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Abstract
Over the last several years there has been an influx of α2-agonists into the street drug supply, beginning. This began with the proliferation of xylazine, a potent veterinary sedative. Since 2023, another sedative, medetomidine, has been widely detected. Medetomidine, broadly, encompasses two optical isomersenantiomers – dexmedetomidine and levomedetomidine – with the dex- enantiomerisomer being pharmacologically active and presentused in licit human-use pharmaceuticals formulations. In this work, we investigate street drug samples containing medetomidine to better understand their isomeric makeup in the illicit supply. Liquid chromatography tandem mass spectrometry (LC-MS/MS) was used to analyze 100 drug product or paraphernalia residue samples. All samples were found to contain a racemic mixture of medetomidine. A subset of samples were analyzed by medetomidine immunoassay test strips, where racemic mixtures were not found to negatively affect results. All samples were also qualitatively analyzed using direct analysis in real time mass spectrometry (DART-MS) to identify commonly co-occurring compounds, which included fentanyl, xylazine, and local anesthetics. Parabens, preservatives found in licit injectable preparations of the drug, were not detected. This work provides a snapshot into the medetomidine makeup of street drug supply, which needs to be continually monitored given the differences in pharmacology between the two optical isomersenantiomers. 
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Introduction
The fentanyl supply in the United States has seen increased adulteration by a wide variety of compounds in recent years[1]. Adulterants and diluents range from common psychoactive and non-psychoactive cutting agents substances like caffeine and sugars to industrial chemicals. One class of concerning adulterants that have has seen increased prevalence in the past decade are α2-agonists. Xylazine, a veterinary sedative, has proliferated in the drug supply and has brought with it a number of additional dangers to people who use drugs[2]. Medetomidine, another sedative more potent than xylazine has begun to be detected. 
Initially detected in Maryland in 2022[3], medetomidine began to increase in prevalence through 2025. It was periodically identified in emergency room samples throughout the United States in Pennsylvania, Missouri, Colorado, California, and Maryland in 2023. In 2024, medetomidine appeared in toxicology specimens and drug product samples  in Philadelphia and Chicago drug suppliesand were traced back to, leading to a large number of overdoses[4,5]. Medetomidine has been increasingly identified in the street fentanyl supply through forensic and drug checking efforts over the last twelve months[6]. In June of 2024, medetomidine was in the top ten compounds detected in east coast samples submitted to the National Institute of Standards and Technology (NIST) RaDAR program. It was consistently identified in 9 % to 22 % of east coast samples from June 2024 through May 2025 with the only exception being October of 2024 , when it was not listed in the top ten analytes[7]. Reports to the National Forensic Laboratory Information System (NFLIS) are consistent with this trend. Identifications of medetomidine in drug samples reported to NFLIS increased from 302 in 2022 to 2510 in 2024 and were concentrated in the eastern half of the United States[8]. 
The presence of this compound in the opioid supply has led to new overdose symptoms[9] and is forcing first responders and emergency medicine physicians to rethink treatment protocols[10]. Medetomidine increases sedation and can cause effects that include bradycardia and hypotension, which may be increased when combined with opioids and other sedatives[11,12]. Additionally, though medetomidine does not typically cause respiratory depression, when combined with opioids, it may enhance their respiratory depressant effect[12,13]. It does not respond to naloxone, complicating treatment of individuals experiencing an overdose. According to the Centers for Disease Control and Prevention (CDC), non-opioid sedatives, a category including medetomidine and xylazine, were present in 21.5 % of overdose deaths in 2023[14], and estimated (based on preliminary data) to have been present in 23.4 % of overdosees fatalities in the first half of 2024[15]. 
Medetomidine consists of two optical isomersenantiomers – dexmedetomidine and levomedetomidine. Dexmedetomidine is the pharmacologically active enantiomerisomer and  is the form used in human pharmaceuticals[12], while both the dex enantiomerisomer and the racemic mixture are used in veterinary formulations[16].  The activity of pharmaceuticals containing dexmedetomidine is twice that of the racemic mixture[11]. Levomedetomidine does not produce sedation, and when present in the racemic mixture may decrease the efficacy of the dexmedetomidine[17].  To date, the enantiomericisomeric composition of medetomidine in the street drug supply has been largely unstudied. Understanding the composition and monitoring it over time could provide insights into the potency of drug products containing medetomidine, the source of the material (diverted pharmaceutical or illicitly manufactured), and whether there are multiple sources in the supply.
Street drugs such as amphetamine, ketamine, and Many drugs methamphetamine also  exist as enantiomers. As such, there have been many efforts to identify the enantiomerisomeric composition of drug samples. This can be achieved through multiple techniques including derivatization[18] or separation through chiral chromatography[19]. The separation of medetomidine isomers enantiomers in human and animal biological specimens has been demonstrated using a cellulose tris(4-methylbenzoate) chiral column[20]. This approach was adapted for the analysis of non-biological drug powders and paraphernalia.
In this study, we determine the isomeric enantiomeric composition of a subset of medetomidine-containing samples collected on the East Coast between August 2024 and February 2025. Chiral chromatography was used to determine whether samples contained the dex- and/or levo- isomersenantiomers. Nontargeted, qualitative analysis by direct analysis in real time mass spectrometry (DART-MS) was also conducted to investigate the co-occurrence of fentanyl and other substances in the samples. Finally, a subset of samples was analyzed using medetomidine-specific immunoassay test strips to determine if the isomeric enantiomeric composition present in street samples is detectable by this frequently employed on-site detection tool.

