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and most of them lived in North America (N = 249; 80.3%) or Europe (N = 49; 
15.8%), with only a few respondents from South America (N = 5; 1.6%), Asia (N 
= 5; 1.6%), Africa and Australia (N = 2; 0.6%). There were dropouts throughout 
this section that might be linked to the survey length and to methodological nature 
of surveys per se, resulting in different numbers of responders across opioid 
categories (their demographics are reported in Table 3). Of 161 (52%) responders 
who completed the first part, 160 started the second part, with 65.6% of them 
providing information on a recent experience with a classic, a novel, or an herbal 
opioid. Among them, 72 participants (mean age (SD) = 38.43 (14.06); F=19) 
completed the survey. They mainly had a secondary (N = 18; 25%) and a tertiary 
(N = 53; 73.6%) education level and most of them resided in North America (N 
= 56; 77.8%) or Europe (N = 14; 19.4%). The flowchart depicting the number of 
respondents through the survey is reported in Fig. 1. 

Fig. 1 Schematic representation of the initial sample and the flow of respondents through the study. 
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Measures 

Demographics 
Demographic information collected consisted of age, gender, biological sex, 

highest level of education, continent of living, and country of origin. 

Opioid Use 
In the first part of the survey participants were asked to provide information 
(dose, route, average duration of acute effects) on their previous experience with 
each of the following opioids: classic, novel and herbal opioids. Provided 
information was based on self-reported data. For each class, examples of 
representative and previously documented substances (Arillotta et al., 2020; 
Prevete et al., 2023) were provided. These included a total of 34 compounds, 
which were: 11 classic opioids, 5 herbal opioids, 18 NSOs (9 fentanyl analogues 
and 9 other). A complete list of all compounds is reported in Table 2. For each 
class, there was also the possibility to include an unlisted substance by choosing 
an ‘other’ text option. 

Table 2 List of opioids made available to users to select from and organized according to their structural family. 

According to the method used in a previous work (Mallaroni et al., 2022), 
participants were also asked to report (binary answer yes/no) on the potential 
occurrence of clinically relevant physical and/or psychological side effects 
(physical: gastrointestinal, cardiovascular, seizures; psychological: anxiety, 
paranoia, low mood) and when these occurred (e.g., acutely or long-term). 
  

Classic Opioids Herbal Opioids 
NSOs 

Fentanyl Analogues Other NSOs  
Codeine Kratom (Mitragyna speciosa) Acetylfentanyl AH-7921  

Fentanyl  Opium Alpha methylfentanyl MT-45  

Heroin  Salvinorin A Butyrylfentanyl O-Desmethyltramadol  

Hydrocodone/dihydrocodeine Salvinorin B Carfentanyl U-47700  

Hydromorphone  Salvia divinorum Furanylfentanyl U-49900  

Meperidine 4-methylfentanyl U-50488  

Methadone 4-fluorofentanyl U-51754  

Morphine Tetrahydrofuranylfentanyl W-15  

Oxycodone Valerylfentanyl W-18  

Oxymorphone    

Tramadol    
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Recent Opioid Experience 
Respondents who completed the first part of the survey could provide details 

on a particular experience with an opioid of their own choice that they had 
consumed the last 6 months. The choice was facilitated by providing a fixed list 
of substances, alongside an “other” category for new entries. Upon selection of a 
substance, respondents were asked to provide information on the estimated dose 
and the phenomenology of this experience. Thus, the 5 Dimensions of Altered 
States of Consciousness (5D-ASC) scale (Studerus et al., 2010) and the Addiction 
Research Center Inventory (ARCI) (Haertzen et al., 1963; Martin et al., 1971) 
were used to assess subjective drug effects retrospectively and to define the 
experiential components underlying the phenomenology of the mentioned 
experience. These questionnaires are considered valuable, standardised, reliable 
and valid tools, typically used in clinical trials to evaluate the acute effects of 
psychoactive drugs (Kuypers et al., 2019; Liechti et al., 2017; Mallaroni et al., 
2022; Martin et al., 1971; Mason et al., 2020; Papaseit et al., 2016) on states of 
consciousness (Dittrich, 1998; Studerus et al., 2010) and subjective experience 
(Haertzen et al., 1963; Martin et al., 1971). More details about these instruments 
are reported in the Supplementary Materials. 

Finally, data on motives of use and the environmental context in which the 
drug was taken (e.g., party, festival, home, work, ceremonial or spiritual context, 
or another) were collected. Respondents were asked to indicate motives for their 
personal use and rank them from 1 (main motivation) to 3 (3rd main motivation) 
selecting options from a list derived from an extension of the 18-item reasons for 
drug-use scale (Boys et al., 2001; Kettner et al., 2019). Other motivations, derived 
from qualitative interviews (Prepeliczay, 2016), included self-exploration, social 
context, escapism, and the option to enter a motive that was not in the list. A 
question with binary (yes/no) answer was available to state whether participants 
had reached their main motivation. 

Statistical Analyses 

The IBM Statistical Package for the Social Sciences (SPSS) for Windows, 
Version 28.0 was used for cleaning survey data. Outliers were defined as those 
with an incorrectly used mass (mg/g/μg) metric, due to possible variance of mean 
recreational doses caused by lack of exact dose knowledge, intraindividual 
motives, and tolerance.  

Frequencies (N) and proportions (%) are reported for demographic data 
(gender, biological sex, highest level of education, continent of living, and 
country of origin), individual drug use, and information related to a recent opiod 
experience. 
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The incidence of physical adverse events, psychological adverse events, type 
of adverse events, and if they were acute or long-term, were investigated using 
descriptive statistics, including frequencies (N) and proportions (%). 

Results 

Sample 
There was a high dropout rate throughout the first part of the survey. The 

number of respondents varied across opioids: 305 for classic opioids, 178 for 
herbal opioids, 165 for fentanyl analogues, and 161 for other NSOs (see also Fig. 
1). Most respondents in each category were male, highly educated, primarily 
located in North America or Europe, and poly-opioid users. All details and socio-
demographic data can be found in Table 3. 

Frequency of Use 
A variety (27 of the 34 available choices) of opioids was reported to have been 

tried by users. Classic opioids (N = 265; 86.8%) and herbal opioids (N = 146; 
82%) had the highest prevalence of use, while novel opioids (N = 34; 20.8%) had 
the lowest. Hydrocodone/dihydrocodeine (N = 193; 72.8%), kratom (N = 136; 
93.2%), U-47700 (N = 7; 43.8%), and acetylfentanyl (N = 5; 27.8%) were the 
most used for each class respectively. Frequencies and raw percentages for prior 
opioid use can be found in Fig. 2 and Table S1. Some respondents entered an 
alternative substance that was not part of the fixed list. These are reported in Table 
S2. 
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Table 3 Demographic data of survey participants for classic, novel and herbal opioids. 

 

Classic 

Opioids 

Herbal 

Opioids 

NSOs 

Fentanyl 

Analogues 

Other 

NSOs 

Respondents for Each 

Subpart N   305 178 165 161 

Use N (%) 

Yes 265 (86.8) 146 (82) 18 (10.9) 16 (9.9) 

No 40 (13.1) 32 (18) 147 (89.1) 145 (90.1) 

Age Mean (SD)   38.70 (14.24) 36.6 (13.84) 36.28 (14.09) 

27.12 

(4.27) 

Biological Sex N (%) 

Male 172  (64.9) 110 (75.3) 12 (66.7) 14 (87.5) 

Female 93 (35.1) 36 (24.7) 6 (33.3) 2 (12.5) 

Gender N (%) 

Male 163 (61.5) 107 (73.3) 12 (66.7) 13 (81.3) 

Female 90 (34) 34 (23.3) 6 (33.3) 2 (12.5) 

Non-Binary 1 (0.4) 0 (0) 0 (0) 0 (0) 

Prefer to self-

describe 4 (1.5) 2 (1.4) 0 (0) 0 (0) 

Prefer not to say 6 (2.3) 3 (2.1) 0 (0) 1 (6.3) 

Continent of Living N (%) 

North America 227 (85.7) 109 (74.7) 18 (100) 12 (75) 

South America 3 (1.1) 1 (0.7) 0 (0) 0 (0) 

Europe 31 (11.7) 32 (21.9) 0 (0) 4 (25) 

Asia 2 (0.8) 3 (2.1) 0 (0) 0 (0) 

Africa 1 (0.4) 0 (0) 0 (0) 0 (0) 

Australia 1 (0.4) 1 (0.7) 0 (0) 0 (0) 

Highest Level of Education N 

(%) 

Primary/Elementar

y 1 (0.4) 1 (0.7) 0 (0) 0 (0) 

Secondary 85 (32.1) 39 (26.7) 6 (33.3) 4 (25) 

Tertiary 179 (67.5) 106 (72.6) 12 (66.7) 12 (75) 

Polyuse of Different Opioids 

N (%) 

No 125 (47.2) 0 (0) 0 (0) 0 (0) 

Yes 140 (52.8) 146 (100) 18 (100) 16 (100) 
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Fig. 2 Percentage of opioids (per structural family) reported to have been previously tried by respondents. 
Proportions (%) are listed according to each family sample size. 
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Pattern of Use 

Dose 
Users reported wide dose ranges for each compound. In regards to the most 

used compounds, the median reported doses were 15 mg for 
hydrocodone/dihydrocodeine, which appears in line with the therapeutic dose of 
5-60 mg for hydrocodone (Acharya et al., 2023; Nerenberg and Fudin, 2010; 
Valtier and Bebarta, 2012) and 30-60 mg for dihydrocodeine (Edwards et al., 
2000); 5000 mg for kratom, whose typical dose ranges from 1.14 to 10.9 g in the 
West (Smith et al., 2022; Smith et al., 2024) or more in the traditional countries. 
Dose ranges were lower for NSOs, with a median reported dose of 0.15 mg for 
acetylfentanyl, which is in line with its narrow window described in some 
fatalities (e.g., blood concentration of 270 ng/mL; Takase et al., 2016); and 16 
mg for U-47700, whose dose can range from 1 to 50 mg (Nikolaou et al., 2017). 

Duration 
For each drug, effect durations are presented as median alongside their min-

max values. Median effect durations were between 3 and 4 h for most classic, 
novel and herbal opioids. Among classic opioids, methadone had the longest 
reported median effect duration of 8 h, while codeine, hydromorphone, fentanyl, 
and meperidine had the shortest effect duration of around 3 h. Opium and kratom 
had the longest median effect durations among herbal opioids at 5.5 h and 4 h 
respectively, while Salvia divinorum and salvinorin A/B had the shortest (less 
than 30 minutes). Among NSOs, 4-methylfentanyl and U-50488 had the longest 
median effect duration of 14 h and 15 h respectively, while the shortest effect 
durations were reported for alpha-methylfentanyl (3 h) and AH-7921 (1 h). 

Patterns of Use 
Oral intake was the most frequently reported mode of administration across 

all classic opioids (N = 516; 69.3%), herbal opioids (N = 139; 79%), including 
kratom (N = 129; 99.2%), and NSOs (N = 10; 62.5%). On the other side, 
intravenous administration was the most frequently reported mode of 
administration (N = 9; 40.9%) for fentanyl analogues. Other routes across classic, 
novel and herbal opioids were reported. 

Patterns of classic, novel and herbal opioids use in terms of dose, duration, 
and route of administration for each compound are reported in Table 4 (and S3). 
Self-reported comparison for each substance and details regarding the perception 
of the effects (if they were stronger, weaker, or equivalent to the average dose 
taken of the classic substance) are reported in Table S4. 

  

CHAPTER 7 | CLASSIC, NOVEL, AND HERBAL OPIOIDS 
 

245 
 

Table 4 Mean and median dose and effect duration (with its min-max ranges) for each opioid, as reported by 
survey participants. It should be noted that the accuracy of these reports is limited. 

  Substance Dose (mg) Duration (h) 

  Mean Median Mean Median Min-Max 

C
la

ss
ic

 O
pi

oi
ds

 (N
 =

 2
65

) 

Codeine  701.8 50 3.3 3 1-8 
Fentanyl 209 0.1 5.6 3 1-25 

Heroin  505.9 100 4.1 4 1-8 
Hydrocodone/dyhydrocodeine  128 15 3.4 4 1-10 

Hydromorphone  18.5 13 3.2 3 1-8 
Meperidine  45 50 3 3 2-4 
Methadone  37.6 22.5 9.8 8 2-25 

Morphine  78.7 30 4 4 1-12 
Oxycodone  320.2 20 3.9 4 1-12 

Oxymorphone  30.4 17.5 3.9 4 1-6 
Tramadol  187.9 70 4.4 4 1-24 

Other Classic Opioids  745.3 15.5 4.2 4 1-12 

H
er

ba
l O

pi
oi

ds
 

(N
 =

 1
46

) 

Kratom 7272.6 5000 4 4 1-10 
Opium 886.6 300 6.4 5.5 1-25 

Salvinorin A 25.10 25.10 0.4 0.4 0.4-0.4 
Salvinorin B 0.1 0.1 0.4 0.4 0.4-0.4 

Salvia divinorum 832.4 100 1.1 0.4 0.4-9 
Other Herbal Opioids 1510 1510 7.3 8 4-10 

N
SO

s 

Fe
nt

an
yl

 A
na

lo
gu

es
 (N

 =
 1

8)
 Acetylfentanyl 0.2 0.15 4.2 4 3-6 

Alpha methylfentanyl     3 3 3-3 
Butyrylfentanyl 0.2 0.2 3.5 3.5 3-4 

Carfentanyl 66.7 0.01 9.3 5 5-22 
Furanyl fentanyl 0.1 0.02 4.3 4 4-5 

4-methyl fentanyl 0.5 0.5 14 14 3-25 
4-fluorofentanyl 0.2 0.2 4 4 4-4 

Tetrahydrofuranylfentanyl          
Valerylfentanyl          

Other Fentanyl Analogues 850 200 2.5 2.5 1-4 

O
th

er
 N

SO
s (

N
 =

 1
6)

 

AH-7921     1 1 1-1 
MT-45           

O-Desmethyltramadol 85 70 4.3 4 3-6 
U-47700 18.9 16 3 3 2-4 
U-49900           
U-50488     15 15 15-15 
U-51754           

W-15           
W-18           

Others 43.7 27.5       

Adverse Events 

Physical Adverse Events 
For classic opioids, oxycodone users reported the highest number of physical 

adverse events (N = 52; 19.6%), while meperidine users reported the fewest (N = 
2; 0.8%). Among herbal opioids, kratom users reported the most physical adverse 
events (N = 49; 33.6%), while salvinorin A users reported the fewest (N = 1; 
0.7%). Among NSOs, acetylfentanyl (N = 5; 27.8%) and U-47700 (N = 5; 31.3%) 
users reported the highest number of physical adverse events, while other fentanyl 
analogues users reported the fewest (N = 1; 5.6%). 
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Adverse Events 

Physical Adverse Events 
For classic opioids, oxycodone users reported the highest number of physical 

adverse events (N = 52; 19.6%), while meperidine users reported the fewest (N = 
2; 0.8%). Among herbal opioids, kratom users reported the most physical adverse 
events (N = 49; 33.6%), while salvinorin A users reported the fewest (N = 1; 
0.7%). Among NSOs, acetylfentanyl (N = 5; 27.8%) and U-47700 (N = 5; 31.3%) 
users reported the highest number of physical adverse events, while other fentanyl 
analogues users reported the fewest (N = 1; 5.6%). 
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Psychological Adverse Events 
For classic opioids, oxycodone users reported the highest number of 

psychological adverse events (N = 34; 12.8%), while meperidine users reported 
the lowest (N = 1; 0.4%). For herbal opioids, kratom users reported the most 
psychological adverse events (N = 25; 17.1%), while salvinorin A users reported 
the fewest (N = 2; 1.4%). Among NSOs, acetylfentanyl (N = 4; 22.2%) and U-
47700 (N = 3; 18.8%) users reported the highest number of psychological adverse 
events, while users of other fentanyl analogues reported the lowest (N = 1; 5.6% 
for each compound). 

The incidence rate of physical and psychological adverse events is reported in 
Fig. 3 and Table S5, while their type and duration are reported in Table S6-S7. 

Retrospective Reports of Subjective Experience with Classic, Novel and 
Herbal Opioids 

The complete list of experiences with classic, novel and herbal opioids 
reported by users can be found in Table S8. Overall, among 72 subjects 
completing the second part of the survey, kratom was the most chosen option (N 
= 72; 67.9%), followed by classic opioids (N = 27; 25.5%). Mean (SD) subjective 
experiences as rated by the 5D-ASC and the ARCI are reported in Fig. 4 and 
Table S9-S10. Classification of their effects in terms of comparisons with other 
drugs is reported in Table S11. 
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Fig. 3 Incidence rate of adverse physical and psychological side effects for each opioid. Proportions 
(%) are listed according to each family sample size. 
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Fig. 4 Subjective experience of kratom (N = 68) and classic opioids use (N = 20) as rated with (A) the 5-
dimension altered state of consciousness scale (5D-ASC) and (B) the addiction research center inventory 
(ARCI), and (C) the main motivation of use. OB=oceanic boundlessness, AED=anxious ego dissolution, 
VIS=visionary restructuralization, AUD=auditory alterations, VIG=reduction in vigilance, A=amphetamine, 
BG=benzedrine group, MBG=morphine benzedrine group, PCAG=pentobarbital-chlorpromazine-alcohol 
group, LSD=LSD group. 

  

CHAPTER 7 | CLASSIC, NOVEL, AND HERBAL OPIOIDS 
 

249 
 

Patterns, Motivations, and Settings of Kratom and Classic Opioids’ Use 
Most users of kratom (N = 33; 45.8%) and classic opioids (N = 8; 29.6%) in 

our sample reported daily usage and found kratom (N = 31; 43.1%) and classic 
opioids (N = 9; 33.3%) effective for their intended purposes. The main 
motivations for use are shown in Fig. 4. A complete overview of motivations and 
environmental setting of kratom and classic opioids’ use is reported in Table S12. 

Among other motivations, kratom was used for pain relief in chronic pain and 
rheumatoid arthritis (N = 2; 2.8%), as well as for irritable bowel syndrome 
diarrhea-predominant (IBS-D) (N = 1; 1.4%). It was also used to taper off other 
opioids (N = 1; 1.4%) and as an alternative to other drugs (N = 16; 22.2%), 
particularly classic opioids (N = 11; 15.4%; e.g., oxycodone, hydrocodone, 
hydrocodeine, tramadol, and heroin). Classic opioids were also used legally as an 
alternative to fentanyl (N = 1; 3.7%). In our sample, 33 (45.8%) and 16 (59.3%) 
users viewed respectively kratom and classic opioids as potentially addictive. Of 
these, 15 (20.8%) kratom and 9 (33.3%) classic opioid users did not consider 
themselves addicted. However, the majority of users (49; 68.1% for kratom; 16; 
59.3% for classic opioids) considered opioids in general potentially addictive. 
Other information on kratom and classic opioids’ use in terms of addictive 
potential, purpose and frequency of use is reported in Table S13. 

Finally, a total of 28 anecdotal reports on kratom use were collected. These 
reports suggested that kratom was used for pain management, addiction 
treatment, withdrawal relief, anxiety reduction, mood enhancement, energy 
boost, and socialization (see also Table S14). In the light of current research on 
alternative and herbal substances for pain management (Chakraborty and 
Majumdar, 2021; Prozialeck et al., 2021) and opioid use disorder (Arenson et al., 
2024), such results confirm previous user's claims and (pre)clinical evidence on 
kratom’s therapeutic potential for acute/chronic pain (Grundmann, 2017; 
Henningfield et al., 2024; Prevete et al., 2021; Prevete et al., 2023) and opioid 
withdrawal (Boyer et al., 2008; Boyer et al., 2007; Coe et al., 2019; Smith et al., 
2021), providing some support for further studies on the potential of 
kratom/mitragynine as alternative to opioids. 

Discussion 

This study aimed to outline the frequency and patterns of use, and side effects 
of classic, novel, and herbal opioids among adult users; and to describe individual 
subjective experiences with a single opioid chosen by the respondent. A total of 
twenty-seven different compounds were used for both medical and recreational 
purposes by users mainly based in the West. Kratom was most used as an 
alternative to classic opioids and was particularly appreciated by users for its 
medical benefits, while its addictive potential was recognised as well, confirming 
our initial hypothesis. The respondents were predominantly male, well-educated, 
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and multi-opioid users. These demographics are in contrast with data suggesting 
that misuse of classic opioids is more frequent among women (Cook, 2022; 
Fattore et al., 2020) or among individuals with a lack of education (Judd et al., 
2023). Yet, these findings are consistent with existing epidemiological data on 
kratom use (Covvey et al., 2020; Palamar, 2021; Schimmel et al., 2021) and NPS 
in general (Assi et al., 2017; Palamar et al., 2015; Soussan and Kjellgren, 2016). 
This might partially reflect a change in type of NPS users over the last years, 
which expanded from recreational users to professional use and students 
(d'Angelo et al., 2017), to manage emotions and anxiety, sleep problems, chronic 
pain and addictions (Soussan and Kjellgren, 2016). 

