm during disease
progression. Adult ApoE~~ Angll infused mice along with wild-type controls were taken at 14 and 28 d. Aortas were
excised and tested simultaneously for biaxial mechanical response and ECM organization. Data sets were fit to a Fung-
type constitutive model to give peak strains and stiffness values. Images from two photon microscopy were quantified
in order to assess the preferred fiber alignment and degree of fiber orientation. Biomechanical results found significant
differences that were presentat 14 d had returned to normal by 28 d along with significant changes in fiber orientation and
dispersion indicating remodeling occurring within the aneurysmal wall. This return of some of the normal biomechanical
function, in addition the continuing changes that occur in the microstructure suggest a restorative response that occurs

in the ApoE~~ Angll infused model after the initial aneurysm formation.

Introduction

Abdominal aortic aneurysm (AAA) is currently a leading cause
of death in developed countries with occurrence rates expected to
increase with aging populations.! As they are often asymptomatic,
once rupture occurs, AAA is associated with significant morbidity
and mortality. Studies have shown that aneurysmal tissue is remod-
eled in the disease process in humans with alterations in mechani-
cal properties.”> However, AAA disease is complex and develops
over years and obtaining longitudinal information from patients
has proven very difficult, thus making the study of the underlying
mechanisms of disease initiation and progression problematic. To
redress this lack of knowledge involving the evolving mechanical
properties with the physiological processes, mouse models have
become increasingly used to study the development of AAAs.
Prominent among these mouse models for aneurysm is the
apolipoprotein-E knockout (ApoE~") mouse with long-term
subcutaneous infusion of angiotensin II (Angll) described
by Daugherty et al.* Recently several publications have con-
sidered the ApoE”~ Angll infused model of AAA looking at
causes of inflammation and inhibiting aneurysm formation.>*
While important, such studies do not provide insight into the
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hemodynamics or mechanical environment which are now con-
sidered instigating factors in the initiation and progression of dis-
ease. To fill this gap in the literature, recent work by Ford® and
Goergen'® have looked into the hemodynamics and cyclic strain
in the ApoE~~ Angll infused model of AAA, respectively.

Still missing, though, are the biomechanical properties of the
ApoE~- Angll infused model of AAA associated with progression
of disease. Also of importance, is the need to couple any biome-
chanical modeling with changes in extracellular matrix and asso-
ciated alterations in microstructure. Recent work has started to
address this by first defining the mechanical properties and con-
stitutive modeling of wild-type (C57BL/6) mice.'"'* However,
these studies do not include the actual the ApoE~~ AngllI infused
model of AAA. The purpose of this paper is to assess changes
that occur in the biomechanical response along with associated
ECM remodeling and alterations in fiber response during disease
progression for the ApoE~~ Angll infused mouse model of AAA.

Results

General response. As anticipated there was no difference found
in any metric between the two time periods of 14 and 28 d for
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Figure 1. (A) The initial unloaded outer diameter of the suprarenal
segment of the aorta tested taken at its greatest point. (B) The initial
undeformed thickness of the suprarenal segment of the aorta taken
adjacent to the section tested. (C) The physiologic strain measured prior
to mechanical testing. Error bars shown are standard deviation
(*p < 0.05).

the control mice, thus the data have been combined into one
group for reporting below. General results include the significant
increase in outer aortic diameter for both 14 and 28 d groups
of the aneurysmal ApoE~~ Angll infused model compared with
controls (Fig. 1A). The 14 d ApoE~"~ Angll infused model aneu-
rysmal group was found to be significantly greater than controls
as well as wild-type Angll infused groups, however the 28 d
ApoE~"~ Angll infused group was not significantly different from
controls or wild-type Angll infused groups (Fig. 1B). Although
physiologic strain tended to decrease with both Angll infusion
and with time and more so with the ApoE”~ Angll infused
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model, there were no significant differences found among the
groups (Fig. 1C).

Mechanics and constitutive relationship. Parameters for
each individual constitutive fit can be found in Table 1. There
was a significant decrease in circumferential strain at both time
points in the ApoE~"~ Angll infused aneurysmal model (Fig. 2A).
This decrease in circumferential strain was accompanied by an
increase in circumferential stiffness, however, the aneurysmal
model was not found to be significantly different from the con-
trols or AngllI infused wild-type mice due to the high variability
(Fig. 2B). The axial stiffness tended to decrease with 14 d of
Angll infusion for both wild-type and ApoE~~ mice, but then
return closer to the stiffness found in the control mice after 28 d
of Angll infusion (Fig. 2C). The axial stiffness was significantly
higher than the circumferential stiffness for both the control and
Angll infused wild-type mice groups, but this was not the case
for either time point in the ApoE~~ Angll infused aneurysmal
model.

