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Morphological and biomechanical study of abdominal aorta of rats submitted
to experimental chronic alcoholism!
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ABSTRACT

Purpose: To assess the influence of experimental chronic alcoholism in the morphology and biomechanics of the aorta, in
arat model. Methods: Forty-four Wistar rats were randomly divided into two groups of 22 animals each: in the alcoholism
group, the rats received water mixed to increasing concentrations of ethyl alcohol; and control group: the rats received
pure water for 180 days. The animals were then killed by an overdose of pentobarbital and the abdominal aortas were
excised for histological (hematoxylin-eosin, Masson, Calleja, and Picrosirius red stain), histomorphometrical, and
biomechanical analysis. Results: Histology and histomorphometry did not show differences in aorta morphology of both
groups. Biomechanical analysis showed a significantly greater yield point elongation in the alcoholic rat group (p<0.05).
Conclusion: Chronic alcoholism did not cause morphological alterations in the aortic wall but increased elongation,
without modifying any other mechanical properties.
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RESUMO

Obijetivo: avaliar a influéncia do alcoolismo cronico experimental na morfologia e biomecanica da artéria aorta de ratos.
Metddos: ratos Wistar foram divididos em dois grupos de 22 animais. Grupo alcoolista: os ratos receberam agua com
concentracdo crescente de etanol e ragdo ad libitum durante 6 meses. Grupo controle: 0s animais receberam agua e racédo
ad libitum pelo mesmo periodo. Os animais foram sacrificados com overdose de pentobarbital e as aortas abdominais
foram excisadas para realizacdo de histologia (hematoxilina-eosina, tricromio de Masson, Calleja, Picrosirius red),
histomorfometria e avaliagcdo biomecanica (carga maxima, alongamento na carga maxima, limite de proporcionalidade,
alongamento no limite de proporcionalidade e coeficiente de rigidez). Resultados: A histologia e a histomorfometria ndo
mostraram diferencas significantes na morfologia da aorta em ambos os grupos. A avaliacdo biomecénica mostrou aumento
do alongamento no limite de proporcionalidade no grupo alcoolista (p<0.05). Concluséo: o alcoolismo crénico experimental
ndo provocou alteracfes morfoldgicas na parede da aorta, mas causou aumento da sua elasticidade, sem modificar as
outras propriedades mecénicas avaliadas.

Descritores: Alcoolismo. Etanol. Aorta. Elasticidade.

Introduction

Alcoholism is a severe and widespread disease all over
the world. Approximately 70% of adult Americans drink
alcohol occasionally, and alcohol abuse affects 5 to 10% of
men and 3 to 5% of woment. Alcohol has been experienced
at least once by 69% of Brazilian people, being 77% men
and 60% women?. A study of psychiatric morbidity
performed in three Brazilian cities (Brasilia, Sdo Paulo, and
Porto Alegre) showed prevalence of alcohol abuse in 15.4%
menand 1.2% women®. In Brazil, alcoholism affects 12 million

people, accounting for 90% of drug addiction
hospitalizations®.

Chronic alcohol abuse is associated with increased
morbidity and mortality and may cause morphological
alterations in almost all body organs and tissues. Alterations
in liver, nervous and cardiovascular systems,
gastrointestinal tract, pancreas, skeletal muscle, and blood
cell are frequent. Also, incidence of hypertension and certain
cancers, as well as accidents and suicides increase with
alcoholism®%7. In contrast, epidemiological studies have
associated moderate alcohol consumption with a reduced
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incidence of cardiovascular disease®. Alterations in chemical
and structural properties of biological membranes are
reported after ethanol addiction®!. However, clinical
significance of the adverse effects of alcohol on the arterial
wall remains controversial. Some authors showed
morphological changes in the arterial wall***?13, while others
did not find any alteration'*. So, the objective of the present
study is to evaluate histopathology, histomorphometry, and
mechanical properties of the abdominal aorta of rats
submitted to chronic alcoholism. To our knowledge,
biomechanical properties of blood vessels in alcoholic rats
were not previously studied.

Methods

All procedures were performed in strict accordance to
the guidelines of the U.S. National Research Council’s
“Guide for the care and use of laboratory animal” (NRC
publication - 1996) and were approved by the local “Ethical
Committee for Animal Research”. Forty-four adult male
Wistar rats weighing 302.9 + 14.1 g were used. The animals
were randomly divided into 2 experimental groups of 22
animals each (control and alcoholic). Food and water were
given ad libitum to the control group. The alcoholic animal
group was fed with the same food, but received water with
increasing concentrations of sugar cane ethanol
(Pirassununga 51 — Miiller Liquor Industry, Ltd. Piracicaba,
SP, Brazil) ad libitum. The final ethanol concentrations in
drinking water were 10° in the first 7 days, 20° in the following
7 days, and 30° from the 14t day to the end of the study,
with 180 days of ethanol consumption.

The animals were kept in groups up to 5 rats per cage
inadry and airy place at steady and controlled temperature.
Food and liquid intakes were recorded daily in each cage.
Animal weight was determined weekly, always in morning
time. At the end of the observation period, the animals were
killed by an overdose of pentobarbital (HYPNOL® 3%,
Cristalia, Sdo Paulo, SP, Brazil) with the excision of the
abdominal portion of aorta and liver.

