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* Goal to develop an LC-MS/MS method containing fentanyl and xylazine

* Motivation:

* Significant increase in fentanyl overdose deaths where xylazine is detected from January
2019 to June 2022 in the US

* April 2023: White House Office of National Drug Control Policy designated fentanyl
adulterated with xylazine as an emerging threat

@ ﬂﬂVﬂ"ﬂEﬂmﬂ|'E[|ﬂ|5|'ﬂ|:|]|]|]|[]u[| halocolumns.com | confidential | HALO® and Fused Core® are registered trademarks of Advanced Materials Technology. Made in the USA.




Xylazine

Horse tranquilizer that is not Schedule | restricted

* In June 2023, Pennsylvania added it to Schedule Ill making it a controlled
substance

No reversal agent for humans j:j
i

Known as "“trang” or “trang dope”

Central nervous system depressant that can cause the following:
* Drowsiness
* Amnesia
* Slow breathing, heart rate, and blood pressure to dangerously low levels

* Increases the risk of wounds t.hat will not heal, which could lead to
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Xylazine

know what's in your drugs

TRANQ

| XYLAZINE

¥ylazine is a vetarinary tranguilizer that Is cut In dope to give fentanyl longer
legs. It's known as "anestesia de caballo” in Puerto Rico and “trang™in Philly.

Trang was found in over

90%

Philly in 2021

When trang is mixed with anather drug [like
fontanyl, herein, or a benze); the chance of
avardote increases. IT somaans is

Dope with trang was first seen in Puerto Rico.
Today, it is being found in more and mare

places across the US,

overdosing administer naloxone like you
normally would. If the person staris
breathing again but is still sedated, they
dan't need mara nalaxkaena. Put tham in
rescue positien and keap an aye on tham.

Trang has boon associsted
with severe wounds, which
spread and worsen very
quickly.

=@

These wounds are seen regardless of how people use:
smoking, smorting, or injecting. 1t's very dificult for these
wounds te heal on thelr own so it is important to get medical
attention if you have one.

you do if you think

there is tranq in your dope?

First, try to ask around and coo how the drug is making other people feal bafore you buy ar

use it. Simce trang can cause & really heavy nod, try to use somewhere that you will be safe

and won't fall amd hurt yourself, Finally, if you think there is frang in your dope let others
know--including someone at your local exchange program--so folks know to be carsful,

0

[ malomone])

Start kow and
gosow

AR ()

‘tall somasna
You'ra wning

Never Use Alone
English hotline: 800-484-3731
Spanish hotline: B0O0-928-5330

The Brave App

download in the app store

Craated by the Substance Use and Harm Reduction | SUPHR) division
For mare infarmation on trang in Philsdelphia visit substanceusephilly. com/trang
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Screening

23 Compounds Includedin
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Opioid Polysubstance Mix Kit

Description

6-Acetylmorphine

metabolite of heroin

Alpha-hydroxyalprazolam

metabolite of alprazolam

Alprazolam

drug of abuse

(£)-Amphetamine

drug of abuse

Benzoylecgonine

metabolite of cocaine

Cocaethylene

metabolite formed when cocaine and ethanol are taken together

Cocaine

drug of abuse

Diazepam

drug of abuse

Diphenhydramine HCI

drug of abuse

Ecgonine HCI metabolite of cocaine
Fentanyl drug of abuse
Heroin drug of abuse

Hydrocodone drug of abuse

(-) Levamisole HCI

cocaine adulterant

(x)-Methadone

used to treat opioid addiction

(£)-Methamphetamine

drug of abuse

Morphine

drug of abuse

Naloxone

used to treat opioid overdose

Noroxycodone HCI

metabolite of oxycodone

Oxycodone

drug of abuse

Oxymorphone

metabolite of oxycodone

Tetrahydrocannabinol ((-)-delta9-THC)

drug of abuse

Xylazine

fentanyl adulterant

" 4

™

Opioid Polysubstance Mix Kit -

standards from Cerilliant
Xylazine - Supelco
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Opioid Polysubstance Mix Kit

