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Abstract

Using functional magnetic resonance imaging (fMRI) we found that a noxious thermal stimult@)(#6the hand activates the nucleus
accumbens (NAc) in humans, while a non-noxious warm stimulus@jtioes not. Following the noxious stimulus, two distinct foci of decreased
activation were observed showing distinct time course profiles. One focus was anterior, superior, and lateral and the second that was more post
inferior, and medial. The anatomical segregation may correlate with the functional components of the NAc, i.e., shell and core. The results sup
heterogeneity of function within the NAc and have implications for the understanding the contribution of NAc function to processing of pain an
analgesia.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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Electrophysiological, pharmacological and imaging studies Here, we reportin healthy human subjects, a noxious thermal
point to the nucleus accumbens (NAc) as one CNS site that magtimulus (46 C) that produces a decrease signal in the NAc
mediate functions involved in both reward and aver§®a5]. could be separated into two clusters. Each cluster may represent
One hypothesis to explain how the NAc could serve this putativéunctional components of the core and shell.

dual role is that neurons within the structure can be separated Six healthy volunteers (male, right-handed, 3t.8.7

into distinct functional groups, each playing a different role inmeant S.E.M.) participated in the study, which was approved
hedonic responses or motivated behafi6j. Based upon histo- by the Massachusetts General Hospital committee for experi-
logical characteristics in animals and humans, the NAc is dividednentation on human subjects. Prior to scanning, subjects were
into at least two major sub-territories, the core and the shell, disnstructed on how to rate their pain intensity during the scan
tinguished by unique input—output pattefh4,18] Differential  using a standard 11-point Likerts visual analogue scale (VAS),
function within each component of the NAc, while reported inwhere one end represents no pain and the other represents max-
animal studie$13,27]has not been reported in humans. imal pain imaginable.

Functional activity in the human accumbens has been A Peltier thermode systel6] was used to deliver two (a
reported using imaging studies following reward{dgl9]and  non-painful warm (41C) stimulus and a painful hot (4&)
aversive stimulj5,11]. Differential function within each compo- stimulus) square-wave stimuli (stimulus duration=29s; inter-
nent of the NAc, while reported in animal stud[@8,17,27]has  stimulus interval=36s; ramp rate°/4; baseline tempera-
not been reported in humans. Some animal work suggests thiatre =35°C, Fig. 1A) to the back of the left hand (using an
the overall function is that the shell is involved in motivational elastic strap) within the magnet. The 41 stimulus was admin-
valence and motivational value in the c$8g. istered prior to the 46C stimulus ash shown iRig. 1A. Each

thermal stimulus was presented four times in the run.
Scanning was performed in a 1.5 T scanner (GE Medi-
« Corresponding author: Tel.: +1 617 855 31 95; fax: +1 617 8553772, Cal Systems, Milwaukee, W1, USA). For the anatomical scan,
E-mail address: dborsook@mclean.harvard.edu (D. Borsooka). a conventional 3D sagittal T1-weighted, SPGR sequence was
1 Both the authors contributed equally. acquired (60 slices 2.8 mm thick, 1.2 mm resolution in-plane)
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41°C 46°C 295 clusters for the six subjects), using a segmentation method that
- has previously been report¢d] for obtaining the time course
A , 36s 36s of the blood oxygen level dependent (BOLD) signal from each
() Structural Scans Functional Seans  L——— of these voxels. The signal time-course from each voxel was

normalized to begin at a value of 1000, and any linear trend

was removed. We used the SYSTAT software package (SPSS,

Richmond, CA) to conduct separate hierarchical cluster analy-

ses of the Pearson correlation matrices for the left and right NAc

voxel sets for each individual subject (using the complete link-

age method). This was necessary because each subject’'s NAc

morphology is different, thus there is no simple way to average

12 their voxel sets, and there are too few voxels involved to make

an anatomical warping procedure worthwhile.

VAS scores of pain intensity reported by subjects dur-

ing the experiment averaged 3:11.1 for the 4T C stimuli

and increased significantly to &21.6 for the 46C stimuli

(p<0.01;r-test).

