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Why did we consider High Resolution Accurate Mass(HRAM) 
instrumentation as an alternative to immunoassay?  
 

 Most drug screening is performed in two steps comprising an initial 
immunoassay screen followed by confirmation by liquid 
chromatography mass spectrometry.  
 

 Monitoring various drugs of abuse using HRAM LC-MS allows for 
simpler sample preparation, and increased analytical specificity and 
selectivity. 

 
 Decrease sample analysis cost while increasing accuracy and the 

number of analytes screened and quantified on a single injection 
using HRAM LC-MS. 

Presenter
Presentation Notes
Urine is considered the preferred matrix for drug testing ; collection is non-invasive and fast, and there is generally a longer window of drug detection when compared to blood.



Types of Screening 
EIA/Elisa LC MS Accurate Mass  

 
 

•Fast Cycle Time (seconds) 
 
•Low Sensitivity 
 
•Low Specificity 
 

•Pos/Neg Results Only – drug families, no 
individual drugs 
 
 

 
•High Sensitivity 
 
•Very High Specificity 
 
•Screening and Quantitation are Accurate 
 
•Cycle time in minutes (not seconds) 



Types of Screening using Accurate 
Mass 

Full MS Scan Full MS Scan/MS2  

 
•Retention Time 
 

•Accurate Mass of the Parent  
 

•Isotopic Pattern 
 

 
•Retention Time 
 

•Accurate Mass of the Parent  
 

•Isotopic Abundance Pattern 
 

•Accurate Mass of Fragments 
 

•Library Search 
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Types of Screening Applications Using         
Full MS Scan/MS2  

 
Method Screens for hundreds of 
compounds 

Method Screens for a restricted number 
of compounds 

 
•Ability to set up screening for hundreds of 
targeted and non-target compounds 
 

•Refer back to the data anytime without reruns  to 
investigate samples for both target and non-target 
compounds 
 
•Calibrators and QCs do not have all the 
compounds present at once 
 
 

 
•Inclusion list  has only targeted compounds to 
perform MS2 

 
•Calibrators and QCs have all the compounds 
present at once  
 

•MS2 is collected for all the compounds present in 
calibrators and QCs  
 
•All calibrators and QCs have to pass screening 
criteria. 
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 Require to have a certified reference standard for screening 
 
 Demonstrate linearity 

 
 QCs and calibrators need to be included in the analytical run 

 
 Results are not reported below LLOQ 
 
 Screening and Quantitation can be done with one single 

injection – Calibrators and QCs are required for both 
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Presentation Notes
According to our external and internal validation guidelines, we have to comply with the following: Require to have certified reference standards…..



     Calibrators and quality control (QC) samples were prepared in Surine™ 
using certified reference standards from Cerilliant™  

 
Sample Preparation Procedure 
 
     75µL of sample were diluted with 300 µL a master mix solution containing 

IMCSzyme®, and 47 internal standards, one for each of the analytes. 
Samples were incubated at 65°C for 60 minutes, and centrifuged at 4000 
rpm for 7 min before analysis.  
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Presentation Notes
The enzyme concentration, time and temperature for hydrolysis were optimized during method development.



LC Parameters 

Instrument: UPLC             

Analytical Column: Agilent Poroshell™ 120 SB-C18 2.1 x 50mm 2.7µm  

Gradient:  A:  0.1 % Formic Acid acid in LCMS grade water  

B: 0.1 % Formic Acid in Methanol 

Time (min) A (%) B(%) 

0.50 95 5 
1.50 75 25 
4.60 40 60 
4.61 5 95 
5.00 5 95 
5.01 95 5 

Flow Rate:  0.50 mL/min  
End time:  5.5 min  
Column Temp:  30 °C  
Injection volume:  7.5 µL  
Autosampler Temp:  5 °C  



Mass Spectrometer 
 
Source Parameters 
 
Mode: HESI+ 
Sheat gas flow rate: 65  
Aux gas flow rate: 20  
Sweep gas flow rate: 2 
Spray voltage: 3.5 kV 

Capillary Temp: 300 °C   
Aux gas heater temp: 420 °C   
S-lens RF Level: 55 
 
Full MS 

Scan Range: 130-480 m/z 
Resolution: 17 500, 35 000, 70 000 
 
MS/MS 

First fixed mass: 50 m/z 
Resolution: 17 500 

ddMS2 

Top 2, 3, 4, 5 (targeted) 
First fixed mass: 50 m/z 
Resolution: 17 500 
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Since the time needed to collect an scan, increases when the resolution values are also increased, we explore three different values 17500, 35000, and 70000 for full scan data to see if we could choose a lower resolution value and collect more scans.

