
Cite this article as: Kociszewska K, Deja MA, Malinowski M, Kowalówka A. Vasorelaxing properties of the perivascular tissue of the human radial artery. Eur J
Cardiothorac Surg 2022;61:1423–9.

Vasorelaxing properties of the perivascular tissue of the human radial
artery

Karolina Kociszewska *, Marek Andrzej Deja , Marcin Malinowski and Adam Kowalówka

Department of Cardiac Surgery, Medical University of Silesia, School of Medicine in Katowice, Katowice, Poland

* Corresponding author. Department of Cardiac Surgery, Medical University of Silesia, Warmi�nska 13A/5, Katowice 40-740, Poland. Tel: +48-666274951;
e-mail: karolina_kociszewska@interia.pl (K. Kociszewska).

Received 10 June 2021; received in revised form 7 December 2021; accepted 24 January 2022

Abstract

OBJECTIVES: Perivascular adipose tissue (PVAT) surrounding the human internal thoracic artery exhibits anticontractile and vasorelaxing
properties associated with the adipocyte-derived relaxing factor (ADRF). The goal of our study was to assess if perivascular tissue of the
human radial artery (RA) also exhibits such anticontractile/vasorelaxant properties. It could be especially relevant in preventing RA spasms.

METHODS: The study was performed on isolated segments of human pedicled RA. Its skeletonized fragments were suspended on stainless steel
wire hooks and gradually contracted with serotonin to establish the concentration–effect relationship in the presence/absence of PVAT.
Skeletonized arterial segments were precontracted with a single dose of 10-6 M serotonin (EC80). The 5-ml PVAT aliquots (from PVAT incubated
in Krebs–Henseleit solution) were transferred to the RA tissue bath resulting in its relaxation. Subsequently, we investigated if ADRF is dependent
on endothelial vasorelaxants (nitric oxide and prostacyclin). We attempted to find the potassium channel responsible for mediating the activity
of ADRF using different potassium channel blockers.

RESULTS: RA without PVAT contracted more strongly in response to serotonin compared to RA with PVAT [Emax: 108.3 (20.2) vs 76.1
(13.5) mN]. The PVAT aliquot relaxed precontracted RA rings at 43% (2.4%) [72.2 (15.6) to 41.0 (5.6) mN]. ADRF is independent of endothe-
lial vasorelaxants; hence, the addition of NG-monomethyl-L-arginine and indomethacin did not change the vasorelaxant response.
Neither of the potassium channel blockers participated in the activity of ADRF.
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CONCLUSIONS: PVAT of human RA exhibits anticontractile/vasorelaxant properties that are inherently associated with ADRF secretion.
We confirmed the endothelial-independent mechanism of the activity of ADRF. However, we failed to find the potassium channel respon-
sible for the action of ADRF.

Keywords: Radial artery • Perivascular adipose tissue • Potassium channel blockers • CABG • Internal thoracic artery

ABBREVIATIONS

ADRF Adipocyte-derived relaxing factor
ANOVA Analysis of variance
ITA Internal thoracic artery
KATP Adenosine triphosphate-dependent potassium

channel
KCa KCNQ delayed-rectifier Ca2+-sensitive large-con-

ductance potassium channel
KIR Inward recitifier potassium channel
NO Nitric oxide
PVAT Perivascular adipose tissue
PVRF Perivascular tissue-derived relaxing factor
RA Radial artery

INTRODUCTION

In 1973, Carpentier indicated the radial artery (RA) as a graft of
second choice in coronary artery bypass grafting [1]. Many stud-
ies, like the Radial Artery Patency Study or the Radial Artery
Patency and Clinical Outcomes trial, confirmed its benefits, like
long-term patency [2]. Some of the unique morphological prop-
erties of the RA together with the endo- and paracrine activities
of its endothelium [capable of the release of nitric oxide (NO)
and prostaglandin I2 (prostacyclin)] determine the superiority of
the RA graft in comparison to the saphenous vein [3, 4]. Still,
many surgeons feel that, due to its specific muscular nature, it is
susceptible to spasm, which in turn could promote early graft
failure [5, 6]. Indeed, thick, muscular media together with hyper-
plasia of intimal cells may easily endanger the patency of the
small-lumen RA graft [5]. On the other hand, the preserved re-
activity of the arterial conduit may be beneficial in the long run
by adjusting the blood flow according to need and preventing
blood stasis within the conduit.

