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Overview 
 
Purpose: To develop a LC/MS method for the quantification of the drugs used in the 
treatment of heroin addiction that simultaneously quantifies their most abundant 
metabolites.   
 
Methods: Samples for this analysis were prepared in human urine and diluted with 
an isotopically labeled internal standard solution.  The anaylsis was preformed on a 
ThermoScientific  PreludeTM  SPLC system using a ThermoScientific Accucore 3 x 
100 mm column with a particle size of 2.6 um . A ThermoScientific TSQ Vantage 
triple quadrupole operated in positive ion mode with a heated electrospray source 
(HESI II) was used for analyte detection. 
 
Results: All 8 compounds were simultaneously verified using the Prelude SPLC with 
a TSQ Vantage.  All the compounds passed acceptance criterion for, inter and intra 
day accuracy and precision, linearity, matrix effects, specificity, carryover, bench top 
stability (6 hrs) and autosampler stability (24 hours).  

 
Introduction 
 
Several compounds are currently used in the treatment of heroin addiction; 
methadone, buprenorphine, norbuprenorphine, naloxone, and naltrexone.  Clinically, 
it is important to monitor their blood levels during treatment along with the presence 
of their most abundant metabolites; 2-ethylidine-1,5 dimethyl-3,3-diphenylpyrrolidine 
(EDDP), buprenorphine glucuronide, and norbuprenorphine glucuronide.  Previously, 
there was no LC/MS method that measured all 8 compounds simultaneously in a 
single run. In this work we fully verified a method for quantifying all the compounds 
of interest used in heroin addiction treatment. 
 
The heroin addiction panel was analyzed using ThermoScientific’s new Prelude 
SPLC (sample preparation liquid chromatography) system and a TSQ Vantage mass 
spectrometer.  This workflow takes advantage of a low system dead volume  to 
decrease solvent consumption and sample run time, which results in reduced 
operating costs. In addition, the syringe pump design drastically reduces system 
maintenance, further reducing operating costs. 
 
All compounds in the heroin treatment panel must meet the following acceptance 
criteria during verification of the Prelude SPLC for the method to be valid.  These set 
parameters are designed to determine the success or failure of a particular 
LCMSMS workflow and include, but are not limited to:  

1) The lower limit of quantitation (LLOQ) and low quality control need to be ±20% of 
the expected concentration.   

2) All of the remaining calibrators and controls need to be ±15% of the expected 
concentration.  

3) All of these requirements must be met for three consecutive days so that interday 
and intraday accuracy and precision can be determined. 

4) The signal in the blank following the highest standard may not exceed 20% of the 
LLOQ signal.  This factor is often called carryover. 

 
Methods  
 
Sample Preparation 
Human urine was spiked with all 8 analytes and then serial diluted into a calibration 
curve.  Buprenorphine, norbuprenorphine, buprenorphine glucuronide, and 
norbuprenorphine glucuronide had an analytical measurement range of 1.0 ng/mL – 
100 ng/mL.  Methadone, EDDP, naloxone, and naltrexone had an analytical 
measurement range of 5 ng/mL – 500 ng/mL.  Quality controls were also prepared in 
human urine at three different levels.  The urine aliquots were diluted with a 
combination of water and methanol that contained internal standards.   These 
samples are then injected onto the system for analysis. 
 
Liquid Chromatography 
Chromatographic separations of all compounds were performed using 
ThermoScientific  PreludeTM  SPLC system, seen in Figure 1, equipped a 3.0 x 100 
mm, 2.6 µm particle size Accucore C18 analytical column. The system mobile 
phases consisted of 10mM ammonium formate, 0.05% formic acid in water and 
10mM ammonium formate, 0.05% formic acid in methanol.  The system needle 
washes were 60% water, 40% methanol, and 0.5% formic (aqueous) and 45% 
isopropanol, 45% acetonitrile,  and 10% acetone (organic). 
 
Mass Spectrometry and Data Analysis 
The detector was a TSQ Vantage triple quadrupole mass spectrometer with HESI-II 
ionization probe in positive ion mode.  Quantitation of results was performed using 
LC Quan software. 

 
Results  
 
Buprenorphine, norbuprenorphine, buprenorphine glucuronide, and 
norbuprenorphine glucuronide were all prepared at a range of 1.0 ng/mL  to 100 
ng/mL with quality control concentrations at 3.0, 40.0, and 80.0 ng/mL.  Methadone, 
EDDP, naloxone, and naltrexone were prepared at a range of 5.0 ng/mL to 500 
ng/mL with quality control concentrations of 15.0, 200, and 500 ng/mL.   Deuterated 
internal standards were used for each analyte.  Methadone-d9 was used for the 
quantitation of methadone and EDDP.  Naloxone-d5 was used for the quantitation of 
naloxone and naltrexone.  Buprenorphine-d4 was used for buprenorphine and 
buprenorphine glucuronide, and norbuprenorphine-d3 for norbuprenorphine and 
norbuprenorphine glucuronide.  The transitions used for the analytes and internal 
standards are listed in Table 1.  
 
All the analytes had linear calibration curves, which are illustrated in Figure 2. The x-
axis of each block is the area ratio of the analyte to the internal standard.  The  y-
axis the concentration in ng/mL.  Additionally, near the top of each block the 
correlation coefficient values are posted.  These values are also summarized in 
Table 2. These r² values range from 0.9924 to 0.9995 for all compounds. 
 