Fiber alignment. SHG imaging showed differences in the
collagen structure between the control mice and the ApoE~'"
Angll infused aneurismal mice at both 14 and 28 d time points
(Fig. 3). Images show differences in the characteristic collagen
crimp that is present in the control images before and during
pressurization, which appears to be absent or greatly reduced
in the ApoE~~ Angll infused aneurysm model. Representative
histograms depicting the fiber angles compiled from each image
stack at each pressurization (Fig. 4) demonstrate a response in
fiber orientation and dispersion occurred with pressurization for
controls that was absent at both time points in the ApoE~~ Angll
infused aneurysm model.

The histograms were used to determine fiber orientation mean
mode and FWHM. From the FWHM (Fig. 5A), the control
mice showed a significant increase in fiber dispersion between 0
and 100 mmHg pressurization. An increase nearing significance
also occurred in fiber dispersion for the 14 d AnglI infused wild-
type mice, but was absent in the 28 d Angll infused wild-type
mice. The FWHM of ApoE~"~ Angll aneurysmal mice at both
time points did not express a significant change with pressuriza-
tion, and at 0 mmHg the FWHM of the 28 d ApoE~~ AngllI
infused aneurysmal mice was significantly greater than control
mice. The fiber directionality given by the mean mode (Fig. 5B)
showed a more axial alignment for control mice that shifted sig-
nificantly toward axial alignment with pressurization, this axial
shift also occurred for Angll infused wild-type mice at both 14
and 28 d time points, though it was not significant. The shift
with pressurization tended to be reversed for the ApoE~~ Angll
aneurysmal mice at 14 d, and absent at 28 d. Also for the ApoE~'-
Angll aneurysmal mice at 28 d, the preferred axial alignment
similarly reduced or absent.

Cross sectional images (Fig. 6) illustrate the dissected aneu-
rysmal sac that occurs in the ApoE~"~ Angll aneurysmal model
compared with control mice. ApoE~~ Angll aneurysmal images
also reveal the elastic bands that appear to remain intact for all
groups, while exhibiting adventitial thickening occurring with
aneurysm and increased collagen content for the 28 d ApoE~'
Angll aneurysmal mice.
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Discussion

A summary of the results found that as one would expect, the
aortic outer diameter of the aneurysmal model was significantly
greater than controls. However, this increase only translated to a
significant increase in aortic thickness for the 14 d ApoE~~ Angll
infused aneurysmal mice and not to the 28 d ApoE~”~ Angll
infused aneurysmal mice suggesting that remodeling within the
aortic aneurysmal wall is occurring between 14 and 28 d. This
remodeling between 14 and 28 d in the aneurysmal model is also
suggested by the change in axial stiffness that occurred between
14 and 28 d in the ApoE~~ Angll infused aneurysmal mice, as
there was initially a decrease in axial stiffness that was approach-
ing significance, yet at 28 d ApoE~"~ Angll infused aneurysmal
mice had axial stiffness values closer to those found in the control
mice. This trend in decreased axial stiffness at 14 d which was
then corrected at 28 d was also found to occur with Angll infu-
sion of wild-type mice suggesting a response not just to aneurysm
formation but also AnglI indused remodeling as well. One differ-
ence that was found, though, between controls and AnglI infused
wild-type mice compared with the ApoE~"~ AnglI infused aneu-
rysmal model present at both 14 and 28 d time points was the
decrease in circumferential strain and increase in circumferential
stiffness.

Multiphoton images showed alterations in fiber appearance in
the ApoE~"~ Angll infused aneurysmal model and a loss of the
characteristic crimp seen in collagen fiber bundles. Both metrics
of fiber angle mean mode and FWHM showed gross changes
between control and ApoE~~ Angll infused aneurysmal mice.
While the control mice were able to respond with increases in
fiber dispersion and shifts in mean fiber angle in the direction
of increased stress, the ApoE~~ AnglI infused aneurysmal mice
lacked this ability. Thus, changes in the ApoE-"~ AnglI infused
aneurysmal mice fiber structure and composition between time
points appear to be compensation to the loss in function and abil-
ity to respond with shifts in mean fiber angle and dispersion to
pressurization.