Liver samples were fixed in 10% formaldehyde and
stained with hematoxylin-eosin (HE) and aortic histological
examination was performed in 5 animals of each group
chosen at random. Aortic samples were fixed in 10%
formaldehyde and stained with HE, Masson, Calleja, and
Picrosirius red. Aortic slides stained with Calleja were sent
for histomorphometrical analysis using a LEICA DMLB
microscope. Digital images were processed in an IBM
personal computer using IPWIN32 software which was used
to calculate the proportion of collagen in the tunica media
and adventitia and the width of the media, adventitia, and
media + adventitia.

Aortic mechanical properties were studied in the 17
control and 17 alcoholic remaining rats. Before
biomechanical testing, the aortas were promptly immersed
in saline solution containing 0.25mg/mL of papaverine, to
relax the muscle bundles of the arteries, and to standardize
the state of muscle tension in all aortic samples®.

The biomechanical analysis was performed using a
EMIC DL 10.000 Universal Machine of Mechanical Assays
(Equipments and Testing Systems, Ltd. Curitiba, PR, Brazil).
The aortas were immediately fixed with grasping clamps
using smooth non-cutting metallic bars fastened with two
screws. The stretching speed was 30mm/minute and a 50N
load cell was used. Failure load, failure elongation, yield
point by Johnson’s method, yield point elongation, and
stiffness were obtained®®. Failure load may be defined as
the highest load tolerated by materials until rupture. Yield
point is the maximum tension value below which materials
comply with Hooke’s law (where tension-deformation
function is linear). Beyond the yield point, some degree of
lesion may be found and materials already present of plastic
deformation, making the return to initial length impossible,
even if loading stops. Failure elongation is the difference
between length in the failure load region and initial length;
yield point elongation is the difference between length in
the yield point region and initial length. Stiffness is the
linear and constant numeric relation between load and
elongation calculated at the yield point (Figure 1)*.
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FIGURE 1 - A: Load-elongation diagram showing the various segments of the curve: 1) accommodation; 2) elastic phase,
which higher point is called yield point; 3) plastic phase; and 4) rupture limit, which is the same of failure load
(Adapted from Carlstedt & Nordin, 198916) B: Loadelongation diagram of alcoholic group rat.
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The Student’s t test (two independent samples) was
used for the biomechanical results and width of the media
and adventitia. The proportion of collagen in these tunicas
was compared using the Mann-Withney test. Pearson’s and
Spearman’s coefficient was used for the correlation between
weight and biomechanical variables?’. Mean body weight
evolution of both groups along the experiment was
compared using the profile analysis®.

Results

Histological analysis of the liver in control animals was
normal, and steatosis was observed in the liver of all alcoholic
animal’s group. Mean weight of all rats increased along the
experiment but was significant higher in control rats than
that in alcoholic rats (p < 0.01) (Figure 2).

The biomechanical study showed that only the strength
at the yield point elongation increased in the alcoholic group
(1.94+0.92vs 2.54 £0.79, p< 0.05) (Figure 1, Table 1). No
correlation between the biomechanical variables and animal

weight was observed in both groups (Table 2). No
differences in the thickness of arterial tunicas (Figure 3,
Table 3) and proportion of collagen (Table 4) were found.
The pathologist observed no histological difference
between two groups in any case.
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FIGURE 2 - Mean values of body weight (gram) during the
study period.

TABLE 1 - Means, standard deviations, and statistical results of biomechanical variables in both groups.

Variable Control Alcoholic Statistical result
Failure load (N) 2.80+0.90 2.48+0.96 t=1.01 (p>0.05)
Yield point (N) 201+1.12 2.09+0.78 t=0.25 (p>0.05)
Failure elongation (mm) 3.42+0.99 3.51+0.81 t=0.27 (p>0.05)
Yield point elongation (mm) 1.94+0.92 254+0.79 t=2.05 (p<0.05)
Stiffness™ (N/mm) 0.80+0.41 0.73+0.17 z2=1.03(p>0.05)

N = Newton; mm = millimeter
*median + interquartil semirange

TABLE 2 - Person’s correlation coefficient between weights and variables studied in both groups.

Correlation with weigth

Control (p value)

Alcoholic (p value)

Failure load -0.09 (p>0.05) 0.12 (p>0.05)
Yield point -0.06 (p>0.05) 0.16 (p>0.05)
Failure elongation 0.11 (p>0.05) -0.31 (p>0.05)
Yield point elongation 0.09 (p>0.05) -0.25 (p>0.05)
Stiffness* -0.14 (p>0.05) 0.35(p>0.05)

* Spearman’s correlation coefficient

TABLE 3 - Means, standard deviations, and statistical results of thickness of the media and adventitia ()

of the aorta in both groups.

Variable Control Alcoholic Statistical result
Media + adventitia 197.948 +63.261 188.019+45.026 t=0.28 (p>0.05)
Media 87.407 +25.358 05.841+42.241 t=0.38 (p>0.05)
Adventitia 108.553 +35.335 91.258 +16.693 t=0.99 (p>0.05)
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TABLE 4 - Median, semi-amplitude, and statistical results
of collagen proportion (%) of the aortic media +
adventitia in both groups.

