
Reviewers' comments:  
 
Reviewer #1 (Remarks to the Author):  
 
This manuscript examines MOR BPND as measured with [11C]carfentanil and PET in a sample of 
20 patients diagnosed with schizophrenia and age and sex-matched controls. The hypothesis 
behind the study is that alterations in MOR-mediated neurotransmission may underlie negative 
symptoms or anhedonia present in schizophrenia.  
The authors find generalized reductions in MOR binding that were not associated with clinical 
characteristics (e.g., negative symptoms, anhedonia).  
 
Major comments follow:  
 
(1) It is suggested that reductions in MOR BPND are associated with reductions in endogenous 
opioid neurotransmission. However, this measure is a composite of receptor binding and 
neurotransmitter release. Therefore the authors do not present conclusive data regarding the 
activity of this neurotransmitter system simply using baseline measures.  
 
(2) The measure of MOR connectivity has no physiological significance. Endogenous opioid 
projections are organized in short regulatory networks (enkephalins) or relatively longer 
projections (beta-endorphin). MOR's themselves do not represent "networks".  
 
(3) The effects are fairly generalized and could represent partial volume averaging because of 
reductions in gray matter volume. In the absence of examination of gray matter volumes in the 
areas where the deficits in MOR BPND, it is unknown whether those deficits are due to the effects 
of atrophy.  
 
(4) The effects of medications are not contemplated. There are known interactions between D2 
and opioid systems which may induce the effects described and therefore may not be related to 
the diagnosis of schizophrenia.  
 
 
Reviewer #2 (Remarks to the Author):  
 
Review of the opioid receptor system in schizophrenia  
 
This is an interesting, original and well-written paper examining for the first time - using a PET 
ligand - the availability of mu opioid receptors (MOR) in schizophrenia patients vs. healthy 
subjects. The authors convincingly suggest that the opioid system may be involved in 
schizophrenia, as they suggest, specifically regarding hedonic aspects of the illness and possibly 
negative symptoms. The PET scan is done with an appropriate ligand where patients with 
schizophrenia (N= 19) are compared to healthy subjects (n=20) without the presence of psychosis 
family history in the controls. The specific focus is on the striatum and the hedonic network in the 
brain. The main result is that in the striatum a lower binding potential in the patients is found as 
compared to the controls although no correlation is found with negative or (an)hedonic symptoms. 
The finding is interesting and novel but several aspects need to be improved in the paper. 
Specifically the introduction - although appropriate for the explanation and the background of the 
involvement of the opioid receptor in schizophrenia - does not mention the PET imaging ligand at 
all; no background is given, no argument why this ligand is appropriate, neither any data on 
previous studies using this ligand in schizophrenia, healthy subjects or any other psychiatric 
illness. This is a severe oversight of the authors. The selection of the patient is also rather 
peculiar. The severity of negative symptoms is actually pretty minimal though the study focuses 
on that. There is also no effort to make sure these are primary and not secondary negative 
symptoms. Indeed these patients are hardly ill at all with a total PANS score of about 60. Another 
issue is the areas that are being studied with PET. The striatum is mentioned but it most likely is 



that the ventral striatum should have been targeted. Is it impossible to distinguish between the 
ventral and dorsal striatum using PET? If so, that should be made explicit. It is important that the 
antipsychotics that have been used in the patients is made explicit in the body of the paper even 
though the antipsychotics mentioned may not have an effect on the MOR. The discussion is well 
written and especially the limitations are appropriately discussed. There is an issue that tobacco 
smoking may affect opioid signaling. Although both groups were checked for drugs like alcohol and 
opioid and stimulants, it is very unlikely that smoking behavior is going to be similar in both 
groups. The smoking behavior of patients and controls should be made explicit including the 
number of cigarettes smoked in the patients - which most likely will be considerably higher than in 
the controls is the expectation. However, all in all, this is an interesting initial study using PET 
imaging of the mu opioid receptor in schizophrenia. It certainly opens new avenues for research 
and possibly even treatment.  



