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Results and Discussion
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involved opioid-related products, primarily by misuse of synthetic opioids, L | standard _contalnlng 27 compounds at concentrations of ~1 pg/mL Recoverles were calculated using quadr_a’gc c_allbratlop._MS/MS product-
like fentanyl. In response to the opioid crisis, the FDA is focusing efforts to > Many USP monographs for opioids lack specificity and are outdated d‘?:ﬁ?te&'” 'FheIU“ MS mode. All 27 compounds are well separated lon spectra were used for positive identification of opiolids.

- . - " .. _ within 16 minutes. it - %
rEqu? the |mpact of opioid abuse on Amerl_can Cor-nmumtles thml:lgh th-e » Use of compound/product specific methods can be cumbersome, time > Table 3 provides a list of opioid compounds included in the method. their
Opioid Action Plan”. One component of this plan is to survey the integrity consuming and mav lack abilitv to detect opioid substitution provic opIo P ) Morphine Sultate O CHRE R IS 98.7% 0.05 60 201.0910, 58.0651
g and may y P R
of Active Pharmaceutical |ngr9dient5 (AP'S) and finished drug prOdUCtS IN mo!ecular WEIght, retention time, re(_:overy at the |F)W€St concentration, ol\:lqc/)rsorphone C,HNO, 3021387 3.41 100.8% 0.18 50 284.1281. 227.0941
the commercially marketed US supply chain. Surveillance allows the agency Materials and Methods limit of detection, mass of fragment ions and relative energy. S L S — S R e —
to assess product quality and monitor for adulteration of opioid products, » Positive identification of opioids in a sample is confirmed by retention R | o | o
thus reducing the probabi"ty of an economica||y_motivated adulterated Solution Preparations: time, e-x-act _masts, and tWF) fragment_ions. g;:\aﬁgtc:dgme C,gH,sNO;  302.1751  4.40 100.9% 0.12 60 245.1172, 199.0754
: : ) ] NEL * (NLX) CioH»NO, 328.1543 4.51 103.4% 0.19 45 268.1332, 253.1097
product making it to market. > Stock standards and samples were prepared in 50% methanol to a > gg?r_]:gfjgo?f; normalized to the internal standard of the deuterated B 0o o 0 o5 o e 1067 183 0804
Purpose: To develop and validate a multi-analyte opioid High- concentration of ~1 mg/mL. > Ninetv-three API | llected f th iall CRGSCUAOMRAY  CooHiNO, 3421700 | 5.04 103.8% 0.08 45 282.1489, 270.1125
S o . . . . . : inety-three samples were collected from the commercially Naltrexone* (NTX)
erformance quU|d Chromatography ngh ReSOIUtlon MaSS Spectrometl’y > StOCk SOIUtlonS were dlIUtEd tO 0.1'1.0 l.,lg/mL 1n mOblle phase A - - =y - C,gH,NO, 316.1543 5.09 106.2% 0.27 60 256.1332, 241.1097
) . . marketed US supply chain and evaluated for assay and impurities using
(HPLC—HRM_S) method for the quality assessment of or_)l_0|d dru_g products. > A1 pg/mL deuterated analog of the standard was also included the HPLC-HRMS method. Fydrocodone CigHuNO;  300.1594  5.40 99.9% 0.26 60 241.0859, 199.0754
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Y, _ g ugnput me _ 0ds a_e O e_ _CO pou _SpeCI IC HPLC Parameters 102%) and individual opioid impurity limits. A summary of results are CyHNO, 268.1332 5.84 105.1% 0.24 50 237.0910, 191.0855
and not designed to accommodate a variety of impurities or matrices. : : AM
Mobile Phase: Gradient Elution presented INn Table 1. C,H,NO 2581852  6.74 103.9% 0.13 60 199.1117, 133.0648
Methodology: A HPLC-HRMS method was developed and validated for A 2.5 mM Ammonium Formate, pH 3.8 o C,sH,sNO,  264.1958  7.07 103.3% 0.12 20 246.1852, 58.0651
the detection of 24 opioid compounds, and the method analysis time was B Acetonitrile Tab!e_ L _Collected AP1 samples statistics and results, all samples passed CapHagNsOs 5702711 7.47 100.0% 1.05 30 401.1694, 171.0917
34 minutes. The method was used for identification of the label claim Column: Waters Acquity BEH C18 ,1.7 pum, 2.1 x 150 mm SpECIflcatlonS C.H,NO 2221852  7.39 102.2% 0.11 50 135.0804, 107.0491
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mgreo_llen_t, screening fO_I’ economlcally motivated adulterants, ”_npu”ty (F:IOIW Rat_?' e g'o3org|‘/mm Samples |Manufacturers* Dealers*| Pass C,H,NO.  370.1649  7.45 103.6% 0.24 70 181.0648, 165.0699
guantitation and assay in APIs. Adapting the method for analysis of QU e el LIie: : TSNNSO NN C, H, N0 377.2071  7.92 101.2% 0.07 50 317.1860, 228.1230
IHc : b _ Parameters Buprenorphine HCI 20 10 10 yes
finished products expanded t_he compou nd I_|st to 23 opioids, 2 agonists and _ _ Fentanyl Citrate 14 6 7 yes Meperidine HCI CuHuNO,  248.1645  7.99 103.5% 0.07 60 220.1332, 1741277
