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Vasomotor activity of the major and cerebral arteries was studied in mice with chronic
obstructive pulmonary disease. Regional differences were revealed in the endothelium-
dependent response of arteries. The development of chronic obstructive pulmonary
disease was associated with a paradoxical response of the dilatational component of
vasoregulation against the background of increased constrictive influences of the vas-
cular endothelium in the major and cerebral vessels.
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According to principles of evidence-based medi-
cine, chronic obstructive pulmonary disease (COPD)
with various clinical manifestations belongs to a
group of systemic disorders [12]. Little is known
about the pathogenetic role of progressive decrease
in cerebral metabolism leading to mental distur-
bances [2,14]. The cascade of thanatogenesis is
induced by chronic hypoxemia and by hypercapnia
(in severe disease). Brain dysfunction in COPD
contributes to impairment of respiratory and vaso-
motor reactivity to hypercapnia due to a decrease
in the sensitivity of central chemoreceptors (up to
80% chemosensitivity to CO2) [15]. Change in cen-
tral vasomotor regulation results in inadequate
blood supply to various areas, including the brain
[15]. The vascular endothelium is an important re-
gulator of hemoperfusion in the brain [5,10,15].
Previous studies revealed specific endothelium-
dependent reactions in the cerebral arteries [11].
Endothelial dysfunction during COPD plays an im-

portant role in various stages of pathogenesis (from
the maintenance of systemic inflammation to the
formation of chronic pulmonary heart) [3]. It is
interesting to evaluate the role of the vascular
endothelium in dysfunction of cerebral circulation
during COPD.

Here studied vasomotor activity of the endo-
thelium in the major and cerebral arteries of mice
with COPD.

MATERIALS AND METHODS

Experiments were performed on male C57Bl mice
(n=40) aging 6-8 weeks and weighing 24.2±1.5 g.
The animals were maintained in a vivarium under
standard conditions and natural light/dark regimen
and had free access to water and food. The animals
were randomized into 2 groups (treatment group,
n=30; control group, n=10). COPD was induced by
the tobacco smoking protocol [13]. The animals
were subjected to tobacco smoke from 1 cigarette
3 times a day (2-h smokeless period between break-
fasts). This treatment was performed 5 days a week
for 5 months in a special smoking chamber. Smoke
from Prima cigarettes (tar 13 mg, nicotine 0.7 mg)
was produced by a smoking device.
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The development of COPD in treated mice was
verified histologically (emphysema and remodeling
of the respiratory pathway).

The animals were subjected to magnetic reso-
nance scanning. The mice were fixed with rometar
in a dose of 5.5 mg/kg (Xylazinum, Spora) and
immobilized with relanium (37 mg/kg intraperito-
neally). Magnetic resonance tomography (MRT)
was performed on a PharmaScan US 70/16 tomo-
graph for experimental studies (Bruker; magnetic
field strength 7.0 T, frequency 300 MHz, BGA 09P
coil). Anatomical and topographic characteristics of
the great and cerebral blood vessels were evaluated.
Frontal, sagittal, and horizontal sections were used
to get T2 tomograms and proton density-weighted
tomograms (RARE_8, MSME, and 3DTOF pulse
sequence). Occipital 3D construction of the vas-
cular bed was obtained using ParaVision 3.0.2 soft-
ware (Bruker).

Vasomotor responses were studied in the fol-
lowing pharmacological tests: endothelium-depen-
dent vasodilation (VDED, acetylcholine test); endo-
thelium-independent vasodilation (VDEI, nitroglyce-
rine test); endothelium-dependent vasoconstriction
(VCED, N-monomethyl-L-arginine (L-NMMA) test);
and endothelium-independent vasoconstriction (VCEI,
norepinephrine test) [4]. The diameters of the mid-
dle cerebral artery and carotid artery were mea-
sured before and after the test. Two points were set
by the cursor of a magnetic resonance tomograph
(adventitia/media boundary in the lateral arterial
wall and media/adventitia boundary in the medial
arterial wall). The vasomotor response was esti-
mated from changes in the diameter of the artery
during the test and expressed in percents of the rest
value. The index of regional correspondence was
calculated as the great/cerebral artery vasomotor
response ratio multiplied by 100 [5].