During method development we also tried two modes for MS2 collection: MS/MS and ddMS2. For ddMS2 we tried different numbers of top ions 2, 3… in a targeted mode. In both cases the resolution was 17 500. 



ANALYTE Internal Standard 
Analyte 

Calibration 
Range 

ANALYTE Internal Standard 
Analyte 

Calibration 
Range 

2-Hydroxyethylflurazepam 2-Hydroxyethylflurazepam-D4 20-1000  Methadone Methadone-D3 20-1000  

6-Acetylmorphine 6-Acetylmorphine-D3 20-1000  Methamphetamine Methamphetamine-D5 100-5000  

7-Aminoclonazepam 7-Aminoclonazepam-D4  20-1000  Morphine Morphine-D3 20-2000  

α-Hydroxyalprazolam α-Hydroxyalprazolam-D5 20-1000  Norbuprenorphine Norbuprenorphine-D3 20-1000  

α-Hydroxymidazolam α-Hydroxymidazolam-D4    20-1000  Norcodeine Norcodeine-D3 20-1000  

α-Hydroxytriazolam α-Hydroxytriazolam-D4  20-1000  Nordiazepam Nordiazepam-D5 20-1000  

Alprazolam Alprazolam-D5 20-1000  Norfentanyl Norfentanyl-D5  2-100  

Amphetamine Amphetamine-D5 100-5000  Norhydrocodone Norhydrocodone-D3  20-1000  

Benzoylecgonine Benzoylecgonine-D3 20-1000  Normeperidine Normeperidine-D4 20-1000  

Buprenorphine Buprenorphine-D4   20-1000  Noroxycodone Noroxycodone-D3  20-1000  

Carisoprodol Carisoprodol-D7 20-1000  Norpropoxyphene Norpropoxyphene-D5  40-2000  

Cocaethylene Cocaethylene-D3 20-1000  O-Desmethyltramadol O-Desmethyltramadol-D6  20-1000  

Codeine Codeine-D6 20-2000  Oxazepam Oxazepam-D5 20-1000  

EDDP EDDP-D3 20-1000  Oxycodone Oxycodone-D3   20-2000  

Fentanyl Fentanyl-D5 2-100  Oxymorphone Oxymorphone-D3 20-2000  

Gabapentin Gabapentin-D10 20-1000  PCP PCP-D5  20-1000  

Hydrocodone Hydrocodone-D3   20-2000  Pentazocine Pentazocine-13C3  20-1000  

Hydromorphone Hydromorphone-D3   20-2000  Phentermine Phentermine-D5  100-5000  

Lorazepam Lorazepam-D4 20-1000  Pregabalin Pregabalin-D6 20-1000  

MDA MDA-D5  100-5000  Ritalinic acid Ritalinic acid-D10  20-1000  

MDEA MDEA-D5  100-5000  Tapentadol Tapentadol-D3 20-1000  

MDMA MDMA-D5  100-5000  Temazepam Temazepam-D5 20-1000  

Meperidine Meperidine-D4 20-1000  Tramadol Tramadol-13C, D3  20-1000  

Meprobamate Meprobamate-D7 20-1000    
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Here we are showing the analytes included in the method with their respective IS and calibration ranges. The calibration range for each analyte was chosen based on concentrations typically seen in urine samples. 



 

Analyte identity criteria: 
 

• Accurate Mass of the Parent: Full-scan extracted ion      
  chromatograms (XIC) ±5 ppm  
 
• Retention Time 
 
• Isotopic Abundance Pattern  
 

• At least two expected fragments (±10ppm) from the MS/MS scans 
  
• Library Search: Custom MS/MS library built in-house using MS/MS      
  spectra derived from calibrators 
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Internal Standard MDA-D5 is not detected in this 
donor sample even though it was added.  

 
RT 1.68 min 
MDA-D5 

Presenter
Presentation Notes
When we analyzed calibrators and QCs, it was not clear if there were differences between the resolutions tested. We then decided to analyze donor samples to test the different resolutions. In donor samples, we do not know which analytes we are going to find, but we know that we should detect all the 47 IS that we added. To our surprise, some donor samples had some IS that were not detected. In this case, we are showing an example were MDA-D5 was not detected at the 17 500  Resolution value.



