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h  i  g  h  l  i  g  h  t  s

• We  examined  the  effect  of repeated  contingent  opioid  exposure  on  striatal  medium  spiny  neurons  (MSNs)  in  D1-  and D2-GFP  expressing  mice.
• Mice  were  trained  to self-administer  remifentanil,  a mu  opioid  receptor  agonist.
• Once  stable  self-administration  was  obtained,  electrophysiology  recordings  were  done.
• Mu  receptors  pre-synaptic  to D1-,  but  not  D2-,  MSNs  demonstrated  reduced  sensitivity.
• This  finding  suggests  a specific  adaptation  of  D1-MSNs  after  opiate  self-administration.

a  r  t i  c  l  e  i  n  f  o

Article history:
Received 25 June 2013
Received in revised form 2 August 2013
Accepted 5 August 2013
Available online 19 August 2013

Keywords:
Striatum
Medium spiny neurons
Intravenous self-administration
Mu  opioid receptor
Electrophysiology
Mice

a  b  s  t  r  a  c  t

Medium-sized  spiny  neurons  (MSNs),  the  predominant  neuronal  population  of  the  striatum,  are  an  inte-
gral component  of  the  many  cortical  and  limbic  pathways  associated  with  reward-related  behaviors.  A
differential  role  of the D1  receptor-enriched  (D1)  MSNs  of  the striatonigral  direct  pathway,  as compared
with  the  D2  receptor-enriched  (D2) MSNs  of  the  striatopallidal  indirect  pathway,  in  mediating  the  addic-
tive behaviors  associated  with  cocaine  is beginning  to emerge.  However,  whether  opioids,  well-known
analgesics  with  euphoric  properties,  similarly  induce  dissociable  signaling  adaptations  in these  neurons
remains  unclear.  Transgenic  mice  expressing  green  fluorescent  protein  (GFP)-labeled  D1  or  D2  neurons
were implanted  with  intravenous  jugular  catheters.  Mice  learned  to self-administer  0.1  mg/kg/infusion  of
the opioid  remifentanil  during  2 h  sessions  over  13  contiguous  days.  Thereafter,  the  electrophysiological
properties  of  D1- and  D2-MSNs  in the  shell  region  of  the  nucleus  accumbens  (NAc)  were  assessed.  We
found  that  prior  opioid  exposure  did  not  alter  the  basic  membrane  properties  nor  the kinetics  or  ampli-
tude  of miniature  excitatory  postsynaptic  currents  (mEPSCs).  However,  when  challenged  with  the  mu
opioid  receptor  (�OR)  agonist  DAMGO,  the  characteristic  inhibitory  profile  of  this  receptor  was  altered.
DAMGO  inhibited  the  frequency  of  mEPSCs  in D1-MSNs  from  control  mice  receiving  saline  and  in D2-
MSNs  from  mice  exposed  to  remifentanil  or  saline,  but this  inhibitory  profile  was  reduced  in  D1-MSNs
from  mice  receiving  remifentanil.  Remifentanil  exposure  also  altered  the  probability  of  glutamate  release
onto  D1-,  but  not  D2-MSNs.  Together  these  results  suggest  a D1-pathway  specific  effect  associated  with
the acquisition  of  opioid-seeking  behaviors.
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Opioids are potent analgesics of important clinical value but
can also induce euphoria. This can lead to abuse behaviors by
those taking prescription opioids and contribute to the increasing
diversion of these readily available pharmaceutical compounds
for non-medical use [1]. As occasional opioid use transitions to
habitual use, this progression is often accompanied by tolerance
and dependence, which contribute to an escalating, prolonged
pattern of opioid abuse. However, in contrast to our knowledge of
the neuroadaptations induced by the traditional psychostimulants,
much less is known of the adaptations of specific neural cells, and
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therefore circuits that mediate the transition from occasional to
chronic opioid use and abuse.

