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Psychological States and Lymphocyte

B-Adrenergic Receptor Responsiveness
Bum-Hee Yu, M.D., Joel E. Dimsdale, M.D., and Paul ]. Mills, Ph.D.

There is a complex interplay between psychological states
and biochemical factors. B-Adrenergic receptor
responsiveness is altered in some patients with depression
and anxiety disorders, but the relation between various
psychological states and receptor function in a normal
population is unknown. We measured lymphocyte B-adrenergic
receptor density (B,,..), sensitivity (cCAMP ratio), the Profile
of Mood States (POMS), and Spielberger State-Trait
Anxiety Inventory (STAI) in 39 hypertensives and 81
normotensives. We examined correlations between log
normalized receptor variables and psychological states. Log
B, .ux showed negative correlations with age and with POMS
tension-anxiety, depression-dejection, and anger-hostility.

Log cAMP ratio did not show significant correlations with
POMS and STAI ratings. In step-wise multiple regression
analyses, 36% of the variance in B,,,, was accounted for by
POMS tension-anxiety, and age. Our study suggests that
increased POMS tension-anxiety was highly associated
with down-regulation of B-adrenergic receptors, even in
subjects who do not have psychiatric illness. Numerous
psychological states could be associated with changes of
B-adrenergic receptor responsiveness in a normal population.
[Neuropsychopharmacology 21:147-152, 1999] © 1999
American College of Neuropsychopharmacology. Published
by Elsevier Science Inc.
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There is a strong interplay between psychological states
and physiology. This interplay has traditionally been
studied extensively in terms of hormonal levels. More
recently, investigators have begun to explain how such
factors relate to receptor physiology. B-Adrenergic re-
ceptor responsiveness may be altered in patients with
such psychiatric diseases as depression (Pandey et al.
1987; Magliozzi et al. 1989) and panic disorder (Nesse et
al. 1984; Brown et al. 1988; Aronson et al. 1989). In panic
disorder, reduced B-adrenergic receptor responsiveness
has been noted in two ways, with both reduced recep-
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tor density and reduced responsivity to isoproterenol
(Maddock et al. 1993).

Adrenergic receptor regulation is closely related to
psychological stressors (Graafsma et al. 1989). B-Adren-
ergic receptor function is closely affected by numerous
psychological stressors; for example, individuals with
high life stress have lower B-adrenergic receptor sensi-
tivity (Dimsdale et al. 1994). Recently, hostility has been
shown to be associated with B-adrenergic receptor
down-regulation in healthy young males (Suarez et al.
1997). All of these studies suggest that adrenergic re-
ceptors may be regarded as an important link between
humoral signals influenced by psychological stressors
and end organ responsiveness. However, normative
information still needs to be acquired concerning the
relationship between various psychological states and
B-adrenergic receptor responsiveness in a nonpsychiat-
ric population.

Human leukocytes offer a useful model for studying
the role of B-adrenergic receptor responsiveness in pa-
tients with medical or psychiatric illness (Pandey et al.
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1987) and in healthy subjects (Mills and Dimsdale 1993).
The use of lymphocyte B-adrenergic receptors as a
model for central B-receptors is not as well established
as the use of lymphocyte B-receptors for such periph-
eral tissues as the heart and lung. Nonetheless, Mann et al.
(1990) reported a normalization of blunted lymphocyte
B-receptors in depression following treatment. In addi-
tion, Brodde et al. (1986) reported that alterations in
lymphocyte B-adrenoceptors mirror changes in $-adreno-
ceptors in other tissues less accessible in human studies.
There are two major techniques for measuring B-adren-
ergic receptor responsiveness in human leukocytes; mea-
suring receptor density (B,,.,) and sensitivity. B-Adren-
ergic receptor density in lymphocytes is defined as the
number of receptors/cell for intact cells, and as pico- or
femto-moles/mg protein for membranes. B-Adrenergic
receptor sensitivity is defined as the efficiency with which
agonist binding translates into stimulation of adenylate
cyclase and subsequent production of the second mes-
senger cyclic AMP (Mills and Dimsdale 1988).

