

[image: image1]
Functional Dissociation of the Posterior and Anterior Insula in Moral Disgust









	 
	ORIGINAL RESEARCH
published: 01 June 2018
doi: 10.3389/fpsyg.2018.00860





[image: image]

Functional Dissociation of the Posterior and Anterior Insula in Moral Disgust

Xiaoping Ying1,2, Jing Luo3, Chi-yue Chiu4, Yanhong Wu5, Yan Xu1* and Jin Fan6,7,8,*

1Beijing Key Laboratory of Applied Experimental Psychology, National Demonstration Center for Experimental Psychology Education, Faculty of Psychology, Beijing Normal University, Beijing, China

2Institute of Sociology, Chinese Academy of Social Sciences, Beijing, China

3School of Psychology, Capital Normal University, Beijing, China

4Department of Psychology, The Chinese University of Hong Kong, Shatin, Hong Kong

5School of Psychological and Cognitive Sciences, Peking University, Beijing, China

6Department of Psychology, Queens College, The City University of New York, Flushing, NY, United States

7Department of Psychiatry, Icahn School of Medicine at Mount Sinai, New York, NY, United States

8Fishberg Department of Neuroscience, Icahn School of Medicine at Mount Sinai, New York, NY, United States

9The Friedman Brain Institute, Icahn School of Medicine at Mount Sinai, New York, NY, United States

Edited by:
Qi Li, University of Chinese Academy of Sciences (UCAS), China

Reviewed by:
Fei Luo, Institute of Psychology (CAS), China
Pei Sun, Tsinghua University, China

*Correspondence: Yan Xu, xuyan@bnu.edu.cn Jin Fan, jin.fan@qc.cuny.edu

Specialty section: This article was submitted to Decision Neuroscience, a section of the journal Frontiers in Psychology

Received: 31 December 2017
Accepted: 14 May 2018
Published: 01 June 2018

Citation: Ying X, Luo J, Chiu C-y, Wu Y, Xu Y and Fan J (2018) Functional Dissociation of the Posterior and Anterior Insula in Moral Disgust. Front. Psychol. 9:860. doi: 10.3389/fpsyg.2018.00860

The insula is thought to be involved in disgust. However, the roles of the posterior insula (PI) and anterior insula (AI) in moral disgust have not been clearly dissociated in previous studies. In this functional magnetic resonance imaging study, the participants evaluated the degree of disgust using sentences related to mild moral violations with different types of behavioral agents (mother and stranger). The activation of the PI in response to the stranger agent was significantly higher than that in response to the mother agent. In contrast, the activation of the AI in response to the mother agent was significantly higher than that in response to the stranger agent. These data suggest a clear functional dissociation between the PI and AI in which the PI is more involved in the primary level of moral disgust than is the AI, and the AI is more involved in the secondary level of moral disgust than is the PI. Our results provide key evidence for understanding the principle of embodied cognition and particularly demonstrate that high-level moral disgust is built on more basic disgust via a mental construction approach through a process of embodied schemata.
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INTRODUCTION

Morality is the center of our attitudes and behaviors in daily social life and beyond (Haidt and Kesebir, 2010). Moral judgment has been generally recognized to encompass not only reasoning but also emotion and affection (Greene and Haidt, 2002), and disgust has a strong impact on moral judgment and is rudimentary to moral emotion (Miller, 2008; Rozin et al., 2008; Giubilini, 2016). Neuroimaging studies have shown that the insula is involved in physical disgust, moral judgment (Moll et al., 2005), and detecting norm violations (Xiang et al., 2013; Cheng et al., 2017). However, how moral disgust is encoded and represented in the insula remains unclear.

The insular cortex, which is a key region responsible for encoding and re-encoding feelings, consists of regions with variable cell structures or cytoarchitectures ranging from granular in the posterior portion to agranular in the anterior portion (Flynn, 1999; Varnavas and Grand, 1999). The posterior-to-anterior progression, which includes increasingly complex representations in the human insula, indicates that the posterior insula (PI) plays a role in encoding more primary emotions, the mid-insula plays a role in encoding contextual integration (Craig, 2002, 2009), and the anterior insula (AI) plays a role in encoding introspective awareness of emotion and bodily states (Critchley et al., 2004; Paulus and Stein, 2006). This hypothesis provides a new perspective for understanding how a complicated, high-level mentality or emotionality is built or developed from more basic feelings.

A neuroimaging study investigating the relationship between love and sexual desire revealed that the anterior part of the insula was significantly activated by feelings of love, whereas the posterior part of the left insula was significantly activated by primary feelings, such as sexual desire (Cacioppo et al., 2012). A study investigating the neurodevelopmental changes in the circuits underlying empathy and sympathy from childhood to adulthood found a significant negative correlation between age and the degree of activation in the PI and a positive correlation in the anterior portion of the insula (Decety and Michalska, 2010), suggesting that a higher level of frontalization of inhibitory capacity and a greater top–down modulation of activity occur in primitive emotion-processing regions during individual development (Yurgelun-Todd, 2007). In a study investigating fairness in relation to moral judgments, the PI was selectively associated with the processing of the objective aspects of fairness, whereas the more anterior part, i.e., the mid-insula, was involved in the processing of the contextual aspects of fairness, suggesting that the mid-insula performs a re-encoding function for the integration of context with inequality (Haidt and Kesebir, 2010; Wright et al., 2011).

However, studies investigating the involvement of the anterior and posterior insula in moral judgment and disgust have been inconsistent. Most studies report that the anterior part of the insula was activated in moral indignation/disgust relative to pure disgust (Moll et al., 2005), while passively viewing pictures depicting social moral violations relative to viewing these pictures with an endeavor to decrease emotional reactions (Harenski and Hamann, 2006), in deontological guilt relative to altruistic guilt (Basile et al., 2011), while retrieving personal guilt or shameful memories (Wagner et al., 2011), and in guilt associated with prejudice (Fourie et al., 2014). In addition, compared with the processing of easy moral dilemmas, the anterior part of the insula was involved in the processing of difficult personal moral dilemmas (Greene et al., 2004) and difficult dilemmas where the to-be-sacrificed person was humanized as a full-blown individual with mental states (Majdandžić et al., 2012). In contrast to the involvement of the anterior part of the insula, the involvement of the PI in moral processing, such as in a comparison between moral indignation and a neutral condition (Moll et al., 2005) or between sociomoral violation actions and physically repulsive actions (Schaich Borg et al., 2008), has only been occasionally reported.