The ApoE~~ Angll mouse model of aneurysm has become a
standard animal model for aneurysm with a plethora of papers
just released within the past year examining multiple factors
involved with AAA formation, progression, or prevention,”*!%
and while many other recent papers examining the biology of
AAA disease often implicate mechanics as being a factor," the
biaxial properties of the ApoE~~ Angll aneurysmal aorta had yet
to be examined until now. While previous studies in our lab'? and
other others such as Collins et al.'" and Fujikura et al.' have used
wild-type C57BL/6 mice to look into the mechanical properties
of the mouse aorta to gain a more complete picture of underlying
properties of vessel response, these studies did not include speci-
mens from the actual ApoE AnglI infused aneurysm model. And
although Collins et al. reported some histology, absent in both
their work and that of Fujikura et al. is analysis of fiber micro-
structure simultaneously with biomechanical response.

One limitation of the study was the inherent uncertainty
of the aortic thickness from which the mechanical results were
determined, especially for the aneurysmal specimens as the wall
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Table 1. Fung constants fit to the experimental data of control, Angll
infused wild-type mice, and ApoE ™ Angll infused model, along with
corresponding R? values

C, (kPa) a, a, a, R,
Controls
a 366.9 0.165 2.187  3.26E-02 0.97
b 229.6 0.225 4879 1.67E-09  0.97
C 681.6 0.229 2.078 2.60E-02 0.99
d 123.6 0.0566 7630  3.78E-01 0.95
e 128.8 0.480 5445 1.86E-10  0.90
f 1713.3 0.00523  0.0607 2.22E-03 0.93
g 2391.0 0.0750 0.285 1.37E-02 0.97
h 5482.5 0.0328 0.115  4.43E-03  0.98
ApoE** Angll
14d
a 3838.0 0.0301 0.113 7.10E-04 0.96
b 2285.2 0.0328 0.213 1.90E-03 0.98
C 12977 117E-09 1129  4.23E-02  0.95
d 5915.0 0.0243 0.123 2.51E-03 0.98
ApoE** Angll
28d
a 240.2 0.206 2.078  1.99E-02 0.91
b 886.8 0177 0.409 4.20E-03  0.95
C 231.8 0.319 2.854 3.22E-10 0.98
d 200.9 0.437 3.185 1.03E-09 0.98
ApoE~- Angll
14d
a 12.9 9.245 12.802 3.60E-01 0.85
b 356.2 1.900 0.881 4.90E-01 0.84
C 554.1 0.271 0.353  0.000714 0.96
ApoE~"- Angll
28d
a 1.2 12.317 19.74  8.05E+01 0.95
b 174.7 0.233 1.254  1.02E-09 0.95
C 297.2 4.865 1.556  7.43E-01 0.73

Descriptions for the material parameters are in “Data analysis and
constitutive framework.”

thickness varied around perimeter of the aneurysm due to the
dissection creating thicker regions which then had to be aver-
aged. Also, thickness measurements were made from an annu-
lus taken adjacent to the region tested, and although these still
included aneurysmal portions of the ApoE~~ Angll infused mice,
some imprecision may have been introduced. Also, use of a Fung-
type exponential constitutive model comes with limitations such
as a lack of ability to capture multiple convexities and can result
in constitutive parameters that are not unique.>"

Another limitation of the study included the tubular imag-
ing of aneurysmal specimens being unable to penetrate through
the entire thickness of the aortic wall. Even though multiphoton
imaging offers advantages for deep tissue imaging, there was still
significant signal loss deeper into the tissue, so that image stacks
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Figure 2. (A) The circumferential peak strain taken at the physiologic
axial strain and pressurized to 100 mmHg. (B and C) The circumferential
stiffness and axial stiffness, respectively, defined as 9S/9E in the circum-
ferential and axial directions at the physiologic axial strain and peak
circumferential strain. Error bars shown are standard deviation

(*p < 0.05).

were kept to only 100 wm from the outside of the adventitia mov-
ing toward the media for analysis. However, while most imaging
of mouse vascular walls has been conducted using cross-sectional
2022 ubular imaging is still preferable to cross-sectional
imaging in order to evaluate collagen fiber structure that would
not be visible in any other plane. Additionally, full cross-sectional
images were unable to be obtained from all specimens. However,

imaging,

cross-sectional images that were able to be obtained suggest that

€24648-4

Biomatter

much of the remodeling that occurred between the 14 and 28 d
time points in the ApoE~~ AnglI infused aneurysm model was
primarily collagen remodeling and occurred in the adventitia
and the intraluminal thrombus, a finding supported by Schriefl
et al.» Thus, focusing our study on the collagen remodeling
occurring in the adventitia though tubular imaging is appropri-
ate in this case.

