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            Abstract
Recently, minocycline, a tetracycline antibiotic, has been reported to improve symptoms of psychiatric disorders and to facilitate sober decision-making in healthy human subjects. Here we show that minocycline also reduces the risk of the ‘honey trap’ during an economic exchange. Males tend to cooperate with physically attractive females without careful evaluation of their trustworthiness, resulting in betrayal by the female. In this experiment, healthy male participants made risky choices (whether or not to trust female partners, identified only by photograph, who had decided in advance to exploit the male participants). The results show that trusting behaviour in male participants significantly increased in relation to the perceived attractiveness of the female partner, but that attractiveness did not impact trusting behaviour in the minocycline group. Animal studies have shown that minocycline inhibits microglial activities. Therefore, this minocycline effect may shed new light on the unknown roles microglia play in human mental activities.
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                    Introduction
In movies, a female spy often wins the trust of her male target using her physical attractiveness. The male target usually suspects that she is a spy, but because of her attractiveness, he becomes amorously entangled with the female spy despite concerns regarding her trustworthiness. For males, allocating valuable resources to physically attractive females may be evolutionarily adaptive, in that it may increase the probability of producing attractive offspring under natural selection. However, this tendency toward resource allocation to attractive females creates ‘noise’ that complicates decisions in short-term economic exchanges, leading to the tendency to ‘honey trap’ males with this behaviour.
In an economic exchange, attractiveness in a female increases sexual arousal in a male that automatically (without careful evaluation of her trustworthiness) facilitates trusting behaviour. While these traits should be adaptive in terms of mate-choice1, experimental studies have shown that they also affect decisions in social and economic exchange2,3. These traits lead to the question of how males can avoid the honey trap.
Recent studies with human subjects show that minocycline, a commonly used tetracycline antibiotic, may facilitate focus on appropriate environmental cues for social decision-making, possibly by reducing noise and other factors (e.g. personality and arousal) that can obstruct decisions. In an economic exchange, one study showed that subjects treated with minocycline make more sober decisions compared to participants treated with placebo4. In another study, participants were given dextroamphetamine and those treated with minocycline report less of a ‘high’ feeling compared to those who did not receive minocycline4. Minocycline is also known to improve symptoms associated with psychiatric disorders such as schizophrenia and depression5,6,7. There are past studies examining the effects of physical attractiveness on cooperation in social/economic exchange in different sex pairs, but no study has examined the effects of minocycline on such behaviour in different sex pairs. The hypothesis of this study was that minocycline reduces the risk of the honey trap effect and leads to more appropriate decisions in a short-term economic exchange, through a reduction in the noise triggered by physical attractiveness.
In this experiment, 98 healthy males played a trust game with 8 photographed young females after a 4-day oral treatment course of either minocycline or placebo. Looking at a picture showing a female's face, male players decided how much out of 1300 yen (approximately 13 USD) they would give to each female. Males then evaluated how trustworthy each female was and how physically attractive she was using a 11-point Likert Scale (0: Not at all – 10: Perfectly so). Of note, all of the photographed females had actually decided, in advance, to choose ‘betray’ against the male players. Therefore, male participants played with untrustworthy female partners, but were unaware of the deception. The impact of attractiveness and trustworthiness on the amount of money given to female partners was analysed. The independent variables were the evaluations/scores of physical attractiveness and trustworthiness given by the male participants.


Results

                  Table 1
                 summarizes the mean scores for the major variables and results of a t-test used to compare the placebo and minocycline conditions. Consistent with previous reports in which trust games were conducted between healthy male participants8,9, the offering rate differed marginally between conditions. The State and Trait Anxiety Inventory (STAI)10 was measured and no significant differences were found for either State or Trait Anxiety scores between conditions.
Table 1 Mean scores and results of t-tests comparing major variablesFull size table

