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Semi-synthetic products based on 7-hydroxymitragynine-
a public health emergency
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ABSTRACT @ oPEN ACCESS

Over the last twenty-four months, the market for substances derived from Mitragyna speciosa (kratom)
has undergone a qualitative shift: alongside traditional leaf and crude extracts, semi-synthetic
concentrated products based on 7-hydroxymitragynine (7-OH) have emerged, obtained through
controlled oxidation of mitragynine and formulated as sublingual tablets, gummies, vaping devices,
nasal sprays, and edibles. These products, which can reach 98% 7-OH content as a single active
ingredient, fall outside the botanical pharmacopoeia of kratom and de facto constitute a new class of
semi-synthetic p-opioid agonists with potency comparable to, or exceeding, that of morphine. This
narrative review synthesises the available forensic-toxicological, pharmacological, and regulatory
evidence, with particular focus on: (a) the methodological problem of using mitragynine as a surrogate
marker of kratom exposure in the presence of 7-OH-enriched products; (b) the post-mortem instability
of 7-OH and its interpretive implications for causality assessment; (c) the Italian and international
regulatory framework governing these substances; and (d) operational recommendations for forensic
practitioners. The paper addresses the urgent need to update analytical panels in toxicology
laboratories and to revise autopsy and expert-witness protocols in light of the pharmacological
properties specific to semi-synthetic products.

Keywords: kratom, 7-hydroxymitragynine, semi-synthetic products, forensic toxicology, post-mortem
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1. Introduction

Mitragyna speciosa (Rubiaceae), commonly known as kratom, is an arboreal plant native to Southeast Asia
(Thailand, Malaysia, Indonesia, Myanmar, Papua New Guinea), traditionally consumed by local populations
as fresh chewed leaves or as a decoction, both as a low-dose stimulant and, at higher doses, as an analgesic,
antitussive, and adjuvant in the management of opium withdrawal. The plant’s phytocomplex comprises
more than forty indole and oxindole alkaloids; mitragynine is the quantitatively predominant constituent,
with concentrations ranging from 12% to 66% of total alkaloids depending on geographical provenance,
harvest period, drying, and storage conditions."

7-hydroxymitragynine (7-OH), the specific focus of the present work, is a minor alkaloid present only in trace
amounts in fresh leaves (typically less than 2% of total alkaloids) but endowed with pharmacological potency
markedly greater than that of the parent molecule. In receptor pharmacology studies, 7-OH has
demonstrated approximately tenfold higher potency than mitragynine at the human p-opioid receptor
(hMOR), and antinociceptive activity estimated at up to thirteen times greater than morphine on a molar
basis in animal models.® In traditional orally consumed preparations, exposure to 7-OH is quantitatively
negligible and the clinical effect is dominated by the polypharmacological profile of the phytocomplex. This
situation has changed radically over the last two to three years with the appearance on the market — initially
in the United States, but with rapid penetration into European channels through the internet and so-called
smart shop circuits — of products containing 7-OH in quantities obtained not botanically but through semi-
synthetic oxidation of mitragynine.?'3

This dissociation between commercial label and actual chemical composition constitutes the core of the
medico-legal problem: the consumer, the emergency clinician, the primary-care physician, and the
toxicology laboratory are all induced to reason on the basis of a risk model — that of the traditional leaf —
which does not correspond to the actual pharmacology of the product consumed. In expert-witness
testimonies, this informational asymmetry translates into a systematic misalignment between analytical
findings and clinical interpretation, with potential consequences for the determination of causal link, the
toxicological classification of death, and the assessment of criminal responsibility.+*

The present narrative review is addressed to the international forensic community and pursues three aims:
(1) to synthesise the most up-to-date scientific evidence on the forensic toxicology and regulatory status of
7-OH-enriched products; (2) to situate the issue within the Italian national regulatory framework (Presidential
Decree 309/1990, hereinafter DPR 309/1990) and the supranational framework (EUDA, FDA); (3) to propose
concrete operational recommendations for autopsy practice, forensic toxicological analysis, criminal and
civil technical consultancy, and occupational medicine. Pharmacological and neurobiological background is
presented in summary form insofar as it is directly necessary to ground the forensic and regulatory analysis.