The results were analyzed by Excel 2003 soft-
ware. The significance of intergroup differences
was estimated by Student�s t test. The differences
were significant at p<0.05.

RESULTS

Magnetic resonance scanning showed that the ini-
tial diameter of vessels in COPD mice tended to in-
crease compared to control animals (Tables 1 and 2).

Endothelium-dependent stimulation was fol-
lowed by expected VDED in control animals. Equi-
valent stimulation caused paradoxical VC of the
cerebral and carotid arteries in COPD mice. It should
be emphasized that VC of the carotid arteries was
more pronounced compared to the cerebral arteries
(p<0.01). VDEI of the middle cerebral artery and

carotid artery in mice with COPD was much lower
compared to the control (by 4.5 and 3.25 times,
respectively, p<0.001). COPD was accompanied by
a decrease in VDED and VDEI. These changes were
primarily mediated by the endothelium-dependent
mechanism, which sometimes appeared as constric-
tive distortion (Tables 1 and 2).

Endothelial dysfunction is an essential com-
ponent in the pathogenesis of COPD and develops
at the early stage of the disease [3]. Inhibition of
endothelial function with irresponsiveness or inver-
sion of the response to relaxing influences can be
observed at the late stage of COPD [3,9]. The ef-
fect of acetylcholine depends on functional and
anatomical properties of the endothelium. Normal-
ly, acetylcholine binds to specific receptors on endo-
theliocytes and induces the cascade of NO syn-
thesis, which results in VDED. However, acetylcho-
line can cause contraction and VC during direct
interaction with smooth myocytes [1,8]. It means that
administration of acetylcholine to animals with intact
endothelium and preserved endothelial function leads
to arterial dilation. Endothelial dysfunction/damage is
accompanied by insufficient VD or pathological VC.
Pathological VC attests to severe damage to the endo-
thelium [6]. The decrease in the sensitivity of vascular
smooth muscle cells to nitrovasodilators is induced by
hypoxia typical of COPD [7,9]. COPD is also ac-
companied by remodeling of the arterial wall and in-
crease in vessel rigidity. Hence, the artery cannot
respond adequately to various influences [8,9].

Significant intergroup differences were revea-
led in constrictive vasomotor function of the vas-
cular endothelium. The VCED test showed that VC
of the middle cerebral artery in COPD mice was
2-fold higher than in control animals (p<0.01, Ta-
ble 1). Constriction of the carotid artery in response
to administration of L-NMMA was more pronoun-
ced in mice with COPD (by 1.7 times compared to
the control, p<0.01, Table 2). These data suggest
that COPD is accompanied by an increase in VCEI

and, particularly, in VCED of cerebral and major
arteries. VCEI of the major vessels increased com-
pared to the control. However, only slight changes
in VCEI were revealed in cerebral arteries. Our re-
sults demonstrate the existence of regional differ-
ences in vasomotor dysfunction in various regions
of blood flow during COPD.

The increase in VCED during COPD is associa-
ted with systemic inflammatory response, oxidative
stress, hypoxemia, and hypercapnia leading to in-
creased production of endothelin-1 and other con-
stricting agents by endotheliocytes and reduced
synthesis of endogenous NO and prostacyclin [3,9,
14]. The observed regional differences can result
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from high activity of the endothelial NO system
due to autoregulation of cerebral vessels [1,8].

For more comprehensive analysis of the ob-
served differences in vasomotor responses of the
vascular endothelium in cerebral and carotid arte-
ries vasomotor activity of the vascular endothelium
was analyzed by calculating the index of regional
correspondence. It was found that the vasomotor
response of the major arteries in the majority of
control mice was more significant compared to va-
riations in the diameter of the cerebral arteries.
Some authors reported that these features are deter-
mined by metabolic demands of blood-supplied re-
gions and specific autoregulation of cerebral blood
flow [9,11,13]. The mean index of regional cor-
respondence in control mice was 182.4±5.3 arb.
units. The vector of changes in the vascular lumen
was similar in mice with COPD. The increased index
of regional correspondence moderately increased
in these animals (237.4±6.2 arb. units), which was
mainly associated with changes in vasomotor acti-
vity of the carotid arteries (p<0.05 compared to
control mice). The increase in the index of regional

