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[bookmark: _Toc151719256]Supplementary methods
[bookmark: _Toc151719257]Surgery of animals
Under ketamine and xylazine (50 and 5 mg/kg, i.p., respectively) anesthesia, silastic catheters were surgically inserted into the jugular vein, following previously established procedures (1, 2). The catheters were connected to a modified 22-gauge cannula placed beneath the skin of the back between the shoulder blades. To maintain catheter patency, they were flushed every 24-48 hours with a solution containing gentamicin (Butler Schein; 5 mg/ml) and sterile saline. Additionally, buprenorphine (0.1 mg/kg, s.c.) was administered post-surgery to alleviate any pain experienced by the rats. A recovery period of 7 days was provided before commencing METH SA (self-administration) training. 
[bookmark: _Toc151719258]Self-administration training and foot shock punishment
The SA chambers were located inside sound-attenuating cabinets that were controlled by a Med Associates system (Med Associates, St Albans, VT, USA). Each chamber was equipped with two levers: an active lever and an inactive lever. Pressing the retractable active lever triggered an infusion pump, delivering either METH or saline. Pressing the inactive lever had no reinforced consequences. 
The SA training procedure has also been previously described (1, 2). In brief, the rats were trained to self-administer dl-methamphetamine HCl, obtained from the pharmacy of National Institute on Drug Abuse (NIDA), at a dose of 0.1 mg/kg/infusion over a duration of 3.5 s. Alternatively, saline was administered during three, 3-h sessions/day, with each separated by a 30-minute interval, for a total of 20 days. This training occurred under a fixed-ratio (FR)-1 reinforcement schedule with a 20-s timeout. A 5-s compound tone-light cue was paired with each infusion. To minimize weight loss, the rats were trained in four cycles of 5 days on and 2 days off. After the 20-day SA training period, a 5-day punishment phase was initiated. During this phase, pseudorandom foot shock (FS) lasting 0.5 seconds were introduced alongside METH SA, occurring with half of the reinforced lever-presses. The intensity of the foot shocks varied over the 5 days in a predetermined fixed order (0.18, 0.24, 0.3, 0.3, and 0.3mA) (1, 2). It is important to note that a subset of eight METH rats and four SAL rats underwent a longer FS period than 5 days. Consequently, the data collected from these rats were not included in any analyses pertaining to the data collected after the FS period, resulting 18 METH rats and 11 SAL rats in these analyses.
[bookmark: _Toc151719259]Abstinence and cue-reactive tests 
After the completion of the 5-day punishment phase, the rats were subjected to a 30-day period of forced abstinence. Cue-presentation (extinction) tests were conducted on day 3 and day 30 of the abstinence period, each lasting for 30 minutes (Figure 2A). During these sessions, the rats were placed back into the SA chambers, where pressing the previously active lever no longer resulted in the delivery of METH or saline. Instead, pressing the lever solely triggered the presentation of the tone-light cue that was previously associated with METH/saline infusions.
[bookmark: _Toc151719260]Questionnaire assessments in human study
[bookmark: _Toc151719261]IAT (Internet Addiction Test)
[bookmark: _Hlk151715264]The severity of internet addiction among participants was assessed using the Chinese version of internet addiction test (IAT) (3, 4), which consists of 20 items assessing the extent to which internet use affects individuals’ daily routine, social life, productivity, sleeping pattern, and feelings. Participants were asked to rate each item on a five-point Likert scale, where a score of one corresponds to “rarely” and a score of five corresponds to “always”. The higher the score, the more severe the symptom of internet addiction. The IAT questionnaire was confirmed to have good reliability and validity among Chinese adolescents (4).

DSM-5 based Internet gaming disorder scale (abbreviated as DSM)
The DSM scale was used to assess the severity of IGD (5). The scale consists of 9 criteria recommended by the DSM-5 (6), and was developed with a consensus of a group of prominent international experts (5). Participants were required to respond with a “yes” or “no” to each item according to their experiences in the last 12 months. Online gambling was excluded from the scale. To characterize IGD with multiple severity levels, we used the total number of 'yes' responses from participants as a proxy for IGD severity. The higher the score, the higher the IGD risk. The IGD scale was considered to have good reliability and validity (7).