Our previous studies confirmed that the perivascular tissue of
the human internal thoracic artery (ITA) exerts an anticontractile
effect on the underlying vascular wall and that this effect is asso-
ciated with the release of adventitia or adipocyte-derived relax-
ing factor (ADRF)/perivascular tissue-derived relaxing factor
(PVRF) [7, 8]. ADRF, first described by Soltis and Cassis in 1991,
attenuates the constrictive vascular response to plenty of vaso-
active agents, independently of the endothelium and NO or
prostacyclin release [4, 7, 9]. It acts by activating the potassium
channels: Kv in the mesenteric arteries of rats and mice; KCNQ
delayed-rectifier Ca2+-sensitive large-conductance potassium
channel (KCa) in the aortas of rats and mice; and the adenosine
triphosphate-dependent potassium channel (KATP) in humans,
where it potentially participates in ADRF-mediated relaxation [10,
11]. We concluded that harvesting the ITA as a pedicle might
therefore be beneficial [7, 8]. Whether perivascular fat surround-
ing the RA is also a source of ADRF remains unclear. The answer

to this question might be especially important because, with the
advent of the endoscopic technique, RA is more and more often
harvested skeletonized. If the perivascular adipose tissue (PVAT)
surrounding the RA exhibits anticontractile/vasorelaxing proper-
ties, preserving the RA pedicle could help to prevent postopera-
tive vasospasm and potentially improve its physiological
properties as a coronary artery graft.

Thus, our study was designed to identify the anticontractile/
vasorelaxing properties of PVAT surrounding the human RA and
determine if those properties are associated with a transferable
vasorelaxing factor. We also attempted to determine the mech-
anism of ADRF/PVRF.

MATERIALS AND METHODS

The study lasted from October 2016 until April 2020. The experi-
ments were performed in an isolated organ laboratory belonging
to the Department of Cardiac Surgery in Katowice, Poland. The
study was performed on isolated segments of human RA dis-
carded during coronary artery bypass grafting for stable coronary
artery disease after the conduit had been trimmed to the length
necessary for revascularization.

The exclusion criteria were age >70 years, concomitant dis-
eases at an advanced stage and a concomitant cardiac proced-
ure. The inclusion and exclusion criteria were similar across the
different experiments; however, in every experiment, we used
material from different patients.

Ethics statement

The local bioethics committee (Bioethics Committee of the
Medical University of Silesia, Katowice, Poland) agreed to the
study and granted the waiver for the use of this waste tissue with-
out obtaining patients’ informed consent (approval number:
KNW/0022/KB/186/16). The recruitment was not consecutive. All
RA grafts were harvested pedicled using an open surgical tech-
nique. The discarded fragments of RA were placed in cold (4�C)
calcium-free modified Krebs–Henseleit solution (123 mM NaCl,
4.7 mM KCl, 1.64 mM MgSO4, 24.88 mM NaHCO3, 1.18 mM
KH2PO4, 5.55 mM glucose, 2 mM sodium pyruvate, pH 7.4). They
were transferred immediately to the laboratory and dissected
free of the surrounding PVAT. Next, they were divided into 3-
mm-long rings and suspended on stainless steel wire hooks in
the 20-ml organ bath chamber filled with oxygenated (95% O2,
5% CO2) Krebs–Henseleit solution (119.0 mM NaCl; 4.70 mM KCl;
1.6 mM CaCl2; 1.2 mM MgSO4; 25.0 mM NaHCO3; 1.2 mM
KH2PO4; 11.01 mM glucose; 2.0 mM sodium pyruvate 2.0; pH
7.4). We maintained a temperature of 37�C. The Schuler isolated
organ bath (Hugo Sachs Elektronik; March-Hugstetten, Germany)
was used. Vessel wall tension was measured with the isometric
force transducer F 30 (Hugo Sachs Elektronik); the signal was
enhanced with bridge amplifier type 336 (Hugo Sachs Elektronik)
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and recorded using the PowerLab/4SP system and Chart software
(AD Instruments, Chalgrove, Oxfordshire, UK). After 15 min of ini-
tial incubation, the standardized procedure described by Mulvany
and Halpern [12] was applied to normalize vessel wall tension and
diameter. It set every vessel to 90% of the diameter it would have
had in vivo when relaxed and under the transmural pressure of
100 mmHg using Laplace’s law: P = 2T/d. Subsequently, the vessel
was left to stabilize for 30 min. To check for the viability (contract-
ile response) of the artery, we applied 60 mM KCl with subse-
quent washout before starting the experiment. To confirm
endothelial integrity, 10-5 M acetylcholine was used at the end
of every experiment.

