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The Mu-Opioid Receptor Gene Polymorphism
(A118G) Alters HPA Axis Activation Induced
by Opioid Receptor Blockade

Gary S. Wand, M.D., Mary McCaul, Ph.D., Xioaju Yang, M.D., Joanna Reynolds, M.A.,
Deidre Gotjen, M.A., Shing Lee, M. A., and Ahmed Ali, M.D.

An A118G nucleotide exchange in exon 1 of the mu-opioid
receptor causes an Asnd0Asp substitution polymorphism in
the receptor’s extracellular domain. In vitro studies show
that the Asp40 variant of the mu-opioid receptor binds
B-endorphin three times more avidly than the more common
Asn40 variant. Paraventricular corticotropin releasing
hormone neurons, which activate the HPA axis, express mu-
opioid receptors and are modulated by B-endorphin neurons.
This preliminary study was designed to test the hypothesis
that the Asn40Asp substitution polymorphism in the mu-
opioid receptor influences HPA axis activation induced by
opioid receptor blockade. Thirty-nine healthy men were
genotyped (A vs. G) and then underwent opioid receptor
blockade with Naloxone. Subjects expressing the A118G
receptor variant had greater cortisol responses to opioid
receptor blockade. Also, a significant difference in the rate of
increase of ACTH (slope) between A/A and A/G was

observed between 30-90 minutes as well as a significant
difference in the rate of decrease after 90 minutes. Moreover,
subjects expressing the variant polymorphism had lower
scores on the Conscientiousness Factor and associated
subscales of NEO Personality Inventory compared to
subjects expressing the common receptor. Because serotonin
also modulates the CRF neuron, subjects were genotyped for
a functional polymorphism within the serotonin transporter
gene. We did not see differences in hormone responses
resulting from expression of this functional polymorphism.
It is plausible that persons expressing the mu-opioid receptor
variant have altered HPA axis dynamics and altered
responses to other physiological processes regulated through
activation of the mu-opioid receptor.
[Neuropsychopharmacology 26:106-114, 2002]
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Stress threatens homeostasis and is counteracted by a
series of physiological and behavioral responses that
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improve the chances for survival. A successful response
to stress plays an important role in maintaining health
and well-being. Abnormalities in the stress response
heighten an individual’s vulnerability to endocrine, met-
abolic, psychiatric, and immunological disorders (Kreek
and Koob 1998; Bjorntorp and Rosmond 2000a,b; Chrou-
sos 2000). The unique characteristics of an individual’s
stress response are the product of genetic and environ-
mental determinants (Francis et al. 1999; Wust et al.
2000).

Corticotropin releasing factor (CRF) neurons within
the paraventricular nucleus of the hypothalamus ini-
tiate activation of the hypothalamic-pituitary-adrenal
(HPA) axis (Bell et al. 1998). The CRF neurons express
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mu-opioid receptors and are modulated by inhibitory
tone imposed by B-endorphin neurons originating in
the arcuate nucleus (Wand et al. 1998). Recently, a com-
mon A118G nucleotide exchange in exon 1 of the mu-
opioid receptor has been identified that causes an
Asn40Asp substitution polymorphism in the extracellu-
lar N-terminal domain of the mu-opioid receptor (Ber-
gen et al. 1997; Wendel and Hoehe 1998). In vitro stud-
ies show that the Asp40 variant of the mu-opioid
receptor binds B-endorphin three times more avidly
than the common Asn40 variant and also induces a
3-fold increase in agonist-induced activation of G pro-
tein-coupled potassium channels (Bond et al. 1998). Be-
cause the Asn40Asp substitution alters receptor bind-
ing and signal transduction, it is plausible that this
polymorphism alters processes under opioidergic regu-
lation (LaForge et al. 2000a,b).

The CRF neuron is also modulated by serotonergic
fibers (Contesse et al. 2000; Isogawa et al. 2000). As op-
posed to B-endorphin, which inhibits CRF secretion, se-
rotonin activates the CRF neuron and stimulates CRF
release. The serotonin transporter regulates the concen-
tration of serotonin within the synaptic cleft and
thereby modulates magnitude and duration of seroto-
nin-induced postsynaptic mediated signals (Lesch and
Mossner 1998). Recently a functional polymorphism
has been described in the promoter region of the trans-
porter, which modulates transcriptional activity of this
gene as well as tissue expression of transporter activity
(Hanna et al. 1998; Heils et al. 1997; Little et al. 1998).
Like the A118G polymorphism in the mu-opioid recep-
tor, it is plausible that this functional polymorphism
within the serotonin transporter is associated with al-
tered HPA axis dynamics.