Variable Control Alcoholic  Statistical result

Collagen (%) 16.78+562 7.52+2.07 U=7.00(p>0.05)

FIGURE 3 - Histomorphometry of control rat’s aortic wall.
The arrows indicate measurements. (Callejas -
Original magnification: 200x). Digital image
obtained using IPWIN32 software.

Discussion

Alcoholism is associated with structural and functional
alterations of blood vessels. Decreased thickness of the
intima and media in the thoracic aorta was reported in
histological and ultrastructural studies with rats submitted
to chronic alcoholism®®. Another study reported
degeneration of the endothelial surface of myocardium
capillaries in mice treated with 15% ethanol for 3 months?®,
Sarphie et al.?® showed that alcohol caused structural
changes in hepatic sinusoids of rats. Vascular wall edema,
perivascular fibrosis, vascular sclerosis, subendothelial
humps, and vascular wall inflammation in intramyocardium
coronary arteries of alcoholic patients were observed in
another morphological study?. In the present study, no
differences in the thickness of arterial tunicas and proportion
of collagen were found, maybe because of variability which
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would demand for a greater sample size. Anyway, no
detectable histological difference was observed between
both groups by the pathologist.

Alcohol can exert direct actions on cerebral blood
vessels. Altura et al.* showed that alcohol caused
vasospasm in intact cerebral arterioles and venules and in
isolated cerebral arteries. The same authors described a
canine coronary artery vasospasm in an in vitro study*2. In
the same study, they also demonstrated that acetaldehyde,
which is the major metabolite of ethanol, produced relaxation
in coronary basal tone. However, the bulk of the evidence
suggests that ethanol increases coronary blood flow and
decreases coronary vascular resistance®.

Authors did not find alterations in the anatomy,
histology, histochemistry, and electronic microscopy of the
arteries, veins, and capillaries of rats receiving liquid diet
containing alcohol during one year®. Phillips?? observed
that the endothelial cells of brain blood vessels in rats
breathing continuous ethanol vapor during 3 weeks were
normal, which is in accordance to the present study, with
no histopathological alterations in the endothelium,
collagen, and muscle fibers found in comparison to controls.
Differences related to animal species, type of artery, and
experimental model may explain the discrepancies found in
literature. In the present study, the only biomechanical
difference observed was related to the increase in yield
point elongation in alcoholic group. In these words, the
aortas of alcoholic group stretched more than controls,
before irreversible changes occurrence. The highest aortic
elongation capacity in alcoholic rats might be due to either
lower collagen synthesis, increase in collagen lysis, or even
higher elastin synthesis, which were not detectable in our
microscopic studies. Santi*® observed an increase of non-
oriented collagen fibers in the media, suggesting that alcohol
interferes with collagen synthesis, and that the disorganized
increase of these fibers triggers a vascular fibrosis process.

Biomechanical parameters in blood vessels are
frequently used in the study about aneurism?, diabetes?%,
hypertension?®, age?, drug action?®2°% and exercise
training®. Tensile testing reflects ultimately the stiffness,
distensibility, elasticity and mechanical strength, of collagen
and elastin in aortic samples®. The extracellular matrix (ECM)
plays a critical role in the development, growth and
biomechanical properties of virtually every organ. The wall
of a vessel has a complex structure, and elastic properties
of the wall are affected mainly by the interrelation of collagen
and elastin®. The cross-links stabilize the collagen fibrils
and provide distensibility, elasticity and mechanical
strength to the blood vessels, but the excessive formation
of cross-links leads to the deranged biomechanical
properties of vessel tissue®.

Altered degradation of extracellular matrix (ECM)
underlies vascular remodeling, a hallmark in the
pathogenesis of another cardiovascular diseases including
hypertension and aneurismal dilatation®. The molecular
structure of collagen and elastin may alter the mecanical
properties of the aortic wall and change the aortic
susceptibility to hemodynamic injury. A primary increase in
the extensibility implies a secondary fibroproliferative
response of the aortic wall. The excess deposition or
alterations in collagen and elastin lead to increased stiffness
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at small “stress” values, which in turn may increase the
hemodynamic strain. Increased stiffness of the aorta may
be of pathogenic significance in atherosclerosis?®?, It is
impossible to rain any extrapolation of increased elongation
of aorta predisposing to aneurysm formation or influencing
systemic blood pressure levels.

The amount of aortic wall collagen and elastin was not
substantially changed by alcohol in the present study, as
determined by the histomorphometric study performed.

Further studies are necessary to unify eventual aortic
elastin and collagen quality changes after alcohol addiction
inducing biomechanical aortic properties alterations.

Conclusion

In conclusion, this study suggests that chronic
alcoholism does not promote morphological alterations in
rat abdominal aorta wall, but may increase its elongation,
without modifying any other mechanical properties. Further
analysis involving ultrastructural and biochemical
evaluation of aortic wall components are necessary to
explain these results.
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