Experiment 1

The first part of the bioassay was designed to prove the anticon-
tractile properties of RA PVAT. Thus, we compared the reactivity
of the RA to serotonin in the presence or absence of perivascular
tissue obtained from 15 patients. The RA fragment was divided

into two 3-mm skeletonized segments. Both segments were
studied simultaneously, 1 with perivascular tissue floating freely
in the bath (PVAT+) and the other alone, without PVAT (PVAT-).
The mean weight of the PVAT used in the experiment was
573 ± 360 mg. Both arterial rings were simultaneously gradually
contracted with serotonin starting from 10-9 M and rising in
negative logarithm half molar cumulative steps up to 10-4.5 M to
establish the concentration–effect relationship in the presence/
absence of PVAT (Fig. 1A). Then, after washout, PVAT was trans-
ferred from 1 bath to another, and the concentration-response
curves to serotonin were reconstructed. This way we obtained 2
consecutive concentration-response curves in each RA ring while
switching the order of the (PVAT+/-) conditions.

Experiment 2

The second part of the bioassay was designed to assess the vaso-
relaxing properties of human RA PVAT. However, this time we
transferred the PVAT aliquot instead of the perivascular fat. RA

Figure 1: (A) One segment was incubated with perivascular adipose tissue and the other without perivascular adipose tissue. First, both arterial rings were gradually
contracted with serotonin starting from 10-9 M and rising in negative logarithm half-molar cumulative steps up to 10-4.5 M to establish the concentration-effect rela-
tionship in the presence/absence of perivascular adipose tissue. After washout and transfer of loose perivascular adipose tissue, the concentration-response curves
with the same contractile factor were reconstructed. (B) Both arterial rings were precontracted with a single dose of 10-6 M serotonin. The perivascular adipose tissue
tissue was floating freely in the solution during the experiment, presumably releasing adipocyte-derived relaxing factor into the bath. Having achieved a plateau of the
contraction to serotonin, the 5-ml perivascular adipose tissue aliquot was added to 1 arterial segment with another one serving as a control. Various levels of relax-
ation were observed after adding the perivascular adipose tissue aliquot. (C) After washout and a stabilization period, we added NG-monomethyl-L-arginine to the
first 5 specimens and indomethacin to the next 5 specimens. After incubation, we observed the contraction of 1 arterial segment in response to a single, submaximal
dose of serotonin and then some relaxation associated with the perivascular adipose tissue aliquot. (D) After washout and the stabilization period, we added potas-
sium channel blockers. After incubation, we observed the contraction of 1 arterial segment with a single, submaximal dose of serotonin and then some relaxation/
contraction associated with the 5-ml perivascular adipose tissue aliquot. INDO: indomethacin; K+ blocker: potassium channel blocker; L-NMMA: NG-monomethyl-L-
arginine; PVAT: perivascular adipose tissue; PVAT aliquot: Krebs–Henseleit solution with incubated PVAT; Ser: serotonine.
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segments, obtained from 12 patients, were each divided into 2
skeletonized 3-mm rings and were suspended on 2 stainless steel
wire hooks. The PVAT remaining from skeletonization was incu-
bated separately in another organ bath chamber under the same
conditions in the Krebs–Henseleit solution for at least 1 h. This
way we obtained the PVAT aliquot. The mean weight of PVAT
was 727 ± 293 mg. After equilibration, stabilization and normal-
ization, both preparations were precontracted with a single dose
of 10-6 M serotonin at a concentration equivalent to the submax-
imally effective (EC80) concentration in experiment 1. Serotonin
was added also to the chamber with freely floating PVAT to
maintain the concentration of the vasoconstrictor in the PVAT
aliquots equal to that in the arterial ring bath.