The present study was designed to test whether the
Asn40Asp substitution polymorphism in the mu-opioid
receptor or a functional mutation in the polymorphic
region of serotonin transporter influences HPA axis ac-
tivation induced by opioid receptor blockade.

METHODS
Subjects

Healthy men were recruited by newspaper from the
Baltimore area. Respondents gave informed consent to
the Johns Hopkins University School of Medicine Insti-
tutional Review Board approved protocol. Subjects un-
derwent a medical history and physical examination
performed by a physician and had laboratory tests:
complete blood cell counts, electrolytes, liver and renal
function tests, and glucose. Each subject underwent a
semi-structured diagnostic interview administered by a
Masters level interviewer to insure the absence of DSM
IV axis I disorders (including alcohol/drug dependence
and abuse). Subjects with medical conditions, DSM IV
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axis I diagnoses, abnormal liver functions, maternal al-
cohol or drug dependence or undergoing pharmaco-
therapy with prescription medications were excluded
from enrollment. Demographic information is provided
as a function of mu-opioid polymorphism (n = 39) in
Table 1 and serotonin transporter polymorphism (n =
36) in Table 2. Seven out of the ten subjects expressing a
G allele were recruited consecutively along with the 29
subjects homozygous for the A allele, giving a true fre-
quency of 19.4% for the G allele, which is consistent
with previous reports (Bond et al. 1998). Three more
subjects expressing the G allele were added to raise the
sample size to n = 10.

Induction of Opioid Blockade

Subjects were administered five doses of Naloxone
within a single session as previously reported (Mangold
et al. 2000). Subjects fasted from 9:00 A.M. until testing
was completed. Testing was conducted on the Johns
Hopkins Hospital General Clinical Research Center
from 1:00 to 4:30 P.M.. An intravenous catheter was in-
serted into a forearm vein at 1:00 P.M.. One hour later,
placebo (0.9% saline) was administered as a bolus. Sub-
sequently, every 30 minutes, incremental doses of
Naloxone (0, 50, 100, 200 and 400 wg/kg) dissolved in
0.9% saline were administered following the scheduled
blood draw. Baseline blood samples were obtained 15
minutes and immediately prior to placebo administra-
tion. Post placebo bloods were drawn every 15 minutes
for 150 minutes.

Hormone Assays

Hormones were assayed as previously described (Blevins
et al. 1994). Plasma concentrations of ACTH were as-
sayed by a 2-site IRMA (Nichols immunoradiometric as-
say). Intra-assay and inter-assay coefficients of variance
are less than 9%. Plasma concentrations of LH were as-
sayed by a 2-site IRMA (Nichols immunoradiometric
assay) with intra-assay and inter-assay coefficients of

Table 1. Mu-Opioid Receptor Polymorphism

A/A AIG G/G

Sample Size 29 9 1
Race:

Caucasian 26 7 1

AA 2 2 0

Asian 1 0 0
Smokers* 2 1 1
Nonsmokers 27 8 0
Age 215+14 248 =27
BMI (kg/m?) 235+ 0.5 242+ 0.7
Education 144 +0.3 142 + 0.6

AA = African American. *Smokers smoked less than 10 cigarettes per
day and did not meet criteria for dependence.
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Table 2. Serotonin Transporter Polymorphism

L/L L/S S/S

Sample Size 15 17 4
Race:

Caucasian 14 15 3

AA 1 2 0

Asian 0 0 1
Smokers* 1 2 0
Nonsmokers 14 15 4
Age 22.1+09 228 +1.2
Body Mass Index (kg/m?) 234 *0.6 240 * 0.6
Education 145 + 0.5 144 +0.3

AA = African American. *Smoker smoked less than 10 cigarettes per
day and did not meet criteria for dependence.

variance less than 11%. Plasma concentrations of corti-
sol were measured by radioimmunoassay (Diagnostic
Products Corporation, Inc.; Los Angeles, CA). Intra-assay
and inter-assay coefficients of variation were 5.2% and
8.0%, respectively.

