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SUMMARY

Nicotine was subjected to reaction at 90° with trichloroethvl chloroformate
in the presence of pyridine to form a carbamate in which the pyrrolidine ring was
opened. Upon heat treatment, this carbamate partially formed the corresponding
olefin. About 10 pg could be detected with an electron-capture detector and 60 pg
with an alkali flame-ionization detector.

The extraction was studied with 1“C-labelled nicotine. Methylene chloride‘ was
suitable for extraction from diluted plasma, whereas toluene containing 5% of hepta-
fiuorobutanol was used in a re-extraction step and also as the chloroformate reactxon
medinm.

Due to a nicotine blank the limit for quantitative determinations was 10 ng/m.[
in plasma (sample volume 1 ml). N-n-Propylnornicotine was used as an mtemal
standard. The precision at the 30 ng/ml level was 4+-8.8%, (7 = 7).

INTRODUCTION

Nicotine is a widespread toxic agent and can be regarded as an environmental
pollutant. The analysis of nicotine in biological systems has been performed mainly
by gas chromatographic methods'~’. Recently, methods based on radioimmuno-
assay5-® and liquid chromatography!® have appeared. Although nicotine was one of
the first alkaloids to be gas chromatographed!!, it has proved difficult to analyse by
gas chromatography at low concentrations owing to its adsorptive properties, being
a divalent amine. Procedures have been described in which intact.nicotine has been
chromatographed and detected with a flame-ionization detector!-3, with an alkali
lame-ionization detector in the nitrogen mode*-S or with a mass spectrometer®’. The
oresence of nicotine in the analytical systems as a blank has been observed'!—>. Even
‘n non-smokers’ urine nicotine has been positively demonstrated by atmospheric
‘ressure ionization mass spectrometry without previous gas chromatographic sepa-
ation'?. The handling of nicotine after sampling and during gas chromatography
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would be facilitated if the adsorptive properties could be reduced in a derivatization
step. A previously described procedure used catalytic reduction and pentafluoro-
propionylation of the piperidine formed. This derivative possessed electron-capture
properties but no application to biological samples was reporied?>.

: The reaction of pentafluorobenzyl and tirichloroethyl chloroformates with
tertiary amines has opened the possibility of obtaining, in one step, both electron-
capture sensitive and non-adsorptive derivatives, the so-called carbamates!*-15, This
paper discusses the conditions for the extraction of nicotine and the preparation and
propertics of a nicotine carbamate. Analyses in the nanogram range have been made
with both electron-capture and alkali flame-ionization detection.

EXPERIMENTAL

Apparatzis
Liguid scintillation counting. The measurements on [**C]unicotine were per-

formed in a Nuclear Chicago Mark II liquid scintillation system. The activity was
obtained by calculation of the efficiency from the external standard ratio compared
with a standard graph. Standard graphs in toluene and water were prepared by
measurement of [Y*Cltoluene after addition of 0.1-0.9 ml of methylene chloride to
10 ml of the scintillator liguid.

DPH measurements. The measurement of pH was carried out with an Orion
Model 701 pH meter. '

Gas chromatography. Studies of the conditions in the reaction of trichloroethyl
chloroformate with nicotine in the milligrams per millilitre range were performed
with a Varian 1400 gas chromatograph equipped with a flame-ionization detector.
Tke glass column (1.5 m X 2 mm I.D.) was filled with 39} OV-17 on Gas-Chrom P
(100-120 mesh) and operated at 240°. The injector and detector temperatures were
both maintained at 300°. The flow-rate of the carrier gas (nitrogen) was 30 ml/min.

Studies in the nanograms per miililitre range were performed in the same
instrument with a *Ni electron-capture detector working in the d.c. mode. The glass
column (2.1 m X 2mm LD.) was filled with 39, OV-17 on Gas-Chrom Z (80-100
mesh) (= column B, Table II). The column temperature was 220° and the injector
temperature 235°; other conditions were as above. Studies of the derivatives in the
alkali flame-ionization detector were made with a Hewlett-Packard 5730 instrument
equipped with an 18740A splitless injection system for capillary columns.

