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Function of �2-Adrenergic Receptors in Chronic
Localized Myalgia

Recent research studies on chronic muscle pain suggest the
possibility that long-lasting local pain sensitizes the central
nervous system and then turns into persistent chronic

pain.1 However, there has been limited knowledge about the fac-
tors that initiate local pain states. Several years ago, localized dis-
turbances in intramuscular blood flow in chronically painful mus-
cle were reported by several researchers and they assumed that
this led to hypoxia and accumulation of toxic metabolites, which
represented a mechanism for this disorder.2,3 These results were
initially thought to arise from elevated sympathetic activity, which
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Aims: To investigate alteration of �2-adrenergic receptor (�2AR)
function in chronic localized myalgia subjects by evaluating levels
of the �2AR second messenger, cyclic adenosine monophosphate
(cAMP), in mononuclear cells after �AR-agonist stimulation.
Methods: Eleven chronic localized myalgia subjects and 21 matched
healthy controls participated in this study. Peripheral blood (30 cc)
was drawn from the subjects’ anterocubital vein. Mononuclear cells
were isolated from the total blood by using the Ficoll-Hypaque gra-
dient technique. Basal and stimulated intracellular cAMP levels
were determined by enzyme immunoassay using a commercially
available kit. Aliquots of 5 � 106 cells were incubated with or with-
out stimulation of the �AR-agonist isoproterenol for 5 minutes.
Five different concentrations of isoproterenol (10–3M to 10–7M)
were utilized. cAMP levels in both groups were tested statistically
by a 2-way repeated-measures ANOVA with 2 predictors, group
difference and isoproterenol concentration difference. As with iso-
proterenol stimulation, the cAMP responses to forskolin, which
activates adenylyl cyclase directly and produces cAMP, bypassing
the cell surface receptors were also measured. Results: The basal
cAMP levels in both groups (myalgia: 0.33 ± 0.02 pmol/5 � 106

cells; control: 0.43 ± 0.10 pmol/5 � 106 cells) were almost identi-
cal, and isoproterenol-produced cAMP levels increased dose-depen-
dently in both groups. No significant differences in the mean cAMP
levels were observed between the groups (P = .909). Significant
increases were observed according to the isoproterenol concentra-
tion increase (P � .0001). The cAMP responses to forskolin stimu-
lation also showed no significant group difference (P = .971).
Conclusion: These results suggest that �2AR function is not differ-
ent between localized myalgia subjects and healthy individuals.
J OROFAC PAIN 2003;17:140–144.
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might be a contributing factor in the pathogenesis
of chronic muscle pain. An alternative explanation
was offered by Elam et al, who measured peroneal
nerve sympathetic activity in primary fibromyalgia
patients and in age-matched controls. They
reported no intergroup differences in baseline rest-
ing sympathetic activity. Moreover, the patient
group did not show increased sympathetic nerve
responses (compared to controls) during static
hand-grip, jaw muscle contraction, or experimen-
tal stress test.4 These data do not entirely rule out
the possibility that some patients might have an
exaggerated sympathetic response to normal levels
of sympathetic neurotransmitter, only that sympa-
thetic nerves are not firing more frequently in pain
subjects.5

Therefore, recent studies have suggested that
chronic muscle pain is associated with abnormal
adrenergic receptor function, not with sympathetic
nerve activity itself. Acero et al reported that the
intramuscular blood flow increase provoked by cold
pressor stimulation, which increases systemic sym-
pathetic neural activity, was significantly diminished
in painful muscles compared with those of healthy
individuals.6 This hemodynamic response to cold
pressor stimulation in chronic localized muscle pain
is very similar to that observed in normal subjects
who are intravenously administrated a nonselective
�-adrenergic antagonist.7 In all subtypes of the �-
adrenergic receptor (�AR), the �2AR is known to be
abundantly localized on vascular smooth muscle
cells in skeletal muscles,8 which induces vasodilation
when the sympathetic system is activated. The above
findings support the notion that �2AR activity is
diminished in chronic muscle pain patients. Further-
more, research has provided evidence that the �2AR
is easily desensitized (decrease of its function) or
down-regulated (decrease of numbers) by chronic
�AR agonist-exposure.9,10 For these reasons, the
authors speculated that a �2AR abnormality is asso-
ciated with chronic muscle pain pathophysiology. In
a previous study, we reported that �2AR function in
mononuclear cells is disturbed in fibromyalgia
patients, as demonstrated by evaluating the levels of
the �2AR second messenger, intracellular cyclic
adenosine monophosphate (cAMP), after �AR-ago-
nist stimulation.11 However, it is still unknown
whether this association is also present in patients
with localized myalgia. Therefore, the aim of the
current study was to compare the mononuclear cell
�2AR function between individuals who have
chronic localized myalgia and matched asymp-
tomatic individuals and to test the null hypothesis
that there is no difference in �2AR function between
these 2 groups.

