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Abstract
Background—Methamphetamine use disorders are pervasive global social problems that
produce large medical and public health burdens. Abnormalities in pituitary hormonal regulation
have been observed in preclinical models of substance abuse and in human substance abusers.
They have not been studied before, however, in methamphetamine-dependent human subjects.

Objectives—To determine if methamphetamine-dependent research volunteers differ from
healthy control subjects in plasma levels of adrenocorticotropic hormone (ACTH), cortisol, or
prolactin, or in pituitary dopamine D2 receptor availability during early abstinence from
methamphetamine.

Methods—Methamphetamine-dependent subjects (N=31), who were not seeking treatment,
resided on an inpatient ward for up to 5 weeks. Abstinence was confirmed by daily urine drug
screening. Venous blood was sampled for plasma hormone levels, and positron emission
tomography with [18F]fallypride was performed to determine dopamine D2 receptor availability
during the first week of abstinence. Venous blood was sampled again for hormone levels during
the fourth week of abstinence. Matched healthy volunteers (N=23) participated as a comparison
group.

Results—Methamphetamine-dependent and healthy comparison subjects did not differ in plasma
ACTH or cortisol levels, but had an elevated plasma prolactin at both the first week and fourth
week of abstinence. There was no group difference in pituitary dopamine D2 receptor availability.

Conclusion—Methamphetamine-dependent individuals have abnormalities in prolactin
regulation, which is not likely due to alterations in pituitary dopamine D2 receptor availability.

Scientific Significance—Methamphetamine dependence is associated with elevated prolactin
levels, which may contribute to medical co-morbidity in afflicted individuals.
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INTRODUCTION
Exposure to environmental stress and concomitant abnormalities in hormonal markers of
stress regulation are considered to be risk factors for the development of substance use
disorders (1). Conversely, substance abuse itself may cause alterations in hormonal stress
regulation (1). Despite extensive literature demonstrating abnormalities of pituitary
hormonal regulation associated with substance abuse (including cocaine; reviewed in [2]),
little is known about the effects of chronic methamphetamine (MA) abuse on pituitary
hormonal regulation.

Neural circuits in the tuberoinfundibular tract regulate production of pituitary hormones,
including adrenocorticotropin (ACTH) and prolactin (3). In response to stress, cortisol
release is stimulated by ACTH, and provides negatively feedback on ACTH production as
part of the hypothalamic-pituitary-adrenal axis (2). Unlike the secretion of other anterior
pituitary hormones, prolactin secretion is tonically suppressed by the hypothalamus via
adenohypophyseal dopaminergic projections (3). Dopamine inhibits the synthesis and
secretion of prolactin through interactions at pituitary dopamine D2 receptors (3;4).

Plasma levels of ACTH increase following acute cocaine administration in animals and
humans, but basal ACTH levels remain unchanged with chronic administration (5;6). By
contrast, cortisol levels are elevated during early abstinence from cocaine in humans (7;8).
Elevated plasma prolactin has been demonstrated in preclinical and human studies of
cocaine dependence (5;9;10;7;8). However, to date, there have been no reports on plasma
levels of ACTH, cortisol, or prolactin associated with MA dependence. We therefore tested
whether plasma concentrations of these hormones are abnormal in MA-dependent
participants, thereby possibly contributing to the medical co-morbidity associated with MA
dependence. MA dependence is associated with abnormalities in striatal dopamine D2/D3
receptor binding potential [11]. Since adenohypophyseal dopaminergic projections onto
pituitary dopamine D2 receptors inhibit prolactin secretion, we also tested whether pituitary
dopamine D2 receptor availability differs in abstinent MA-dependent participants compared
to a matched healthy comparison group.

METHODS
Participants

Thirty-one MA-dependent participants (MA subjects) and 23 healthy comparison subjects
participated in this study after providing written informed consent, as approved by the
UCLA Institutional Review Board. Participants in both groups were excluded if they had
any major medical illness as determined by medical history, physical examination, and
laboratory studies. MA subjects met criteria for current MA dependence, were not
dependent on other substances (besides nicotine) and had a positive MA urine drug screen at
study entry. Comparison subjects had no history of substance use disorders (besides nicotine
dependence), and their urine drug screens tested negative throughout the study. Subjects
were excluded in both groups if they met criteria for any other current Axis I diagnoses
based on SCID-IV, or any current psychotropic medication use. Pregnant or breastfeeding
women were excluded from the study. MA subjects resided at the UCLA inpatient General
Clinical Research Center (GCRC) for the duration of the studies (either 2 or 5 weeks), and
abstinence was confirmed via daily urine and alcohol breath testing. Comparison subjects
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were studied on an outpatient basis. Most of the MA subjects identified smoking as the
primary route of MA administration. All subjects were compensated for their participation.