The 5-ml PVAT aliquot was transferred to 1 of the serotonin
precontracted arterial segments with another one serving as a
control. Next, both arterial segments were washed and precon-
tracted again, and the PVAT aliquot was added to the segment
that previously served as a control (Fig. 1B).

Experiment 3

The primary part of the third experimental protocol is the same
as that in the second experiment. We obtained the RA rings from
10 patients. The mean weight of PVAT used in the experiment
was 622 ± 285 mg. Thus, the RA was divided into 2 skeletonized
segments while the remaining PVAT was floating freely in the
separated bath chamber. After preparation, both arterial seg-
ments were precontracted with a single, submaximal dose of
serotonin—10-6 M. By analogy, the same dose of serotonin was
added to the chamber with PVAT. After the plateau phase of
contraction was achieved, the 5-ml PVAT aliquot was trans-
ferred to 1 of the serotonin precontracted arterial segments
with another one serving as a control. After the washout and
stabilization period, we added NG-monomethyl-L-arginine
(10-4 M) to the first 5 specimens and indomethacin (10-5 M) to
the next 5 specimens. After �30 min of incubation, we added a

submaximal dose of serotonin and subsequently a 5-ml aliquot
of PVAT (Fig. 1C).

Experiment 4

The first phase of the experimental protocol was the same as in
the 3rd experiment. We obtained RA rings from 56 patients.
However, this time, instead of endothelial vasorelaxants blockers,
we added potassium channels blockers, such as:

1. BaCl2 = 100 lM (416.5 lg) (n = 8)—inward rectifier potassium
channel (KIR) blocker

2. Tetraethylammonium = 1 mM (3.3142 mg) (n = 8)—non-select-
ive BKCa blocker

3. Apamine = 1 lM (40.54 lg) (n = 8) – SKCa blocker
4. 4-Aminopyridine = 1 mM (1.8824 mg) (n = 8) and 5 mM

(9.412 mg) (n = 8)—Kv blocker
5. Iberiotoxin = 100 nM (8.46 lg) (n = 8)—selective BKCa blocker
6. Glibenclamide = 10 lM (988 lg) (n = 8) and 5 lM (494 lg)

(n = 4)—KATP blocker.

The mean weight of PVAT used in the experiment was
711 ± 308 mg. After a 30-min incubation period, we added a sin-
gle, submaximal dose of serotonin and subsequently a 5-ml ali-
quot of PVAT (Fig. 1D).

Statistical analyses

Vessel wall tension was measured and expressed in mN (milli-
newton). The artery contraction was measured as an increase in
the vessel wall tension above the resting tension. The relaxation
was assessed as the decrease in wall tension from the precon-
tracted level and expressed as a percentage of the contraction
obtained with serotonin. The perivascular tissue weight is pre-
sented as the mean with standard deviation.

We present the contraction responses as mean ± SEM and
compare them at each concentration level using the paired
t-test. The concentration–effect relationship is estimated with
regression analysis using the general logistic equation of Hill
and Langmuir:

Figure 2: The presence of perivascular adipose tissue in the bath caused a sig-
nificantly lower maximal response to serotonin compared to the preparation
without perivascular adipose tissue. Removing perivascular adipose tissue
resulted in the augmentation of the contraction response to the vasopressor in
the donor vessel, whereas the transfer induced the decrease of Emax in the re-
cipient preparation. The concentration-response relationship pooled from 2
curves showed that the presence of perivascular adipose tissue in the bath
caused decrease of Emax in response to serotonin (Emax: 108.3 ± 20.2 vs
76.1 ± 13.5 mN). PVT = PVAT: perivascular adipose tissue.

