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Abstract
In this paper, we describe the histological and contractile properties of the thoracodorsal artery
(TDA), which indirectly feeds the spinotrapezius muscle. Our results demonstrate that the TDA is
composed of approximately one-two layers of smooth muscle cells, is highly innervated with
adrenergic nerves, and develops spontaneous tone at intraluminal pressures above 80 mmHg. The
reactivity of the TDA in response to various contractile agonists such as phenylephrine,
noradrenaline, angiotensin II, serotonin, endothelin 1 and ATP as well as vasodilators show that
the TDA exhibits a remarkably comparable reactivity to what has been observed in mesenteric
arteries. We further studied the different components of the TDA response to acetylcholine and
found that the TDA was sensitive to TRAM 34, a blocker of the intermediate conductance
potassium channel, which is highly suggestive of an endothelium-dependent hyperpolarization.
We conclude that the TDA exhibits comparable characteristics to other current vascular models,
with the additional advantage of being easily manipulated for molecular and ex vivo vasoreactivity
studies.
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Introduction
The role of the skeletal muscle arteriolar network in the regulation of muscle blood flow is
particularly important during skeletal muscle contraction. In addition to the arteriolar
microvessels within the skeletal muscle, the terminal feed arteries, which are not encased in
the skeletal muscle, participate in the increased blood flow following muscle contractions
(45, 46, 66). The skeletal muscle arteriolar network has been studied using intravital
microscopy performed on several mouse preparations, including the gluteus maximus
muscle, the cremaster muscle and the spinotrapezius muscle (1–4, 34, 44, 52, 65, 73).

The use of spinotrapezius muscle preparations were first described by Gray in 1973 and
since then, the arteriolar network of the rat spinotrapezius muscle, as well as the proximal
arteries feeding this muscle, has been extensively described and functionally characterized
by Schmid-Schönbein and Zweifach in a series of publications (24, 61, 64, 65). In this
regard, important insights in the function of the spinotrapezius muscle microcirculation have
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been achieved in health and diseases (9, 44). However, the isolation of the arterioles within
the spinotrapezius muscle microcirculation has proven to be difficult due to their anatomical
location. We therefore hypothesized that examination of the upstream arteries, which are
more directly accessible to isolation, may provide an adequate vascular model system.

Similarly to its equivalent in the hamster (the retractor muscle), the mouse spinotrapezius
muscle is supplied by main feed arteries directly originating from an artery termed the
thoracordorsal artery (TDA) (16). Anatomically, the TDA is a branch of the subscapular
artery which arises from the axillary artery, a continuation of the subclavian artery
originating at the aortic arch. The TDA accompanies the thoracodorsal nerve to the lateral
border of the scapula which respectively supply and innervate that muscle region (41)
including the spinotrapezius muscle (64), the latissimus dorsi and the serratus anterior
muscles (15), the interscapular brown adipose tissue and the skin (21). Although the TDA
studied in the present paper is not a terminal feed artery of the spinotrapezius muscle, its
contribution to functional hyperemia in the rat spinotrapezius muscle has been suggested
(44). Indeed, Lash demonstrated that the upstream resistance of the spinotrapezius muscle,
consisting of the resistance of the arteries supplying flow to the feed arteries, including the
TDA, is significantly decreased during contraction of the spinotrapezius muscle (44). More
recently, evidence has indicated that the blood flow measured in the TDA is increased
during systemic hypoxia in rats, along with a decrease of TDA vascular resistance with a
drop of mean arterial pressure (31). These findings suggest the physiological implication of
the TDA in vascular functions and indicate that this artery may be particularly useful as a
vascular model system.