Description

6-Acetylmorphine

metabolite of heroin

Alpha-hydroxyalprazolam

metabolite of alprazolam

Alprazolam

drug of abuse

(£)-Amphetamine

drug of abuse

Benzoylecgonine

metabolite of cocaine

Cocaethylene

metabolite formed when cocaine and ethanol are taken together

Cocaine

drug of abuse

Diazepam

drug of abuse

Diphenhydramine HCI

drug of abuse

Ecgonine HCI metabolite of cocaine
Fentanyl drug of abuse
Heroin drug of abuse
Hydrocodone drug of abuse

(-) Levamisole HCI

cocaine adulterant

(x)-Methadone

used to treat opioid addiction

(x)-Methamphetamine

drug of abuse

Morphine

drug of abuse

Naloxone

used to treat opioid overdose

Noroxycodone HCI

metabolite of oxycodone

Oxycodone

drug of abuse

Oxymorphone

metabolite of oxycodone

Tetrahydrocannabinol ((-)-delta9-THC)

drug of abuse

Xylazine

fentanyl adulterant

Opioid Polysubstance Mix Kit -
standards from Cerilliant
Xylazine - Supelco

12 drugs of abuse
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Opioid Polysubstance Mix Kit

Description

6-Acetylmorphine

metabolite of heroin

Alpha-hydroxyalprazolam

metabolite of alprazolam

Alprazolam

drug of abuse

(£)-Amphetamine

drug of abuse

Benzoylecgonine

metabolite of cocaine

Cocaethylene

metabolite formed when cocaine and ethanol are taken together

Cocaine

drug of abuse

Diazepam

drug of abuse

Diphenhydramine HCI

drug of abuse

Ecgonine HCI metabolite of cocaine
Fentanyl drug of abuse
Heroin drug of abuse

Hydrocodone drug of abuse

(-) Levamisole HCI

cocaine adulterant

(x)-Methadone

used to treat opioid addiction

(£)-Methamphetamine

drug of abuse

Morphine

drug of abuse

Naloxone

used to treat opioid overdose

Noroxycodone HCI

metabolite of oxycodone

Oxycodone

drug of abuse

Oxymorphone

metabolite of oxycodone

Tetrahydrocannabinol ((-)-delta9-THC)

drug of abuse

Xylazine

fentanyl adulterant

Opioid Polysubstance Mix Kit -
standards from Cerilliant
Xylazine - Supelco

7 metabolites
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Opioid Polysubstance Mix Kit Description
6-Acetylmorphine metabolite of heroin
A'pha'*x‘;:‘zf;‘;:az°'am metafjittgeo"ffaﬂzzaez°'am Opioid Polysubstance Mix Kit -
(+)-Amphetamine drug of abuse standards from Cerilliant
Benzoylecgonine metabolite of cocaine XyIazine -Su pelco
Cocaethylene metabolite formed when cocaine and ethanol are taken together
Cocaine drug of abuse
Diazepam drug of abuse
Diphenhydramine HCI drug of abuse 2 ad u Ite rants
Ecgonine HCI metabolite of cocaine
Fentanyl drug of abuse
Heroin drug of abuse
Hydrocodone drug of abuse
e ——S e —
< (-) Levamisole HCI cocaine adulterant —
(x)-Methadone used to treat opioid addiction
(£)-Methamphetamine drug of abuse
Morphine drug of abuse
Naloxone used to treat opioid overdose
Noroxycodone HCI metabolite of oxycodone
Oxycodone drug of abuse
Oxymorphone metabolite of oxycodone
Tetrahydrocannabinol ((-)-delta9-THC) drug of abuse
— Xylazine ~fentanyl adulterant —




Compounds Inclu

Screening

Opioid Polysubstance Mix Kit

Description

6-Acetylmorphine

metabolite of heroin

Alpha-hydroxyalprazolam

metabolite of alprazolam

Alprazolam

drug of abuse

(£)-Amphetamine

drug of abuse

Benzoylecgonine

metabolite of cocaine

Cocaethylene

metabolite formed when cocaine and ethanol are taken together

Cocaine

drug of abuse

Diazepam

drug of abuse

Diphenhydramine HCI

drug of abuse

Ecgonine HCI metabolite of cocaine
Fentanyl drug of abuse
Heroin drug of abuse

Hydrocodone drug of abuse

(-) Levamisole HCI

cocaine adulterant

_ee—e———
“—__ (¥)-Methadone
e —

—_—
used to treat opioid addiction =

(£)-Methamphetamine

drug of abuse

Morphine — drug of abuse
e —_—
S Naloxone used to treat opioid overdose e
——

Noroxycodone HCI

metabolite of oxycodone

Oxycodone

drug of abuse

Oxymorphone

metabolite of oxycodone

Tetrahydrocannabinol ((-)-delta9-THC)