Reviewer #1 (Remarks to the Author): 
 
This manuscript examines MOR BPND as measured with [11C]carfentanil and PET in a sample of 20 
patients diagnosed with schizophrenia and age and sex-matched controls. The hypothesis behind the 
study is that alterations in MOR-mediated neurotransmission may underlie negative symptoms or 
anhedonia present in schizophrenia. 
The authors find generalized reductions in MOR binding that were not associated with clinical 
characteristics (e.g., negative symptoms, anhedonia).  
 
Major comments follow: 
 
(1) It is suggested that reductions in MOR BPND are associated with reductions in endogenous 
opioid neurotransmission. However, this measure is a composite of receptor binding and 
neurotransmitter release. Therefore the authors do not present conclusive data regarding the 
activity of this neurotransmitter system simply using baseline measures. 

>> We apologise for implying this and have amended the discussion to make clear this is an 
interpretation that needs further testing as follows (page 16):  

[11C]Carfentanil is sensitive to endogenous opioid levels, which compete with the tracer to reduce its 
binding to the MOR. (Mick et al., 2014; Quelch et al., 2014) Thus, the reduction in MOR BPND could be 
due to either reduced receptor availability or increased endogenous opioid release, or a combination 
of both. Future studies, using pharmacological challenges that release endogenous opioids, such as 
amphetamine or acetate, would be useful to determine if the lower levels of [11C]Carfentanil binding 
we observed are due to altered endogenous opioid release or reduced MOR levels (Colasanti et al., 
2012; Mick et al., 2014; Quelch et al., 2014)(Ashok et al in sub). 
 
 
(2) The measure of MOR connectivity has no physiological significance. Endogenous opioid 
projections are organized in short regulatory networks (enkephalins) or relatively longer 
projections (beta-endorphin). MOR's themselves do not represent "networks". 
 

>>  We apologise for the lack of clarity here. We did not mean to imply that MOR are networks in their 
own right,  and apologise if our terminology here was confusing. As the reviewer notes, opioidergic 
projections are organised in longer projections, and, in addition, beta-endorphins are shown to have 
behavioural effects by volume transmission through CSF (Veening and Barendregt, 2015; Veening et 
al., 2012). We have amended the paper to make clear that this is a covariance network and to discuss 
these issues and make clear that the physiological significance requires determination in the 
Discussion (page: 18) as follows: 

The application of the network-based statistical analysis to MOR is, to our knowledge, novel in both 
healthy volunteers and schizophrenia. Nevertheless, we applied an approach that is well-established 
in the fMRI literature and has been applied to PET studies of other receptors (Cervenka et al., 2010; 
Erritzoe et al., 2010; Tuominen et al., 2014), a conservative p-value threshold (p<0.001) and false 
discovery rate correction to control the type-1 error rate. This analysis found stronger [11C]Carfentanil 
BPND correlations across cerebello-thalamo-cortical regions in patients compared to healthy control. 
There are two main mechanisms that could account for this. One is it could be a consequence of 
increased CSF beta-endorphin levels in schizophrenia (Brambilla et al., 1984). Beta-endorphin 
synthesised in pro-opiomelanocortin (POMC) neurons in the hypothalamus diffuses through 
cerebrospinal fluid to act on MOR throughout the brain by volume transmission (Veening and 



Barendregt, 2015; Veening et al., 2012). Thus, given that [11C]Carfentanil is displaced by endogenous 
MOR ligands, increased brain beta-endorphin levels in schizophrenia could lead to reduced variability 
of MOR, as is seen with exogenous opiate block, which will increase inter-regional correlations as the 
range of possible BPND values is lower (Weerts et al., 2008). Alternatively, the higher inter-regional 
correlations could be due to altered genetic regulation of MOR expression. Supporting this, a 
preclinical study has shown that deletion of the mu opioid receptor gene (Oprm1) results in disrupted 
whole brain resting state functional connectivity (Mechling et al., 2016). Notwithstanding this 
evidence, it is important to recognise that the physiological significance of the increased MOR 
covariance network in schizophrenia remains to be determined. Combined MOR and functional 
imaging studies in patients and healthy volunteers would be useful to test this.” 