The purpose of this study was to carry out ex vivo studies of the mechanical and
physiological properties in the TDA including its histological description, the incidence of
myogenic tone and the reactivity to common vasoactive agents. In addition, the components
of the endothelium dependent relaxation to acetylcholine were studied. Our data imply that,
although anatomically the TDA is not a resistance artery, morphologically (e.g., the
presence of MEJs, 1 to 2 layers of smooth muscle cells), functionally (the presence of an L-
NAME/indomethacin insensitive relaxation to Ach and identical reactivity to second order
mesenteric arteries) and its role in feeding a load-bearing skeletal muscle show that this
artery is a valid vascular model system.

Material and methods
Animal

Male mice (12–16 weeks), strain C57Bl/6 were purchased from Taconic (Germantown, NY)
and used according to the University of Virginia Animal Care and Use Committee
guidelines.

Dissection of the thoracodorsal artery
Mice were sacrificed using CO2 asphyxia, placed in the lateral decubitus position and the
scapular area was sprayed with ethanol 70%. A 3 to 4 cm incision was performed and the
skin was carefully removed without affecting the superficial dorsal muscle underneath.
Tissues were constantly humidified with cold Krebs-HEPES containing (in mM) NaCl
118.4, KCl 4.7, MgSO4 1.2, NaHCO3 4, KH2PO4 1.2, CaCl2 2, Hepes 10, glucose 6 and
supplemented with 1% BSA. The removal of the skin revealed the superficial layers of the
dorsal musculature including the spinotrapezius muscle, the latissimus dorsi muscle and
triceps brachii muscle (forelimb, Figure 1A, B). Using microdissection while viewing
through a stereomicroscope (SZ61, Olympus), the latissimus dorsi muscle was removed to
access to the TDA underneath, lining the caudal side of the scapula (Figure 1C, D). The
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TDA is surrounded by fat tissue and by two veins (Figure 1E) which were carefully
dissected. Once free of surrounding tissues, about 10 to 15 mm length of the TDA was
isolated, cut in 3 smaller pieces for cannulation experiments and placed in cold Krebs-
HEPES to be used for up to 8 hours.

Histology
Mice were sacrificed using CO2 asphyxia, placed in the dorsal decubitus position. The chest
was opened and a 25G needle mounted on a syringe containing Krebs-HEPES calcium free
+ heparin (10 units/ml) was placed in the left ventricle of the heart and the right ventricle
was incised simultaneously. After perfusing 5 ml of the solution, the syringe was replaced
by a syringe containing 4% paraformaldehyde (PFA). After the PFA was perfused, the TDA
was isolated as described above, placed in 4% PFA for 1 hour at 4°C and then placed in 70%
ethanol until paraffin embedding. Paraffin blocks were processed for sectioning of 4–5μm
thick transverse sections, which were further stained with hematoxylin and eosin where
indicated.

Immuofluorescence
Mice were perfused transcardially as described above, TDA were isolated, placed for 30
minutes in blocking solution and incubated overnight with primary antibody (anti-tyrosine
hydroxylase 1/1000, Abcam; anti-nNOS 1/200, Abcam) at 4°C. The TDA was washed in
PBS and incubated with the corresponding secondary antibody coupled to Alexa Fluor 488
or Alexa Fluor 594 for 2 hours at room temperature. The TDA was washed in PBS, mounted
in DAPI ProLong Gold Antifade reagent (Invitrogen) and imaged with an Olympus
Fluoview 1000 confocal microscope.

Transmission Electron Microscopy
Mice were perfused transcardially as described above with 4% PFA + 2.5% glutaraldehyde.
The TDA was isolated, fixed with 1% osmium tetraoxide followed by dehydration in a
gradient of alcohol and embedding in Epon. Ultrathin sections (75 nm) were cut, carbon
coated and imaged with a JEOL 1230 as previously described (37).

Immunolabelling coupled to scanning electron microscopy
Mice were perfused transcardially as described above with 4% PFA + 0.5% glutaraldehyde,
TDA was isolated and the adventitia was removed using 1mg/ml collagenase type VIII
(Sigma) and 30% KOH as previously described (6). Vessels were then placed in blocking
solution for 30 minutes at room temperature and in primary antibody (anti-NG2, Chemicon)
overnight at 4°C. Vessels were washed in PBS and incubated with the secondary antibody
coupled to 25nm gold beads. Finally, vessels were fixed with 1% osmium tetraoxide,
dehydrated in a gradient of alcohol, coated with gold and visualized with a JEOL 6400
scanning electron microscopy as previously described (6).