drug of abuse

Xylazine

fentanyl adulterant

Opioid Polysubstance Mix Kit -
standards from Cerilliant
Xylazine - Supelco

2 treatments
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HALO 90 A, 2.7 um

= FFPP C18, 1.7 |im " FPP C18, 5 pm
N 697 bar, 7500 plates = 160 bar, 2600 plates
i LA A | [ i
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High performance with
1/2 the back pressure
Faster analysis

Superior efficiency with > 2.8x Plates!
Sharper peaks
Faster analysis

2

HALO® C18, 2.7 um
339 bar, 7400 plates

HALO® Advantages

* Fast separations
 Lower back pressure compared

to sub-2-um particle columns s UJ\ A /\

Absorbance, mAU

-10

* |Increased efficiency/resolution woE %

T d
40 45

Time, min
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D CH Features and Benefits
& i 3

: ) —O—S:i HALO® Biphenyl * Resistant to dewetting, making it 100% agueous mobile
CH phase compatible (can start gradients at 0% organic)
* Enhanced retention and selectivity for polar molecules




HALO® Column Chemlstr_!

i i

S .

for Screenings

HALO® Biphenyl

Features and Benefits

Resistant to dewetting, making it 100% aqueous mobile
phase compatible (can start gradients at 0% organic)
Enhanced retention and selectivity for polar molecules

(CH2)14 —CHs

HALO® RP-Amide

Resistant to dewetting, making it 100% agueous mobile
phase compatible (can start gradients at 0% organic)
Alternate selectivity to alkyl phases




HALO® Biphenyl

Features and Benefits

Resistant to dewetting, making it 100% aqueous mobile
phase compatible (can start gradients at 0% organic)
Enhanced retention and selectivity for polar molecules

(CHz)14 —CHg
HALO® RP-Amide

Resistant to dewetting, making it 100% aqueous mobile
phase compatible (can start gradients at 0% organic)
Alternate selectivity to alkyl phases

CHs
_O_Sli_/\/\/\/\/\/\/\/\/CH?’

|
CHj

_ HALO® PCS C18
[PCS Ligand],

Optimized for low ionic strength mobile phases
Improved peak shape and sample loading capacity for
basic compounds




HALO® Column Chemlstrl

es Selected

for Screenings o

Features and Benefits

e (I:H3
: ’ —O—Slsi HALO® Biphenyl Resistant to dewetting, making it 100% aqueous mobile
CHj; phase compatible (can start gradients at 0% organic)
Enhanced retention and selectivity for polar molecules
: 3 Resistant to dewetting, making it 100% aqueous mobile
: -O—Si/\/\N)L(CH2)14 —CHs . 5 &1 2070 qo :
o H phase compatible (can start gradients at 0% organic)
o ° HALO® RP-Amide Alternate selectivity to alkyl phases
wew
CHj CH Optimized for low ionic strength mobile phases
0O — I'_/\/\/\/\/\/\/\/\/ 3 . :
) O—Si Improved peak shape and sample loading capacity for
CHs basic compounds
, HALO® PCS C18
[PCS Ligand],
kCHs Optimized for small molecule reversed-phase HPLC
f o0 CHs separations using low pH mobile phases and elevated
‘J Y temperature for acidic and neutral compounds
H3CJ HALO® LPH-C18 Unendcapped

CHs




Drugs of Abuse/Metabolites

Screening with HALO® Phasetr 9%/ T

- Stationary phases (all 2.7 um; 90 A in 2.1 x 100 MMV Conditions

* Biphenyl

_ e Spray Voltage (kV): 4.5
. EE_SACqISdE Cf"@\  Nebulizer Gas Flow: 2 L/min
e |LPH-C18 ij / * DL Temperature: 250 °C