Hormone Assays
Blood samples were collected at a standard time (2:30 PM), on days 2 and 30 of supervised
abstinence for the MA subjects, and for the comparison subjects at study entry and 1 month
later. Blood samples (5 ml each) were collected in heparinized tubes (cortisol, prolactin) and
EDTA-containing tubes (ACTH), centrifuged, and the plasma transferred to cryovials.
Plasma samples were stored at −70°C prior to assay. Hormone assays on thawed plasma
samples were conducted on a Siemens Medical Solution Diagnostic IMMULITE 1000
Chemiluminescent Immunoassay instrument (Siemens USA, Deerfield, IL). Intra- and inter-
assay variability was less than 10%.

Positron Emission Tomography (PET)
MA subjects underwent [18F]fallypride PET scanning during days 4–8 of inpatient
abstinence, whereas comparison subjects were scanned within 2 weeks of study entry.
Details of our methods and procedures for PET analysis of dopamine D2/D3 receptor
availability with [18F]fallypride have been previously described (11). Dopamine D3 receptor
expression has been shown to be absent in the pituitary gland (12); therefore, pituitary
[18F]fallypride PET signal is due to D2 receptor binding. Details of PET acquisition and
image processing have been previously described [11]. Regions of Interest (ROIs) for the
pituitary gland were directly defined via a 12-mm diameter by 15-mm long cylinder placed
on the pituitary using a spatially aligned mean PET scan image (reoriented in the axial
plane) for each subject, after Moresco et al. (13). Details for the generation of both pituitary
and cerebellar ROIs and subject-specific K2’ values have been previously described (11).
Time-activity curves (TACs) were extracted from ROIs in the realigned PET frames as
described (11). Both a simplified reference-tissue model (against bilateral cerebellar ROIs)
and Logan non-invasive model plot (14; using subject-specific K2’ values previously
generated (see [11] for details)) were used to calculate binding potentials (BPNDs)from the
TACs using PMOD 3.0 (PMOD Technologies, Zurich, Switzerland).

Data Analysis
Demographic variables were analyzed by one-way analysis of variance (ANOVA)
comparisons (continuous variables) or Pearson’s Chi-square (categorical variables). The
main effects of group (MA, comparison subjects), time, and the interaction of group x time
for hormone levels at both time-points and dopamine D2 receptor availability were done
using ANOVA. Correlations were performed using Pearson’s moment correlation. Data for
continuous variables are reported as mean ± standard deviation. Demographic and
behavioral variables that differed between study groups (smoking, education) were used as
covariates to adjust for potential bias. Repeated-measures ANOVA was conducted with post
hoc Bonferroni correction. All statistics were performed using SPSS software (v. 17.0;
Chicago, IL).

RESULTS
Characteristics of participants (Table 1)

A greater percentage of MA subjects (84%) than comparison subjects (56%) were tobacco
smokers (1 df, p=0.027), and MA subjects had fewer years of education (12.5±1.2 vs
14.2±2.5; F(1,53)=11.33, p=0.001). The groups did not differ in age, gender, overall
ethnicity, or maternal educational level. MA subjects reported using MA for 12.2±7.4 years,
and using 19.1±9.3 days out of the last 30 prior to study entry.
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Hormone Levels
There was no significant difference between groups for either ACTH (Fig. 1A; MA: N=16;
control: N=18, F(1,64)=0.546, p=0.463) or cortisol (Fig. 1B; MA: N=16; control: N=17,
F(1,62)=1.365, p=0.247). However, plasma prolactin levels tested at day 2 of abstinence
were higher for MA subjects (Fig. 1C; N=31; 11.3±4.2 ng/ml) than levels obtained from a
control comparison group at study entry (Fig. 1C; N=23; 8.1±4.4 ng/ml; F(4,53)=4.679,
p=0.003). A significant effect of group was also found for a subset of subjects re-tested after
4 weeks of abstinence (Fig 1C; (N=14 MA, N=17 control subjects; F(2,58)=4.7, p=0.013)).
There was no group x time interaction or main effect of time for prolactin levels (Fig 1C;
F(1,58)=0.080, p=0.778).

Prolactin levels differed by gender, with lower values for males than females for both
control subjects (males 6.6±3.3 ng/ml, n=9; females 9.8±5.2 ng/ml, n=11) and MA subjects
(males 10.5±4.0 ng/ml, n=18; females 12.3±4.5 ng/ml, n=13), and the effect of gender was
statistically significant (F(1,50)=4.11, p=0.05).