 
RT 1.68 min 
MDA-D5 
185.1333 (± 5 ppm window) 
185.1324-185.1342 

440130052935 #835-902 RT: 1.60-1.69 AV: 17 NL: 6.66E7
T: FTMS + p ESI Full ms [130.00-480.00]
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Upon inspection of the MS spectra under the RT of the peak (1.68 min), we can observe that there is a big ion, with a mass of 185.1285 present in this donor sample. This mass goes from 185.11.. To 185.14…. MDA-D5 has a mass of 185.1333, therefore we can conclude that a 17500 the MDA-D5 was not resolved from the interferences.



Internal Standard MDA-D5 is not detected in this 
donor sample even though it was added.  

 
RT 1.68 min 
MDA-D5 
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Same as before, we could not detect in this donor sample MDA-D5 at the 35 000 Resolution value.



440130052935 #649 RT: 1.69 AV: 1 NL: 1.39E7
T: FTMS + p ESI Full ms [130.00-480.00]
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RT 1.68 min 
MDA-D5 
185.1333 (± 5 ppm window) 
185.1324-185.1342 
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Upon inspection of the MS spectra at 1.68 min, we can see that there is a mass close to the MDA-D5 5 ppm wiondow. This window goes from 185.1324 to 185.1342. The mass observed in the MS spectra is 185.1346, which is outside the 5 ppm window. For this reason the MDA-D5 was not detected at 35000 resolution value. The mass is not totally resolved.



 
RT 1.68 min 
MDA-D5 
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At the next resolution value available: 70000 the MDA-D5 is detected.



 
RT 1.68 min 
MDA-D5 
185.1333 (± 5 ppm window) 
185.1324-185.1342 

440130052935 #376-433 RT: 1.62-1.75 AV: 15 NL: 3.56E7
T: FTMS + p ESI Full ms [130.00-480.00]
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After inspecting the MS spectra at the 1.68 RT, it is clear that the MDA-D5 mass is resolved from the interference, and its center mass is in the 5 ppm window, which allows its detection.
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 MDA-D5  185.1333 (± 5 ppm window)  185.1324-185.1342 
 
                17 500                            35 000                            70 000 

Presenter
Presentation Notes
Here is a summary of the three resolutions.



 
Positive for morphine 
 
RT 0.72 min 
Morphine-D3 

Internal Standard Moprhine-D3 is not detected in this 
donor sample even though it was added.  

Presenter
Presentation Notes
This is another donor sample example. This donor sample was positive for morphine. However, the amount could not be quantified since the morphine-D3 was not detected.



150400486771 #136-280 RT: 0.68-0.86 AV: 72 NL: 1.71E6
T: FTMS + p ESI Full ms [130.00-480.00]
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RT 0.75 min 
Morphine-D3 (± 5 ppm window) 
289.1626 
289.1612-289.1640 
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AS before the MS spectra at the 0.75 RT was examined. Here we can observe an ion with a center mass of 289.1497. Its mass starts at 289.12… and ends at 289.19…. The mass of morphine-D3 is 289.1626, which is under this peak, its mass is not resolved from this interference.



Positive for morphine 
 
RT 0.72 min 
Morphine-D3 
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At 35 000 we observed the morphine-D3 standard



150400486771 #69-113 RT: 0.66-0.74 AV: 23 NL: 1.62E6
T: FTMS + p ESI Full ms [130.00-480.00]
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RT 0.72 min 
Morphine-D3 (± 5 ppm window) 
289.1626 
289.1612-289.1640 
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And upon reviewing the MS spectra at the RT 0.72 min, we can see that the 289.1626 with at 5 ppm window is getting resolved from its interferences



Positive for morphine 
 
RT 0.72 min 
Morphine-D3 
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The same sample was analyzed at 70000 resolution value, and here we can see that the area of morphine-D3 is considerable bigger when compared to the 35000 resolution value.  35 000 around 2 million area counts and 70000 5 million area counts



 
RT 0.72 min 
Morphine-D3 (± 5 ppm window) 
289.1626 
289.1612-289.1640 

150400486771 #50-73 RT: 0.70-0.77 AV: 12 NL: 2.06E6
T: FTMS + p ESI Full ms [130.00-480.00]
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Probably is due to the fact that the morphine-D3 mass is better resolved from neighboring masses. 