Packed columns of various polarity and length were used (see Table II).

Liquid chromatography. The liquid chromatographic analyses were performed
using an LDC Model 711-47 pump and an LDC Model 1205 UY detector at 254 nm.
A 150 x 3.2 mm LD. stainless-steel column packed with LiChrosorb SI 100 (10 gm)
was used with n-hexane-z-butanol (19:1) as the mobile phase. The k&’ value of the
d-chlorocarbamate of nicotine was 5.5.

Mass spectrametry. The trichloroethyl carbamate formed from nicotine was
identified by mass spectral analysis in an LKB 9000 mass spectrometer. The sample
was introduced into the mass spectrometer either after a preceding gas chromato-
graphic separation or through the direct inlet with a cool ion source. The ionizatica
energy was 24 eV. .
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Reagents and chemicals

1-[2"-"*C]Nicotine-d-bitartrate was purchased from the Radiochemical Centre,
Amersham, Great Britain, with a specific activity of 63.3 gCi/mg. It was added in
the extraction experimentis in a concentration of ca. 200 ng/ml, corresponding to
10,000 dpm/ml.

The scintillator liquid for samples in organic solvents was 10 ml of toluene
containing 29, of methanol and 0.5% of 2,5-diphenyloxazole as scintillator. For
aqueous samples, 10 ml of Instagel® (Packard, Downers Grove, Ill., U.S.A.) was used.

Buffer solutions were carbonate or phosphate buiiers with an ionic strength of 1.1.

Heptafiuorobutanol was purchased from Fluka (Buchs, Switzeriand). Other
solvents were of the highest analytical quality and saturated with water before use in
the extraction studies.

Methylene chloride of analytical quality was washed with equal volumés of
0.1 M orthophosphoric acid, 0.1 M sodium hydroxide solution and water and finally
distilled. The purified solvent was stored in clean amber-glass bottles which were
tightly closed. Toluene of analytical quality was repeatedly shaken with one tenth of
its volume of concentrated sulphuric acid uatil no further colour appeared. Then the
solvent was rinsed with 0.1 M sodium hydroxide solution and water, followed by
distillation. Trichloroethyl chloroformate was used as obtained from EGA Chemie
(Riidesheim bei Heidenheim, G.F.R.). Alcoholic alkali solutions were 0.5 and 1.8 M
potassium hydroxide in methanol.

Nicotine was purchased from Kebo (Solna, Sweden) and analogues of nicotine
were supplied by the Swedish Tobacco Co. (Stockholm, Sweden).

The N-propyl analogue of nicotine, (IN-n-propylnornicotine) was used as an
internal standard. It was synthesized from nornicotine by propionylation and sub-
sequent catalytic reduction. A stock solution at pH 7 contairing 160 ng/m! was kept
in a refrigerator and used within a month. Nicotine d-irichloroethylcarbamate, used
as a reference compound, was a gift from the Swedish Tobacco Co. .

Methods

Determination of partition ratio of nicotine. To 1.0 mi-of [**C]nicotine solution
in water are added 5.0 ml of buffer (ionic strength 0.2) and 4.0 ml of water. The
aqueous phase is equilibrated for 30 min with 10 ml of organic solvent. After cen-
trifugation the organic phase is separated by a capillary siphon. Unlabelled nicotine
is added to the receiving flask to prevent adsorption losses. The pH is measured in the
aqueous phase and 5.0 ml of each phase are counted in the liquid scintillation counter.
The partition ratio, Kp(a), is calculated from the ratio of the activity in the organic
phase to that in the aqueous phase.