Future work focusing on the collagen fiber remodeling could
be improved by implementing a constitutive model that includes
fiber directionality such as that used by Collins et al." or other
more microstructurally based constitutive relationships.?**
Such microstructurally based constitutive relationships could
also help when comparisons are made between different aneu-
rysm models and the human disease. One thing that our work
here has indicated is that there seems to be response in the
ApoE"~ Angll infused model by 28 d that is able to reverse
some of the functional mechanical response lost at 14 d. This is
similar to findings by Daugherty et al.,? which showed through
histology that after 84 d of Angll infusion there was consider-
able remodeling of aneurysmal tissue with thinning regions not
found at 28 d. We know that this late stage response is happen-
ing in the ApoE~~ Angll mouse model and this does not hap-
pen in the human disease, so beyond a certain time point, the
model may not be useful or appropriate for studying the human
disease. Other authors have also found differences between the
ApoE"~ Angll infused model and the human disease, such as
Saraff et al.,** who found aortic dissection is a preceding fac-
tor in aneurysm formation in the ApoE~~ Angll infused model.
Additionally, Schrifl et al.! found remodeling and fibrosis of
the intraluminal thrombus in the ApoE~~ AnglI infused model
which could account for some of the recovered mechanical
response. However, this does not mean that measurements taken
at time of initial aneurysm formation may not be valuable in
studying AAA.

Methods

Mouse model and specimen preparation. ApoE knockout mice
(ApoE") were bred from stock obtained from The Jackson
Laboratory, backcrossed 10 times into wild-type C57BL/6] back-
ground, and maintained as a colony of heterozygous animals.
All animal use and experimental procedures for mouse testing
were performed according to the approved protocol (#06-045)
of the University of Arizona Institutional Animal Care and Use
Committee (IACUC) and Animal Welfare Assurance Number
(A3248-01). Adult (approximately six month old) ApoE~~ and
ApoE+" (C57BL/6] wild-type control mice) had Azlet® mini-
osmotic pumps (Durect Corp) implanted subcutaneously into
the dorsum under anesthesia. Pumps were filled with either
Angll (Sigma-Aldrich) to provide for continuous infusion at a
rate of 1,000 ng/kg/min or saline for either 14 or 28 d (models
2002 and 2004 respectively) as described in the literature.!#"%
Mice were placed on a high fat diet and fed ad libitum. Groups
included control mice with saline vehicle (n = 8), control mice
with Angll vehicle (n = 8), and the aneurysm model of ApoE~"
with Angll vehicle (n = 6) each split between 14 and 28 d of
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Figure 3. Representative multiphoton images of a control mouse aorta (Top), an Angll infused wild-type mouse (Middle), and ApoE~~ Angll infused
model pulled to the in vivo axial strain at both 0 mmHg (Left), 50 mmHg (Middle), and 100 mmHg (Rlght). SHG channel (Red) represents the collagen
content of the aorta, while NADH channel (Green) represents primarily the elastin content or lipid deposits. While some of elastin bands of the media
are observable in the control images, these images are taken approximately in the adventitial layer of the aorta, which was observed to be thicker in
both the Angll infused wild-type mouse and the ApoE~~ Angll infused model. Blue and yellow arrows correspond to axial and circumferential direc-
tions respectively. In the saline mouse aorta the expected waviness of the collagen fiber bundles is evident in both unpressurized and pressurized
states, while both the Angll infused wild-type mouse and the ApoE~~ Angll infused model aortas do not exhibit the expected waviness indicating
collagen crimp.