Mu-Opioid Receptor Polymorphism

DNA Isolation and PCR Reaction. Genomic DNA was
extracted from whole blood samples using the Pure-
gene DNA isolation method (Gentra Systems, Inc.). Se-
quences from exon 1 of the human mu-opioid receptor
gene were used to design PCR primers for use in the
amplification of the A118G nucleotide transition (Asn

A
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40 Asp). Forward primer: 5'-GC 40 CTGATGCCTTG-
GCGTACTCAA-3’, a 40 base pair guanosine and cyti-
dine residue extension (GC-clamp)was added to the 5’
primer to optimize analysis of the melting domain. Re-
verse primer: 5- ACCACGCACACGATGGAGTA-3’
(Waltman et al. 1994). Genomic DNA (100 ng) was
added to a 50 ul reaction volume containing 0.2uM of
each primer, 10mM TrisHCL (pH 8.3), 1.5 mM MgCL, ,
100mM of each dNTP, 0.1% gelatin, and 5 U Ampli Tag
DNA polymerase in a total volume of 50 ul. Following
initial denaturation for 5 minutes at 95°C, 40 cycles of
denaturation at 95°C for 40 sec, annealing at 62°C for 40
sec, synthesis at 72°C for 40 sec, final elongation at 72°C
for 10 minutes using a thermocycler (M] Research,
Cambridge, MA). Products were assessed by ethidium
bromide staining after electrophoresis on a 6% poly-
acrylamide gel (Figure 1, panel A).

Denaturing Gradient Gel Electrophoresis. As previously
described (Waltman et al. 1994), melting polymorphisms
were detected after ethidium bromide staining following
electrophoresis through a 6.5% polyacrylamide gel con-
taining the denaturants formamide and urea in a linearly
increasing gradient from 60% (4.2 M urea, 24 vol% forma-
mide) to 90% (6.3 M urea, 36 vol% formamide). Gels were
electrophoresed at 70 volts for 28 hours in TAE (40mM
tris 20 mM Na acetate, ImM EDTA, pH 7.5) and photo-
graphed under UV transillumination (Figure 1, panel
B). DNA standards (A/A, A/G and G/G) were gener-
ously provided by Dr. Lei Yu (University of Cincinnati
College of Medicine).

B

Figure 1.

Identification of the mu-opioid receptor polymorphism (A118G). (A): PCR products were isolated after electro-

phoresis on 6% nondenaturing polyacrylamide gels. (B): The polymorphisms were identified after a second electrophoresis
through 6.5% polyacrylamide denaturing gels as described in Methods.
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Serotonin Transporter Polymorphism

Genomic DNA was extracted as described above. The
allelic polymorphism in the 5’ regulatory region of the
5-HTT gene was amplified by polymerase chain reac-
tion (PCR) with oligonucleotide primers GR (5'-GGAC
CGCAAGGTGGGCGGGA-3') and JP (5'-ATGCCAG
CACCTA ACCCCTAATGT-3'). PCR reactions contained
100 ng genomic DNA, 10 pmol of each primer, 50 mM
Tris-HCl pH 9.1,16 mM ammonium sulfate, 3.5 mM
MgCl,, and 150 ug/ml BSA, 100 uM dNTP, 100 uM
7-Deaza GTP, 5% Glycerol, and 5 units KlenTag poly-
merase in a total volume of 25 ul. Cycling conditions
were as follows: initial denaturation at 98°C for 3 min;
30 cycles of denaturation at 98 °C for 30 sec, annealing
at 66 °C for 45 sec, and synthesis at 72 °C for 1 min and
final elongation at 72 °C for 10 min. Amplification prod-
ucts were resolved by 6% nondenaturing polyacryla-
mide gel electrophoresis and visualized by ethidium
bromide. The short allele (S) resolves as a 375 bp frag-
ment, whereas the long allele (L) resolves as a 419 bp
fragment (Figure 2).

The Revised NEO Personality Inventory (NEO PI-
R). Each subject completed the NEO PI-R (Costa et al.
1992) one week before undergoing hormone testing. The
NEO-PI-R is a 240-item questionnaire developed through
rational and factor analytic methods to measure the five
major factors of personality: Neuroticism (N), Extraver-
sion (E), Openness to Experience (O), Agreeableness (A),
and Conscientiousness (C). For each factor, there are six
facet subscales, which are designed to capture more spe-
cific traits. Items are answered on a 5-point scale ranging
from “strongly agree” (1) to “strongly disagree” (5), and
scales are balanced to control for the effects of acquies-
cence. The items are simple statements describing general
tendencies (e.g., “It’s often hard for me to make up my
mind” or “I often crave excitement”). Normative internal
consistency estimates for the self-report scales for adults
range from .59 to .92 (Costa et al. 1992). Six-year stability
coefficients range from .68 to .83 for N, E, and O. In vali-
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Figure 2. Identification of the serotonin transporter poly-
morphisms. The allelic polymorphism in the 5’ regulatory
region of the 5-HTT gene was amplified by PCR as
described in methods. The 375 bp fragment is the short allele
(S) and the 419 bp fragment is the long allele (L).