© . S%me (Se;}oo TR0 Using voxel-by-voxel statistical analysistest), we observed

deactivation or a decrease in signal (2.0.7%) bilaterally in

Fig. 1. Experimental paradigm and fMRI activation in the NAc following nox- the NAC foIIowing noxious (48C;p <1.5x% 10—7) but not non-

ious heat: (A) t_hg experimental paradigm inQicgting the four stimuli for 41 andnoxious (47 C; p>0.05) thermal stimuliKig. 1 B). When the

46°C; (B) statistical maps of decrease activation from the@@timulus in o) stimulus is terminated the signal begins to increase

three slices through the region of the brain containing the NAc; and (C) average . . .

decrease signai{S.E.M.) change following 46C stimulus. A voxel-by-voxel towards baseline, decreasing again at the onset of the second

analysis was done using a Bonferroni correction &f 80~ for statistical sig- ~ Stimulus in the trainkig. 1C). We do not show time courses for

nificance. Prior to generating statistical maps data was motion-corrected artthe third and fourth epochs since we have previously reported

inspected for gross motion larger than 2 mm. Statistical maps were generat(ﬁh a similar paradigm) that there is attenuation of the signal

fo_r each individual using astatlstlcs.llndlwdgal probgblllty maps were multl-_ a¥ these points foIIowing a 4 stimqus[G]. To confirm this
plied and the resulting map used for inspection of activated areas. Percent signal,

changes were calculated using the baseline time points as 100% reference. Eé(gﬂh respect to the NAc data collected in this experiment we
time course was time adjusted before averaging. The gray bars indicate the ting@lculated the standard deviation of the average BOLD signal
when the thermal stimulus was applied. time course from each subject’s left and right NAc separately
for the first two noxious thermal epochs and the last two noxious
thermal epochs. For both the left and right NAc, the S.D. was
for atlas registration and for prescription of functional scanshigher during the first two epochs than the last two epochs (9.99
Twenty contiguous slices (7 mm thick) were prescribed perpenversus 9.21¢ [5]=2.12,p =0.044, one-tailed). The remainder
dicular to the AC—PC line extending from the anterior frontal of the data presented here refers to the first twoGl&timuli.
pole through the cerebellum. A high-resolution T1-weightedNAc activation has been previously detected in groups of six
echo planar sequence was acquired for preliminary analysis @lubjects using the same paradifh
statistical maps. For the functional studies, an asymmetric spin Using the method described above for cluster analysis, we
echo echo planar sequence was used (TR/TE =2.5s/70 ms) analyzed data from 12 clusters (left and right from each subject).
the 20 prescribed slices, 100 images per slice were acquired fém 9 of 12 cases the algorithm produced two relatively large top-
each functional scan. level clusters, which we used for further analyd#g( 2). In

Two analyses were performed on the data: (a) a standartie remaining three cases, one very small and one very large
analysis and (b) a cluster analysis. The standard analysis wésp-level cluster were produced. In these cases, we discarded
used to obtain statistical maps of activation and average timthe very small cluster and used the two largest sub-clusters of
courses for activated structures. Given that registration to athe very large cluster for further analysis. Thus, in each case we
atlas does not always accurately map brain structures, a clusteere able to group all or nearly all of the voxels into two large
approach was applied to the original data. clusters.

Data was preprocessed as described previgbgy. Briefly, For each subject’s left and right NAc, we computed the Pear-
functional data was motion corrected, globally normalized, andon correlations between the time course of each voxel with the
transformed into Talairach space. Functional data was averagaderage time course of all the voxels in its cluster. Voxels that
in time across subjects. Averaged data was smoothed usingveere “in between” the two clusters, defined as having corre-
Gaussian filter with an isotropic kernel of 5 mm. Voxel-by-voxel lations with the two cluster averages that differed by less than
statistical analysist{test) was performed. 0.10, were iteratively removed from the clusters by removing

To probe for possible heterogeneity of activation time coursethe voxel with the smallest difference at each iteration until all
within the NAc we used an exploratory procedure based omwoxels in each cluster were at least 0.10 more correlated with
cluster analysis. First, we manually selected all of the voxelsheir own cluster than with the other cluster. As a result, the cor-
comprising the NAc in each hemisphere of each subject (i.e., 1&lation between the average time courses (across subjects) of

(B)