 

(3) The effects are fairly generalized and could represent partial volume averaging because of 
reductions in gray matter volume. In the absence of examination of gray matter volumes in the 
areas where the deficits in MOR BPND, it is unknown whether those deficits are due to the effects 
of atrophy. 

>>  We thank reviewer for raising this point. We have conducted further analyses of gray matter 
volumes as suggested to address this issue.  There was no significant difference in the total gray 
matter volume between patients vs control: mean ±  SD (mm3)= 1171573 ± 72626 vs 1217443 ± 
94619 respectively, p= 0.1. Moreover, there was no significant difference in the volume of the 
striatum between patients and controls (mean ±  SD  striatal volume: patients vs controls: 13019 ± 
1317 mm3 vs 12937 ± 1464 mm3 respectively, p = 0.86).  There was significant difference between 
groups in the volumes of hedonic regions (Supplementary table 3). In addition, we investigated if 
there was a relationship between gray matter volumes and MOR BPND in the regions of interest. 
There were no relationships between grey matter volume and MOR binding potential in any of the 
regions of interest (all r -0.2 to 0.3, p>0.05). Thus we found no evidence to indicate that partial 
volume effects underlie our findings in our primary region of interest (the striatum) but they could 
influence findings in some of our secondary regions of interest.  

We have amended the methods (page 24), results (page 7) and discussion (page 15) sections to 
present these new analyses and consider them as follows: 

“Methods: The gray matter volume of the whole brain and the volumes of the ROIs were obtained 
from the individual’s structural MRI scans after tissue segmentation as follows. The CIC atlas was 
non-linearly warped into subject space, and normalised to the subject’s T1 weighted MRI images 
using SPM12 (SPM; https://www.fil.ion.ucl.ac.uk/spm/software/spm12/). After tissue 
segmentation also using SPM12, the gray matter volume for each ROI in the CIC atlas was then 
extracted as the volume of each ROI weighted by the gray matter probability. 

Results: There was no significant difference in the total gray matter volume between groups 
(patients vs control: mean ±  SD (mm3) 1171573 ± 72626 vs 1217443 ± 94619 respectively, p= 0.1). 
Moreover, there were no significant differences in the volume of the striatum between groups 
(patients vs controls: mean ±  SD (mm3) 13019 ± 1317 mm3 vs 12937 ± 1464 mm3 respectely, p = 
0.86). There was a significant difference between groups in the volumes of the regions in the 
hedonic network (Supplementary table 3). However, there were no relationships between grey 
matter volume and MOR binding potential in the striatum or any of the other regions of interest (all 
r -0.2 to 0.3, p>0.05). 

 



Supplementary table 3: Volume differences between patients and controls in hedonic regions (in 
mm3).   

Regions 

 
Patients 

Mean ± SD 

 
Controls  

Mean ± SD t df Sig. (2-tailed) 
Anterior cingulate cortex 31228 ± 2108 34003± 5115 -2.193 37 .035 
Amygdala 3611 ± 306 3884 ± 384 -2.446 37 .019 
Orbitofrontal cortex 26978 ±3399 30174 ±4384 -2.535 37 .016 
Insula 12962 ±1078 13959 ± 1671 -2.199 37 .034 
 

Discussion: There was no significant difference in the total gray matter and striatal volume between 
patients and controls. Further, there was no association between gray matter volume and BPND, 
suggesting partial volume effects are unlikely to be a significant confounder. However, there was 
difference in the volumes between groups in the regions in the hedonic network, which could 
indicate that partial volume effects contribute to our findings in these regions. Notwithstanding this, 
we did not find any significant relationships between gray matter volume in the striatum or any 
other region of interest, indicating that partial volume effects are unlikely to have had a major effect 
on our findings. 