Measurements of myogenic tone
The TDA were freshly isolated as described above and mounted in a pressure arteriograph
(Danish MyoTechnology) where they were maintained in a no flow state as previously
described (6, 67). After 30 minutes of equilibration at 80 mmHg, the TDA were subjected to
a gradient of pressure from 10 to 140 mmHg with a 5 minute stabilization period for each
pressure to measure the active diameter. The TDA was then incubated in Krebs-HEPES
calcium free supplemented with 2mM Ethyleneglycol-O, O′-bis(2-aminoethyl)-N, N, N′, N
′-tetraacetic acid (EGTA, Sigma) and 10 μM sodium nitroprusside (Sigma), the intraluminal
pressure was set at 80 mmHg for 30 minutes and the gradient of pressure was repeated to
measure the passive diameter. The myogenic tone was calculated at each pressure step
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following the equation: percent myogenic tone = [(passive diameter − active diameter)/
passive diameter] × 100.

Measurements of contractile properties
The TDA were mounted in a pressure arteriograph as described above and pressurized at 80
mmHg. Vessels were equilibrated for 30 minutes after cannulation and further stimulated
with cumulative concentrations of different vasoconstrictor agents: phenylephrine (PE, 10−8

to 10−4 M; Sigma), serotonin (5-HT, 10−9 to 10−6 M; Sigma), angiotensin II (Ang II, 10−11

to 10−6 M; Sigma), endothelin-1 (ET-1, 10−10 to 3.10−7 M; Sigma), noradrenaline (NA, 10−9

to 3.10−5 M; Sigma) or ATP (10−8 to 3.10−4 M; Sigma). In another set of experiments, TDA
were preconstricted with 50 μM PE for 15 minutes and then incubated with cumulative
concentrations of two different vasodilators: achetylcholine (Ach, 10−11 to 10−5 M; Sigma)
or adenosine (Ado, 10−10 to 10−3 M; Sigma). Where indicated, the nitric oxide (NOS)
inhibitor L-Nitro-Arginine Methyl Ester (L-NAME, 100μM; Sigma), the cyclooxygenase
inhibitor indomethacin (3 μM; Sigma) or the intermediate conductance potassium channel
blocker 1-[(2-chlorophenyl) diphenylmethyl]-1H-pyrazole (TRAM 34, 10 μM; Sigma) were
added to the bath and applied intraluminally. For each vessel, the luminal diameter was
measured after stabilization of the response to the given agonist.

Data analysis
Results are expressed in mean ± SEM. The degree of contraction was calculated according
to the following equation: Dago × 100/Dmax where Dago is the diameter of the TDA after
application of a given concentration of a given agonist and Dmax is the maximal diameter of
the TDA measured at the end of each experiment by applying Krebs-HEPES calcium free
supplemented with 2mM EGTA and 10 μM SNP to the TDA. The percentage of relaxation
was calculated as followed: (DAch − DPE) × 100/(Dmax−DPE) where DAch is the diameter of
the TDA after application of a given dose of Ach, DPE is the diameter of the TDA 15
minutes after application of PE, Dmax is the maximal diameter of the TDA determined as
described above. Cumulative concentration response curves to the different agonists were
fitted to the logistic equation using the Origin software in order to determine the maximum
effect and the EC50 of each agonist as previously described (7). Data were compared using a
one-way ANOVA and P<0.05 was considered significant.