% Signal change
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Fig. 2. Cluster activation superimposed anatomical maps. Cluster analysis algorithm is shown in the top part of the figure. Using data for ttes cdondixienal
activation shown iffable 1 clusters A and B were plotted onto the human neuroanatomical jaapsf the region (top) showing the NAc in black (center figures)

or onto the normalized atlas of the human bifdi] left (+12) or right (+8) sides of the figure. Note that cluster A is found more anterior superior and lateral, while
cluster B is more posterior medial and inferior (see text for details).

clusters A and B declined from 0.60 to 0.51 on the left and from{16,25] with the approximate 6—7 mm separation. This demon-
0.76 to 0.70 on the right. The resulting clusters were reducedtrates that, anatomically, clusters A and B correspond roughly
in size (number of voxels) by an average of 17%, but mainto the core and shell subdivisions of the NAc, respectively, as
tained their relative locations. Further exploration indicated thatlescribed in the animal literatuj27], and may be differentiated
other hierarchical clustering methods tended to produce similaanatomically in the humarg3].
results; thus, these clusters were retained for further analysis. The average time courses of activation in each cluster fol-
In all cases the time course-based distinction between thiewing noxious and non-noxious thermal stimuli are shown in
clusters was reinforced by spatial contiguity. Within each NAc,Fig. 3. There were no significant activations in either cluster in
we designated the cluster that was more anterior, superior, amdsponse to non-noxious thermal stimwig. 3A). In cluster
lateral as cluster A and the cluster that was more posterior, inféA (“core”) the signal decreases during the first noxious stim-
rior, and medial, as cluster B. We compared the locations of thelus and returns to baseline during the inter stimulus interval,
two main clusters using two measures: (a) the coordinates @&hnd then follows a similar course during administration of the
the center of mass and (b) the coordinates of the voxel showsecond noxious stimulus. In the “shell” cluster B the signal
ing maximal activationTable J). For the left NAc, the average increases prior to the onset of the first noxious stimulus and then
distance between the centers of mass for clusters A and B tecreases rapidly during the noxious stimulus. After increas-
6.4 mm, while the average distance between the maximum vox#éhg towards baseline during the intervening neutral stimulus,
activated in the two clusters is 6.7 mm. The locations of the actithe signal increases above baseline during the second noxious
vations within each cluster are illustratedfig. 2 The figure  stimulus Fig. 3C). Thus, this region of the NAc is activated
shows serial coronal slices, taken from the atlas of Talairach anduring both the first and second noxious stimuli, but in opposite
Tournoux25]. Based on the left side NAc datashowiable ]  directions.
the rostral, medial cluster (cluster A) and the more caudal, lateral To quantify the signal changes within each cluster during
cluster (cluster B) were mapped onto these two standard atlas#se neutral and noxious thermal stimuli, we calculated the slope

Table 1
Activation in NAc clusters A and B: right vs. left hemispheres
Cluster A Cluster B
R-L Sl A-P R-L Sl A-P
Left side
Coordinates of center of mass -5 -9 12 -9 -5 9
Average distance between centers of mass (mm) $1a2
Coordinates of maximumtest -4 —-10 12 -8 -8 7
Average distance between maximutest voxels (mm) 6.7£1.23
Right side
Coordinates of center of mass 5 0 10 8 -1 8
Average distance between centers of mass (mm) BISH6
Coordinates of maximumtest 10 -1 12 6 0 8

Average distance between maximuxtest voxels (mm) 5.741.53
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Fig. 3. Time course analysis for clusters A and B following a 41 dgr@6timulus: left panels (A and C) averaged, smoothed time-courses for clusters A (green) and

B (blue) following a 41 or 46C stimulus. We temporally smoothed the time courses of all voxels with a five-position centered moving average operator, and then
applied a procedure to “sharpen” the distinctions between clusters A (green) and B (blue) as described in the text; and right panels (B and D3stidipasgof b

lines to the time courses of response in clusters A and B during each of the first two pain and neutral epochs are shown. Data is averaged from bethdfathisphe
subjects. Note that no significant difference is observed between cluster A or B during either the first (E1) or second (E2) stimulifGrgheadigm during either

the neutral (35C) or pain episodes. As indicated by the asterisks, significant differences are observed between cluster A and B for both th€papiqdées,

but not for the neutral episodes (35). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of the article.)