Figure 3: Serotonin elicited a contraction of the radial artery of 72.2 ± 15.6 mN.
The addition of 5 ml of the perivascular adipose tissue aliquot to the skeleton-
ized radial artery induced approximately a 43% decrease in Emax in response to
serotonin (72.2 ± 15.6 to 41.0 ± 5.6 mN). No significant relaxion was observed in
the control arterial segment (68.1 ± 14.7 vs 66.6 ± 9.9 mN). PVT = PVAT: perivas-
cular adipose tissue; Ser: serotonin.
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E ¼ Emax � Dn

Dn þ Kn
D

where E is the effect, Emax is the maximal effect, D is the concen-
tration, KD is the drug–receptor complex dissociation constant
equal to the concentration causing half-maximal effect (EC50)
and n is the Hill coefficient. Data from 2 concentration-response
curves obtained in the presence of PVAT were pooled into 1 re-
gression analysis. A separate regression analysis was performed
for data obtained in the absence of PVAT. The parameters of the
regression analysis within every experiment were compared
using the Student’s t-test.

In the third and fourth experiments, the parameters of relax-
ation in both the control and the study groups were compared
using the Student’s t-test and two-way repeated measures of ana-
lysis of variance (ANOVA)—two-factor repetition, where the PVAT
aliquot was 1 factor and the presence of an adequate inhibitor
was another factor.

In all of the statistical analyses, P < 0.05 was considered signifi-
cant. All analyses were performed using SigmaPlot 12.5 and
Sigma Stat 3.5 Software (Systat, Inc., San Jose, CA, USA).

RESULTS

Experiment 1

If perivascular tissue had secreted ADRF into the bath, the contract-
ile response of the vessels would have been affected. PVAT floating
in the tissue bath resulted in a significantly lower maximal response
to serotonin compared to the preparation without PVAT (Fig. 2).
PVAT removal resulted in an increase of contraction in response to
the vasopressor in the donor’s vessel, whereas the transfer induced a
decrease of Emax in the recipient preparation. The estimated max-
imal contraction in response to serotonin was 108.3 (20.2) mN and
decreased to 76.1 (13.5) mN by the presence of PVAT in the tissue
bath (P < 0.0001; n = 15). The EC50 for serotonin was not changed by
the presence or absence of PVAT in the solution (3.57 � 10-7 ± 3.70
� 10-7 M vs 3.45� 10-7 ± 3.18� 10-7 M; P = 0.3).

Experiment 2

Serotonin (10-6 M) elicited a contraction of the RA [72.2 (15.6)
mN]. The addition of 5 ml of PVAT-treated solution relaxed RA to
41.0 (5.6) mN (P < 0.001; n = 24). No significant relaxation was
observed in the control arterial segment [68.1 (14.7) vs 65.6 (9.9)
mN, P = 0.4; n = 24] (Fig. 3).

Experiment 3

Both NG-monomethyl-L-arginine and indomethacin had no im-
pact on perivascular tissue anticontractile properties (Table 1).

Experiment 4

Two-way repeated measures of ANOVA showed a significant impact
of the PVAT aliquot on vessel relaxation; however, the test did not
confirm the influence of any potassium channel blocker on the re-
laxation induced by the PVAT aliquot. ANOVA merely confirmed
the significant impact of barium chloride on the vessel wall tension.

The results are presented as tables in the Supplementary
Material.

DISCUSSION

Our study confirmed for the first time that the perivascular tissue
of the human RA exhibits anticontractile/vasorelaxant properties.
Transfer of the Krebs–Henseleit solution treated with PVAT into
the organ chamber containing the skeletonized RA resulted in its
relaxation. At the same time, PVAT attenuated the contractile re-
sponse of RA to serotonin. Because the effect is transferable with
a PVAT-treated solution, it seems likely that this effect is medi-
ated by ADRF released from the perivascular tissue surrounding
the RA, as is the case with the human ITA.