We hypothesized that the relationship between al-
tered adrenergic receptor responsiveness and mood
could extend to a broader population that does not
have psychiatric illness. This study examines whether
B-adrenergic responsiveness is related to self-rated
measures of mood states in a group of psychiatrically
nonsymptomatic normotensives and unmedicated hy-
pertensive subjects.

METHODS AND MATERIALS

All subjects were studied after obtaining written con-
sent and were recruited from the San Diego community
through advertisement or word-of-mouth referral. We
recruited 120 men and women between the ages of 20—
59 years who were composed of 39 hypertensives and
81 normotensives. Subjects were excluded if they had a
history of other major medical or psychiatric problems
or hypertension greater than 180/110 mmHg. We also
excluded women taking birth control pills. For the 39
hypertensives, only four were receiving antihyperten-
sive medications (two on a B-blocker, one on a diuretic,
and one on a calcium channel blocker), and these pa-
tients were tapered off their medications for more than
3 weeks before participation. Individuals whose resting
seated blood pressure was greater than 140/90 mmHg
upon three repeated measurements on two occasions
were categorized as hypertensive patients.

All subjects were hospitalized on a clinical research
unit. On the first night of hospitalization, each patient
had a heparin lock placed in a forearm vein. The next
morning, before the subject was ambulatory, a blood
sample was taken to assess lymphocyte (-adrenergic
receptor function. Lymphocyte isolation and receptor
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assays to determine B,-adrenergic receptors were con-
ducted according to previously published methods
(Mills et al. 1993). Lymphocytes were isolated from
whole blood according to the method of Boyum (1968),
and contaminating leukocytes and platelets were re-
moved by centrifugation. B-Adrenergic receptors can
be in either a high-affinity, coupled (functionally capa-
ble of coupling to the G-protein-adenyl cyclase complex
following agonist binding) or a low- affinity, uncoupled
state. We used isoproterenol stimulation of cAMP to as-
sess the functional state of the receptors and receptor
binding to determine receptor density. Binding data in-
clude both the coupled and uncoupled receptors; whereas,
the isoproterenol stimulation data yield an index of pri-
marily high-affinity, coupled receptors. Lymphocyte
Br-adrenergic receptor sensitivity was determined in
whole cells by quantifying cAMP accumulation follow-
ing incubation with 10 wM isoproterenol. Basal, non-
stimulated, intracellular cAMP was also determined.
B-adrenergic receptor sensitivity was defined as the ra-
tio of stimulated to basal cAMP (the cAMP ratio), be-
cause the ratio helps reduce interassay variability of the
B-adrenergic receptor sensitivity index and helps con-
trol for possible variations in B-adrenergic receptors in
T and B cell populations across individuals (Feldman et
al. 1987). Lymphocyte B,-adrenergic receptor density
(Bimax) Was determined using radioligand binding with
['*I]-iodopindolol at six concentrations from 10 to 320
pM for 1 hour at 37°C. Specific binding was determined
by using 10~°M 1-propranolol.

Subjects completed the Profile of Mood States
(POMS, McNair et al. 1971), and the Spielberger State—
Trait Anxiety Inventory (STAI, Spielberger et al. 1983) 1
hour after obtaining blood sample. POMS, a self-admin-
istered, adjective rating scale composed of 65 items,
measures six clearly defined dimensions of mood such
as tension-anxiety (possible raw score range, 0-36), de-
pression-dejection (0-59), anger-hostility (0-44), vigor-
activity (0-31), fatigue-inertia (0-28), and confusion-bewil-
derment (0-28) during the past 1 week, including the
test day.

All receptor values were normalized using natural
logarithms, because the varying receptor measures were
not normally distributed. Data were analyzed by t-test,
univariate correlation, and multiple regression analyses.
Analyses were run on SPSS 7.0 version software.