Materials & Methods
Materials & Sample Preparation
A total of 100 medetomidine-containing samples of drug paraphernalia residue or drug product submitted for drug checking were obtained from public health and harm reduction agencies through the Rapid Drug Analysis and Research (RaDAR) program[7]. Samples came from 12 sites across six states on the East Coast and were collected between August 2024 and February 2025. Drug product samples (n = 12) were received as ≈ 5 mg of powder in 2 mL vials containing acetonitrile (Omnisolv grade, Sigma-Aldrich, St. Louis, MO) and caffeine-d3 (7-methyl-d3, CDN Isotopes Pointe-Claire, QC,10 ppm). Drug paraphernalia residue samples (n = 88) were received, each consisting of a cotton swab used to collect residue from items such as baggies, syringes, or capsules. These samples were extracted in 1 mL of methanol (Omnisolv grade, Sigma-Aldrich) containing caffeine-d3. 
All samples underwent an initial, qualitative analysis using DART-MS, described in detail elsewhere[21]. The data was used to identify drugs, cutting agents, adulterants, diluents, and parabens present in the sample, to the extent possible. Compound identifications were made using the NIST/NIJ DART-MS Data Interpretation Tool (v3.22)[22] and the NIST DART-MS Forensics Database (version Joro)[23]. Settings of a 3 % relative intensity threshold and a mass tolerance of ±5 mDa were used.
DART-MS for Qualitative Sample Characterization and Paraben Screening
All samples underwent an initial, qualitative analysis using DART-MS, described in detail elsewhere[21]. The data was used to identify drugs, cutting agents, adulterants, diluents, and parabens present in the sample, to the extent possible. Compound identifications were made using the NIST/NIJ DART-MS Data Interpretation Tool (v3.22)[22] and the NIST DART-MS Forensics Database (version Joro)[23]. Settings of a 3 % relative intensity threshold and a mass tolerance of ±5 mDa were used. Quantitative analysis, to determine the amount of medetomidine relative to other compounds in the mixtures, was not conducted.
In addition to the library searching for compound identification, the DART-MS spectra from all samples were datamined to determine whether signatures (protonated mass-to-charge ratios) relating to methylparaben (m/z 153.055) or propylparaben (m/z 181.086) were present (using a 1 % relative intensity threshold and a mass tolerance of ±5 mDa).  

Liquid Chromatography Tandem Mass Spectrometry (LC-MS/MS)
After DART-MS analysis, samples were prepared for liquid chromatography tandem mass spectrometry (LC-MS/MS) analysis to determine the enantiomericisomeric makeup of medetomidine. Drug product samples were diluted 100-fold and drug residue samples were diluted 10-fold in methanol containing 10 ppm caffeine-d3. A Dionex UltiMate 3000 liquid chromatography system (Thermo Scientific, Waltham, MA) coupled with a SCIEX Q-Trap 4000 mass spectrometer (Framingham, MA) was used along with a Phenomenex Lux 3 µm Cellulose-3 150 mm x 2 mm column (Torrance, CA) and Raptor C18 5 µm 5 mm x 4.6 mm guard column (Restek, Bellefonte, PA). The LC-MS/MS method was adapted from Kal et al.[24] and modified slightly to obtain baseline separation of dex- and levo-medetomidine (Figure 1). LC-MS/MS method parameters are provided in Table 1. 
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Figure 1. Representative extracted ion chromatograms demonstrating baseline separation of dexmedetomidine and levomedetomidine using the described LC-MS/MS method.
Table 1. LC-MS/MS parameters for medetomidine enantiomerisomer separation. Parameters were adapted from Kal et. al[24].
	Injection Volume
	15 µL

	Flow Rate
	0.20 mL/min

	Mobile Phase†
	A: Methanol
B: Water + 20 mM Ammonium Formate + 0.1 % Diethylamine

	Mobile Phase Program
	Isocratic 55 % A, 45 % B

	Oven Temperature
	25 ºC

	Polarity
	Positive

	Curtain Gas
	10.0 a.u.

	Collision Gas
	Medium

	IonSpray Voltage
	5500 V

	Temperature
	450 ºC

	Ion Source Gas 1
	50 a.u.

	Ion Source Gas 2
	50 a.u.

	Declustering Potential
	50 V

	Entrance Potential
	10 V

	Collision Cell Exit Potential
	10 V

	Scan Time (per MRM)
	100 ms

	Caffeine-d3 MRM (Collision Energy)
	1: m/z 198 à m/z 141 (30 V)
2: m/z 198 à m/z 113 (35 V)

	Caffeine-d3 Retention Time
	5.5 min

	Medetomidine MRM (Collision Energy)
	1: m/z 201 à m/z 95 (25 V)
2: m/z 201 à m/z 68 (55 V)

	Dexmedetomidine Retention Time
	12.2 min

	Levomedetomidine Retention Time
	14.8 min


†Methanol and water were Omnisolv grade purchased from Sigma-Aldrich, ammonium formate was purchased from Fluka ≥99 %, and diethylamine was purchased from Thermo Scientific ≥99 %.
Methanol containing caffeine-d3 was used as the negative control. A mixture of dexmedetomidine and levomedetomidine (Cayman Chemical, Ann Arbor, MI) in methanol containing caffeine-d3 was used as a positive control to ensure the compounds' separation was maintained throughout the analysis. Retention time, peak areas, and peak area ratios between the two multiple reaction monitoring (MRM) transitions were monitored for all three compounds (dexmedetomidine, levomedetomidine, and caffeine-d3) using Analyst® 1.5.1 Software (SCIEX). As part of this study, we also examined reproducibility (Supplemental Figures 1-3) and sensitivity (Supplemental Table 2) of the method and investigated the possibility of interference from other compounds in the sample. This data is provided in the Supplemental Information. 

Immunoassay Test Strips
Following LC-MS/MS analysis, a subset of 25 samples (denoted in Supplemental Tables 1-4) were examined using medetomidine immunoassay test strips (BTNX, Pickering, ON). The 12 samples that were submitted as drug powders were chosen along with an additional 13 residue samples that had the highest concentration of medetomidine based on peak area in the LC-MS/MS analysis to ensure that the samples analyzed contained sufficient analyte to illicit a response on the test strips.  A 100 µL aliquot was transferred to a 2 mL vial, evaporated to dryness, and reconstituted in 500 µL of water of Omnisolv grade (Supelco, Bellefonte, PA). For each sample, two test strips were dipped into the aqueous samples and the solution was allowed to wick up the strip. Strips were placed on a lab bench, and after two minutes, the results were visually recorded as positive (lack of a test band) or negative (visible test band). Water and aqueous solutions (0.1 mg/mL) of dexmedetomidine, levomedetomidine, and a mixture of the two (0.1 mg/mL each) were used as controls.