 (4) The effects of medications are not contemplated. There are known interactions between D2 
and opioid systems which may induce the effects described and therefore may not be related to 
the diagnosis of schizophrenia. 
>>   We thank the reviewer for this comment. We apologise if the discussion of this issue was not 
clear. We have now extended the discussion of medication effects and added additional analyses on 
the association of MOR availability with Chlorpromazine equivalent in the results, as follows (page 
7):  

“To explore if antipsychotic treatment could influence our MOR findings, we calculated the 
chlorpromazine equivalent (CPZ equivalent) dose of antipsychotic treatment in all patients using the 
method described by Leucht et al (Leucht et al., 2016; Woods, 2003), and investigated if there was a 
relationship between antipsychotic dose and MOR. There was no association between striatal MOR 
availability and antipsychotic dose (r=0.06, p=0.82)(Supplementary figure 3). Furthermore, none of 
the antipsychotics has significant affinity for MOR (see supplementary table 2 for affinities).”  

And in the discussion as follows (page 13): 

“In our sample, all subjects were treated with antipsychotics. However, none of the antipsychotics 
taken by the patients has significant affinity for the MOR (all Ki values > 1000)(Abbas et al., 2009; 
Kalkman et al., 2001; Schotte et al., 1996; Shapiro et al., 2003). Moreover, it is important to note that 
non-human primate studies show that neither haloperidol nor olanzapine leads to appreciable 
alterations in the MOR availability, indicating that antipsychotic treatment does not significantly alter 
MOR (Volk et al., 2012). Thus, it is unlikely that antipsychotic treatment is a significant confounder.  

 

 

 



Supplementary figure 3: There was no association between striatal MOR availability and 
antipsychotic dose, expressed as the chlorpromazine equivalent dose (CPZE, r=0.06, p=0.82). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary table 2: Affinity of antipsychotics to µ-Opioid receptor 

CPZE= chlorpromazine equivalent daily dose.  

 

Reviewer #2 (Remarks to the Author): 
 
Review of the opioid receptor system in schizophrenia 
 
This is an interesting, original and well-written paper examining for the first time - using a PET ligand 
- the availability of mu opioid receptors (MOR) in schizophrenia patients vs. healthy subjects. The 
authors convincingly suggest that the opioid system may be involved in schizophrenia, as they 
suggest, specifically regarding hedonic aspects of the illness and possibly negative symptoms. The 
PET scan is done with an appropriate ligand where patients with schizophrenia (N= 19) are 
compared to healthy subjects (n=20) without the presence of psychosis family history in the 
controls. The specific focus is on the striatum and the hedonic network in the brain. The main result 
is that in the striatum a lower binding potential in the patients is found as compared to the controls 
although no correlation is found with negative or (an)hedonic symptoms. The finding is interesting 
and novel but several aspects need to be improved in the paper.  

 

Specifically the introduction – although appropriate for the explanation and the background of the 
involvement of the opioid receptor in schizophrenia - does not mention the PET imaging ligand at 
all; no background is given, no argument why this ligand is appropriate, neither any data on 
previous studies using this ligand in schizophrenia, healthy subjects or any other psychiatric 
illness.  This is a severe oversight of the authors.  

>> We thank the reviewer for raising this issue. We have now modified the introduction to include this 
information (page 4) as follows: 

“Despite the preclinical, human studies and evidence from post-mortem and peripheral measures of 
the potential role of MOR in schizophrenia, there have not been, to our knowledge, any previous PET 
studies of MOR availability in vivo in schizophrenia. [11C]-carfentanil is a selective MOR tracer with 

