
ABSTRACT
A highly sensitive and selective liquid chromatographic tandem mass spectrometric 
method for determination of nicotine and its metabolites, cotinine and 
trans-3’-hydroxycotinine, in human plasma (K2EDTA) have been validated. The 
interference and contamination was controlled by the assays to achieve 0.20 ng/mL 
lower level of quantitation (LLOQ) for nicotine in the range of 0.20 to 40 ng/mL and 
0.5 to 200 ng/mL. The range for its metabolites is from 1.00 to 300 ng/mL.

The precisions (%CV) and accuracies (% bias)  for nicotine above the LLOQ were ≤
7.3% and ≤ 3.9%, respectively. The precision and accuracy for nicotine at the LLOQ 
were 12.3% and 3.9%, respectively. Stability was documented for each analyte in 
plasma for 18.5 hr at ambient temperature, following 4 freeze/thaw cycles and for 
up to 48 days at -20°C. Stability was also documented in whole blood for 1.5 hr at 
room temperature.

Assay specificity was confirmed in the presence of menthol (as glucuronide 
metabolite) and in presence of lipemic and hemolytic plasma. These methods meets 
or exceeds FDA regulatory requirements and acceptable for clinical trial support. 

INTRODUCTION
The new FDA regulatory requirements announced in July 2017 are aimed to reduce 
nicotine in both tobacco and electronic nicotine delivery systems (ENDS) to make 
them less addictive and lower health risks.  With the reduction of nicotine levels in 
these and other products (i.e., gums, lozenges) lower assay ranges are essential for 
pharmacokinetic assessments.

In this presentation, we report the validated bioanalytical assays through simple 
protein precipitation extraction to achieve lower level of quantitation at 0.20 ng/mL 
for nicotine at a low curve assay and 0.5 ng/mL at a high curve assay, as well as the 
assay for its metabolites.

Figure 1. Chemical structures of nicotine, its metabolites and  their internal 
standards as well as mass transitions used in analysis

METHOD
Nicotine and its metabolites were extracted in our nicotine-controlled laboratory 
environment from human plasma (100 uL) with simple protein precipitation method 
by adding 300 uL of methanol. After vortex and centrifuge, the supernatant was 
transferred to 96-well plate. It was then refrigerated until LC-MS/MS analysis.
The LC-MS/MS analysis was performed on a API 5000 mass spectrometer in MRM 
positive mode, coupled with Shimadzu UHPLC system. The mass transitions were 
listed in Fig. 1. 

RESULTS
The assays were validated in terms of selectivity, sensitivity, linearity, accuracy, 
precision, matrix effect, recovery, dilution integrity, hemolytic and lipemic effect, 
stability in plasma and in whole blood, and column ruggedness in human plasma 
(K2EDTA) following currently regulatory guidelines. The intra- and inter-batch results 
for QC samples are shown in Table 1.

Figure 1. Chemical structures of nicotine, its metabolites and  their internal 
standards as well as mass transitions used in analysis

Table 1. Precision and accuracy results for nicotine control samples (n=6 for each 
QC per batch)

RESULTS (continued)

Figure 3. A typical ion chromatograms for blank human plasma (upper panel) and 
LLOQ of nicotine (0.200 ng/mL, lower panel)

The overall recovery (using low, mid and high QCs, n=6, three batches) for nicotine 
and its I.S. is 96.2% and 95.8%, respectively, within 2.7% of precisions (%CV). The 
precision and accuracy for nicotine high curve assay (0.50 to 200 ng/mL) are 
comparable to that of low curve assay.

Cotinine and trans-3’-hydroxycotinine linearity range are the same, i.e. from 1.00 to 
300 ng/mL. Their intra- and inter-batch results for QC samples are shown in Table 2. 

Table 2. Precision and accuracy results for cotinine and  trans-3’-hydroxycotinine 
control samples (n=6 for each QC per batch)

CONCLUSION
Human plasma assays for nicotine and its key metabolites (cotinine and 
trans-3’-hydroxycotinine) have been validated in terms of sensitivity, selectivity, 
carryover, linearity, accuracy, precision, dilution integrity, recovery, matrix effect and 
stability. The low limit of quantitation value for nicotine at 0.2 ng/mL and analytical 
range allows adequate pharmacokinetics or bioequivalence studies in clinical trials.
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Untitled 3 (Nicotine): "Linear" Regression ("1  / (x * x)" weighting): y = 0.195 x + -5.85e-005 (r = 0.9990)
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Linear Regression (1/x2): r2=0.9990 

Sample Name: "Blank NO IS"    Sample ID: "5"    File: "B101 170410.wiff"

Peak Name: "Nicotine"    Mass(es): "163.100/130.000 Da"

Comment: ""    Annotation: ""

Sample Index:       5     

Sample Type:       Blank  

Concentration:      0.00    ng/mL  

Calculated Conc:    N/A            

Acq. Date:       4/10/2017  

Acq. Time:       7:10:30 PM  

 

Modified:           Yes   

Proc. Algorithm: Specify Parameters - MQ III  

Noise Percentage:     85     

Base. Sub. Window:    0.30   min

Peak-Split. Factor:   2      

Report Largest Peak:   Yes   

Min. Peak Height:      0.00   cps

Min. Peak Width:       0.00   sec

Smoothing Width:       0       points

RT Window:         30.0    sec

Expected RT:        1.85   min

Use Relative RT:    No    

 

Int. Type:        Manual  

Retention Time:     1.82   min

Area:         5.09e+002   counts

Height:         3.52e+002  cps

Start Time:         1.79   min

End Time:           1.83   min
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Sample Name: "QCS 0.2"    Sample ID: "6"    File: "B101 170410.wiff"

Peak Name: "Nicotine"    Mass(es): "163.100/130.000 Da"

Comment: ""    Annotation: ""

Sample Index:       6     

Sample Type:          QC  

Concentration:     0.200    ng/mL  

Calculated Conc:   0.171    ng/mL  

Acq. Date:       4/10/2017  

Acq. Time:       7:17:06 PM  

 

Modified:           No    

Proc. Algorithm: Specify Parameters - MQ III  

Noise Percentage:     85     

Base. Sub. Window:    0.30   min

Peak-Split. Factor:   2      

Report Largest Peak:   Yes   

Min. Peak Height:      0.00   cps

Min. Peak Width:       0.00   sec

Smoothing Width:       0       points

RT Window:         30.0    sec

Expected RT:        1.85   min

Use Relative RT:    No    

 

Int. Type:       Base To Base  

Retention Time:     1.85   min

Area:         8.56e+003   counts

Height:         2.21e+003  cps

Start Time:         1.79   min

End Time:           1.92   min
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