Hydrocodone/dihydrocodeine, kratom, acetylfentanyl, and U-47700 emerged 
as the most commonly used substances within their respective classes. Classic 
and herbal opioids like kratom had the highest number of users. In line with the 
interest in the analgesic potential of herbal opioids during last years (Chakraborty 
and Majumdar, 2021; Coffeen and Pellicer, 2019; Prozialeck et al., 2021), our 
findings suggest a preference for substances claimed to have medical benefits, or 
for those most easy to get ahold of over those primarily used recreationally. The 
latter included other herbal opioids (e.g., Salvia divinorum, opium, salvinorin 
A/B), fentanyl analogues (e.g., acetylfentanyl, carfentanyl, furanylfentanyl, 
butyrylfentanyl, 4-methylfentanyl, 4-fluorofentanyl, and alphamethylfentanyl), 
and other NSOs (e.g., U-47700, O-desmethyltramadol, AH-7921, and U-50488, 
which had the least number of users). Thus, these findings confirm that misuse of 
classic, novel and herbal opioids continues to affect people worldwide each year 
(Bedene et al., 2022). They also underscore the importance of monitoring the use 
of classic, novel, and herbal opioids globally, particularly in the light of the opioid 
epidemic (Cook, 2022; Kalkman, 2019; Prozialeck et al., 2021; Smith et al., 
2023) in the US and Europe, where the majority of the respondents reside. 

Users reported a wide range of doses for each compound and variable duration 
of perceived effects. This variability might be influenced by individual 
differences in tolerance and physical dependence, biopsychosocial factors, the 
specific context of use (Nerenberg and Fudin, 2010), inaccuracy in reporting, the 
method of administration and the predominance of male respondents in our 
survey whose pharmacokinetic and pharmacodynamic response may differ from 
that of females (Fattore et al., 2008; Fattore et al., 2020). Kratom users reported 
having tried different doses with a maximum of 60 grams, confirming that kratom 
dosing can vary (Garcia-Romeu et al., 2020; McCurdy et al., 2024; Smith et al., 
2022) and suggesting the need of further research to better define dose-effect 
relationships. For NSOs, Salvia divinorum and salvinorin A/B, users reported 
perceiving effects at doses in the order of mg or microgram. This confirms a 
higher potency for the latter compounds as also suggested in the literature 
(Armenian et al., 2018; Brito-da-Costa et al., 2021; Frisoni et al., 2018; Zawilska 
et al., 2023). Overall, doses of classic opioids and kratom were comparable to 
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those reported in the literature in the context of safe, therapeutic use (Acharya et 
al., 2023; Edwards et al., 2000; Nerenberg and Fudin, 2010; Smith et al., 2022; 
Smith et al., 2024; Valtier and Bebarta, 2012) and less than those for NSOs linked 
to serious health hazards (Nikolaou et al., 2017; Takase et al., 2016; Zawilska et 
al., 2023). This underlies the need of harm reduction strategies such as supply 
control measures (UNODC, 2019), and consumers and healthcare providers 
education on these risks. 

Kratom’s median effect duration (4 h) appeared similar to that of most classic 
opioids, and to previous reports showing a duration for kratom effects between 5 
- 7 h (Prozialeck et al., 2012; Smith et al., 2022; Warner et al., 2016). So far, effect 
duration of kratom has been studied preclinically and only in a few studies in 
humans (Huestis et al., 2024; Smith et al., 2024; Tanna et al., 2022; Trakulsrichai 
et al., 2015). Kratom’s duration was different to that reported for the other herbal 
opioids, Salvia divinorum and salvinorin A/B, which typically last less than 30 
minutes. Short effect duration of Salvia divinorum and salvinorin A/B might 
constitute an important motive for use as also suggested in the literature (Brito-
da-Costa et al., 2021; Hernández-Alvarado et al., 2020; Singh, 2007). Some 
NSOs (e.g., alpha-methylfentanyl) showed durations comparable to kratom, 
while others had longer-lasting effects (e.g., 4-methylfentanyl and U-50488). 
Such results confirm how NSOs’ effect duration can vary, presumably depending 
on their pharmacokinetics and potency. However, effect durations were based on 
users' subjective perception of acute drug effects and therefore might be subject 
to estimation error. Therefore, there is the need for more pharmacokinetic 
assessments in controlled studies to validate these findings, which might further 
contribute also to a better understanding of their pharmacodynamics. 

Respondents commonly administered classic, novel and herbal opioids orally, 
with the exception of fentanyl analogues that were primarily administered 
intravenously. Herbal opioids, particularly those used recreationally, like Salvia 
divinorum and salvinorin A/B, were often inhaled. Additionally, users reported 
various routes such as nasal, sublingual, rectal, skin absorption and injection. The 
latter was more common among classic opioids and other NSOs. Further, most 
users consumed substances alone. However, some classic opioid users reported 
to mix substances with other drugs or to purchase pre-mixed products. Our 
findings showed that classic, novel and herbal opioids are available in several 
formulations and can be taken through several routes. Such findings confirm 
previous evidence (Brito-da-Costa et al., 2021; Frisoni et al., 2018; Prozialeck et 
al., 2012; Zawilska et al., 2023) and highlight that the trends of using mixed 
products need to be monitored carefully as they have been associated with the 
development of adverse events (Corkery et al., 2019; Nacca et al., 2020; Schiller 
et al., 2024). Although more strategies are available today to identify such 
substances in products and biological samples (Jasim et al., 2023; Palmquist et 
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al., 2023; Platosz et al., 2020; Voelker et al., 2021), further method development 
will be needed to increase their specificity and sensity. 

Oxycodone, kratom, acetylfentanyl, and U-47700 users reported the highest 
frequency of acute physical and psychological adverse events (see also Fig. 3) 
presumably linked to their action on opioid receptors. Conversely, meperidine, 
salvinorin A, and several fentanyl analogues (e.g., alphamethylfentanyl, 
butyrylfentanyl, furanylfentanyl, and 4-fluorofentanyl) users reported fewer 
adverse events within their classes. It might be surprising that fentanyl analogues 
users reported the fewest adverse effects, but this might partly be related to their 
low prevalence among survey responders and might also be influenced by the 
self-reported nature of the data. In regard to physical adverse events, classic 
opioids and kratom showed similar profiles in terms of gastrointestinal and 
cardiovascular adverse events. Reports of fainting and seizures were lower for 
kratom and NSOs, while more common for classic opioids and Salvia divinorum. 
Regarding psychological adverse events, incidences of anxiety and low mood 
were higher for some classic opioids (respectively oxycodone and 
hydrocodone/dihydrocodeine), kratom, acetylfentanyl, and U-47700. Paranoia 
was mainly reported among classic opioids and Salvia divinorum users, while 
NSOs produced the fewest psychological adverse events. Overall, these findings 
underscore the medical and psychiatric risks associated with these substances 
(Abidali et al., 2024; Alsarraf et al., 2019; Arillotta et al., 2020; Schiller et al., 
2024; Striley et al., 2022; Zawilska et al., 2023), further emphasizing the 
necessity to monitor their use and distribution. 

Participants predominantly reported on experiences with a classic opioid and 
kratom in the 2nd part of the survey. These were often used daily for both medical 
and recreational purposes (e.g., to feel elated or euphoric or to just get really 
stoned or intoxicated, to escape from reality and as legal alternative to substitute 
another drug). These substances were mainly used at home (alone or with others), 
but also at work, with most kratom users considering its effects similar to classic 
opioids. Kratom was primarily used for self-treatment of pain, 
addiction/withdrawal/dependence, anxiety, head injury, irritable bowel syndrome 
diarrhea-predominant, or to increase mental well-being and to replace opioid use. 
Our findings are consistent with previous evidence on its versatile recreational 
and medical use (Bath et al., 2020; Coe et al., 2019; Grundmann, 2017; 
Grundmann et al., 2022; Henningfield et al., 2024; McCurdy et al., 2024; Smith 
et al., 2023). Other reasons for kratom use included boosting energy (e.g., 
concentrating on work/study/staying awake) and improving mood when feeling 
down or depressed; sleeping, relaxing, and avoiding worrying about a problem; 
socialization/feeling more confident or more able to talk to people in a social 
situation/enjoying the company of friends. Consistently, users reported that 
kratom has both sedative and stimulatory action as shown in the ARCI 
questionnaire by the ratings on the PCAG and on the BG subscale, respectively. 
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However, kratom was reported to have lower sedative action compared to classic 
opioids. Overall, these data would add evidence to kratom’s double profile as it 
is known to exert stimulatory action at low doses and sedative opioid-like effects 
at high doses, with enhancing effects on socialization and attentional focus 
(Prevete et al., 2021; Smith et al., 2023; Swogger et al., 2015). Findings related 
to the subjective experiences reported by kratom users also confirm previous 
notions that kratom is widely used for its performance enhancement/nootropic 
effects (Annuar et al., 2024), and for improving health and well-being 
(Henningfield et al., 2024). This is due to its complex pharmacology (Annuar et 
al., 2024; Foss et al., 2020; Henningfield et al., 2024; Kruegel et al., 2016; León 
et al., 2021; Váradi et al., 2016) with fewer hazards respect to classical opioids. 
However, our findings also suggest that kratom can be used for broadening 
consciousness, taking a different perspective on the world, or inducing/enhancing 
a spiritual experience. Kratom was often utilized as a legal alternative for classic 
opioids. On the other hand, opioids were more used for mood improvement and 
inducing sleep if compared to kratom. These findings contribute to the 
understanding of the patterns and motivations of kratom use beyond traditional 
contexts, shedding light on the experiences of users in the West. Survey 
participants were aware of the addiction risk of kratom but also viewed it as 
having clinical potential. Thus, in the light of the accumulating data on the 
balance between kratom’s potential medical benefits and health problems, it is 
important to highlight that its addictive potential needs to be better assessed and 
evaluated. 

This research has several limitations that may impact the interpretation of the 
results. First, from a methodological perspective, participants were reflecting 
either on general (not specific) use (part 1), or on a specific past experience that 
they may not have remembered fully (part 2). Second, data on dosing, route, and 
duration for opioid use were based on self-reported data and therefore might be 
prone to self-reporting bias. Third, there are some limitations in the sampling 
methods because, as it commonly happens in surveys, the number of completers 
was limited and biased towards highly educated males in North America and 
Europe. This may limit generalisation of the current findings to the general 
population. Moreover, advertisement targeting kratom consumers may have led 
to selection bias resulting in a higher representation of kratom users (N = 146), 
among which kratom experiences were explored. However, this is a small sample 
size compared to larger surveys with kratom users, e.g., (Grundmann, 2017; 
Grundmann et al., 2022), and the study should be replicated in a broader sample. 
Finally, authors are aware that the NPS market is constantly evolving and some 
adverse events (e.g., constipation, dizziness, dry mouth, pruritus, respiratory 
depression, sedation) typical of opioids were not specifically investigated. 
Therefore, future surveys should include the evaluation of such adverse events 
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and the extent to which new compounds, such as nitazenes, are influencing the 
opioid epidemic. 

Conclusions 

In conclusion, this study helps to delineate use characteristics for various 
classic, novel and herbal opioids, revealing different patterns of use and adverse 
event rates. Findings hint also at similarities between classic opioids and kratom, 
with users reporting its medical benefits, particularly in pain relief, but also risk 
of addiction. Therefore, our results highlight the need of monitoring classic, novel 
and herbal opioids use worldwide, especially in the light of the public health 
challenge posed internationally by the opioid epidemic. They also highlight the 
need for a multidisciplinary approach, including healthcare providers with 
appropriate training, and strategies for monitoring classic, novel and herbal 
opioids’ toxicities. Moreover, enforcement agencies and policymakers should be 
involved in order to regulate access and sale of opioids (Bedene et al., 2022; 
Cook, 2022; Robert et al., 2023; UNODC, 2019), and should be continuously 
updated by information on user trends. Still, despite growing awareness of 
opioid-related risks, more toxicological data on emerging compounds are needed 
to fully define safety risks of opioids. Finally, with the growing need of different 
and appropriate strategies for treating pain and opioid use disorder, kratom's 
therapeutic potential as an alternative to opioids warrants randomized controlled 
clinical trials to elucidate user claims. 
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S1. Materials and Methods 

5 Dimensions of Altered States of Consciousness (5D-ASC) 
The 5D-ASC scale (Studerus et al., 2010) is an instrument consisting of 94 

items in the form of visual analogue scales with the anchors from “No, not more 
than usually” to “Yes, much more than usually”. This instrument is used to 
evaluate nonpharmacological altered states of consciousness or those related to 
substances such as hallucinogens, entactogens, stimulants (Kuypers et al., 2019; 
Liechti et al., 2017; Mallaroni et al., 2022; Mason et al., 2020). The scale scores 
are based on the following five dimensions and eleven subscales (Studerus et al., 
2010): (1) Oceanic Boundlessness, consisting of 27 items and related to feelings 
of derealisation and depersonalization - its lower order scales are blissful state, 
spiritual experience, experience of unity, and insightfulness; (2) Anxious Ego 
Dissolution, consisting of 21 items and related to feeling of ego-loss and self-
control phenomena - its lower-order scales are impaired control of cognition, 
disembodiment, and anxiety; (3) Visionary Restructuralisation consisting of 18 
items and it is related to perceptual changes, expressed by the subscales complex 
imagery, elementary imagery, audio-visual synesthesia, and changed meaning of 
percepts; (4) Auditory Alterations, consisting of 15 items and (5) Reduction of 
Vigilance consisting of 12 items. 

Addiction Research Center Inventory (ARCI) 
The ARCI (Haertzen et al., 1963; Martin et al., 1971) is a 49-item true–false 

questionnaire used to define potential differences among drug classes and to 
evaluate abuse liability. The following five group variability scales can be 
obtained from the ARCI: Amphetamine(A)-scale, which is related to measure of 
wellbeing and sensation of increased energy; Benzedrine(BG)-group scale, which 
measures stimulant effects and it is related to increased energy and mental 
productivity, Morphine-Benzedrine(MBG)-group scale, which is related to 
euphoria; Pentobarbital-Chlorpromazine-Alcohol(PCAG)-group scale, which is 
related to psychomotor retardation and sedation; and Lysergic Acid Diethylamide-
(LSD)-scale, which is related to psychotomimetic effects, dysphoria and somatic 
discomfort. Participants were asked to answer questions related to the effects they 
experience. In line with previous work (Bieber et al., 2008), and given the 
retrospective nature of the survey, the ARCI was modified to suit the study design 
by removing two items that were stated in the present tense to reflect a recalled 
experience, and one was modified in “I would be happy all the time if I felt as I 
do now”. Further, a true-false control item for assuring the retrospective nature 
of the responses was added following the completion of the ARCI. 
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Table S1 Frequency (N) of classic, novel and herbal opioids self-reported use. Proportions (%) are listed 
according to each family sample size. 

  Substance N % 

C
la

ss
ic

 O
pi

oi
ds

 (N
 =

 2
65

) 

Codeine 180 67.9 
Fentanyl 88 33.2 

Heroin 76 28.7 
Hydrocodone/dihydrocodeine 193 72.8 

Hydromorphone 77 29.1 
Meperidine 6 2.3 
Methadone 68 25.7 

Morphine 148 55.8 
Oxycodone 189 71.3 

Oxymorphone 44 16.6 
Tramadol 164 61.9 

Other Classic Opioids 34 12.8 

H
er

ba
l O

pi
oi

ds
 

(N
 =

 1
46

) 

Kratom 136 93.2 
Opium 22 15.1 

Salvinorin A 3 2.1 
Salvinorin B 1 0.7 

Salvia divinorum 25 17.1 
Other Herbal Opioids 4 2.7 

N
SO

s Fe
nt

an
yl

 A
na

lo
gu

es
 (N

 =
 

18
) 

Acetylfentanyl 5 27.8 
Alpha methylfentanyl 1 5.6 

Butyrylfentanyl 3 16.7 
Carfentanyl 4 22.2 

Furanylfentanyl 4 22.2 
4-methylfentanyl 2 11.1 
4-fluorofentanyl 2 11.1 

Tetrahydrofuranylfentanyl     
Valerylfentanyl     

Other Fentanyl Analogues 7 38.9 

O
th

er
 N

SO
s (

N
 =

 1
6)

 

AH-7921 1 6.3 
MT-45     

O-Desmethyltramadol 4 25 
U-47700 7 43.8 
U-49900     
U-50488 1 6.3 
U-51754     

W-15     
W-18     

Others 6 37.5 

Table S2 All written-in responses for pharmacological class. 

Classic Opioids Herbal Opioids 

AP238, Buprenorphine, Dilaudid, DHC, Er, 
Hydrocodone/Acetaminophen, Ms-Contin Opium, 
Oxycontin, Percocet, Suboxone, Tianeptine, Tilidine, 
Xtamza 

Akuamma, Bacopa Monnieri, Cannabis, Corydalis 
Yanhusuo, Poppy Seed Tea, Turmeric, Wild Lettuce 

NSOs 

Fentanyl Analogues Other NSOs 

100mg Patches, Acryl Fentanyl, Fentanyl Citrate, Purple or 
Blue Powder, Transdermal Patches, Unknown - after surgery 

AP238, 2MAP, 2-Methyl-AP-237, ISOtonitazene, 
Tianeptine, U-47700 
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S1. Materials and Methods 

5 Dimensions of Altered States of Consciousness (5D-ASC) 
The 5D-ASC scale (Studerus et al., 2010) is an instrument consisting of 94 

items in the form of visual analogue scales with the anchors from “No, not more 
than usually” to “Yes, much more than usually”. This instrument is used to 
evaluate nonpharmacological altered states of consciousness or those related to 
substances such as hallucinogens, entactogens, stimulants (Kuypers et al., 2019; 
Liechti et al., 2017; Mallaroni et al., 2022; Mason et al., 2020). The scale scores 
are based on the following five dimensions and eleven subscales (Studerus et al., 
2010): (1) Oceanic Boundlessness, consisting of 27 items and related to feelings 
of derealisation and depersonalization - its lower order scales are blissful state, 
spiritual experience, experience of unity, and insightfulness; (2) Anxious Ego 
Dissolution, consisting of 21 items and related to feeling of ego-loss and self-
control phenomena - its lower-order scales are impaired control of cognition, 
disembodiment, and anxiety; (3) Visionary Restructuralisation consisting of 18 
items and it is related to perceptual changes, expressed by the subscales complex 
imagery, elementary imagery, audio-visual synesthesia, and changed meaning of 
percepts; (4) Auditory Alterations, consisting of 15 items and (5) Reduction of 
Vigilance consisting of 12 items. 

Addiction Research Center Inventory (ARCI) 
The ARCI (Haertzen et al., 1963; Martin et al., 1971) is a 49-item true–false 

questionnaire used to define potential differences among drug classes and to 
evaluate abuse liability. The following five group variability scales can be 
obtained from the ARCI: Amphetamine(A)-scale, which is related to measure of 
wellbeing and sensation of increased energy; Benzedrine(BG)-group scale, which 
measures stimulant effects and it is related to increased energy and mental 
productivity, Morphine-Benzedrine(MBG)-group scale, which is related to 
euphoria; Pentobarbital-Chlorpromazine-Alcohol(PCAG)-group scale, which is 
related to psychomotor retardation and sedation; and Lysergic Acid Diethylamide-
(LSD)-scale, which is related to psychotomimetic effects, dysphoria and somatic 
discomfort. Participants were asked to answer questions related to the effects they 
experience. In line with previous work (Bieber et al., 2008), and given the 
retrospective nature of the survey, the ARCI was modified to suit the study design 
by removing two items that were stated in the present tense to reflect a recalled 
experience, and one was modified in “I would be happy all the time if I felt as I 
do now”. Further, a true-false control item for assuring the retrospective nature 
of the responses was added following the completion of the ARCI. 
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Table S1 Frequency (N) of classic, novel and herbal opioids self-reported use. Proportions (%) are listed 
according to each family sample size. 