Drug Ki Species  Brain 
region 

Ligand used to 
determine 
MOR binding 

Reference 

Clozapine 1000    Rat  Forebrain 3H-Sufentanil  (Schotte et al., 1996)  
Haloperidol 1000 Rat forebrain 3H-Sufentanil  (Schotte et al., 1996) 
Olanzapine 1000 Rat forebrain 3H-Sufentanil  (Schotte et al., 1996)  
Quetiapine  1000 Rat forebrain 3H-Sufentanil  (Schotte et al., 1996) 
Risperidone 1000 Rat forebrain 3H-Sufentanil  (Schotte et al., 1996) 
Sertindole 1000 Rat forebrain 3H-Sufentanil  (Schotte et al., 1996)  
Ziprasidone 1000 Rat forebrain 3H-Sufentanil  (Schotte et al., 1996)  
Zotepine 1000 Rat forebrain 3H-Sufentanil  (Schotte et al., 1996) 
Aripiprazole >10,000 Human cloned 3H-

Diprenorphine  
(Shapiro et al., 2003) 

Amisulpride >10,000  Human cloned 3H-DAMGO  (Abbas et al., 2009)  
Iloperidone >10,000 Human cloned 3H-

NALOXONE  
(Kalkman et al., 2001) 



over two orders of magnitude higher affinity for MOR than other receptors [Ki(µ)= 0.024nM, 
Ki(δ)=3.28nM, Ki(κ)= 43.1nM (Henriksen and Willoch, 2008)], and shows excellent reproducibility 
(variability <10%, intraclass correlation coefficients >0.93 in test-retest studies)(Hirvonen et al., 2009) 
and kinetic properties, making it a good tracer to evaluate the MOR in vivo in neuropsychiatric 
disorders (Henriksen and Willoch, 2008).” 

 

The selection of the patient is also rather peculiar. The severity of negative symptoms is actually 
pretty minimal though the study focuses on that. Indeed these patients are hardly ill at all with a 
total PANS score of about 60. 

>> We apologise that this wasn’t clearer and thank the reviewer for this comment. The total PANSS 
scores may partially reflect the requirement to meet the deficit criteria for negative symptoms (see 
below). We have now made this clear in the method (criteria for deficit syndrome- given below) and 
discussed the symptom severity in the paper as follows: 

Discussion (page 17):  

The mean PANSS in our cohort was 60 and the mean PANSS negative symptom score in our cohort 
was 21, and the highest was 30 (total possible score=49). The total severity rating is lower than 
typically reported in studies of acute relapses, but is consistent with recent randomized control trials 
of treatments for negative symptoms, where mean PANSS total scores were 47-80 and mean negative 
scores were 17-22 (Bugarski-Kirola et al., 2017; Chaudhry et al., 2012; Deakin et al., 2018). Consistent 
with these studies and recommendations for studies of negative symptoms, we recruited subjects 
with predominant negative symptom without acute positive symptoms (no more than PANSS positive 
subscale score of 4) as these can confound the assessment of negative symptoms (Chen et al., 2013; 
Kane et al., 1988; Tandon et al., 2000; Tandon et al., 1993). Thus, our study, in common with others in 
the literature (Bugarski-Kirola et al., 2017; Chaudhry et al., 2012; Deakin et al., 2018), largely recruited 
patients with moderate symptom severity, which could affect generalisability to patients with more 
severe symptoms. 
 

There is also no effort to make sure these are primary and not secondary negative symptoms.  

- We thank the reviewer for raising this point. We applied the Carpenter et al criteria for deficit 
syndrome to recruit patients whose symptoms are likely primary and not secondary to other 
factors. We apologise that this was not made clearer, and have amended the method and 
extended the discussion to consider these issues as follows: 

 
Methods (page 20): 
 
All patients were required to meet criteria for deficit syndrome defined, in accordance with guidelines 
(Carpenter et al., 1988; Kirkpatrick et al., 1989), as a) the presence of at least two out of six of the 
following negative symptoms: restricted affect (referring to observed behaviours rather than to the 
patient's subjective experience); diminished emotional range (i.e., reduced range of the patient's 
subjective emotional experience); poverty of speech; curbing of interests; diminished sense of 
purpose; diminished social drive; and b) a combination of two or more of the above symptoms have 
been present for the preceding 12 months and were always present during periods of clinical stability; 
and c) the above symptoms are not secondary to other factors, including anxiety, drug effects, 
psychotic symptoms, mental retardation, or depression; and d) the patient meets DSM criteria for 
schizophrenia. The secondary factors associated with negative symptoms were excluded based on 
clinical interview.  