RESULTS

Table 1 shows summary data on subject characteristics.
There was no statistically significant difference in age,
race, and sex between normotensive and hypertensive
subjects. Table 2 shows means and standard deviations
for POMS and STAI ratings in all subjects. Table 3
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Table 1. The Sample Characteristics
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Normotensive Group Hypertensive Group Total

Number 81 39 120
Age (years) 37.8+78 402+71 38577
(mean * SD)
Sex

Male 56 31 87

Female 25 8 33
Race

White 40 21 61

Black 38 18 56

Hispanic 3 0 3

SD: standard deviation.

shows B,_,, and the cAMP ratio in normotensive and
hypertensive groups; there was no difference in these
receptor measures between the two groups. Between
men and women, values of B, (35.0 = 34.0 vs. 21.6 =
31.9) and the cAMP ratio (4.70 = 2.17 vs. 4.45 *= 1.64)
were also not different. We did not find any difference
in values of B, (34.2 = 37.0 vs. 31.1 = 32.6) and the
cAMP ratio (4.65 = 1.97 vs. 4.76 * 2.09) between black
and white subjects.

We examined correlation coefficients among log
transformed receptor measures, age, and psychological
state variables as measured by POMS and STAI scales.
Natural log transformation of receptor measures re-
sulted in normally distributed data. Given the number
of correlations, we adjusted alpha level for multiple
comparisons in our study by using Bonferroni correc-
tion and adjusted the significance level to p < .005.

B...x Was negatively correlated with age (r = —.375,
p = .004). B,.x was also negatively correlated with
POMS tension-anxiety (r = —.490, p < .001), depres-
sion-dejection (r = —.455, p < .001), and anger-hostility
(r = —.439, p = .001) ratings but did not show signifi-
cant correlations with STAI ratings. The cAMP ratio did
not show significant correlations with either POMS or
STAI ratings.

Table 2. Profile of Mood States (POMS) and Spielberger
State-Trait Anxiety Inventory (STAI) Ratings (mean =
standard deviation)

POMS scales Raw Scores
Tension-anxiety 9.6 59
Depression-dejection 10.2 = 121
Fatigue-inertia 101 =76
Confusion-bewilderment 71+59
Vigor-activity 16.8 = 6.4
Anger-hostility 9.3 £89

STAI scales Scores
Trait anxiety 15.2 = 6.0
State anxiety 20.5 + 5.7

We then conducted step-wise multiple regression
analyses to determine the relative importance of age
and the POMS ratings in predicting the values of B,
(see Table 4). Regarding the values of B,,,,, POMS ten-
sion-anxiety accounted for 26% of the variance in log
Boax (r = .511, p < .001) in the first step. In step 2, age
entered the equation, and 36% of variance in log B,..
was accounted for by POMS tension-anxiety and age
(r = .600, p < .001). Other variables did not add signifi-
cant information.

DISCUSSION

We examined the association between the POMS rat-
ings, the STAI ratings, and B-adrenergic receptor mea-
sures in a group composed of hypertensive and normo-
tensive subjects, not complaining of any psychiatric
illness. Although we cannot rule out “white coat hyper-
tension,” our patients classified as “hypertensive” were
so labeled only after repeated blood pressure measure-
ment. Michel et al. (1990) reported that the difference in
B-adrenergic receptor measures between hypertensives
and normotensives is not consistent in many studies.
We wanted to include as many subjects in our study as
possible and compared B-adrenergic receptor variables
of hypertensive subjects with those of normotensive
subjects. We found that there was no difference in re-
ceptor variables between the two groups. In addition,
regarding the correlations between psychological rating
scales and receptor measures, our findings were sub-
stantially the same, whether or not the hypertensive
subjects were included.