The primary hypothesis of this study was that the minocycline group would be less affected by the attractiveness of pictured females than the placebo group. To test this hypothesis, an ANOVA was performed with condition (minocycline vs. placebo) and attractiveness (high vs. low) as independent variables and the offering rate of money by participants as the dependent variable. The attractiveness score was not normally distributed (P  =  0.0004), therefore the score was sub-divided into 2 categories (high vs. low). 
                  Figure 1
                 shows the mean offer rate by condition and the level of attractiveness. There is a significant interaction effect between condition and attractiveness (F (1,776)  =  7.78, P  =  0.005). Consistent with the primary hypothesis, participants in the placebo group gave larger amounts of money when the partner was more attractive, while participants in the minocycline group did not. According to a simple main effect test, a main effect of attractiveness was detected in the placebo group (P  =  0.0004), but not in the minocycline group (P  =  0.223). In addition, Figure 1 shows that, for partners with high attractiveness, the offering rate in the placebo group was significantly higher than in the minocycline group (P  =  0.0004), but not for less attractive partners (P  =  0.590).
Figure 1[image: figure 1]
Mean Offering Rate (percentage of money offered) by the Male Participants to Less- and More-Attractive Female Partners.
Error bars represent the standard deviation for each condition. *** For the placebo group, the offering rate to highly attractive female partners is higher than that to partners with low attractiveness (P  =  0.0004). ### The offering rate to highly attractive partners in the placebo group is higher than that in the minocycline group (P  =  0.0004).
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Discussion
This study demonstrated that minocycline is the first drug shown to reduce the honey trap effect on young males. A previous report using a trust game with an anonymous male partner showed that minocycline reduces decision-making based on personality and trait9. Rather, minocycline facilitated decision-making based on situational factors such as game structure and evaluation of others' trustworthiness8,9. Consistent with evidence that minocycline attenuates the subjective high feeling associated with dextroamphetamine treatment4, the current results indicate that minocycline may reduce the effect of arousal and lead to sober decision-making. Recent clinical trials suggest that minocycline improves symptoms in patients with schizophrenia and depression5,6,7. In the current  experiment, anxiety was measured and no difference was identified between the minocycline and placebo conditions. Future studies should clarify the effects of treatment with minocycline on psychological processes including mood, impulsivity and cognitive performance in both healthy volunteers and patients with psychiatric disorders.
In rodent models, minocycline is the most commonly used drug for suppressing microglial activity in the brain11,12,13. In addition, a clinical trial with human subjects has shown that a long-term minocycline treatment (200 mg/d) suppresses microglial activation in various areas of the brain including the putamen, thalamus and frontal cortex14. Microglia are glial cells with immunologic/inflammatory functions that contribute to various brain pathologies, including neurodegenerative diseases15,16,17 and psychiatric disorders (e.g. schizophrenia18,19,20 and autism21,22). Recent animal-model studies have shown that stress increases microglial activation23,24,25 and causes anxiety-like behaviours26. This behavioural change can be modulated with minocycline treatment26. In addition, recent evidence from rodent studies showed that in normal brains, microglia make direct contact with synapses27,28,29,30,31, suggesting that in this study minocycline may change synaptic reactions by suppressing microglial activity. The amygdala, one of the brain regions most affected by minocycline32, is activated during judgments of trustworthiness in human faces33,34. However, no studies have investigated how microglial activation directly contributes to human social decision-making and how these effects are modulated by minocycline. Taken together, these results suggest that microglial activity in the amygdala may modulate cognitive and emotional processes involving physical attractiveness and evaluation of trustworthiness.
Other possible effects of minocycline should be taken into account. Apart from inhibiting microglial activation, minocycline has also been reported to interact with brain glutamate and dopamine neurotransmission35 and to have direct effects on neuronal cells36. Some reports suggest positive links between microglia and glutamate and dopamine interaction37,38. Further research should be performed to clarify the effects of this potential interaction. The dose of minocycline (200 mg/d) used in this experiment was based on previous reports with human subjects4,14 and different doses may have different effects. Therefore, further trials should be conducted to investigate the effect of minocycline dosing.
To date, the biological mechanisms that underlie the honey trap effect remain poorly understood and no drug has been conclusively proven to attenuate honey trap effects during human social decision-making. The results of the present study suggest that minocycline is the first drug to have a novel pharmacologic function in humans—inhibition of honey trap effects. The current findings may shed new light on the mechanism underlying microglial effects on human mental activities and represent a novel psychopharmacologic approach for modulation of microglia.