The RA is much more difficult to examine and more demand-
ing in comparison to the human ITA. It requires a longer period
of normalization or stabilization, and it often escapes outside the
frames of predicted activity. Because its capacity to strong con-
traction exceeded the scale, more than once we were prevented
from completing the experiment. Because the intensity of both
contraction and relaxation is different in every specimen, we
decided to take into account the relative level of relaxation. We
compared specific contraction and relaxation levels between the
study and the control groups in a specific specimen. Hence, we
obtained diverse levels of dilation, fluctuating between 11% and
43%. Actually, a few factors should be considered as the reasons
for this discrepancy, such as the different clinical state and
pharmacotherapy of each patient, the various histological struc-
tures (domination of white adipose tissue or brown adipose tis-
sue) or even the different weights of the perivascular tissue.

In the first experiment, we proved that PVAT exhibits anticon-
tractile activity even without continuity with the vascular wall.
Indeed, PVAT remained after skeletonization was floating freely

Table 1: Influence of nitric oxide and prostacyclin inhibitors influence on the anticontractile properties of perivascular adipose tissue

L-NMMA (-) L-NMMA (+) P-Value

PVAT (+) 20 ± 2.9% 31 ± 11.8% L-NMMA (-) versus L-NMMA (+) = 0.151
PVAT (-) -21 ± 9.2% 6 ± 11.9%
P-Value PVAT (+) versus PVAT (-) = 0.005 PVAT (+) � L-NMMA (+) = 0.223

INDO (-) INDO (+) P-Value
PVAT (+) 23 ± 8.3% 15 ± 3.8% INDO (-) versus INDO (+) = 0.167
PVAT (-) 15 ± 5.4% 4 ± 2.6%
P-Value PVAT (+) versus PVAT (-) = 0.006 PVAT (+) � INDO (+) = 0.545

INDO: indomethacin; L-NMMA: NG-monomethyl-L-arginine; PVAT: perivascular adipose tissue.
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in the organ bath chamber with a denuded arterial ring, presum-
ably releasing ADRF/PVRF into the bath.

In the second experiment, we showed that ADRF/PVRF not
only acts in the presence of PVAT but is being released into the
bath chamber during incubation. Moreover, it could be trans-
ferred to another bath chamber in the aliquot without loss of
vasorelaxing/anticontractile properties.

Simultaneously, we should bear in mind that when we add the
PVAT aliquot or the PVAT itself floats freely in the bath separated
from the vascular wall, ADRF/PVRF acts on both sides of the ar-
terial ring—intraluminally or externally. The vast majority of stud-
ies analysed ADRF secretion in physiological conditions with
unseparated PVAT [10, 13–16]. We did not observe a particular
difference in the intensity of contraction for serotonin independ-
ently from PVAT floating freely or the addition of a PVAT aliquot.
Thus, our bioassay revealed, in part, the nature of ADRF, which
could act with or without continuity with PVAT.

We confirmed that ADRF/PVRF acts independently of NO and
prostacyclin. The anticontractile effect was still clear after the ap-
plication of NO synthase and cyclooxygenase inhibitors, which
excluded the participation of 2 basic vasorelaxants, as in the
endothelium [4, 15]. It contradicted Gao’s claim that the anticon-
tractile properties of PVAT result from endothelial activity [17].

We failed to confirm the participation of potassium channels
in the activity of ADRF in human RA. Initially, KIR appeared to be
the responsible channel; however, the analysis of the control
group excluded such a possibility. The increase in contraction in
response to serotonin after the application of BaCl2 was apparent
in both groups.

The only channel left untested was KATP. Despite numerous
attempts and changes in glibenclamide dosage, we could not ob-
tain reliable data. Thus, it could be the mediator of the activity of
ADRF. However, this channel is associated with metabolic proc-
esses, not with vascular wall regulation The participation of BKCa

channels seems to be the most probable explanation, because
their role in vasorelaxation is widely described and accepted. Still,
we excluded this possibility. Even if those channels mediate anti-
contractile activity in human RA, for certain they are not dominant.
On the other hand, our observations from the experiment with
BaCl2, indicate that KIR channels are the important mediator in the
maintenance of basic vascular wall tension. We directly proved
that those channels could play a role in vascular wall regulation
and in the balance between contraction and relaxation.