There was a strong negative correlation between age
and B, Step-wise multiple regression analysis indi-
cated that age alone accounted for about 10% of the
variance in B,,,. Age-related adrenergic changes in cen-
tral nervous system are still debatable with respect to
B-adrenergic receptor binding. Kalaria (1989) reported a
weak negative correlation with age for B-receptor bind-
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Table 3. B,,, and the ratio of isoproterenol-stimulated cAMP to basal cAMP
(cAMP ratio) in normotensive and hypertensive groups (mean = standard deviation)

Normotensive Group Hypertensive Group Total
(n = 81) (n = 39) (n = 120)
Bnax (fmol/mg protein) 32.3 +34.7 32.8 =333 324 +34.1
cAMP ratio 46*+22 46+*19 46*21

ing in human prefrontal cortex. De Blasi et al. (1982)
also reported age-related decreases in B-receptor bind-
ing in rat brain, but Harik et al. (1991) did not demon-
strate such a finding in rat brain. Our findings support
that age increase could be associated with decreased
B-adrenergic receptor density in a normal population.

We found that POMS tension-anxiety, depression-
dejection, and anger-hostility were negatively corre-
lated with B-adrenergic receptor density. However, in
step-wise multiple regression analysis, POMS tension-
anxiety alone entered the equation and accounted for
26% of the variance in B,,,. It is known that the physiol-
ogy of peripheral lymphocyte B-adrenergic receptors
may be altered in patients with anxiety disorders, espe-
cially for panic disorder. Nesse et al. (1984) suggested
that B-adrenergic receptors are down-regulated in patients
with panic disorder. Most studies regarding B-adren-
ergic receptor binding and adrenergically mediated
lymphocyte cAMP production also show a reduction in
panic disorder (Maddock et al. 1993; Abelson and Cam-
eron 1994). Both clinically significant agitation and
panic anxiety can be associated with a reduction in lym-
phocyte B-adrenergic receptor binding (Magliozzi et al.
1989). Our results that tension-anxiety ratings are nega-
tively correlated with B-adrenergic receptor density
could extend these previous reports regarding the rela-
tionship between anxiety and B,,,, to a nonpsychiatric
population.

Regarding no correlations between POMS tension-
anxiety and cAMP ratio, the over-all correlations were
stronger for B, than for the cAMP ratio in our study.
B-Adrenergic receptor density is suggested to be a bit
more stable measure than receptor sensitivity, which fluc-
tuates more readily. Desensitization to catecholamines
is often accompanied by a decrease in the affinity of the
receptors for the hormone (uncoupling), followed by a

decrease in the number of receptors (Motulsky and In-
sel 1982). Thus, the stronger correlations for B,,,, than
for the cAMP may reflect the reduced variation of this
measure. The same reasoning could explain why B,
correlates with age, but cAMP does not.

Many investigators have demonstrated a significant
reduction in B-adrenergic receptor density in depressed
patients as compared to healthy controls (Carstens et al.
1987; Pandey et al. 1987). Impaired cAMP production
has been reported in agitated depressives, not in re-
tarded depressives (Mann et al. 1985). Halper et al. (1988)
also reported that both basal cAMP and isoprotere-
nol-stimulated cAMP levels are lower in hospitalized,
depressed patients. Most studies measuring B-adren-
ergic receptor stimulated adenyl-cyclase activity in mono-
nuclear cells report decreased responsiveness in de-
pressed patients as compared with healthy subjects, and
this consistent decrease in leukocyte B-adrenergic recep-
tor function may reflect an abnormality of B-receptor/G
protein/adenylcyclase complex (Manyji et al. 1994). How-
ever, in our study, POMS depression-dejection rating
did not predict the variance of B-adrenergic receptor
density, and we did not observe a significant correla-
tion between POMS depression-dejection rating and re-
ceptor sensitivity. Perhaps the link between depression
and receptor changes can be observed only in patients
with severe levels of depressive psychopathology.