Methods
This double-blind randomised trial, one of a series of trust game studies with human male subjects9, was approved by the Kyushu University Ethical Committee under the administration of the UMIN Clinical Trials Center (UMIN000004803). After a complete description of the study, all participants provided written informed consent. Either minocycline or placebo was administered to participants for 4 days, after which they participated in a trust game39.
Subjects
Participants were recruited using on-campus advertisements. Therefore, all participants were undergraduate or graduate students at Kyushu University. Healthy adult males (age range, 20–30 years) who were capable of providing informed consent were included. Participants were excluded if they met any of the following 4 criteria: (1) any history of experiencing side effects associated with antibiotics, including minocycline; (2) any history of severe heart, liver, or kidney disease; (3) a history of allergic syndromes; and (4) any history of psychiatric disorders. Their mental and physical health was confirmed via interview with a psychiatrist (TAK). After this screening process, 101 healthy adult males were enrolled in the study.
Drug administration
Participants received a hand-out describing their detailed dosing schedule. They were asked to record the exact time each dose was taken and to keep and submit all capsule packaging, as evidence of medication administration. Participants began the medication (either minocycline or placebo) on the evening of Day 1 and continued taking the medication twice daily (morning and evening) for 3 additional days. The game experiment was conducted on Day 5. Participants were instructed to take the last capsule 3 h prior to their scheduled appointment time, ensuring that all participants had similar drug levels during the actual experiment. Each capsule contained either 100 mg minocycline (in the treatment group) or 100 mg lactose (in the placebo group). This minocycline dose (200 mg/d) is within the typical range for daily dosing used to treat infections40 and has also been used in recent clinical trials4,6,14. Using a double-blind procedure in advance, participants were randomly assigned to either the treatment group or the placebo group.
Procedure
After 4 days of drug administration, participants were interviewed by a physician regarding drug side effects, other medications and adherence to the drug administration protocol. Participants then took part in the following trust game.
Trust Game with photographed female partners
In this 2-player game39, each player was initially given 1300 JPY. The first player (the male participant) then decided how much of the 1300 JPY to give to the second player (the female partner). The amount of money given to the female partner was tripled and the female partner then decided whether to split her money equally with the male participant (namely, cooperate) or to take the entire amount of money (namely, betray). The trust game structure illustrating the most extreme cases is shown in 
                    Figure 2
                  . All of the female partners were photographed and had decided in advance to take the entire amount of money. However, the male participants were not aware of this decision.
Figure 2[image: figure 2]
Trust Game Structure with the Most Extreme Cases.


Full size image

The male participant's decision regarding how much money to give to the female partner is thought to reflect the level of trust the male participant places in his partner. The amount of money given was expected to function as a behavioural measure of the trust the male participant has in the female partner. In this experiment, male participants had no information about the female partner except for a photograph. Therefore, it is likely that male participants based their decisions regarding how much to trust each female partner, on impressions formed on the basis of the photos. After the experiment, each participant was paid an amount of money corresponding to the result of a randomly selected game from all 8 games.
Photo materials
Prior to the experiment, 61 young females were recruited using on-campus advertisements (mean age, 20.08 years; SD, 1.31 years). Each female participant was asked how they would behave in the role of the female partner in the trust game described above, especially in the case of an anonymous male participant that had chosen to give them the entire amount of money. Eleven participants answered ‘take the entire amount' rather than ‘split equally'. Eight female participants gave permission to use their photos in the experiment (mean age, 19.88 years; SD, 0.93 years). The photographs included the head and shoulders, with a neutral facial expression. During the experiment, each participant was asked if they knew each of the female partners shown in the photographs, in order to avoid confounding effects associated with previous acquaintance. However, there were no acquaintances identified among the participant pairs.
Statistical analyses
Ninety-eight Japanese males, out of 101 initially enrolled, completed all experiments (mean age, 21.49 years; SD, 1.65 years). Of the participants, 3 (1 in the minocycline condition and 2 in the placebo condition) failed to complete the experimental procedure, so the analyses were performed with data from the 98 participants. All data analyses were performed with SPSS (Version 19, IBM Corp., Armonk, NY USA).



                

            

            
                References
	Buss, D. M. & Schmitt, D. P. Sexual strategies theory: an evolutionary perspective on human mating. Psychol. Rev. 100 (2), 204–232 (1993).
Article 
    CAS 
    
                    Google Scholar 
                

	Mulford, M., Orbell, J., Shatto, C. & Stackard, J. Attractiveness, Opportunity and Success in Everyday Exchange. Am. J. Sociol. 103 (6), 1565–1592 (1998).
Article 
    
                    Google Scholar 
                

	Takahashi, C., Yamagishi, T., Tanida, S., Kiyonari, T. & Kanazawa, S. Attractiveness and Cooperation in Social Exchange. Evol. Psychol. 4, 315–329 (2006).
Article 
    