To date, no study has doubly dissociated the function of the PI and AI in moral disgust. Given that functional segregation has been generally established in this extensive and cytoarchitectonically diverse cortical region (Flynn, 1999; Varnavas and Grand, 1999), the double dissociation of the PI and AI in moral disgust could have important theoretical implications for moral cognition and emotion, particularly for the theory that disgust in response to moral violations is built on more basic types of disgust (such as that associated with distaste for food and body waste products) through a process of embodied schemata, which refers to patterns of experience that are based on bodily knowledge or sensation (Haidt et al., 1997).

In this study, we separated the following two components involved in the representation of moral disgust: the primary moral disgust component represented in the PI and the secondary component represented in the AI. The dissociation of these two components was achieved by requiring participants to process moderate moral transgression behaviors (e.g., speaking loudly on the telephone in a public place or saying dirty words in a public place) with different behavioral agents (stranger or mother). Moral indignation toward a stranger who behaves immorally was relatively primary and featured feelings of anger and hate; thus, the PI was challenged. However, moral indignation toward the mother was relatively secondary, required relatively high levels of integration and regulation and featured feelings of shame or guilt; thus, the AI was involved.

MATERIALS AND METHODS

Participants

Thirty-six healthy, right-handed students with normal or corrected-to-normal vision participated in this study. No participants had a history of neurological or psychiatric disorders or head injury. Of these participants, six participants were excluded from fMRI analysis due to device or technical errors, and one participant was excluded due to excessive head movement (>3 mm). The final sample included 29 participants (14 females; mean age 22.4 ± 2.40; range 19–28 years). The participants were compensated for their time. Before the fMRI scan, written informed consent approved by the local Ethics Committee at Beijing Normal University was obtained from each participant. Before the fMRI experiment, we asked the participants to answer a list of self-developed questions regarding their relationship with their mothers, and only individuals who indicated a close relationship with their mothers [quantified by answering a 4 or 5 on a five-point Likert scale from 1 (“very bad”) to 5 (“very good”)] were included in the sample. The participants also completed the Chinese version of the Yale-Brown Obsessive Compulsive Scale (Goodman et al., 1989) and Toronto Alexithymia Scale (Parker et al., 2003).

Materials

The experimental stimuli included 60 sentences describing situations of moral transgressions (e.g., speaking loudly on the telephone in a public place) that frequently occur in daily life and reliably evoke moral disgust. The severity of the moral transgressions was controlled at a moderate level because a serious transgression (such as “killing someone”) was inapplicable to the participants’ mothers. The length and complexity of the sentences were carefully controlled. Another sample of participants (N = 100) who did not participate in the formal fMRI experiment rated the severity of the moral transgressions and the emotional arousal associated with each moral transgression event. The severity of the moral transgressions was rated using a six-point Likert scale from 1 (“not serious at all”) to 6 (“extremely serious”), and five emotions, i.e., disgust, anger, surprise, sadness and disappointment, were rated using a seven-point Likert scales from 0 (“no feeling at all”) to 6 (“extremely strong”). The 60 sentences had a similar length and complexity and were divided into three equal groups according to the severity and emotional arousal ratings. No statistically significant differences were observed in the severity of the moral transgressions, moral disgust or other types of emotional arousal among the three groups of materials (Supplementary Table S1). In the fMRI experiment, each group of materials was assigned to only one of the three experimental conditions that used the “stranger,” “mother,” or “best friend” as the behavioral agent (Table 1). The assignment of a given agent to a given group of materials were counter-balanced across the participants.

TABLE 1. Sample sentences from the experimental materials.
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Task Design and Procedures

During the experimental fMRI scan session, the participants were asked to read and evaluate 60 sentences describing different moral transgression events with different behavioral agents (mother, stranger, and best friend) one-by-one. Each sentence was presented for 10 s, followed by a cross fixation phase of a varied duration ranging from 4 to 8 s. During the 10-s sentence presentation stage, the participants were instructed to read and comprehend the situation described by the sentence and evaluate their degree of disgust using a four-point Likert scale from 1 (“not disgusting at all”) to 4 (“extremely disgusting”). The participants were required to indicate their evaluation by pressing one of four buttons using their index, middle, fourth, or little finger of their right hand. The degree of disgust and the numbers 1, 2, 3, and 4 were presented below the sentence (see Figure 1 for a detailed description of each sentence).
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FIGURE 1. Task design. Each sentence was displayed for 10 s, followed by the presentation of a fixation cross for 4–8 s. A fixation cross was presented for 30 s at the start and end of the task and for 16 s during each trial.



To prevent the participants from frequently switching between the behavioral agent of the moral transgressions, 20 sentences in each condition were separated into two sub-groups with 10 sentences in each sub-group, and the 10 sentences in each sub-group were presented successively in one block. Therefore, two blocks of each of the three experimental conditions involved the mother, stranger and best friend as the behavioral agent, and the participants completed a total of six blocks. The sequences of the block presentations were counter-balanced across the participants with the restriction that two blocks in the same condition could never be presented successively. During the periods between the blocks, a fixation (cross-viewing) was presented for 16 s. In addition, 30-s fixation periods were presented at the beginning and end of the session.