Results & Discussion
Sample Makeup
For this study, a total of 100 samples were analyzed. Twelve were drug products and the remaining 88 were residues collected on cotton swabs. Of the 88 residue samples, 30 were collected from baggies, 16 from syringes, and 4 from capsules. Information on the item sampled for the remaining 38 residue samples was not provided.
Qualitative analysis was conducted using DART-MS to identify the drugs, cutting agents, adulterants, and other compounds of interest that were present in the samples (Table 2). As expected, a large majority of samples (82 %) contained fentanyl. The local anesthetic tetracaine was also observed in more than half of the samples (65 %). Xylazine, another α2-agonist, was present in 30 % of samples, followed closely by lidocaine (27 %), another local anesthetic. In total, 21 compounds were co-detected with medetomidine with varying distributions across the sample set. It is important to note that for residue samples, especially those collected from syringes, there is the possibility that the item was co-used with different types of drugs, and therefore, co-occurrence does not necessarily indicate the compounds came from the same drug product.
In addition to the library searching for compound identification, the spectra from all samples were datamined to determine whether signatures (protonated mass-to-charge ratios) relating to methylparaben (m/z 153.055) or propylparaben (m/z 181.086) were present (using a 1 % relative intensity threshold and a mass tolerance of ±5 mDa).  Parabens are commonly found in injectable solutions as a preservative[25] and their presence could indicate the diversion of human or veterinary pharmaceuticals. For instance, Dexdormitor, a veterinary injectable solution contains 0.5 mg of dexmedetomidine HCl, 1.6 mg of methyl paraben, and 0.2 mg of propyl paraben[26]. Placadine, a racemic injectables, contain 1 mg/mL of medetomidine HCl, 1 mg/mL of methyl paraben, and 0.2 mg/mL of propyl paraben[32]. However, Precedex, a human dexmedetomidine injectable does not contain preservatives[27]. 
No sample had a detectable signature for either paraben. It should be noted that the lack of a paraben detection cannot definitively rule out diversion of pharmaceutical samples into the illicit drug supply – it is a possibiliety that parabens could be present at a concentration below the limit of detection for DART-MS.
Table 2. Prevalence of other compounds detected in the samples analyzed.
	Compound
	% Samples Containing
	Compound
	% Samples Containing

	Fentanyl
	82 %
	Acetyl fentanyl
	4 %

	Tetracaine
	65 %
	Methyl Fentanyl†
	4 %

	Xylazine
	30 %
	Diphenhydramine
	2 %

	Lidocaine
	27 %
	Fluorofentanyl†
	2 %

	4-ANPP
	22 %
	Tramadol
	2 %

	Caffeine
	18 %
	Benzoylecgonine
	1 %

	Procaine
	17 %
	Etomidate
	1 %

	Bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate (BTMPS)
	15 %
	Heroin
	1 %

	Acetaminophen
	13 %
	Protonitazene
	1 %

	Quinine
	9 %
	Theobromine
	1 %

	Cocaine
	6 %
	
	


†Positional isomer of the drug was not determined.

 Isomeric Enantiomeric Composition of Medetomidine in Street Drug Samples
Using LC-MS/MS, it was determined that all 100 samples contained both dexmedetomidine and levomedetomidine. Peak area ratios of the main MRM transition for the two enantiomersisomers (Figure 2) indicated that nearly all samples were racemic in nature, with ratios largely between 0.75 a.u. and 1.25 a.u. Two samples, Sample 41 and Sample 52, had peak area ratios of 0.66 a.u. and 0.58 a.u., respectively, indicating a slightly higher concentration of the levomedetomidine isomerenantiomer in the sample. Both samples were collected from the same site, several months apart; however, other samples collected from that site on the same days have peak area ratios much closer to 1 a.u. Peak area ratios for all samples can be found in Supplemental Tables 1-4. Since only dexmedetomidine has been approved for human use[28], diversion of human-use pharmaceuticals l substances can be ruled out for these samples tested. The racemic mixture of medetomidine is used within veterinary settings and therefore this data cannot definitively rule out diversion of veterinary-use pharmaceuticals[16].
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Figure 2. Ratio of peak areas for dexmedetomidine to levomedetomidine for all samples tested. 
The LC-MS/MS method used was found to be both reproducible (peak area ratios consistently fell within ±20 % for all positive controls and retention times fell within ±0.5 min for all injections) and sensitive (approximate limit of detection for both enantiomers was 10 ng/mL). None of the other compounds identified in the samples were found to cause possible interference in the MRM transitions monitored for medetomidine and caffeine-d3.
As part of this study, we also monitored the reproducibility of the method as well as established an approximate limit of detection (10 ng/mL for dexmedetomidine and 10 ng/mL for levomedetomidine, Supplemental Table 5) and investigated potential interferents. Additional information on those components of the study can be found in Supplemental Information.

Detection of Medetomidine in Samples using Immunoassay Test Strips
While laboratory testing of drug product and clinical specimens is critically important for monitoring and surveillance efforts, the need to send samples out for testing does not offer people who use drugs insight into the makeup of sample prior to consumption. The ability to detect compounds of concern like medetomidine in a laboratory setting is critically important for monitoring and surveillance efforts, but it does not provide people who use drugs an opportunity to understand what is in their sample prior to use. To provide initial results, many public health and harm reduction agencies will rely on immunoassay test strips. While the use of fentanyl test strips as a harm reduction tool is widespread[29], iIn recent months, medetomidine test strips have begun to become available on the market. , however, it’sSince antibodies can be developed specific to one enantiomer, it is important to know understand whether these tests are able to detect the racemic mixture of medetomidine in complex samples.
Twenty-five of the 100 samples (denoted in Supplemental Tables 1-4) were run on medetomidine test strips to investigate whether positive indications of medetomidine could be obtained. All samples were found to produce positive results regardless of other compounds in the sample and whether the sample was an actual drug product or a residue. In addition to samples, dexmedetomidine, levomedetomidine, a racemic mixture of medetomidine, and 77 other analytes representing commonly observed drugs, cutting agents, diluents, and adulterants were also analyzed to determine whether any important cross-reactivities existed (Supplemental Table 63). Both individual enantiomersisomers of medetomidine and the racemic mixture produced positive results. No cross-reactivity was found for the panel examined. The approximate limit of detection (Supplemental Table 74) was also investigated for the dex enantiomerisomer (1 µg/mL) and the racemic mixture (10 µg/mL).