2. Methodology

This narrative review was based on a structured search conducted on PubMed, Web of Science, Scopus,
and Google Scholar, supplemented by institutional sources (FDA, EUDA-EMCDDA, LiverTox/NIH, CFSRE
NPS Discovery, ltalian Ministry of Health) and by forensically relevant literature (guidelines, technical
laboratory monographs, reports from toxicological surveillance networks). The search was updated to the
first quarter of 2026.

The following keywords were used, both in combination and individually: “kratom”, “ Mitragyna speciosa”,
“mitragynine”,  “7-hydroxymitragynine”,  “mitragynine  pseudoindoxyl”,  “forensic  toxicology”,

noou nmoon noou

“postmortem”, “p-opioid receptor”, “hepatotoxicity”, “semi-synthetic”, “regulatory framework”, “narcotic
scheduling”, “novel psychoactive substances”. No date restriction was applied at the search stage; however,
priority was given to literature published from 2020 onwards, with particular emphasis on the 2024-2026

biennium, in which documentation of the semi-synthetic phenomenon has been concentrated.
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Source selection prioritised: (a) recent reviews in high-impact peer-reviewed journals; (b) original receptor
pharmacology and forensic toxicology studies; (c) case series and case reports from clinical and forensic
toxicology containing quantified analytical dosages; (d) institutional documents with regulatory or guidance
value; (e) official legislative texts and regulatory agency communications (FDA, DEA, ltalian Ministry of
Health). Sources were screened for methodological quality and relevance to the forensic and regulatory
focus of the review. Grey literature was included when it originated from authoritative institutions (EUDA-
EMCDDA, CFSRE, FDA) and addressed topics not yet covered by peer-reviewed publications. Narrative
synthesis was employed, given the heterogeneity of evidence types and the practice-oriented aims of the work.

A total of 30 references were included in the final synthesis: 21 peer-reviewed journal articles or book
chapters, 5 institutional or regulatory documents, and 4 legislative texts. References not directly informing
the forensic-toxicological or regulatory analysis were excluded following full-text screening.

3. Pharmacological background: from traditional kratom to semi-synthetic 7-
hydroxymitragynine

A concise pharmacological overview is necessary to contextualise the forensic and regulatory analysis that
follows. The receptor and toxicokinetic properties of 7-OH have direct implications for the interpretation of

post-mortem findings, for the assessment of criminal responsibility, and for the legal classification of
commercial products.

3.1 RECEPTOR PHARMACOLOGY AND COMPARATIVE POTENCY

Mitragynine and 7-OH are characterised as partial agonists at the human p-opioid receptor (RMOR). In vitro
studies conducted on recombinant systems have demonstrated that 7-OH possesses approximately tenfold
higher potency than mitragynine (ECso in the order of tens of nanomolar versus hundreds of nanomolar for
the parent molecule), together with greater maximal efficacy (EmX). In animal models, the antinociceptive
activity of 7-OH has been estimated to be up to thirteen times greater than that of morphine on a molar
basis. Both alkaloids behave as competitive antagonists at k- and §-opioid receptors, yielding a receptor
profile distinct from that of classical full agonists such as morphine, fentanyl, or oxycodone.”

A distinctive and much-debated property is the alleged functional bias toward the G-protein transduction
pathway over B-arrestin recruitment. G-protein bias has been proposed as a potentially protective
mechanism against respiratory depression and physical dependence. However, more recent studies
demonstrate that, at clinically relevant doses, 7-OH induces respiratory depression, tolerance, and physical
dependence fully comparable to those of classical opioids. The presumed safety window has progressively
narrowed as the concentration of 7-OH in commercial products has increased.®’'

Critically, when 7-OH is introduced directly as a concentrated active ingredient in semi-synthetic products,
the metabolic governance of hepatic cytochrome oxidases (CYP3A4, CYP2D6, CYP1A2) that limits
endogenous 7-OH production from ingested mitragynine is entirely bypassed. The receptor effect is
therefore amplified in a manner not superimposable on the traditional consumption model.3