  Substance N % 

C
la

ss
ic

 O
pi

oi
ds

 (N
 =

 2
65

) 

Codeine 180 67.9 
Fentanyl 88 33.2 

Heroin 76 28.7 
Hydrocodone/dihydrocodeine 193 72.8 

Hydromorphone 77 29.1 
Meperidine 6 2.3 
Methadone 68 25.7 

Morphine 148 55.8 
Oxycodone 189 71.3 

Oxymorphone 44 16.6 
Tramadol 164 61.9 

Other Classic Opioids 34 12.8 

H
er

ba
l O

pi
oi

ds
 

(N
 =

 1
46

) 

Kratom 136 93.2 
Opium 22 15.1 

Salvinorin A 3 2.1 
Salvinorin B 1 0.7 

Salvia divinorum 25 17.1 
Other Herbal Opioids 4 2.7 

N
SO

s Fe
nt

an
yl

 A
na

lo
gu

es
 (N

 =
 

18
) 

Acetylfentanyl 5 27.8 
Alpha methylfentanyl 1 5.6 

Butyrylfentanyl 3 16.7 
Carfentanyl 4 22.2 

Furanylfentanyl 4 22.2 
4-methylfentanyl 2 11.1 
4-fluorofentanyl 2 11.1 

Tetrahydrofuranylfentanyl     
Valerylfentanyl     

Other Fentanyl Analogues 7 38.9 

O
th

er
 N

SO
s (

N
 =

 1
6)

 

AH-7921 1 6.3 
MT-45     

O-Desmethyltramadol 4 25 
U-47700 7 43.8 
U-49900     
U-50488 1 6.3 
U-51754     

W-15     
W-18     

Others 6 37.5 

Table S2 All written-in responses for pharmacological class. 

Classic Opioids Herbal Opioids 

AP238, Buprenorphine, Dilaudid, DHC, Er, 
Hydrocodone/Acetaminophen, Ms-Contin Opium, 
Oxycontin, Percocet, Suboxone, Tianeptine, Tilidine, 
Xtamza 

Akuamma, Bacopa Monnieri, Cannabis, Corydalis 
Yanhusuo, Poppy Seed Tea, Turmeric, Wild Lettuce 

NSOs 

Fentanyl Analogues Other NSOs 

100mg Patches, Acryl Fentanyl, Fentanyl Citrate, Purple or 
Blue Powder, Transdermal Patches, Unknown - after surgery 

AP238, 2MAP, 2-Methyl-AP-237, ISOtonitazene, 
Tianeptine, U-47700 
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S1. Materials and Methods 

5 Dimensions of Altered States of Consciousness (5D-ASC) 
The 5D-ASC scale (Studerus et al., 2010) is an instrument consisting of 94 

items in the form of visual analogue scales with the anchors from “No, not more 
than usually” to “Yes, much more than usually”. This instrument is used to 
evaluate nonpharmacological altered states of consciousness or those related to 
substances such as hallucinogens, entactogens, stimulants (Kuypers et al., 2019; 
Liechti et al., 2017; Mallaroni et al., 2022; Mason et al., 2020). The scale scores 
are based on the following five dimensions and eleven subscales (Studerus et al., 
2010): (1) Oceanic Boundlessness, consisting of 27 items and related to feelings 
of derealisation and depersonalization - its lower order scales are blissful state, 
spiritual experience, experience of unity, and insightfulness; (2) Anxious Ego 
Dissolution, consisting of 21 items and related to feeling of ego-loss and self-
control phenomena - its lower-order scales are impaired control of cognition, 
disembodiment, and anxiety; (3) Visionary Restructuralisation consisting of 18 
items and it is related to perceptual changes, expressed by the subscales complex 
imagery, elementary imagery, audio-visual synesthesia, and changed meaning of 
percepts; (4) Auditory Alterations, consisting of 15 items and (5) Reduction of 
Vigilance consisting of 12 items. 

Addiction Research Center Inventory (ARCI) 
The ARCI (Haertzen et al., 1963; Martin et al., 1971) is a 49-item true–false 

questionnaire used to define potential differences among drug classes and to 
evaluate abuse liability. The following five group variability scales can be 
obtained from the ARCI: Amphetamine(A)-scale, which is related to measure of 
wellbeing and sensation of increased energy; Benzedrine(BG)-group scale, which 
measures stimulant effects and it is related to increased energy and mental 
productivity, Morphine-Benzedrine(MBG)-group scale, which is related to 
euphoria; Pentobarbital-Chlorpromazine-Alcohol(PCAG)-group scale, which is 
related to psychomotor retardation and sedation; and Lysergic Acid Diethylamide-
(LSD)-scale, which is related to psychotomimetic effects, dysphoria and somatic 
discomfort. Participants were asked to answer questions related to the effects they 
experience. In line with previous work (Bieber et al., 2008), and given the 
retrospective nature of the survey, the ARCI was modified to suit the study design 
by removing two items that were stated in the present tense to reflect a recalled 
experience, and one was modified in “I would be happy all the time if I felt as I 
do now”. Further, a true-false control item for assuring the retrospective nature 
of the responses was added following the completion of the ARCI. 
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Table S1 Frequency (N) of classic, novel and herbal opioids self-reported use. Proportions (%) are listed 
according to each family sample size. 

  Substance N % 

C
la

ss
ic

 O
pi

oi
ds

 (N
 =

 2
65

) 

Codeine 180 67.9 
Fentanyl 88 33.2 

Heroin 76 28.7 
Hydrocodone/dihydrocodeine 193 72.8 

Hydromorphone 77 29.1 
Meperidine 6 2.3 
Methadone 68 25.7 

Morphine 148 55.8 
Oxycodone 189 71.3 

Oxymorphone 44 16.6 
Tramadol 164 61.9 

Other Classic Opioids 34 12.8 

H
er

ba
l O

pi
oi

ds
 

(N
 =

 1
46

) 

Kratom 136 93.2 
Opium 22 15.1 

Salvinorin A 3 2.1 
Salvinorin B 1 0.7 

Salvia divinorum 25 17.1 
Other Herbal Opioids 4 2.7 

N
SO

s Fe
nt

an
yl

 A
na

lo
gu

es
 (N

 =
 

18
) 

Acetylfentanyl 5 27.8 
Alpha methylfentanyl 1 5.6 

Butyrylfentanyl 3 16.7 
Carfentanyl 4 22.2 

Furanylfentanyl 4 22.2 
4-methylfentanyl 2 11.1 
4-fluorofentanyl 2 11.1 

Tetrahydrofuranylfentanyl     
Valerylfentanyl     

Other Fentanyl Analogues 7 38.9 

O
th

er
 N

SO
s (

N
 =

 1
6)

 

AH-7921 1 6.3 
MT-45     

O-Desmethyltramadol 4 25 
U-47700 7 43.8 
U-49900     
U-50488 1 6.3 
U-51754     

W-15     
W-18     

Others 6 37.5 

Table S2 All written-in responses for pharmacological class. 

Classic Opioids Herbal Opioids 

AP238, Buprenorphine, Dilaudid, DHC, Er, 
Hydrocodone/Acetaminophen, Ms-Contin Opium, 
Oxycontin, Percocet, Suboxone, Tianeptine, Tilidine, 
Xtamza 

Akuamma, Bacopa Monnieri, Cannabis, Corydalis 
Yanhusuo, Poppy Seed Tea, Turmeric, Wild Lettuce 

NSOs 

Fentanyl Analogues Other NSOs 

100mg Patches, Acryl Fentanyl, Fentanyl Citrate, Purple or 
Blue Powder, Transdermal Patches, Unknown - after surgery 

AP238, 2MAP, 2-Methyl-AP-237, ISOtonitazene, 
Tianeptine, U-47700 
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S1. Materials and Methods 

5 Dimensions of Altered States of Consciousness (5D-ASC) 
The 5D-ASC scale (Studerus et al., 2010) is an instrument consisting of 94 

items in the form of visual analogue scales with the anchors from “No, not more 
than usually” to “Yes, much more than usually”. This instrument is used to 
evaluate nonpharmacological altered states of consciousness or those related to 
substances such as hallucinogens, entactogens, stimulants (Kuypers et al., 2019; 
Liechti et al., 2017; Mallaroni et al., 2022; Mason et al., 2020). The scale scores 
are based on the following five dimensions and eleven subscales (Studerus et al., 
2010): (1) Oceanic Boundlessness, consisting of 27 items and related to feelings 
of derealisation and depersonalization - its lower order scales are blissful state, 
spiritual experience, experience of unity, and insightfulness; (2) Anxious Ego 
Dissolution, consisting of 21 items and related to feeling of ego-loss and self-
control phenomena - its lower-order scales are impaired control of cognition, 
disembodiment, and anxiety; (3) Visionary Restructuralisation consisting of 18 
items and it is related to perceptual changes, expressed by the subscales complex 
imagery, elementary imagery, audio-visual synesthesia, and changed meaning of 
percepts; (4) Auditory Alterations, consisting of 15 items and (5) Reduction of 
Vigilance consisting of 12 items. 

Addiction Research Center Inventory (ARCI) 
The ARCI (Haertzen et al., 1963; Martin et al., 1971) is a 49-item true–false 

questionnaire used to define potential differences among drug classes and to 
evaluate abuse liability. The following five group variability scales can be 
obtained from the ARCI: Amphetamine(A)-scale, which is related to measure of 
wellbeing and sensation of increased energy; Benzedrine(BG)-group scale, which 
measures stimulant effects and it is related to increased energy and mental 
productivity, Morphine-Benzedrine(MBG)-group scale, which is related to 
euphoria; Pentobarbital-Chlorpromazine-Alcohol(PCAG)-group scale, which is 
related to psychomotor retardation and sedation; and Lysergic Acid Diethylamide-
(LSD)-scale, which is related to psychotomimetic effects, dysphoria and somatic 
discomfort. Participants were asked to answer questions related to the effects they 
experience. In line with previous work (Bieber et al., 2008), and given the 
retrospective nature of the survey, the ARCI was modified to suit the study design 
by removing two items that were stated in the present tense to reflect a recalled 
experience, and one was modified in “I would be happy all the time if I felt as I 
do now”. Further, a true-false control item for assuring the retrospective nature 
of the responses was added following the completion of the ARCI. 
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Table S1 Frequency (N) of classic, novel and herbal opioids self-reported use. Proportions (%) are listed 
according to each family sample size. 

  Substance N % 

C
la

ss
ic

 O
pi

oi
ds

 (N
 =

 2
65

) 

Codeine 180 67.9 
Fentanyl 88 33.2 

Heroin 76 28.7 
Hydrocodone/dihydrocodeine 193 72.8 

Hydromorphone 77 29.1 
Meperidine 6 2.3 
Methadone 68 25.7 

Morphine 148 55.8 
Oxycodone 189 71.3 

Oxymorphone 44 16.6 
Tramadol 164 61.9 

Other Classic Opioids 34 12.8 

H
er

ba
l O

pi
oi

ds
 

(N
 =

 1
46

) 

Kratom 136 93.2 
Opium 22 15.1 

Salvinorin A 3 2.1 
Salvinorin B 1 0.7 

Salvia divinorum 25 17.1 
Other Herbal Opioids 4 2.7 

N
SO

s Fe
nt

an
yl

 A
na

lo
gu

es
 (N

 =
 

18
) 

Acetylfentanyl 5 27.8 
Alpha methylfentanyl 1 5.6 

Butyrylfentanyl 3 16.7 
Carfentanyl 4 22.2 

Furanylfentanyl 4 22.2 
4-methylfentanyl 2 11.1 
4-fluorofentanyl 2 11.1 

Tetrahydrofuranylfentanyl     
Valerylfentanyl     

Other Fentanyl Analogues 7 38.9 

O
th

er
 N

SO
s (

N
 =

 1
6)

 

AH-7921 1 6.3 
MT-45     

O-Desmethyltramadol 4 25 
U-47700 7 43.8 
U-49900     
U-50488 1 6.3 
U-51754     

W-15     
W-18     

Others 6 37.5 

Table S2 All written-in responses for pharmacological class. 

Classic Opioids Herbal Opioids 

AP238, Buprenorphine, Dilaudid, DHC, Er, 
Hydrocodone/Acetaminophen, Ms-Contin Opium, 
Oxycontin, Percocet, Suboxone, Tianeptine, Tilidine, 
Xtamza 

Akuamma, Bacopa Monnieri, Cannabis, Corydalis 
Yanhusuo, Poppy Seed Tea, Turmeric, Wild Lettuce 

NSOs 

Fentanyl Analogues Other NSOs 

100mg Patches, Acryl Fentanyl, Fentanyl Citrate, Purple or 
Blue Powder, Transdermal Patches, Unknown - after surgery 

AP238, 2MAP, 2-Methyl-AP-237, ISOtonitazene, 
Tianeptine, U-47700 
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S1. Materials and Methods 

5 Dimensions of Altered States of Consciousness (5D-ASC) 
The 5D-ASC scale (Studerus et al., 2010) is an instrument consisting of 94 

items in the form of visual analogue scales with the anchors from “No, not more 
than usually” to “Yes, much more than usually”. This instrument is used to 
evaluate nonpharmacological altered states of consciousness or those related to 
substances such as hallucinogens, entactogens, stimulants (Kuypers et al., 2019; 
Liechti et al., 2017; Mallaroni et al., 2022; Mason et al., 2020). The scale scores 
are based on the following five dimensions and eleven subscales (Studerus et al., 
2010): (1) Oceanic Boundlessness, consisting of 27 items and related to feelings 
of derealisation and depersonalization - its lower order scales are blissful state, 
spiritual experience, experience of unity, and insightfulness; (2) Anxious Ego 
Dissolution, consisting of 21 items and related to feeling of ego-loss and self-
control phenomena - its lower-order scales are impaired control of cognition, 
disembodiment, and anxiety; (3) Visionary Restructuralisation consisting of 18 
items and it is related to perceptual changes, expressed by the subscales complex 
imagery, elementary imagery, audio-visual synesthesia, and changed meaning of 
percepts; (4) Auditory Alterations, consisting of 15 items and (5) Reduction of 
Vigilance consisting of 12 items. 

Addiction Research Center Inventory (ARCI) 
The ARCI (Haertzen et al., 1963; Martin et al., 1971) is a 49-item true–false 

questionnaire used to define potential differences among drug classes and to 
evaluate abuse liability. The following five group variability scales can be 
obtained from the ARCI: Amphetamine(A)-scale, which is related to measure of 
wellbeing and sensation of increased energy; Benzedrine(BG)-group scale, which 
measures stimulant effects and it is related to increased energy and mental 
productivity, Morphine-Benzedrine(MBG)-group scale, which is related to 
euphoria; Pentobarbital-Chlorpromazine-Alcohol(PCAG)-group scale, which is 
related to psychomotor retardation and sedation; and Lysergic Acid Diethylamide-
(LSD)-scale, which is related to psychotomimetic effects, dysphoria and somatic 
discomfort. Participants were asked to answer questions related to the effects they 
experience. In line with previous work (Bieber et al., 2008), and given the 
retrospective nature of the survey, the ARCI was modified to suit the study design 
by removing two items that were stated in the present tense to reflect a recalled 
experience, and one was modified in “I would be happy all the time if I felt as I 
do now”. Further, a true-false control item for assuring the retrospective nature 
of the responses was added following the completion of the ARCI. 
  



C
H

A
PT

ER
 7

 | C
LA

SS
IC

, N
O

V
EL

, A
N

D
 H

ER
B

A
L 

O
PI

O
ID

S  

27
5 

 T
ab

le
 S

4 
(c

on
tin

ue
d)

 

Su
bs

ta
nc

e 

A
m

p
he

ta
m

in
e 

C
an na
b is 

D M
T 

C
o

de
i

ne
 

H
er oi
n 

H
yd

ro
co

d
on

e/
D

ih
y

dr
oc

od
ei

n 

H
yd

ro
m

or
p

ho
ne

 

K
et

am
i

na
 

L
S

D
 

M
D

M
A

/e
cs

t
as

y 

M
ep

er
id

i
ne

 

M
et

ha
d

on
e 

M
or

ph
i

ne
 

O
xy

co
do ne

 

O
xy

m
or

p
ho

ne
 

Ps
il

oc
y

bi
n 

T
ra

m
ad ol
 

St
r

on
g

er
 

W
e

ak
e r 

E
qu

iv
al

e
nt

 
N

 
%

 
N

 %
 N

 %
 N

 %
 N

 %
 

N
 

%
 

N
 

%
 

N
 %

 N
 %

 N
 

%
 

N
 %

 N
 

%
 N

 %
 N

 %
 N

 
%

 
N

 %
 N

 %
 N

 %
 N

 %
 N

 %
 

NSOs 

Other NSOs (N = 16) 

U
-

50
48

8 
  

  
  

  
  

  
  

  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

1 

6 . 3 
  

  

1 
6 . 3 

  
  

  
  

U
-

51
75

4 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  

W
-1

5 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
W

-1
8 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

O
th

er s 
  

  
  

  
  

  
  

  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

2 
1 2 . 5 

2 
1 2 . 5 

1 
6 . 3 

 

275

CHAPTER 7 | CLASSIC, NOVEL, AND HERBAL OPIOIDS 
 

267 
 

Table S1 Frequency (N) of classic, novel and herbal opioids self-reported use. Proportions (%) are listed 
according to each family sample size. 

  Substance N % 

C
la

ss
ic

 O
pi

oi
ds

 (N
 =

 2
65

) 

Codeine 180 67.9 
Fentanyl 88 33.2 

Heroin 76 28.7 
Hydrocodone/dihydrocodeine 193 72.8 

Hydromorphone 77 29.1 
Meperidine 6 2.3 
Methadone 68 25.7 

Morphine 148 55.8 
Oxycodone 189 71.3 

Oxymorphone 44 16.6 
Tramadol 164 61.9 

Other Classic Opioids 34 12.8 

H
er

ba
l O

pi
oi

ds
 

(N
 =

 1
46

) 

Kratom 136 93.2 
Opium 22 15.1 

Salvinorin A 3 2.1 
Salvinorin B 1 0.7 

Salvia divinorum 25 17.1 
Other Herbal Opioids 4 2.7 

N
SO

s Fe
nt

an
yl

 A
na

lo
gu

es
 (N

 =
 

18
) 

Acetylfentanyl 5 27.8 
Alpha methylfentanyl 1 5.6 

Butyrylfentanyl 3 16.7 
Carfentanyl 4 22.2 

Furanylfentanyl 4 22.2 
4-methylfentanyl 2 11.1 
4-fluorofentanyl 2 11.1 

Tetrahydrofuranylfentanyl     
Valerylfentanyl     

Other Fentanyl Analogues 7 38.9 

O
th

er
 N

SO
s (

N
 =

 1
6)

 

AH-7921 1 6.3 
MT-45     

O-Desmethyltramadol 4 25 
U-47700 7 43.8 
U-49900     
U-50488 1 6.3 
U-51754     

W-15     
W-18     

Others 6 37.5 

Table S2 All written-in responses for pharmacological class. 

Classic Opioids Herbal Opioids 

AP238, Buprenorphine, Dilaudid, DHC, Er, 
Hydrocodone/Acetaminophen, Ms-Contin Opium, 
Oxycontin, Percocet, Suboxone, Tianeptine, Tilidine, 
Xtamza 

Akuamma, Bacopa Monnieri, Cannabis, Corydalis 
Yanhusuo, Poppy Seed Tea, Turmeric, Wild Lettuce 

NSOs 

Fentanyl Analogues Other NSOs 

100mg Patches, Acryl Fentanyl, Fentanyl Citrate, Purple or 
Blue Powder, Transdermal Patches, Unknown - after surgery 

AP238, 2MAP, 2-Methyl-AP-237, ISOtonitazene, 
Tianeptine, U-47700 
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Table S5 Frequencies (N) and proportions (%) of adverse events linked to classic, novel and herbal opioids use. 
Proportions are listed according to each family sample size. 

  Substance Physical Side Effects Psychological Side Effects 
  N % N % 

C
la

ss
ic

 O
pi

oi
ds

 (N
 =

 2
65

) 

Codeine  36 13.6 22 8.3 
Fentanyl 31 11.7 22 8.3 

Heroin  37 14,0 19 7.2 
Hydrocodone/dyhydrocodeine  41 15.5 25 9.4 

Hydromorphone  15 5.7 11 4.2 
Meperidine  2 0.8 1 0.4 
Methadone  18 6.8 13 4.9 

Morphine  28 10.6 19 7.2 
Oxycodone  52 19.6 34 12.8 

Oxymorphone  10 3.8 7 2.6 
Tramadol  40 15.1 28 10.6 

Other Classic Opioids  11 40.1 6 2.3 

H
er

ba
l O

pi
oi

ds
 

(N
 =

 1
46

) 

Kratom 49 33.6 25 17.1 
Opium 6 4.1 3 2.1 

Salvinorin A 1 0.7 2 1.4 
Salvinorin B         

Salvia divinorum 7 4.8 11 7.5 
Other Herbal Opioids 1 0.7     

N
SO

s Fe
nt

an
yl

 A
na

lo
gu

es
 (N

 =
 1

8)
 Acetylfentanyl 5 27.8 4 22.2 

Alpha methylfentanyl 1 5.6 1 5.6 
Butyrylfentanyl 1 5.6 1 5.6 

Carfentanyl 3 16.7 2 11.1 
Furanylfentanyl 1 5.6 1 5.6 

4-methylfentanyl 2 11.1     
4-fluorofentanyl 1 5.6 1 5.6 

Tetrahydrofuranylfentanyl         
Valerylfentanyl         

Other Fentanyl Analogues 
4 22.2 2 11.1 

O
th

er
 N

SO
s (

N
 =

 1
6)

 

AH-7921         
MT-45         

O-Desmethyltramadol 3 18.8 1 6.3 
U-47700 5 31.3 3 18.8 
U-49900         
U-50488         
U-51754         

W-15         
W-18         

Others 

3 18.8 2 12.5 
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Table S6 Type and duration of physical adverse events reported by users for each drug. Proportions (%) are 
listed according to each family sample size. 

