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Abstract

The spectrometric analysis of extracts from tobacco and tobacco smoke revealed the presence of pentobarbital in the analyzed sub-
stances. Tobacco samples and tobacco smoke were extracted with chloroform, determinations were performed with the Perkin-Elmer

Autosystem XL system, on a Turbo Mass spectrometer.

Subject to analysis were 4 cigarette brands manufactured in Poland and raw, unprocessed tobacco. The presence of pentobarbital in
the analyzed samples was confirmed by the analysis of the mass spectrum of the substance, as well as by comparison of retention time

with standard of pentobarbital.

The determined pentobarbital concentrations in tobacco amounted to 3-6 pg/cigarette, and in tobacco smoke they were approxi-

mately 45% lower.

In case of tobacco extracts it can with high probability be excluded that pentobarbital is synthesized during chromatographical anal-
ysis. The presence of pentobarbital in tobacco is thus beyond question.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Over 4000 chemical compounds have been detected in
tobacco and tobacco smoke. The majority of the com-
pounds are toxic (IARC Monographs, 1986; Rusteimer
et al., 2002; Swauger et al., 2002).

A significant number of detected chemicals contain in
their molecules nitrogen atoms. The most important of
them are nicotine, N-nitrosamines, dipyrydil, pyridyne
and others. During the spectrometric analysis of extracts
from tobacco and tobacco smoke we detected the presence
of pentobarbital-a barbiturate characterized by high toxic-
ity and addictiveness. Because of the side effects, pentobar-

Abbreviations: El, electron ionization; GC, gas chromatograph; MS,
mass detector; nist, National Institute of Standards and Technology; SIR,
selected ion research.
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bital is currently used in veterinary medicine (Grillmaier,
1976; Nabeshima and Ho, 1981).

The presence of pentobarbital in tobacco is significant
due to its interactions with nicotine and addictive effect.
(Modak and Alderete, 1983; Lemmonds et al., 2002).
Due also to their ability to induce isoensymes of the cyto-
chrome p-450 system, barbiturates may increase the risk of
tumor disease in smokers (Habel et al., 1998).

2. Materials and methods
2.1. Sample preparation

Determinations were conducted in tobacco samples from cigarettes
manufactured in Poland: Caro (Philip Morris, Krakéw, Poland), Marl-
boro (Philip Morris, Krakéw, Poland), Cristal (Scandinavian Tobacco,
Myslenice, Poland) and Pall Mall (British-American Tobacco, Augustow,
Poland), as well as in samples of raw, unprocessed tobacco of the Virginia
type, grown in the region of the town of Augustéow (Poland). Fife deter-
minations from each cigarette brand were conducted.
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Tobacco samples of the weight of 0.5 g, which corresponds to the
approximate tobacco weight in a single cigarette, were extracted on a
rotary agitator, using chloroform (Chempur, Piekary Slaskie, Poland), in
the volume of 10 cm?, in the time span of 40 min. Extracts were filtered on
filtration columns (Bakerbond spe filtration columns). The seepage was
evaporated to 1 cm® in the nitrogen stream with the help of the Baker spe
12 G system.

Tobacco smoke produced by burning 0.5g was passed through a
washer containing 10 cm® of chloroform. The burning time was 100s.
Chloroform was evaporated to the volume of 1 cm? in the nitrogen stream
with the help of the Baker spe 12 G system.

To exclude the possibility of synthesizing pentobarbital in the chro-
matograph column during the analysis, a sample containing potential
substrates for such synthesis was created. Because the solubility of urea
(POCH, Gliwice, Poland) and malonic acid (Fluka, Steincheim, Switzer-
land) in chloroform is insignificant, a saturated chloroform solution of
these compounds and malonyl aldehyde (Merck, Hohenbrunn, Germany)
in the concentration of 5 mg/cm?® was created. The analysis was conducted
in conditions identical with those for the analysis of tobacco samples.