Image Acquisition

All MRI scans were acquired using a Siemens MAGNETOM Trio 3T MR scanner at the Imaging Center for Brain Research at Beijing Normal University. Foam padding and a plastic brace were used to minimize head movement. For the functional imaging, the whole-brain coverage of 33 axial slices was acquired using a T2-weighted echo-planar imaging sequence based on the blood oxygenation level-dependent (BOLD) contrast with the following parameters: 2000 ms repetition time (TR), 30 ms echo time (TE), 90° flip angle, 4.0-mm slice thickness, 0.6-mm gap, 64 × 64 data matrix, 200-mm field of view (FOV), and 3.1 × 3.1 × 4.0-mm voxel size. In addition, 3D structural brain scans were also acquired for each participant using a T1-weighted anatomical scan with the following parameters: 2530-ms TR, 3.39-ms TE, 7° flip angle, 256 × 256 data matrix, 256-mm FOV, 1.3 × 1.0 × 1.3-mm voxel size, and Bandwidth (BW) = 190 Hz/pixel.

Image Data Analysis

The event-related analyses of the fMRI data from the moral disgust task were conducted using a statistical parametric mapping package (SPM8; Wellcome Trust Centre for Neuroimaging, London, United Kingdom). In the preprocessing of the data, each image volume was slice-time corrected, realigned, unwarped to the first volume, co-registered to the structural scan images, spatially normalized to the Montreal Neurological Institute (MNI) ICBM152 space based on the normalization parameters of the T1 image, subsampled to a voxel size of 2 × 2 × 2 mm, and finally spatially smoothed using a Gaussian kernel of 8 mm full-width half-maximum.

For statistical analysis, a general linear model (GLM) was constructed to analyze the functional scans from each participant with a duration of 10 s by regressing the observed event-related BOLD signals on the regressors to identify the relationship between the hemodynamic responses and task events. Low-frequency drifts in the signal were removed using a high-pass filter with a 128-s cutoff. Regressors were created by convolving a train of delta functions representing the sequence of individual events using the default SPM basis function, which consists of a synthetic hemodynamic response function (HRF) composed of two gamma functions (Friston et al., 1998). Three regressors were used for the three conditions (mother, best friend and stranger). The 6 parameters generated during the motion correction were also entered as covariates. In addition, HRF related to trials in which the participants failed to respond was also modeled separately and explicitly to partial out error-related activity. Linear contrasts of the parameter estimates were performed to identify the effects of the three conditions and the difference between every two conditions in each session. Then, the first level contrasts were aggregated into a second level, and one-sample t-tests were performed to compute the group-level statistics using a random-effects model.

Regions of Interest (ROIs) and Psychophysiological Interaction (PPI) Analysis

To define the regions of interest (ROIs), we first conducted contrasts between the stranger condition and the mother condition. To test our hypotheses regarding the role of the AI and PI in moral disgust, ROI analyses were performed based on the templates developed by Lin and colleagues (Lin et al., 2013), which consisted of six insula regions, including the left and right AI (LAI and RAI), left and right PI (LPI and RPI), and left and right middle insula (LMI and RMI). The ROIs were defined by masking the six abovementioned insula regions on the whole brain results of a given contrast (e.g., the contrast of “mother condition minus stranger condition” and the contrast of “stranger condition minus mother condition”). The significance level was set at an uncorrected threshold of p < 0.05 with a cluster extent of at least 5 contiguous voxels. The LAI was activated in the mother condition minus the stranger condition. The LPI was activated in the stranger condition minus the mother condition (see Table 2 for details). ROIs as clusters were created for the LAI and LPI. The BOLD signal changes were extracted from each ROI for the contrast between the stranger condition and the mother condition. Separate psychophysiological interaction (PPI) analyses were also performed using the LAI or LPI ROIs as seeds.

TABLE 2. Brain activation of the insula in a contrast between the stranger and mother conditions.
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Psychophysiological interaction analyses provide a measure of functional connectivity change among different brain regions depending on a specific psychological context (Friston et al., 1997). This analysis was achieved using a moderator derived from the product of the activity of a source region and the psychological context. The LAI and LPI were derived from the ROI analysis and identified in moral disgust by the saliency level of the contrast between the stranger condition and the mother condition (see the Results). We aimed to determine whether the AI and PI functionally interact with regions involved in secondary and primary moral disgust processing, respectively. PPI analysis was performed to identify the region(s) that had differential connectivity with the AI and PI modulated by the difference between the stranger agent and the mother agent in moral disgust.

RESULTS

Before presenting the results, the following two points should be noted. First, in this paper, we focused on the results of the mother condition and stranger condition, and the results of the best friend condition are not reported in the present paper. This condition was omitted because the main goal of this study is to dissociate the function of the PI and AI in moral disgust. The ideal way to achieve this goal is to perform a direct contrast between a very intimate relationship, i.e., the mother condition, and a very distant relationship, i.e., the stranger condition. Furthermore, the best friend condition complicates the situation because the nature of friendship is unclear and could vary from person to person (Supplementary Figure S1). Second, regarding the brain imaging results, we only focused on the ROIs in the anterior, middle and PI and brain regions found to be functionally connected to these ROIs. We conducted and inspected the results of the whole-brain analysis and confirmed the general validity of the results. For example, we confirmed that the brain activation we observed during the visual, linguistic, and cognitive control processing in our moral judgment task was similar to that reported in other related studies. However, these results are not the focus of this study and are provided in the Supplementary Materials.

Behavioral Results

The behavioral data analyzed included the disgust ratings (DR), response times (RT), and severity ratings (SR). The online recording of the participants’ behavioral responses during the MRI scanning showed that the participants required a significantly longer duration to complete the DRs in the stranger condition [Mean = 4.47, standard deviation (SD) = 0.824] than in the mother condition (Mean = 4.26, SD = 0.854) [t(28) = 2.55, p < 0.05] (Figure 2A), and the participants rated the strangers performing moral transgressions as significantly more disgusting (Mean = 2.87, SD = 0.539) than those of the mothers (Mean = 2.64, SD = 0.494) [t(28) = 2.76, p < 0.01] (Figure 2B).
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FIGURE 2. Behavioral results (n = 29). (A) RT in the stranger condition and mother condition. (B) DR in the stranger condition and mother condition. Error bars represent the SD.



fMRI Results

ROI Analysis

We performed an ROI analysis of the clusters of the AI and PI based on the activation of these two regions in the stranger condition and the mother condition of moral disgust (Figure 3 and Table 2). The coordinates of the ROIs were as follows: AI, the center of the cluster at [-34 18 -16], and PI, the center of the cluster at [-38 -10 22].
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FIGURE 3. Regions of interest (ROI) analysis of BOLD signal change in the AI and PI in the stranger condition and mother condition. Error bars represent the SD.