Results
Histological properties of the TDA

Hematoxylin and eosin staining of the TDA revealed a thin tunica media separated from the
intima by the internal elastic lamina (Figure 2A). The adventitia appeared thick and fibrous.
One can also appreciate the abundance of adipose tissue around the TDA as well as the
presence of a vein lying parallel to the TDA as described above and shown in Figure 1. The
TEM technique allowed us to study the structure of the TDA wall with more precision and
revealed the presence of an endothelium separated from 1 to 2 layers of SMC by an internal
elastic lamina (Figure 2B). The SMC appeared to have an intercellular gap as previously
published by us, an observation made multiple times in several vascular beds in the mouse
(6). The smooth muscle cells surrounded the TDA in a wrapping manner (Figure 2C) and
abundantly expressed the cell surface proteoglycan neuron-glial antigen-2 (NG2, Figure
2D), a key marker for arterial smooth muscle cells that is not expressed in venous smooth
muscle cells (32, 53, 54).

In order to determine the innervation of the TDA, we stained for tyrosine hydroxylase and
neuronal nitric oxide synthase which are present in adrenergic nerves and nitrergic nerves
respectively (figure 3A and B respectively). Immunofluorescence experiments for these two
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enzymes performed on whole mounted TDA revealed that the TDA is richly innervated with
adrenergic nerves but poorly innervated with nitrergic nerves (Figure 3). To ensure that the
lack of nNOS staining in the TDA was not due to our immunofluorescence protocol, we
labeled a mouse mesenteric artery for nNOS, which revealed the presence of nitrergic nerves
in this artery (Figure 3C).

Contractile properties of the TDA
The diameter of the TDA was measured at different intraluminal pressures in presence of
calcium (active diameter) and in absence of calcium (passive diameter). Both active and
passive diameters remained equal when the TDA was pressurized up to 50 mmHg (Figure
4A). However, for intraluminal pressures of approximately 60 mmHg to 140 mmHg, the
TDA developed a myogenic tone with a maximum of 26.5 % at 130–140 mmHg (Figure
4B).

The response to different contractile agonists and vasodilators was studied on TDA in order
to characterize the pharmacological properties of the TDA. Stimulation of the TDA with PE
resulted in a maximal constriction of 41 ± 3 % of the maximal diameter at the dose of 10
μM with an EC50 of 1.28 ± 0.4 μM (Figure 5A and table 1). In comparison, TDA exhibited
an enhanced constriction in response to NA (Emax = 32.6 ± 1.4 % of maximal diameter) with
a slightly lower EC50 (0.67 ± 0.3 μM, Figure 5B and table 1). Stimulation of the TDA with
Ang II resulted in the lowest constriction with a maximum effect (67.0 ± 4.3 % of maximal
diameter) at approximately 30 nM Ang II and an EC50 of 4 ± 0.98 nM (Figure 5C and table
1). The TDA exhibited a low EC50 in response to ET-1 (4.3 ± 0.98 nM) and a high
constriction at 0.1 μM (Emax = 37.2 ± 1.4 % of maximal diameter, Figure 5D and table 1).
The TDA constriction in response to 5-HT is characterized by an Emax of 35.2 ± 2.1 % of
maximal diameter and an EC50 of 66.7 ± 23 nM (Figure 5E and table 1). Regarding the
stimulation to ATP, the TDA response revealed an EC50 of 32.3 ± 10.3 μM and a maximum
effect of ATP at a concentration of 0.3 mM (Emax = 33.4 ± 4.9% of maximal diameter,
Figure 5F, table 1).

The dilation to acetylcholine on TDA preconstricted with PE was maximal at 1 μM (97.8 ±
2.1 % relaxation) and the EC50 was 39.9 ± 13.0 nM (Figure 5G, table 1). In contrast, the
TDA did not competely dilate in response to the highest dose of adenosine (approximately
80% of relaxation at 1 mM) and the plateau of the dose response curve was not reached,
therefore, it was impossible for us to determine the EC50 and the Emax (Figure 5H).