Among MA subjects, there was no correlation between prolactin level at day 2 of abstinence
and either years of MA use (r=−0.23, p=0.21) or frequency of MA use in the last 30 days (r=
−0.02, p=0.91) among MA subjects.

Pituitary D2 receptor binding potential in abstinent MA subjects
D2 receptor availability in the pituitary glands of the MA subjects (N=14) was found to be:
for simplified reference tissue model (SRTM), BPND 3.68±1.21; for Logan plot, BPND
3.58±1.29. We compared these values to the similarly calculated pituitary binding potentials
for the comparison subjects (N=11), which yielded BPNDs of 4.02±1.10 (SRTM) and
4.00±1.09 (Logan plot), and found no significant differences between groups for either
model (SRTM: F(1,23)=0.51, p=0.48; Logan plot: F(1,23)=0.72, p=0.41). There was no
group difference in average pituitary volume (MA: 917.6±267.7 mm3; control: 945.8±244.9
mm3; F(1,23)=0.07, p=0.79).

DISCUSSION
Plasma ACTH and Cortisol

To our knowledge, this is the first assessment of ACTH and cortisol levels in MA-abusing
subjects, showing no difference from those measured in a healthy comparison group. These
findings stand in contrast to reports of higher cortisol levels in recently abstinent abusers of
alcohol, opioids, and cocaine (7;15;16;17). In a study of cocaine-dependent subjects,
afternoon cortisol levels were elevated early in treatment, then returned to a baseline, similar
to values in a control group, by the third week of abstinence (7).

ACTH is elevated in response to acute cocaine administration to humans, but basal ACTH
levels are normal in cocaine-dependent individuals (reviewed in [18]). Therefore, our
finding of normal basal ACTH levels in abstinent MA subjects is consistent with previously
published studies of stimulant dependence.

Plasma Prolactin
Our findings of elevated plasma prolactin at days 2 and 30 in abstinent MA subjects have
not been previously described in the literature. Elevated prolactin has been reported in the
first week of abstinence from chronic cocaine abuse (N=21), with gradual normalization
over 3 weeks (7). In a larger study of 141 treatment-seeking cocaine dependent outpatients,
prolactin levels were elevated at study entry compared to a control group, and were also
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correlated with amount (g/day) of cocaine use (8). Conversely, prolactin was not elevated by
acute MA administration in humans (19).

When combined with the results in MA subjects (this manuscript), these data provide
evidence that chronic stimulant exposure can induce deficits in prolactin regulation during
early abstinence.

Pituitary dopamine D2 receptor binding potential
It is well-established that MA dependence is associated with a reduction in striatal dopamine
D2/D3 receptor binding potential (20), which recovers only partially, even after several years
of abstinence (21). Our data on the relative preservation of dopamine D2 receptor binding in
the pituitary in MA subjects therefore adds to data from an overlapping subject pool, which
demonstrated that caudate and putamen dopamine D2/D3 receptor binding was lower in MA-
dependent subjects than in healthy control subjects, with no group difference in D2/D3
binding potential in the nucleus accumbens (11).

In a postmortem study of a mixed population of 76 MA-abusers and individuals with other
drug use histories, there were more adenohypophyseal clusterin-containing follicles in the
drug users than in a non-drug using control group (22). This finding was thought to indicate
dysfunctional dopaminergic neurotransmission originating in the hypothalamus (22). Taken
together, our findings of intact dopamine D2 receptor binding in the pituitary in MA
subjects, together with data suggesting that MA abuse is associated with abnormalities in
hypophyseal dopaminergic projections implicate dysfunctional dopaminergic release at the
adenohypophyseal nerve terminals as responsible for impaired pituitary prolactin regulation
in stimulant dependence.

Limitations
The research participants in this study were screened to exclude any subjects with co-morbid
medical or psychiatric illness. Therefore, the results of this study may not be generalizable
to treatment-seeking MA-abusing patients. MA subjects were studied as inpatients, whereas
our healthy comparison subjects were studied as outpatients. The sample size was relatively
small, which limits the power to detect modest differences in either hormone levels or
pituitary dopamine D2 receptor binding potential between study groups. Finally, our study
sampled hormonal levels at only 1 afternoon time-point, which may not provide for
adequate time resolution to detect subtle diurnal changes in hormone levels (e.g., [7]).