Figure 3 displays the chromatograms at the lower limit of  quantitation (LLOQ) for 
each of the 8 analytes. Buprenorphine, norbuprenorphine, buprenorphine 
glucuronide, and norbuprenorphine glucuronide all have an LLOQ of 1.0 ng/mL while 
methadone, EDDP, naloxone, and naltrexone have an LLOQ of 5.0 ng/mL. 
 
Figure 4 depicts the matrix blank injected immediately after the highest standard in 
the calibration curve often referred to as the upper limit of quantitation (ULOQ).  This 
matrix blank (n=2) is used to assess the level of carryover for each analyte.  The 
signal in the matrix blank cannot be greater than 20% of the LLOQ signal.  All 
analytes have zero carryover at the retention time of interest with one exception.  
Methadone has an average carryover of about 4.7% of the LLOQ signal, which is still 
well within the acceptance criterion of <20%. 

 
Conclusion 
 
 All 8 compounds show excellent verification results using the Prelude SPLC 

system in combination with the TSQ Vantage.  With quality control RSD 
percentages less than 10% and correlation coefficient values of 0.9924 to 
0.9995, this analysis proves very successful 

 
 Due to the low volume and low solvent consumption capabilities of the Prelude 

SPLC system, these compounds were analyzed in less time, using less solvent, 
and with reduced cost to a standard HPLC system 

 
 The design of the Prelude SPLC allows for efficient online sample clean-up that 

demonstrates reproducible, reliable data for all analytes with a total injection 
time less than 6 minutes. 

 

 

This information is not intended to encourage use of these products in any manners that might infringe the 
intellectual property rights of others. 

FIGURE 2. Calibration curve linearity for all analytes. 

FIGURE 1. Prelude SPLC system 

Compound Transition 

methadone 310→265 

EDDP 278→219 

naloxone 328→212 

naltrexone 342→270 

buprenorphine 468→396 

norbuprenorphine 414→187 

buprenorphine glucuronide 644→468 

norbuprenorphine glucuronide 590→414 

methadone-d9 319→268 

naloxone-d5 333→212 

buprenorphine-d4 472→400 

norbuprenorphine-d3 417→187 

Table 1. Analyte Transitions 

Analyte r2 day 1 r2 day 2 r2 day 3 

buprenorphine 0.9949 0.9976 0.9983 

norbuprenorphine 0.9985 0.9969 0.9979 

buprenorphine glucuronide 0.9974 0.9982 0.9990 

norbuprenorphine glucuronide 0.9993 0.9993 0.9993 

methadone 0.9974 0.9976 0.9994 

EDDP 0.9995 0.9991 0.9986 

naloxone 0.9985 0.9942 0.9988 

naltrexone 0.9951 0.9924 0.9950 

Table 2.  Correlation coefficient values for all analytes 
 

Figure 3.  SRm Chromatogram at the Lower limit of quanititation (LLOQ) for all 8 
analytes. 
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Figure 4.  Carryover as shown in the matrix blanks injected after the ULOQ. 
 

Table 3. Quality control data summary. 

Analyte (ng/mL) Expected Day 1  Day 2 Day 3 Average SD %RSD 
buprenorphine Low QC 3.00 3.05 2.81 2.79 3.0 0.1 3.3 
  Mid QC 40.0 36.4 38.7 40.0 38.0 1.8 4.7 
  High QC 80.0 71.0 79.3 79.8 77.0 4.9 6.4 

norbuprenorphine Low QC 3.00 2.89 3.18 3.27 3.0 0.2 6.7 
  Mid QC 40.0 37.4 39.1 37.8 38.0 0.9 2.4 
  High QC 80.0 76.5 76.6 77.6 77.0 0.6 0.8 

buprenorphine  Low QC 3.00 3.31 2.88 2.86 3.0 0.3 10.0 
glucuronide Mid QC 40.0 36.3 39.4 39.5 38.0 1.8 4.7 
  High QC 80.0 74.3 79.8 80.9 78.0 3.5 4.5 

norbuprenorphine Low QC 3.00 2.74 3.18 3.01 3.0 0.2 6.7 
glucuronide Mid QC 40.0 37.8 38.8 38.7 38.0 0.5 1.3 
  High QC 80.0 77.1 76.8 79.2 78.0 1.3 1.7 

methadone Low QC 15.0 14.8 15.6 15.1 15.0 0.4 2.7 
  Mid QC 200 197 202 191 197 5.6 2.8 
  High QC 400 418 412 409 413 4.9 1.2 

EDDP Low QC 15.0 14.8 14.5 14.6 15.0 0.2 1.3 
  Mid QC 200 192 200 190 194 5.3 2.7 
  High QC 400 398 411 399 403 7.1 1.8 

naloxone Low QC 15.0 14.7 15.5 16.5 16.0 0.9 5.6 
  Mid QC 200 207 196 198 200 6.1 3.1 
  High QC 400 396 415 387 399 14.6 3.7 

naltrexone Low QC 15.0 14.7 15.4 15.2 15.0 0.4 2.7 
  Mid QC 200 201 192 194 195 4.8 2.5 
  High QC 400 383 405 382 390 12.9 3.3 
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