
1Department of Preventive Medicine, Northwestern University Feinberg School of Medicine

1. Benowitz, N. L. (1996). Cotinine as a biomarker of environmental tobacco smoke exposure. Epidemiol Rev, 18(2), 
188-204. 
2. Spector, L. G., Hecht, S. S., Ognjanovic, S., Carmella, S. G., & Ross, J. A. (2007). Detection of cotinine in newborn 
dried blood spots. Cancer Epidemiol Biomarkers Prev, 16(9), 1902-1905. doi: 10.1158/1055-9965.EPI-07-0230
3. Dietz, P. M., Homa, D., England, L. J., Burley, K., Tong, V. T., Dube, S. R., & Bernert, J. T. (2011). Estimates of 
nondisclosure of cigarette smoking among pregnant and nonpregnant women of reproductive age in the United States. 
Am J Epidemiol, 173(3), 355-359. doi: 10.1093/aje/kwq381
4. Funk, W. E., McGee, J. K., Olshan, A. F., & Ghio, A. J. (2013). Quantification of arsenic, lead, mercury and cadmium 
in newborn dried blood spots. Biomarkers, 18(2), 174-177. doi: 10.3109/1354750X.2012.750379

Department of Preventive Medicine

• Of the 153 plasma samples tested, 56 were found to be smokers (>10 ng/mL), 
and 62 were found to be exposed to high levels of second-hand smoke (1-10 
ng/mL.)3 As quantitative standards were analyzed by spiking a known 
nonsmoker’s plasma with cotinine, some samples were found to have lower 
cotinine levels than the known nonsmoker, indicating little to no exposure to 
second-hand smoke. This range in cotinine levels among non-smokers was not 
unexpected, as it has been commonly observed in clinical cotinine studies.2

• DBS extracts conducted using the Barozyme HT48 were completed in half as 
much time as benchtop extracts, but resulted in equal or improved yields. 
Similarly, extracting DBS directly in methanol proved to have comparable yields 
to extraction in water, with the benefit of eliminating a separate methanol 
extraction step. Both of these changes streamline the sample preparation 
method, making it more amenable to high-throughput studies.

• The Chip-Cube was found to have slightly better sensitivity than the Jet Stream, 
with significantly improved chromatography. Furthermore, cotinine at pH 3 is not 
retained on C18 even at 0% organic, but at pH 5.4, cotinine molecules have 
lower charge and are successfully retained on C18 stationary phase.

• Here, we have demonstrated the sensitivity of the Agilent 6490 QQQ using the 
default Jet Stream interface for measuring cotinine in plasma, as well as the 
utility of incorporating the Pressure Biosciences Barozyme HT48 to expedite 
sample preparation and the Chip-Cube interface to improve sensitivity. We will 
use this improved method to measure cotinine in newborn blood spots that 
have been previously tested4 for heavy metals by ICP-MS to determine the 
correlation between heavy metal and cotinine concentrations. 

Introduction

Methods

Cotinine is the gold standard biomarker for exposure to tobacco smoke.1 As the primary 
metabolite of nicotine and with a biological half-life of 20 hours, testing plasma and saliva 
for cotinine concentration has become commonplace. Cotinine assays for dried blood 
spots (DBS) have recently been generating interest as well, especially for measuring 
newborn dried blood spots to determine fetal exposure to maternal smoking.2 DBS show 
promise as a cost-effective method of sample collection in a variety of population-based 
studies of environmental exposure. Here, we demonstrate methods for measuring 
cotinine in plasma and DBS samples and use them to determine exposure to tobacco 
smoke among pregnant women in one such population-based environmental study.

Cotinine levels in 153 plasma samples were analyzed using LC-MS/MS. This method was 
then adapted to measure cotinine in DBS using a Pressure Bioscienes Barozyme HT48 
to expedite sample preparation and a nanochip LC interface for greater LC-MS 
sensitivity. 

• 5 uL aliquots of plasma samples were treated with 45 uL methanol to precipitate serum 
proteins and centrifuged at 3000 g for 5 minutes. The resulting supernatant was isolated 
and subjected to LC-MS/MS analysis using an Agilent 6490 QQQ equipped with a Jet 
Stream source. 10 uL of the sample was injected onto a 50 mm ZORBAX C18 column 
and eluted for 5 minutes at 2% B, followed by 2% to 99% B over a 13 minute gradient, 
where buffer A was 0.1% FA, and buffer B was 90% ACN, 0.1% FA. Cotinine was 
detected by scanning for the three strongest MRM transitions: 177.2  80.1, 177.2 
97.9, and 177.2  92.0.

• DBS samples were analyzed using methods similar to above, with the following changes. 
3 mm punches of DBS were resuspended in 50 uL of water or methanol using a Pressure 
Biosciences Barozyme HT48 to cycle the samples between 20k psi and atmospheric 
pressure for 30 minutes. Methanol extracts were dried under vacuum, while water 
extracts were treated with 9 parts methanol to precipitate serum proteins, centrifuged at 
3000 g, and dried under vacuum. Samples were resuspended in 20 uL of 5 mM
ammonium acetate at pH 5.4 prior to LC-MS/MS analysis.

• Cotinine levels were measured using an Agilent 6490 QQQ equipped with a Chip-Cube 
interface. 10 uL of sample were injected onto a ProteinID ZORBAX C18 chip and eluted 
for 5 minutes at 1% B, followed by 1% to 99% B over a 7 minute gradient, where buffer A 
was 5 mM Ammonium Acetate at pH 5.4, and buffer B was 100% ACN.

Figure 1. Cotinine levels in plasma samples

Figure 2. Chromatogram of cotinine in DBS sample
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Sample
Plasma samples were obtained through collaboration with Dr. Bruce Pitt at the University of 

Pittsburgh from pregnant women to assess exposures to heavy metals that may be 
associated with environmental pollutants from hydraulic fracking. Dried blood spots for 
method development were obtained from volunteers among the research staff.

Box-and-Whisker plot and all data points measured for cotinine levels in 153 plasma samples. Values 
measured at below threshold are not shown. Samples were analyzed by LC/MS/MS using a 50 mm 
ZORBAX C18 column and 6490 QQQ mass spectrometer and quantified by peak area for 177.2 
80.1 m/z transition.

LC-MS/MS chromatogram for DBS sample following a Barozyme HT48 water extraction. Sample was 
injected onto a ProteinID ZORBAX C18 chip and detected on a 6490 QQQ mass spectrometer. Data 
shown for  177.2  80.1 m/z transition.

Clockwise from upper left: Dried Blood Spot card, Pressure Biosciences Barozyme HT48, Chip-Cube 
interface, Agilent 6490 QQQ Mass Spectrometer, Newborn Dried Blood Spots.
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