Implications for the medical burden of MA dependence
Our finding of elevated prolactin in human MA-dependent subjects adds to the clinical
literature on the toxicity of MA. Aside from its actions on lactation and reproductive
processes, prolactin plays a role in the immune system and the stress response (23). Plasma
concentrations of prolactin follow a circadianrhythm and peak during sleep (4).
Hyperprolactinemia (prolactin levels >2 times normal range) is associated with
antipsychotic treatment, pregnancy, and endocrine tumors and may result in gynecomastia,
galactorrhea, infertility, and sexual dysfunction and increased long term risk of breast cancer
and osteoporosis (reviewed in [23]). The medical consequences of prolonged
hyperprolatinemia include reproductive problems including amenorrhea and compromised
immune function [18]. Our findings of a roughly 40% higher level of basal prolactin in
abstaining MA subjects compared to control subjects suggests that some MA abusers are at
risk for developing symptoms of hyperprolactinemia. Symptoms of MA withdrawal
(including subjective sleep disturbance and depressive symptoms) typically resolve within
several weeks of abstinence (24;25), and therefore do not correlate with our finding of
continuously elevated prolactin over 1 month of abstinence. The clinical significance of
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elevated prolactin levels in abstinence from MA is unclear at present, but could be an area
for future investigation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Plasma levels of ACTH, cortisol, and prolactin in MA subjects and comparison subjects
(control). Data represent mean plasma levels of each hormone at each time-point; error bars
represent standard deviation of each value. There were no group differences in ACTH (fig
1A) or cortisol (fig 1B). Plasma ACTH (fig 1A, N=16) and cortisol (fig 1B, N=18) in MA
subjects (gray bars) at day 2 and 30 of abstinence, compared to control subjects (black bars).
Fig 1C: Prolactin was significantly higher in MA subjects (N=14) at both day 2 and day 30
of abstinence than in comparison subjects assessed at study entry and 1 month later (N=17).
Comparisons of hormone levels among MA and control subjects demonstrated no effect of
time, but a significant effect of group. *: p<0.05 for the group difference.

Zorick et al. Page 8

Am J Drug Alcohol Abuse. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zorick et al. Page 9

Ta
bl

e 
1

D
em

og
ra

ph
ic

s o
f S

tu
dy

 P
ar

tic
ip

an
ts

C
om

pa
ri

so
n

M
A

# 
of

 su
bj

ec
ts

N
=2

3
N

=3
1

F
df

p

A
ge

34
.1

(8
.7

)
34

.6
(1

0.
1)

0.
04

53
0.

84
2

Y
ea

rs
 E

du
ca

tio
n:

14
.2

(2
.5

)
12

.5
(1

.2
)

11
.3

3
53

0.
00

1*
*

Y
ea

rs
 M

at
er

na
l E

du
ca

tio
n:

13
.4

(4
.0

)
12

.5
(2

.6
)

0.
98

52
0.

33

χ2
df

p

Sm
ok

er
s:

13
 (5

6%
)

26
 (8

4%
)

4.
9

1
0.

02
7*

G
en

de
r:

 
M

al
e

12
 (5

8%
)

18
 (5

2%
)

0.
55

7
1

0.
45

6

Et
hn

ic
ity

:
ov

er
al

l e
th

ni
ci

ty
6.

0
5

0.
29

9

 
W

hi
te

13
 (6

3%
)

19
 (5

6%
)

Su
bs

ta
nc

e 
U

se

Y
ea

rs
 o

f M
A

 u
se

n.
a.

12
.2

(7
.4

)

D
ay

s o
f U

se
/3

0 
da

ys
n.

a.
19

.1
(9

.3
)

C
on

tin
uo

us
 v

ar
ia

bl
es

 a
re

 li
st

ed
 a

s m
ea

n 
of

 e
ac

h 
gr

ou
p 

w
ith

 st
an

da
rd

 d
ev

ia
tio

n 
in

 p
ar

en
th

es
es

. C
at

eg
or

ic
al

 v
ar

ia
bl

es
 a

re
 li

st
ed

 a
s t

he
 to

ta
l o

f e
ac

h 
gr

ou
p 

w
ith

 p
er

ce
nt

ag
e 

in
 p

ar
en

th
es

es
. P

 v
al

ue
s r

ea
ch

in
g

st
at

is
tic

al
 si

gn
ifi

ca
nc

e 
ar

e 
hi

gh
lig

ht
ed

:

* si
gn

ifi
ca

nt
 g

ro
up

 d
iff

er
en

ce
 p

<0
.0

5;

**
gr

ou
p 

di
ff

er
en

ce
 si

gn
ifi

ca
nc

e 
p<

0.
01

.

Am J Drug Alcohol Abuse. Author manuscript; available in PMC 2012 January 1.