                    Google Scholar 
                

	Sofuoglu, M., Mooney, M., Kosten, T., Waters, A. & Hashimoto, K. Minocycline attenuates subjective rewarding effects of dextroamphetamine in humans. Psychopharmacology (Berl) 213 (1), 61–68 (2011).
Article 
    CAS 
    
                    Google Scholar 
                

	Miyaoka, T. et al. Minocycline as adjunctive therapy for patients with unipolar psychotic depression: an open-label study. Prog. Neuropsychopharmacol. Biol. Pychiatry 37 (2), 222–226 (2012).
Article 
    CAS 
    
                    Google Scholar 
                

	Levkovitz, Y. et al. A double-blind, randomized study of minocycline for the treatment of negative and cognitive symptoms in early-phase schizophrenia. J. Clin. Psychiatry 71 (2), 138–149 (2010).
Article 
    CAS 
    
                    Google Scholar 
                

	Miyaoka, T. et al. Minocycline as adjunctive therapy for schizophrenia: an open-label study. Clinical neuropharmacology 31 (5), 287–292 (2008).
Article 
    CAS 
    
                    Google Scholar 
                

	Watabe, M., Kato, T. A., Monji, A., Horikawa, H. & Kanba, S. Does minocycline, an antibiotic with inhibitory effects on microglial activation, sharpen a sense of trust in social interaction? Psychopharmacology (Berl) 220 (3), 551–557 (2012).
Article 
    CAS 
    
                    Google Scholar 
                

	Kato, T. A. et al. Minocycline modulates human social decision-making: possible impact of microglia on personality-oriented social behaviors. PLoS ONE 7 (7), e40461 (2012).
Article 
    CAS 
    ADS 
    
                    Google Scholar 
                

	Spielberger, C. D., Gursuch, R. L. & Lushene, R. E. Manual for the State-Trait Anxiety Inventory (Self-evaluation Questionnaire) (Consulting Psychologists Press, Palo Alto, CA, 1970).

	Yrjanheikki, J., Keinanen, R., Pellikka, M., Hokfelt, T. & Koistinaho, J. Tetracyclines inhibit microglial activation and are neuroprotective in global brain ischemia. Proc. Natl. Acad. Sci. U. S. A. 95 (26), 15769–15774 (1998).
Article 
    CAS 
    ADS 
    
                    Google Scholar 
                

	Yrjanheikki, J. et al. A tetracycline derivative, minocycline, reduces inflammation and protects against focal cerebral ischemia with a wide therapeutic window. Proc. Natl. Acad. Sci. U. S. A. 96 (23), 13496–13500 (1999).
Article 
    CAS 
    ADS 
    
                    Google Scholar 
                

	Du, Y. et al. Minocycline prevents nigrostriatal dopaminergic neurodegeneration in the MPTP model of Parkinson's disease. Proc. Nat.l Acad. Sci. U. S. A. 98 (25), 14669–14674 (2001).
Article 
    CAS 
    ADS 
    
                    Google Scholar 
                

	Dodel, R. et al. Minocycline 1-year therapy in multiple-system-atrophy: effect on clinical symptoms and [(11)C] (R)-PK11195 PET (MEMSA-trial). Mov. Disorders 25 (1), 97–107 (2010).
Article 
    
                    Google Scholar 
                

	Graeber, M. B. & Streit, W. J. Microglia: biology and pathology. Acta Neuropathol. 119 (1), 89–105 (2010).
Article 
    
                    Google Scholar 
                

	Hanisch, U. K. & Kettenmann, H. Microglia: active sensor and versatile effector cells in the normal and pathologic brain. Nat. Neurosci. 10 (11), 1387–1394 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Ransohoff, R. M. & Cardona, A. E. The myeloid cells of the central nervous system parenchyma. Nature 468 (7321), 253–262 (2010).
Article 
    CAS 
    ADS 
    
                    Google Scholar 
                

	Monji, A., Kato, T. & Kanba, S. Cytokines and schizophrenia: Microglia hypothesis of schizophrenia. Psychiatry Clin. Neurosci. 63 (3), 257–265 (2009).
Article 
    CAS 
    
                    Google Scholar 
                

	van Berckel, B. N. et al. Microglia activation in recent-onset schizophrenia: a quantitative (R)-[11C]PK11195 positron emission tomography study. Biol. Psychiatry 64 (9), 820–822 (2008).
Article 
    