infusion. For the aneurysm model, only specimens that exhib- At the end of the 14 or 28 d vehicle infusion, mice were sacri-
ited aneurysm formation (defined as a > 50% increase in aortic  ficed and the unfixed aorta was isolated and surgically removed
diameter or the onset of dissection) and able to undergo full  (Fig. 7) for mechanical testing as reported previously.'? Briefly,
testing at the two time points were used in this study. an incision was made from the abdominal cavity to the thoracic
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Figure 4. Histogram bars show the overall collagen fiber orientations
through the adventitial layer of the aorta at 0 mmHg (Left), 50 mmHg
(Middle), and 100 mmHg (Right) pressurized states, with dashed bars
representing axial and circumferential directions respectively.
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cavity in order to carefully remove the viscera leaving the aorta
exposed along the back of the ventral cavity. The physiologic
strain was determined using markers placed on the aorta and
measured prior to and after excision and detachment. Once
excised from the ascending aorta to the iliac bifurcation, the
aorta was cleaned of excess perivascular tissue taking care not
to damage or tear the specimen. Proximal and distal segments
of the vessel were trimmed, and the suprarenal region of the
aorta was cannulated onto custom-pulled micropipette capil-
lary tubes and secured using cyanoacrylate adhesive gel. Any
large aortic branches were ligated using braided sutures. A small
annulus was cut adjacent to the section being tested and imaged
to give a mean value for wall thickness photogrammetrically
from three averaged measurements.

Mechanical testing and multiphoton imaging protocols.
Mechanical testing and imaging protocols have been described
previously.' Briefly, the specimen was mounted in the tubular-
biaxial assembly of our microbiaxial optomechanical device”
with markers for the strain vision system placed on the vessel.
The specimen bath contained PBS, pH-7.4, warmed to 37 =
0.7°C and was set over the strain vision system. A closed-loop
flow system with a syringe pump and pressure transducer con-
trolled luminal pressure within the specimen. A single stepper
motor and load cell within the bath allows control of axial dis-
placement and acquisition of axial loads using custom writ-
ten LabView program (National Instruments). Further details
on this device, its capabilities, and its resolutions have been
reported previously.?*

For mechanical testing, the original unloaded outer diam-
eter and axial length of the mounted specimen was interactively
determined by pulling on the specimen until the point where it
no longer bends and creases are not visible in the vessel at zero
pressure. The vessel was preconditioned by cycling through
axial displacements up to the previously determined physiologic
strain with concurrent pressurization of the vessel up to physi-
ologic ranges using 10 consecutive cycles. Biaxial data were
collected from a cyclic pressurization test consisting of pres-
surization from 0 + 2 mmHg to 100 + 2 mmHg while step-
ping through six equal axial displacements up to the physiologic
axial strain. Specimens were not inflated or stretched beyond
the physiologic values in order to ensure vessel integrity and
avoid damage to the ECM that might otherwise occur before
imaging. Outputs of the mechanical tests were the vessel radius,
axial stretch, lumen pressure and axial load.

Once the mechanical testing was complete the assembly was
placed underneath the Advanced Intravital Microscope (AIM)
for multiphoton imaging, where the laser power on the sam-
ple was 25 mW at an excitation wavelength of N = 780 nm.
Collagen visualization came from second harmonic genera-
tion (SHG) collected through a bandpass filter (377/50), while
autofluorescence emission from elastin is collected through
another bandpass filter (460/80). Further detail on the AIM
and the integration of our mechanical device into the AIM can
be found in Keyes et al.’' Each vessel was slowly displaced axi-
ally to the physiologic strain used in the mechanical test and
held for 3 min to eliminate any viscoelastic effects. Three image
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stacks were taken for each specimen, at pressurizations of 0 +
2,50 £ 2, 100 + 2 mmHg, using a 500 x 500 pm field of view
at 4 wm steps imaging from the adventitia into the lumen to
a depth of 100 pm. Cross-sectional images of the aortas were
obtained from vibratoming a portion of the previously mechan-
ically tested to obtain a cross-sectional slice and were again
taken using a 500 x 500 pm field of view with 4 wm steps up
to a depth of 100 microns. The individual SHG channel was
used to determine collagen fiber orientations using a custom
written fiber-orientation analysis script for MATLAB (R2013a,
MathWorks).?? Outputs of the image analysis were the mean
mode and full width at half max (FWHM), which indicate
the preferred fiber alignment and degree of fiber orientation,
respectively.