3.2 THE QUALITATIVE TRANSITION TO HIGH-CONCENTRATION SEMI-SYNTHETIC PRODUCTS

The qualitative transition that has generated the current public health concern is documented from 2023-
2024 onwards, characterised by the appearance on the US market of formulated products declaring 7-OH
contents between 14 and 25 mg per dose, with some formulations reaching 8% 7-OH as the sole active
ingredient.®1”"® Such concentrations are incompatible with the botanical matrix and unambiguously indicate
a synthetic or semi-synthetic process: 7-OH is obtained through controlled oxidation of mitragynine
extracted from the plant and subsequently formulated into sublingual tablets, gummies, vape liquids, nasal
sprays, and edibles.>#"17
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Characterisation studies conducted on US commercial products have documented 7-OH concentrations
from 109% to 509% higher than those expected on the basis of the natural 7-OH content of the leaf.’”""* A
pressed tablet analysed in a Tampa, Florida study contained 15 mg of 7-OH per unit — a quantity equivalent
to the content of approximately 60 g of raw leaf.’” The FDA has explicitly concluded that concentrations of
this magnitude are not biologically plausible without synthetic intervention and are the result of targeted
oxidation of mitragynine.® From a commercial standpoint, this transition defines a new class of substances:
no longer kratom in the traditional sense, but semi-synthetic y-opioid agonists sold under a herbal label.*'®

4. Forensic-toxicological considerations

The forensic-toxicological analysis of cases involving 7-OH semi-synthetic products presents a set of
methodological challenges that distinguish it from the assessment of traditional kratom exposure. These
challenges concern the interpretation of post-mortem analytical findings, the validity of mitragynine as a
surrogate exposure marker, and the criteria for attributing causal contribution to 7-OH in
polypharmacological deaths.

4.1 TOXICOLOGICAL PROFILE AND CLINICAL PRESENTATIONS RELEVANT TO FORENSIC ASSESSMENT
The clinical picture of acute intoxication from high-concentration 7-OH products conforms to the classical
opioid syndrome: progressive sedation, miosis, respiratory depression, hypotension, bradycardia, nausea,
vomiting, and, in severe cases, coma.?"1* The overlap with the picture produced by full p-opioid agonists
justifies the use of naloxone as an antidote in emergency settings, although specific clinical evidence remains
limited. The concurrent presence of other central depressants — alcohol, benzodiazepines, prescription
opioids, gabapentinoids — substantially multiplies the risk of a fatal outcome.?#2°

Liver injury associated with kratom use is documented as an idiosyncratic reaction with onset typically
between one and eight weeks from the beginning of regular consumption. The histopathological pattern is
predominantly cholestatic or mixed, with elevations of liver markers and bilirubin. The histological picture
describes zone-3 cholestasis, mild portal infiltrate, focal hepatocyte dropout, and ductular injury — a pattern
of direct forensic relevance for the pathologist performing autopsy in cases of suspected toxic
hepatopathy.2'"22 An inhibitory capacity of mitragynine on CYP3A4, CYP2D6, and CYP1A2 is documented,
with potential for clinically relevant pharmacokinetic interactions with tricyclic antidepressants,
antipsychotics, statins, anticoagulants, and prescription opioids.°

The kratom withdrawal syndrome displays classical opioid phenomenology: diffuse muscle pain, abdominal
cramps, diarrhoea, nausea, vomiting, lacrimation, rhinorrhoea, piloerection, agitation, insomnia, and — in
severe cases — profound dysphoria and suicidal ideation.”'® In 7-OH semi-synthetic products, the trajectory
of dependence development appears faster and the withdrawal syndrome more severe than with traditional
kratom, with presentations superimposable on those of prescription opioids or heroin.*'1018

4.2 INTERNATIONAL AUTOPSY CASE-SERIES

The international forensic literature documents a growing number of deaths in which mitragynine and/or 7-
OH test positive on post-mortem toxicological panels.'#2°'23 A study conducted in Kern County, California,
analysed 2,020 autopsy reports and identified, among 214 accidental opioid overdose deaths, four cases
(1.9%) positive for mitragynine; in all such cases the concomitant use of at least one other substance was
documented, with fentanyl present in three of the four cases.?® This finding is consistent with a larger analysis
of 6,860 mitragynine-positive post-mortem samples, in which blood concentrations above 1,000 ng/mL
were more frequently associated with severe and fatal outcomes.’#'2