Opioids and HPA Axis 109

dation studies with other self-report instruments, the
NEO scales have evidenced convergent and discriminant
validity and have been related to a number of life out-
comes, including ability to cope with stress.

Statistical Method. The three hormonal outcomes of
interest were ACTH, cortisol and LH. They were ana-
lyzed across time points by clinically relevant time in-
tervals and summarized as area under the curve (AUC).
Area under the curve was defined as the area under the
time response curve from 0 to 180 minutes calculated
using the trapezoidal rule. The independent variables
of interest were mu-opioid and serotonin gene poly-
morphisms. The hormonal response data by time were
analyzed using GEE methods to account for the correla-
tion among repeated measures obtained from an indi-
vidual at various time points. The data were trans-
formed to the logarithmic scale when the distribution
was not normal. Baseline values were included as cova-
riates in the analyses when the hormonal responses dif-
fered at baseline. The Mann-Whitney test was used to
compare hormonal response at each time point and
AUC as a function of polymorphism status.

The secondary outcomes of interest were the NEO
factors and facet subscales. The Mann-Whitney test was
used to compare the NEO measures by polymorphism.
All analyses were 2-sided with a 0.05 significance level
and they were conducted with STATA 6.0.

RESULTS
Mu-opioid A118G Polymorphism

Cortisol. Cortisol levels did not differ at baseline or
following placebo administration as a function of geno-
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Figure 3. Cortisol responses to Naloxone by mu-opioid
receptor genotype. Pl denotes time of placebo (saline)
administration. N denotes times of incremental Naloxone
administration.
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type. In contrast, cortisol response following Naloxone
administration was significantly different by polymor-
phism (p = .04). Subjects expressing the G allele had
greater cortisol responses than subjects only expressing
the A allele (Figure 3). A significant difference in the
rate of increase of cortisol (slope) between A/A and A/
G was observed between 45-505 minutes (p = .006) and
a significant difference in the rate of decrease was ob-
served after 105 minutes (p = .003). Cortisol level dif-
fered by genotype at the following time points: 75 min,
p =.03; 90 min, p =.01; 105 min, p = .002; 120 min, p =
.003; and 135 min, p = .03. Area under the cortisol-time
curve also differed by genotype (p = .02).

Adrenocorticotropin (ACTH). There were no baseline
or placebo differences in plasma ACTH levels by geno-
type. A significant difference in the rate of increase of
ACTH (slope) between A/A and A/G was observed
between 30-00 minutes (p = .002) (Figure 4) and a sig-
nificant difference in the rate of decrease was observed
after 90 minutes (p = .037). However, there were no
time point or AUC differences by genotype.

Luteinizing Hormone (LH). There were marginal ge-
notype-driven differences in LH at baseline (p = .07)
and in response to placebo administration (p = .08). The
overall LH response to opioid receptor blockade dif-
fered as a function of polymorphism (p = .05) (Figure
5). Subjects expressing the G allele had greater LH re-
sponses than subjects only expressing the A allele. Area
under the LH time curve was marginally greater in in-
dividuals expressing the G allele compared to subjects
expressing the A allele (p = .07). However, when the
AUC was analyzed adjusting for the marginal differ-
ences in baseline and placebo LH levels, the effect of ge-
notype on LH was not significant.
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Figure 4. Adrenocorticotropin responses to Naloxone by
mu-opioid receptor genotype. Pl denotes time of placebo
(saline) administration. N denotes times of incremental Nalox-
one administration.
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Figure 5. Luteinizing hormone responses to Naloxone by
mu-opioid receptor genotype. Pl denotes time of placebo
(saline) administration. N denotes times of incremental
Naloxone administration.

NEO PI-R. Subjects with the G allele tended to score
lower on the NEO factor of conscientiousness than sub-
jects homozygous for the A allele (p = .09). Within this
factor, the facet subscales of order (p = .07), competence
(p = .03) and deliberation (p = .09) were lower for sub-
jects with the G versus A allele. As shown in Figure 6,
median scores for conscientiousness and order for the
G-allele group were in the low range of the scale
whereas the median scores for the A-allele group were
consistently within the average range of the scale for
the factor and facet scales.