The β value of the mother and stranger conditions were extracted from the AI and PI ROIs. For the AI, the β value in the stranger condition (Mean = 0.16, SD = 0.292) was lower than that in the mother condition (Mean = 0.29, SD = 0.298). For the PI, the β value in the stranger condition (Mean = 0.20, SD = 0.164) was greater than that in the mother condition (Mean = 0.13, SD = 0.155) (Figure 3).

PPI Analysis

The PPI of the AI and PI seeds represents how the agent (mother/stranger) modulates the change of the connectivity between the seeds regions and other brain regions. In the mother condition, the AI was more functionally connected with bilateral prefrontal cortex (PFC) relative to the stranger condition (Figure 4), whereas in the stranger condition, the PI was more functionally connected with thalamus and amygdala, the AI was more functionally connected with anterior cingulate cortex (ACC), and both PI and AI were more functionally connected with temporo-parietal junction (TPJ), relative to mother condition (Table 3).
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FIGURE 4. Psychophysiological interactions (PPIs) of the AI in the mother condition minus stranger condition. The bilateral prefrontal cortex was functionally connected with the AI in the mother condition minus stranger condition.



TABLE 3. Significant PPIs of the AI and PI seeds.
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DISCUSSION

The behavioral results indicated that the RTs in the mother condition were quicker than those in the stranger condition, which could be due to people devoting less time to thinking negative thoughts about their mother because these thoughts may evoke strong unpleasant feelings and the desire for avoidance (Li et al., 2011). Unsurprisingly, the moral transgressions performed by the mother were rated as less disgusting and less severe than those performed by the stranger. This bias could be related to the participants’ internal tendency to favor their mothers in moral judgments. In particular, in our Chinese participants who may mentally represent themselves and their mothers by the same cognitive-brain mechanism (Zhu et al., 2007), this bias could be more obvious (Hwang, 2006).

Critically, the brain imaging results exhibited a double dissociation between the AI and PI in which an AI activation was found in the mother condition minus stranger condition contrast, while a PI activation was found in the stranger condition minus mother condition contrast. Furthermore, PPI analysis indicated that these PI and AI areas were functionally connected to widely distributed areas, including areas that are necessary for the representation of sensations and feelings, emotion regulation, and theory of mind (ToM).

The Role of the AI in Moral Disgust

Relative to the stranger condition, the mother condition was associated with AI activation. Similar activation was reported among people who were required to recall personal guilt experiences (Shin et al., 2000) or internally generate deontological guilt (Basile et al., 2011). Generally, the role of the ventral AI observed in this study has been proposed to mediate the core affect representing broadly tuned motivational states (e.g., excitement) with associated subjective feelings (Wager and Barrett, 2004).

Several hypotheses could be applied to explain why the mother condition was associated with more AI activation than was the stranger condition. For instance, making a moral judgment in the mother condition could require more integrative processing. AI activation could be related to the feelings that are represented on a more integrative level relative to the less integrative level, such as the feeling of love relative to sexual desire (Cacioppo et al., 2012) or the processing of the contextual aspects of fairness relative to the processing of objective aspects (Wright et al., 2011). Compared with making a bad moral judgment against a stranger, making a judgment against one’s mother could involve more conflict of self-interest. Learning to make moral judgments based on considerations beyond self-interest is a fundamental aspect of moral development that can be achieved by communicating and interacting with many more people than one’s parents or the process of deliberate (moral) persuasion intentionally generated by certain people to vividly demonstrate their value judgment (Bloom, 2010). Therefore, more integrative processing could be required by this type of moral judgment. A second possibility regarding the involvement of the AI in the mother condition could be the requirement for more processes of emotion regulation. A previous study found that the development of emotion regulation capacity with age could be accompanied by a posterior-to-anterior progression in insula activity in response to empathy- or sympathy-eliciting stimuli (Decety and Michalska, 2010). In this study, more emotion regulatory processes could be required in people evaluating their mothers’ immoral behaviors than thinking of a stranger performing the same behaviors. Third, according to a previous study that found that the AI could function together with other prefrontal and temporal-parietal areas as a mechanism of “guilt aversion” that motivates people to choose to cooperate if they can better serve their interests by acting selfishly (Chang et al., 2011), the mother condition could contain more components of “guilt aversion” because of the close relationship with the mother. This closeness might result in stronger AI activation. Finally, in the moral context, the AI was found to be selectively activated in negative moral verdicts that identified an act as morally wrong regardless of whether the acts transgressed against moral principles more or less or required more or less moral deliberation (Schaich Borg et al., 2011). This finding is generally consistent with previous studies indicating that the activity in the AI correlated with the rejection of unfair offers (Sanfey et al., 2003), rejection of inequitable allocations (Hsu et al., 2008), decisions not to donate to charity (Moll et al., 2006), decisions not to purchase in a shopping task (Knutson et al., 2007), and verdicts of disbelief (Harris et al., 2008). Although the participants in our study made comparable negative moral verdicts in both conditions, making a fair judgment in the mother condition might require more resolution and extensive processing of negative moral verdicts and, thus, evoke more AI activation.