 
Discussion (page 17):  
It has been suggested that negative symptoms can be considered as primary, that is intrinsic to the 
disease process, or secondary to other factors such as acute psychosis, comorbid depression, 
antipsychotic effects or other factors (Kirschner et al., 2017). We excluded marked psychosis and 
comorbid depression in our sample, indicating that negative symptoms are unlikely to be due to these 
factors. We also applied the deficit schizophrenia criteria, which are used to identify patients with 
schizophrenia showing primary and enduring negative symptoms (Carpenter et al., 1988). This 
suggests the negative symptoms in our patient sample are likely to be predominantly primary in 
nature. However, we can not exclude some contribution from secondary factors in the negative 
symptoms in our patients, which, if these have alternative mechanisms, may have reduced our ability 
to detect a relationship between MOR and negative symptoms. Future longitudinal studies in early 
course, untreated patients would be helpful to confirm our findings in patients at the onset of negative 
symptoms.  
 

Another issue is the areas that are being studied with PET. The striatum is mentioned but it most 
likely is that the ventral striatum should have been targeted. Is it impossible to distinguish 
between the ventral and dorsal striatum using PET? If so, that should be made explicit.  

We thank the reviewer for this excellent suggestion. There is evidence that both the dorsal and ventral 
striatum are involved in MOR signalling (DiFeliceantonio et al., 2012; Ward et al., 2006). In view of 
this, our primary analysis did not differentiate these sub-regions of the striatum. However, in light of 
the reviewers suggestion we have now conducted additional analyses of both the ventral and dorsal 
striatum. We have now included following information in the results section (page 11) and discussed 
this as follows:  

These changes were significant in the dorsal striatum (patients vs. controls (mean ± SEM): 1.35 ± 0.06 
vs. 1.53 ± 0.05, p= 0.03), but no significant differences were seen in the ventral striatum (patients vs. 
controls (mean ± SEM): 2.6 ± 0.08 vs. 2.69 ± 0.07, p= 0.45). There was no correlation between striatal 
MOR availability and negative symptom severity (supplementary figure 1; PANSS-negative symptom 
subscale- r: 0.07, p=0.78, SANS-25 total score- r: -0.151, p=0.54), or social, physical, anticipatory and 
consummatory anhedonia measures in patients and controls (all p>0.05). Similarly, there was no 
association between dorsal or ventral striatal MOR availability and negative symptom or anhedonia 
severity (all p>0.05). 

 

Discussion (page 16): 

Our secondary analyses found that MOR availability was significantly lower in the dorsal but not 
ventral striatum in patients relative to controls, suggesting that the finding of lower striatal MOR in 
patients was driven by differences in the dorsal striatum. Striatal MOR blockade reduces the 
motivation to seek food (DiFeliceantonio et al., 2012) and sexual pleasure in animals(Burkett et al., 
2011; Resendez et al., 2013). In addition, there is some evidence that this particularly involves the 
dorsal striatum, including findings that endogenous opioids released in the dorsal striatum during food 
consumption are associated with motivation to eat but not with the hedonic orofacial response to 
food (DiFeliceantonio et al., 2012) and blockade of MOR in the dorsal striatum abolished formation of 
partner preference without evoking partner aversion (Burkett et al., 2011; Resendez et al., 2013). In 
contrast, ventral striatal MOR blockade has generally been linked to anhedonia (Ward et al., 2006). 
Thus, these findings indicate that our results of lower dorsal striatal MOR availability may contribute 
to the amotivation rather than anhedonic component of negative symptoms in schizophrenia, and the 
lack of major differences in ventral striatal MOR availability could indicate that another mechanism 



underlies anhedonia seen in schizophrenia. However, as we did not measure motivation, the 
association between dorsal striatal MOR and amotivation requires testing in patients.   
 