Evaluation of reaction conditions. Trichloroethyl chioroformate (5-50 ul) and
in some instances a base are added to nicotine (1 mg/ml) as base in 0.2 ml of solvent.
In the solvent 0.4 mg/ml of dotriacontane is present, used as an internal standard.
The mixture is heated in a metal block and, after an appropriate time, the mixture is
coled and 0.5 ml of 0.5 Af alcoholic alkali solution is added. After shaking for 5 min,
C.* ml of water is added and after shaking for a further 2 min, 1-2 gl of the organic
rrase is injected into the gas chromatograph equipped with a flame-ionization
« ‘ector. The peak-height ratio of “formed carbamate” to internal standard is
¢ ‘culated.
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Procedure for the determination of nicotine in plasma. A plasma sample (< 1 ml)
is mixed with 1.0 ml of internal standard solution (N-r-propylnornicotine), then !
1.0 ml of 3 M sodium hydroxide solution and water are added to give a final volume
of 5 ml. This aqueous solution is shaken for 30 min with 5 ml of methylene chloride. :
After centrifugation, the organic layer is transferred into another tube with 1.0 ml of
0.1 M orthophosphoric acid and shaken for 10 min. The organic phase is discarded :
and, after alkalinization, the amines are extracted for 10 min with 0.25 ml of toluene *
containing 59, of heptafluorobutanol. The organic phase is transferred into another
tube fitted with an air condenser. Trichloroethyl chloroformate (25 zl) and pyridine -
(10 gl) are added and the mixture is heated for 45 min in a metal block at 90°. The -
reaction mixture is shaken with 0.5 ml of 0.5 M alcoholic alkali solution for 5 min -
and, after addition of 0.5 ml of water and shaking, the aqueous phase is discarded. ;
Then 1.8 M alcoholic alkali solution (0.5 ml) is added and, afier vigorous shakmo
for 15 sec and addition of 0.5 ml of water, 1-5 gl of the organic phase are mjected
into the gas chromatograph equipped with an electron-capture detector. The same ©
procedure was used with alkali flame-ionization detection. ¢

A standard curve is prepared by addition of known amounts of nicotine to
blank porcine plasma and treatment according to the procedure above.

RESULTS AND DISCUSSION

EXxtraction of nicotine

FPartition into different organic solvents. The extraction of ['*Clnicotine from
aqueous solutions, buffered to pH 10, was studied with radiometric technique. Th
partition ratio, Kp), and the percentage extraction into different organic solvents
using equal phase volumes are given in Table 1. A quantitative extraction [Kp, > 100
corresponding to >999/ in the organic phase] could not be achieved with any of the
solvents. The highest degree of extraction was obtained with methylene chlorid:
(ca. 977, extraction). The radiometric results gave a —log Kj,4,Kj4 value of 6.5,
which is in accordance with the results of Borg er al.'5.

Fartition into toluene containing an alcohol. The addition of a solvent withi3
proton-donating properties to toluene increased the extraction of nicotine, probably
owing to adduct formation. n-Butanol increased the degree of extraction from 80 to
907%;. With 59 of heptafiuorobutanol, being a stronger proton donor, the extraction
increased to 98 % (Table IB).’

Extraction of nicotine from plasma. Methylene chloride extracted 97 + 0.7°,
(n = 10) of nicotine from plasma diluted 1:5 using equal volumes of aqueous phas
and methylene chloride. Extraction with toluene under the same conditions gave 85,
extraction. Toluene containing 5% of heptafluorobutanol extracted 94 -+ 1% (n = 8
of nicotine from an alkaline plasma. It.-was necessary to dilute the plasma sampk
about 4-fold, otherwise the extraction yield of nicotine decreased. In the method
methylene chloride was used in the initial extraction owing to its higher degree of =
extraction in this step compared with toluene.

Formation and properties of the trichloroethyl carbamate of nicotine
Two chloroformates, viz., trichloroethyl and pentafluorobenzyl chloroforr:ate.
have been used to prepare electrophore derivatives (carbamates) from ter i
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TABLE I

PARTITION OF NICOTINE

[A] = Total concentration of nicotine in the actual phase; aq = aqueous phase; org = organic
phase. Kpa) = [Alorg/[Alaq = partition ratio. pXua for nicotine = 8.0 (ref. 16). Concentration of
[“Clnicotine = 1.5 - 10~% M. :