The mesolimbic dopamine pathway is undoubtedly involved in
the initial phase of opioid reward and reinforcement [2,3], with
cooperative signaling through the D1 and D2 receptors expressed
in striatal medium-sized spiny neurons (MSNs), mediating aspects
of the unconditioned effects of the drug and subsequent condition-
ing [4–6]. As drug-taking progresses, the role of these receptors
appears to diverge, with D2 receptor activation playing a more
prominent role in cue-associated behaviors whereas the role of D1
receptors appears to diminish [7]; both receptors, however, appear
to be involved in opioid-seeking after prolonged abstinence [8].

Though an understanding of the effects of psychostimulants
on the neurophysiology of D1- and D2-enriched MSNs and their
role in the initial psychomotor and reinforcing effects of psy-
chostimulants is coming to light [9–12], there is little known of
how prolonged voluntary opioid exposure alters these properties.
To fill this gap, we have combined several techniques, including
GFP-expressing mice, intravenous self-administration and elec-
trophysiological recordings, to examine how the acquisition and
maintenance of opioid-seeking behavior alters signaling properties
of the D1-enriched, direct-pathway, and D2-enriched, indirect-
pathway MSNs of the striatum.

Fully back-crossed male and female mice expressing D1- or D2-
GFP [13] were bred from hemizygous mice crossed with C57Bl/6J
mice to obtain hemizygous and wildtype littermates. Initially, both
sexes were used to examine the effect of the GFP transgene on opi-
oid sensitivity, which may  alter cellular function and/or behavior.
This was assessed by the studying the locomotor effect of an opi-
oid agonist, fentanyl, which was used for these experiments as it
is �OR-specific and, unlike remifentanil (according to pilot data
not shown), induces a hyperlocomotion response. We  found an
effect of transgene insertion in female but not male mice (SFig.
1, Supplemental Information). Male D1- and D2-GFP mice were
therefore used for the subsequent intravenous self-administration
experiments and electrophysiological analyses.

An intravenous catheter (0.2 mm i.d., 0.4 mm o.d; Cathcams,
Oxford, UK) was implanted in the right jugular vein of male mice
under sterile conditions as previously described [14]. After 7 days
of recovery, and on a daily basis thereafter, mice were trained to
self-administer remifentanil (0.1 mg/kg/infusion) or had access to
saline in operant conditioning chambers (Med-Associates Georgia,
VT) in which the active versus inactive lever location was assigned
in a counterbalanced manner across groups. Remifentanil was
chosen for these self-administration experiments as it is highly
�OR-specific and potent, has abuse-liability, and its short half-life
facilitates the association of the active lever with the opioid infu-
sion, thereby enhancing acquisition of self-administration behavior
[15–17]. A response on the designated active, but not inactive,
lever resulted in an intravenous drug infusion (0.67 �l/g body
weight), presentation of a 20 s visual cue and a 30 s ‘timeout’
period. The mice underwent a minimum of 10 days of acqui-
sition training at Fixed Ratio 1 (FR1), followed by 3 to 4 days
at Fixed Ratio 3 (FR3) where 1 or 3 lever presses respectively,
resulted in an infusion, up to a maximum of 50 infusions/session.
Self-administration behavior was considered established if a min-
imum of 20 infusions/session were obtained with no more than
30% variation in the number of infusions earned across the last 3
days.

Statistical Analysis: Over-dispersed count data gathered from
self-administration sessions (counts of infusions earned and lever
presses) were analyzed using Generalized Estimating Equations
(GEE; see supplemental information) with a negative binomial
distribution and a log link function along with an unstructured
covariance matrix. Training day and lever (for analysis of active
versus inactive pressing) were entered as repeated measures,

whereas genotype and self-administration drug were between-
subjects factors.

Mice which had self-administered remifentanil or saline were
sacrificed 24 h after the last session for subsequent electrophys-
iological analysis. Slice preparation, cell identification, recording
parameters and excitatory post-synaptic currents (EPSC) analysis
were conducted as previously described [18,19]. Miniature EPSCs
(mEPSCs) were recorded in the presence of tetrodotoxin (TTX,
1 �M)  and with or without DAMGO; [D-Ala2, NMe-Phe4, Gly-ol5]-
enkephalin (1 �M,  8–10 min).