2.2. Chromatography assay

Extracts were analyzed by gas chromatography (GC), model Clarus,
Perkin-Elmer, USA, equipped with a mass detector (MS) model Turbo-
Mass, Perkin-Elmer, USA. An Elite-5MS capillary column (30 m/
0.25 mm/1 pm) was used with helium as the carrier gas at flow rate of
1 cm®/min. The injection port was set at 280 °C and the oven temperature
was increased from 110 °C to 200 °C at 20 °C/min. The oven temperature
was held for 1 min, then it was increased to 300 °C at 10 °C/min. The 1 pl
of the sample was injected. The ionization potential of MS was 70 eV with
electron ionization (EI) mode; the scan range was 30-300 »7/z. The ioni-
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zation temperature was 180 °C, the temperature of transfer line 250 °C.
The identification was performed by comparison of mass spectral data
with mass spectral database NIST (National Institute of Standards and
Technology, Gaithersburg, USA). Pentobarbital was identified at the
retention time of 11.04 min. Quantitative pentobarbital determination was
done by selected ion research method (SIR) for main pentobarbital ions at
156 m/z. The results were read from calibration curve, made of the
pentobarbital (Biowet, Putawy, Poland) solutions in chloroform.

3. Results

On Fig. 1 is presented the chromatogram of standard
solution of pentobarbital in the concentration of 25 pg/
cm®, and the chromatogram obtained from tobacco
extract.

On Fig. 2 is presented the referential mass spectrum of
pentobarbital form the NIST library, and the mass spec-
trum obtained from the examined tobacco sample.

The obtained results of pentobarbital in tobacco and
tobacco smoke extracts are presented in Table 1.

4. Discussion

The results of the analysis suggest that pentobarbital can
be found in tobacco and tobacco smoke.

Pentobarbital can emerge as a result of the malonic acid
ester reacting with urea or malonic acid ester with urea.
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Fig. 1. Chromatograms obtained from standard solution of pentobarbital in the concentration of 25 pg/cm® (A), and from tobacco extract from Caro

cigarette brand (B). Scan range 30-300 m/z, retention time 11.04.
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Fig. 2. Mass spectrum of the evaluated signal, obtained from the examined tobacco sample (A), and the referential mass spectrum of pentobarbital from

the NIST library (B).
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Table 1
The mean concentration of pentobarbital and standard deviations in the
examined samples of tobacco and tobacco smoke (n = 5)

Cigarette brand  Concentration in tobacco  Concentration in tobacco

(ng/cigarette) smoke (pg/cigarette)
Raw tobacco 6.21 £1.07 3.9+0.70
Caro 4.36 £0.89 291 +£0.67
Pall Mall 3.64 +0.75 1.98 +0.38
Cristal 2.93 +0.84 2.01 £0.64
Marlboro 3.52+0.53 1.81 £ 0.66

The analysis of mass spectrums obtained from the deter-
mined samples showed the presence of malonic aldehyde
and various esters of malonic acid. The source of urea
may be the nitric fertilizers, commonly used in tobacco
growing. Urea is also added to the tobacco during the cig-
arette production process. (Cai and Qian, 2003; Armitage
et al., 2004; Henningfield et al., 2004).

In the examined samples the presence of uric acid was
identified. As a consequence of transformations of this
compound the barbituric acid — substrate in the pentobar-
bital synthesis — may be produced.
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However, the presence of pentobarbital in raw, unpro-
cessed tobacco indicates that the fact that pentobarbital
can be found in tobacco has a natural background and
the presence of this compound is not the result of techno-
logical processes carried out during the cigarette
production.

Tons characteristic for pentobarbital were not shown on
the chromatogram obtained from the sample containing
potential substrates for pentobarbital synthesis, in the reten-
tion time area for this compound. This allows to exclude,
with high probability, the possibility of its synthesis under
the influence of temperature during analysis (Fig. 3).

However, there is a possibility that chemicals included in
tobacco may, in certain conditions, mainly when exposed to
high temperature, catalytically influence the pentobarbital
synthesis during the analysis. If there is some possibility that
pentobarbital may be synthesized during the analysis of
tobacco extracts, the fact that high temperature is an inher-
ent part of the burning process should erase any doubts as to
the presence of this compound in tobacco smoke.