of the best-fitting line to the time courses during each of thediscussion of the core-shell organization should be accompa-
first two thermal stimulus epochs as well as the first two neutrahied by an acknowledgment that the true organization of the
epochs for each subject, hemisphere, and cluster. The resulti?MAc involves a richly subtle mix of compartments, and that
set of slopes (measuring change in signal per time point) wasxclusive reference to core-shell organization may result in a
explored with repeated-measures ANOVA, which indicated ngyross under-appreciation of this mix in humans.
significant effects or interactions involving the hemisphere vari- In terms of function, the initial increase in the BOLD signal
able. Accordingly, we averaged the left- and right-side slopes foprior to the first noxious stimulus may correlate with the sub-
each cluster for each subject. This analysis confirms a signifiects’ expectation of the painful stimulus, which may include
cant difference between the responses in the “core” and “sheltresg[22]. The decrease during the first stimulus itself might
clusters (A and B) following noxious hedkiy. 3D). Compar-  reflect relief of this “expectation stress.” The pattern of the
ison of the slopes for both clusters during the first and seconBOLD signal in cluster B (the “shell”) during the second nox-
noxious epochs indicate significant differenges 0.05 student  ious epoch does not follow the pattern during the first epoch, and
t-test). The amplitude of the signal changes for both clustergcreases during the second noxious epoch. In contrast, in cluster
is greatest during the first pain epoch, while the largest difA (the “core”) there is no signal change prior to the first noxious
ference between the clusters appears during the second patimulus, and the signal decreases to a similar level during the
epoch. firstand second painful stimuli, increasing towards baseline dur-
The results identify two distinct clusters of activation within ing the intervening neutral epochi¢. 3C). The changes in the
the NAc with different responses to noxious thermal stimulation:‘shell” may correlate more directly with a functional aversive
These clusters may represent the anatomically defined core anesponse to the noxious stimulus.
shell regions, which have been shown to have distinct patterns of The results may lend support to the notion that the NAc
connectivity, as described above. The differences in the nature @ involved in the dynamic interpretation of aversive vs. non-
the response in these two clusters may represent distinct funaversive or rewarding informatid@]. Following noxious stim-
tional roles for the core and shell of the NAc. However, anyulation, the decrease in activation may reflect a response to



L. Aharon et al. / Neuroscience Letters 392 (2006) 159—164 163

aversion in the NAc, with the return to baseline activation laterAcknowledgments
reflecting a reward response since a decrease in pain is reward-
ing. In other studies, a small decrease in noxious pain stimuli Thiswork was supported by grantsto D.B. from NIH (012581
results in a decrease in psychological ratings equal in magnitudend 13650). We thank H. Breiter for assistance in segmenting the
to that when the stimulus actually returns to base]irig. nucleus accumbens in our data. We also thank Yavin Shaham,
In a recent functional magnetic resonance imaging (fMRIl)and Susan Lewis, for their critical comments.
study, both negative and positive NAc activation were observed
in a group of subjects who were presented with stimuli perceive(k
. . - . - eferences
as rewarding or aversijé&]. One possible mechanism by which
?_Vents with diﬁ_erent mOt.ivatilonal salience may p_rOduce_pOS.'[l] I. Aharon, N. Etcoff, D. Ariely, C.F. Chabris, E. O’Connor, H.C. Bre-
itive and negative activation in the same anatomical region is'  jier, Beautiful faces have variable reward value: fMRI and behavioral
through the involvement of different neuronal populations, such  evidence, Neuron 32 (2001) 537-551.
as dopaminergic and g|utamatergic neum_ In this manner, [2] M.. Barrot, J.D. Olivier, L.I. Perrotti, R.J. DiLeo_ne, 0. Berto_n, AJ.
specific afferent systems may contribute to an “aversive” state, EiSch. S. Impey, D.R. Storm, R.L. Neve, J.C. Yin, V. Zachariou, E.J.
. . B - . Nestler, CREB activity in the nucleus accumbens shell controls gating of
while others ma_y contribute tQ . rewgrdmg_ state. Indeed, dif- behavioral responses to emotional stimuli, Proc. Natl. Acad. Sci. U.S.A.
ferent changes in neurochemical gradients in the shell have been g9 (2002) 11435-11440.
observed following presentation of rewarding and aversive stim-[3] V. Bassareo, M.A. De Luca, G. Di Chiara, Differential expression
uli in animals|[9]. of motivational stimulus properties by dopamine in nucleus accum-
Clusters A and B were deliberately constructed post hoc in bens shell versus core and prefrontal cortex, J. Neurosci. 22 (2002)

such a way as to contain voxels that were dissimilar in time ., & oo/ -
Y 4] R. Baumgartner, R. Somorjai, R. Summers, W. Richter, L. Ryner, Corre-

course profiles, so itis intriguing that they appear to correspond ~ |ator beware: correlation has limited selectivity for fMRI data analysis,
both anatomically and functionally to the core and shell of the  Neurocimage 12 (2000) 240-243.