A review of case reports collected in the literature identifies 55 cases of analytically confirmed mitragynine
toxicity: 35 decedents with blood concentrations from 3.5 to 7,500 ng/mL and 20 survivors with
concentrations from 5 to 340 ng/mL. In nearly all decedents, concomitant use of at least one other substance
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potentially contributing to the outcome was documented (fentanyl, benzodiazepines, alcohol, cocaine,
antipsychotics, antidepressants).’ The Norwegian case report by Karinen and colleagues (2014) — reporting
0.23 mg/L mitragynine in peripheral blood, 0.19 mg/L in central blood, 0.43 mg/kg in liver, and 0.37 mg/L
in urine, with no evidence of significant post-mortem redistribution — remains one of the most robust
references for the determination of post-mortem concentrations across biological matrices.?*

4.3 THE INTERPRETIVE PROBLEM OF POST-MORTEM 7-HYDROXYMITRAGYNINE

The quantification of 7-OH in post-mortem blood represents, in theoretical terms, a more robust indicator
of toxic causality than mitragynine alone, by virtue of the greater receptor potency of the metabolite. Two
sets of problems, however, complicate the expert interpretation of the analytical datum.*"4

The first problem is the chemical instability of 7-OH in post-mortem biological samples. The molecule
undergoes progressive degradation as a function of time and storage conditions, with possible reduction of
detected concentrations when sampling occurs at a distance from death or when sample preservation is not
optimised. A low or absent 7-OH concentration therefore does not exclude significant recent exposure,
whereas a high concentration retains full probative value.” It is therefore advisable, in the autopsy of
subjects with suspected exposure to kratom or 7-OH products, to collect peripheral blood, central blood,
liver, vitreous humour, and urine early, with immediate storage at —20 °C or lower and analysis within
reasonable timeframes using LC-MS/MS methods validated for both analytes.?”'2

The second problem is the predominantly polypharmacological nature of documented deaths. The
presence of other active substances — synthetic opioids, central depressants, stimulants — renders the
determination of the specific causal contribution of 7-OH to the fatal event particularly delicate. In such
contexts, the forensic toxicologist and the pathologist must integrate the analytical datum with the clinical-
anamnestic assessment, the reciprocal concentrations of the substances at play, the foreseeable
pharmacokinetic and pharmacodynamic interactions, and the evaluation of the scene of recovery (presence
of packaging, commercial labels, evidence of recent consumption).2'2¢'2’ The interpretive principle should
be that of causal concurrence rather than exclusive attribution, while recognising that high concentrations
of 7-OH in a matrix devoid of other depressant substances require the substance to be considered the
principal cause of the outcome.™

4.4 THE INTERPRETIVE TRAP OF THE SURROGATE MARKER

A critical point, explicitly flagged in the most recent literature on semi-synthetic products, concerns the
routine use of mitragynine as a surrogate marker of kratom exposure in forensic laboratories.®"'”'® This
practice — reasonable in an era in which commercial products consisted of leaf or crude extracts with a
constant and predictable mitragynine/7-OH ratio — may today generate two types of interpretive error:

Error of causal attribution: a death from a 7-OH semi-synthetic product, in which 7-OH is the
predominant or exclusive active principle and mitragynine is present only as a residue of incomplete
oxidation, is erroneously classified as a death from kratom (leaf), resulting in an underestimation of
the hazardousness of the product actually consumed and in legally distinct liability for those who
produced, distributed, and sold it.®"14'17

Error of clinical reconstruction: the detected mitragynine concentration is low relative to the observed
clinical picture, erroneously suggesting a disproportionate outcome or the intervention of other
factors — when in reality the predominant causal agent, 7-OH, has neither been sought nor assayed
because not included in the standard analytical panel.’*”

It is therefore recommended that all forensic toxicology laboratories operating on cases of suspected
intoxication by unidentified opioid-profile novel psychoactive substances systematically include 7-
hydroxymitragynine in their LC-MS/MS screening panels, using validated methods with adequate sensitivity
(limits of quantification at least in the order of 1-5 ng/mL in blood matrix).142s26'27
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4.5 REFERENCE ANALYTICAL METHODS

Liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS) represents the reference
standard for the quantification of mitragynine and 7-OH in blood, urine, liver, and vitreous humour.25'2¢'27
UPLC-MS/MS methods have been published with limits of quantification adequate to forensic practice
(typical MRM transitions: 415—190 for 7-OH; 399—174 for mitragynine).?’ For the keratin matrix, validated
LC-MS/MS methods allow the simultaneous detection of mitragynine (linearity 5-5,000 pg/mg) and 7-OH
(linearity 50-5,000 pg/mg), with concentrations in the hair of actual consumers of 16-2,067 pg/mg and 0.34-
15 pg/mg respectively.?5'2

Hair analysis acquires particular medico-legal relevance for the documentation of retrospective chronic
exposure, with applications in criminal contexts (assessment of habitual use for sentencing purposes), civil
contexts (causal link between chronic exposure and biological damage), and occupational medicine (fitness
for specific duties).'#25'2¢ Detection of 7-OH in hair, in particular, constitutes an indicator of active exposure
rather than merely of mitragynine metabolism, and may therefore serve as a specific marker of exposure to
semi-synthetic products.'?* The 2025 monograph of the Center for Forensic Science Research and
Education (CFSRE NPS Discovery) constitutes an up-to-date technical reference for laboratories
implementing this determination."”

5. Regulatory framework

The regulatory landscape governing kratom alkaloids varies considerably across jurisdictions. The
intersection of lItalian national law, European Union monitoring frameworks, and recent US regulatory
initiatives creates a complex normative environment of direct relevance to forensic practitioners.

5.1 ITALY: SCHEDULE | OF DPR 309/1990

The Italian regulatory situation concerning kratom and its alkaloids is, on a formal level, among the most
stringent within the European context. The plant Mitragyna speciosa, its parts, its extracts, and the alkaloid
mitragynine are included in Schedule | of Article 14 of Presidential Decree 9 October 1990 no. 309 (the
Consolidated Act on narcotics and psychotropic substances) — the schedule listing substances for which no
therapeutic use is recognised in Italy and which, save specific authorisations, may neither be prescribed nor
marketed. Inclusion was established by decree of the Ministry of Health and subsequently confirmed by
periodic scheduling updates.?

The sanction regime is that of DPR 309/1990 as subsequently amended, in particular by Law 16 May 2014
no. 79 (converting Legislative Decree 36/2014), which reinstated — following Constitutional Court judgment
no. 32/2014 — the schedule-differentiated sanctioning system. Conduct involving production, trafficking,
possession for the purposes of dealing, and transfer configures the offences set out in Article 73 of the
Consolidated Act, with penalties differentiated according to schedule and quantity. Possession for personal
use is subject to the administrative sanctioning regime of Article 75.28'%

In terms of forensic interpretation, inclusion in Schedule | entails that any toxicological finding positive for
mitragynine or 7-OH in an autopsy, road traffic incident, occupational accident, or criminal proceeding falls
within the case-law of illicit substances, with all attendant legal consequences.’*'?#'? |t should be noted that
7-hydroxymitragynine — as a metabolite of mitragynine and as the active ingredient of commercial products
— falls under the same scheduling regime; this is relevant to the legal qualification of imported semi-
synthetic products, which cannot exploit regulatory loopholes through their commercial denomination or
declared herbal origin.2s'?

The ltalian Ministry of Health periodically updates the Schedules of DPR 309/1990 through decrees adding
novel psychoactive substances identified by the National Early Warning System (Sistema Nazionale di Allerta
Precoce, SNAP) and by the European EUDA-EMCDDA networks. It is possible that new semi-synthetic
alkaloids of interest — such as mitragynine pseudoindoxyl or designer drug derivatives — will be added in
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forthcoming updates, and the forensic consultant is advised to verify the current scheduling at the time of
drafting any expert report.*