Additionally, there is a variety of compounds in tobacco
and tobacco smoke that contain nitrogen in their mole-
cules. There is a possibility that pentobarbital synthesis
may take place with their assistance, especially in high tem-
perature. However, no information concerning this issue
has been found in the literature.

The mean pentobarbital concentration in tobacco
smoke amounted to 2-3 pg/cigarette. The therapeutic pen-
tobarbital concentration in serum amounts to 1-3 pg/cm3
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Fig. 3. Chromatograms obtained from the sample containing saturated chloroform solution of malonic acid, urea and malonyl aldehyde in the

concentration of 5 mg/cm?.

(Winek et al., 2001). Assuming that the daily count of cig-
arettes for an average smoker is 20, it can be also assumed
that the organism takes up to 60 pg of pentobarbital. This
amount is small and the sedative influence of this com-
pound will probably be minor.

The results presented here are the first news about the
presence of pentobarbital in tobacco and tobacco smoke,
hence it is only a signal of the problem. Establishing precise
synthesis mechanisms of this compound requires further
research.

References

Armitage, A.K., Dixon, M., Frost, B.E., Mariner, D.C., Sinclair, N.M.,
2004. The effect of tobacco blend additives on the retention of nicotine
and solanesol in the human respiratory tract and on subsequent
plasma nicotine concentrations during cigarette smoking. Chem. Res.
Toxicol. 17, 537-5344.

Cai, X., Qian, C., 2003. Effects of forms and application rate of nitrogen
fertilizer on yield and qualities of tobacco in southeast Tibet. Ying
Young Sheng Tai Xue Bao. 14, 66-70.

Grillmaier, J.B., 1976. The effect of pentobarbital sodium on mouse
fibroblasts in vitro. Arzneimittelforschung 26, 194-197.

Habel, L.A., Bull, S.A., Friedman, G.D., 1998. Barbiturates, smoking,
and bladder cancer risk. Cancer Epidemiol. Biomarkers Prev. 7, 1049—
1050.

Henningfield, J.E., Benowitz, N.L., Connolly, G.N., Davis, R.M., Gray,
N., Myers, M.L., Zeller, M., 2004. Tobacco product regulation has the
potential to help reduce tobacco attributable disease by reducing the
toxicity of these products and by reducing the toxicity of prevalence of
tobacco use and addiction. Tob. Control 13, 132-135.

TARC Monographs on the evaluation of the carcinogen risk of chemicals
to humans 1986. International Agency for research on Cancer, Lyon.

Lemmonds, C.A., Williams, D.K., Wenger, G.R., 2002. Effect of
pentobarbital, d-amphetamine, and nicotine on two models of
sustained attention in pigeons. Psychopharmacology 163, 391-
398.

Modak, A.T., Alderete, B.E., 1983. Nicotine potentiates sodium pento-
barbital but not ethanol induced sleep. Subst. Alcohol Actions Misuse
4, 321-329.

Nabeshima, T., Ho, I.K., 1981. Pharmacological responses to pentobar-
bital in different strains of mice. J. Pharmacol. Exp. Ther. 216, 198-
204.

Rusteimer, K., Stabbert, R., Haussmann, H.J., Carmines, E.L., 2002.
Evaluation of the potential effects of ingredients added to cigarettes.
Part 2: Chemical composition of mainstrem smoke. Food Chem.
Toxicol. 40, 93-104.

Swauger, J.E., Steichen, T.J., Murphy, P.A., Kinsler, S., 2002. An analysis
of the mainstream smoke chemistry of samples of the U.S. cigarette
market acquired between 1995 and 2000. Regul. Toxicol. Pharmacol.
35, 142-156.

Winek, C.L., Wahaba, W.W., Winek Jr, C.L., Balzer, T.W., 2001. Drug
and chemical blood-level data 2001. Forensic Sci. Int. 122, 107-
123.



	Pentobarbital in tobacco
	Introduction
	Materials and methods
	Sample preparation
	Chromatography assay

	Results
	Discussion
	References


