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Rapid a~~&sis of nicotine zmd cotinine ia the wine of smokers by isocratic 
high-performance liquid chromatography 

IAN D. WATSON 

(Received April Mth, 1976) 

Nicotine and c&nine can be detected using ultra-violet spectroscopy after 
basic extraction [I], and may be sepvatect by thin-layer chromatography [2] _ 
There are several methods utilis~g gas chromatography (GC) in use [3-5]. 
Thin-layer chromatography is a good qwlitatiwe method, &m-violet speetros- 
copy W-U not different&&e between nieotke and cothGne, GC, &hougb 
rapid and sensSwe, does not allow rapid analysis of nicotine znd c&nine, 
temperature promming being required, or replicate analysis of sampks 
af;ahighertenqerature 131. 

Di&illation IS] and multiple extraction [3] have been used to obtain 
complete recovery prior to estimation. Using the modifie&ion of Bell and 
StewaFt 871 of the extrzction procedure for amphetamine estimation [S], 
and an appropriate internal standad, a rapid, qmntitatiwe method for e&i- 
mation of friary nicotine and cotkne was evolved u&g high-performance 
s.+id chromatogxiphy (HPLC). 

f2WitGLG was prepared by the Dundee Ci* Ansly& 
am3 the sodium hydroxide were #so obtained from 



CEEEOMATOGRAFEiY CONDiTIONS 

A Varim 8560 cbmmatogmph, with a V&m 635 series spectrophotometi 
was used. The stainlesz&eel cohum (25 cm x 2 mm I.D.) was packed with 
Micropak S&l0 silica gel. The operating conditions were as follows: tempera- 
ture, ambient; pressure, 55Q p.s.i.; flow-rate, 40 ml/-h; chart speed, 25 cm/h; 
slit width, 1 mu; wavelength, 260 nm; solvent, ethyl acetate-propan-201- 
ammonia (80:3:0.4). 

EXTRACTiON PROCEDURE 

A 3-d volume of urine in a conical centrifuge tube was made s&al&e to 
1% bromotbymol blue using 5 M NaOEL~O.3 ml of the desmetiylimiprmnine 
or qtiohne internal stzmdard was added and the sampie was mixed for 30 set 
on a whirlimixer. The tubes were centrifuged to clear any emulsions formed 
and 10 ~1 injected onto the column. 

RESULTS 

Recotiery 
Recoveries of 98-104% relative to the internal standard were obtained on 

standard samples. 

A calibration curve for &otine showed linearity over the range 
O.G+jO maole/i. 

Desmethylimipramine was the internal standartp for HPLC work. Quinoline 
wa the intemal stmdzd for the GC method used to confirm the results 
obteined by HZ?IC. 

10 wg/nal of desuetbybmipramiu e and quinohne were dissolved in dichloro- 
methane. This is equivalent Ati a concentration of 77.5 pmole/l of desmetbyl- 
imiprasnine and 37.5 &mole/l of quinohne. As the available c&nine was not 
pure, cotinine peaks were calculated as nicotine. 

By suitable dilution of a staudard solution the mj.nhuum de&&able level 
was found to be 5 ng on column, i.e. equivalent to a concentration sf 
300 nmole/i. 



Fig. 1. Ckmmatogram of a smoker’s urine. A = Solvent front, B = nicotine, C = cotinine. 
D = desmethyfimipramine. Absorbance range, O-O.1 _ 

Fig. 2. Chromatogrem of a nonsmoker’s urine. A 
Absorbance rage, o--0.1. 

= Solvent front, D = desmethylimipramine. 

Specificity 
As a tricyciic antidepressant is U_S& as the internal standard, it is lo be 

expected tbzat such drugs might interfere witi the amlysis. No interference 
was noted from the common ticyclic mtidepressznfs, Enterference when found 
in HPLC, did not occur in the GC method. Simkly interference in the GC 
method was not observed in the HPLC method, 

Nicotine levels using the RPEC method were corre&ed with f&e GC 
method of BeB and Stesv-art [a] _ Using 38 specimens, a carrel&ion coefficient 
of 8.986 ~8s fovmd. 



it has been repo&d that nicotine levels of 100-3000 ccgfl(617 nmole/2- 
18.5 pmolefl) have been found in smokers’ urine [9]. The rczsuh obtaiued 
in this investigation agree with these levels, r&tine concentrations ran- 
from 300 nmotefl-18.3 pmolefl, cotinine levels ranging from 250 nmolefl- 
3.45 pmole/l, and uicotiue:cotiuine ratios vtxying ftom 0.54-22.9. Most 
variation-in the ratios appears to be attpibutable to the wider range of nicotine 
levels found. CoGnine is Iess frequently detected than nicotine. 

The same authors Aim that levels of L50 nmolefl of nicotine are seen in 
the urine of non-smokers, rising to 1.54 @mole/l when exposed to a smoky 
atmosphere. It is doubtful if the method presented here would have suffi- 
cient sensitivity to detect the lower Emit precisely. 

The chief advantage of this method is its rapidity in tie estimation of 
nicotine and cotiuine. Shnultaueous nicotine and cotinine estimations could 
be performed by GC, but wquire temperature progranuning and are time 
cousumhlg. 

Tne use of HPLC eliminates the need for lengthy analysis times. Thus 
specimens from an anti-smokii clinic can be analysed as a patient waits, 
and objective evidence can bq obtained of the M&h of their statements that 
they have stopped or cut down, based on the nicotine levds measured. 
Nicotine metabolism may relate to the amounts detected, 

The estimation of coGnine simultaneously with nicotine might be of use 
in metabolic studies in smokers. 
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Note 

Frokenecid. a possible interferent in the gas ekroma~grapkie determination of 
dipkenylhyf%Intoin 
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Tke on-coiumn dkyiation of barbiturates and related compounds with re- 
agents suck as Btrametkylammonium hydroxide (TMAH) or trietkylanilinium 
hydroxide (TE-AH) is a frequently used teekniqze for the q+xntitative analysis 
of these compounds [I--6]_ As these determinations are usually performed on 
sera from patients suffering from epilepsy witk +he object of helping the 
clinician to est&Ssk the optimal dose regimen, it is imperative that one should 
be aware of any drugs that may influence the quantitation of the antiepileptic 
drugs or produce a f&e positive result. We have found prohenecid to be suck a 
dwz. 

MEXEiOD FOR THE ANALYSIS OF BARB~UFCATES AND DIPHENYLHYD~TO~ 

Our laboratory is engaged in the routine analysis of pkenobarbitone and di- 
pkenylkydantoin for an epilepsy cfinic and we make use of the following 
metkod_ToImlserum sre aided secobarbitoone and tolyIpkenylkydantiinra 
internal standards. Tke serum is acidSed with 0.5 ml of 1 M &PO6 aad 
extracti with 3 ml of tiluene by skaking for 2 min on 8 Wkirlimixer. After 
centrifuging to separate the layers. tke Muene phase is transferred into a 
conicd centrifuge tube and MlGpl of 0.5 M TEAS solution in ethanol and 20 PI 
of water are added. After vigorous &&.ing for 2 min OR a Wkirlimixer, the tube 
is centrifwed znd 4 PI of the kottam layer are injected during ? sef: into thegas 
&OId-O&h_ 

The ratios of the pe& areas of N-ethylphenobarbitotone and N-ethylciiphenyl- 
kydzmtoin ta those of tke two irrtemaf stand~s tzre uwd_tu quantifate the 