Suarez et al. (1997) reported that healthy young males
with high levels of hostility show decreased B-adrenergic
receptor number and down-regulated B-adrenergic re-
ceptors, although there was no difference in isoproterenol-
stimulated cAMP levels between high- and low- hostility
groups. However, we found that the POMS anger-hos-
tility rating was not related to B,,,,, although it was neg-
atively correlated with B-adrenergic receptor density.
This inconsistency may result from the difference in

Table 4. Results of Step-Wise Multiple Regression Analyses Regarding Log

Normalized B,,,,

Steps Variables in the Equation R R Square Beta T p-Value

Step 1 POMS tension-anxiety 511 261 —.456 —4.353 p <.001

Step2  Age .600 .360 —.319 —3.044 p =.003
Constant 9.156
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study subjects between the two studies. Future study
will be needed to clarify the relationship between an-
ger-hostility and -adrenergic receptor responsiveness
considering age and gender factors in study subjects.

We did not find any difference in receptor measures
between men and women. Previous reports in this area
have not been consistent in terms of gender difference.
Wheeldon et al. (1994) reported that females showed
higher lymphocyte B,-adrenoceptor density (B,,,,) and
stimulated cAMP levels only during luteal phase than
male subjects. Halper et al. (1984) reported that beta-
receptor binding indices (B,,,,) in general did not differ
between males and females; whereas, in older subjects,
females showed higher cAMP ratio levels than males.
However, because the means of B-receptor density
were quite different between men and women, we can-
not rule out that the lack of statistical difference in B-recep-
tor density might result from a type II error. Besides no
gender difference in receptor measures, we did not find
any difference in receptor measures between black and
white subjects. Although racial differences in lympho-
cyte B-receptor sensitivity to antihypertensive medica-
tion have been well recognized, Stein et al. (1990) re-
ported that lymphocyte B-receptor density and cAMP
ratio do not differ between blacks and whites.

Although we found a high negative correlation be-
tween POMS tension-anxiety rating and B-adrenergic
receptor density, we did not get similar results between
receptor measures and Spielberger anxiety scales. The
Spielberger State and Trait Anxiety Inventory is a brief
self-report measure that differentiates between state
and trait anxiety. Spielberger trait anxiety measures
more chronic anxiety; whereas, the POMs reflects very
“here and now” mood states. We do not suggest that
POMS tension-anxiety constitutes chronic anxiety dis-
orders. Instead, we suggest that current mood states
measured by the POMS are related to B-adrenergic re-
ceptor responsiveness in a normal population. Thus, the
relationship between altered adrenergic receptor re-
sponsiveness and pathological mood states in anxiety
disorders may extend to a general population who do
not have psychiatric illness.

Our study has some important limitations in study
design. We did not perform formal psychiatric diagnos-
tic interviews. Our subjects were not receiving psychiat-
ric counseling or psychotropic medications at the time
of starting this study. However, the possibility that
some of our subjects had undiagnosed psychiatric ill-
ness, such as depression or anxiety disorder, cannot be
excluded completely. Another limitation of our study is
that our sample might not be representative of the com-
munity, because they were recruited by advertisement.
In addition, our sample was relatively small to extend
and generalize our results to the general population.
Nevertheless, our sample size is much larger than pre-
vious studies regarding mood states and B-adrenergic
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receptor responsiveness. Finally, we utilized cAMP ac-
cumulation following isoproterenol stimulation as an
index of B-adrenergic receptor sensitivity. This tech-
nique, which relies on a maximal 10 uM dose of isopro-
terenol to activate the B-receptor, yields a comparable
assessment of the B-receptor as that obtained from ago-
nist competition binding curves. This latter technique,
however, differentiates the percentage of receptors in
the coupled, high-affinity states (R,) and the uncou-
pled, low-affinity (R) state. It could be that our find-
ings would have been somewhat strengthened had we
used agonist competition binding curves rather than a
single, maximal dose technique.

In conclusion, increased POMS tension-anxiety was
highly associated with down-regulation of B-adrenergic
receptors, even in subjects who do not have psychiatric
illness. Therefore, our study suggests that numerous
psychological states could be associated with changes
of B-adrenergic receptor responsiveness in a normal
population.
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