Characterization of acetylcholine and phenylephrine responses
Cumulative concentrations of Ach were added to preconstricted TDA in presence of
different inhibitors of endothelium-dependant pathways known to induce vasodilation. The
maximum relaxation was decreased by the presence of L-NAME alone (blocking
endothelium dependant relaxation through NO) or added to indomethacin (blocking the
cyclooxygenase pathway) reducing the maximum relaxation from 98.2 ± 1.7 % in control
condition to 71.0 ± 5.3 % and 72.9 ± 12.1 % in presence of L-NAME alone and with
indomethacin respectively (Figure 6A and table 2). Conversely, the EC50 was increased
from 46.5 ± 16.8 nM to 302.1 ± 81.1 nM and 136.7 ± 50.2 nM in presence of L-NAME
alone and with indomethacin respectively (Figure 6A and table 2). The incubation of the
TDA with TRAM 34 (blocking intermediate conductance potassium channels, IKCa) with L-
NAME and indomethacin induced an additional reduction of Ach relaxation with an Emax of
37.0 ± 7.8% showing a role for IKCa in the L-NAME/indomethacin insensitive component
of Ach response in the TDA (Figure 6A and table 2).
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In control conditions, PE produced a constriction of approximately 50% of the maximal
diameter, which was further reduced when the TDA was incubated with L-NAME alone
(27.1 ± 2.4 % of the maximal diameter) and with indomethacin (29.0 ± 2.4 % of the
maximal diameter, Figure 6B). The addition of TRAM 34 to L-NAME and indomethacin
did not have any additional effect on PE response, reducing the diameter to 32.2 ± 3.3 % of
the maximal diameter (Figure 6B).

The presence of aL-NAME/indomethacin insensitive component in Ach response and the
role of NO in the PE response implied heterocellular communication between the smooth
muscle and the endothelium that may be facilitated by myoendothelial junctions (MEJ) (12,
18, 38, 62, 67). Therefore, we used TEM and identified multiple contact points between
smooth muscle cells and endothelial cells in the TDA (Figure 6C and D). The quantification
of MEJs revealed that the TDA contains 1.63 MEJs per 10 μm of internal elastic lamina.

Discussion
Because the TDA may play a role in important physiological functions such as blood
pressure and skeletal muscle blood flow regulation (31, 44), we sought to characterize the
TDA, the artery where the spinotrapezius main feed artery originates in order to use it as a
vascular model system (44). The mouse TDA is a long artery (about 10 to 15 mm) with a
maximal internal diameter of approximately 250 μm with one layer of endothelial cells and
one to two layers of smooth muscle cells. These characteristics are very similar to what has
been reported on the first or second order of the mouse superior mesenteric artery (5, 20,
72). In addition, the staining of the TDA for tyrosine hydroxylase, the rate-limiting enzyme
involved in the synthesis of catecholamines, revealed that the TDA is highly innervated with
sympathetic nerves. This result is consistent with a previous report in the rat using a
different technique for examining adrenergic fibers in which their density in the TDA was
higher compared to the downstream feed arteries (including the main feed artery and the
arcade arterioles of the spinotrapezius muscle), which makes the TDA the most innervated
artery upstream the spinotrapezius muscle in the rat (61). The high degree of adrenergic
innervation of the TDA is consistent with innervation of mesenteric arteries (26) and
implicates that sympathetic activity on this artery could be especially important for
physiological functions. However, our results indicated that the TDA is poorly innervated
with nitrergic nerve compared to the mesenteric artery. Nitrergic innervation of the
mesenteric artery has been shown to repress the adrenergic-dependent constriction in the rat
(27) and to modulate the calcitonin gene related peptide response in mouse (47). The
absence of nitrergic nerves in the TDA suggest that the neuronal control of vascular tone is
different in the TDA compared to the mesenteric artery.