Statistical Analysis: As there were no significant differences
between labeled and non-labeled MSNs from the other genotype,
data were pooled. High-frequency electrical noise was filtered
in Clampfit and root mean square (rms) noise was calculated at
1–2 pA. Events with peak amplitudes between 10 and 50 pA were
grouped, aligned by half-rise time, and normalized by peak ampli-
tude. The effect of DAMGO was assessed during the last 2 min  of
application, the time of maximal effect [19]. Differences in average
mEPSC amplitude and frequency between groups were analyzed
with GEE using a gamma  distribution and a log link function along
with an exchangeable covariance structure and DAMGO applica-
tion entered as a repeated factor. Amplitude-frequency histograms
were also analyzed using the same GEE model, with amplitude bin
and DAMGO application as repeated factors. Because many of these
data equaled zero, a constant was  added to all values to allow analy-
sis with a gamma  distribution (which best fit the data). Differences
in inter-event interval (IEI) distributions, interpreted as probability
of release, were analyzed using the Kolmogorov–Smirnov (KS) test.

We found that, when compared to saline mice (D1-GFP n = 4,
D2-GFP n = 5), mice with contingent access to remifentanil (D1-
GFP n = 9, D2-GFP n = 6) acquired self-administration behavior and
earned significantly more infusions at FR1 and FR3 schedules (both
Wald �2 > 43.127, p’s < 0.0001, df = 1, Fig. 1A). While no significant
effects of or interactions with genotype were found for FR1 (all
Wald �2 < 10.543, p’s > 0.308), we did detect interactions with geno-
type during FR3 (day × genotype: Wald �2 = 41.606, p < 0.001, df = 2;
day × drug × genotype: Wald �2 = 39.191, p < 0.001, df = 2). How-
ever, pairwise comparisons between genotypes across FR3 days did
not reveal any significant differences in infusions earned (remifen-
tanil mice: all p’s > 0.677; saline mice: all p’s > 0.246). As shown in
Fig. 1B, mice self-administering remifentanil learned to discrimi-
nate the active from inactive lever during FR1 (day × lever: Wald
�2 =22.404, p = 0.008, df = 9) and maintained this discrimination
during FR3 (lever: Wald �2 = 122.261, p < 0.001, df = 1; day × lever:
Wald �2 = 2.390, p = 0.303, df = 2), whereas saline mice did not (data
not shown). Lever discrimination learning during FR1 and mainte-
nance during FR3 did not differ as a function of genotype (all Wald
�2 < 7.798, p’s > 0.144; see supplemental information for further
statistical analyses).

The basic cell membrane properties – capacitance (Cm), res-
ting membrane potential (Rm), time constant or tau – were not
different in D1- or D2-MSNs from mice receiving saline or remifen-
tanil. This indicates that chronic opioid self-administration did not
produce major changes in MSN  morphology or resting membrane
potential (Table 1). There were also no dissociable effects of opi-
oid self-administration on the amplitude, frequency or kinetics of
spontaneous EPSCs in D1 and D2 neurons (data not shown).

As we have found that DAMGO inhibits miniature EPSC fre-
quency in both types of MSNs in the NAc shell [19], we  examined
this effect following self-administration. We  found that opioid
self-administration specifically altered this profile in D1-MSNs
(Fig. 2; cell type × self-administration drug × DAMGO application:
Wald �2 = 4.251, p = 0.039, df = 1). Post hoc analysis, shown in
Fig. 2A, demonstrated that DAMGO inhibited mEPSC frequency
in both D1- and D2-MSNs from mice receiving saline (D1-MSNs:
p = 0.003; D2-MSNs: p = 0.040). This inhibitory effect of DAMGO



Download English Version:

https://daneshyari.com/en/article/6258934

Download Persian Version:

https://daneshyari.com/article/6258934

Daneshyari.com

https://daneshyari.com/en/article/6258934
https://daneshyari.com/article/6258934
https://daneshyari.com