correspondence for the vasomotor response prob-
ably reflects inhibition of autonomic reactions in
cerebral arteries of COPD animals. Discrete ana-
lysis of variations in the index of regional correspon-
dence in COPD mice during each pharmacological
test revealed critical strain of the mechanisms for
regional coupling of the vasomotor responses. For
example, the index of regional correspondence for
VDED in COPD animals increased to 412.8±9.7 arb.
units (vs. 172.8± 6.1 arb. units in the control group,
p<0.001). Our results demonstrate exhaustion of
relaxation reserves in the cerebral arteries during
stimulation of NO expression. The index of regio-
nal correspondence for VDEI in COPD mice signifi-
cantly exceeded that in control animals (201.7±5.9
and 138.0±4.1 arb. units, respectively, p>0.01).
Hence, the cerebral arteries were much more rigid
than the major arteries under conditions of sys-
temic impairment of the total decrease in vascular
VD reactivity. The index of regional correspon-
dence for VCED decreased in both vascular regions
of COPD animals. The index of regional corre-
spondence in COPD mice and control animals was

TABLE 2. Vasomotor Function of Carotid Arteries (M±m)

Initial arterial diameter, mm 0.34±0.01 0.352±0.011

Arterial diameter in the acetylcholine test, mm 0.36±0.01 0.329±0.013

VD
ED

, % 7.33±0.64 �6.44±0.81***

Arterial diameter in the nitroglycerine test, mm 0.41±0.02 0.375±0.019*

VD
EI

, % 20.86±1.88 6.41±0.62***

Arterial diameter in the L�NMMA test, mm 0.27±0.01 0.23±0.02

VC
ED

, % �20.65±1.04 �34.11±4.71***

Arterial diameter in the norepinephrine test, mm 0.25±0.01 0.28±0.04

VC
EI

, % �25.51±1.31 �19.41±1.62**

Note. *p<0.05, **p<0.01, and ***p<0.001 compared to the control.

Parameter COPDControl

TABLE 1. Vasomotor Function of Cerebral Arteries (M±m)

Initial arterial diameter, mm 0.19±0.02 0.21±0.01

Arterial diameter in the acetylcholine test, mm 0.20±0.01 0.21±0.02

VD
ED

, % 4.26±0.88 �1.56±0.91*

Arterial diameter in the nitroglycerine test, mm 0.23±0.01 0.22±0.01

VD
EI

, % 15.07±2.42 3.20±1.01*

Arterial diameter in the L�NMMA test, mm 0.17±0.01 0.164±0.011

VC
ED

, % �11.49±0.93 �23.1±2.9*

Arterial diameter in the norepinephrine test, mm 0.18±0.01 0.191±0.029

VC
EI

, % �8.08±0.83 �10.43±1.92

Note. *p<0.001 compared to the control.

Parameter COPDControl
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147.8±4.5 and 179.1±4.7 arb. units, respectively
(p<0.001). Administration of norepinephrine to
COPD mice was accompanied by a decrease in the
index of regional correspondence to 186.5±4.1 arb.
units (vs. 211.9±8.3 arb. units in control animals,
p<0.01). Therefore, changes in the index of regio-
nal correspondence were most pronounced for the
dilatational vasomotor response. Regional incon-
sistency was maximum during endothelium-depen-
dent stimulation. These changes occurred against the
background of decreased physiological regional
differences in the constrictive response of the cere-
bral and major vessels in COPD mice.

Our results indicate that COPD is accompanied
by endothelial dysfunction of the cerebral and major
arteries, which results in a significant increase and
prevalence of arterial constriction. The develop-
ment of COPD is associated with paradoxical vaso-
motor response of the vascular endothelium in the
acetylcholine test. COPD in mice manifested in the
appearance of regional regulatory differences in
circulatory homeostasis. The excessive decrease in
dilation reserves of regional autonomy in the cere-
bral arteries was accompanied by asymmetric in-
crease in carotid constriction.

These data provide new insights into dysfunc-
tion of the cerebral arteries and specific regional
regulation of blood flow in COPD.

This work was supported in part by the Presi-
dium of the Far-Eastern Division of the Russian
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