Heat Block Temperature: 400 °C

« Method Conditions ) ,
Drying Gas Flow: 15 L/min

Flow Rate: 0.5 mL/min

Mobile Phase A: water/0.1% formic acid
Mobile Phase B: methanol/0.1% formic acid
Gradient: 1 min. hold at 3% B; 3-100% B in 9 min; 1 min hold at 100% B
Temperature: 35 °C

Injection: 5 pL of 50 pg/mL

Sample: Mix of 23 drugs and metabolites /

- ;
Sample Solvent: Mobile Phase A /_I /1 = F\\ Jl \
Instrument: Shimadzu Nexera and LCMS 8040 \ \ / ; /
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650000
625000%
eoooooé
575000
550000%
525000
] Name Retention Time (min)
500000
] Ecgonine HCI 1.00
475000
1 Morphine 3.17
450000
1 Noroxycodone HCI 3.29
42500(}; Oxymorphone 3.29
4000007 (+)-Amphetamine 3.42
37500(}; (+)-Methamphetamine 4.03
350000 Naloxone 4.22
325000 6-Acetylmorphine 4.40
300000 Oxycodone 4.53
275000 (-) Levamisole HCI 4.61
250000 fenta nyI Hydrocodone 4.65
225000 Xylazine 5.45
] Heroin 5.65
200000 . )
175000- XylaZI ne Benzoylecgonine 5.76
1 Cocaine 5.78
15000(}; Cocaethylene 6.22
12500(}; Diphenhydramine HCI 6.51
1000007 Fentanyl 6.66
75000 (¥)-Methadone 7.54
50000-] Alpha-hydroxyalprozalam 8.42
25000 L L} J L_ Alprazolam 8.81
o] N Diazepam 9.18
[l [l [l [l [l [l [l | |

oo 10 20 30 40  s0 60  7do g0 &0 100  mn Tetrahydrocannabinol ((-)-delta9-THC) 9.98




Screening Results: R,P:qu{,d J)

T s B B B L
0.0 1.0 2.0 3.0 4.0

i
650000
szsoooé
soooooé
575000
ssooooé
525000 Name Retention Time (min)
500000 Ecgonine HCl 0.39
475000 Morphine 0.72
1 (x)-Amphetamine 1.46
450000
1 (-) Levamisole HCI 1.47
425000
] (x)-Methamphetamine 1.74
40000(}5 Naloxone 2.11
37500&; Oxycodone 2.22
3500004 Oxymorphone 2.37
325000 Noroxycodone HCl 2.37
300000 Hydrocodone 2.47
27500(}2 6-Acetylmorphine 2.78
250000 Xylazine 3.27
225000-] Cocaine 3.59
20000% Benzoylecgonine 3.69
175000] fenta nyl Heroin 3.75
15000(; | . Cocaethylene 4.15
] Xylazine Fentanyl 4.66
125000
] Diphenhydramine HCI 4.81
10000&; (x)-Methadone 5.61
7500&; Alpha-hydroxyalprazolam 6.34
5000‘}; Alprazolam 6.53
25000 j\ E\] Diazepam 7.10
o —L A/\‘A" . g _ —_— Tetrahydrocannabinol ((-)-delta9-THC) 9.61
——
5.0

6.0 7.0 8.0 9.0 10.0 min



Screening Results: PCS, C18 % A T
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6500007
625000
60000(%; ?HS CH
5750001 -O—Si NN B
550000 éH
52500(}2 3 Name Retention Time (min)
500000 . Ecgonine HCl 0.39
475000] [PCS ngand]y Morphine 0.60
45000(£ Noroxycodone HCI 0.73
4250001 (+)-Amphetamine 1.36
40000&5 (-) Levamisole HCI 1.42

(£)-Methamphetamine 1.71
375000

] Naloxone 2.15
350000

1 Oxycodone 2.25
32500&5 Oxymorphone 2.29
30000(}; Hydrocodone 2.50
2750004 6-Acetylmorphine 2.76

] fentanyl yimorp
250000 Xylazine 3.31
22500(% Cocaine 3.60
200000 Heroin 3.78
175000-] . Benzoylecgonine 4.16
15000(£ XylaZIne Cocaethylene 4.16
1250001 Y‘ Fentanyl 4.75
100000 Diphenhydramine HCI 4.81