Conclusion
This study sought to understand the enantiomericisomeric makeup of medetomidine in the street drug supply by analyzing samples from East Coast states collected between August 2024 and February 2025. All samples were found to contain a racemic mixture of dex- and levo-medetomidine, suggesting that the material was not introduced from diverted human-use pharmaceuticals. Parabens, commonly used in injectable solutions as preservatives, were not identified in any of the samples. Medetomidine was found to be co-detected with a range of samples, but was most frequently found in combination with fentanyl, xylazine, and local anesthetics. The racemic makeup of medetomidine in the street samples did not hinder detection by immunoassay test strips.  
It is critical to note that this study only investigated 100 samples collected over a six-month timeframe. While efforts were made to include samples that were as geographically and temporally diverse as possible, it may not be reflective of the street drug supply as a whole. It may also not be representative of the medetomidine supply pre-dating August 2024. Finally, it is important to continue monitoring the enantiomericisomeric composition of medetomidine in the street drug supply, given the differences in activity of the two isomersenantiomers[30]. Other drugs with optical isomers where one is more active, like methamphetamine, have historically been subjected to purification to increase the concentration of the active isomer, thereby increasing the potency. If purification of medetomidine is conducted to increase the percentage of the dex- enantiomerisomer or the source of medetomidine is shifted to exclusively contain dexmedetomidine, increased negative effects could quickly be observed. 

Disclaimer
Certain commercial products are identified to adequately specify the procedure; this does not imply endorsement or recommendation by NIST, nor does it imply that such products are necessarily the best available for the purpose.
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Supplemental Information for: EnantiomericIsomeric Determination of Medetomidine in Street Drug Samples (August 2024 – February 2025) and Implications for Immunoassay Test Strip Analysis
Supplemental Table 1. Summary results for Samples 1-25all samples, including date collected, site identified (arbitrarily assigned), sample type, ratio of medetomidine peak areas, medetomidine test strip result (if conducted), and a list of other compounds qualitatively identified in the sample.
	Sample #
	Date Collected
	Site #
	Sample Type
	Peak Area Ratio
Dex / Levo, (a.u.)
	Test Strip Result*
	Other Compounds in Sample

	1
	01/2025
	6
	Syringe Residue
	1.07
	NT
	4-ANPP; Acetaminophen; Caffeine; Fentanyl; Lidocaine; Procaine; Quinine; Xylazine

	2
	08/2024
	5
	Syringe Residue
	1.00
	NT
	Caffeine; Fentanyl; Fluorofentanyl; Quinine

	3
	01/2025
	6
	Syringe Residue
	0.98
	NT
	Acetaminophen; Cocaine; Fentanyl; Procaine; Quinine; Tetracaine; Xylazine

	4
	12/2024
	6
	Syringe Residue
	1.09
	NT
	Cocaine; Lidocaine; Quinine; Tetracaine; Xylazine

	5
	01/2025
	6
	Syringe Residue
	0.96
	NT
	Acetaminophen; Cocaine; Fentanyl; Quinine; Xylazine

	6
	10/2024
	2
	Baggie Residue
	1.05
	NT
	Fentanyl; Tetracaine

	7
	11/2024
	2
	Unknown
	1.10
	NT
	Fentanyl; Tetracaine

	8
	10/2024
	2
	Baggie Residue
	1.04
	NT
	BTMPS; Tetracaine

	9
	09/2024
	2
	Baggie Residue
	0.99
	NT
	Fentanyl; Tetracaine

	10
	02/2025
	12
	Baggie Residue
	1.02
	NT
	4-ANPP; Fentanyl; Heroin; Lidocaine; Xylazine

	11
	08/2024
	4
	Drug Product
	1.10
	P
	Fentanyl; Tetracaine

	12
	08/2024
	4
	Drug Product
	1.04
	P
	Fentanyl; Tetracaine

	13
	09/2024
	2
	Unknown
	1.06
	NT
	Procaine; Tetracaine

	14
	12/2024
	10
	Capsule Residue
	1.06
	NT
	Caffeine; Methyl Fentanyl; Xylazine

	15
	12/2024
	10
	Capsule Residue
	1.00
	NT
	Caffeine; Methyl Fentanyl; Xylazine

	16
	12/2024
	10
	Capsule Residue
	1.07
	NT
	Caffeine; Methyl Fentanyl; Xylazine

	17
	08/2024
	2
	Baggie Residue
	0.93
	P
	Acetyl Fentanyl; Caffeine; Fentanyl; Tetracaine

	18
	08/2024
	2
	Syringe Residue
	1.06
	NT
	Fentanyl; Tetracaine

	19
	08/2024
	2
	Baggie Residue
	1.04
	NT
	Fentanyl; Tetracaine

	20
	08/2024
	2
	Unknown
	1.03
	NT
	Fentanyl; Xylazine

	21
	09/2024
	2
	Baggie Residue
	0.96
	NT
	Tetracaine

	22
	10/2024
	2
	Baggie Residue
	0.94
	NT
	Fentanyl; Tetracaine

	23
	09/2024
	2
	Syringe Residue
	1.00
	NT
	Acetaminophen; Cocaine; Fentanyl; Lidocaine; Procaine; Protonitazene; Tetracaine; Xylazine