  

Substance 

Gastrointesti
nal (nausea. 

vomiting. 
diarrhea) 

Cardiovasc
ular 

(racing/slo
wing/abnor
mal heart 

rate) 

Fainting Seizure/conv
ulsion Acute Long 

Term 

  N % N % N % N % N % N % 

C
la

ss
ic

 O
pi

oi
ds

 (N
 =

 2
65

) 

Codeine  32 12.1 8 3 2 0.8 
    

29 10.
9 

6 2.3 

Fentanyl 24 9.1 16 6 11 4.2 4 1.5 25 9.4 9 3.4 

Heroin  29 10.9 16 6 7 2.6 1 0.4 29 10.
9 

1
0 

3.8 

Hydrocodone/dyhydro
codeine  

30 11.3 12 4.5 3 1.1 
    

30 11.
3 

9 3.4 

Hydromorphone  12 4.5 7 2.6 2 0.8     12 4.5 4 1.5 
Meperidine  2 0.8                 1 0.4 
Methadone  13 4.9 9 3.4 3 1.1     14 5.3 6 2.3 

Morphine  20 7.5 13 4.9 4 1.5     22 8.3 3 1.1 

Oxycodone  43 16.2 18 6.8 4 1.5 1 0.4 39 14.
7 

1
1 

4.2 

Oxymorphone  10 3.8 4 1.5 3 1.1     9 3.4 3 1.1 

Tramadol  23 8.7 15 5.7 3 1.1 10 3.8 30 11.
3 

9 3.4 

Other Classic Opioids  9 3.4 4 1.5 1 0.4     8 3,0 3 1.1 

H
er

ba
l O

pi
oi

ds
 (N

 
= 

14
6)

 

Kratom 45 30.8
8 

12 8.2 3 2.1 
    

45 30.
8 

7 4.8 

Opium 6 4.1 2 1.4         4 2.7 1 0.7 
Salvinorin A     1 0.7     1 0.7 1 0.7     
Salvinorin B                         

Salvia divinorum     6 4.1 2 1.4 2 1.4 7 4.8 1 0.7 
Other Herbal Opioids 1 0.7             1 0.7     

N
SO

s 

Fe
nt

an
yl

 A
na

lo
gu

es
 (N

 =
 1

8)
 Acetylfentanyl 

5 27.8 3 16.7 1 5.6 
    

4 22.
2 

2 11.
1 

Alpha methylfentanyl 1 5.6 1 5.6         1 5.6     
Butyrylfentanyl 1 5.6 2 11.1         1 5.6 1 5.6 

Carfentanyl 
3 16.7 2 11.1 2 11.1 1 5.6 3 16.

7 
1 5.6 

Furanylfentanyl 1 5.6 1 5.6         1 5.6 1 5.6 
4-methylfentanyl                       
4-fluorofentanyl 1 5.6 1 5.6         1 5.6 1 5.6 

Tetrahydrofuranylfent
anyl                         

Valerylfentanyl                       
Other Fentanyl 

Analogues 
2 11.1 4 22.2 1 5.6 

    
4 22.

2     

O
th

er
 N

SO
s (

N
 =

 1
6)

 

AH-7921     1 6.3                 
MT-45                         

O-Desmethyltramadol 
2 12.5 1 6.3         2 12.

5     

U-47700 
5 31.3 3 18.8     

    
4 25 3 18.

8 
U-49900                         
U-50488     1 6.3                 
U-51754                         

W-15                         
W-18                         

Others 
2 12.5 2 12.5 1 6.3 1 6.3 2 12.

5 
1 6.3 
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Table S6 Type and duration of physical adverse events reported by users for each drug. Proportions (%) are 
listed according to each family sample size. 
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2 11.
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Carfentanyl 
3 16.7 2 11.1 2 11.1 1 5.6 3 16.

7 
1 5.6 

Furanylfentanyl 1 5.6 1 5.6         1 5.6 1 5.6 
4-methylfentanyl                       
4-fluorofentanyl 1 5.6 1 5.6         1 5.6 1 5.6 
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Other Fentanyl 
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4 22.
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2 12.5 1 6.3         2 12.
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U-47700 
5 31.3 3 18.8     

    
4 25 3 18.

8 
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W-18                         

Others 
2 12.5 2 12.5 1 6.3 1 6.3 2 12.

5 
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Table S7 Type and duration of psychological adverse events reported by users for each drug. Proportions (%) 
are listed according to each family sample size. 

  Substance Anxiety Paranoia Low Mood Acute Long Term 
  N % N % N % N % N % 

C
la

ss
ic

 O
pi

oi
ds

 (N
 =

 2
65

) 

Codeine 9 3.4 8 3 18 6.8 15 5.7 11 4.2 
Fentanyl 14 5.3 8 3 20 7.5 10 3.8 14 5.3 

Heroin 11 4.2 7 2.6 19 7.2 9 3.4 17 6.4 
Hydrocodone/dyhydrocodeine 14 5.3 6 2.3 24 9.1 16 6 15 5.7 

Hydromorphone 6 2.3 3 1.1 12 4.5 5 1.9 8 3 
Meperidine         1 0.4     1 0.4 
Methadone 6 2.3 4 1.5 13 4.9 7 2.6 9 3.4 

Morphine 10 3.8 4 1.5 21 7.9 13 4.9 11 4.2 
Oxycodone 22 8.3 8 3 30 11.3 20 7.5 21 7.9 

Oxymorphone 2 0.8 2 0.8 8 3 3 1.1 5 1.9 
Tramadol 13 4.9 8 3 23 8.7 20 7.5 14 5.3 

Other Classic Opioids 3 1.1 1 0.4 6 2.3 4 1.5 3 1.1 

H
er

ba
l O

pi
oi

ds
 

(N
 =

 1
46

) 

Kratom 19 13 5 3.4 20 13.7 14 9.6 15 10.3 
Opium 3 2.1     3 2.1 1 0.7 2 1.4 

Salvinorin A 2 1.4 1 0.7     2 1.4     
Salvinorin B                     

Salvia divinorum 10 6.8 7 4.8 2 1.43 11 7.5 1 0.7 
Other Herbal Opioids                     

N
SO

s 

Fe
nt

an
yl

 A
na

lo
gu

es
 (N

 =
 1

8)
 Acetylfentanyl 3 16.7 1 5.6 4 22.2 2 11.1 4 22.2 

Alpha methylfentanyl 1 5.6     1 5.6 1 5.6 1 5.6 
Butyrylfentanyl 1 5.6 1 5.6 1 5.6 1 5.6 1 5.6 

Carfentanyl 2 11.1     2 11.1 2 11.1 2 11.1 
Furanylfentanyl 1 5.6 1 5.6 1 5.6     1 5.6 

4-methylfentanyl 1 5.6 1 5.6 1 5.6         
4-fluorofentanyl                 1 5.6 

Tetrahydrofuranylfentanyl                     
Valerylfentanyl                     

Other Fentanyl Analogues 
1 5.6 

    
2 11.1 2 11.1 1 5.6 

O
th

er
 N

SO
s (

N
 =

 1
6)

 

AH-7921             1 6.3     
MT-45                     

O-Desmethyltramadol 1 6.3 1 6.3     1 6.3     
U-47700 3 18.8 2 12.5 3 18.8 2 12.5 3 18.8 
U-49900                     
U-50488             1 6.3     
U-51754                     

W-15                     
W-18                     

Others 1 6.3     1 6.3     2 12.5 
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Table S8 Frequencies (N) and proportions (%) of recent experience responses per drug. 

Experience with one opioid (N = 105) 

Class Substance N % 

Classic Opioids Fentanyl 4 3.8 

Heroin 7 6.6 

Hydrocodone/dihydrocodeine 7 6.6 

Methadone 1 0.9 

Oxycodone 6 5.7 

Tramadol 2 1.9 

Herbal Opioids Kratom 72 67.9 

Opium 2 1.9 

Salvia Divinorum 1 0.9 

NSOs 
Fentanyl 

Analogues 

Alpha methylfentanyl 1 0.9 

Other 
NSOs 

O-Desmethyltramadol 1 0.9 

Others Norco 1 1.9 

Tianeptine 1 100 
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Table S8 Frequencies (N) and proportions (%) of recent experience responses per drug. 
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Heroin 7 6.6 
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Methadone 1 0.9 

Oxycodone 6 5.7 

Tramadol 2 1.9 

Herbal Opioids Kratom 72 67.9 

Opium 2 1.9 

Salvia Divinorum 1 0.9 

NSOs 
Fentanyl 

Analogues 

Alpha methylfentanyl 1 0.9 

Other 
NSOs 

O-Desmethyltramadol 1 0.9 

Others Norco 1 1.9 

Tianeptine 1 100 
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Table S9 Mean (SD) subjective experiences with kratom and classic opioids as rated by the 5 Dimensions of 
Altered States of Consciousness (5D-ASC). 

 Kratom Classic Opioids 

 Mean Std. Deviation Mean Std. Deviation 
OAV 292.26 466.6 257.85 354 

5D-ASC 456.14 591.6 445.95 492.6 

OSE (oceanic boundlessness) 201.04 288.5 209.30 275.9 

AIA (dread of ego dissolution) 36.60 100.6 23.50 51 

VUS (visionary restructuralization) 54.61 128.2 25.05 63.6 

AUD (auditory alterations) 16.34 48.2 10.20 24.3 

VIG (reduction of vigilance) 147.54 174.8 177.90 180.6 

Experience of Unity 23.61 55 30.10 58 

Spiritual Experience 13.86 37.7 10.85 25.2 

Blissful State 36.62 56.8 38.75 51 

Insightfulness 17.88 48.1 8.15 24.9 

Disembodiment 11.88 29.8 12.75 28.6 

Impaired Control and Cognition 15.75 47.1 8.15 23.5 

Anxiety 8.63 29 3.50 10.3 

Complex Imagery 9.25 28.2 2.85 9.1 

Elementary Imagery 7.89 34.1 3.10 9.5 

Audio- Visual Synesthesiae 4.53 19.7 2.60 8.6 

Changed Meaning of Percepts 13.02 29.9 9.60 23.3 

OAV (%) 4.43 7.1 3.91 5.4 

5D-ASC (%) 4.85 6.3 4.74 5.2 

OSE (%) 7.45 10.7 7.75 10.2 

AIA (%) 1.74 4.8 1.12 2.4 

VUS (%) 3.03 7.1 1.39 3.5 

AUD (%) 1.02 3 0.64 1.5 

VIG (%) 12.29 14.6 14.82 15.0 

Experience of Unity (%) 4.72 11 6.02 11.6 

Spiritual Experience (%) 4.62 12.6 3.62 8.4 

Blissful State (%) 12.21 18.9 12.92 17.00 

Insightfulness (%) 5.96 16 2.72 8.3 

Disembodiment (%) 3.96 9.9 4.25 9.5 

Impaired Control and Coginition (%) 2.25 6.7 1.16 3.4 

Anxiety (%) 1.44 4.8 0.58 1.7 

Complex Imagery (%) 3.08 9.4 0.95 3.0 

Elementary Imagery (%) 2.63 11.4 1.03 3.2 

Audio- Visual Synesthesiae (%) 1.51 6.6 0.87 2.9 
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Table S10 Mean (SD) subjective experiences with kratom and classic opioids as rated by the Addiction 
Research Center Inventory (ARCI). A=amphetamine, BG=benzedrine group, MBG=morphine benzedrine 
group, PCAG=pentobarbital-chlorpromazine-alcohol group, LSD=LSD group. 

 Kratom Classic Opioids 

 Mean SD Mean SD 

A 3.78 2.5 2.88 2.825 

BG 1.81 2.6 0.00 2.280 

MBG 6.53 4.2 4.73 4.350 

PCAG 0.17 3.8 1.40 2.098 

LSD -0.54 1.9 -0.63 1.746 

Table S11 Comparisons with other drugs for kratom and classic opioids. 
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Table S12 Motivations and settings for the majority of the experiences with kratom and classic opioids. 

  Kratom Classic Opioids 

 
 

Rank N % N % 

Setting 

I was at home, alone   31 43.1 9 33.3 

I was at home, with other people   27 37.5 12 44.4 

I was at work   10 13.9 2 7.4 

I was in the hospital       1 3.7 

Main 
Motivation 

For a medical purpose 1 27 37.5 13 48.1 

2 4 5.6 
  

3 4 5.6 1 3.7 

Total 35 48.6 14 51.9 

Help you to broaden your 
consciousness/take a different 

perspective on the world 

1 1 1.4 
  

2 3 4.2 
  

3 2 2.8 
  

Total 6 8.3 
  

Induce or enhance a spiritual 
experience 

1     

2 1 1.4 
  

3 
    

Total 1 1.4 
  

Help you feel more connected to 
nature 

1     

2     

3     

Total     

Help you to escape from reality 

1 1 1.4 
  

2 3 4.2 7 25.9 

3 2 2.8 1 3.7 

Total 6 8.3 8 29.6 

Because it is linked to the social 
context 

1     

2     

3   1 3.7 
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Table S12 (continued) 

Main 
Motivation 

 Kratom Classic Opioids 

 Rank N % N % 

Because it is linked to the social 
context 

Total 
  1 3.7 

Make yourself feel better when down 
or depressed 

1 3 4.2 4 14.8 

2 11 15.3 3 11.1 

3 5 6.9 4 14.8 

Total 19 26.4 11 40.7 

Help you stop worrying about a 
problem 

1 2 2.8 
  

2 1 1.4 
  

3 
  

2 7.4 

Total 3 4.2 
  

Help you to relax 

1 10 13.9 1 3.7 

2 9 12.5 3 11.1 

3 9 12.5 2 7.4 

Total 28 38.9 6 22.2 

Help you feel elated or euphoric 

1 11 15.3 3 11.1 

2 4 5.6 2 7.4 

3 8 11.1 1 3.7 

Total 23 31.9 6 22.2 

Just get really stoned or intoxicated 

1   1 3.7 

2 2 2.8 
  

3 2 2.8 
  

Total 4 5.6 1 3.7 

Enhance feelings when have sex 

1     

2     

3     

Total     

Help you to stay awake 
1 1 1.4 

  
2 3 4.2 1 3.7 
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Table S12 (continued) 

Main 
Motivation 

 Kratom Classic Opioids 
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or depressed 
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Table S12 (continued) 

Main 
Motivation 

 Kratom Classic Opioids 

Help you to stay awake 

Rank N % N % 

3 2 2.8   

Total 6 8.3 1 3.7 

Help you lose weight 

1     

2     

3     

Total     

Help you sleep 

1 
    

2 4 5.6 2 7.4 

3 4 5.6 6 22.2 

Total 8 11.1 8 29.6 

Help you enjoy the company of your 
friends 

1 
    

2 2 2.8 1 3.7 

3 2 2.8 
  

Total 4 5.6 1 3.7 

Help you feel more confident or more 
able to talk to people in a social 

sicuation 

1 1 1.4 
  

2 
    

3 3 4.2 1 3.7 

Total 4 5.6 1 3.7 

Help you lose your inhibitions 

1     

2     

3     

Total     

Help you keep going on a night out 
with friends 

1 
    

2     

3     

Total 
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Table S12 (continued) 

Main 
Motivation 

 Kratom Classic Opioids 

Help you to concentrate or to work or 
study 

Rank N % N % 

1 1 1.4 
  

2 8 11.1 1 3.7 

3 7 9.7 1 3.7 

Total 16 22.2 2 7.4 

Enhance an activity such as listening 
to music or playing a game or sport 

1 
    

2     

3 3 4.2 1 3.7 

Total 3 4.2 1 3.7 

Help make something you were doing 
less boring 

1 1 1.4 
  

2 3 4.2 
  

3 1 1.4 1 3.7 

Total 5 6.9 1 3.7 

Improve the effects of other 
substances 

1     

2 
    

3 3 4.2 
  

Total 3 4.2 
  

Help ease the after effects of other 
substances 

1   1 3.7 

2     

3 1 1.4 
  

Total 1 1.4 1 3.7 

Because it was a legal alternative to 
another drug 

1 5 6.9 1 3.7 

2 5 6.9 
  

3 6 8.3 
  

Total 16 22.2 1 3.7 

Other 

1 4 5.6 1 3.7 

2 5 6.9 2 7.4 

3 4 5.6 3 11.1 

Total 13 18.1 6 22.2 
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Table S12 (continued) 
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Table S13 Other information on kratom and classic opioids’ use. IBS-D=irritable bowel syndrome diarrhea-
predominant. 

 
Kratom  Classic Opioids  
N % N % 

Purpose of use 
Medical 32 44.4 11 40.7 

Recreational 19 26.4 6 22.2 

Medical reason of use 

Pain 23 31.9 11 40.7 
Withdrawal of other drugs 5 6.9     

Other 4 5.6     
Anxiety 1 1.4     

Head Injury 1 1.4     
IBS-D 1 1.4     

Mental well-being 1 1.4     
Did you find that the substance was 

effective for this purpose? 
Yes 31 43.1 9 33.3 
No 1 1.4 2 7.4 

How often do you use the 
substance? 

Daily 33 45.8 8 29.6 
2-3 times a week 7 9.7 2 7.4 

Once a week 5 6.9 1 3.7 
A few times a month 1 1.4 2 7.4 
A few times a year 2 2.8 1 3.7 

I have only used this substance a few 
times 

3 4.2 3 11.1 

Do you believe this substance is 
potentially addictive? 

Yes 33 45.8 16 59.3 
No 18 25 1 3.7 

Would you consider yourself 
currently or ever addicted to this 

substance? 

No 15 20.8 9 33.3 
Yes. I am addicted to this substance 13 18.1 4 14.8 
Yes. I was addicted to this substance 4 5.6 3 11.1 

How often do you use opioids in 
general? 

Daily 18 25 9 33.3 
2-3 times a week 4 5.6 1 3.7 

Once a week 2 2.8 1 3.7 
A few times a month 7 9.7 2 7.4 
A few times a year 8 11.1 2 7.4 

I have only used this substance a few 
times 

8 11.1 2 7.4 

I have only used this substance once 3 4.2     
Do you believe opioids in general 
are potentially addictive drugs? 

Yes 49 68.1 16 59.3 
No 1 1.4 1 3.7 

Would you consider yourself 
currently or ever addicted to an 

opioid?  

No 29 40.3 9 33.3 
Yes. I am addicted to opioids 10 13.9 4 14.8 

Yes. I was addicted to this opioid 10 13.9 3 11.1 
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Table S1 Frequency (N) of classic, novel and herbal opioids self-reported use. Proportions (%) are listed 
according to each family sample size. 

  Substance N % 

C
la

ss
ic

 O
pi

oi
ds

 (N
 =

 2
65

) 

Codeine 180 67.9 
Fentanyl 88 33.2 

Heroin 76 28.7 
Hydrocodone/dihydrocodeine 193 72.8 

Hydromorphone 77 29.1 
Meperidine 6 2.3 
Methadone 68 25.7 

Morphine 148 55.8 
Oxycodone 189 71.3 

Oxymorphone 44 16.6 
Tramadol 164 61.9 

Other Classic Opioids 34 12.8 

H
er

ba
l O

pi
oi

ds
 

(N
 =

 1
46

) 

Kratom 136 93.2 
Opium 22 15.1 

Salvinorin A 3 2.1 
Salvinorin B 1 0.7 

Salvia divinorum 25 17.1 
Other Herbal Opioids 4 2.7 

N
SO

s Fe
nt

an
yl

 A
na

lo
gu

es
 (N

 =
 

18
) 

Acetylfentanyl 5 27.8 
Alpha methylfentanyl 1 5.6 

Butyrylfentanyl 3 16.7 
Carfentanyl 4 22.2 

Furanylfentanyl 4 22.2 
4-methylfentanyl 2 11.1 
4-fluorofentanyl 2 11.1 

Tetrahydrofuranylfentanyl     
Valerylfentanyl     

Other Fentanyl Analogues 7 38.9 

O
th

er
 N

SO
s (

N
 =

 1
6)

 

AH-7921 1 6.3 
MT-45     

O-Desmethyltramadol 4 25 
U-47700 7 43.8 
U-49900     
U-50488 1 6.3 
U-51754     

W-15     
W-18     

Others 6 37.5 

Table S2 All written-in responses for pharmacological class. 