The Role of PI in Moral Disgust

Relative to the mother condition, the stranger condition was associated with PI activation. The involvement of the PI in moral-related tasks has been much more rarely reported than that of the AI. The PI is known to function in primary representations of emotionally relevant somato-sensory signals (Craig, 2002), such as primary pain, temperature, and touch perception, including facilitative touch (Björnsdotter et al., 2009; Löken et al., 2009; Lamm et al., 2011). Studies have reported PI activation in participants reading phrases that elicited moral indignation compared to that in participants reading neutral phrases (Moll et al., 2005) and in participants processing sociomoral acts (the immoral ones) compared to participants processing pathogenic acts (physically repulsive ones) (Schaich Borg et al., 2008). Notably, the examples of moral violations used in the Borg and colleagues’ study were more serious than the mild violations used in the present study. In the previous study, the materials that the participants read included statements, such as “You watching your sister masturbate” or “You killing your sister’s child.” A study investigating major depressive disorder (MDD), including excessive proneness to self-blaming emotions, such as guilt and shame, exhibited an increasing PI activation in response to shame relative to that in response to guilt, implying that the specific function of PI in generating moral disgust related feeling (Pulcu et al., 2014). Additionally, PI activation was observed in social rejection, particularly when the rejection is powerfully elicited (Kross et al., 2011). An intracranial electroencephalography study found that, in contrast to the AI, which showed an initial fast response to social exclusion with a rapidly fading signal, the PI showed a more persistent activation pattern, implying that the PI represents a more primary aspect of disgust that does not decay over time (Cristofori et al., 2013). In addition to social rejection, PI activation was also observed in the processing of unfair offers in the ultimatum game, and its activation level could be modulated by emotion regulation strategies (Kirk et al., 2011), although the AI is much more frequently reported to be involved in the ultimatum game (Rilling et al., 2002; Sanfey et al., 2003; King-Casas et al., 2008). Both the social rejection in the Cyberball task and the unfair offers in the ultimatum game could be types of moral violations due to their nature, and the participants are the victims of these immoralities. This type of deep and painful feeling could eventually evokes a body sensation-like PI activation. In the present study, the participants likely perceived themselves as the victims of moral violations more in the stranger condition than in the mother condition, and this type of sympathy and empathy with the victims could contribute to significantly challenging the PI.

Functional Connectivity

In the stranger condition, several areas exhibit activation with stronger functional connectivity with the seed regions of the AI or PI. For example, the connectivity between the bilateral PFC and AI was stronger in the mother condition, which was consistent with our speculation that the mother condition required higher levels of integration (Wright et al., 2011) and modulation (Decety and Michalska, 2010), including the ones for disgust aversion (Chang et al., 2011) and related negative moral verdicts (Schaich Borg et al., 2011).

However, in the stranger condition, more areas showed stronger functional connections with the PI or AI seed regions. First, stronger connectivity was observed between the thalamus and the PI, which was consistent with the observation that the PI receives input from the thalamus and implies that the moral violation of the stranger evoked a more basic form of disgust. Second, the stronger connectivity between the amygdala and the PI seed region in the stranger condition was also consistent with the higher level of disgust reported by the participants in the stranger condition. In contrast to the connectivity with the thalamus and amygdala, the seed region showing stronger connectivity with the ACC was located in the AI rather than in the PI. This finding was consistent with the hypothesis that the co-activation of the ACC, amygdala, caudate, ventral striatum and the AI represented emotion and motivation values (Craig, 2002). However, the present study only found enhanced connectivity between the amygdala and PI but not with the AI, and both the PI and AI seed regions were increasingly connected to the caudate in the stranger condition. Therefore, our results were only partially consistent with the abovementioned hypothesis (Craig, 2002). Finally, the TPJ, which is among the most important areas for ToM and moral judgment, was more functionally connected with both the PI and AI seed regions in the stranger condition. As previously mentioned, in the stranger condition, the participants could be more likely to perceive themselves as the victims of the moral violations, which may lead to more sympathy and empathy processes that not only evoke activation in the PI but also result in enhanced connectivity between the TPJ and posterior and anterior portions of the insula.

The results of the insula’s functional connectivity with other brain regions were also consistent with the behavioral results in which the RTs in the mother condition were shorter than those in the stranger condition. First, the insular seed region had more functional connectivity with other brain areas in the stranger condition than in the mother condition, suggesting that wider and more extensive information processing (and maybe longer RTs) occurred in the former condition. Second, the stranger condition exhibited more functional connectivity between the insula (including both the AI and PI) and TPJ than did the mother condition, implying that the stranger condition relied more heavily on reasoning processes based on ToM that might have taken longer time. Third, in the mother condition, the AI had stronger connectivity with the PFC, whereas in the stranger condition, the PI had stronger connectivity with the amygdala and thalamus. One possible explanation for this difference is that the enhanced connectivity between the insula and PFC in the mother condition could be related to inhibitory processes caused by the individuals’ reluctance to think negative thoughts about their mother, and this inhibitory process might prevent individuals from further processing the sentences about their mothers.

In this study, although the processing of the materials evoked complicated feelings, emotions and cognitive processes, the feeling of moral disgust could be essentially involved in this complicated processing. Due to its well-established role in disgust, the insula could play a key role in representing moral disgust. However, in the present study, we could not completely justify that the observed insular activation did represent moral disgust rather than other feelings or thoughts. We did not find a significant correlation between the insular activation and individual subjective evaluations of disgust toward the immoral events. A possible interpretation is that the subjective evaluation of moral disgust is a holistic impression consisting of complicated cognitions, emotions, experiences, and social attitudes toward the transgression event. The element of disgust represented by the insula was not sufficiently strong to be reflected by this subjective evaluation. Further studies should adopt specific judgments that are more sensitive to detect the disgust element in moral judgment and verify the role of the insula in disgust representation.