A Solvent Kpesy at pH 10 % in the organic phase”
Ethyl acetate 6.7 87
Methyl isobutyl ketone 5.5 85
Diethyl ether 3.7 79
Methylene chloride 35 97
Toluene 5.0 80
n-Hexane 1.8 64
B Solvent —log KpciyK’ua"" % inthe organic <19% in the organ-
phase at pH >9" ic phase® at pH
Methylene chloride : 6.50 97 4.5
Toluene 74 80 5.4
Toluene + 59 n-butanol 7.0 90 5.0
Toluene + 5% heptafluorobutanol  6.35 98 43
Toluene + 109 heptafiuorobutanol 6.0 >99 40
* Equal phase volumes.

** For definition and calculation, see ref. 17.

amines!>-'°. Although the carbamates were comparable in detectability in the electron-
capture detector, trichloroethyl chloroformate was preferred as it gave rise to fewer
disturbing components?*S.

Identity of derivatives. The reaction of nicotine with several types of chloro-
formates has been discussed by Hootelé and Lenders?. The reaction with trichloro-
ethyl chloroformate would accordingly result in the products given in Fig. 1. The
opening of the pyrrolidine ring upon reaction with chloroformates is well established
after recent studies on some cyclic tertiary amines?!. For other cyclic tertiary amines
dealkylation seems to be favoured!s.

. The é-chlorocarbamate (II) formed upon ring opening contains a chlorine
atom in the side-chain. This compound, on excessive heat treatment, will form the
corresponding olefin (III). Attempts to confirm structure II by mass spectral analysis
with or without previous gas chromatographic separation always resulted in a -
spectrum corresponding to III owing io the loss of hydrogen chloride in the heated
ion source. Use of the direct inlet system and a cool ion source demonstrated that II
was the main component in the reaction of nicotine with trichloroethyl chloro-
formate. When the purified reference compound II was studied by liquid chromato-
graphy, only one component could be demonstrated.

Opening of the pyridine ring in nicotine was proposed by Hootelé and Len-
ders?®. As the total yield of the two carbamates was about 809, this might indicate
that in addition to the carbamates some other degradation products might appear.
Reaction of the pyridine ring in compounds such as brompheniramine with penta-
“uorobenzyl chloroformate has recently been reported?.

The present experience of the reaction of teriiary methylamines with chloro-
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Fig. 1. Reaction scheme of nicotine with trichloroethyl chloroformate. I = Nicotine; Il =6~
chlorocarbamate of nicotine; II1 = olefinic carbamate of nicotine.

Fig. 2. Gas chromatograim of the carbamates of nicotine. Right: first injection in the day. Left:
twelfth injection. Column A (Table II), injector temperature 217°, flame-ionization detector at 325°.

formates is that dealkylation cannot be generally predicted as slight structural changes
can lead to other products!®*, A practical demonstration of a useful side reaction
with methy! chloroformate has been given for the tertiary amine N,N-dimethyl-
dibenzo(b,f)thiepin-10-methylamine, where a chloromethylene derivative was ob-
tained.

Gas chromatographic properties. A gas chromatogram of a reaction mixture
showed one major peak correspending to II and one minor peak (ca. 20%) with a
shorter retention time corresponding to III. Very often an on-column conversion of
" II to III with a typical decomposition band in between was observed. This was more
pronounced in the low concentration range. If the column had not been in use for
some hours, the first chromatograms (microgram amounts) showed a considerable
decomposition band (see Fig. 2). After a few injections this phenomenon almost
disappeared. The influence of the column packing on the elution pattern was demon-
strated in a few experiments with a capillary column with SE-30 as stationary phase.
In this instance the decomposition band between compounds II and III was almost
negligible (see Table II for retention data).