2 antagonists reduced analysis time to 16 minutes. The average LOD/LOQ,  Resolving Power: 60,000 | 0
in full MS mode. were 0.19/0.56 ng/mL Mode: Positive Hydrocodone HC 11 5 7 yes C,H,NO, 3282271  8.30 98.7% 0.09 60 310.2165, 185.0961
’ ' ' ' Scan Range: 145-800 m/z Hydromorphone 13 5 5 yes CoH,,NO  286.2165 8.74 99.8% 0.07 40 218.1539, 69.0699
Results: Ninety-three APl samples were evaluated. All samples met MS Mode: Used for quantitation Morphine Sulfate 13 5 8 Ves CaH3NgO;  417.2609  9.60 105.3% 0.11 30 385.2347, 268.1768
SpeCiﬁcatiOnS N assay (N LT 98%, NMT 102%) and individual OplOld MS/MS Mode: Used for identification (See Table 3) Nalbuphine HCI 6 2 4 yes C,,H,sN,O  337.2274  9.71 102.5% 0.12 40 188.1434. 105.0699
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impurity limits. Finished drug PrOdl:ICtS were tested for assay only and all Selection WlndO\{V- 1.5m/z Sufentanil Citrate 7 5 5 yes T mm——— - - N
64 samples evaluated met specifications (NLT 90%, NMT 110%). Resolving Power: 30,000 HCI* (BUP)
o _ _ _ o Tramadol HCI 9 3 14 yes C,,HiN,0,S  387.2101  11.32 101.3% 0.17 30 355.1839, 238.1260
Additionally, no economically motivated adulteration was detected in either Tramacol SUF
.. m/z 264.1958 - Total 93 ON T el C,H,NO, (3402271 | 11.84 101.3% 0.13 20 266.1903, 58.0651
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APl and finished drug products. All samples met specifications and no °0% 240 o 10.43 found to meet specifications in identification and assay (NLT 90%, NMT  *Opioid antagonist, **opioid agonist
economically motivated adulteration was detected. Results from this study 40% | 110%). A summary of results are presented in Table 2.
provide increased confidence in the commercially marketed opioid supply . » No economically motivated adulteration were detected in either API or C N I - N
chain. Future phases of this work will focus on imported and compounded finished drug products samples. ONCIUSIONS
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@ Tapentadol 739, . » A multi-analyte opioid HPLC-HRMS method was developed, valid
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Overdose Death Rates Involving Opioids, by Type, United States, 1999-2018 20%. £ 2 2= 2;5“4 o g{) ' Buprenorphine 2 2 2 yes precision and recovery. System Su|tabi|ity parameters were established.
] 584 ©. . : i ; ; - - ] ] -
Figure 1. Death rates - 451 Buprenorphine/Naloxone 6 5 2 yes > MS/MS detection is used for identification. If an interference is
attributed to opioid ) _l | Fentanyl 6 2 2 yes observed, an exact MS/MS quantitation method will be revisited.
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overdoses have e S R S S S S Hydrocodone/Acetaminophen Lo 10 6 yes > 93 APl samples and 64 drug product sample from the commercially
s J Other Synthetic Opioids i Heroin : -
Increased IN recent g (e.5., fentanyl, tramadol) 100% coone m/z 370.1649 Propaxyphene Methadone 4 4 3 YES marketed US Supply Chaln were evaluated
years and a sharp m/2300.1594 ¢ < putorphanal misso Morphine 1 1 1 yes - : - :
. : 80% 156 <3 bz i » No evidence of economically motivated adulteration was detected, and
increase has been S o m/2 328.2271 o : : : ym 1 adu
: _ Lo 88 .| 830 o aloxone s all samples evaluated met quality specifications.
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observed for use of Commonly Prescribed 00% §o e ER Diphenoxylate Naltrexone 4 2 1 yes : L : : ..
- L Opioids _ 89540 9 m/2 453.2537 » Results from this study provide increased confidence in the legal opioid
Synthetlc OpIOIdS. ’ rulmcﬁétﬁ;ﬂ:s;{omdimd A40% g,__r::_ = "": O ium tinctu re 2 1 1 es . y - - . g . P
e 2% P y supply chain and demonstrate that safe, effective high-quality opioid
> T o e 20% | | Oxycodone 11 8 6 yes products are available.
o s S e % T T T e e T T e o ?;‘;’;‘;%‘;Te/ Acetaminophen 111 (15 i z: > Future phases of this work are planned and will focus on imported and
. oo . . . . Time (min) TaY
> Surveillance of the opioid pharmaceutical supply chain can identify T » compounded opioid drug products.

potential quality risks and ensure safe, effective and high-quality drug Figure 2. Extracted lon Chromatogram (EIC) of 23 opioids, 2 agonists and

products are available. 2 antagonists in full MS mode. Chromatogram is in 3 axes for clarity. *Multiple lots were evaluated from several manufactures
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