Classic Opioids Herbal Opioids 

AP238, Buprenorphine, Dilaudid, DHC, Er, 
Hydrocodone/Acetaminophen, Ms-Contin Opium, 
Oxycontin, Percocet, Suboxone, Tianeptine, Tilidine, 
Xtamza 

Akuamma, Bacopa Monnieri, Cannabis, Corydalis 
Yanhusuo, Poppy Seed Tea, Turmeric, Wild Lettuce 

NSOs 

Fentanyl Analogues Other NSOs 

100mg Patches, Acryl Fentanyl, Fentanyl Citrate, Purple or 
Blue Powder, Transdermal Patches, Unknown - after surgery 

AP238, 2MAP, 2-Methyl-AP-237, ISOtonitazene, 
Tianeptine, U-47700 

 



C
H

A
PT

ER
 7

 | C
LA

SS
IC

, N
O

V
EL

, A
N

D
 H

ER
B

A
L 

O
PI

O
ID

S 

28
8 

 

T
ab

le
 S

14
 (c

on
tin

ue
d)

 

O
ri

gi
na

l S
en

te
nc

es
 

Is
su

es
 

(Y
,N

) 

B
en

ef
it 

Pa
in

 

A
dd

ic
tio

n/
W

ith
dr

aw
al

/D
ep

en
d

en
ce

 
A

nx
ie

ty
 

M
oo

d 
E

nh
an

ce
m

en
t 

E
ne

rg
y 

B
oo

st
 

So
ci

al
iz

at
i

on
 

O
th

e
r 

K
ra

to
m

 is
 b

et
te

r t
ha

n 
cl

as
si

c 
op

io
id

s c
au

se
 to

le
ra

nc
e 

ev
en

tu
al

ly
 st

op
s i

nc
re

as
in

g 
an

d 
it 

ke
ep

s w
or

ki
ng

 fo
re

ve
r 

N
 

  
x 

  
  

  
  

  
Th

er
e 

w
as

 a
 sh

oc
ki

ng
ly

 lo
w

 q
ue

st
io

ns
 a

bo
ut

 m
ed

ic
al

ly
 

pr
es

cr
ib

ed
 m

ed
ic

at
io

n 
as

 in
 m

y 
ca

se
. B

ac
k 

su
rg

er
y 

fa
ilu

re
. I

 
th

in
k 

I m
ig

ht
 h

av
e 

fil
le

d 
th

is
 o

ut
 a

nd
 p

er
ha

ps
 w

as
n'

t s
up

po
se

d 
to

. I
 a

m
 in

te
re

st
ed

 in
 th

e 
al

te
rn

at
iv

e 
K

ra
to

m
 a

s a
 c

ho
ic

e 
fo

r 
op

io
ds

 w
hi

ch
 I 

fe
el

 a
re

 h
ar

m
in

g 
m

e 
ph

ys
ic

al
ly

 d
ue

 to
 th

e 
le

ng
th

 I 
ha

ve
 b

ee
n 

ta
ki

ng
 th

em
 

N
 

  
x 

  
  

  
  

  

K
ra

to
m

 is
 a

 v
er

y 
w

ea
k 

op
io

id
 th

at
 I 

us
e 

be
ca

us
e 

I a
m

 n
o 

lo
ng

er
 

ab
le

 to
 fi

nd
 st

ro
ng

er
 o

pi
oi

ds
 

N
 

  
  

  
  

  
  

  

K
ra

to
m

 is
 a

n 
ex

ce
lle

nt
 to

ol
 fo

r a
 m

yr
ia

d 
of

 p
hy

si
ca

l a
nd

 
m

en
ta

l a
ilm

en
ts

. K
ra

to
m

 p
os

iti
ve

ly
 im

pa
ct

ed
 m

y 
lif

e 
by

 
al

lo
w

in
g 

m
e 

th
e 

co
m

fo
rt 

to
 le

av
e 

m
y 

sa
fe

 sp
ac

e 
an

d 
so

ci
al

iz
e.

 
K

ra
to

m
 a

ls
o 

w
or

ke
d 

tre
m

en
do

us
ly

 fo
r m

e 
to

 q
ui

t a
lc

oh
ol

. I
 

w
as

 a
 v

er
y 

he
av

y 
al

co
ho

lic
 fo

r 6
 y

ea
rs

. K
ra

to
m

 c
om

pl
et

el
y 

de
st

ro
ye

d 
m

y 
de

si
re

 to
 e

ve
r c

on
su

m
e 

al
co

ho
l, 

w
he

th
er

 I 
am

 
cu

rre
nt

ly
 ta

ki
ng

 k
ra

to
m

 o
r n

ot
 

N
 

  
x 

x 
  

  
x 

  

I s
uf

fe
r f

ro
m

 a
 v

er
y 

pa
in

fu
l a

ut
oi

m
m

un
e 

co
nd

iti
on

, a
nd

 k
ra

to
m

 
ha

s h
el

pe
d 

w
ith

 p
ai

n,
 fa

tig
ue

, a
nd

 d
ep

re
ss

io
n.

 I 
w

as
 a

bl
e 

to
 

st
op

 ta
ki

ng
 h

yd
ro

co
do

ne
 b

ec
au

se
 k

ra
to

m
 w

or
ks

 a
lm

os
t a

s w
el

l 
fo

r p
ai

n,
 b

ut
 h

as
 th

e 
ad

de
d 

be
ne

fit
 o

f c
om

ba
tin

g 
fa

tig
ue

 a
nd

 
im

pr
ov

in
g 

m
y 

m
oo

d 
N

 
x 

  
  

x 
x 

  
  

I h
av

e 
ha

d 
3 

sh
ou

ld
er

 su
rg

er
ie

s. 
I b

ec
am

e 
hi

gh
ly

 d
ep

en
de

nt
 o

n 
op

ia
te

s a
t a

bo
ut

 1
50

-1
60

 m
g 

da
ily

. N
ow

 I 
on

ly
 ta

ke
 p

re
sc

rib
ed

 
op

io
id

s P
R

N
 fo

r k
id

ne
y 

st
on

es
 a

nd
 m

ig
ra

in
es

 a
nd

 o
nl

y 
ta

ke
 

kr
at

om
 if

 m
y 

sh
ou

ld
er

s h
ur

t a
ro

un
d 

5-
6/

10
 a

nd
 in

te
rfe

re
s w

ith
 

sl
ee

p.
 I 

de
cr

ea
se

d 
m

y 
pr

es
cr

ib
ed

 o
pi

oi
ds

 m
ys

el
f t

o 
PR

N
 st

at
us

 
LO

N
G

 b
ef

or
e 

I’d
 e

ve
r e

ve
n 

he
ar

d 
of

 K
ra

to
m

. I
 st

ill
 h

av
e 

to
 

ke
ep

 h
yd

ro
co

do
ne

 a
t h

om
e 

du
e 

to
 h

av
in

g 
2-

3 
ki

dn
ey

 st
on

es
 p

er
 

ye
ar

 a
nd

 v
er

y 
oc

ca
si

on
al

 se
ve

re
 m

ig
ra

in
es

 n
ot

 a
bo

rte
d 

w
ith

 
Im

m
itr

ex
 

N
 

  
x 

  
  

  
  

  

288

CHAPTER 7 | CLASSIC, NOVEL, AND HERBAL OPIOIDS 

266 
 

S1. Materials and Methods 

5 Dimensions of Altered States of Consciousness (5D-ASC) 
The 5D-ASC scale (Studerus et al., 2010) is an instrument consisting of 94 

items in the form of visual analogue scales with the anchors from “No, not more 
than usually” to “Yes, much more than usually”. This instrument is used to 
evaluate nonpharmacological altered states of consciousness or those related to 
substances such as hallucinogens, entactogens, stimulants (Kuypers et al., 2019; 
Liechti et al., 2017; Mallaroni et al., 2022; Mason et al., 2020). The scale scores 
are based on the following five dimensions and eleven subscales (Studerus et al., 
2010): (1) Oceanic Boundlessness, consisting of 27 items and related to feelings 
of derealisation and depersonalization - its lower order scales are blissful state, 
spiritual experience, experience of unity, and insightfulness; (2) Anxious Ego 
Dissolution, consisting of 21 items and related to feeling of ego-loss and self-
control phenomena - its lower-order scales are impaired control of cognition, 
disembodiment, and anxiety; (3) Visionary Restructuralisation consisting of 18 
items and it is related to perceptual changes, expressed by the subscales complex 
imagery, elementary imagery, audio-visual synesthesia, and changed meaning of 
percepts; (4) Auditory Alterations, consisting of 15 items and (5) Reduction of 
Vigilance consisting of 12 items. 

Addiction Research Center Inventory (ARCI) 
The ARCI (Haertzen et al., 1963; Martin et al., 1971) is a 49-item true–false 

questionnaire used to define potential differences among drug classes and to 
evaluate abuse liability. The following five group variability scales can be 
obtained from the ARCI: Amphetamine(A)-scale, which is related to measure of 
wellbeing and sensation of increased energy; Benzedrine(BG)-group scale, which 
measures stimulant effects and it is related to increased energy and mental 
productivity, Morphine-Benzedrine(MBG)-group scale, which is related to 
euphoria; Pentobarbital-Chlorpromazine-Alcohol(PCAG)-group scale, which is 
related to psychomotor retardation and sedation; and Lysergic Acid Diethylamide-
(LSD)-scale, which is related to psychotomimetic effects, dysphoria and somatic 
discomfort. Participants were asked to answer questions related to the effects they 
experience. In line with previous work (Bieber et al., 2008), and given the 
retrospective nature of the survey, the ARCI was modified to suit the study design 
by removing two items that were stated in the present tense to reflect a recalled 
experience, and one was modified in “I would be happy all the time if I felt as I 
do now”. Further, a true-false control item for assuring the retrospective nature 
of the responses was added following the completion of the ARCI. 
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Table S1 Frequency (N) of classic, novel and herbal opioids self-reported use. Proportions (%) are listed 
according to each family sample size. 

  Substance N % 

C
la

ss
ic

 O
pi

oi
ds

 (N
 =

 2
65

) 

Codeine 180 67.9 
Fentanyl 88 33.2 

Heroin 76 28.7 
Hydrocodone/dihydrocodeine 193 72.8 

Hydromorphone 77 29.1 
Meperidine 6 2.3 
Methadone 68 25.7 

Morphine 148 55.8 
Oxycodone 189 71.3 

Oxymorphone 44 16.6 
Tramadol 164 61.9 

Other Classic Opioids 34 12.8 

H
er

ba
l O

pi
oi

ds
 

(N
 =

 1
46

) 

Kratom 136 93.2 
Opium 22 15.1 

Salvinorin A 3 2.1 
Salvinorin B 1 0.7 

Salvia divinorum 25 17.1 
Other Herbal Opioids 4 2.7 

N
SO

s Fe
nt

an
yl

 A
na

lo
gu

es
 (N

 =
 

18
) 

Acetylfentanyl 5 27.8 
Alpha methylfentanyl 1 5.6 

Butyrylfentanyl 3 16.7 
Carfentanyl 4 22.2 

Furanylfentanyl 4 22.2 
4-methylfentanyl 2 11.1 
4-fluorofentanyl 2 11.1 

Tetrahydrofuranylfentanyl     
Valerylfentanyl     

Other Fentanyl Analogues 7 38.9 

O
th

er
 N

SO
s (

N
 =

 1
6)

 

AH-7921 1 6.3 
MT-45     

O-Desmethyltramadol 4 25 
U-47700 7 43.8 
U-49900     
U-50488 1 6.3 
U-51754     

W-15     
W-18     

Others 6 37.5 

Table S2 All written-in responses for pharmacological class. 

Classic Opioids Herbal Opioids 

AP238, Buprenorphine, Dilaudid, DHC, Er, 
Hydrocodone/Acetaminophen, Ms-Contin Opium, 
Oxycontin, Percocet, Suboxone, Tianeptine, Tilidine, 
Xtamza 

Akuamma, Bacopa Monnieri, Cannabis, Corydalis 
Yanhusuo, Poppy Seed Tea, Turmeric, Wild Lettuce 

NSOs 

Fentanyl Analogues Other NSOs 

100mg Patches, Acryl Fentanyl, Fentanyl Citrate, Purple or 
Blue Powder, Transdermal Patches, Unknown - after surgery 

AP238, 2MAP, 2-Methyl-AP-237, ISOtonitazene, 
Tianeptine, U-47700 
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S1. Materials and Methods 

5 Dimensions of Altered States of Consciousness (5D-ASC) 
The 5D-ASC scale (Studerus et al., 2010) is an instrument consisting of 94 

items in the form of visual analogue scales with the anchors from “No, not more 
than usually” to “Yes, much more than usually”. This instrument is used to 
evaluate nonpharmacological altered states of consciousness or those related to 
substances such as hallucinogens, entactogens, stimulants (Kuypers et al., 2019; 
Liechti et al., 2017; Mallaroni et al., 2022; Mason et al., 2020). The scale scores 
are based on the following five dimensions and eleven subscales (Studerus et al., 
2010): (1) Oceanic Boundlessness, consisting of 27 items and related to feelings 
of derealisation and depersonalization - its lower order scales are blissful state, 
spiritual experience, experience of unity, and insightfulness; (2) Anxious Ego 
Dissolution, consisting of 21 items and related to feeling of ego-loss and self-
control phenomena - its lower-order scales are impaired control of cognition, 
disembodiment, and anxiety; (3) Visionary Restructuralisation consisting of 18 
items and it is related to perceptual changes, expressed by the subscales complex 
imagery, elementary imagery, audio-visual synesthesia, and changed meaning of 
percepts; (4) Auditory Alterations, consisting of 15 items and (5) Reduction of 
Vigilance consisting of 12 items. 

Addiction Research Center Inventory (ARCI) 
The ARCI (Haertzen et al., 1963; Martin et al., 1971) is a 49-item true–false 

questionnaire used to define potential differences among drug classes and to 
evaluate abuse liability. The following five group variability scales can be 
obtained from the ARCI: Amphetamine(A)-scale, which is related to measure of 
wellbeing and sensation of increased energy; Benzedrine(BG)-group scale, which 
measures stimulant effects and it is related to increased energy and mental 
productivity, Morphine-Benzedrine(MBG)-group scale, which is related to 
euphoria; Pentobarbital-Chlorpromazine-Alcohol(PCAG)-group scale, which is 
related to psychomotor retardation and sedation; and Lysergic Acid Diethylamide-
(LSD)-scale, which is related to psychotomimetic effects, dysphoria and somatic 
discomfort. Participants were asked to answer questions related to the effects they 
experience. In line with previous work (Bieber et al., 2008), and given the 
retrospective nature of the survey, the ARCI was modified to suit the study design 
by removing two items that were stated in the present tense to reflect a recalled 
experience, and one was modified in “I would be happy all the time if I felt as I 
do now”. Further, a true-false control item for assuring the retrospective nature 
of the responses was added following the completion of the ARCI. 
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Table S1 Frequency (N) of classic, novel and herbal opioids self-reported use. Proportions (%) are listed 
according to each family sample size. 

  Substance N % 

C
la

ss
ic

 O
pi

oi
ds

 (N
 =

 2
65

) 

Codeine 180 67.9 
Fentanyl 88 33.2 

Heroin 76 28.7 
Hydrocodone/dihydrocodeine 193 72.8 

Hydromorphone 77 29.1 
Meperidine 6 2.3 
Methadone 68 25.7 

Morphine 148 55.8 
Oxycodone 189 71.3 

Oxymorphone 44 16.6 
Tramadol 164 61.9 

Other Classic Opioids 34 12.8 

H
er

ba
l O

pi
oi

ds
 

(N
 =

 1
46

) 

Kratom 136 93.2 
Opium 22 15.1 

Salvinorin A 3 2.1 
Salvinorin B 1 0.7 

Salvia divinorum 25 17.1 
Other Herbal Opioids 4 2.7 

N
SO

s Fe
nt

an
yl

 A
na

lo
gu

es
 (N

 =
 

18
) 

Acetylfentanyl 5 27.8 
Alpha methylfentanyl 1 5.6 

Butyrylfentanyl 3 16.7 
Carfentanyl 4 22.2 

Furanylfentanyl 4 22.2 
4-methylfentanyl 2 11.1 
4-fluorofentanyl 2 11.1 

Tetrahydrofuranylfentanyl     
Valerylfentanyl     

Other Fentanyl Analogues 7 38.9 

O
th

er
 N

SO
s (

N
 =

 1
6)

 

AH-7921 1 6.3 
MT-45     

O-Desmethyltramadol 4 25 
U-47700 7 43.8 
U-49900     
U-50488 1 6.3 
U-51754     

W-15     
W-18     

Others 6 37.5 

Table S2 All written-in responses for pharmacological class. 

Classic Opioids Herbal Opioids 

AP238, Buprenorphine, Dilaudid, DHC, Er, 
Hydrocodone/Acetaminophen, Ms-Contin Opium, 
Oxycontin, Percocet, Suboxone, Tianeptine, Tilidine, 
Xtamza 

Akuamma, Bacopa Monnieri, Cannabis, Corydalis 
Yanhusuo, Poppy Seed Tea, Turmeric, Wild Lettuce 

NSOs 

Fentanyl Analogues Other NSOs 

100mg Patches, Acryl Fentanyl, Fentanyl Citrate, Purple or 
Blue Powder, Transdermal Patches, Unknown - after surgery 

AP238, 2MAP, 2-Methyl-AP-237, ISOtonitazene, 
Tianeptine, U-47700 

 



CHAPTER 7 | CLASSIC, NOVEL, AND HERBAL OPIOIDS 

292 
 

References 

Bieber, C. M., Fernandez, K., Borsook, D., Brennan, M. J., Butler, S. F., Jamison, R. N., Osgood, E., Sharpe-
Potter, J., Thomson, H. N., Weiss, R. D., & Katz, N. P. (2008). Retrospective accounts of initial 
subjective effects of opioids in patients treated for pain who do or do not develop opioid addiction: 
A pilot case-control study. Experimental and Clinical Psychopharmacology, 16(5), 429-434. 
https://doi.org/10.1037/1064-1297.16.5.429  

Haertzen, C. A., Hill, H. E., & Belleville, R. E. (1963). DEVELOPMENT OF THE ADDICTION RESEARCH 
CENTER INVENTORY (ARCI): SELECTION OF ITEMS THAT ARE SENSITIVE TO THE 
EFFECTS OF VARIOUS DRUGS. Psychopharmacologia, 4, 155-166. 
https://doi.org/10.1007/bf02584088  

Kuypers, K. P. C., De Sousa Fernandes Perna, E. B., Theunissen, E. L., Toennes, S. W., Mason, N. L., Hutten, 
N., & Ramaekers, J. G. (2019). A First-in-Man Study with 4-Fluoroamphetamine Demonstrates it 
Produces a Mild Psychedelic State. J Psychoactive Drugs, 51(3), 225-235. 
https://doi.org/10.1080/02791072.2019.1569286  

Liechti, M. E., Dolder, P. C., & Schmid, Y. (2017). Alterations of consciousness and mystical-type experiences 
after acute LSD in humans. Psychopharmacology (Berl), 234(9-10), 1499-1510. 
https://doi.org/10.1007/s00213-016-4453-0  

Mallaroni, P., Mason, N. L., Vinckenbosch, F. R. J., & Ramaekers, J. G. (2022). The use patterns of novel 
psychedelics: experiential fingerprints of substituted phenethylamines, tryptamines and 
lysergamides. Psychopharmacology (Berl), 239(6), 1783-1796. https://doi.org/10.1007/s00213-022-
06142-4  

Martin, W. R., Sloan, J. W., Sapira, J. D., & Jasinski, D. R. (1971). Physiologic, subjective, and behavioral 
effects of amphetamine, methamphetamine, ephedrine, phenmetrazine, and methylphenidate in man. 
Clin Pharmacol Ther, 12(2), 245-258. https://doi.org/10.1002/cpt1971122part1245  

Mason, N. L., Kuypers, K. P. C., Müller, F., Reckweg, J., Tse, D. H. Y., Toennes, S. W., Hutten, N., Jansen, J. 
F. A., Stiers, P., Feilding, A., & Ramaekers, J. G. (2020). Me, myself, bye: regional alterations in 
glutamate and the experience of ego dissolution with psilocybin. Neuropsychopharmacology, 
45(12), 2003-2011. https://doi.org/10.1038/s41386-020-0718-8  

Studerus, E., Gamma, A., & Vollenweider, F. X. (2010). Psychometric evaluation of the altered states of 
consciousness rating scale (OAV). PLoS One, 5(8), e12412. 
https://doi.org/10.1371/journal.pone.0012412 

 

 

 

 

 

 

 

 

CHAPTER 7 | CLASSIC, NOVEL, AND HERBAL OPIOIDS 
 

293 
 

  



CHAPTER 7 | CLASSIC, NOVEL, AND HERBAL OPIOIDS 
 

293 
 

  



 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

CHAPTER 8. 