(+)-Methadone 5.68
75000

1 ’ Alpha-hydroxyalprozalam 6.80
5000&; Alprazolam 7.01
25000 \ ! k \\ J L ) Diazepam 7.57

4 /\ D .

o S /\‘ e — Tetrahydrocannabinol ((-)-delta9-THC) 9.94

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 min
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650000
625000
600000~
575000
NN
525000
50000(}; Name Retention Time (min)
4750004 Ecgonine HCl 0.48
45000‘}; Morphine 1.85
425000 Noroxycodone HCl 2.33
40000<%§ Naloxone 3.32
375000 (-) Levamisole HCl 3.34
350000 (+)-Amphetamine 3.40
32500(£ Oxycodone 3.46
30000(}; Oxymorphone 3.52
275000 Hydrocodone 3.60
i (£)-Methamphetamine 3.61
250000 fentanyl 6 Acetvimorohi
1 ylmorphine 3.72
22500(}; Xylazine 4.59
20000&; Benzoylecgonine 4.64
175000 Heroin 4.81
150000 XylaZine Cocaine 4.85
12500‘% v Cocaethylene 5.41
100000@ Fentanyl 5.90
75000 Diphenhydramine HCl 6.11
5000(£ (£)-Methadone 7.02
2500(}2 k K Alpha-hydroxyalprozalam 7.12
cy . A \ L L ) &§ J\ A Alprazolam 7.49
0 10 20 30 40  s0 6o 70 80 90 100  mn Diazepam 7.89

Tetrahydrocannabinol ((-)-delta9-THC) 10.21
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Comparison of Retention: Times.

el
[ ]

12
M Biphenyl
10 * Biphenyl was most retentive for

W LPH-C18 ..
the majority of compounds
RP-Amide

(o]

LPH-C18 was the second

m PCS C18 .

highest retentive phase
* For RP-Amide and PCS C18,
retention was similar for some
compounds and higher with
II | | PCS C18 for other compounds
|
& © S @ & e @ &

Retention Time (min)

such as alprazolam and
N diazepam

o N D
%
]
g
O@
]
I
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omparison o

Factors

2.50
W LPH-C18
2,00  Biphenyl * Best tailing observed with
RP-Amide Biphenyl and PCS C18
)
X H PCS C18
— 1.50
—
2
O
©
e
00
£ 1.00
.|r__5
0.50 ||‘ | | |
0.00
S & & & & & Qe e & & O O & & @ & O & O @& & Q
& & ¢ ¥ & 8 & & & & X XN © & & & XN QN S
> > > Q < A ) N “ e~ . ) Q 3 A N N
& &L L & & &K S XN KBS € &N K&
S & & XX OA\Q' Y Q Gy S S S b& &
e < o
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Xylazine and Fentanyl Peak Shapes: PCS

C18 and LPH-C18 i s ey

PCS C18 LPH-C18

45000-1205.1000>178.1000(+) 1337.5000>188.100Q(+) 1221.1000>90.0000(+) 1337.5000>188.1000(+)
1205.1000>91.2000(}) 1337.5000>134.1000)+) 1221.1000>147.100(f+) 110000-1337-5000>134.1009(+)
] 45000-] 40000 ]
400007: 400005 ] 100000
1 Tailing: 1 Tailing: 350007 Tailing: 1 Tailing:
35000 ] ] 90000
1 1.23 350000 1.01 1 1.12 ] 1.07
] ] 30000 800001
30000 1 1
] 30000 &
] ] 25000 70000
25000 ] ]
] 25000 60000
200001 ] 20000~ ]
] 20000 500007
] ] 15000 40000-
15000 15000 :
h 1 § 30000
10000 100001 10000 ]
1 1 20000
u & 5000 ]
5000 5000 ] 10000
0 0 0 0
[ ‘ [ [ ‘ [ [ ‘ ‘ [ [ ‘ [ [ ‘ [ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [
225 2.50 2.75 5.00 5.25 5.50 450 475 5.75 6.00
Xylazine Fentanyl Xylazine Fentanyl

( ) ﬂﬂVﬂ"ﬂEﬂmﬂ|'E|'|ﬂ|5|'E|:I]|'||]|[]u[| halocolumns.com | confidential | HALO® and Fused Core® are registered trademarks of Advanced Materials Technology. Made in the USA.