Materials and Methods

Study Subjects

The study was undertaken on 11 patients with
chronic localized myalgia (myalgia group:
male/female = 5/6) and 21 asymptomatic subjects
(control group: male/female = 10/11). Subjects
were selected volunteers from students and staff of
the Okayama University Graduate School of
Medicine and Dentistry. After a screening ques-
tionnaire, which measured resting visual analog
scale (VAS) of pain in the orofacial and neck-
shoulder region, those patients who were consid-
ered suitable for the experiment were verbally
questioned about their medical history to ensure
that they could safely participate and provide
unbiased data for the study. The subjects were
then examined clinically to ensure they met the
inclusion criteria.

Inclusion criteria for the muscle pain subjects
were: (1) good physical health, (2) pain in the orofa-
cial or neck-shoulder muscle region at least once a
week for 6 months, and (3) tenderness (more than
30/100 mm response on a VAS) in the orofacial or
neck-shoulder muscle region produced by a stan-
dardized digital palpation reflecting a steady 19.6 N
(2 kgf) compression force for 3 seconds by a well-
trained examiner (Fig 1). Inclusion criteria for con-
trol subjects were: (1) good physical health, (2) no
history of chronic orofacial or neck-shoulder pain,
and (3) less than a 10/100 mm VAS response to 19.6

Masseter muscle (2)
Temporalis muscle (2)
Sternocleidomastoideus muscle (3)
Splenius capitis muscle (3)
Trapezius muscle (3)

Fig 1 Orofacial and neck-shoulder muscle palpation
sites for selecting participants in this study. Gray circles
represent anatomic locations and the numerals in paren-
theses indicate the number of points that were palpated
in each muscle. 
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N digital compression for 3 seconds in the orofacial
or neck-shoulder muscle region. Exclusion criteria
for both groups were: (1) a current or previous his-
tory of fibromyalgia,12 (2) current or previous his-
tory of joint or neurologic problems involving the
orofacial or neck-shoulder region (eg, degenerative
joint diseases, radiculopathy, neuropathic pain con-
ditions), (3) a current or previous history of migraine
or vascular headache13 with a frequency greater than
1 per month, (4) a current medication or ongoing
medical treatment that could influence the results of
the study, and (5) a current or previous history of ill-
ness that is reported to be associated with �2AR
abnormality, such as asthma, hypertension, cardio-
vascular disease, and diabetes.10,14–16 This study pro-
tocol was approved by an appropriate ethics com-
mittee in Okayama University Dental School
(2001-2) and informed consent was obtained from
each subject prior to commencement of the study.

Peripheral Blood Mononuclear 
Cells (PBMC) Preparation

Peripheral blood (30 cc) was drawn into a hep-
arinized glass vacuum sterile tube from each sub-
ject in the evening. Peripheral blood mononuclear
cells (PBMC) were separated by a modification of
the Ficoll-Hypaque gradient technique of
Boyüm.17 Blood samples were diluted with 30 mL
PBS, and each 10 mL sample was layered onto 5
mL of Histopaque (Sigma) and then centrifuged
(2,000 rpm, 15 minutes) at room temperature. The
white “buffy coat” region, which consists of
mononuclear cells, was aspirated, resuspended in
AIM-V medium (GIBCO), and washed 3 times at
1,200 rpm for 10 minutes. After centrifugation,
the pellet was resuspended in 10 mL of AIM-V
medium for cell counting. 