General Discussion 
 
 
 
 
 
 
 
 
 
 
 
 
 



CHAPTER 8 | GENERAL DISCUSSION 

 
296 

 

  

 CHAPTER 8 | GENERAL DISCUSSION 

297 
 

General Discussion 

The present thesis aims to improve knowledge about kratom and mitragynine 
use and their behavioral effects, focusing on safety, motivations of use, and the 
balance between therapeutic benefits and addictive potential. To our knowledge, 
this dissertation is the first to combine literature reviews and experimental data 
on kratom or mitragynine effects in users and neurotypical volunteers. According 
to our findings, mitragynine is a safe compound at lower doses than the estimated 
daily dose in regular users (chapter 6). However, our results also highlight 
kratom’s side-effects or safety issues, and addictive potential (chapters 2-5, 7). 
Despite these risks, findings show that the motivation for kratom use is often 
medically oriented in non-clinical settings, including treating (acute/chronic) pain 
and managing some psychiatric/psychological conditions and addictions 
(chapters 2-5, 7), even though there is a lack of scientific evidence to support 
any medical use. In this final chapter, findings and limitation of the research 
presented in this dissertation are presented and discussed in a broader perspective. 

Safety Profile of Kratom/Mitragynine 

Over the past two decades, kratom products have become widespread 
globally, with traditional kratom preparations possessing lower concentrations of 
mitragynine compared to the West, where available products have a higher 
mitragynine concentration (40% or more) and pose more significant risks 
(Grundmann et al., 2024; Grundmann et al., 2023a, 2023b; Henningfield et al., 
2024). Further, beside a plethora of toxicity studies in animal models reporting 
relatively low toxicity effects of mitragynine at low doses (Annuar et al., 2024; 
Hassan et al., 2023; Sabetghadam et al., 2013a, 2013b), data in humans is limited 
to case reports and surveys. Anecdotal findings highlight that users consume 
variable dosages of kratom with different levels of mitragynine, multiple times 
per day, in both Eastern and Western countries (Leong Abdullah et al., 2021; 
Prevete et al., 2022; Singh et al., 2018; Smith et al., 2024). This happens in the 
absence of clinical evidence on the dose-response relationship and the safety 
profile of kratom/mitragynine. Thus, there is a continuous call for more clinical 
studies. 

Data from our controlled experimental study (chapter 6), where participants 
received single, oral doses of mitragynine, show that low doses of mitragynine 
up to 40 mg are safe. These doses did not cause any relevant alteration in 
biochemical parameters or vital signs in fifteen individuals who did not use 
kratom regularly. However, a slight decrease in blood pressure and respiratory 
rate was observed following mitragynine, but such fluctuations were still within 
the normal range. These findings (chapter 6) suggest the absence of serious 
adverse events for low mitragynine doses, which is in line with previous clinical 
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studies conducted on kratom users. Previously, similar safety profiles were 
reported with mitragynine doses between 6.25-23 mg (Trakulsrichai et al., 2015) 
and three kratom decoction drinks with unspecified mitragynine content 
(Vicknasingam et al., 2020) in regular kratom users. Recently, studies were 
conducted in humans to define kratom pharmacokinetics (Huestis et al., 2024; 
Tanna et al., 2022) and its acute effects on vital and behavioral parameters of 
regular users (Smith et al., 2024). These studies add information on the doses of 
mitragynine that can be used safely, without relevant health consequences. The 
administered doses in these studies ranged from 6.25 to 53.2 mg of mitragynine, 
or from 1.14 to 10.9 g of kratom (Huestis et al., 2024; Smith et al., 2024; Tanna 
et al., 2022). 

Together, all these findings (chapter 6; Huestis et al., 2024; Smith et al., 2024; 
Tanna et al., 2022; Trakulsrichai et al., 2015) make it possible to conclude that a 
mitragynine dose between 5 and 53 mg is safe for use. There are also some reports 
of higher mitragynine doses (≥75 mg/day) in the traditional countries (chapters 
2, 3) and high doses of kratom in some cases in the West (e.g., up to 60 grams; 
chapter 7) with the mitragynine content not always being clear (chapters 4, 5, 
7). Therefore, this thesis adds information on the safety profile of kratom and 
mitragynine which is of use for future clinical kratom dosing studies as results 
(chapter 6) shed light on doses that can be potentially used without significant 
risks. 

However, the general absence of adverse events after low mitragynine doses 
in chapter 6 seems to do not necessarily contradict the presence of adverse events 
in kratom users as noted in the literature reviews, the survey, and the netnographic 
analysis (chapters 2-4, 7). These side effects included both physical (chapter 7; 
e.g., gastrointestinal, cardiovascular, fainting, seizures) and psychiatric 
symptoms (chapters 6 and 7; e.g., mood and behavioral alterations). Such 
differences in adverse events profiling are most likely reflective of a difference 
in mitragynine doses that were consumed. At low doses, adverse events might be 
absent or mild in nature, while these may become more prominent at higher doses. 
For example, mitragynine 40 mg acutely increased subjective ratings of distress 
(chapter 6), suggesting a potential to induce psychopathological symptoms, in 
line with those also reported by high dose kratom users in our survey (chapter 7; 
e.g., paranoia, anxiety, and low mood). Such findings would add further evidence 
to the hypothesis that the risk for side effects of kratom is linked to larger doses 
(chapter 7). This risk is often due to the non-titratable way in which kratom is 
used and, additionally, it might increase with continued, chronic use of escalating 
doses (Grundmann et al., 2023a; Henningfield et al., 2024; Müller et al., 2024; 
Smith et al., 2023a; Smith et al., 2024). 

A further point to be considered is the risk of drug-drug interactions when 
kratom products are consumed in combination with other substances. In fact, 
kratom and mitragynine interfere with the metabolism of some medications and 
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drugs by inhibiting CYP450 enzymes and the P-glycoprotein (Alghalith et al., 
2024; Kamble et al., 2023; McCurdy et al., 2024; Tanna et al., 2023). 
Consequently, mixed toxicities can be developed and can become fatal 
(Grundmann et al., 2023a; Henningfield et al., 2024; Shi and Shea, 2024; Torrico 
et al., 2023). For example, the "4 × 100" mixture in Thailand and Malaysia 
(typically containing kratom, a caffeine-based soft drink, cough syrup with 
codeine, dextromethorphan or diphenhydramine, and a tranquilizer or 
antidepressant), may pose significant health risks because all 'ingredients' depend 
on the same metabolism and might exert a dangerous synergistic or additive 
action (Grundmann et al., 2023a; Tungtananuwat and Lawanprasert, 2010). 

Despite our findings and previous studies describing mitragynine's 
toxicological profile, we are still far from defining a safe and toxic dose of kratom 
in humans. No data from controlled studies involving repetitive administration of 
pure mitragynine or fresh kratom leaves, or from studies involving concomitant 
use of other substances are available. More research, including controlled clinical 
trials with a larger sample size, diverse ethnic groups, kratom-naïve individuals, 
and repeated and higher doses (more than 50 mg) of mitragynine, is necessary to 
fill these gaps of knowledge. 

Motivations of Kratom Use 

Reduction or Treatment of Pain 
Kratom has traditionally been used for several health-related issues, including 

pain. Yet, there appears to be only anecdotal and limited (pre)clinical data 
(chapters 2-4, 7) in support of therapeutic use. More specifically, preclinical 
studies (chapters 2-3) have suggested that kratom and mitragynine exert 
antinociceptive effects in acute/chronic and neuropathic pain, with effect sizes 
comparable to classical opioids but with fewer side effects. Considering that 
kratom/mitragynine exerts opioid and non-opioid actions, multiple mechanisms 
may underlie their analgesic effect. This includes binding to opioid, α-adrenergic, 
noradrenergic, and serotonergic receptors, but also anti-inflammatory and muscle 
relaxant properties (Annuar et al., 2024; McCurdy et al., 2024; Prevete et al., 
2022). 

Although still limited, clinical evidence also suggests a potential of kratom 
and mitragynine for the treatment of pain (chapters 2-3). Vicknasingam et al. 
(2020) showed that a kratom decoction of undefined mitragynine content, can 
improve pain tolerance in the cold pressor test (CPT). Nevertheless, we did not 
find any analgesic effect for mitragynine in doses up to 40 mg (chapter 6). 
However, the latter was conducted in volunteers without pain, with relatively 
small doses (5-40 mg) of pure mitragynine, which, as previously mentioned, is 
lower than in kratom commonly consumed in traditional countries (e.g., 75-435 
mg; Leong Abdullah et al., 2021; Singh et al., 2018), or in products available in 
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the West (e.g., 0.77 mg per kg of kratom products on average) (Smith et al., 
2024). Therefore, our results do not exclude the therapeutic potential of higher 
doses of mitragynine or kratom in pain treatment. Recent findings from a double-
blind, randomized, 5-cohort single-ascending dose study of Kures Therapeutics, 
a clinical-stage Atai Life Sciences biopharmaceutical company, also showed that 
90 mg of a deuterated form of mitragynine orally administered reduced pain 
perception in a thermal test and the cold pressor test (Buntz, 2022). A follow-up 
trial with higher doses of mitragynine might help to further elucidate the dose-
related potential of mitragynine in the treatment of pain. A further step in 
determining a therapeutic dose is the repeated administration of mitragynine to 
understand if analgesic effects endure over time or mitigate because of tolerance. 

Inducing Psychostimulation 
Cognitive stimulation can be considered one of the most well-known and 

anecdotally reported reasons for kratom use (chapters 2-4, 7), with several 
kratom white strain products (chapter 5) typically advertising improved focus 
and increased alertness. These are linked to the psychostimulant properties of 
kratom and mitragynine, which usually appear at low doses and are mediated by 
opioid and non-opioid (serotonergic and postsynaptic 2-adrenergic) receptors 
(Annuar et al., 2024; Bachu et al., 2023; Grundmann et al., 2023a, 2023b; 
McCurdy et al., 2024). Findings from our experimental study (chapter 6) show 
that mitragynine can improve concentration and attentional focus at low doses 
ranging from 5-40 mg. These results confirm anecdotal data from our 
netnographic analysis and survey data (chapters 4, 7) and are in line with 
previous preclinical data (chapters 2-3) on kratom's cognitive enhancement 
proprieties at low doses (Annuar et al., 2024; Hazim et al., 2011; Ilmie et al., 
2015; Iman et al., 2021; Senik et al., 2012; You et al., 2022). Our findings are also 
consistent with recent evidence showing that kratom is acutely energizing at low-
to-moderate doses (Smith et al., 2024) and reduces cognitive fogginess in users 
(Rogers et al., 2024). Therefore, based on these reported nootropic and 
psychostimulant effects, kratom/mitragynine might have potential as a cognitive 
enhancer to be used in neurodegenerative disorders, such as dementia (e.g., 
Alzheimer) or Parkinson's disease, with also some preclinical data on this 
(chapter 3; Annuar et al., 2024; Innok et al., 2021). Our findings (chapters 2-4, 
6-7) also suggest that kratom/mitragynine could be used to reduce concentration 
deficits in attention deficit hyperactivity disorder (ADHD), providing some 
support to explain why many individuals use kratom for nonmedical treatment of 
ADHD symptoms (Bath et al., 2020; Grundmann et al., 2023a; Smith et al., 2022; 
Smith et al., 2023b). 

However, while low doses of kratom and mitragynine are relatively safe, and 
might even induce nootropic effects, higher doses (40 mg) might be linked to 
impairing effects (chapter 6) such as amnesia and increased ADHD-related 
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impulsivity and obsessive-compulsive related symptoms. Animal models have 
shown that higher doses of mitragynine may also produce cognitive impairment 
after acute and chronic administration (Hassan et al., 2019; Senik et al., 2012; 
Thériault et al., 2020; Yusoff et al., 2016; Zul Aznal et al., 2022). Similarly, 
evidence has suggested impairment of visual episodic memory and learning in 
chronic users as they performed poorer on the Paired Associates Learning (PAL) 
cognitive task compared to a control group (non-kratom users) (Singh et al., 
2019). However, clinical data on cognition is still inconsistent as findings from 
the same study also suggest that kratom does not cause alterations of attention, 
executive domains, memory, and motor function in regular users (Singh et al., 
2019). Further, a recent experimental study has also shown no alteration in 
psychomotor performance after kratom use (Smith et al., 2024). 

Overall, findings from this dissertation (chapters 2-4, 6-7) confirm the 
nootropic potential of mitragynine, and enriches the current debate on therapeutic 
use of kratom/mitragynine. 

Will Kratom cause a Second (Opioid) Epidemic? 

A topic of societal importance and major concern is whether kratom can be 
considered as a dangerous plant-based NPS leading to an epidemic use 
(characterized by rapid spread and high incidence) with similar devastating 
consequences as the opioid use in the US. Kratom began to spread in the West in 
2000s. In parallel with the opioid epidemic, especially with its worsening after 
2010s and the spread of heroin and fentanyl products (Compton et al., 2016; 
Schiller et al., 2024; Smith et al., 2023b), we have seen an increase of kratom use 
worldwide as a substitute for less available prescription opioids. The lifetime 
prevalence is of 2.9-12% in Thailand and 0.5-6.1% in the US (Covvey et al., 
2020; Green et al., 2024; Henningfield et al., 2022; Palamar, 2021; Stanciu, 
2024), while data regarding national prevalence in Europe is not available to our 
knowledge. Thus, the widespread use and popularity of kratom may increase 
users' exposure to its potential health risks and safety issues. 

In case of chronic use, it is important to consider the risk of addiction and 
dependence (Grundmann et al., 2023a, 2023b; McCurdy et al., 2024). Evidence 
from the literature has shown that people often become addicted to kratom with 
the development of the main symptoms of kratom use disorder (KUD) 
(withdrawal, tolerance, craving, using more than intended, and unsuccessful 
attempts to quit or reduce use), according to the Substance Use Disorder (SUD) 
criteria of the Diagnostic and Statistical Manual of Mental Disorder-5th Edition 
(DSM-5) (APA, 2013; Rogers et al., 2024). In line with this, also kratom users in 
our netnographic analysis and survey (chapters 4, 7) recognised this potential 
risk of kratom addiction, similar to classic opioids.  



 CHAPTER 8 | GENERAL DISCUSSION 

301 
 

impulsivity and obsessive-compulsive related symptoms. Animal models have 
shown that higher doses of mitragynine may also produce cognitive impairment 
after acute and chronic administration (Hassan et al., 2019; Senik et al., 2012; 
Thériault et al., 2020; Yusoff et al., 2016; Zul Aznal et al., 2022). Similarly, 
evidence has suggested impairment of visual episodic memory and learning in 
chronic users as they performed poorer on the Paired Associates Learning (PAL) 
cognitive task compared to a control group (non-kratom users) (Singh et al., 
2019). However, clinical data on cognition is still inconsistent as findings from 
the same study also suggest that kratom does not cause alterations of attention, 
executive domains, memory, and motor function in regular users (Singh et al., 
2019). Further, a recent experimental study has also shown no alteration in 
psychomotor performance after kratom use (Smith et al., 2024). 

Overall, findings from this dissertation (chapters 2-4, 6-7) confirm the 
nootropic potential of mitragynine, and enriches the current debate on therapeutic 
use of kratom/mitragynine. 

Will Kratom cause a Second (Opioid) Epidemic? 

A topic of societal importance and major concern is whether kratom can be 
considered as a dangerous plant-based NPS leading to an epidemic use 
(characterized by rapid spread and high incidence) with similar devastating 
consequences as the opioid use in the US. Kratom began to spread in the West in 
2000s. In parallel with the opioid epidemic, especially with its worsening after 
2010s and the spread of heroin and fentanyl products (Compton et al., 2016; 
Schiller et al., 2024; Smith et al., 2023b), we have seen an increase of kratom use 
worldwide as a substitute for less available prescription opioids. The lifetime 
prevalence is of 2.9-12% in Thailand and 0.5-6.1% in the US (Covvey et al., 
2020; Green et al., 2024; Henningfield et al., 2022; Palamar, 2021; Stanciu, 
2024), while data regarding national prevalence in Europe is not available to our 
knowledge. Thus, the widespread use and popularity of kratom may increase 
users' exposure to its potential health risks and safety issues. 

In case of chronic use, it is important to consider the risk of addiction and 
dependence (Grundmann et al., 2023a, 2023b; McCurdy et al., 2024). Evidence 
from the literature has shown that people often become addicted to kratom with 
the development of the main symptoms of kratom use disorder (KUD) 
(withdrawal, tolerance, craving, using more than intended, and unsuccessful 
attempts to quit or reduce use), according to the Substance Use Disorder (SUD) 
criteria of the Diagnostic and Statistical Manual of Mental Disorder-5th Edition 
(DSM-5) (APA, 2013; Rogers et al., 2024). In line with this, also kratom users in 
our netnographic analysis and survey (chapters 4, 7) recognised this potential 
risk of kratom addiction, similar to classic opioids.  



CHAPTER 8 | GENERAL DISCUSSION 

 
302 

 

Recently it was shown that the severity of dependence and withdrawal 
symptoms is linked to higher kratom doses and high frequency of use (Rogers et 
al., 2024; Smith et al., 2023a). Low doses of mitragynine did not show any 
addictive potential in our experimental study, which is in line with some data 
from preclinical studies (Hemby et al., 2019; Thériault et al., 2020; Yue et al., 
2018). However, preclinical data is still mixed as some studies show that 
mitragynine possess some abuse and dependence liability, with less physical 
dependence compared to morphine (Meepong and Sooksawate, 2019; Wilson et 
al., 2021; Yue et al., 2022). 

Moreover, several health hazards (including overdoses and several 
physical/psychological toxicities) have been described in case reports. These can 
be associated with the uncontrolled self-experimentation and polydrug 
consumption involving both licit and illicit substances, and/or with the 
adulteration or contamination of kratom-related products (Grundmann et al., 
2023a; Henningfield et al., 2024; McCurdy et al., 2024; Müller et al., 2024). This 
should be considered when products are sold on unsafe and unregulated or illegal 
markets and the darknet (chapter 5), as these kratom products are often different 
from the native and fresh leaves sold in the East (Grundmann et al., 2024; 
Grundmann et al., 2023a, 2023b). 

Despite the fact that we are still far from understanding if we are replacing 
opioids with something worse or better, we recommend that more clinical trials 
are conducted with kratom or mitragynine to answer this question. However, 
considering the undeniable addictive potential of kratom, we suggest that this risk 
could be mitigated by using kratom to treat transient pain rather than prescribing 
it for long-term use, which would require daily dosing. Moreover, users can easily 
buy kratom products in gas stations, local headshops, or on the internet 
(Henningfield et al., 2024; Prozialeck et al., 2012; Swogger et al., 2022; Williams 
and Nikitin, 2020), including on the darknet (chapter 5), where products might 
not have a clear content and purity. Thus, users should be also more informed on 
harms related to the use of adulterated kratom products and the risks associated 
with drug-drug interactions. These risks might be more under control with stricter 
regulations on the selling and labelling of these products (Grundmann et al., 2024; 
Henningfield et al., 2024). 
  

 CHAPTER 8 | GENERAL DISCUSSION 

303 
 

Scientific Impact and Valorisation 

In this dissertation, which aims to enhance knowledge on kratom/mitragynine 
use and its pharmacodynamic effects, we have identified a dose range in a 
controlled setting where mitragynine poses no significant health risks to humans 
and enhances cognition (chapter 6). Further, we provide a summary of the 
(pre)clinical and anecdotal evidence (chapters 2-4, 7) showing that kratom might 
be useful in the treatment of pain, induces nootropic effects, and might have value 
as an opioid substitute in the treatment of addiction. However, there is an urgent 
need for more clinical data from controlled trials to corroborate current findings, 
also in light of the increased popularity of recreational kratom, which was shown 
by our two online studies (chapters 4-5). Given the current absence of a clear 
understanding of dose related harms and therapeutic potential of mitragynine 
(McCurdy et al., 2024), the current findings add to our knowledge on the safety 
profile of mitragynine in relation to its therapeutic potential. Overall, findings in 
this dissertation might offer stepping stones to further investigate the 
pharmacodynamics of kratom/mitragynine. 