Serotonin Transporter Polymorphism

Hormones. No differences in cortisol, ACTH and LH
were observed at baseline, following placebo adminis-
tration and following opioid blockade as a function of
serotonin transporter genotype. To be certain that ex-
pression of the mu-opioid receptor G allele did not in-
teract to obscure the effect of either serotonin trans-
porter allele (long or short) on hormone responses, only
subjects homozygous for the A allele (n = 26) were ana-
lyzed by transporter polymorphism genotype. Hor-
mone responses did not differ by transporter genotype
in subjects homozygous for the A allele of the mu-opi-
oid receptor polymorphism.

NEO PI-R. Subjects expressing one or both S alleles
tended to score lower on the NEO factor of Agreeable-
ness than subjects homozygous for the L allele (p = .08).
Within this factor, the facet subscale of tenderminded-
ness (p = .003) was lower for subjects expressing one or
both S alleles compared to subjects homozygous for the
L allele [median (25 and 75th percentile): L, 58 (43-34)
vs. LS, 50 (32-23).
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Figure 6. NEO scores as a function of mu-opioid receptor genotype. Box plot shows median, 75th and 25th percentiles for
NEO scores. VH, very high; H, high; A, average; L, low; VL, very low.

DISCUSSION

The present study was designed to test whether the
Asn40Asp substitution polymorphism in the mu-opioid
receptor or a functional mutation in the polymorphic
region of serotonin transporter influences HPA axis ac-
tivation induced by opioid receptor blockade. Although
the sample size is small, we observed highly significant
differences in cortisol responses following opioid block-
ade as a function of mu-opioid polymorphism. To our
knowledge this is the first study to show that a func-
tional polymorphism in a gene regulating the activity of
the hypothalamic-pituitary-adrenal (HPA) axis can al-
ter HPA function in healthy individuals. The polymor-
phism is in the mu-opioid receptor gene resulting in an
Asn-to-Asp change in amino acid residue 40 located in
the N-terminal region of the extracellular domain of the
receptor (Bond et al. 1998). The more common Asn resi-
due at this position contains a putative site for N-glyco-
sylation (Mestek et al. 1995). It is assumed that substitu-
tion of Asp for Asn causes the loss of glycosylation,
thereby resulting in enhanced affinity for B-endorphin
(Bond et al. 1998). The opioid receptor antagonists,
Naloxone, nalmefene and naltrexone have been shown

to effect disinhibition of the HPA axis resulting in re-
lease of ACTH and cortisol (McCaul et al. 2000; Wand
et al. 1998; Schluger et al. 1998). If the A(118)G variant
receptor produces greater tonic inhibition when more
tightly bound to endogenous B-endorphin, removal of
this inhibition by Naloxone might induce greater acti-
vation of ACTH and cortisol as seen in our study.

Although there were no time point or AUC differ-
ences in plasma ACTH by genotype, a significant dif-
ference in the rate of increase of ACTH (slope) between
A/A and A/G was observed between 30 and 90 min-
utes. This suggests that the A118G polymorphism is as-
sociated with enhanced adrenal sensitivity to endoge-
nous ACTH (e.g., adrenal hypertrophy), a hormone
profile considered to be maladaptive and associated
with chronic stress in rodents and primates (Chrousos
2000; Kreek and Koob 1998). This functional polymor-
phism may have important consequences since among
other activities, B-endorphin regulates secretion of
stress and reproductive hormones thereby influencing
a variety of physiological functions.

Similar to CRF secretion, the hypothalamic hormone,
gonadotropin releasing hormone (GnRH)), is also mod-
ulated by inhibitory tone imposed by B-endorphin neu-
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rons (Limone et al. 1997). By blocking inhibitory tone
imposed by B-endorphin, Naloxone stimulates GnRH,
which in turn stimulates LH secretion. We observed a
trend for higher LH levels at baseline and following
placebo administration in subjects expressing the vari-
ant mu-opioid polymorphism. Although LH responses
appeared higher in subjects expressing the A118G vari-
ant, the genotype differences to opioid blockade were
not significant. More definitive statements about LH re-
sponses as a function of the polymorphism wait until
confirmation with a larger sample size.