Xylazine and Fentanyl Peak Shapes

Biphenyl and RP-Amidé g s s s

Biphenyl RP-Amide

221.1000590.0000(+) [337.5000>188.1000(+) 30000-221.1000>90.0000(+) 1337.5000>188.1000(+)
1221.1000>147.14P0(+) 1337.5000>134.1900(+) 1221.1000>147.10f10(+) 450001337-5000>134.1040(+)
50000 125000+ 27500 1
4500070 —_.1: ] - 250001 s 400001 __ ..
| Tailing: | Tailing: 097 Tailing: | Tailing:
40000 1.14 1000001 1.01 225004 1.30 3s000] 0.98
g ] 20000~ ]
35000 ] 30000
] 1 17500 1
30000 g ] ]
] 75000 ] 25000-]
] 150001 ]
25000 ] 1
. | 12500 20000
200007 50000~ 1 ]
1 100007 15000~
15000~ ]
7500 ]
10000~ ] : 100007
5000 2500~ 20007
0] 0 0 0
[ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [ [ ‘ [
5.25 5.50 5.75 6.50 6.75 3.00 3.25 3.50 450 475
Xylazine Fentanyl Xylazine Fentanyl
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"HALO:

Xylazine Calibration: Cunvess

’ . &

-0 9 - .

? - -
*

LA .}[‘ .

e (Calibration curve for xylazine was run using the

2500000 HALO®. Biphenyl column
y = 4582.4x + 35241 0 * Good linearity was observed from 10-500 ng/mL

2000000 R2=0.9988 .-
1500000
2 . 2
< 1000000 )\

500000 NS
2
o &
O 100 200 300 400 500 600
ng/mL
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rontin

* 0.1% formic acid has a pH of 2.7 HALO® Biphenyl
* The pH is too close to the pKa of alprazolam. It should be far 0.1% Formic acid
enough away for the alpha-hydroxyalprazolam. Both P S—
Compounds ShOW frontlng. 13’0005325.1000>216.2 00(+) 30000é309.1000>204.9 00(+)
12000% 275002
O Q 19004 Tailing: 25000 Tailing:
10000° 0,81 22500~ 0-84
9000 1
—N ] 20000

— 1
8000 1
Cl s ] 17500
7000+ ]
1 15000
N7 N N7 6000~
=N

M 1 12500
,___Nf / 5000~ ]
)\ 4000 10000
5 3000é 75002
2000~ 50007
Alpha-hydroxyalprazolam Alprazolam 1000- 2500~
pKa=4.9 pKa=2.4 o .
| ‘8.‘25‘ o ‘8.‘50‘ o o ‘8.‘75‘ o ‘9.‘00‘
Alpha-hydroxyalprazolam Alprazolam
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Improved Peak Shape with Increased

pH - BN g A ""5‘-",; n ':

0.1% Formic acid/pH 2.7 20 mM Ammonium Formate/ 0.1% Formic acid/pH 3.6

140007325 1000>297.0000(+) 32500-309.1000>280.9000(+) q
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Biphenyl ek
* Faster Method
« Removed the 1 minute hold at 3% B
* Used a linear gradient from 0-100% B in 6 minutes
 Keptalminute hold at 100% B from 6-7 minutes

* Total time with re-equilibration is 12 minutes
* Used the same flow rate of 0.5 mL/min

« Added 20 mM ammonium formate/0.1% formic acid to both mobile
phase A and mobile phase B for improved peak shape

* Needed to use 95/5 ACN/water for mobile phase B for solubility of
ammonium formate
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Biphenyl
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Larger Peak Areas with O 25 mL/mln
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Summary

» HALO® Biphenyl showed the best compromise of retention
and peak shape of the 4 phases screened

» Xylazine calibration showed a linear response

. 1(}0% aqueous compatibility enables the gradient to begin at
0% B

« HALO® columns can be run at fast flow rates for increased
throughput or at reduced flow rates for increased response,
depending on the requirements of the analysis
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