                    Google Scholar 
                

	Kato, T. A. et al. Anti-Inflammatory properties of antipsychotics via microglia modulations: are antipsychotics a 'fire extinguisher' in the brain of schizophrenia? Mini Rev. Med. Chem. 11 (7), 565–574 (2011).
Article 
    CAS 
    
                    Google Scholar 
                

	Suzuki, K. et al. Microglial activation in young adults with autism spectrum disorder. JAMA psychiatry 70 (1), 49–58 (2013).
Article 
    
                    Google Scholar 
                

	Morgan, J. T. et al. Microglial activation and increased microglial density observed in the dorsolateral prefrontal cortex in autism. Biol. Psychiatry 68 (4), 368–376 (2010).
Article 
    
                    Google Scholar 
                

	Frank, M. G., Baratta, M. V., Sprunger, D. B., Watkins, L. R. & Maier, S. F. Microglia serve as a neuroimmune substrate for stress-induced potentiation of CNS pro-inflammatory cytokine responses. Brain Behav. Immun. 21 (1), 47–59 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Sugama, S., Takenouchi, T., Fujita, M., Conti, B. & Hashimoto, M. Differential microglial activation between acute stress and lipopolysaccharide treatment. J. Neuroimmunol. 207 (1–2), 24–31 (2009).
Article 
    CAS 
    
                    Google Scholar 
                

	Tynan, R. J. et al. Chronic stress alters the density and morphology of microglia in a subset of stress-responsive brain regions. Brain Behav. Immun. 24 (7), 1058–1068 (2010).
Article 
    CAS 
    
                    Google Scholar 
                

	Neigh, G. N. et al. Anxiety after cardiac arrest/cardiopulmonary resuscitation: exacerbated by stress and prevented by minocycline. Stroke 40 (11), 3601–3607 (2009).
Article 
    
                    Google Scholar 
                

	Ransohoff, R. M. & Stevens, B. Neuroscience. How many cell types does it take to wire a brain? Science 333 (6048), 1391–1392 (2011).
Article 
    CAS 
    ADS 
    
                    Google Scholar 
                

	Graeber, M. B. Changing face of microglia. Science 330 (6005), 783–788 (2010).
Article 
    CAS 
    ADS 
    
                    Google Scholar 
                

	Wake, H., Moorhouse, A. J., Jinno, S., Kohsaka, S. & Nabekura, J. Resting microglia directly monitor the functional state of synapses in vivo and determine the fate of ischemic terminals. J. Neurosci. 29 (13), 3974–3980 (2009).
Article 
    CAS 
    
                    Google Scholar 
                

	Tremblay, M. E. et al. The role of microglia in the healthy brain. J. Neurosci. 31 (45), 16064–16069 (2011).
Article 
    CAS 
    
                    Google Scholar 
                

	Paolicelli, R. C. et al. Synaptic pruning by microglia is necessary for normal brain development. Science 333 (6048), 1456–1458 (2011).
Article 
    CAS 
    ADS 
    
                    Google Scholar 
                

	Arakawa, S. et al. Minocycline produced antidepressant-like effects on the learned helplessness rats with alterations in levels of monoamine in the amygdala and no changes in BDNF levels in the hippocampus at baseline. Pharmacol. Biochem. Behav. 100 (3), 601–606 (2012).
Article 
    CAS 
    
                    Google Scholar 
                

	Winston, J. S., Strange, B. A., O'Doherty, J. & Dolan, R. J. Automatic and intentional brain responses during evaluation of trustworthiness of faces. Nat Neurosci 5 (3), 277–283 (2002).
Article 
    CAS 
    
                    Google Scholar 
                

	Adolphs, R. What does the amygdala contribute to social cognition? Ann. NY. Acad. Sci. 1191, 42–61 (2010).
Article 
    ADS 
    
                    Google Scholar 
                

	Kim, H. S. & Suh, Y. H. Minocycline and neurodegenerative diseases. Behav. Brain Res. 196 (2), 168–179 (2009).
Article 
    CAS 
    MathSciNet 
    
                    Google Scholar 
                

	Hashimoto, K. & Ishima, T. A novel target of action of minocycline in NGF-induced neurite outgrowth in PC12 cells: translation initiation [corrected] factor eIF4AI. PLoS ONE 5 (11), e15430 (2010).
Article 
    ADS 
    
                    Google Scholar 
                

	Tikka, T. M. & Koistinaho, J. E. Minocycline provides neuroprotection against N-methyl-D-aspartate neurotoxicity by inhibiting microglia. J. Immunol. 166 (12), 7527–7533 (2001).
Article 
    CAS 
    