The convession of II into III in the injector was considerable at temperatures
above 250° (see Fig. 3). With an injector temperature of 220° ten injections of ihe
same sample gave 21 + 1.19% of the olefinic compound Il (flame-ionization detec-
tion). The same behaviour was observed for the internal standard, N-rn-propylnor-
nicotine.
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Fig. 3. Effect of injection temperature on the formauon of the olefinic nicotine carbamate {HI) from
the d-chlorocarbamate. -
Fig. 4. Gas chromatogram of the carbamates on OV-225. Column C (Table [I) with alkali flame-
ionization detection. 1 = Trichlorethylcarbamate of nomicotine; 2 = olefin carbamate of nicotine;
3 = olefin carbamate of internal standard; 4 = 6—chloroczrbamate of nicotine; 5 = Jd-chloro-
carbamate of internal standard.

TABLE II
RELATIVE RETENTION OF THE TRICHLOROETHYL CARBAP«IATES FROM NICOTINE
AND N-z-PROPYLNORNICOTINE

Columns: A: 09 m, 3% OV-i + 3% OV-17, Chromosorb W (80-100 m&h), 210" B:2.1m, 3 ,{,'
OV-17, Gas-Chrom Z (80-100 mesh), 225°. C: 1.2 m, 3% OV-225, Gas-Chrom Q (100-120 mesh),
220°. D: 1.2m, 3% OV-17 + 0.6%; Carbowax 20M terephthalic acid, Gas-Chrom Q (80-100
mesh), 200°. E: 10 m X 6.77 mm L.D. SE-30 wide-bore glass capillary column, 200°, flow-rate of
carrier gas (helium), 4.6 ml/min. .

arbamate Column
A B C b E

Nioti &Chloro(ID 100 100 100 100 100
restine Oicfinic(II) 064 071 062 063 073

.. Inormicotige J&-CilorodD 127 125 116 — -
N-propylnornicotine Olefinic (K1) 0.88 0.87 0.74 — -

A olute retention time of '
<chlorocarbamate of nicotine (min) 6.3 79 8.1 49.5 14
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The retention data for the derivatives Il and 11l on stationary phases of various
polarity are shown in Table II. A polar phase such as OV-225 gave excellent peak
performance, although the column temperature had to be higher than for non-polar
stationary phases (Fig. 4).

Adsorption of nicotine and its carbamate. The adsorption losses of nicotine,
even in the micrograms per millilitre range, were considerable on the glass walls in
the reaction tubes, in the injection syringe and in the gas chromatographic system.
Adsorption losses were not observed with the carbamate of nicotine (II) when
dissolved in toluene and injected into the gas chromatograph.

Reaction conditions. Toluene was used as a reaction medium. The presence of
heptafluorobutanol (59/) did not infiuence the reaction rate or the yield of the deriva-
tives. Earlier studies of the reaction of trichloroethyl chloroformate with tertiary
amines showed that fairly high temperatures were required’®. In this study, 109 of
reagent at 90° was found to be suitable. The addition of sedium carbonate to the
reaction mixture did not influence the reaction rate?*.

Initially, the attempts to form a carbamate from nicotine resulted in tow and
verv varying yields. Under the same reaction conditions N-methylpyrrolidine required
70 min for a single and stable derivative to beobtained. As this compound resembles the
aliphatic moiety of nicotine, it was then suspected that the problems with nicotine
were due to the pyridine part of the molecule. The carbamates of the secondary
amines, nornicotine and anabasine, were prepared and no decréase in yield of the
carbamates with time upon treatment with trichloroethyl chloroformate was observed.
This indicated that in the carbamate of nornicotine with the pyrrolidine ring intact
pyridinolysis*® was unimportant.

- However, as the carbamate of one nicotine analogue (compound 3, Table 1)
with a 4-chlorophenyi group instead of pyridine seemed to be formed in reproducible
vields, this might indicate that it is the pyridine moiety of the nicotine carbamate
which is sensitive to further reaction. ,

