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Abstract

A rapid procedure for the analysis of the main nicotine metabolites (cotinine, trans-3'-hydroxycotinine) in urine has been
worked out. The procedure includes isolation of nicotine and its metabolites from urine by means solid—liquid extraction
technique using resin Amberlite XAD-2 and then quantitation by the use of thin-layer chromatography with densitometry (in
reflection mode). GC—M S was applied to confirm the results obtained by TLC. The procedure was applied to the analysis of
cotinine concentrations in urine samples taken from children living in Upper Silesia region (Poland). Among 444
investigated children we did not find cotinine almost in 60% but in 15% of this population, there were children who could
have been exposed to cigarette smoke. [ 2000 Elsevier Science BV. All rights reserved.
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1. Introduction

Tobacco smoke consists of a heterogeneous mix-
ture of gases, uncondensed vapours, tar and par-
ticulate phase, which contains about 4000 com-
pounds and more than 10** radicals/puff in the gas
phase [1]. The biochemical evidence suggests that
exposure to environmental tobacco smoke (ETS) in
public places e.g., in the workplace increases oxida-
tive stress [2] and DNA damage [3], leading to cell
damage or death. Cigarette smoking increases the
risk of acute coronary events [4] and other forms of
atherosclerosis by influencing oxidative lipoprotein
modification and by endothelium damage. Many
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other diseases such as malignant tumours of respira-
tory [5—7] and digestive tract, the bladder and renal
pelvis and pancreas may be caused by cigarette
smoking [8]. It has been proven that nicotine has a
specific gonadotoxic effect [9]. Among several nico-
tine metabolites, cotinine is a specific, excellent
indicator of tobacco smoke exposure [10]. The true
smoking status is based on cotinine level in body
fluids [11], but cut-off points and distribution of
metabolites in body fluids [12] are dependent on sex,
age, diet, racia and ethnic differences as well as
many other factors [13,14]. The isolation of frac-
tions, containing nicotine and its metabolites by
liquid—liquid [15] and liquid—solid [16] extraction in
various modification from biological material, were
applied.
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Nicotine and cotinine were detected in urine by
means of ultraviolet spectrophotometry after sepa-
ration on silica gel [17]. The automated colorimetric
direct test with barbituric acid was compared to
high-performance liquid chromatographic methods
for determination of nicotine in urine [18,19]. Nico-
tine and up to 12 metabolites in urine of human and
laboratory animals were also determined under suit-
able chromatographic conditions by means of pre-
column derivatization with 1,3-diethyl-2-thiobar-
bituric acid (DETBA) followed by HPLC [20].
Moreover, several variations of the colorimetric
assay and a qualitative extraction procedure were
evaluated in comparison with a cotinine immuno-
assay [21]. An improvement of sensitivity and
stability of derivatization products before HPLC
analysis were obtained by O'Doherty et a. [22]
using 2,2-dimethyl-1,3-dioxane-4,6-dione (Meldrums
acid) as a complexing agent. In the reversed-phase
HPLC, which was more often used than normal
phase [17] for this purpose, several polar mobile
phases have been proposed with different pH values
[23].

Very sensitive liquid chromatographic [12,24] or
gas chromatography—mass spectrometric techniques
have been applied in the assessment of nicotine
exposure [25,26].

The immunoassays which are used for cotinine
measurement — because of their sensitivity for
measuring non-smokers’ passive exposure to ETS —
are a polyclonal-antiserum-based on **°|-radioim-
munoassay [27] and an enzyme-linked immunoassay
(ELISA) [28]. A rapid and very useful method for
epidemiological studies in schoolchildren has been
described by Feyreabend et al. [29] in which a very
fast multipipetting and vortexing system followed by
GC with nitrogen—phosphorus detection was applied.

In this study, we have worked out a rapid pro-
cedure for the isolation and determination of nicotine
and its main metabolites in urine consisting of solid—
liquid extraction using resin Amberlite XAD-2, and
then identification and quantitation by the use of
HPLC and planar chromatography with densitom-
etry. The chosen procedure was then applied to the
analysis of cotinine concentrations in urine samples
taken from children living in the Upper Silesia
region of Poland.

2. Experimental
2.1. Chemicals

Analytical grade of solvents, for spectroscopy or
for HPLC [dichloromethane (DCM), acetonitrile;
Baker, Fluka] were used as eluents and for extraction
and separation procedures.

Standards: S(—)-nicotine (1-methyl-2-(3-
pirydyl)pyrroliding), (—)-cotinine (1-methyl-5-[3-
pyridyl]-2-pyrrolidinone) and sodium 1-octanesulfo-
nate were obtained from Sigma-Aldrich, and trans-
3'-hydroxycotinine from Toronto Research Chemi-
cals (Ontario, Canada). Non-polar resin Amberlite
XAD-2 was purchased from Supelco and natrium
hydroxide from loca commercia sources (POCh-
Gliwice, Poland).