It is important that the antipsychotics that have been used in the patients is made explicit in the 
body of the paper even though the antipsychotics mentioned may not have an effect on the MOR.  

>> We have now included this information in the methods (page 20) and a complete list in the 
supplementary informations, as follows:  

All patients were required to be on a stable dose of an antipsychotic for at least four weeks before 
the scan (Supplementary table 1). 

 

The discussion is well written and especially the limitations are appropriately discussed.  

There is an issue that tobacco smoking may affect opioid signaling.  Although both groups were 
checked for drugs like alcohol and opioid and stimulants, it is very unlikely that smoking behavior 
is going to be similar in both groups. The smoking behavior of patients and controls should be 
made explicit including the number of cigarettes smoked in the patients - which most likely will be 
considerably higher than in the controls is the expectation.  

Apologies for this oversight. We have now included this information in the demographic table and 
conducted additional analyses to test for a relationship between smoking (page 8) and MOR and 
discussed (page 14) this as follows.  

“There were more smokers in the patient group compared to healthy control group, and patients 
smoked significantly more cigarettes per day than conrols (mean (sd) number of cigarettes smoked 
per day: patients=8.2 ± 2.1 vs controls=0.9 ± 0.6; p< 0.001) 

There was no association between number of tobacco cigarette smoked per day and MOR 
availability in striatum (patients: r= -0.047,p=0.85; controls: r=0.27, p=0.25).” 

Discussion 

Although, patients smoked more cigarretes than controls, there was no correlation between MOR 
availability and a number of tobacco cigarettes smoked, suggesting smoking is not a major confound. 
However, given that tobacco smoking may affect opioid signalling (Ray et al., 2011; Scott et al., 
2007), it is possible that group differences in cigarette smoking could have influenced our findings. 

However, all in all, this is an interesting initial study using PET imaging of the mu opioid receptor in 
schizophrenia. It certainly opens new avenues for research and possibly even treatment.  
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REVIEWERS' COMMENTS:  
 
Reviewer #1 (Remarks to the Author):  
 
The authors have addressed the reviewers comments extensively. One point that was not 
addressed appropriately was that there is very substantial evidence that alterations in dopamine 
neurotransmission affect opioid neurotransmission. While the reviewer agrees that antipsychotics 
do not have significant direct effects on the opioid system, there is a very substantial literature 
(e.g., S. R. George, M. Kertesz, Peptides 8, 487 (1987); E. M. Unterwald, J. M. Rubenfeld, M. J. 
Kreek, Neuroreport 5, 1613 (1994); J. F. Chen, V. J. Aloyo, B. Weiss, Neuroscience 54, 669 
(1993); H. Steiner, C. R. Gerfen, Exp. Brain. Res. 123, 60 (1998) showing that alterations in 
dopamine neurotransmission affect opioid systems. Hence the potential effect of antipsychotics 
was potentially under-appreciated.  
 
 
Reviewer #2 (Remarks to the Author):  
 
The authors did an excellent job in addressing this reviewers' comments. I am particularly happy 
that the analysis of dorsal and ventral striatum is now included and that the patient characteristics 
(PANSS scores, smoking status) are now clear.  



Please modify the manuscript to better acknowledge the concern raised by Referee #1. Your analysis 
showing no correlation of antipsychotic dose with MOR availability is welcome but you should 
acknowledge that the potential for a confound exists as Referee #1 argues.  

>> We thank reviewer for raising this issue. We have now amended the manuscript to include this in 
the discussion: 

“Moreover, it is important to note that non-human primate studies show that neither haloperidol 
nor olanzapine leads to appreciable alterations in the MOR availability, indicating that antipsychotic 
treatment does not significantly alter MOR1. Thus, it is unlikely that antipsychotic treatment is a 
significant confounder. Nevertheless, several preclinical studies have shown that alteration in 
dopaminergic activity can affect the opioidergic neurotransmission. 2-5 Future studies in drug naïve 
subjects are needed to address this confounding effect. “ 
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