In summary, in this study, we doubly dissociated two insular components in the processing of moral transgression events, and the component located in the posterior region was more activated in the stranger condition, while the other component located in the anterior region was more activated in the mother condition. Given that both the PI and AI were positively activated in the mother and stranger conditions (the signal change in the AI and PI regions was positive in both conditions), we propose that these two components may have been generally involved in both conditions regardless of the behavioral agent of the moral transgression (mother or stranger), and the double dissociation between the AI and PI implies that the stranger and mother conditions could rely on one of the two components more than the other. Based on the already known function of the PI and AI in emotion representations and re-representation and the consideration of the distinctive moral emotions involved in stranger and mother conditions, we hypothesize that the PI and AI might represent primary and secondary levels of moral disgust, respectively. Specifically, the PI component represents people’s basic moral disgust that is directly embodied by the sensory components of physical disgust, whereas the AI components represent a secondary level of moral disgust that is related to the affective components of physical disgust. This result demonstrated the mechanism of embodied schemata from a cognitive neuroscience perspective and showed how disgust in response to moral violations is built on more basic types of disgust (such as the disgust associated with distaste for food and body waste products) and how it develops a more integrative and abstract form of mental representation.

ETHICS STATEMENT

This study was carried out in accordance with the recommendations of Institutional Review Board of the State Key Laboratory of Cognitive Neuroscience and Learning at Beijing Normal University with written informed consent from all subjects. All subjects gave written informed consent. The protocol was approved by the Institutional Review Board of the State Key Laboratory of Cognitive Neuroscience and Learning at Beijing Normal University.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual contribution to the work, and approved it for publication.

FUNDING

This work was supported by funding programs from the National Social Science Foundation of China (12AZD116) and the National Natural Science Foundation of China (31671124, 31671160).

ACKNOWLEDGMENTS

We thank Alex Dufford for the valuable comments regarding manuscript. We thank Dr. Qiong Wu, Dr. Tingting Wu, Tingting Guo, Dr. Thomas P. Naidich, Dr. Shaozheng Qin, and Dr. Pengfei Xu for the comments regarding image data analysis, Dr. Furong Huang for assistance with the figures, Yan Zhang and Teng Rong for assistance with the data collection, and Yufan Zhang and Wenjin Hong for assistance with preparing the experimental materials.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2018.00860/full#supplementary-material

FIGURE S1 | Reaction time, disgust rating, and severity rating in all three conditions: Stranger, Best Friend, and Mother.

TABLE S1 | Statistical analysis of moral disgust materials in the three groups.

REFERENCES

Basile, B., Mancini, F., Macaluso, E., Caltagirone, C., Frackowiak, R. S., and Bozzali, M. (2011). Deontological and altruistic guilt: evidence for distinct neurobiological substrates. Hum. Brain Mapp. 32, 229–239. doi: 10.1002/hbm.21009

Björnsdotter, M., Löken, L., Olausson, H., Vallbo,Å, and Wessberg, J. (2009). Somatotopic organization of gentle touch processing in the posterior insular cortex. J. Neurosci. 29, 9314–9320. doi: 10.1523/JNEUROSCI.0400-09.2009

Bloom, P. (2010). How do morals change? Nature 464, 490–490. doi: 10.1038/464490a

Cacioppo, S., Bianchi-Demicheli, F., Frum, C., Pfaus, J. G., and Lewis, J. W. (2012). The common neural bases between sexual desire and love: a multilevel kernel density fMRI analysis. J. Sex. Med. 9, 1048–1054. doi: 10.1111/j.1743-6109.2012.02651.x

Chang, L. J., Smith, A., Dufwenberg, M., and Sanfey, A. G. (2011). Triangulating the neural, psychological, and economic bases of guilt aversion. Neuron 70, 560–572. doi: 10.1016/j.neuron.2011.02.056

Cheng, X., Zheng, L., Li, L., Zheng, Y., Guo, X., and Yang, G. (2017). Anterior insula signals inequalities in a modified ultimatum game. Neuroscience 348, 126–134. doi: 10.1016/j.neuroscience.2017.02.023

Craig, A. D. (2002). How do you feel? Interoception: the sense of the physiological condition of the body. Nat. Rev. Neurosci. 3, 655–666. doi: 10.1038/nrn894

Craig, A. D. (2009). How do you feel — now? The anterior insula and human awareness. Nat. Rev. Neurosci. 10, 59–70. doi: 10.1038/nrn2555

Cristofori, I., Moretti, L., Harquel, S., Posada, A., Deiana, G., Isnard, J., et al. (2013). Theta signal as the neural signature of social exclusion. Cereb. Cortex 23, 2437–2447. doi: 10.1093/cercor/bhs236

Critchley, H. D., Wiens, S., Rotshtein, P., Öhman, A., and Dolan, R. J. (2004). Neural systems supporting interoceptive awareness. Nat. Neurosci. 7, 189–195. doi: 10.1038/nn1176

Decety, J., and Michalska, K. J. (2010). Neurodevelopmental changes in the circuits underlying empathy and sympathy from childhood to adulthood. Dev. Sci. 13, 886–899. doi: 10.1111/j.1467-7687.2009.00940.x

Flynn, F. G. (1999). Anatomy of the insula functional and clinical correlates. Aphasiology 13, 55–78. doi: 10.1080/026870399402325

Fourie, M. M., Thomas, K. G., Amodio, D. M., Warton, C. M., and Meintjes, E. M. (2014). Neural correlates of experienced moral emotion: an fMRI investigation of emotion in response to prejudice feedback. Soc. Neurosci. 9, 203–218. doi: 10.1080/17470919.2013.878750

Friston, K. J., Buechel, C., Fink, G. R., Morris, J., Rolls, E., and Dolan, R. J. (1997). Psychophysiological and modulatory interactions in neuroimaging. Neuroimage 6, 218–229. doi: 10.1006/nimg.1997.0291

Friston, K. J., Fletcher, P., Josephs, O., Holmes, A., Rugg, M. D., and Turner, R. (1998). Event-related fMRI: characterizing differential responses. Neuroimage 7, 30–40. doi: 10.1006/nimg.1997.0306

Giubilini, A. (2016). What in the world is moral disgust? Aust. J. Philos. 94, 227–242. doi: 10.1080/00048402.2015.1070887