2.2. Urine sampling

The parents of the sampled child collected a 24-h
uring, starting on Sunday morning and ending on
Monday morning. Urine was collected in plastic
containers, previously delivered and washed with
digtilled water. During sampling the container was
kept a +4°C. The containers were collected each
Monday afternoon. The amount of urine in each
container was measured in the laboratory, then each
sample of urine was split into two separate plastic
tubes. The samples were frozen at —80°C until
analysis.

Creatinine measurements were carried out in the
urine sample by the modification of the Jaffe method
[30], the detection limit was 0.3 mg/ml of urine.

2.3 lsolation of nicotine and its metabolites
fraction from urine

Urine sample was adjusted with 2 mol/l natrium
hydroxide (in proportion about 20:1, v/v) to pH>10.
After that, the analytes were extracted by solid—
liquid extraction followed by the centrifugation and
evaporation. For this purpose urine samples (10-20
ml) were shaken with 2—3 g of Amberlite XAD-2,
which was prepared according to published pro-
cedure [16] for 5 min and centrifuged at 2000 g for
10 min. Then, the water layer was discarded.
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The fraction containing nicotine and its main
metabolites was isolated from XAD-2 resin by
shaking twice with 5 ml of acetone—dichloromethane
(1:3, v/v). After centrifugation, the organic phase
was transferred to a fresh tube to evaporate, first in
waterbath (at 40°C) and then to dryness under a
nitrogen stream. The residue was dissolved in ace-
tonitrile and analysed by HPLC and TLC—densito-
metry as well as by GC-MS.

24. HPLC

A Shimadzu (Kyoto, Japan) LC 9A liquid
chromatograph equipped with a UV detector and a
Rheodyne injector (Rheodyne, Cotati, CA, USA)
with a 20-l loop was used. An analytical Supelcosil
LC-PAH C,4 column (250X4.6 mm, Supelco, Belle-
fonte, PA, USA) connected with guard column LC-
18 (5 cm, Supelco) was used.

The flow-rate of mobile phase consisting of ace-
tonitrile—buffer (88:12, v/v) at pH 4 adjusted by
triethylamine was 0.5 ml/min.

25 TLC

TLC separations were performed on 4X8 cm
chromatographic plates coated with silica gel bound
with C,g(Machery—Nagel, Diren, Germany). Stan-
dards (0.5 pg/pl in acetonitrile) and dichlorome-
thane sample solutions were applied (1.5 wl from 20
wl) on the plates by means of a Nanomat applicator
(Camag, Muttenz, Switzerland). Chromatograms
were developed to a distance of 7.5 c¢cm in a
horizontal chamber (DSII-Chromdes, Lublin, Po-
land) [18] using acetonitrile—water (88:12, v/v) with

addition of sodium 1-octanesulfonate (50 mg/100
ml) as mobile phase.

Visualisation was first carried out under UV
illumination a A=254 nm. Next the spots were
quantified by scanning in reflectance mode (UV
absorbance at A=260 nm, zig-zag scanning mode)
using a CS9301 PC scanner (Shimadzu). The cali-
bration range was from 50 to 200 ng/pl of each
standard.

26. GC-MS

GC-MS was used to confirm the results obtained
by TLC. A mass spectrometer (QP 2000-Shimadzu)
connected with a gas chromatograph (GC-14) was
used. The standards and analytes were chromato-
graphed by 1-pl splitless injection onto a 25 mx0.2
mm (film thickness 0.25 pm) fused-silica capillary
column HP Ultra 1. Conditions for nicotine, cotinine
and hydroxycotinine analysis were as follows: elec-
tron impact (El) 70 &; helium flow-rate 1 cm®/min;
temperatures: injector 250°C, interface 270°C, ion
source 200°C; GC temperature programme; 80°C (2
min) heating 6°C/min to 190°C (held for 1 min),
4°C/min to 230°C, 6°C/min to 270°C (held for 5
min).