NAc. Using higher field magnets and focusing on NAc dur- [5] L. Becerra, H.C. Breiter, R. Wise, R.G. Gonzalez, D. Borsook, Reward
ing data acquisition, which we did not do in this experiment, 3'2“;“';2’6 activation by noxious thermal stimuli, Neuron 32 (2001)
_shoqld prov_lde increased resolution in future stL_Jdl_es. However 6] LR. Becerra, H.C. Breiter, M. Stojanovic, S. Fishman, A. Edwards,
it is interesting to note that separate clusters within the human ~ A r. comite, R.G. Gonzalez, D. Borsook, Human brain activation under
NAc appear to respond differently to the expectation, experience, controlled thermal stimulation and habituation to noxious heat: an fMRI
and termination of pain, suggesting a functional mechanism by  study, Magn. Reson. Med. 41 (1999) 1044-1057. .
which the NAc might be involved in detecting changes in stim- [/ H-C. Breiter, R.L. Gollub, R.M. Weisskoff, D.N. Kennedy, N. Makis,

. . - J.D. Berke, J.M. Goodman, H.L. Kantor, D.R. Gastfriend, J.P. Riorden,
ulus vglence in humans and anlmEﬂsl9]. Howe_ver, it should R.T. Mathew, B.R. Rosen, S.E. Hyman, Acute effects of cocaine on
be pointed out that these accumbal sub-regions may also be hyman brain activity and emotion, Neuron 19 (1997) 591-611.
related to other functions (e.g., sensory gating, novelty detectionig] L. Churchill, A. Bourdelais, M.C. Austin, S.J. Lolait, L.C. Mahan, A.M.
modulation of stimulus salience, learning or escape motivation) ~ O'Carroll, P.W. Kalivas, GABAA receptors containing alpha 1 and beta
[21,26] For example, the shell could mediate antinociception 2 subunits are mainly localized on neurons in the ventral pallidum,

b fi inf fi . th f di . Synapse 8 (1991) 75-85.
y gating sensory information via pathways irom medium spiny [9] A.Y. Deutch, D.S. Cameron, Pharmacological characterization of

GABA projection neurons to ventral pallidal neurof@. In dopamine systems in the nucleus accumbens core and shell, Neuro-
addition, the reversal of the response in the core from first science 46 (1992) 49-56.

to second trial may reflect a role in ‘learning’ which is not [10] G. Di Chiara, Nucleus accumbens shell and core dopamine: differential
observed in the “shell”, aIIowing for adaptation to the stimu- role in behavior and addiction, Behav. Brain. Res. 137 (2002) 75-114.

| revi lv observed in humans for the overall r r1411] J.A. Gottfried, J. O’'Doherty, R.J. Dolan, Appetitive and aversive olfac-
US as previously observe umans 1o € overall response tory learning in humans studied using event-related functional magnetic

[6]. resonance imaging, J. Neurosci. 22 (2002) 10829-10837.

The differences between the clusters occurred within a sin42] J.D. Grill, R.C. Coghill, Transient analgesia evoked by noxious stimulus
gle stimulus epoch, or at least did not coincide precisely with offset, J. Neurophysiol. 87 (2002) 2205-2208.
changesinthe stimulus. Thus, our analysis illustrates that explott3! R- !to, T.W. Robbins, B.J. Everitt, Differential control over cocaine-
. . . . seeking behavior by nucleus accumbens core and shell, Nat. Neurosci.
ing the time course data from fMRI experiments beyond simple 7 (2004) 389-397.
COFre|atI0n Wlth StImU|I[4] |S Va|Uab|e fOI’ the |dent|f|cat|0n Of [14] A.L. Jongen_Rek)' H.J. Groenewegen, P. Voorn7 Evidence for a multi-
activation occurring before or during stimuli, as well for distin- compartmental histochemical organization of the nucleus accumbens in
guishing NAc subdivisions. the rat, J. Comp. Neurol. 337 (1993) 267-276.