Findings in this dissertation might also be useful for public health institutes 
and for kratom users. Thus, current insight from this thesis may help kratom users 
to avoid adverse events by consuming well-defined, low doses of mitragynine 
that are safe. Our findings will also meet some of the needs of public health 
agencies who wish to implement educational programs on kratom use, and 
expand their monitoring of and control over legal and illegal kratom markets. 

As previously highlighted, many kratom related-health issues happen because 
of contamination of kratom products. Thus, there is a need for specific regulations 
regarding the distribution and manufacturing of these products to meet quality 
standards that are safe for human use (Grundmann et al., 2024; Henningfield et 
al., 2024). Similarly to other dietary supplements, regulatory measures for kratom 
products should include restrictions on unauthorized health claims, preventing 
adulteration by drugs or psychoactive substances, and clear labelling. This should 
include details such as the maximum amount of active ingredient per serving; the 
maximum daily dose to prevent misuse or excessive intake; the limits on 
contaminants to ensure purity; and information on the potential drug interaction 
to mitigate the risks of adverse events linked to kratom use (Grundmann et al., 
2024; Henningfield et al., 2024). Future labelling of kratom products could 
include some of the pharmacodynamic effects of mitragynine or kratom as 
revealed in the current thesis. 

Finally, over the course of the PhD project, the findings of this dissertation 
have been presented at five international conferences, i.e., three NPS conferences 
(Online 2020, 2021, Abu Dhabi 2023), a webinar on “The Clinical Implications 
of NPS” of the International Society for the Study of Emerging Drugs (ISSED, 
2021), and a symposium on “Traditional Medicine in Treatment of Mental 
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Disorders” at the XXVII National Conference of the SOPSI (Italian Society of 
Psychopathology, 2023). Moreover, although it is a relatively young and under 
investigated field, our systematic review (chapter 2) has been one of the top 10 
most-cited papers published in Human Psychopharmacology: Clinical and 
Experimental (citation data from Clarivate Analytics, comparing articles 
published from January 1st, 2022, to December 31st, 2023), with one reference 
in Wikipedia and a citation index (on 18th of January 2025) of 28. This reflects its 
impact in both academic and policy-making circles as out of the 28 total citations 
27 refer to Scopus citations, while 1 citation is related to a policy document. Our 
literature review (chapter 3), the netnographic analysis (chapter 4) and the 
online research on the dark web (chapter 5) were also cited with 13, 15 (plus 1 
related to a policy document) and 3 citations on Scopus, respectively (on 18th of 
January 2025). 

Finally, this dissertation contributes to the knowledge base of clinicians in the 
field of psychiatry and addiction medicine and who as part of their clinical routine 
may face neurotypical users of kratom and psychiatric patients, among which 
kratom use seems particularly common (Awad et al., 2024; Bachu et al., 2023; 
Grundmann et al., 2023c; Stanciu et al., 2024). 

Conclusions 

To the best of our knowledge, this dissertation is the first work on kratom that 
provides a combination of reviews, survey, netnographic, and experimental data, 
contributing to the open and intense debate on kratom’s therapeutic potential and 
its safety profile. 

Kratom is used for the self-treatment of pain and addiction outside medical 
settings. Low doses of mitragynine and kratom are safe for consumption, but our 
experimental study does not support netnographic and survey data on kratom's 
analgesic potential due to the limited dose range we tested. Therefore, future 
controlled studies with higher and repeated doses are needed to define better the 
analgesic and addictive potential of kratom and mitragynine. Considering that 
kratom has the potential risk of developing addiction, we must be aware that the 
widespread use of kratom might replace opioid addiction (chapters 2-5, 7). 

To date, the full extent of kratom’s harms is still unclear, thus there is a need 
for further tolerability and safety studies and randomized-controlled trials to 
evaluate kratom’s potential therapeutic benefits and safety issues, for which 
studies in this dissertation offer a potential basis. 
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Kratom (Mitragyna speciosa) is a traditional plant of the (sub)tropical regions 
of Southeast Asia, where it has been widely used since the 19th century for 
medicinal applications. In recent decades, kratom products containing leaf 
extracts have become increasingly available in Europe and the US. Such products 
are classified by the Food and Drug Administration (FDA) as “new dietary 
ingredients” with inadequate information on their safety. Despite this, kratom is 
used worldwide for self-medicating some conditions (e.g., pain, substance use 
disorder, and psychiatric symptoms) outside clinical settings. In addition, there is 
anecdotal evidence that kratom is being used for performance enhancement and 
recreational purposes. 

One of the main active and most studied alkaloids present in kratom is 
mitragynine (MG), which acts on opioid (mu-, delta- and kappa) and non-opioid 
(e.g., α-adrenergic, dopamine, and serotonin) receptors. Serious safety issues 
linked to kratom use have often been explained by drug-drug interactions and 
have been mainly described in case reports from the West. Despite the global 
spread of kratom for recreational and medical purposes, as shown in case reports, 
drug fora and surveys, clinical and toxicological data from controlled studies on 
kratom and mitragynine exposure in humans are quite limited. 

Therefore, the knowledge about kratom and mitragynine use (e.g., safety and 
motivations), their behavioral effects, and the balance between therapeutic 
benefits and addictive potential need to be further investigated. 
 

In chapter 1, some background information is given related to the topics 
discussed in this dissertation. This chapter provides an overview of kratom's 
history, distribution, prevalence, and legal status, as well as the reasons for its 
use. It also delves into kratom's pharmacology and toxicology, with particular 
emphasis on mitragynine, and explores the scientific interest in kratom from a 
psychiatric perspective. This chapter ends with the outline and the aim of this 
thesis. In details, this dissertation aimed to enhance understanding of 
kratom/mitragynine use and their behavioral effects by means of two literature 
reviews, a netnographic analysis, an online research on the dark web, a placebo-
controlled single blind experimental study, and a survey. 

 
Chapter 2 systematically reviews (pre)clinical evidence on the efficacy of 

kratom as a therapeutic aid and its safety profile in humans. A systematic 
literature search using PubMed and the Medline database was conducted between 
April and November 2020. Both preclinical (N = 57) and clinical (N = 18) studies 
emerged from our search. Preclinical data indicated a therapeutic value of kratom 
in terms of treating/reducing acute/chronic pain (N = 23), reducing 
morphine/ethanol withdrawal symptoms, and lowering dependence (N = 14), 
among other medical conditions (N = 26). Clinical data included interventional 
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studies (N = 2) reporting reduced pain sensitivity, and observational studies (N = 
9) describing the association between kratom’s chronic (daily/frequent) use and 
safety issues, in terms of health consequences (e.g., learning impairment, high 
cholesterol level, dependence/withdrawal). It was concluded that although the 
initial (pre)clinical evidence on kratom’s therapeutic potential and its safety 
profile in humans is encouraging, further validation in large, controlled clinical 
trials is required. 

 
Chapter 3 presents an up-to-date review of the preclinical and clinical 

scientific literature on the therapeutic value of kratom to better understand the 
underlying mechanisms related to its use and explore future therapeutic 
applications. A growing number of studies, mainly of cross-sectional nature, 
describe the widespread use of kratom by individuals to self-treat pain, 
psychiatric symptoms, and substance use disorders (SUDs) outside a controlled 
clinical setting. Preclinical evidence suggests kratom is effective as an analgesic 
agent and might decrease the self-administration of other drugs, with a 
randomized controlled trial supporting its analgesic benefits. Research in 
nonclinical long-term kratom users also indicates its potential in managing SUD 
symptoms such as cravings or withdrawal for alcohol, opioids, and other illicit 
drugs. However, kratom-related intoxications, often due to the adulteration and 
the contamination or mixed toxicities, have also been reported. Despite evolving 
research, evidence on the clinical implications of kratom use is still limited and 
uncertain, necessitating further randomized trials. 

 
The study in chapter 4 was designed to investigate the nature of self-reported 

experiences as shared on YouTube™ videos. A total of 500 videos with 
19,478,180 views and 134,863 comments emerged as result from the data scrape 
extracted via the YouTube Data Tool. Twelve out of the 16 most viewed videos 
were manually processed and selected for inductive thematic analysis. Kratom 
was used to self-medicate several health conditions, including opioid 
dependence/addiction (83.4%), pain (75%), anxiety (67%), depression (42%), 
substance use (42%) as well as to boost energy (50%), elevate mood (25%) and 
enhance cognition (25%). Although most of the described experiences were 
positive (58%), side-effects, such as dependence and withdrawal (50%), nausea 
(42%), loss of appetite (25%), sedation (25%), and loss of motivation (16.7%), 
were also reported and associated with chronic use. Overall, it was found that 
kratom was mainly used for self-medication, rather than recreational purposes, 
justifying the need for further clinical studies to better assess the safety and the 
efficacy of its use in a therapeutic context. 

 
Chapter 5 presents a qualitative exploratory online study that was designed to 

provide, for the first time, a snapshot of the availability of kratom products on the 
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darknet. This was further validated by data searches on the surface web. A total 
of 231 listings of kratom across 23 darknet marketplaces were identified between 
March 2020 and October 2021. Among these, 40 were actively sold across five 
markets by thirteen vendors. Listed items were mainly advertised as “safe” 
substitutes for medicinal products for the self-management of pain and other 
health conditions and were offered in various forms (e.g., dry leaf powder, pills, 
capsules). Purchases were made using cryptocurrencies, with some vendors 
offering Pretty Good Privacy, and were shipped from Europe, Australia, the 
United States, and the United Kingdom. Goods sold by the same sellers also 
included illicit drugs and fraud-related products. Our study discovered a 
previously unknown diffusion of kratom products on the darknet mainly for self-
treating a variety of medical conditions, suggesting the need for further research 
and immediate interventions to safeguard the well-being and health of kratom 
consumers. 

 
In chapter 6, a placebo-controlled, single-blind, within-subjects study to 

evaluate mitragynine’s safety profile and acute effects on subjective drug 
experience, neurocognition, and pain tolerance is presented. It was conducted in 
two parts. In part A, eight healthy human volunteers received placebo and three 
doses of mitragynine (5, 10, and 20 mg) in a sequential dosing scheme, on 
separate days. In part B, a second group of seven volunteers received placebo and 
40 mg of mitragynine. Vital signs, subjective drug experience, neurocognitive 
function, and pain tolerance were measured at regular intervals for 7 h after 
administration. Overall, mitragynine did not affect most of the outcome measures 
at any dose. Yet, the lowest dose (5 mg) of mitragynine increased subjective 
ratings of arousal and attention, accuracy in a sustained attention task, and motor 
inhibition. The highest dose (40 mg) of mitragynine increased subjective ratings 
of amnesia and produced mild psychopathological symptoms. Mitragynine did 
not significantly affect vital signs, and only mild, transient side effects were 
reported. The study in chapter 6 suggests that low doses (5 - 10 mg) of 
mitragynine may cause subjective feelings of stimulation and enhance attention, 
while the highest dose (40 mg) may cause inhibitory feelings of amnesia and 
distress. Mitragynine doses up to 40 mg were well tolerated in this group. 

 
Chapter 7 presents a study that was designed to describe use patterns, adverse 

events, subjective experience and motivation for use with classic, novel and 
herbal opioids. A two-part survey was used. The first part examined the 
prevalence, use patterns (dosage, administration route, duration of effects), and 
adverse events of classic, novel and herbal opioids. The second part delved into 
detailed retrospective experiences of survey responders with an opioid of 
preferred choice, mostly kratom. Between May 2020 and February 2023, 467 
respondents started the survey, of which 310 met the inclusion criteria. Of these, 
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52% (N = 161) completed the first part, 65.6% (N = 105) started the second part 
of which 72 completed. Most respondents were male, highly educated, based in 
North America or Europe, often using multiple opioids. A total of twenty-seven 
different compounds were reported, of which hydrocodone/dihydrocodeine, 
kratom, acetylfentanyl, and U-47700 were used the most. A wide range of doses 
was reported for each compound. Median effect durations ranged between 3 and 
4 h for most of the compounds. Administration routes varied, with oral intake 
being most prevalent. Fentanyl analogues were often administered intravenously. 
Physical/psychological adverse events were frequently reported by users of 
oxycodone, kratom, acetylfentanyl, and U-47700. User reports revealed that both 
kratom and classic opioids were used for recreational and medical purposes, 
including reducing pain, addiction/withdrawal, anxiety, and improving mood. 
Psychological and physical adverse events were widely present among classic, 
novel and herbal opioids suggesting a need for risk monitoring worldwide. 
Similarities between classic opioids and kratom include medical utility as well as 
addictive potential. 

In chapter 8, the relevant findings and limitations of this dissertation are 
discussed in a broader perspective: the safety profile of kratom/mitragynine is 
analysed; the main motivations for kratom use, such as treating/reducing pain and 
inducing psychostimulation are discussed; and an insight into the societal 
importance of this dissertation, with reference to the question of whether kratom 
will cause a second (opioid) epidemic, is also presented. This chapter makes it 
clear that further tolerability/safety studies and randomized controlled trials to 
evaluate kratom’s potential therapeutic benefits and safety issues should be 
conducted. 
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Kratom (Mitragyna speciosa) is een traditionele plant uit de (sub)tropische 
regio's van Zuidoost-Azië, waar het sinds de 19de eeuw veelvuldig wordt 
gebruikt voor medicinale toepassingen. In de afgelopen decennia zijn 
kratomproducten met bladextracten steeds vaker verkrijgbaar in Europa en de 
VS. Dergelijke producten worden door de Food and Drug Administration (FDA) 
geclassificeerd als "nieuwe voedingsingrediënten" met onvoldoende informatie 
over hun veiligheid. Desondanks wordt kratom wereldwijd gebruikt voor 
zelfmedicatie bij bepaalde aandoeningen (bijv. pijn, stoornissen in 
middelengebruik en psychiatrische symptomen) buiten klinische omgevingen. 
Bovendien is er anekdotisch bewijs dat kratom wordt gebruikt voor 
prestatieverbetering en recreatieve doeleinden. 

Een van de belangrijkste en meest bestudeerde alkaloïden in kratom is 
mitragynine (MG), dat werkt op opioïde (mu-, delta- en kappa) en niet-opioïde 
(bijv. α-adrenerge, dopamine en serotonine) receptoren. Ernstige 
veiligheidsproblemen die verband houden met het gebruik van kratom worden 
vaak geassocieerd met interacties tussen geneesmiddelen en zijn voornamelijk 
beschreven in casusrapporten uit het Westen. Ondanks de wereldwijde 
verspreiding van kratom voor recreatieve en medische doeleinden, zoals blijkt uit 
casusrapporten, drugsfora en enquêtes, zijn klinische en toxicologische gegevens 
uit gecontroleerde studies over blootstelling aan kratom en mitragynine bij 
mensen vrij beperkt. 

Daarom moet er verder onderzoek worden gedaan naar het gebruik van kratom 
en mitragynine (bijv. veiligheid en motivaties), hun gedragsmatige effecten en de 
balans tussen therapeutische voordelen en verslavingspotentieel. 

 
In hoofdstuk 1 wordt achtergrondinformatie gegeven met betrekking tot de in 

dit proefschrift besproken onderwerpen. Dit hoofdstuk geeft een overzicht van de 
geschiedenis, verspreiding, prevalentie en juridische status van kratom, evenals 
de redenen voor het gebruik ervan. Er wordt ook ingegaan op de farmacologie en 
toxicologie van kratom, met bijzondere aandacht voor mitragynine, en er wordt 
ingegaan op de wetenschappelijke interesse in kratom vanuit een psychiatrisch 
perspectief. Dit hoofdstuk eindigt met de opzet en het doel van dit proefschrift. 
Dit proefschrift was specifiek gericht op het vergroten van het begrip van het 
gebruik van kratom/mitragynine en hun gedragsmatige effecten door middel van 
twee literatuuronderzoeken, een netnografische analyse, een online onderzoek op 
het darkweb, een online vragenlijstonderzoek en een placebogecontroleerde 
enkelblinde experimentele studie. 

 
Hoofdstuk 2 geeft een systematisch overzicht van de (pre)klinische bewijzen 

over de effectiviteit van kratom als therapeutisch hulpmiddel en het 
veiligheidsprofiel ervan bij mensen. Een systematisch literatuuronderzoek werd 
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uitgevoerd met behulp van PubMed en de Medline-database tussen april en 
november 2020. Zowel preklinische (N = 57) als klinische (N = 18) studies 
kwamen uit onze zoekopdracht naar voren. Preklinische gegevens gaven een 
therapeutische waarde aan kratom aan in termen van het behandelen/verminderen 
van acute/chronische pijn (N = 23), het verminderen van 
morfine/ethanolontwenningsverschijnselen en het verlagen van afhankelijkheid 
(N = 14), naast andere medische aandoeningen (N = 26). Klinische gegevens 
omvatten interventiestudies (N = 2) die verminderde pijngevoeligheid 
rapporteerden en observationele studies (N = 9) die het verband beschreven 
tussen chronisch (dagelijks/frequent) gebruik van kratom en 
veiligheidsproblemen in termen van gezondheidsgevolgen (bijv. leerstoornissen, 
hoog cholesterolgehalte, afhankelijkheid/ontwenning). Er werd geconcludeerd 
dat, hoewel het initiële (pre)klinische bewijs over het therapeutische potentieel 
en het veiligheidsprofiel van kratom bij mensen bemoedigend is, verdere 
validatie in grootschalige, gecontroleerde klinische onderzoeken nodig is. 

 
Hoofdstuk 3 geeft een actueel overzicht van de preklinische en klinische 

wetenschappelijke literatuur over de therapeutische waarde van kratom om de 
onderliggende mechanismen met betrekking tot het gebruik ervan beter te 
begrijpen en toekomstige therapeutische toepassingen te verkennen. Een 
groeiend aantal onderzoeken, voornamelijk van cross-sectionele aard, beschrijft 
het wijdverbreide gebruik van kratom door individuen om pijn, psychiatrische 
symptomen en stoornissen in middelengebruik (SUD) buiten een gecontroleerde 
klinische setting zelf te behandelen. Preklinisch bewijs suggereert dat kratom 
effectief is als analgetisch middel en mogelijk het zelftoedienen van andere drugs 
kan verminderen; Een gerandomiseerde gecontroleerde studie ondersteunt de 
pijnstillende voordelen ervan. Onderzoek bij niet-klinische langdurige 
kratomgebruikers geeft ook aan dat het potentieel heeft om SUD-symptomen 
zoals hunkering of ontwenningsverschijnselen bij alcohol, opioïden en andere 
illegale drugs te beheersen. Er zijn echter ook meldingen van kratom-gerelateerde 
intoxicaties, vaak als gevolg van vervalsing en besmetting of gemengde 
toxiciteiten. Ondanks de groeiende hoeveelheid onderzoek is het bewijs over de 
klinische implicaties van kratomgebruik nog steeds beperkt en onzeker, wat 
verdere gerandomiseerde onderzoeken noodzakelijk maakt. 

 
Het onderzoek in hoofdstuk 4 is ontworpen om de aard van zelfgerapporteerde 

ervaringen zoals gedeeld in YouTube™-video's te onderzoeken. In totaal werden 
500 video's met 19.478.180 weergaven en 134.863 opmerkingen verkregen uit de 
data-extractie via de YouTube Data Tool. Twaalf van de 16 meest bekeken 
video's werden handmatig verwerkt en geselecteerd voor inductieve thematische 
analyse. Kratom werd gebruikt om verschillende gezondheidsaandoeningen zelf 
te behandelen, waaronder opioïde afhankelijkheid/verslaving (83,4%), pijn 
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(75%), angst (67%), depressie (42%), middelengebruik (42%), evenals om 
energie te verhogen (50%), de stemming te verbeteren (25%) en de cognitie te 
verbeteren (25%). Hoewel de meeste beschreven ervaringen positief waren 
(58%), werden bijwerkingen zoals afhankelijkheid en ontwenning (50%), 
misselijkheid (42%), verlies van eetlust (25%), sedatie (25%) en verlies van 
motivatie (16,7%) ook gemeld en geassocieerd met chronisch gebruik. Over het 
algemeen werd vastgesteld dat kratom voornamelijk werd gebruikt voor 
zelfmedicatie, in plaats van voor recreatieve doeleinden, wat de noodzaak 
rechtvaardigt van verdere klinische onderzoeken om de veiligheid en effectiviteit 
van het gebruik ervan in een therapeutische context beter te beoordelen. 