3. Results and discussion

Very simple techniques, both the isolation and
determination of cotinine and nicotine and its metab-
olites using solid—liquid extraction followed by
TLC—densitometry were carried out for a short
period of time and at minimum solvent consumption

Table 1
Comparison of HPLC and TLC techniques used to urinary cotinine determination

HPLC TLC
Detection limit 4.7 ng/ml 13.5 ng/spot
Min. cotinine concentration in 10 ml urine sample 9.4 ng/ml 1.35 ng/ml
Min. cotinine concentration in 20 ml urine sample 4.7 ng/ml 0.65 ng/ml
Calibration curve y = 16971x + 3222.2 y = 2.1584x + 15.784
(regression coefficient) (r=1.00) (r=0.997)
Amount of sample separations/working day 30 70
Average solvent consumption/sample 15 ml 0.2 ml
RSD (%) 42 6.3
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in comparison to HPLC technique (Table 1). In this
way several samples can be analysed in paralel. On
1 day, we were able to isolate a fraction containing
nicotine and its metabolites from 70 urine samples,
and on the next day it was possible to separate and
determine the main metabolites in these samples
using TLC—densitometry, but we were only able to
determine the cotinine level in 30 samples by means
of HPLC, under the same chromatographic con-
ditions. Although the detection limit for cotinine is
smaller in HPLC than in TLC (Table 1), because of
using the same urine sample volume we had to
determine smaller urinary cotinine concentrations
using TLC—densitometry, since the 20-ul loop in the
HPLC equipment requires a reliable sample volume,
but in TLC we can apply the whole extract onto
chromatographic plates. The separation of the main
metabolites gives better results in TLC than HPLC
under the described conditions, but the applied
chromatographic system allows to determine cotinine
concentration in urine using each of these techniques
(Figs. 1 and 2). Therefore we decided to use TLC—
densitometry for the determination of cotinine con-
centration in the children’s urine samples.

Using the described procedure, an 80% recovery

of cotinine was found, but the RSD of cotinine
determination in smokers urine was 9.2%. A 2-ml
volume of urine is, in our work, the least volume
necessary to analyse cotinine in the case of passive
smokers. In the case of active smokers, cotinine
determination requires less urine (unpublished data).

A cotinine content below the detection limit of
TLC—densitometry was found in 234 (52.7%) of al
the tested (444) urine samples. We tried to analyse
chosen urine samples comparing HPLC and TLC
results. The cotinine concentrations determined by
these techniques were a little different, although in
the same order (Table 2). An example of HPLC
chromatograms are shown in Fig. 1. In addition, for
some of these samples GS-MS was used as a
reference method, for which detection limit is lower
(5 ng GC-MS; 135 ng TLC—densitometry) [31].
GC-MS was aso applied to compare the results of
analysis, particularly in those samples in which a
high cotinine concentrations were determined (>79
ng/ml using TLC technique). The comparison of the
results obtained by both methods is presented in
Table 3. These results are in agreement with high
cotinine concentrations. But GC-MS (which can
determine lower contents of cotining) can be useful
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Fig. 1. HPLC chromatograms standards of nicotine metabolites and urine sample. 1=Hydroxycotinine; 2= cotinine.
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Fig. 2. TLC chromatogram of fraction containing nicotine (1); cotinine (2) and trans-3'-hydroxycotinine isolated from a child’s urine

sample.

as a complementary method where cotinine was not
found using TLC—densitometry.

In one case, among 40 investigated samples,
cotinine was absent, but the presence of trans-3'-
hydroxycotinine as the main metabolite was con-
firmed, using GC—MS. But in several cases, besides

Table 2
Comparison of cotinine concentrations determined by HPLC and
TLC in chosen children’s urine

Sample HPLC TLC
(ng-mi~) (ng-mi ™)
uss 2122 140.4
U391 57.3 163.8
U157 1476 120.6
U100 97.8 47.2
U406 51.7 104.7

nicotine, cotinine or trans-3'-hydroxycotinine were
found.

An example of a GC-MS chromatogram of a
child’s urine sample with marked presence of nico-
tine and its main metabolites is presented in Fig. 3. A
TLC chromatogram of the sample in which the same
compounds were identified is presented in Fig. 2, as
well as TLC chromatograms of the selected samples,
in which only cotinine and only trans-3'-hydroxy-
cotinine were found, are shown in Fig. 4a and b,
respectively.

It is more difficult to achieve narrow, symmetrical
densitometric peaks with cotinine and trans-3'-hy-
droxycotinine than with nicotine, due to the higher
polarity and higher R, values of these nicotine
metabolites. The addition of natrium octane sulfonate
to the mobile phase in TLC analyses improves the
sharpness of the peaks. Scanning techniques are very
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Table 3
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TLC and GC-MS results of nicotine and its metabolites identification in urine samples®

Nicotine

TLC

Sample
no.