	24
	08/2024
	2
	Baggie Residue
	1.09
	NT
	Fentanyl; Tetracaine

	25
	08/2024
	2
	Baggie Residue
	1.02
	NT
	Fentanyl; Tetracaine


* “P” Indicates a positive test strip result, “NT” indicates sample was not tested using the medetomidine test strips.
Supplemental Table 21, continued. Summary results for Samples 26-50, including date collected, site identified (arbitrarily assigned), sample type, ratio of medetomidine peak areas, medetomidine test strip result (if conducted), and a list of other compounds qualitatively identified in the sample.
	Sample #
	Date Collected
	Site #
	Sample Type
	Peak Area Ratio
Dex / Levo, (a.u.)
	Test Strip Result*
	Other Compounds in Sample

	26
	08/2024
	3
	Unknown
	1.01
	NT
	Acetyl fentanyl; Caffeine; Fentanyl; Tetracaine

	27
	08/2024
	3
	Unknown
	1.09
	NT
	Fentanyl; Tetracaine

	28
	09/2024
	3
	Unknown
	1.06
	NT
	Procaine; Tetracaine

	29
	09/2024
	3
	Unknown
	1.05
	NT
	Acetyl fentanyl; Fentanyl; Tetracaine; Theobromine

	30
	09/2024
	3
	Unknown
	1.01
	NT
	Acetyl fentanyl; Fentanyl; Tetracaine

	31
	09/2024
	3
	Unknown
	1.00
	NT
	Fentanyl; Tetracaine

	32
	10/2024
	3
	Unknown
	0.96
	NT
	Procaine; Tetracaine

	33
	10/2024
	3
	Unknown
	1.04
	NT
	BTMPS; Fentanyl

	34
	10/2024
	1
	Unknown
	1.00
	NT
	4-ANPP; Fentanyl; Xylazine

	35
	11/2024
	3
	Unknown
	1.04
	NT
	4-ANPP; Fentanyl; Xylazine

	36
	10/2024
	3
	Baggie Residue
	1.02
	NT
	Fentanyl; Tetracaine

	37
	11/2024
	3
	Unknown
	0.97
	NT
	Acetaminophen; Lidocaine

	38
	10/2024
	3
	Unknown
	0.96
	NT
	BTMPS; Fentanyl; Xylazine

	39
	10/2024
	3
	Unknown
	0.94
	NT
	BTMPS; Fentanyl; Xylazine

	40
	10/2024
	3
	Unknown
	1.13
	NT
	Fentanyl; Tetracaine

	41
	11/2024
	3
	Unknown
	0.66
	P
	BTMPS; Lidocaine

	42
	11/2024
	3
	Unknown
	0.96
	P
	Caffeine; Fentanyl; Tetracaine

	43
	11/2024
	3
	Unknown
	1.04
	NT
	Fentanyl; Tetracaine

	44
	11/2024
	1
	Unknown
	0.98
	P
	4-ANPP; Fentanyl; Xylazine

	45
	11/2024
	1
	Unknown
	0.92
	P
	BTMPS; Fentanyl; Lidocaine; Tetracaine

	46
	11/2024
	1
	Unknown
	0.98
	NT
	Fentanyl; Tetracaine

	47
	12/2024
	3
	Unknown
	0.89
	NT
	Acetaminophen; BTMPS; Caffeine; Fentanyl; Lidocaine; Procaine; Tetracaine

	48
	12/2024
	3
	Unknown
	0.96
	NT
	Acetaminophen; BTMPS; Fentanyl; Lidocaine; Tetracaine

	49
	12/2024
	3
	Unknown
	0.94
	P
	4-ANPP; Acetaminophen; Fentanyl; Lidocaine; Tetracaine; Xylazine

	50
	01/2025
	3
	Unknown
	0.88
	NT
	Procaine


* “P” Indicates a positive test strip result, “NT” indicates sample was not tested using the medetomidine test strips.



Supplemental Table 1, continued3. Summary results for Samples 51-75, including date collected, site identified (arbitrarily assigned), sample type, ratio of medetomidine peak areas, medetomidine test strip result (if conducted), and a list of other compounds qualitatively identified in the sample.
	Sample #
	Date Collected
	Site #
	Sample Type
	Peak Area Ratio
Dex / Levo, (a.u.)
	Test Strip Result*
	Other Compounds in Sample

	51
	01/2025
	3
	Unknown
	0.94
	P
	4-ANPP; Fentanyl; Lidocaine; Tetracaine

	52
	01/2025
	3
	Unknown
	0.59
	NT
	Fentanyl; Lidocaine; Procaine

	53
	01/2025
	3
	Unknown
	0.92
	NT
	Tetracaine

	54
	11/2024
	2
	Unknown
	1.04
	NT
	Fentanyl; Tetracaine

	55
	12/2024
	2
	Baggie Residue
	1.00
	NT
	Fentanyl; Tetracaine

	56
	01/2025
	2
	Syringe Residue
	0.80
	P
	4-ANPP; Fentanyl; Lidocaine; Procaine

	57
	08/2024
	4
	Drug Product
	1.05
	P
	BTMPS: Caffeine; Fentanyl; Lidocaine; Tetracaine

	58
	08/2024
	4
	Drug Product
	1.06
	P
	Fentanyl; Procaine; Tetracaine; Xylazine

	59
	08/2024
	4
	Drug Product
	1.09
	P
	Fentanyl; Lidocaine; Tetracaine

	60
	09/2024
	4
	Drug Product
	1.04
	P
	Acetaminophen; Fentanyl; Fluorofentanyl

	61
	09/2024
	4
	Drug Product
	0.98
	P
	Fentanyl; Lidocaine

	62
	09/2024
	4
	Drug Product
	1.03
	P
	Fentanyl; Xylazine

	63
	09/2024
	4
	Drug Product
	1.06
	P
	4-ANPP; Fentanyl; Xylazine

	64
	11/2024
	4
	Drug Product
	1.03
	P
	4-ANPP; Fentanyl; Lidocaine

	65
	01/2025
	4
	Drug Product
	0.99
	P
	BTMPS; Caffeine; Fentanyl; Lidocaine; Procaine; Tetracaine; Xylazine

	66
	01/2025
	4
	Drug Product
	0.98
	P
	Caffeine; Lidocaine; Procaine; Tetracaine; Xylazine

