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Cotinine is the principal metabolite of nicotine [ 11. It serves as a more useful 
index of tobacco smoking than nicotine due to the fact that whilst its concentra- 
tion is linearly and directly related to that of nicotine [ 21, it has a much longer 
metabolic half-life [ 1,3] and also habitual smokers appear more efficient than 
non-smokers at metabolising nicotine [ 1,4]. 

A number of methods for the determination of cotinine have been described in 
the literature. Most of these involve solvent extraction, gas chromatography (GC) 
and detection by nitrogen-phosphorus detectors or mass spectrometry (MS) 
[ 5-91, All except one of these methods [ 81 require 1 ml plasma sample. The 
internal standards used in the MS methods have been structural [ 6,8] or deu- 
terated [ 7,9] analogues of cotinine, which have been prepared by time-consum- 
ing, multi-step, in-house methods. The solvent extraction procedures tend to be 
tedious [ 5-71, involve transfer of extracts and are vulnerable to low recovery and 
contamination. Detection by MS has helped overcome problems of selectivity. A 
method is described here which requires only 260~1 sample, a commercially avail- 
able internal standard, one-tube extraction procedure and GC-MS. This is a sim- 
ple yet specific and sensitive method. 

EXPERIMENTAL 

Chemicals 
Cotinine was obtained from Sigma (St. Louis, MO, U.S.A. ) and was stored as 

a 17.6 ,&f ethanolic solution at 4°C in the dark. The internal standard, methy- 
prylone (Noludar@’ ) , was from Roche ( Welwyn Gdn City, U.K.). The working 
solution was prepared by reconstituting a 10 n&f ethanolic stock to give a 6 m 
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aqueous solution stored at 4°C. Dichloromethane and dichloroethane were of 
HPLC grade from Rathburn Chemicals (Walkerburn, U.K.). Ethanol was from 
James Burrough ( London, U.K. ) . Diethyl ether and sodium hydroxide were from 
BDH (Poole, U.K.). Water was purified by an Elgastat Spectrum System (High 
Wycombe, U.K. ) . 

Standards and controls 
Working standards were prepared by reconstituting 17.6 w cotinine (ethanol 

solution) dried under nitrogen in cotinine-free plasma to give a range of O-2000 
nmol/l (0, 100, 200, 400, 600, 800, 1000 and 2000 nmol/l). Controls were pre- 
pared from patient samples at approx. 200,500,600 and 1000 nmol/l. Standards 
and controls were stored at - 20°C. 

Extraction 
Sample/standard (200 ~1) together with ml working internal standard (100 

~1) was treated with 1.5 ml diethyl ether in silanised, glass-stoppered tubes and 
mixed by vortexing for 2 min. After allowing the phases to separate on standing 
for 5 min, the organic phase was decanted after freezing the aqueous phase in an 
ethanol cold hold at - 20’ C. A 20-~1 volume of 1 M aqueous sodium hydroxide 
and 2 ml of dichloromethane were then added to the thawed aqueous phase and 
the cotinine was extracted into the organic phase by vortexing for 2 min. The 
phases were separated by centrifugation at 1200 g for 5 min, the aqueous phase 
was then removed by aspiration and the extract dried by vortex evaporation under 
vacuum at room temperature or under nitrogen at 45’ C. The extract was recon- 
stituted in 50 ~1 dichloroethane and stored in ice and in the dark. Glass pipettes 
or syringes were used for the addition of organic solvent to avoid contamination 
with plasticisers. 

Instrumentation 
The gas chromatograph-mass spectrometer was a Hewlett-Packard Model 5790- 

5970A system. Peak areas were determined by automatic integration using a 
Hewlett-Packard 2672G on-line computing unit. Analyses were performed on a 
25 m x 0.2 mm SE30 cross-linked, bonded, fused-silica column with a silanised 
borosilicate glass splitless injection port liner. The carrier gas was helium at a 
linear velocity of 35 cm/s. 

Chromatography 
The capillary GC-MS analysis of cotinine was performed using splitless injec- 

tion. The injection port was maintained at 250’ C, the detector at 200” C and the 
column was programmed from 80 to 200°C at 30’ C/min. Injection volume was 3 
~1 and the purge time was 0.9 min. The electron multiplier was set at 2200 V and 
the detector turned on 4.0 min after injection. To avoid carry-over, the injection 
port was purged with 5 ~1 dichloroethane at the end of each sample run before the 
solenoid valve opened and again with the valve open to purge the head of the 
column of any residual sample. The selected ions monitored were at 140 m/z for 
Noludar and 176 m/z for cotinine with dwell times of 100 and 300 ms, respectively. 
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The peak-area ratio of cotinine/Noludar was used as the basis for quantitation. 
A standard curve was established for each batch by calculating the least-mean- 
squares line of regression for standards in the range O-1000 nmol/l. 