The addition of pyridine or some pyridine derivatives to the reaction mixture
increased the yield of the carbamate from nicotine. Pyridine was studied at concen-
trations of 1, 5 and 109 (Fig. 5). Not only were the yields improved but also the
precision (from a relative standard deviation of 20 to 4%). With 59 of pyridine the
vield was constant from 30 to 360 min. The same positive effect was observed with
the addition of triethylamine. For nicotine a reaction time of 30 min was sufficient
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Fig. 5. Time course of the formation of II from nicotine. Conditions: nicotine (1 mg/ml) in 0.2 m’ of
toluene treated with 20 ul of trichloroethy! chloroformate at 90°. Amount of pyridine added: ,
10%; @, 5%; A, 1%; &, none.
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g wher&s the internal standard reqmred 43 min. The reason for this favourable eﬁ‘ect of
5 the bases it not clear. = 2
By comparison with a svmhesxzed anci punﬁeci reference compound the yleld

3§ of the carbamates was estimated to be of the order of 86 %,. Of the amount injected -
£ into the gas chromatograph, the é-chlorocarbamate (If) typically comprised 80%,.
3 giving a yield of about 65% of If. On gas chromatography the reference compound

2 gave the same ratio of IE:IH as in the reaction mixture. -
Choice of internal standard. The compounds listed in Table III were t&sted as
3 suitable internal standards in the determination of micotine. Most of the compounds -
E gave products that were eluted too close to the- ‘carbamate of nicotine. They also--
i reacted much faster than nicotine, which is 2 disadvantage if the internal standard -
should indicate reaction failures?s. With 6-methylnicotine (compound 4) no denvanve

was found. 5

TABLE Il o - , T
ANALOGUES OF NICOTINE REACTED WITH TRICHLOROETHYL CHLOROFORMATE
AND THE RELATIVE RETENTIONS OF THE -CHLOROCARBAMATE DERIVATIVES

Ry , | o

Structure of compeund before the reaciion: ReI N /I - S ~
- ' N - N . - s -
R; o o . ;

Retention time of tnclﬂomcthy[ Mhtorocarbamate of nicotine (Ef) on.column'A: 7 xmn.
No. B, R, Ry ' Relative retention R
1 CH, 3-Pyridyl H o 100 .
2 CHs . 3-Pyridyl . H _ 099
3 C.H, 3-Pyridyl H ) - 135
4 CH; 3(6-Methyllpyridyt B ==
5 CH, 4-Methylphenyl H 0.8% B T SR
6 CH; 4-Chloraphenyl ‘H : 26 . L o o o oo

CH; H . 4Chloropkenyl = 0.96
* No derivative formed. ' '

Compound 6 was used as an mtema! s;andarci in the mly patt of tluc study,_
The yields of carbamate from this compound were always «consistent. even.-if the5
- micotine values were irreproducible. - o
The final choice of internal standard was N-a—propvinomlcotme (compounci 3),-; '
- which gave a derivative with a suitable retention relative to the é—chlorocarbamate of.
nicotine (IL) and with about the same formatmn time. . .. ST - '

Analysis of nicotine in the nanograms per nufizlzzre range ST .
Minimum detectable concentration. The high detectabthty reported earhet for
th's type of derivative in the electron-capture detector!s was also found for the: 8-
¢l orocarbamate of micotine. The purified reference compound gave & minimum.
¢ -zctable concentration (MDC) of 9:18~ ' moles/sec on column B. This corresponds: :
t about 10 pg of nicotine d-chlorocarbamate injected. In this' experiment the 6—_ ,
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chlorocarbamate peak comprised 60 of the total area for the nicotine derivatives
{6-chloro- and olefin carbamate including the area between the peaks).

The MDC value for the d-chlorocarbamate of nicotine was also evaluated in
the alkali flame-ionization detector. With column D an MDC of 6-10~!5 moies/sec
was obtained.

With thermionic detection a more volatile nicotine carbamate than that with
trichloroethyl can be used. The retention data of some nicotine carbamates are given
in Table IV. It was not possible to utilize the excellent performance on the OV-225
column with the highest sensitivity as the background signal became waveformed,
probably owing to phase bleeding and temperature variations in the thermionic
detector.

TABLE IV . :
RELATIVE RETENTIONS OF SOME CARBAMATES OF NICOTINE
Retention time of d-chlorotrichloroethyl carbamate on column D: 49.5 min.