	67
	09/2024
	2
	Baggie Residue
	0.99
	NT
	Fentanyl; Tetracaine

	68
	10/2024
	2
	Syringe Residue
	1.15
	NT
	Fentanyl; Tetracaine; Xylazine

	69
	10/2024
	2
	Baggie Residue
	1.00
	NT
	Fentanyl; Tetracaine

	70
	12/2024
	2
	Baggie Residue
	1.04
	P
	Fentanyl; Tetracaine

	71
	11/2024
	2
	Syringe Residue
	1.10
	NT
	Procaine; Tetracaine

	72
	09/2024
	2
	Baggie Residue
	1.00
	NT
	Fentanyl; Tetracaine

	73
	01/2025
	2
	Baggie Residue
	1.02
	NT
	BTMPS; Fentanyl; Lidocaine; Tetracaine

	74
	10/2024
	2
	Syringe Residue
	1.04
	NT
	Fentanyl; Tetracaine

	75
	10/2024
	2
	Unknown
	1.14
	NT
	BTMPS; Fentanyl; Tetracaine


* “P” Indicates a positive test strip result, “NT” indicates sample was not tested using the medetomidine test strips.



Supplemental Table 1, continured4. Summary results for Samples 76-100, including date collected, site identified (arbitrarily assigned), sample type, ratio of medetomidine peak areas, medetomidine test strip result (if conducted), and a list of other compounds qualitatively identified in the sample.
	Sample #
	Date Collected
	Site #
	Sample Type
	Peak Area Ratio
Dex / Levo, (a.u.)
	Test Strip Result*
	Other Compounds in Sample

	76
	10/2024
	2
	Baggie Residue
	0.96
	NT
	BTMPS; Lidocaine

	77
	08/2024
	2
	Baggie Residue
	1.01
	NT
	4-ANPP; Fentanyl; Tetracaine

	78
	12/2024
	2
	Unknown
	1.11
	NT
	4-ANPP; Fentanyl; Xylazine

	79
	12/2024
	2
	Unknown
	0.98
	NT
	Fentanyl; Tetracaine

	80
	01/2025
	2
	Unknown
	1.09
	NT
	4-ANPP; Fentanyl; Tetracaine

	81
	08/2024
	2
	Baggie Residue
	0.99
	NT
	4-ANPP; Fentanyl; Tetracaine

	82
	10/2024
	2
	Unknown
	1.05
	NT
	Fentanyl; Tetracaine

	83
	09/2024
	2
	Baggie Residue
	0.94
	NT
	Fentanyl; Tetracaine

	84
	11/2024
	2
	Baggie Residue
	0.79
	P
	4-ANPP; Acetaminophen; Fentanyl; Lidocaine; Tetracaine; Xylazine

	85
	11/2024
	2
	Baggie Residue
	1.03
	NT
	Fentanyl; Tetracaine

	86
	11/2024
	2
	Baggie Residue
	1.01
	P
	Fentanyl; Tetracaine

	87
	12/2024
	2
	Unknown
	0.96
	NT
	Fentanyl; Procaine

	88
	12/2024
	2
	Unknown
	0.94
	P
	Etomidate; Fentanyl; Lidocaine; Tetracaine

	89
	09/2024
	2
	Baggie Residue
	1.07
	NT
	Fentanyl; Tetracaine

	90
	11/2024
	2
	Baggie Residue
	0.98
	NT
	4-ANPP; Fentanyl; Xylazine

	91
	11/2024
	2
	Baggie Residue
	1.10
	NT
	Fentanyl; Tetracaine; Xylazine

	92
	12/2024
	2
	Baggie Residue
	0.98
	NT
	Fentanyl; Procaine; Tetracaine

	93
	01/2025
	2
	Baggie Residue
	0.96
	P
	4-ANPP: Fentanyl; Xylazine

	94
	01/2025
	2
	Baggie Residue
	1.03
	NT
	Cocaine; Fentanyl; Tetracaine; Xylazine

	95
	12/2024
	7
	Capsule Residue
	1.10
	NT
	4-ANPP; Acetaminophen; BTMPS; Caffeine; Fentanyl; Lidocaine; Methyl Fentanyl; Xylazine

	96
	11/2024
	9
	Syringe Residue
	1.05
	NT
	4-ANPP; Acetaminophen; Caffeine; Diphenhydramine; Fentanyl; Lidocaine; Quinine; Tramadol

	97
	12/2024
	9
	Syringe Residue
	1.07
	NT
	4-ANPP; Caffeine; Diphenhydramine; Fentanyl; Lidocaine; Quinine

	98
	12/2024
	8
	Syringe Residue
	1.13
	NT
	4-ANPP; Acetaminophen; BTMPS; Caffeine; Fentanyl; Lidocaine; Quinine; Xylazine

	99
	01/2025
	11
	Syringe Residue
	1.03
	NT
	Benzoylecgonine; Caffeine; Cocaine; Quinine

	100
	01/2025
	11
	Syringe Residue
	0.98
	NT
	Caffeine; Tramadol


* “P” Indicates a positive test strip result, “NT” indicates sample was not tested using the medetomidine test strips.



LC-MS/MS Method Reproducibility
Reproducibility and stability of the LC-MS/MS method over the course of the study was monitored using a known mixture of dex- and levo-medetomidine in methanol containing caffeine-d3. This mixture was run intermittently throughout the sequences, and a total of 26 injections were made over the study. Peak area ratios (within a compound and between dex- and levo-medetomidine) were monitored to ensure the values remained within ±20 % of the average. Supplemental Figure 1 demonstrates that the method was shown to be stable and reproducible throughout the study with all ratios falling well within the ±20 % bounds.

[image: ]
Supplemental Figure 1. Peak area ratios for the known mixture of dex- and levo-medetomidine analyzed throughout the study. Ratios monitored include Dex1 to Levo1 (A.), Dex1 to Dex2 (B.), Levo1 to Levo2 (C.) and Caff1 to Caff2 (D.). See Table 1 for information on the transitions monitored. The dotted red and blue lines indicate +20 % (red) and -20 % (blue) from average ratio for each compound.