Animal studies have recently shown that the NAc may playl1®] B- Knutson, C.M. Adams, G.W. Fong, D. Hommer, Anticipation of

. . . . . . increasing monetary reward selectively recruits nucleus accumbens, J.
importantroles in pain modulatig@4,28] Given the reward cir- Neurosci, 21 (2001) RC159.

cuitry’s significant contribution to the processing of pain, thesqm] J.K. Mai, J. Assheuer, G. Paxinos, Atlas of the Human Brain, Academic
results demonstrate that detailed neuroimaging studies of NAC Press, 1997.

activity are feasible and may be a useful indicator or measure ®%7] K. McFarland, C.C. Lapish, P.W. Kalivas, Prefrontal glutamate release
the aversive nature of pain stimuli. This may have implications into the core of the nucleus accumbens mediates cocaine-induced rein-
for th luati f | ic effecti . t d statement of drug-seeking behavior, J. Neurosci. 23 (2003) 3531-3537.
or e ev"?l uation 0 ana gesp € ec'lv'enes.s Insurrogate m(? _e ?8] G.E. Meredith, A. Pattiselanno, H.J. Groenewegen, S.N. Haber, Shell and
of pain or in chronic/pathological pain in which a ‘reward deficit core in monkey and human nucleus accumbens identified with antibodies

syndrome’ may be presefit0]. to calbindin-D28k, J. Comp. Neurol. 365 (1996) 628—639.



164 L. Aharon et al. / Neuroscience Letters 392 (2006) 159—164

[19] D. Mobbs, M.D. Greicius, E. Abdel-Azim, V. Menon, A.L. Reiss, Humor induced antinociception in morphine-tolerant rats, J. Neurosci. 22 (2002)
modulates the mesolimbic reward centers, Neuron 40 (2003) 1041-1048. 6773-6780.
[20] S.M. Nicola, J. Surmeier, R.C. Malenka, Dopaminergic modulation of[25] J. Talairach, P. Tornoux, Co-planar stereotaxic atlas of the human brain,
neuronal excitability in the striatum and nucleus accumbens, Annu. Rev.  Thieme (1988).
Neurosci. 23 (2000) 185-215. [26] A. Usiello, F. Sargolini, P. Roullet, M. Ammassari-Teule, E. Passino,
[21] M.A. Pezze, C.A. Heidbreder, J. Feldon, C.A. Murphy, Selective A. Oliverio, A. Mele, N-Methyl-p-aspartate receptors in the nucleus
responding of nucleus accumbens core and shell dopamine to aversively accumbens are involved in detection of spatial novelty in mice, Psy-
conditioned contextual and discrete stimuli, Neuroscience 108 (2001)  chopharmacology (Berl.) 137 (1998) 175-183.
91-102. [27] D.S. Zahm, Functional-anatomical implications of the nucleus accum-
[22] A. Ploghaus, I. Tracey, J.S. Gati, S. Clare, R.S. Menon, P.M. Matthews, bens core and shell subterritories, Ann. N. Y. Acad. Sci. 877 (1999)
J.N. Rawlins, Dissociating pain from its anticipation in the human brain, 113-128.
Science 284 (1999) 1979-1981. [28] J.K. Zubieta, Y.R. Smith, J.A. Bueller, Y. Xu, M.R. Kilbourn, D.M. Jew-
[23] L. Prensa, S. Richard, A. Parent, Chemical anatomy of the human ventral  ett, C.R. Meyer, R.A. Koeppe, C.S. Stohler, mu-opioid receptor-mediated
striatum and adjacent basal forebrain structures, J. Comp. Neurol. 460 antinociceptive responses differ in men and women, J. Neurosci. 22
(2003) 345-367. (2002) 5100-5107.
[24] B.L. Schmidt, C.H. Tambeli, J. Barletta, L. Luo, P. Green, J.D.
Levine, R.W. Gear, Altered nucleus accumbens circuitry mediates pain-



	Noxious heat induces fMRI activation in two anatomically distinct clusters within the nucleus accumbens
	Acknowledgments
	References