Alkyl group in the carbamate moiety 8-Chloro Olefin

CH, 0.19 0.13
C:Hs . 022 0.15
iSO-C4H9 ’ 0.34 0.24
CI,CCH. 1.00 0.63

Purification of reagents. It has been observed that nicotine can be transferred
via room air to non-smokers'?. This means that trapping of nicotine in solvents and -
other reagents is possible. The organic solvents used in this study had to be washed
with both acid and alkali before distillation®.

Purification of the reaction mixture. The excess of the reagent, trichloroethyl
chloroformate, and by-products formed in the reaction were previously removed
with an alcoholic alkali treatment!S. With nicotine it was necessary to use a stronger
alcoholic alkali solution in order to remove completely early eluting components
from the reaction mixture. The carbamate of nicotine was not sensitive to this treat-
ment. The derivatives were too lipophilic to permit purification by re-extraction into
acid.

Bioanalytical applications. In earlier applications of carbamaies in the deter-
mination of tertiary amines in biological fluids, it was necessary to remove the corre-
sponding secondary amine as this metabolic product yields the same carbamate®. |
N-Methylpyrrolidine compounds, like nicotine, however, undergo ring opening in
the chloroformate reaction whereas with nornicotine the ring remains intact. This *

means that nornicotine does not have to be removed before the chloroformate &

reaction. The carbamate from nornicotine is eluted with a retention of 0.48 relative ©
to the carbamate of nicotine (IT) on OV-17 and 0.42 on OV-225 (see Fig. 4). Interfer- -
ence from other nicotine metabolites is not likely?’.

The relative standard deviation of the method was 8.8 9 (n = 7) when samples

spiked with 29 ng of nicotine per millilitre of pig plasma were analysed. A chro-
matogram is shown in Fig. 6.

The nicotine blank. Several studies have been published in which the prese: ce
of nicotine in the blanks has been demonsirated. Falkman er al.! observed a bla ik
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Fig. 6. Gas chromatogram of derivatized extract from plasma. 29 ng of nicotine added to 1 ml of
plasma and analysed according to the procedure. Column B and electron-capture detection. 1 =
Carbamate II of nicotine; 2 == internal standard. The broken line indicates the nicotine blank.

value corresponding to about 3 ng/ml of nicotine. By mass spectrometry the blank
was verified to be nicotine. Isaac and Rand® found a nicotine blank of about 3 ng/ml
in their investigation of non-smokers’ plasma. Feyerabend ef al? assayed nicotine in
areas where smoking was forbidden and the blank value was found to be 0.5 ng/ml.
Their observation that the same samples gave a blank value of 4 ng/m! when analysed
in areas where smoking was only partially restricted is interesting. They suggested
that blank piasma samples may absorb nicotine from the air. ’

This route of contamination is supported by the work of Horning ez al.*?,
who found that the most probable route of transfer of nicotine was the air. They
demonstrated the presence of nicotine in non-smokers’ urine. When the same simple.
extraction technique was applied to laboratory water no nicotine was found. Blank
values have also been reported in radioimmunological methods. Haines e¢ a/2 found
about 4 ng/ml of nicotine in control plasma.

From the above-mentioned reports, it is obvious that nicotine is present in
non-smokers’ urine and even in plasma. There is also reason to believe that with
handling of extracts in the analytical procedure a nicotine blank will appear. .

In this study the blank problem has been an obstacle to low-level analyses.
Although the carbamate of nicotine has a high detectability in the electron-capture
dztector, in practice it has not been possible to work quantitatively below about
‘v ngfml as the blank value has been around 5 ng/ml.

A series of experiments were performed in a room in which no one had:
» 1oked for at least 3 years. There it was possible to construct standard graphs that

-1 pass through the origin, indicating a very low background. However, even here
© >m time to time there were higher blank values. '



138 P. HARTVIG, N.-O. AHNFELT, M. HAMMARLUND, J. VESSMAN

CONCLUSIONS

The od-trichloroethylcarbamate of nicotine has excellent sensitivity in the
electron-capture detector, making picogram amounts detectable. The d-chloro-
carbamate was about six times less sensitive in the thermionic detector. The adsorptive
properties of the derivative are lower than that of nicotine. This is the major ad-
vantage of the method, combined with the fact that once the derivative has been
formed, the influence from environmental nicotine is unimportant. The formation of
the olefinic carbamate due to the partial thermal dehydrohalogenation in the injector
and on-column is a disadvantage of the procedure.