In an attempt to compare the TDA to other commonly used small arteries, we first studied
the contraction developed by the TDA in response to increasing intraluminal pressures. The
myogenic tone observed in the TDA appeared at the intraluminal pressure of 70–80 mmHg
and the highest myogenic tone (about 25 to 30%) was observed at high intraluminal
pressures (130–140 mmHg). These results were somewhat different compared to myogenic
tone observed in the mouse second or third order of mesenteric artery or in the cremaster,
where the maximum myogenic response is approximately the same as the one observed in
the TDA, but the myogenic response is developed at lower intraluminal pressures (30, 40,
57, 74). This difference could be explained by the smaller size of the cremasteric and
mesenteric arteries and suggests that the TDA may play a role in the regulation of blood
flow at higher luminal pressures compared to the cremsteric and mesenteric arteries.

We further studied the contractile and dilatory abilities of the TDA in response to different
vasoactive agents. The TDA response to PE and NA were comparable to those reported for
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mouse in first to third order mesenteric artery (8, 13, 42, 48, 69). Additionally, we have
shown in a previous report that the PE response in the TDA is exclusively mediated by the
α1D-adrenergic receptor which has been already demonstrated in different vascular beds
such as the mesentery or the cremaster (6, 35, 70). Similarly, the response to 5-HT was
consistent with observations in the mesentery where the EC50 varies between 68.5 nM to
1.42 μM according to different studies (22, 49, 50). The contraction induced by application
of ET-1 and ATP to the TDA had a comparable Emax and EC50 to what has been reported in
the second order of mouse mesenteric artery (40, 42, 43, 56, 71). However, the TDA
exhibited a low response to Ang II compared to the other vasoconstrictors discussed above;
indeed, the maximum effect for Ang II was approximately 70% of the maximal diameter
whereas all the other vasoconstrictors induced a maximum effect between 30 and 40 % of
the maximal diameter. However, this observation has also been reported in several papers in
the second and third order of mesenteric artery (36, 43, 55, 68). Altogether, these results
demonstrate that the TDA exhibit similar responses to contractile agents compared to those
reported in the extensively studied mesenteric arteries, which makes the TDA an adequate
vascular model system for vasoreactivity studies.

The vasodilatory properties of the TDA were assessed using two different agonists: Ach
which induces an endothelium-dependent relaxation of the smooth muscle and Ado, known
to provoke a direct relaxation of the smooth muscle through A2 receptors (58). The
relaxation of PE-preconstricted TDA in response to Ach dilated the TDA to its maximal
diameter at 1 μM with an EC50 of 39.9 ± 13.0 nM (figure 5G and table 1) which is very
similar to Ach dilation performed on mesenteric arteries or cremaster arteries (10, 23, 29,
39, 49). Conversely, the diameter of the TDA did not reach its maximal value after
application of the highest dose of Ado that could be applied, due to the solubility limit of
Ado. Also, the TDA appeared to be less sensitive to Ado than to Ach as the effect of Ach
could be observed at low doses around 0.1 to 1 nM whereas the relaxant effect of Ado
started at 0.1 to 1 μM (figure 5G and H). Similarly to Ach relaxation, the response to Ado
was comparable to what has been observed in the mesenteric artery, showing that the TDA
is a satisfactory vascular model system (60).