Goodman, W. K., Price, L. H., Rasmussen, S. A., Mazure, C., Fleischmann, R. L., Hill, C. L., et al. (1989). The yale-brown obsessive compulsive scale: I. development, use, and reliability. Arch. Gen. Psychiatry 46, 1006–1011. doi: 10.1001/archpsyc.1989.01810110048007

Greene, J., and Haidt, J. (2002). How (and where) does moral judgment work? Trends Cogn. Sci. 6, 517–523. doi: 10.1016/S1364-6613(02)02011-9

Greene, J. D., Nystrom, L. E., Engell, A. D., Darley, J. M., and Cohen, J. D. (2004). The neural bases of cognitive conflict and control in moral judgment. Neuron 44, 389–400. doi: 10.1016/j.neuron.2004.09.027

Haidt, J., and Kesebir, S. (2010). “Morality,” in Handbook of Social Psychology, eds S. Fiske, D. Gilbert, and G. Lindzey (Hobeken, NJ: John Wiley & Sons).

Haidt, J., Rozin, P., Mccauley, C., and Imada, S. (1997). Body, psyche, and culture: the relationship between disgust and morality. Psychol. Dev. Soc. 9, 107–131. doi: 10.1177/097133369700900105

Harenski, C. L., and Hamann, S. (2006). Neural correlates of regulating negative emotions related to moral violations. Neuroimage 30, 313–324. doi: 10.1016/j.neuroimage.2005.09.034

Harris, S., Sheth, S. A., and Cohen, M. S. (2008). Functional neuroimaging of belief, disbelief, and uncertainty. Ann. Neurol. 63, 141–147. doi: 10.1002/ana.21301

Hsu, M., Anen, C., and Quartz, S. R. (2008). The right and the good: distributive justice and neural encoding of equity and efficiency. Science 320, 1092–1095. doi: 10.1126/science.1153651

Hwang, K.-K. (2006). Moral face and social face: contingent self-esteem in Confucian society. Int. J. Psychol. 41, 276–281. doi: 10.1080/00207590544000040

King-Casas, B., Sharp, C., Lomax-Bream, L., Lohrenz, T., Fonagy, P., and Montague, P. R. (2008). The rupture and repair of cooperation in borderline personality disorder. Science 321, 806–810. doi: 10.1126/science.1155236902

Kirk, U., Harvey, A., and Montague, P. R. (2011). Domain expertise insulates against judgment bias by monetary favors through a modulation of ventromedial prefrontal cortex. Proc. Natl. Acad. Sci. U.S.A. 108, 10332–10336. doi: 10.1073/pnas.1019332108

Knutson, B., Rick, S., Wimmer, G. E., Prelec, D., and Loewenstein, G. (2007). Neural predictors of purchases. Neuron 53, 147–156. doi: 10.1016/j.neuron.2006.11.010

Kross, E., Berman, M. G., Mischel, W., Smith, E. E., and Wager, T. D. (2011). Social rejection shares somatosensory representations with physical pain. Proc. Natl. Acad. Sci. U.S.A. 108, 6270–6275. doi: 10.1073/pnas.1102693108

Lamm, C., Decety, J., and Singer, T. (2011). Meta-analytic evidence for common and distinct neural networks associated with directly experienced pain and empathy for pain. Neuroimage 54, 2492–2502. doi: 10.1016/j.neuroimage.2010.10.014

Li, Q., Qin, S., Rao, L.-L., Zhang, W., Ying, X., Guo, X., et al. (2011). Can Sophie’s choice be adequately captured by cold computation of minimizing losses? An fMRI study of vital loss decisions. PLoS One 6:e17544. doi: 10.1371/journal.pone.0017544

Lin, C.-S., Hsieh, J.-C., Yeh, T.-C., Lee, S.-Y., and Niddam, D. M. (2013). Functional dissociation within insular cortex: the effect of pre-stimulus anxiety on pain. Brain Res. 1493, 40–47. doi: 10.1016/j.brainres.2012.11.035

Löken, L. S., Wessberg, J., Morrison, I., McGlone, F., and Olausson, H. (2009). Coding of pleasant touch by unmyelinated afferents in humans. Nat. Neurosci. 12, 547–548. doi: 10.1038/nn.2312

Majdandžić, J., Bauer, H., Windischberger, C., Moser, E., Engl, E., and Lamm, C. (2012). The human factor: behavioral and neural correlates of humanized perception in moral decision making. PLoS One 7:e47698. doi: 10.1371/journal.pone.0047698

Miller, G. (2008). The roots of morality. Science 320, 734–737. doi: 10.1126/science.320.5877.734

Moll, J., de Oliveira-Souza, R., Moll, F. T., Ignácio, F. A., Bramati, I. E., Caparelli-Dáquer, E. M., et al. (2005). The moral affiliations of disgust: a functional MRI study. Cogn. Behav. Neurol. 18, 68–78. doi: 10.1097/01.wnn.0000152236.46475.a7

Moll, J., Krueger, F., Zahn, R., Pardini, M., de Oliveira-Souza, R., and Grafman, J. (2006). Human fronto-mesolimbic networks guide decisions about charitable donation. Proc. Natl. Acad. Sci. U.S.A. 103, 15623–15628. doi: 10.1073/pnas.0604475103

Parker, J. D., Taylor, G. J., and Bagby, R. M. (2003). The 20-Item Toronto Alexithymia scale: III. Reliability and factorial validity in a community population. J. Psychosom. Res. 55, 269–275. doi: 10.1016/S0022-3999(02)00578-0

Paulus, M. P., and Stein, M. B. (2006). An insular view of anxiety. Biol. Psychiatry 60, 383–387. doi: 10.1016/j.biopsych.2006.03.042

Pulcu, E., Lythe, K., Elliott, R., Green, S., Moll, J., Deakin, J. F., et al. (2014). Increased amygdala response to shame in remitted major depressive disorder. PLoS One 9:e86900. doi: 10.1371/journal.pone.0086900

Rilling, J., Gutman, D., Zeh, T., Pagnoni, G., Berns, G., and Kilts, C. (2002). A neural basis for social cooperation. Neuron 35, 395–405. doi: 10.1016/S0896-6273(02)00755-9

Rozin, P., Haidt, J., and McCauley, C. R. (2008). “Disgust,” in Handbook of Emotions, 3rd Edn, eds M. Lewis, J. M. Haviland-Jones, and L. F. Barrett (New York, NY: Guilford Press), 757–776.