cAMP Accumulation in PBMC

In order to activate �2AR and measure the accumu-
lated intracellular cAMP levels in PBMC cells, the

�AR-agonist isoproterenol was utilized. In addi-
tion, the cAMP response to forskolin, which acti-
vates adenylyl cyclase directly and produces cAMP,
bypassing the cell surface receptors, was
measured.18,19 Basal levels of intracellular cAMP
were measured as well as cAMP accumulation fol-
lowing activation of �2AR with isoproterenol and
adenylyl cyclase with forskolin, respectively. The
PBMC samples were incubated for 10 minutes at
37ºC in PBS + 0.05% FBS buffer containing 0.5
mM 3-isobutyl-1-methylxanthine. All compounds
were from Sigma Chemical. The PBMC cells were
centrifuged (1,200 rpm, 10 minutes) and resus-
pended in 0.5 mL PBS + 0.05% FBS/5 � 106 cells.
Then the aliquot of 5 � 106 cells in each tube was
stimulated by 5 different concentrations of isopro-
terenol (10–3 M to 10–7 M, 5 minutes each concen-
tration) and forskolin (10–3 M to 10–7 M, 10 min-
utes each concentration). After centrifugation
(2,500 rpm, 5 minutes), supernatant was aspirated
and the lysis reagent, which is attached to the com-
mercially available kit for cAMP enzyme
immunoassay, was added. This facilitated cell lysis
and allowed intracellular cAMP levels to be deter-
mined in each sample. Each 100 µL of contents of
the tubes was collected for the cAMP assay. The
intracellular cAMP was expressed as the number of
pmol accumulated in 5 � 106 cells. 

Statistical Analysis

A Student t test for unpaired data was performed for
comparing the demographic characteristics between
the myalgia group and the control group (except for
VAS values, for which a Mann-Whitney U test was
used), while group differences related to intracellular
cAMP levels and stimulant concentration were ana-
lyzed by 2-way repeated measures ANOVA. A value
of P � .05 was considered significant. 

Results

Characteristics and Pain Levels of 
the Two Groups

Table 1 shows the subjects’ physical characteristics.
There were no significant differences in mean age,
weight, and height between the control and the
myalgia groups. However, mean VAS pain levels at
rest in the orofacial or neck-shoulder region and
the number of tender points under digital muscle
palpation were significantly higher in the myalgia
group. 

Table 1 Mean Physical Characteristics of the
Control and Myalgia Groups

Control Myalgia P value

Age (y) 22.7 ± 1.2 22.6 ± 1.2 .237
Height (cm) 163.7 ± 8.0 164.3 ± 12.3 .875
Weight (kg) 58.4 ± 12.4 57.5 ± 12.6 .854
VAS 0 42.3 ± 14.6 � .001
No. of tender points 0.4 ± 0.9 4.4 ± 3.3 � .001

VAS = visual analog scale of pain (0–100). Data are indicated with ± 1
standard deviation. Statistical analyses were performed with unpaired t
test, and for VAS data with Mann Whitney U test.
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Intracellular cAMP Responses 

Figure 2 shows the mean intracellular cAMP
changes from basal level and after stimulation by
different isoproterenol concentrations. The basal
cAMP levels in both groups (myalgia: 0.33 ± 0.02
pmol/5 � 106 cells; control: 0.43 ± 0.10 pmol/5 �
106 cells) were almost identical, and isoproterenol-
produced cAMP levels increased dose-dependently
in both groups. Two-way repeated measures
ANOVA revealed that there was no significant
mean difference in the cAMP levels between both
groups (P = .909). A significant cAMP level increase
was observed parallel to the isoproterenol concen-
tration increase (P � .0001). However, no signifi-
cant interaction was seen between the group differ-
ence and isoproterenol concentration changes 
(P = .971). 

As with isoproterenol stimulation, forskolin stim-
ulation did not induce a significant mean difference
in the cAMP responses between the 2 groups (P =
.316) (Fig 3). A significant mean difference was
observed according to forskolin concentration
increase (P � .0001). However, no significant inter-
action was seen between the group difference and
forskolin concentration changes (P = .390). 