ACKNOWLEDGEMENTS

This study was supported by grants 7510 and 7514 from the Swedish Tobacco
Company. Stimulating discussions with Dr. Ake Pilotti are gratefully acknowledged,
and also the gift of the internal standard. Skilful assistance in this work was given by
Thomas Engberg, Olle Gyllenhaal and Barbro Nislund.

REFERENCES

S. E. Falkman, L. E. Burrows, R. A. Lundegren and B. F. J. Page, Analyst ( London), 100 (1975) 99.

C. Feyerabend, T. Levitt and M. A. H. Russel, J. Pharm. Pharmacol., 27 (1975) 434.

P. F. Isaac and M. J. Rand, Nature (London), 236 (1972) 308.

I. E. Burrows, P. J. Corp, C. G. Jackson and B. F. J. Page, Analyst ( London), 96 (1971) 81.

N. Hengen and M. Hengen, Clin. Ckem., 24 (1978) 50.

J. Dow and K. Hall, Briz. J. Pharmacol., 61 (1977) 159P.

N. L. Petrakis, L. D. Gruenke, T. C. Beelen, N. Castagnoli, Jr. and J. Cymerman Craig, Science,

199 (1978) 303.

C. F. Haines. D. K. Mahajan, D. Miljkovi¢, M. Milijkovi¢ and E. S. Vesell, Clir. Pharmacol.

Ther., 16 (1974) 1083.

9 J. J. Langone, H. B. Gjika and H. Van Vunakis, Bicchemistry, 12 (1973) 5025.

10 1. D. Watson, J. Caromatogr., 143 (1977) 203.

1! L. D. Quin, Nature (Lomdon), 182 (1958) 865.

E. C. Horning, M. G. Horning, D. I. Carrol, R. N. Stillwell and 1. Dzidic, Life Sci., 13 (1973)

1331.

13 L. Neclakantan and H. B. Kostenbauder, Anal. Chem., 46 (1974) 452,

14 P. Hartvig and J. Vessman, Anal. Lett., 7 (1974) 223.

15 P. Hartvig, N. O. Ahnfelt and K. E. Karlsson, Acfa -Pharm. Suecica, 13 (1976) 181.

16 D. D. Perrin, Dissociation Constants of Organic Bases in Aqueous Solution, Butterworths, London,
1965, p. 348.

17 B.-A. Persson and G. Schill, Acra Pharm. Suecica, 3 (1966) 281.

12 K. O. Borg, H. Holgersson and P.-O. Lagerstrom, J. Pharm. Pharmacol., 22 (1970) 507.

19 P. Hartvig and J. Vessman, J. Chromatogr. Sci., 12 (1974) 722.

20 C. Hootelé and J. P. Lenders, Chimica, 28 (1974) 665.

21 T. Kometani, S. Shiotani and K. Mitsuhashi, Chem. Pharm. Bull., 24 (1976) 342.

22 L. A. Sternson and A. D. Cooper, J. Chromatogr., 150 (1978) 257.

23 P. H. Degen and W. Riess, J. Chromatogr., 85 (1973) 53.

24 P. Hartvig, W. Handl, J. Vessman and C. M. Svahn, Anal. Chem., 48 (1976) 390.

25 P. Harivig, G. Freij and J. Vessman, Acta Pharm. Suecica, 11 (1974) 97.

25 P. Hartvig, K.-E. Karlsson, C. Lindberg and L. Boreus, Eur. J. Clin. Pharmacol., 11 {1977) 65.

27 J. W. Gorrod and P. Jenner, Essays in Toxicology, Vol. 6, Academic Press, New York, 1975, p. 3°.

SNV BRS

[~}