In addition to being associated with higher hormone
responses to opioid receptor blockade, it will be impor-
tant to determine if the A118G polymorphism alters
HPA-axis responses to various forms of stress. The dy-
namics of the HPA axis affect health and disease states.
A healthy HPA axis response to stress is characterized
by rapid onset and limited duration. The time-limited
nature of the hormonal response ensures that the accom-
panying behavioral, metabolic and immunosuppressive
effects induced by CRH and cortisol are short-lived and
therefore beneficial, with no adverse sequelae (Caldji et
al. 2000; Koob 1999; Sapolsky 2000a). However, over a
lifetime, persons with enhanced stress responsivity expe-
rience bouts of inappropriate hypercortisolism resulting
in insulin resistance, immuno-suppression, osteoporosis
and hippocampal injury (Pasquali and Vicennati 2000;
Sapolsky 2000b; Sapolsky 2000c). Among many of its
actions, cortisol acts permissively to heighten the effects
of catecholamines. Glucocorticoids promote epinephrine
synthesis and inhibit catecholamine re-uptake (Munck
and Naray-Fejes-Toth 1994). Moreover, studies have sug-
gested a link among stress, glucocorticoid production, me-
solimbic dopamine generation and drug-seeking behav-
iors (Kreek and Koob 1998; Piazza and Le Moal 1996). For
example, glucocorticoids enhance mesolimbic dopamine
generation (Piazza and Le Moal 1996). To date, studies
have not shown an association between the A(118)G poly-
morphism and substance abuse disorders (Bergen et al.
1997; Bond et al. 1998). However, given that opioid antago-
nists are useful in the treatment of alcoholism (King et al.
1997; O'Malley 1996), it will be important to know whether
a positive treatment outcome is associated with the variant
receptor polymorphism. It will also be important to find
out if individuals with enhanced stress responsivity are
more likely to express the A(118)G variant receptor.

Interestingly, subjects expressing the variant poly-
morphism were found to score lower on the NEO factor
of conscientiousness and three of the six facet subscales
including order, competence and deliberation. Gener-
ally, this personality characteristic is associated with the
ability to plan, organize and carry out tasks (Costa and
McCrae 1997). Lower scores on this factor have been as-
sociated with reduced goal-orientation towards aca-
demic and occupational achievement and a generally
more hedonistic life approach (Costa and McCrae
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1997). This interpretation is further supported by a be-
low-average mean score on the order facet, reflecting an
inability to get organized and an unmethodical style.
There is a growing body of research demonstrating be-
havioral and personality differences in addition to
physiological differences associated with genetic poly-
morphisms (Ebstein et al. 2000; Noble et al. 1998;
Sander et al. 1998b). For example, Noble (Noble 1998)
has examined the role of the A1 D2R polymorphism in
alcoholism and has shown a positive relationship be-
tween the penetrance of the polymorphism and alcohol
and drug abuse severity (including cocaine abuse).
There have been reports of an association between nov-
elty seeking and polymorphisms in D4R and the dopa-
mine transporter (Noble et al. 1998). Moreover, alcohol-
ism and personality traits have been linked to
polymorphisms in the serotonin transporter and the
mu-opioid receptor (Sander et al. 1998a,1998b). Our
finding of low conscientiousness among subjects with
the mu-opioid receptor polymorphism extends this im-
portant line of research.

Hypothalamic CRF neurons are also modulated by se-
rotonergic fibers. The amount of serotonergic tone influ-
ences HPA axis activity (Isogawa et al. 2000). Therefore, we
also characterized hormonal responses in subjects express-
ing either the long or short form of a functional polymor-
phism within the serotonin transporter gene. In vitro and in
vivo studies have shown that tissue expressing the long
form of the polymorphism expresses more transporter
mRNA and exhibits 2-fold greater serotonin uptake com-
pared to cells expressing the short form of the allele
(Hanna et al. 1998; Lesch et al. 1997; Little et al. 1998). Be-
cause the short allele is associated with reduced trans-
porter activity (greater synaptic serotonin concentration), it
is possible that persons expressing the shorter allele would
have greater serotonergic activity and thereby greater HPA
axis activation compared to persons expressing only the
long form of the allele. However, we did not observe any
differences in hormone responses as a function of this
polymorphism. This negative finding may reflect the fact
that the HPA axis was stimulated by opioid receptor block-
ade rather through activation of the serotonergic system.

In summary the A118G functional polymorphism in the
mu-opioid receptor is associated with enhanced HPA axis
responses to opioid receptor blockade and lower scores on
the personality factor of conscientiousness as assessed by
the NEO PI-R. It is possible that persons expressing this
variant receptor may have abnormal HPA axis responses
to stress and altered personality characteristics regulated
through activation of the mu-opioid receptor.
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