Our results showed that the NOS blocker L-NAME alone or in addition to the
cyclooxygenase inhibitor, indomethacin, induced a decrease of the Ach relaxation which
was further reduced by the blocker of intermediate conductance potassium channels (IKCa),
TRAM 34, (Figure 6A). This result implies that the Ach response in the TDA is composed
of an endothelium release of NO and involves the IKCa channels, which is consistent with
observations reported in mesenteric artery and cremaster (10, 14, 19, 51, 73). The residual
Ach dilation observed after blocking of NOS, cyclooxygenase and IKCa could be attributed
to the small conductance potassium channels (SKCa) as their role in L-NAME/
indomethacine insensitive relaxation has been shown in the mouse mesentery and cremaster
as well as in the hamster retractor muscle feed artery (10, 14, 17, 19, 51). The sensitivity of
Ach response to L-NAME and to TRAM34 highly suggests that Ach relaxation in the TDA
involves both NO release from endothelial cells as well as an endothelium-dependent
hyperpolarization. As demonstrated in Figure 6B, the PE response is increased by inhibition
of NO production whereas indomethacin and TRAM 34 did not exert any additional effect,
suggesting that neither cyclooxygenase nor IKCa but only NO is involved in PE response in
TDA (Figure 6B). The PE response has been studied by us and others and it has been
suggested that the NO release is due to the passage of second messengers generated in the
smooth muscle by PE to the endothelium through heterocellular communication at the
myoendothelial junction (18, 67). Once the second messenger traverses the myoendothelial
junction, it activates the eNOS pathway, releasing NO which feeds back on the smooth
muscle resulting in the reduction of the contraction (18, 67).
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The study of the Ach and PE components strongly suggest that heterocellular
communication occurs between the smooth muscle and the endothelium in the TDA and our
results demonstrated the presence of multiple contact points between the smooth muscle
cells and the endothelial cells (i.e., myoendothelial junctions) in the TDA (18, 20, 29, 67).
This observation, in addition to others reported by our laboratory, is consistent with Schmid-
Schönbein’s study in the rat TDA where the authors describe the presence of fenestrations in
the elastic intima indicating endothelium and smooth muscle cells are in contact (64, 67).

In their study, the TDA appeared to be the first artery along the thoracodorsal arterial tree to
present myoendothelial junctions (64). Indeed, the authors were unable to observe such
fenestrations upstream of the TDA (in the axillary artery), whereas they became more
frequent in the feed artery just proximal to the muscle (64). Their observations are consistent
with previous reports showing very few to no MEJ in larger vessels and with the frequency
of MEJs increasing with decreasing vessel size (28). The presence of MEJs in the mouse
mesenteric and cremasteric arteries, as well as in the hamster retractor muscle feed artery,
has been commonly observed by different investigators, including ourselves (20, 33, 57, 63).

The MEJ was first described by Rhodin as a cellular extension of an endothelial cell
(primarily) or a smooth muscle cell pushing through the internal elastic lamina and being
within close apposition (59). The controversy regarding the presence of a direct connection
between the endothelium and smooth muscle, or a myoendothelial gap junction (“MEGJ”),
was raised by scattered reports in the literature using TEM where incomplete contact
between the two cell types was observed (25). This is not surprising considering the
difficulty in using TEM to define a classical gap junction in a structure that is already
smaller than 1 μm producing results which are suggestive at best and misleading at worst.
For this reason, many people have used immuno-TEM, immunocytochemistry on “holes” in
IEL, or dye coupling to define a connection between the two cell types (11, 20, 67).
Although these techniques have their own drawbacks, they are more telling than classical
TEM to define a “MEGJ.” In this paper, we demonstrate the presence of multiple MEJs in
the TDA but our TEM images do not provide any information on the presence of gap
junctions at the MEJ. However, in regards to the TDA, we have previously demonstrated a
key role for connexins at MEJs in the control of smooth muscle contraction by the
endothelium in response to PE with data showing that this control is most due to the passage
of inositol 1,4,5-trisphosphate through the MEJs (32, 33, 67).

Lastly, the TDA appears to possess satisfactory stability to make it a suitable vessel for ex
vivo study (6, 67). The vessels maintain a consistent contractility for up to 8 hours, develop
spontaneous tone, and react to a large range of vasoactive substances. Furthermore, the TDA
is a long artery (10 to 15 mm) with very few collaterals which makes it convenient for
cannulation experiments. The length of the TDA is also an advantage for experiments that
requires a high quantity of material such as western blot, RT-PCR or co-
immunoprecipitation (6, 67). Also, we have previously demonstrated that the TDA can be
used for transfection using the electroporation method, after which it is still viable for 24
hours, showing that the TDA is a resistant tissue (6, 67).

