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Introduction



Nitric oxide synthesis

Endothelial cell

NO



Arterial structure

1. tunica intima
2. tunica media
3. tunica externa
4. internal elastic lamina



The alteration of small and large 
arteries in hypertension

BP

Lumen diameter

Peripheral 
resistance 

The changes of the quantity & 
organization of smooth muscle 
cells (SMC) & extra cellular 
matrix (ECM) of tunica media

Impairment NO production 
in vascular smooth muscle



The stiffness of large arteries in 
hypertension



The control blood pressure

Treatment

Angiotensin-
converting enzyme 
(ACE) inhibitors

Angiotensin receptor 
subtype 1 antagonist

Long-acting Ca2+

channel blockers

Recent trials suggest that these different drugs may 
provide similar benefits between the drugs were noted

Whether treatment with ACE inhibitor, Ca2+ channel 
blocker, and their combination are able to prevent 
aortic stiffness by acting on the ECM composition and 
organization ???



Objective

• This study aimed at determining the 
quantitative alterations in the aortic wall in 
a NO deficiency situation and the 
efficiency of enalapril (ACE inhibitor) and 
verapamil (Ca 2+ channel blocker).



Methods



20 Wistar rats;  B M = 270±22 g, 
BP= 117±6 mmHg

After a 7-day equilibration period

Control group LN group LN+E group LN+V group

L-NAME 50 
mg/kg/day dissolved 
in drinking water

L-NAME + enalapril
maleate 15 
mg/kg/day

L-NAME + verapamil
hydrochloride 15 
mg/kg/day

The average daily water intake per animal was determined and 
used to dissolve drugs

body mass (BM) was measured

blood pressure (BP) was measured (the non-invasive method)

Materials & methods



At the time euthanasia (41 days)

BM and BP were measured

Deeply anesthetized 
(intraperitonial Thiopental) and 
sacrificed by exsanguination

The heart was 
removed

Thoracic aortic rings 
were exited 

Materials & methods



The left ventricle (LV) with 
the interventrilar septum 
was dissected 

The LV mass was 
determined on the day of 
sacrifice

LV mass/BM ratio

Aortic rings (5mm in length) of 
thoracic aorta proximal to the first 
intercostal artery

Thoracic aortaAortic ring

Immersed in freshly prepared 4% 
formaldehyde in 0.1 M phosphate 
buffer pH 7.4, 48 h

At least two different rings per animal, 
routine histological procedures and 
embedded using Paraplast plus 

Materials & methods



Cross section
Vertical section

3 µm thick sections were stained by 
hematoxylin-eosin and Masson’s trichrome

1. Aortic wall 
thickness

2. tunica media 
sectional area

3. surface density 
of lamellae 
(SV[lamellae])

4. smooth muscle cell 
nuclear profiles per 
section (SMC)

Materials & methods



1. Aortic wall thickness 2. tunica media sectional area

Materials & methods



Materials & methods

3. Number of smooth muscle 
cell nuclear profiles per 
section (SMC) 

4. surface density of 
lamellae (SV[lamellae])

4000 µm2 frame

SMC = 4000 µm2 frame X 
tunica media area

SV[lamellae]= (2I[lamellae])/LT

I [lamellae] = the number of lamellae
intersection with the cycloid arcs
LT = the total of test-line length

++



Results & Discussion



Blood pressure changes during the study



Alteration of the LV mass index
in different groups

Newman-Keus test: in signaled cases, when compared, p < 0.05
(a) when compared with control group; and (b) with LN group.



LV mass index

• Inhibition of NO synthesis also led to LV
hypertrophy,probably caused by pressure overload.

• contrasts with the fact that a prolonged use of a 
small dose of L-NAME (7.5 mg kg/day/during 6 months)
caused the reduction in LV weight and cardiac
myocyte size in rats (Oliveira et al. 2000)



Photomicrographs of aortic wall sections
stained with Masson’s trichrome.

Control group

LN group

LN+V groupLN+E group



Alteration of the mean aortic
thickness in different groups

Newman-Keus test: in signaled cases, when compared, p < 0.05
(a) when compared with control group

d1
d2



Alteration of the tunica media sectional
area in different groups

Newman-Keus test: in signaled cases, when compared, p < 0.05
(a) when compared with control group; and (b) with LN group.

d1
d2



Alteration of the smooth muscle cell
nuclear profiles per section

in different groups

Newman-Keus test: in signaled cases, when compared, p < 0.05
(a) when compared with control group; and (b) with LN group.

4000 µm2 frame

SMC = 4000 µm2 frame X 
tunica media area



Alteration of the SV [lamellae] in
different groups

Newman-Keus test: in signaled cases, when compared, p < 0.05 (a) when
compared with control group; and (b) with LN group, (c) with the LN+E group

SV[lamellae]= (2I[lamellae])/LT



Long-term effect of hypertension

Wall thickness

SMC & ECM

Compensatory vasoconstriction

Growth and remodeling responses due to growth
regulatory characteristics of the vasoactive
molecules



Aging
hypertension
in other diseases

Degenerative changes of elastin
increase in collagen fibers

Proliferation of muscle cells
Impairment in endothelium function

occur in the vessel wall

LN group

tunica media thickness

Enlargement of SMC

Result of this study

However, the underlying mechanisms of vascular structural
alterations are still poorly understood.

Alteration of arterial



Alteration of arterial

Arterial remodeling (SMC proliferation)

Acute sustained elevation of BP

Xu et al, 2001

arterial hypertrophy 
Blood flow

In hypertensive animals

Ueno et al, 2000
NOMajor 

machanism



• This study: L-NAME+enalapril or L-NAME+verapamil
showed a greater number of SMC nuclear profiles per
section of the aortic wall

• Evidence: the reduced and elevated blood flow in
resistant arteries produce, a decrease and an
increase in SMC number

• Chronic SHR : the treated with verapamil can be 
completely prevented changes of structural arteries
without mean arterial pressure

Verapamil



Verapamil is Ca2+ channel blocker

The vascular smooth muscle

vasodilation

The arterial thickening

Hypotensive effect

directly acts

An abdominal aortic
aneurism
increased arterial aortic
wall stiffness

double mechanism

Wilm
ink

et 
al, 

2002

Verapamil



Verapamil and enalapril

• NO deficiency causes vascular lesions, such as
perivascular fibrosis, medial thickening, and increased
intima/media or wall/lumen ratios in the mesenteric
microvascular beds, arterioles, coronary arteries, and
aorta

• This study; arterial wall thickening and consequent
hypertrophy of lamillar units of the tunica media 
caused the decrease in Sv (lamellae) were not entirely 
prevented or treated with administration of enalapril
or verapamil. 



Conclusion

• Hypertension, caused by NO synthesis inhibition in
rats, altered the aortic wall.

• Treatment with antihypertensive drugs, such as ACE
inhibitor enalapril and Ca2+ channel blocker verapamil,
leads to partial efficiency in preventing or treating
aortic wall tunica media hypertrophy,

• suggesting that these alterations are due to a 
mechanism other than blood pressure control,where
NO synthesis inhibition could be involved.
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where d is the distance between the lines of a testsystem,
I is the number of intersections of the structure
boundary with the lines, and LT is the total
length of the lines. The SV is a sensible (not robust)
estimate; the IUR sections premise needs to
be respected at first (Cruz-Orive andWeibel 1990).