5.2 EUROPEAN UNION AND EUDA

At the supranational European level, the EUDA (European Union Drugs Agency, formerly EMCDDA)
monitors kratom through the early warning system, but neither the plant nor its alkaloids are subject to
harmonised EU control. The EUDA drug profile document notes that neither Mitragyna speciosa nor
mitragynine or other alkaloids appear on the schedules of the United Nations Conventions on narcotic drugs,
and that at least twelve Member States have included the plant or its active principles on their respective
national lists of controlled substances.*'* The regulatory disparity between Member States constitutes a risk
factor for cross-border trafficking and regulatory shopping, with implications for judicial cooperation and
import-export contexts.*'1*

5.3 UNITED STATES: THE FDA ACTION OF JULY 2025 AND THE 7-HYDROXYMITRAGYNINE REGULATORY FRONT
The most significant international regulatory development of the last two years is the formal
recommendation, submitted by the Food and Drug Administration to the Drug Enforcement Administration
in July 2025, to specifically classify 7-hydroxymitragynine as a controlled substance under the Controlled
Substances Act, without automatically extending the measure to Mitragyna speciosa. This approach —
discriminating concentrated semi-synthetic 7-OH from traditional leaf kratom — constitutes a regulatory
novelty of considerable interest and represents a possible model for future European initiatives. The FDA
action was accompanied by the reissue of Import Alert 54-15 (February 2025), authorising detention without
physical examination of dietary supplements and ingredients containing kratom at the US border.*

The asymmetry between the lItalian stringency (targeting leaf, mitragynine, and — by extension — 7-OH
indistinctly) and the more recent US approach (aimed at selectively targeting semi-synthetic 7-OH while
preserving traditional consumption) merits critical reflection. The Italian option is coherent with the
precautionary principle but may present applicative difficulties in the case of imports of declaredly herbal,
low-alkaloid products; the US option is more surgical but requires sophisticated analytical tools for the
laboratory discrimination between traditional and semi-synthetic products.® This regulatory divergence has
direct practical consequences for forensic consultants operating in international contexts, customs forensics,
and cross-border judicial cooperation.

6. Operational recommendations for forensic practitioners

On the basis of the forensic-toxicological and regulatory analysis developed above, the following targeted
recommendations are addressed to the professional categories most directly involved in cases of suspected
exposure to 7-OH semi-synthetic products.

6.1 FORENSIC TOXICOLOGY LABORATORIES

Systematic inclusion of 7-hydroxymitragynine in LC-MS/MS screening panels for novel psychoactive
substances of opioid profile, with validated methods and limits of quantification < 5 ng/mL in blood.
Adoption of sample preservation methodologies minimising 7-OH degradation (immediate refrigeration at
—20 °C, analysis within reasonable timeframes). Routine reporting of the mitragynine/7-OH quantitative ratio
to the requesting party, as a proxy indicator of the type of product consumed.?7'25'26'27

6.2 FORENSIC PATHOLOGISTS AND MEDICO-LEGAL EXPERTS

Updating of autopsy protocols with explicit provision for the sampling of matrices suitable for 7-OH
determination in cases of suspected exposure: peripheral and central blood, bile, urine, vitreous humour,
gastric contents, liver (at least 10-20 g), and — in selected cases — hair (occipital lock of at least 3 cm),
stored with appropriate preservatives and refrigerated at —20 °C."#2* Explicit request to the laboratory for
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the simultaneous determination of mitragynine and 7-hydroxymitragynine by validated LC-MS/MS methods.
Inclusion, in the autopsy report, of a critical discussion of the causal link in light of the pharmacological
peculiarities of semi-synthetic products, articulating: (a) the direct cause of death; (b) contributory conditions;
(c) manner of death; (d) critical evaluation of the specific contribution of 7-OH relative to co-consumed
substances.20'23'24

6.3 EMERGENCY MEDICINE AND CLINICAL TOXICOLOGY

History-taking oriented toward the identification of commercial products labelled kratom, 7-OH, mitragyna,
or mit, and of novel psychoactive substances sold as natural supplements. Consideration of naloxone as a
rational antidote, with possible need for repeated doses or continuous infusion given the potentially long
half-life of the alkaloids.’'* Monitoring of hepatic, renal, and cardiac function even in apparently stable
subjects after an acute episode.’*?!