Recovery 
This was estimated from the ratio of the gradients of the standards curves 

obtained from the extracted plasma standards and from aliquots of stock dried 
under nitrogen and reconstituted in 50 ~1 of 720 nmol/l Noludar (dichloro- 
ethane) . The extracts were reconstituted in the same way. By introducing Nolu- 
dar only at the reconstitution step, it corrected only for variation in injection 
volume and not for differences in recovery during extraction (i.e., it was an exter- 
nal standard). 

Reproducibility 
Intra- and inter-batch variations were determined for each of three levels of 

plasma cotinine. 

RESULTS 

Extraction 
Diethyl ether extraction was necessary to remove lipid from the plasma which 

otherwise could cause problems in the chromatographic system. Nicotine extracted 
mainly into diethyl ether (60% ) , whilst cotinine was virtually insoluble due to 
its greater polarity. Alkali was added to dichloromethane to improve the extrac- 
tion recovery of cotinine. The final evaporation step had to be carried out with 
great care to avoid loss of cotinine and to a lesser extent internal standard. The 
reconstitution volume was 50 fl to ensure complete recovery of extract from the 
side of the tube. This dilute sample necessitated the use of splitless injection onto 
the GC column together with selected-ion monitoring as a means of detection. 
Noludar was selected as internal standard on the basis of its chromatography, 
ion mass spectrum, non-radioactivity and extraction characteristics. 

Chromatography 
Noludar eluted first with a retention time of 5.5 min. The peak was narrow and 

symmetrical. The retention time of cotinine was 6.4 min. Whilst the peak shape 
was reasonable there was some tendency to broaden and tail particularly at low 
levels if chromatographic conditions (liner and column activity) were not opti- 
mal. The Kovats retention index of Noludar under the described chromato- 
graphic conditions was 1532 [coefficient of variation (C.V. ) 0.4%, n= lo] and 
that of cotinine was 1682 (C.V. 0.7%, n = 10). Overall run time allowing for the 
temperature gradient was 17 min. Chromatograms of samples from a non-smoker 
and smoker are shown in Fig. 1. 

Ion monitoring 
The base peak of cotinine is 98 m/z. However, at this relatively low ion mass 

interference from other species including Noludar is likely. By monitoring the 
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Fig. 1. Chromatograms of GC-MS determination of plasma cotinine. (A) Non-smoker, (B) smoker 
with a cotinine level of 805 nmol/l. 

molecular ion of cotinine, which has a higher ion mass of 176 m/z and a relative 
abundance of 32%, interference by other species including Noludar is avoided. 
Noludar was monitored at its base peak of 140 m/z at which there is no interfer- 
ence from cotinine. It is proposed that this ion fragment of Noludar is formed as 
a result of loss of a keto and methyl group from the parent structure and subse- 
quent rearrangement. The sites of cleavage are indicated in Fig. 2. The sensitivity 
lost by not measuring cotinine at its base peak, in order to increase selectivity, 
was compensated for by increasing the dwell time for cotinine. 

Recovery 
The recovery of cotinine as described was 111% . This reflects the relative errors 

in the standard curves of extracted and non-extracted standards over the concen- 
tration range O-1000 nmol/l and the relative loss of cotinine during solvent 
extraction and evaporation steps. 

Standard calibration curve 
A plot of cotinine/Noludar peak-area ratio ( x 10-l ) against cotinine concen- 

tration ( x lo2 nmol/l) , gives a typical regression line described by the equation 
y=6.76~10-4~-0.014 (standard error of estimate=0.0143). The curve is linear 
upto 1000 but not 2000 nmol/l. 
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Fig. 2. Proposed sites of cleavage involved in the formation of the ion fragment used to monitor 
Noludar. 
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TABLE I 

INTRA- AND INTER-BATCH REPRODUCIBILITY FOR THE GC-MS DETERMINATION 
OF PLASMA COTININE 

Concentration 
( nmoI/l ) 

Zntra-batch 
218 
489 
617 

n Coefficient of variation 

(%) 

6 16 
6 7 
6 9 

Inter-batch 
231 
512 

1051 

11 16 
11 14 
11 6 

Detection limit 
This was considered to be in practice 100 nmol/l on the basis that it could be 

confidently distinguished from a blank sample and was, in this procedure, the 
level of the lowest standard. 

Reproducibility 
The intra- and inter-batch precision data for plasma cotinine are summarized 

in Table I. 
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