                    Google Scholar 
                

	Purisai, M. G. et al. Microglial activation as a priming event leading to paraquat-induced dopaminergic cell degeneration. Neurobiol. Dis. 25 (2), 392–400 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Berg, J., Dickhaut, J. & McCabe, K. Trust, Reciprocity and Social History. Games Econ. Behav. 10 (1), 122–142 (1995).
Article 
    
                    Google Scholar 
                

	Jonas, M. & Cunha, B. A. Minocycline. Ther. Drug Monit. 4 (2), 137–145 (1982).
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
This work was financially supported by a Grant-in-Aid from the Japan Society for the Promotion of Science (JSPS) to Dr. Kato, Dr. Watabe and Dr. Kanba. We thank graduate and undergraduate students from Kyushu University and Waseda University for their assistance and are indebted to all our participants.


Author information
Author notes	Watabe Motoki and Kato Takahiro A. contributed equally to this work.


Authors and Affiliations
	Organization for Japan-US Studies, Waseda University, 513 Waseda Tsurumaki-cho, Shinjuku-ku, Tokyo, Japan, 162-0041
Motoki Watabe

	Department of Neuropsychiatry, Graduate School of Medical Sciences, Kyushu University, 3-1-1 Maidashi Higashi-ku, Fukuoka, Japan, 812-8582
Takahiro A. Kato, Akira Monji & Shigenobu Kanba

	Innovation Center for Medical Redox Navigation, Kyushu University, 3-1-1 Maidashi, Higashi-ku, Fukuoka, Japan, 812-8582
Takahiro A. Kato & Hideo Utsumi

	Department of Psychology, Graduate School of Letters, Kyoto University, Yoshida Honmachi, Sakyo-ku, Kyoto, Japan, 606-8051
Sho Tsuboi

	Faculty of Human Environment Studies, Kyushu University, 6-19-1 Hakozaki, Higashi-ku, Fukuoka, Japan, 812-0053
Katsuhiko Ishikawa & Kazuhide Hashiya


Authors	Motoki WatabeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Takahiro A. KatoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sho TsuboiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Katsuhiko IshikawaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kazuhide HashiyaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Akira MonjiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hideo UtsumiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shigenobu KanbaView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
Conceived and designed the experiments: T.A.K., M.W. Performed the experiments: T.A.K., M.W., S.T., K.I. Analysed the data: M.W. Contributed reagents/materials/analysis tools: T.A.K., M.W., K.H., A.M., H.U., S.K. Wrote the paper: M.W., T.A.K.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Rights and permissions

                This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/3.0/

              Reprints and permissions


About this article
Cite this article
Watabe, M., Kato, T., Tsuboi, S. et al. Minocycline, a microglial inhibitor, reduces ‘honey trap’ risk in human economic exchange.
                    Sci Rep 3, 1685 (2013). https://doi.org/10.1038/srep01685
Download citation
	Received: 17 December 2012

	Accepted: 27 March 2013

	Published: 18 April 2013

	DOI: https://doi.org/10.1038/srep01685


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Plasma acetylcholine and nicotinic acid are correlated with focused preference for photographed females in depressed males: an economic game study
                                    
                                

                            
                                
                                    	Hiroaki Kubo
	Daiki Setoyama
	Takahiro A. Kato


                                
                                Scientific Reports (2021)

                            
	
                            
                                
                                    
                                        Blood biomarkers of Hikikomori, a severe social withdrawal syndrome
                                    
                                

                            
                                
                                    	Kohei Hayakawa
	Takahiro A. Kato
	Shigenobu Kanba


                                
                                Scientific Reports (2018)

                            
	
                            
                                
                                    
                                        Phenotypic dysregulation of microglial activation in young offspring rats with maternal sleep deprivation-induced cognitive impairment
                                    
                                

                            
                                
                                    	Qiuying Zhao
	Xiaofang Xie
	Zili You


                                
                                Scientific Reports (2015)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                
    
        
            
                Download PDF
                
            
        

    

            
        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    About Scientific Reports
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Journal policies
                                
                            
	
                                
                                    Calls for Papers
                                
                            
	
                                
                                    Guide to referees
                                
                            
	
                                
                                    Editor's Choice
                                
                            
	
                                
                                    Journal highlights
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For authors
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Scientific Reports (Sci Rep)
                
                
    
    
        ISSN 2045-2322 (online)
    
    


                
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