Peak area ratios for the two transitions for each compound were also monitored for all samples analyzed to ensure ratios stayed within ±20 % of the average ratio for the above known mixture. Supplemental Figure 2 shows that all samples had peak area ratios for dexmedetomidine, levomedetomidine, and caffeine-d3 within tolerance.
[image: ]
Supplemental Figure 2. Peak area ratios for all samples analyzed. Ratios monitored were Dex1 to Dex2 (A.), Levo1 to Levo2 (B.) and Caff1 to Caff2 (C.). See Table 1 for information on the transitions monitored. The dotted red and blue lines indicate +20 % (red) and -20 % (blue) from average ratio obtained from the replicate analysis of the known mixture containing all three compounds.

Retention time stability for all three compounds was also monitored and is shown in Supplemental Figure 3. Retention times for all compounds in the known mixture and the samples were found to be highly repeatable. Retention time (at the peak apex) ranges were 5.52 min to 5.69 min for caffeine-d3, 12.14 min to 12.55 min for dexmedetomidine, and 14.77 min to 15.18 min for levomedetomidine. 
[image: ]
Supplemental Figure 3. Retention times for all three peaks of interest for the replicate analysis of the known mixture (A.) and all samples (B.).
LC-MS/MS Method Sensitivity
Approximate limits of detection were estimated for dex- and levo-medetomidine using this method by analyzing a set of serially diluted solutions containing both enantiomersisomers in addition to a series of methanol blanks. In total, 21 methanol blanks were run along with triplicate injections of the medetomidine mixture at 0.01 ng/ mL, 0.1 ng/ mL, 1 ng/ mL, 10 ng/ mL, and 100 ng/ mL. Using a 3:1 S/N ratio definition for limit of detection (where noise was defined as the average peak area for a given MRM channel from the 21 methanol blanks), an approximate limit of detection of 10 ng/mL was obtained for dexmedetomidine and levomedetomidine, respectively (see Supplemental Table 52).
Supplemental Table 52. Summary results for the method sensitivity study. Peak area ratios for the MRM channels for both medetomidine enantiomers isomers at increasing concentrations are shown. The second line, in red italicized text, shows three times the average peak area obtained from replicate analysis of a methanol blank. Cells are shaded depending on whether the obtain peak area ratio for that injection was below (red) or above (green) the 3:1 S/N level.
	Concentration (ng/mL)
	Dex1 Area (cps)
	Dex2 Area (cps)
	Levo1 Area (cps)
	Levo2 Area (cps)

	3x S/N (Avg.)
	33754
	7133
	32794
	7571

	0.01
	9170
	2190
	8380
	1850

	0.01
	6270
	1350
	5680
	1320

	0.01
	7340
	1550
	5090
	1280

	0.1
	8950
	2220
	8180
	2220

	0.1
	6190
	1560
	7050
	1740

	0.1
	6630
	1680
	7040
	1660

	1
	22300
	4780
	21900
	5050

	1
	15900
	3960
	19400
	5000

	1
	20000
	4750
	19100
	4980

	10
	179000
	38100
	174000
	37500

	10
	138000
	31600
	170000
	38500

	10
	188000
	42000
	150000
	36600

	100
	1810000
	402000
	1610000
	349000

	100
	1700000
	384000
	2040000
	468000

	100
	1920000
	420000
	1560000
	362000





LC-MS/MS Method Interference
An interference study was conducted to determine whether any of the other co-detected compounds, as well as common bulking agents that are not readily detected by DART-MS, would cause false positive detection of medetomidine using the MRMs. Five solutions, each containing 0.1 mg/mL per compound in methanol containing caffeine-d3, were made and analyzed using the described LC-MS/MS method. 
Solution 1 contained:
·  L-ascorbic Ascorbic acid, (Sigma-Aldrich)
· BTMPS, (Sigma-Aldrich) 
· caffeineCaffeine, (Sigma-Aldrich)
· quinineQuinine, (Sigma-Aldrich)
· Ddiphenhydramine • HCl, l (Sigma-Aldrich)
· Lidocaine • HCl, (Sigma-Aldrich)
·  tTetracaine • HCl, (Sigma-Aldrich)
·  d-mannitolMannitol (Sigma-Aldrich)
· , pProcaine • HCl (Sigma-Aldrich), and 
· tTramadol • HCl (Cerilliant). 
Solution 2 contained:
· A acetaminophen (Sigma-Aldrich)
· and eEtomidate(Sigma-Aldrich).
 Solution 3 contained t theobromine (Sigma-Aldrich).. 
Solution 4 contained  o-methyl fentanyl Fentanyl • HCl (Cayman Chemical).. 
Solution 5 contained:
·  cCocaine (Sigma-Aldrich)
· , fFentanyl • HCl (Cayman Chemical),
·  p-fluorofentanyl Fluorofentanyl • HCl (Cyman Chemical),
·  hHeroin (Sigma-Aldrich), 
· xXylazine • HCl (Sigma-Aldrich)
· , 4-ANPP, (Cayman Chemical)
·  mMethamphetamine (Sigma-Aldrich), and p
· Protonitazene • HCl (Cayman Chemical)
None of the compounds analyzed produced detectable signals for either medetomidine transition at the retention time corresponding to the dex- or levo- enantiomerisomer.


Test Strip Cross-Reactivity
Cross-reactivity of the test strips was studied for a panel of 77 analytes, listed in Supplemental Table 63. Analytes were dissolved in water to a concentration of approximately 1 mg/mL unless other noted. Where possible, analytes were purchased as solid materials, though in some instances it was only possible to purchase a 1 mg/mL solution in methanol or acetonitrile.  All analyses were completed in duplicate and were conducted by placing the sorbent end of the test strip into the solution until the liquid began to appear visibly in the test and control band area. Test strips were then removed and placed on a benchtop. After approximately 2 min, the result of the test strip was visually determined.
Supplemental Table 63. Results of the cross-reactivity study conducted using the medetomidine test strips. A “P” (green shaded cell) indicates a positive result was obtained and an “N” (orange shaded cell) indicates a negative result was obtained. The top two lines were the positive controls and negative control (water) used.
	Analyte
	Rep1
	Rep2
	Analyte
	Rep1
	Rep2