 
      

9.14 289.15 289.16 289.17 289.18
m/z

 

289.1514

289.1616

289.1746

 
      

3 289.14 289.15 289.16 289.17 289.18 2
m/z

 

289.1501

289.1758

289.1628

 
      

10 289.15 28
m/z

 

289.1497

Morphine-D3  (± 5 ppm window)  289.1626 (289.1612-289.1640) 

  17 500                             35 000                                        70 000 
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Here is a summary of the three resolutions



 Full MS OR MS/MS : Mode where  full MS spectrum scans and 
MS2 scans are collected . Compounds included in the inclusion 
list have a RT time window where MS2 scans are collected. 

 
 Full MS/ddMS2 :  Mode where  full MS spectrum scans and MS2 

scans are collected.  MS/MS is performed  by the software on 
the top ions observed in the MS spectrum. The ions are 
automatically selected on the basis of their signal intensity 
and/or scheduling time. 
 

 DIA proved to be superior to ddMS2 to collect consistently at 
least one MS2 scan for all the analytes at the LLOQ level. 
 
 



 

Validation criteria: 
 • Quantitation performed  using the analyte monoisotopic mass extracted 

from full-scan ion chromatograms (XIC) 
 
• Specificity/Selectivity 
 

• Linearity (R2 ≥0.99) 
 

• Repeatability (RSD ≤20%) 
 

• Recovery and Accuracy Standards and QCs (RSD ≤20%) 
 

• Stability 
 

• Matrix interferences (%RSD ≤15% for the internal standard-normalized     
   matrix factor) 
 

•Interferences from OTC drugs, blood contamination (5% v/v). 
 



Precision and Accuracy 

QC 
Accuracy (% Dev) Precision (% RSD) 

Intra   (n=6) Inter (n=18) Intra   (n=6) Inter (n=18) 

LLOQ ≤18.8 ≤ 9.7 ≤ 10.5 ≤ 13.4 

Low ≤ 17.8 ≤ 6.7 ≤ 5.7 ≤ 13.9 

Mid ≤ 6.6 ≤ 3.2 ≤ 7.4 ≤ 7.1 

High ≤ 12.9 ≤ 8.3 ≤ 5.4 ≤ 7.6 

Correlation Coefficient (r2) ≥ 0.997 



Stability 

Stability Condition Accuracy (% Dev) 

Freeze / Thaw 3 Cycles, -20°C ≤ 9.8 

Room Temperature 24 hrs ≤ 15.7 

Autosampler Stability 1 week, 5°C ≤ 12.0 

Long – Term Storage Stability 4 week, 5°C ≤ 17.7 



 The internal standard-normalized matrix factor for 
nine independent matrix sources was ≤ 14.0%RSD 
for all the analytes. 

 
  Assessments of specificity, carryover, impact from 

blood contamination (5% v/v), and OTC drugs were 
also performed, and found to be acceptable. 



m/z (Expected) m/z (Apex) m/z (Delta(ppm)) 

271.0633 271.0628 -1.8255 

Expected RT Actual RT RT Delta 
4.83 4.82 0.02 

Nordiazepam Retention Time and Parent Accurate Mass 



Nordiazepam Isotopic Abundance Pattern 

Measured 

Theoretical 



Nordiazepam Isotopic Abundance Pattern 



Nordiazepam Fragments Accurate Mass 



Nordiazepam Library Match 









 Resolution value of 70 000 was necessary for the full scan data. 
 

 MS/MS proved to be superior to ddMS2 to collect consistently at least one 
MS2 scan for all the analytes at the LLOQ level. 

 
 The optimal conditions that yielded consistent hydrolysis values ≥80% for all 

the commercially available glucuronide standards were incubation at 65°C 
for one hour, with 5000 Fishman units/mL of enzyme concentration in the 
master mix solution. Codeine 6-glucuronide was the analyte that took longer 
to hydrolyze. 
 

 By combining the high resolution capabilities of the Thermo Scientific™  
Q Exactive™ MS with the high rate of hydrolysis of the IMCSzyme  it was 
possible to decrease sample analysis cost while increasing accuracy and the 
number of analytes screened and quantified on a single injection. 
 



Thermo Fisher Scientific: 
 
 Marketing group 
 Russ Constantineau 
 Susan DiPietro 
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