Sanfey, A. G., Rilling, J. K., Aronson, J. A., Nystrom, L. E., and Cohen, J. D. (2003). The neural basis of economic decision-making in the ultimatum game. Science 300, 1755–1758. doi: 10.1126/science.1082976

Schaich Borg, J., Lieberman, D., and Kiehl, K. A. (2008). Infection, incest, and iniquity: investigating the neural correlates of disgust and morality. J. Cogn. Neurosci. 20, 1529–1546. doi: 10.1162/jocn.2008.20109

Schaich Borg, J., Sinnott-Armstrong, W., Calhoun, V. D., and Kiehl, K. A. (2011). Neural basis of moral verdict and moral deliberation. Soc. Neurosci. 6, 398–413. doi: 10.1080/17470919.2011.559363

Shin, L. M., Dougherty, D. D., Orr, S. P., Pitman, R. K., Lasko, M., Macklin, M. L., et al. (2000). Activation of anterior paralimbic structures during guilt-related script-driven imagery. Biol. Psychiatry 48, 43–50. doi: 10.1016/S0006-3223(00)00251-1

Varnavas, G. G., and Grand, W. (1999). The insular cortex: morphological and vascular anatomic characteristics. Neurosurgery 44, 127–136. doi: 10.1097/00006123-199901000-00079

Wager, T. D., and Barrett, L. F. (2004). From Affect to Control: Functional Specialization of the Insula in Motivation and Regulation. Available at: www.columbia.edu/cu/psychology.tor/

Wagner, U., N’Diaye, K., Ethofer, T., and Vuilleumier, P. (2011). Guilt-specific processing in the prefrontal cortex. Cereb. Cortex 21, 2461–2470. doi: 10.1093/cercor/bhr016

Wright, N. D., Symmonds, M., Fleming, S. M., and Dolan, R. J. (2011). Neural segregation of objective and contextual aspects of fairness. J. Neurosci. 31, 5244–5252. doi: 10.1523/JNEUROSCI.3138-10.2011

Xiang, T., Lohrenz, T., and Montague, P. R. (2013). Computational substrates of norms and their violations during social exchange. J. Neurosci. 33, 1099–1108. doi: 10.1523/JNEUROSCI.1642-12.2013

Yurgelun-Todd, D. (2007). Emotional and cognitive changes during adolescence. Curr. Opin. Neurobiol. 17, 251–257. doi: 10.1016/j.conb.2007.03.009

Zhu, Y., Zhang, L., Fan, J., and Han, S. (2007). Neural basis of cultural influence on self-representation. Neuroimage 34, 1310–1316. doi: 10.1016/j.neuroimage.2006.08.047

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2018 Ying, Luo, Chiu, Wu, Xu and Fan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cross.jpg
3,

i





OPS/images/cover.jpg
, frontiers
in Psychology

Functional Dissociation of the
Posterior and Anterior Insula in
Moral Disgust





OPS/images/fpsyg-09-00860-t002.jpg
Insula region Side X y

Moral disgust: Mother > Stranger

Anterior Left —-34 18
Moral disgust: Stranger < Mother
Posterior Left —38 -10
—42 -8
middle Right 42 2

—16

22
12
0

1.83

2.28
2.22
2.02

1.77

217
212
1.94

<0.05 43

<0.05 66
<0.05
<0.06 18

16), LPI (—38

P < 0.05 K> 50f2mm x 2mm x 2 mm voxels, LAl (=34 18

—1022), RMI (42 2 0).





OPS/images/fpsyg-09-00860-t001.jpg
Moral disgust

Stranger

Stranger says dirty
words in a public
place

Best friend

Best friend chats at
a concert

Mother

Mother speaks on
the telephone
loudly in a public
place





OPS/images/fpsyg-09-00860-g001.jpg
disgust evaluation
10s

Jitter
4-8s





OPS/images/fpsyg-09-00860-t003.jpg
Region X y z T Y4 K

Al: Positive PPI

R insula 36 —16 22 2.93 2.71 34
46 4 -10 2.36 2.24 56

LTRJ —-34 -38 30 3.61 3.25 109

RTPJ 64 -30 32 2.99 2.76 600

R ACC 18 32 20 3.81 3.39 68

2 28 -2 2.31 219 111

L ACC -2 32 20 217 2.07 71

Al: Negative PPI

L insula —26 24 4 2.8 2.61 104

—-34 24 —4 2.48 2.34

PI: Positive PPIs

R thalamus 16 —16 18 3.14 2.88 99

RTPJ 40 -32 40 2.66 2.49 191

R amygdala 22 -2 -14 22 -2 69

L caudate -8 20 4 2.89 2.68 160

R caudate 10 16 12 2.42 2.29 125

L ACC -20 32 24 2.57 2.42 48

P < 0.05, uncorrected, 2 mm x 2 mm x 2 mm voxels. TPJ, temporo-parietal
junction. ACC, anterior cingulate cortex.





OPS/images/logo.jpg
’ frontiers
in Psychology





OPS/images/fpsyg-09-00860-g004.jpg





OPS/images/fpsyg-09-00860-g003.jpg





OPS/images/fpsyg-09-00860-g002.jpg
A

2

=

6.00
5.50
5.00
4.50
4.00
3.50
3.00
250
2.00
1.50
1.00
0.50
0.00

ostranger B 400

mmother

350

3.00

2550

2.00

DR (disgusting rating) (1-4)

a9
8

1.00

MD

MD

Ostranger

Emother