6.4 ROAD TRAFFIC AND DRIVING CONTEXTS

Article 187 of the Italian Highway Code (driving under the influence of narcotic substances) requires the
analytical detection of narcotic substances in appropriate biological matrices.?*?> Given that most roadside
and standard laboratory tests do not include mitragynine and 7-OH, there is a significant risk of failure to
detect clinically relevant states of impairment.’*1%2¢ Prosecutors’ offices and reference laboratories —
particularly in provinces with greater penetration of the phenomenon — are advised to update their testing
protocols, including kratom alkaloids in second-tier panels in cases of suggestive clinical presentations not
explained by other analytical findings.'”"?*

7. Discussion

The picture outlined here reveals an emerging phenomenon of increasing public health relevance, marked
by a plurality of interconnected critical issues.®’'® The qualitative transition from traditional kratom to semi-
synthetic 7-OH products introduces a new class of semi-synthetic p-opioid agonists with potency exceeding
that of morphine, circulating within a regulatory and perceptual regime — that of the herbal and natural —
improper to their nature and concealing their intrinsic hazardousness.3*? This dissimulation generates an
informational asymmetry that damages the consumer, the emergency healthcare system, the toxicology
laboratory, and — ultimately — criminal and civil jurisdiction.”#

On the forensic-toxicological side, the most urgent critical point is the displacement of mitragynine by 7-
OH as the marker of exposure.’”'® In the era of traditional products, identification of mitragynine in post-
mortem blood was sufficient to suggest exposure to kratom and to estimate the magnitude of consumption
with reasonable approximation.’* In the era of semi-synthetic products, the same detection may drastically
underestimate the real hazardousness of exposure, because 7-OH is not sought and may be partially
degraded in post-mortem biological samples. A systemic risk of causal under-attribution therefore emerges,
which is ethically and legally unacceptable.’718'24

On the regulatory plane, Italy presents a restrictive framework which, if consistently applied, should
guarantee an adequate level of protection.?®# The issue is therefore not regulatory in the strict sense but
applicative: the availability of products through online channels, their presentation as herbal supplements,
the difficulty of customs interception, and the lack of standardisation of laboratory analytical panels create
a significant gap between abstract norm and practical effectiveness.#'¥"” The US choice of selectively
targeting semi-synthetic 7-OH while preserving traditional kratom raises questions about the most
appropriate regulatory strategy: to maintain an all-encompassing approach or to adopt differentiated
regulation based on active-ingredient content and synthetic origin.*"'* Both models present advantages and
limitations for the forensic practitioner, and the evolution of this regulatory divergence deserves continued
monitoring by the international forensic community.
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This review has several limitations that should be acknowledged. First, the literature on 7-OH semi-synthetic
products specifically is still nascent: the majority of available forensic case-series were conducted prior to
2023 and therefore do not reflect the current semi-synthetic market. Second, the absence of harmonised
EU scheduling limits the generalisability of conclusions beyond the Italian jurisdiction. Third, the instability
of 7-OH in post-mortem matrices means that many published forensic cases may have underestimated its
contribution, making it difficult to establish robust concentration-effect reference ranges. Future research
priorities should include: the establishment of validated post-mortem reference ranges for 7-OH;
prospective surveillance of semi-synthetic product markets in European jurisdictions; and the development
of rapid point-of-care tests capable of discriminating between traditional and semi-synthetic kratom
exposure.

8. Conclusions

Semi-synthetic products based on 7-hydroxymitragynine represent a paradigmatic case of the challenges
posed to legal medicine and forensic toxicology by the evolution of the novel-psychoactive-substance
market: a substance with a full opioid pharmacological profile, circulating under a herbal label, exploiting
an international regulatory void and a widespread technical unawareness within laboratory analytical
panels.7’8’9’15’17"|8

The professional response calls for simultaneous updating on multiple levels: scientific (knowledge of
receptor pharmacology), technical (analytical methods, particularly the systematic inclusion of 7-OH in LC-
MS/MS panels), procedural (autopsy and consultancy protocols), and cultural (awareness-raising among the
professional figures involved).®"1*'1” The present narrative review is offered as an instrument of updating, to
be integrated with the continuing evolution of the scientific literature and judicial practice.
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