Most of the current research concentrates on the role of
ADRF in animal vascular beds: the rat mesenteric bed or the
mouse aorta [7–10, 15]. These studies triggered the search for
the possible vasorelaxing role of perivascular tissue in humans.
Human studies involved mainly perivascular tissue of the in-
ternal thoracic artery [7, 11, 18]. We believe that the knowledge
of perivascular tissue and the role of ADRF in vascular tone
modulation in the animal aorta, mesenteric bed or human ITA
did not allow for a simple generalization of the roles of PVAT
and ADRF in the RA [4].

Our study excluded the role of potassium channels as the im-
portant mediators of ADRF activity. It seems that vasorelaxant
mechanisms might differ among particular levels and systems of
the vascular bed. In human ITA and in studied animal vascular
beds, ADRF indeed acts through potassium channels. In human
RA, the situation seems much more difficult. Hence, it is possible
that in different parts of the vascular bed, there are various potas-
sium channels and the distribution or density of vasorelaxant
receptors might differ. For instance, in 1 part of the vascular bed,

the major determinant could be ,,shear stress” in other widely
described BKCa channels. Also, purinergic receptors like P2Y1
should be further investigated. Moreover, the factor that relaxes 1
vascular bed may not act the same way in other vascular beds.
Different types of adipose tissues in diverse anatomical regions
could have different vasorelaxant properties and release different
substances. The experiment with the cross-reaction between PVAT
of ITA and RA could provide a partial answer. Further biochemical
studies using mass spectrometry could help in discovering the
chemical nature of ADRF.

The different susceptibilities to spasm between RA and ITA
could be explained by diverse BKCa expression [19]. In the study
by Shao et al. [19], tetraethylammonium and iberiotoxin (BKCa

channel blockers) had significantly stronger inhibiting effects
than relaxing effects on human ITA in comparison to the effect
on RA, whereas the expression of those channels was twice as
high in the muscular layer of ITA as it was in the RA.

Our study results augment the hypothesis that perivascular tis-
sue and ADRF are indeed important players in the physiology of
vascular tone regulation in humans [20]. Our hypothesis is further
supported by the fact that, in some pathological states, including
obesity, arterial hypertension or diabetes, the function of ADRF is
impaired [21, 22]. Also, there might be a limit to the beneficial role
of perivascular tissue. Indeed, in patients with obesity or hyperten-
sion, the beneficial action of PVAT and ADRF on the human ITA
could be completely abolished [21, 22]. Perivascular tissue
becomes a source of vasoconstrictive agents, the location of an in-
flammatory response, implicating impaired vascular behaviour.
Those effects are not dependent on the amount of PVAT. On the
one hand, a decreased amount of PVAT is observed in some ani-
mal models of hypertension, yet its higher content in obesity is
associated with loss of the anticontractile effect [21, 22].

Limitations

We obtained RA specimens from a diverse group of patients with
a whole range of disease states and pharmacotherapeutic regi-
mens; thus different factors might affect vascular function as well
as our results and conclusions.

Tachyphylaxis and carry-over effects may also limit the reliabil-
ity of our study.

Moreover, our sample size could be too small to detect the
results we were looking for. Amplification of the sample size
would allow us to perform multifactorial analyses and increase
confidence in our results.

The study is an in vitro isolated bath study, deprived of con-
stant blood flow, tissue perfusion, oxygen delivery and the elim-
ination of metabolites. The discrepancy between the results of
our study and those previously described could stem from the
differences between the species or the experimental designs.

CONCLUSIONS

We proved that the perivascular tissue surrounding the human
RA exhibits anticontractile/vasorelaxing properties, associated in
all likelihood with ADRF secretion. Moreover, the release of
ADRF is independent of the endothelium. We did not confirm
the participation of potassium channels as significant mediators
of ADRF activity. It could be explained in part by the theory of
different paracrine agents and receptors among the species and
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the vascular beds. It seems, therefore, that harvesting the RA con-
duit as a pedicle could be more beneficial than harvesting it ske-
letonized. Further work is needed to discover the mechanisms
through which this phenomenon occurs. The major goal in har-
vesting RA is to obtain and anastomose the vessel without a
spasm. Thus, the preservation of PVAT could be yet another way
to protect the artery against an exaggerated contractile response
and may add to the topical or systemic use of vasodilators.
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