Five-Facet Mindful Questionnaire 
[bookmark: _Hlk151716380][bookmark: _Hlk151716399][bookmark: _Hlk151716509][bookmark: _Hlk151716563]      The Chinese version of five-facet mindful questionnaire was conducted to measure the trait mindfulness of participants (8, 9). The scale consists of 39 items, which were divided into five subscales as follows: 1) Observing, the ability of noticing internal and external stimuli, including emotion, sensation, cognition, and visual perception. 2) Describing, the ability of noting and mentally identifying internal experiences with words. 3) Acting with awareness, the ability of keeping focus on the current activities. 4) Non-judging of inner experience, the ability of not evaluating one’s sensations, emotions, and cognitions. 5) Non-reactivity to inner experience, the ability of not being absorbed in inner thoughts and feelings. Participants were required to rate each item on a five-point Likert scale, ranging from one (“not at all”) to five (“exact match”). The score for each subscale was calculated as the sum of scores for all items belonging to this subscale. The scale was considered to have good reliability and validity (8), and the third subscale, Acting with awareness, was used as a measure of mindful awareness in the present study.

Self-control Scale
[bookmark: _Hlk151716641]     The Chinese version of self-control scale was used to measure individuals’ level of self-control (10, 11). The scale consists of 19 items and participants were required to rate each item on a five-point Likert scale (“1” for “not at all” and “5” for “very much”). The 19 items were divided into 5 dimensions and the score for each dimension was calculated as the mean score of all items belonging to this dimension. The total score of self-control was determined as the sum of all dimension scores. The higher the score, the better the self-control ability. The self-control scale was considered to have good reliability and validity (10).

[bookmark: _Hlk151716662]SMD (Social media disorder Scale)
[bookmark: _Hlk151716606][bookmark: _Hlk151716681]The Chinese version of social media disorder scale was conducted to measure the problematic usage of social media, which is based on DSM criteria and consists of 9 items (6, 12). Participants were required to respond with a “yes” or “no” to each item according to their experiences in the past 12 months. The social media here was defined as the most popular social networking site applications in China, such as WeChat, Sina Weibo, Tencent Weibo, and Douyin. The higher the score, the higher the risk of social media addiction. The scale was considered to have good reliability and validity in Chinese adolescent (12). As internet game and social media are the primary two types of recreational use of Internet, the SMD measure, which has not been formally considered as a mental disorder/condition, was used as a covariate when investigate IGD.

BSI (Brief symptom inventory)
The Chinese version of the anxiety and depression dimensions in the BSI (13) were used to assess the severity of anxiety and depression. Each dimension consists of six items. Participants were required to rate each item on a five-point Likert scale, ranging from one (“not at all”) to five (“extremely”). A higher total score indicates a more severe symptom.
[bookmark: _Toc151719262]MRI experiments
[bookmark: _Toc151719263]Animal preparation 
For magnetic resonance imaging (MRI) scans, the animals were anesthetized using a combination of isoflurane (Piramal Critical Care Inc., Bethlehem, PA, USA) and dexmedetomidine hydrochloride (Zoetis Services LLC, Parsippany, NJ, USA), following a protocol that has been described previously (14). In brief, anesthesia was induced with 2% isoflurane and a subcutaneous bolus injection of dexmedetomidine at a dose of 0.02 mg/kg. The rats were securely positioned in an animal holder equipped with a bite bar, and their core body temperature was maintained at 37±1°C using a water-circulating heating pump. Continuous monitoring of heart rate and blood oxygenation levels was carried out using a noninvasive pulse oximeter attached to the hind foot of the animal. Additionally, respiration rate was monitored with a MouseOx sensor (Starr Life Sciences, Oakmont, PA, USA) positioned beneath the animal's chest. During the acquisition of functional MRI (fMRI) data, the respiration rate, oxygenation levels, and heart rate exhibited variations within the ranges of 65 to 80 cycles per minute, 90% to 100%, and 250 to 320 beats per minute, respectively. 
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Supplementary Table 1. Demographic information of human participants (n = 54).
	N
	　
	54

	Age (years)
	Mean (SD)
	22.33 (2.42)

	
	Range
	[18, 28]

	Gender
	Male
	N = 35

	
	Female
	N = 19

	DSM score for IGD
	>=5
	N = 10

	
	Mean (SD)
	2.61 (2.14)

	Gaming Time
	6-8h/day
	N = 1

	
	4-6h/day
	N = 4

	
	2-4h/day
	N = 11

	
	0-2h/day
	N = 38

	Internet Addiction Test
	Mean (SD)
	49.80 (12.67)

	Self-control
	Mean (SD)
	15.46 (2.56)

	Social media disorder
	Mean (SD)
	3.43 (2.11)

	Mindful awareness
	Mean (SD)
	27.02 (5.25)

	Anxiety
	Mean (SD)
	13.17 (4.76)

	Depression
	Mean (SD)
	10.78 (4.86)
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Supplementary Figure 1. Partial correlation suggests that the no significant correlation was found between glutamate concentration of V1 and DSM, IAT, mindful awareness, and self-control.
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