Discussion

The �2AR has been widely studied as a model for
the incidence and mechanisms of desensitization
and down-regulation.20 Agonist binding to the
�2AR causes the receptor to interact with and acti-
vate G-protein, which activates adenylyl cyclase.
Adenylyl cyclase catalyzes the conversion of

adenosine triphosphate (ATP) to cAMP, which in
turn activates cAMP-dependent protein kinase,
resulting in phosphorylation of particular proteins
and specific actions that depend on the cells and
tissue type, eg, dilation of vascular smooth muscle.
Alterations in the adrenergic response may result
from changes at any level of this cascade.

In this study, we evaluated the mononuclear cell
�2AR responsiveness to the agonist in localized
myalgia subjects to test the hypothesis whether
localized myalgia subjects have a �2AR abnormal-
ity (desensitization). Our data have demonstrated
that no significant difference in �2AR function
exists between chronic localized myalgia and
asymptomatic subjects. We recognize that the sam-
ple size was small and did not have enough power
to reject confidently our null hypothesis.
Nevertheless, we assessed our data, and given that
the mean cAMP levels for the 2 groups were highly
and consistently similar at each level of isopro-
terenol stimulation, we elected to risk a type II
analysis error rather than continue collecting data
in an effort to raise our power. 

Given this limitation, we believe our data suggest
that general �2AR function is not disturbed in indi-
viduals with chronic localized myalgia. This finding
also indicates the possibility that the biologic or
pathophysiologic background is different between
fibromyalgia and localized myalgia, because we have
already reported that the function of �2AR is dimin-
ished in fibromyalgia.21 Further research is needed
to address these issues in more depth and detail. 

In addition, this information indicates that the
previously disturbed intramuscular hemodynamic
response pattern reported in localized myalgia sub-
jects6 does not induce a general �2AR abnormality

Control group

Myalgia group

5.0

4.0

3.0

2.0

1.0

0

cA
M

P 
le

ve
ls

 (p
m

o
l/

5 
�

 1
0 

  c
el

ls
)

6

0 10  10  10  10  10  

Isoproterenol concentrations (M)

–7 –6 –5 –4 –3

Control group

Myalgia group

6.0

4.0

3.0

2.0

1.0

0

cA
M

P 
le

ve
ls

 (p
m

o
l/

5 
�

 1
0 

  c
el

ls
)

6

0 10  10  10  10  10  –7 –6 –5 –4 –3

5.0

Forskolin concentrations (M)

Fig 2 Mean intracellular cAMP changes induced by
isoproterenol stimulation in myalgia and control groups
(error bar = standard deviation).

Fig 3 Mean intracellular cAMP changes induced by
forskolin stimulation in myalgia and control groups
(error bar = standard deviation). 
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on mononuclear cells. However, since the �2AR
function measured in this study is not a direct
assessment of changes in the painful muscle site, the
possibility still exists that an abnormal hemody-
namic response occurs to sympathetic provocation
within the painful muscle. Additionally, the recep-
tor population, for example, might differ between
localized myalgia patients and healthy individuals
on vascular smooth muscle cells but not on the
PBMC. Further research that evaluates the number
and function of local �2AR in painful muscle sites
is necessary to clarify this point. Moreover, studies
that evaluate the biologic effect of vasoactive sub-
stances are also needed to elucidate the mechanisms
of abnormal intramuscular hemodynamic responses
in localized myalgia.

Acknowledgment

This study was partially supported by grants-in-aid from the
Ministry of Education, Science and Culture of Japan
(#12671883 and #13877327).

References

1. Svensson P, Graven-Nielsen T. Craniofacial muscle pain:
Review of mechanisms and clinical manifestations. J
Orofac Pain 2001;15:117–145. 

2. Lund N, Bengtsson A, Thorborg P. Muscle tissue oxygen
pressure in primary fibromyalgia. Scand J Rheumatol
1986;15:165–173. 

3. Delcanho RE, Kim YJ, Clark GT. Haemodynamic changes
induced by submaximal isometric contraction in painful
and non-painful human masseter using near infrared spec-
troscopy. Arch Oral Biol 1996;41:585–596. 