In summary, the TDA is the primary vessel of the extensively studied spinotrapezius muscle
arterial network, which we believe serves as an excellent model to study skeletal muscle
physiology in health and disease states. In this report, we present evidence that the TDA is
an ideal vascular model system as it behaves comparably to other small muscular arteries
commonly studied such as the mesenteric arteries, with the advantage of being a long and
robust vessel, which makes it adequate to study molecular and cellular mechanisms of
vascular functions.
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Perspectives

This study sought to characterize diverse functional and anatomical parameters of the
mouse thoracodorsal artery, which supplies blood to the mouse spinotrapezius muscle.
Our results show that the mouse thoracodorsal artery exhibit comparable functional and
histological characteristics to other small muscular arteries such as the mouse mesenteric
or cremasteric artery and the hamster retractor muscle feed artery. In sum, this artery
represents a suitable vascular model for a mouse muscular artery which could be used in
the future to study vascular function.
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Figure 1. Isolation of the TDA
A, lateral view of the right shoulder of a mouse. B, enlargement of the red box shown in A
describing the anatomy of the superficial muscles of the right shoulder of a mouse: 1:
spinotrapezius muscle; 2: latissimus dorsi muscle; 3: triceps brachii muscle (forelimb); 4:
position of the scapula. C, lateral view of the right shoulder of a mouse with a forceps
pulling the latissimus dorsi muscle, revealing the TDA. D, enlargement of the red box
shown in C. E, enlargement of the blue box in D. The purple box on the upper right shows a
zoom in view of the TDA (Ar) surrounded by two veins (V) located on the caudal boarder of
the scapula (designated by the arrow).
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Figure 2. Histological properties of the TDA
A, hematoxylin and eosin staining of a TDA cross section. B, representative transmission
electron microscopy image of a TDA transverse section. C, representative scanning electron
microscopy (SEM) of a TDA. D, immuno-SEM of a TDA for NG-2 where nanogold beads
were pseudocolored in pink for better visualization. Scale Bar in A: 50 μm. Scale bar in B: 5
μm. Scale bar in C: 10 μm. Scale bar in D: 1 μm. In A and B, the arrowheads indicates the
endothelium, the arrows designate the smooth muscle, “*” indicates the lumen and “a”:
adventitia, “v: vein, IEL: Internal Elastic Lamina.
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Figure 3. Innervation of the TDA
Immunofluorescent labeling of whole TDA with an antibody against tyrosine hydroxylase
(A) or against nNOS (B). Mesenteric artery was used as a positive control for nNOS (C).
Negative control using only the secondary antibody coupled to AlexaFluor 488 (D) or to
AlexaFluor 594 (E). The nuclei are stained with DAPI (blue) in A through E. Scale bar: 20
μm.
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Figure 4. Mechanical properties of the TDA
A, active (black) and passive (grey) diameters developed in response to stepwise increase in
luminal pressure applied to the TDA in presence or absence of calcium respectively. Active
and passive diameters are expressed in μm and were used to calculate the myogenic tone
(black) showed in B. n=5.
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Figure 5. Contractile properties of the TDA in response to vasoactive agonists
Constriction induced by phenylephrine (A, n = 5), noradrenaline (B, n = 4), angiotensin-II
(C, n = 7), endothelin-1 (D, n = 6), 5-HT (E, n = 4) ATP (F, n = 4). Relaxation induced by
acetylcholine (G, n = 6) and adenosine (H, n = 5) on TDA preconstricted with
phenylephrine (50 μmol/L). n values indicate the number of mice.
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Figure 6. Characterization of the components of PE and Ach responses
Effect of L-NAME, indomethacin and TRAM 34 on response to cumulative concentrations
of Ach (A) and on response to 50 μM PE (B). C, representative transmission electron
microscopy image of a cross section of the TDA. D: enlargement of the red and blue boxes
in C showing a myoendothelial junction. “*” indicates the lumen, scale bar in C is 2.5 μm. n
values indicate the number of vessels and the number in parenthesis corresponds to the
number of mice.
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