	Medetomidine (Dex + Levo)
	P
	P
	Water
	N
	N

	Medetomidine (Dex)
	P
	P
	Medetomidine (Levo)
	N
	N

	2C-B • HCl1
	N
	N
	Lactose3
	N
	N

	4-ANPP1†a
	N
	N
	Levamisole3
	N
	N

	3,4-MDA3
	N
	N
	Lidocaine3a
	N
	N

	3,4-MDMA3
	N
	N
	Lisdexamfetamine • 2CH4SO31
	N
	N

	6-Acetylmorphine1a
	N
	N
	LSD2*†a
	N
	N

	Acetaminophen3
	N
	N
	Mannitol3
	N
	N

	Acetyl Fentanyl• HCl1
	N
	N
	Melatonin3a
	N
	N

	Alprazolam1a
	N
	N
	Methamphetamine3
	N
	N

	Amphetamine3
	N
	N
	Methadone1
	N
	N

	Aniline• HCl1
	N
	N
	o-Methylfentanyl • HCl 1‡
	N
	N

	Aspirin1a
	N
	N
	Methylphenidate • HCl1
	N
	N

	Benzocaine3a
	N
	N
	Metonitazene1a
	N
	N

	Benzoylecgonine1
	N
	N
	Naloxone • HCl1
	N
	N

	Bromazolam1a
	N
	N
	Nicotine3
	N
	N

	BTMPS3
	N
	N
	Noscapine3a
	N
	N

	Buprenorphine • HCl1
	N
	N
	N-Piperidinyl Etonitazene1†
	N
	N

	Bupropion3
	N
	N
	Oxycodone4†a
	N
	N

	Caffeine3
	N
	N
	Papaverine • HCl3
	N
	N

	Cocaine3
	N
	N
	Phencyclidine • HCl1
	N
	N

	Codeine2
	N
	N
	Pentobarbital2*†a
	N
	N

	Deschloroketamine• HCl1
	N
	N
	Phenacetin3
	N
	N

	Dextromethorphan2*†a
	
	
	Phenethyl 4-ANPP1†s
	N
	N

	Diazepam1a
	N
	N
	Phentermine2*a
	N
	N

	N,N-Dimethyl Pentylone • HCl1
	N
	N
	Phenylephrine3*a
	N
	N

	Dimethylsulfone3
	N
	N
	Piracetam3
	N
	N


Supplemental Table 63, continue’d. Results of the cross-reactivity study conducted using the medetomidine test strips. A “P” (green shaded cell) indicates a positive result was obtained and an “N” (orange shaded cell) indicates a negative result was obtained.
	Analyte
	Rep1
	Rep2
	Analyte
	Rep1
	Rep2

	Diphenhydramine • HCl3
	N
	N
	Procaine3
	N
	N

	Ephedrine• HCl3
	N
	N
	Protonitazene1
	N
	N

	Etizolam1a
	N
	N
	Quetiapine • ½C4H4O4 1a
	N
	N

	Etomidate3
	N
	N
	Quinine3a
	N
	N

	Eutylone1
	N
	N
	Remifentanil• HCl2*†a
	N
	N

	Fentanyl • C6H8O7 4
	N
	N
	Sorbitol3
	N
	N

	Flubromazepam1a
	N
	N
	Sufentanil • C6H8O71*†a
	N
	N

	p-Fluorofentanyl1†
	N
	N
	Theobromine3
	N
	N

	Gabapentin1
	N
	N
	Tramadol • HCl2*†a
	N
	N

	Guaifenesin3
	N
	N
	Xylazine3
	N
	N

	Heroin3†
	N
	N
	Zolpidem2*†a
	N
	N

	Hydroxyzine1s
	N
	N
	∆-8 THC2*†a
	N
	N

	Ibuprofen1a
	N
	N
	∆-9 THC2*†a
	N
	N

	Ketamine2*†a
	N
	N
	
	
	


1Analyte purchased from Cayman Chemical (Ann Arbor, MI).
2Analyte purchased from Cerilliant (Round Rock, TX).
3Analyte purchased from Sigma-Aldrich (St. Louis, MO).
4Analyte purchased from US Pharmacopeia (Rockville, MD).
*Analyte purchased as a 1 mg/mL solution instead of a powder.
†A concentration of 0.5 mg/mL was prepared instead of 1 mg/mL.
‡A concentration of 0.1 mg/mL was prepared instead of 1 mg/mL.
aAcetonitrile was added to the stock solution to enable dissolution of the analyte. 
sSolution was a cloudy suspension.



Test Strip Sensitivity
An approximate limit of detection was determined for dexmedetomidine and a racemic mixture of medetomidine by analyzing, in triplicate, serially diluted aqueous solutions from concentrations of 200 µg/mL to 0.1 µg/mL. The approximate limit of detection was defined as the lowest concentration where all three replicate analyses produced a positive response. Supplemental Table 7 4 shows the result of all concentrations studied. An approximate limit of detection of 1 µg/mL was found for dexmedetomidine and an approximate limit of detection of 10 µg/mL was found for the racemic mixture. Levomedetomidine was not found to produce consistently positive results at any concentration tested.
Supplemental Table 74. Results of the sensitivity study. A “P” (green shaded cell) indicates a positive result was obtained, an “N” (orange shaded cell) indicates a negative result was obtained, and a “FN” (yellow shaded cell) indicates a faint negative result was obtained. “NT” indicates that the concentration was not tested.
	Concentration (µg/mL)
	Medetomidine (Dex)
	Medetomidine (Levo)
	Medetomidine 
(Dex + Levo)

	200
	NT
	P
	FN
	FN
	NT

	100
	P
	P
	P
	P
	FN
	FN
	P
	P
	P

	50
	NT
	FN
	FN
	FN
	NT

	25
	NT
	N
	N
	N
	NT

	10
	P
	P
	P
	N
	N
	N
	P
	P
	P

	1
	P
	P
	P
	N
	N
	N
	FN
	FN
	FN

	0.1
	N
	N
	N
	N
	N
	N
	N
	N
	N
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