GC-MS

Coti

nine trans-3'-Hydroxycotinine

TLC

GC-MS TLC GC-MS

14 -
16
38
39 +
55
74
95 -
96
128
133 +
140
151
172
174*
175
184 -
231
238
239 +
249
263
290 -
304
337

351 +
352 +
360 -
362 -
367%
369 -
385
386
409 -
414
416
425 -
433
442
444 —
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@ —, Below detection limit; +, detected; (+), weakly detected.

important in this case, because zig-zag scanning
improves signal intensity coming from cotinine, at
reflectance mode of measurement. The comparison
of zig-zag and linear scanning modes for standard
nicotine and its metabolites are shown in Fig. 5.
The presented multisteps analytical procedure for
the isolation and determination of the main metabo-

lites of nicotine in such an easily accessible bio-
logical material as urine, alowed assessment of
cotinine levels, as one of the main nicotine metabo-
lites in urine in children from Upper Silesia Region
in a quick and simple way.

It is known that 22.5 ng of cotinine/ml urine
qualified a person as a passive smoker according to
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Fig. 3. GC-MS chromatogram of fraction containing nicotine (1), cotinine (2) and trans-3'-hydroxycotinine isolated from child urine

sample.

Jarvis et al. [32], but 79 ng of cotinine/ml urine, is
the cut-off value which has been set by Spierto et al.
[33]. The range of cotinine concentration in our

0.148 T

B T T T T T
0500
o 0.250 -
]
c
©
£
§ 0.000
<
-0.250 -
-0.500
1 1 1 1 1 1 1
441 100 20.0 30.0 40.0 50.0 60.0 70.0
Stage Y(mm)
a

Absorbance

investigated samples was 0-214.6 ng/ml (1.236
pmol /1) of urine. The distribution of the investigated
child population dependent on cotinine level in urine
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Fig. 4. TLC chromatograms of the samples in which (a) only trans-3'-hydroxycotinine and (b) only cotinine were identified.



36 K. Tyrpien et al. / J. Chromatogr. A 870 (2000) 29-38

T S e

|
0.400 |-
o 0:300 b
1] ;
= g
8 ]
1
S 0.200 |
n 4
< !
0.100 b
0.000 |-k ; :
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
Stage Y(mm)

Fig. 5. Comparison of zig-zag (A) and linear (B) scanning modes for standard nicotine-2 and its metabolites: 1=1’-nicotineoxide;

2=cotinine; 4=trans-3'-hydroxycotinine.

is shown in Table 4. Among 444 investigated
children, we did not find cotinine in almost 60%, but
in 15% of this population there were children who

Table 4
Distribution of the cotinine levels in urine of the investigated
Silesian child population (n=444)

Cotinine level Percentage (%)

(ng/mg creatinine)

Not detected 53
0-12 21
>12° 26
(ng/ml urine)

Not detected 57.6
0-22° 27.1
22-79 11.0
>79° 4.3

# Cut-off point according to Preston et al. [28].
® Cut-off point according to Jarvis et al. [32).
© Cut-off point according to Spierto et al. [33].

could have been exposed to cigarette smoke or it is
possible that some of them could have been occa-
sional smokers.

On the other hand, on the basis of investigation of
Puerto Rican children, the cut-off was set about 12
ng cotinine/mg creatinine [28]. Creatinine product-
ion and excretion by the body is fairly constant for
healthy individuals, so an urinary creatinine mea-
surement can be used as an estimate of urinary
dilution or concentration [34]. It has been suggested
that expressing urinary cotinine as a ratio urinary
creatinine concentration may be better than the use
of urinary cotinine concentration alone [35]. Accord-
ing to these results the distribution between passive
and non-smokers for the population investigated by
us is presented in Table 4. The results of the study
carried out by Jedrychowski et al. strongly support
the thesis that children who were exposed to ETS in
their home environment were more susceptible to



K. Tyrpien et al. / J. Chromatogr. A 870 (2000) 29-38 37

acute respiratory tract illnesses than unexposed chil-
dren [36].

4. Conclusions

It is aarming that so many children are exposed to
passive smoking a home or/and in public places.
Among these there are not only healthy children, but
children with various diseases. Moreover, they live
in the most polluted region of Poland, where many
toxic substances can be the cause of numerous
illnesses. Therefore, there is a necessity for cheap
and simple procedures to determine these compounds
and their metabolites in body fluids, particularly, if
they are non-invasive methods. What is more, the
application of planar chromatography to analyse
urine samples may be useful not only for assessment
of tobacco smoke exposure but also in the metabolic
investigations of other toxic substances, which occur
in regions as polluted as Upper Silesia.

The application of HPLC under the same chro-
matographic conditions requires much more solvent
consumption and bigger sample volume. It is not
possible to carry out the separations simultaneously
many fold with standard substances with different
detection parameters as it is possible in TLC.

The obtained results will be verified by ques
tionnares for finding the exact cut-off point for
distribution of investigated population between pas-
sive or non-exposed children.
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