 
Hoofdstuk 5 presenteert een kwalitatieve verkennende online studie die was 

ontworpen om voor het eerst een momentopname te geven van de 
beschikbaarheid van kratomproducten op het darkweb. Dit werd verder 
gevalideerd door gegevenszoekopdrachten op het surface web. In totaal werden 
231 vermeldingen van kratom op 23 darkweb-marktplaatsen geïdentificeerd 
tussen maart 2020 en oktober 2021. Hiervan werden 40 actief verkocht op vijf 
marktplaatsen door dertien verkopers. De vermelde items werden voornamelijk 
geadverteerd als "veilige" vervangers voor medicinale producten voor het 
zelfbeheer van pijn en andere gezondheidsaandoeningen en werden in 
verschillende vormen aangeboden (bijv. droog bladpoeder, pillen, capsules). 
Aankopen werden gedaan met behulp van cryptovaluta, waarbij sommige 
verkopers Pretty Good Privacy aanboden, en werden verzonden vanuit Europa, 
Australië, de Verenigde Staten en het Verenigd Koninkrijk. Goederen die door 
dezelfde verkopers werden verkocht, omvatten ook illegale drugs en fraude-
gerelateerde producten. Onze studie ontdekte een eerder onbekende verspreiding 
van kratomproducten op het darkweb, voornamelijk voor het zelfbehandelen van 
verschillende medische aandoeningen, wat suggereert dat er verder onderzoek en 
onmiddellijke interventies nodig zijn om het welzijn en de gezondheid van 
kratomgebruikers te waarborgen. 

 
In hoofdstuk 6 wordt een placebogecontroleerde, enkelblinde, binnen-

proefpersonen studie gepresenteerd om het veiligheidsprofiel van mitragynine en 
de acute effecten op subjectieve drugsbeleving, neurocognitie en pijntolerantie te 
evalueren. De studie werd in twee delen uitgevoerd. In deel A kregen acht 
gezonde menselijke vrijwilligers placebo en drie doseringen mitragynine (5, 10 
en 20 mg) in een sequentieel doseringsschema, op afzonderlijke dagen. In deel B 
ontving een tweede groep van zeven vrijwilligers placebo en 40 mg mitragynine. 
Vitale functies, subjectieve drugsbeleving, neurocognitieve functie en 
pijntolerantie werden op regelmatige tijdstippen gemeten gedurende 7 uur na 
toediening. Over het algemeen had mitragynine geen invloed op de meeste 
uitkomstmaten bij geen enkele dosis. Toch verhoogde de laagste dosis (5 mg) van 
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mitragynine subjectieve beoordelingen van opwinding en aandacht, 
nauwkeurigheid in een volgehouden aandachtstaak en motorische inhibitie. De 
hoogste dosis (40 mg) van mitragynine verhoogde subjectieve beoordelingen van 
geheugenverlies en veroorzaakte milde psychopathologische symptomen. 
Mitragynine had geen significante invloed op de vitale functies, en alleen milde, 
voorbijgaande bijwerkingen werden gemeld. Het onderzoek in hoofdstuk 6 
suggereert dat lage doseringen (5 - 10 mg) mitragynine subjectieve gevoelens van 
stimulatie kunnen veroorzaken en de aandacht kunnen verbeteren, terwijl de 
hoogste dosis (40 mg) remmende gevoelens van geheugenverlies en stress kan 
veroorzaken. Mitragynine doses tot 40 mg werden goed verdragen in deze groep. 

 
Hoofdstuk 7 presenteert een studie die was ontworpen om gebruikspatronen, 

bijwerkingen, subjectieve ervaring en motivatie voor gebruik van klassieke, 
nieuwe en kruiden-opioïden te beschrijven. Er werd een vragenlijst in twee delen 
gebruikt. Het eerste deel onderzocht de prevalentie, gebruikspatronen (dosering, 
toedieningsweg, duur van effecten) en bijwerkingen van klassieke, nieuwe en 
kruiden-opioïden. Het tweede deel ging in op gedetailleerde retrospectieve 
ervaringen van vragenlijstrespondenten met een opioïde van voorkeur, meestal 
kratom. Tussen mei 2020 en februari 2023 begonnen 467 respondenten aan de 
vragenlijst, waarvan 310 voldeden aan de inclusiecriteria. Hiervan voltooide 52% 
(N = 161) het eerste deel, 65,6% (N = 105) begon aan het tweede deel waarvan er 
72 voltooiden. De meeste respondenten waren mannelijk, hoog opgeleid, 
gevestigd in Noord-Amerika of Europa, en gebruikten vaak meerdere opioïden. 
In totaal werden zevenentwintig verschillende verbindingen gerapporteerd, 
waarvan hydrocodon/dihydrocodeïne, kratom, acetylfentanyl en U-47700 het 
meest werden gebruikt. Voor elke verbinding werd een breed scala aan 
doseringen gerapporteerd. De mediane effectduur varieerde tussen 3 en 4 uur 
voor de meeste verbindingen. De toedieningswegen varieerden, waarbij orale 
inname het meest voorkwam. Fentanylanalogen werden vaak intraveneus 
toegediend. Fysieke/psychologische bijwerkingen werden vaak gemeld door 
gebruikers van oxycodon, kratom, acetylfentanyl en U-47700. 
Gebruikersrapporten onthulden dat zowel kratom als klassieke opioïden werden 
gebruikt voor recreatieve en medische doeleinden, waaronder het verminderen 
van pijn, verslaving/ontwenning, angst en het verbeteren van de stemming. 
Psychologische en fysieke bijwerkingen kwamen veel voor bij alle opioïde 
klassen, wat wijst op de noodzaak van wereldwijd risicobewaking. 
Overeenkomsten tussen klassieke opioïden en kratom zijn onder andere medische 
bruikbaarheid en verslavingspotentieel. 

 
In hoofdstuk 8 worden de relevante bevindingen en beperkingen van dit 

proefschrift in een breder perspectief besproken: het veiligheidsprofiel van 
kratom/mitragynine wordt geanalyseerd; de belangrijkste motivaties voor het 

SAMENVATTING 

325 
 

gebruik van kratom, zoals het behandelen/verminderen van pijn en het opwekken 
van psychostimulatie, worden besproken; en er wordt inzicht gegeven in het 
maatschappelijke belang van dit proefschrift, met verwijzing naar de vraag of 
kratom een tweede (opioïde) epidemie zal veroorzaken. In dit hoofdstuk wordt 
duidelijk gemaakt dat er verdere tolerantie- of veiligheidsstudies en 
gerandomiseerde gecontroleerde onderzoeken moeten worden uitgevoerd om de 
potentiële therapeutische voordelen en veiligheidsproblemen van kratom te 
evalueren. 
 



SAMENVATTING 

325 
 

gebruik van kratom, zoals het behandelen/verminderen van pijn en het opwekken 
van psychostimulatie, worden besproken; en er wordt inzicht gegeven in het 
maatschappelijke belang van dit proefschrift, met verwijzing naar de vraag of 
kratom een tweede (opioïde) epidemie zal veroorzaken. In dit hoofdstuk wordt 
duidelijk gemaakt dat er verdere tolerantie- of veiligheidsstudies en 
gerandomiseerde gecontroleerde onderzoeken moeten worden uitgevoerd om de 
potentiële therapeutische voordelen en veiligheidsproblemen van kratom te 
evalueren. 
 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Sinossi 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



SINOSSI 

 
328 
 

 

  

SINOSSI 

329 
 

Il Kratom (Mitragyna speciosa) è una pianta tradizionale delle regioni 
(sub)tropicali del Sud-Est asiatico, ove è stata ampiamente utilizzata fin dal XIX 
secolo come trattamento medico. Negli ultimi decenni, i prodotti a base di kratom, 
contenenti gli estratti di foglie della pianta, sono diventati particolarmente 
disponibili in Europa e negli Stati Uniti. Tali prodotti sono classificati dalla Food 
and Drug Administration (FDA) come "nuovi ingredienti dietetici" senza 
informazioni adeguate in merito alla loro sicurezza. Nonostante ciò, il kratom è 
utilizzato in tutto il mondo per l'auto-medicazione di alcune condizioni (ad es., il 
dolore, il disturbo da uso di sostanze ed i sintomi psichiatrici) al di fuori dei 
contesti clinici. Inoltre, ci sono evidenze aneddotiche che il kratom è utilizzato 
per migliorare le prestazioni e a scopo ricreativo. 

Uno degli alcaloidi principali e più studiati presenti nel kratom è la 
mitraginina (MG), che agisce sui recettori oppioidi (mu-, delta- e kappa) e non 
oppioidi (ad es., α-adrenergici, dopaminergici e serotonergici). Gravi problemi in 
termini di sicurezza per la salute legati all'uso del kratom sono stati spesso 
associati all'interazione tra sostanze e sono stati principalmente descritti in case 
reports nel mondo occidentale. Nonostante la diffusione globale dell’uso del 
kratom per scopi ricreativi e medici, come mostrato in case reports, forum di 
discussione sulle droghe e varie survey, i dati clinici e tossicologici provenienti 
da studi controllati sull'esposizione al kratom e alla mitraginina negli esseri umani 
sono piuttosto limitati. 

Pertanto, la conoscenza sull'uso del kratom e della mitraginina (ad es., il 
profilo di sicurezza e le motivazioni), i loro effetti comportamentali e l'equilibrio 
tra i benefici terapeutici ed il potenziale di dipendenza necessitano di ulteriori 
indagini. 

 
Nel capitolo 1 vengono fornite alcune informazioni di base relative agli 

argomenti trattati in questa tesi. Questo capitolo offre una panoramica sulla storia, 
la distribuzione, la prevalenza e lo status legale del kratom, nonché sulle ragioni 
del suo utilizzo. Tale capitolo approfondisce anche la farmacologia e la 
tossicologia del kratom, con particolare enfasi sulla mitraginina, ed esplora 
l'interesse scientifico per il kratom da una prospettiva psichiatrica. Il capitolo si 
conclude con l'outline e lo scopo principale di questa tesi. In dettaglio, questa 
dissertazione mirava ad approfondire la conoscenza inerente all'uso del 
kratom/mitraginina e dei loro effetti comportamentali avvalendosi di due 
revisioni della letteratura, un'analisi netnografica, una ricerca online sul dark web, 
uno studio sperimentale in singolo cieco controllato con placebo ed una survey. 

 
Il capitolo 2 esamina in modo sistematico le evidenze (pre)cliniche 

sull'efficacia del kratom come aiuto terapeutico e sul suo profilo di sicurezza negli 
esseri umani. Una ricerca sistematica della letteratura utilizzando PubMed e il 
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database Medline è stata condotta tra aprile e novembre 2020. Dalla nostra ricerca 
sono emersi sia studi preclinici (N = 57) che studi clinici (N = 18). I dati preclinici 
hanno indicato un valore terapeutico del kratom in termini di 
trattamento/riduzione del dolore acuto/cronico (N = 23), di riduzione dei sintomi 
di astinenza da morfina/etanolo e di riduzione della dipendenza (N = 14), tra altre 
condizioni mediche (N = 26). I dati clinici includevano studi interventistici (N = 
2) che riportavano una ridotta sensibilità al dolore, e studi osservazionali (N = 9) 
che descrivevano l'associazione tra l'uso cronico (quotidiano/frequente) di kratom 
e problemi di sicurezza, in termini di conseguenze sulla salute (ad es., 
compromissione dell'apprendimento, alti livelli di colesterolo, 
dipendenza/astinenza). Si è concluso che, sebbene le prime evidenze 
(pre)cliniche sul potenziale terapeutico del kratom e sul suo profilo di sicurezza 
negli esseri umani siano incoraggianti, è necessaria un'ulteriore validazione in 
ampi studi clinici controllati. 

 
Il capitolo 3 presenta una revisione aggiornata della letteratura scientifica, 

preclinica e clinica, sul valore terapeutico del kratom, al fine di comprendere 
meglio i meccanismi sottostanti legati al suo utilizzo ed esplorare future 
applicazioni terapeutiche. Un numero crescente di studi, principalmente di natura 
trasversale, descrive l'uso diffuso del kratom da parte di individui che tendono ad 
auto-medicare condizioni come il dolore, i sintomi psichiatrici ed i disturbi da 
uso di sostanze, al di fuori di un contesto clinico controllato. Le evidenze 
precliniche suggeriscono che il kratom sia efficace come agente analgesico e 
potrebbe ridurre l'auto-somministrazione di altre droghe, con un trial clinico 
randomizzato che supporta i suoi benefici analgesici. La ricerca su campioni non 
clinici di consumatori di kratom a lungo termine indica anche il potenziale del 
kratom nella gestione dei sintomi dei disturbi da uso di sostanze, come il craving 
o l'astinenza da alcol, oppioidi e altre droghe illecite. Tuttavia, sono state 
segnalate anche intossicazioni legate al kratom, spesso dovute all'adulterazione, 
alla contaminazione o a fenomeni di tossicità da mix di sostanze. Nonostante la 
continua ricerca, le evidenze scientifiche sulle implicazioni cliniche dell'uso di 
kratom sono ancora limitate e incerte, necessitando di ulteriori trial randomizzati. 

 
Lo studio del capitolo 4 è stato progettato per indagare la natura delle 

esperienze auto-riportate e condivise nei video di YouTube™. Un totale di 500 
video con 19,478,180 visualizzazioni e 134,863 commenti è emerso come 
risultato della raccolta dati estratta tramite lo YouTube Data Tool. Dodici dei 16 
video con più visualizzazioni sono stati processati manualmente e selezionati per 
un'analisi tematica induttiva. Il kratom è risultato essere utilizzato per l’auto-
medicazione di diverse condizioni di salute, tra cui la dipendenza/assuefazione 
agli oppiacei (83,4%), il dolore (75%), l’ansia (67%), la depressione (42%), l’uso 
di sostanze (42%), oltre che per aumentare l'energia (50%), migliorare l'umore 
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(25%) e migliorare le capacità cognitive (25%). Sebbene la maggior parte delle 
esperienze descritte fosse positiva (58%), sono stati riportati anche effetti 
collaterali associati all'uso cronico, come la dipendenza e l’astinenza (50%), la 
nausea (42%), la perdita di appetito (25%), la sedazione (25%) e la perdita di 
motivazione (16,7%). In generale, è emerso che il kratom veniva utilizzato 
principalmente per l'auto-medicazione, piuttosto che a scopo ricreativo, 
giustificando la necessità di ulteriori studi clinici per valutare meglio il profilo di 
sicurezza e l'efficacia del suo uso in un contesto terapeutico. 

 
Il capitolo 5 presenta uno studio qualitativo esplorativo online progettato per 

fornire, per la prima volta, un'istantanea della disponibilità di prodotti a base di 
kratom sul darknet. Questo aspetto è stato ulteriormente convalidato da ricerche 
di informazioni sul surface web. Un totale di 231 prodotti a base di kratom in 23 
marketplace sul darknet è stato identificato nel periodo tra marzo 2020 e ottobre 
2021. Tra questi, 40 prodotti risultavano venduti attivamente in cinque mercati 
da tredici venditori. Gli articoli elencati venivano principalmente pubblicizzati 
come sostituti "sicuri" di prodotti medicinali per l'auto-medicazione del dolore e 
di altre condizioni di salute, e venivano offerti in varie forme (ad es., polvere di 
foglie essiccate, pillole, capsule). Gli acquisti venivano effettuati utilizzando 
criptovalute, con alcuni venditori che offrivano Pretty Good Privacy, e venivano 
spediti dall'Europa, dall’Australia, dagli Stati Uniti e dal Regno Unito. Gli articoli 
venduti dagli stessi venditori includevano anche droghe illecite e prodotti legati 
ad eventi di frode. Il nostro studio ha scoperto una diffusione precedentemente 
sconosciuta di prodotti a base di kratom sul darknet, principalmente per l'auto-
trattamento di una varietà di condizioni mediche, suggerendo la necessità di 
ulteriori ricerche e interventi immediati per salvaguardare il benessere e la salute 
dei consumatori di kratom. 

 
Nel capitolo 6 viene presentato uno studio in singolo cieco, controllato con 

placebo e in crossover, per valutare il profilo di sicurezza della mitraginina ed i 
suoi effetti acuti in termini di esperienza soggettiva, neurocognizione e tolleranza 
al dolore. Lo studio è stato condotto in due parti. Nella parte A, otto volontari 
sani hanno ricevuto il placebo e tre dosi di mitraginina (5, 10 e 20 mg) in uno 
schema di dosaggio sequenziale, in giorni separati. Nella parte B, un secondo 
gruppo di sette volontari ha ricevuto placebo e 40 mg di mitraginina. I parametri 
vitali, l'esperienza soggettiva legata all’assunzione della sostanza, la funzione 
neurocognitiva e la tolleranza al dolore sono stati misurati a intervalli regolari per 
7 ore dopo la somministrazione. Complessivamente, la mitraginina non ha 
influenzato la maggior parte delle misure di esito a nessuna dose. Tuttavia, la 
dose più bassa (5 mg) di mitraginina ha aumentato la percezione soggettiva di 
incremento dell’attenzione e stato di attivazione, la precisione in un task di 
attenzione sostenuta e l'inibizione motoria. La dose più alta (40 mg) di 
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mitraginina ha aumentato la percezione soggettiva di amnesia e ha prodotto lievi 
sintomi psicopatologici. La mitraginina non ha influenzato significativamente i 
segni vitali e sono stati riportati solo lievi effetti collaterali transitori. Lo studio 
del capitolo 6 suggerisce che basse dosi (5 - 10 mg) di mitraginina possono 
causare percezioni soggettive di stimolazione e migliorare l'attenzione, mentre la 
dose più alta (40 mg) può causare la sensazione inibitoria di amnesia e disagio. 
Le dosi di mitraginina fino a 40 mg sono risultate ben tollerate in questo gruppo. 

 
Il capitolo 7 presenta uno studio progettato per descrivere le modalità di 

utilizzo, gli eventi avversi, l'esperienza soggettiva e la motivazione alla base 
dell'uso di oppioidi classici, nuovi ed a base di erbe. È stata utilizzata una survey 
in due parti. La prima parte ha esaminato la prevalenza, le modalità di utilizzo (il 
dosaggio, la via di somministrazione, la durata degli effetti) e gli eventi avversi 
degli oppioidi classici, nuovi ed a base di erbe. La seconda parte ha approfondito 
le esperienze dei partecipanti alla survey, riportate retrospettivamente, che 
descrivevano un oppioide da loro scelto, per lo più il kratom. Tra maggio 2020 e 
febbraio 2023, 467 partecipanti hanno iniziato la survey, di cui 310 hanno 
soddisfatto i criteri di inclusione. Di questi, il 52% (N = 161) ha completato la 
prima parte, il 65,6% (N = 105) ha iniziato la seconda parte, di cui 72 l'hanno 
completata. La maggior parte dei partecipanti erano individui di sesso maschile, 
con un livello elevato di istruzione, residenti in Nord America o Europa, e che 
spesso sono risultati utilizzatori di più oppioidi. Sono stati riportati un totale di 
ventisette composti diversi, tra cui idrocodone/diidrocodeina, kratom, 
acetilfentanil e U-47700 sono stati i più utilizzati. È stata descritta un'ampia 
gamma di dosi per ciascuna sostanza. La durata mediana degli effetti variava tra 
3 e 4 ore per la maggior parte dei composti. Le vie di somministrazione variavano, 
con l'assunzione orale risultata essere la via di somministrazione più diffusa. Gli 
analoghi del fentanil erano spesso somministrati per via endovenosa. Eventi 
avversi fisici/psicologici sono stati frequentemente riportati dagli utilizzatori di 
ossicodone, kratom, acetilfentanil e U-47700. Gli utilizzatori hanno anche 
riportato che sia il kratom che gli oppioidi classici venivano utilizzati per scopi 
ricreativi e medici, tra cui la riduzione del dolore, la dipendenza/astinenza, l'ansia 
e il miglioramento dell'umore. Gli eventi avversi psicologici e fisici erano 
ampiamente presenti tra oppioidi classici, nuovi composti sintetici ed a base di 
erbe, suggerendo la necessità di monitoraggio del rischio ad essi legato a livello 
mondiale. Le somiglianze tra gli oppioidi classici ed il kratom includono l'utilità 
medica così come il potenziale di dipendenza. 

 
Nel capitolo 8, i principali risultati e le limitazioni di questa tesi sono discussi 

in una prospettiva più ampia: viene analizzato il profilo di sicurezza del kratom e 
della mitraginina; vengono discusse le principali motivazioni per l'uso del 
kratom, come il trattamento/la riduzione del dolore e l'induzione della 
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stimolazione cognitiva; e viene anche fornita una panoramica sull'importanza 
sociale di questa dissertazione, con riferimento alla questione se il kratom possa 
causare una seconda epidemia (di oppioidi). Questo capitolo rende dunque chiaro 
che ulteriori studi di tollerabilità/sicurezza e trial clinici randomizzati per valutare 
i potenziali benefici terapeutici e le problematiche di sicurezza del kratom 
dovrebbero essere condotti.
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