4. Elam M, Johansson G, Wallin BG. Do patients with pri-
mary fibromyalgia have an altered muscle sympathetic
nerve activity? Pain 1992;48:371–375. 

5. Mense S, Stahnke M. Responses in muscle afferent fibers
of slow conduction velocity to contractions and ischemia
in the cat. J Physiol 1983;342:383–397. 

6. Acero CO Jr, Kuboki T, Maekawa K, Yamashita A, Clark
GT. Haemodynamic responses in chronically painful,
human trapezius muscle to cold pressor stimulation. Arch
Oral Biol 1999;44:805–812.

7. Maekawa K, Kuboki T, Miyawaki T, Shimada M,
Yamashita A, Clark GT. Effect of intravenous infusion of
a beta-adrenergic blocking agent on the haemodynamic
changes in human masseter muscle induced by cold-pres-
sor stimulation. Arch Oral Biol 1999;44:475–483.

8. Guimaraes S, Moura D. Vascular adrenoceptors: An
update. Pharmacol Rev 2001;53:319–356.

9. Summers RJ, Kompa A, Roberts SJ. Beta-adrenoceptor
subtypes and their desensitization mechanisms. J Auton
Pharmacol 1997;17:331–343.

10. Johnson M. The beta-adrenoceptor. Am J Respir Crit
Care Med 1998;158:S146–S153.

11. Maekawa K, Clark GT, Kuboki T. Intramuscular hypop-
erfusion, adrenergic receptors and chronic muscle pain. J
Orofac Pain 2002;3:251–260.

12. Wolfe F, Smythe HA, Yunus MB, et al. The American
College of Rheumatology 1990 Criteria for the
Classification of Fibromyalgia. Report of the Multicenter
Criteria Committee. Arthritis Rheum 1990;33:160–172.

13. Headache classification committee of the international
headache society. Classification and diagnostic criteria for
headache disorders, cranial neuralgias and facial pain.
Cephalalgia 1988;8(suppl 7):19–34.

14. Svetkey LP, Timmons PZ, Emovon O, Anderson NB, Preis
L, Chen YT. Association of hypertension with beta2- and
alpha2c10-adrenergic receptor genotype. Hypertension
1996;27:1210–1215.

15. Rosmond R, Ukkola O, Chagnon M, Bouchard C,
Bjorntorp P. Polymorphisms of the beta2-adrenergic
receptor gene (ADRB2) in relation to cardiovascular risk
factors in men. J Intern Med 2000;248:239–244.

16. Ishiyama-Shigemoto S, Yamada K, Yuan X, Ichikawa F,
Nonaka K. Association of polymorphisms in the beta2-
adrenergic receptor gene with obesity, hypertriglyceridaemia,
and diabetes mellitus. Diabetologia 1999;42:98–101.

17. Boyüm A. Isolation of mononuclear cells and granulocytes
from human blood. Isolation of mononuclear cells by one
centrifugation, and of granulocytes by combining centrifu-
gation and sedimentation at 1 g. Scand J Clin Lab Invest
Suppl 1968;97:77–89.

18. Seamon K, Daly JW. Activation of adenylate cyclase by
the diterpene forskolin does not require the guanine
nucleotide regulatory protein. J Biol Chem 1981;256:
9799–9801.

19. Insel PA, Motulsky HJ, Mahan LC. Regulation of cyclic
AMP accumulation in lymphoid cells. Proc Soc Exp Biol
Med 1985;179:472–478.

20. Lefkowitz RJ, Caron MG, Stiles GL. Mechanisms of mem-
brane-receptor regulation. Biochemical, physiological, and
clinical insights derived from studies of the adrenergic
receptors. N Engl J Med 1984;310:1570–1579. 

21. Maekawa K, Twe C, Lotaif A, Chiappelli F, Clark GT.
Function of beta-adrenergic receptors on mononuclear
cells in patients with fibromyalgia. Preliminary report. J
Rheumatol 2003;30:364–368.


	COPYRIGHT © 2003 BY QUINTESSENCE PUBLISHING CO, INC: 
	 PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY: 
	 NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORMWITHOUT WRITTEN PERMISSION FROM THE PUBLISHER: COPYRIGHT © 2003 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORMWITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.