Data analysis and constitutive framework. Data post-
processing and constitutive formulation have been described
previously.'? Briefly, the biaxial data were post-processed using
MATLAB to give the mean circumferential and axial Cauchy

stresses using standard formulae:?333%
Pgri P,
0, = 0,, = —
06 ¢ Y2z A (1)

where P is the transluminal pressure, 7, is the deformed
(current) inner radius, # is the deformed thickness, P is the
axial load, and A is the deformed cross-sectional area. The tis-
sue was assumed to be incompressible, and using the previously
determined original thickness of the vessel, the deformed cross-
sectional area, thickness, and inner radius were determined.
Shear components were assumed to be negligible giving the
Green strains (E,,, £ ) for both the circumferential and axial

00’
directions as*®%’
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Egg = ;(r:—ozrg) yEzz = %(/1% -1 2)

where 7and 7 are the deformed and undeformed mid-thick-
ness radii of the vessel respectively, and \_is the axial stretch.
For constitutive modeling, the Cauchy stresses were then con-
verted to 2nd Piola Kirchoff stresses (S,,, S ) determined from
the deformation gradient tensor F and using S = J F'.0-F,

where / = det F = 1 for an incompressible material:"
PorTi Py

Seo = t(1+2Egq)’ "%~ A(1+2Ey) 3)

We employed a modified form of the Fung strain-energy
density function which has been shown to adequately describe
the anisotropic mechanical response®”® to quantify the biaxial
mechanical behavior. The specific form being;:

¢
W =2(e? - 1),Q = a1Egy + a:EZ, + 2a15E,,Eqg (4)

In this formulation, C is a model parameter associated with
initial slope of the mechanical response (having units of stress),
and «, and 4, are parameters associated with the circumferential
direction (80) and axial direction (zz) respectively (unitless),
and «,, is coupling model parameter between the two directions
(unitless). Taking the partial derivative of W with respect to E
gives the 2nd Piola Kirchoff stresses for which each specimen
was then fit using the constitutive relationship in SigmaStat
(v3.1, SPSS) and evaluated to obtain the output metrics of peak
strain (defined as the circumferential strain at maximum pres-
sure, i.e., 100 mmHg, and physiologic axial strain) and stiffness
(defined as dS/JE at the in vivo axial strain and peak circum-
ferential strain).
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Figure 6. Representative cross-sectional multiphoton images depicting
the collagen (red) found in the adventitia and elastin sheets or lipids
(green) of the media or dissected aneurysmal sacs for control (top),
ApoE~~ Angll infused model at 14 d (middle), and ApoE~~ Angll infused
model at 28 d (bottom).
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Statistical analysis. A repeated measures analysis of vari-
ance (ANOVA) was used to compare across the ApoE~~ Angll
infused model, Angll infused wild-type mice, and control
groups for each output metric to determine any correlations
in changes in mechanical behavior and changes in fiber direc-
tionality and dispersion. Pairwise comparisons were performed
post hoc to identify which groups were different, with p < 0.05
deemed statistically significant. Paired t-tests were used to com-
pare changes within each group for different pressurizations.
All statistical analyses were performed in SigmaStat.

Conclusions

In summary, our study, for the first time, quantified biaxial
mechanical behavior of the ApoE~~ Angll infused model of
aneurysm, while simultaneously quantifying changes in ECM
microstructure at multiple time pints. We found that although
a reduction in circumferential strain and an increase in cir-
cumferential stiffness continued between the 14 and 28 d time
points, this was not the case in the axial direction. This return
of some of the normal biomechanical function, in addition the
continuing changes that occur in the microstructure, suggest a
restorative response that occurs in the ApoE~~ Angll infused
model after the initial aneurysm formation. Although such
finding may cause some reservations about using the ApoE-'-
Angll infused aneurysmal model, it might be advantageous to
direct future efforts toward understanding and promoting such
remodeling, as such a restorative response could have a broader
impact on treatments for the human disease. Nevertheless, we
hope that the biomechanical material parameters and fiber
analysis provided here is able to provide a basis for future work
into modeling of aneurysmal progression the ApoE~- Angll
infused model of AAA.
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region of the ApoE~~ Angll infused mouse that is absent in the wild-type saline infused mouse.

Figure 7. Representative aortas that have been removed and cleaned of excess connective tissue from a control mouse (left), a 14 d ApoE~~ Angll
infused aneurysmal mouse (Middle), and a 28 d ApoE~~ Angll infused aneurysmal mouse (right). Arrows indicate an aneurysm in the suprarenal aortic
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