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Abstract

Background: There are many different kinds of cigarettes and tobacco available in the market. Since
nicotine content of various brands of cigarettes are very variable, therefore evaluation and comparison of
nicotine content of different brands of cigarettes is important. The goal of the present study was to
determine and compare nicotine content of various domestic and imported cigarettes available in the area.

Methods: Fourteen popular imported brands and nine popular domestic brands of cigarettes and three
available brands of tobaccos were investigated for the amounts of nicotine content. Nicotine was
extracted from each cigarette and tobacco samples and was analyzed by high performance liquid
chromatography (HPLC) method.

Findings: The amount of nicotine in each cigarette was from 6.17 to 12.65 mg (1.23 £ 0.15 percent of
tobacco weight in each cigarette) in domestic cigarettes. It was between 7.17-28.86 mg (1.80 = 0.25
percent of tobacco weight in each cigarette) for imported cigarette, and between 30.08- 50.89 mg
(3.82 £ 1.11 percent) for the pipe nicotine. There was significant difference in nicotine amount between
imported and domestic brands of cigarettes. There was also no significant difference in nicotine
content between light and normal cigarettes in imported brands.

Conclusion: Nicotine content of all tested cigarettes, imported and domestic brands, were higher than
the international standard.
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Introduction

Using tobacco is one of the leading preventable
causes of disease and premature death
worldwide. Tobacco use contributes in 10
global deaths and is the second major cause of
mortality in the world.?2 There are
approximately 1.25 billion smokers in the world
representing about a third of the adult global
population; 800 million of these people live in
developing countries. While the cigarette
consumption has been increased in most of the
developing countries, the past 25 years has
been marked by a steady decline in cigarette
consumption in some developed countries.
However the world cigarette production has
increased about four times during the last
50 years.37 It has been reported that to date,
more than 3000 chemicals have been isolated
from tobacco which more than 1000 of these
chemical constituents present in unburnt.8?

Nicotine is the major active molecule in
cigarette smoke. It is an alkaloid present in the
leaves of Nicotiana tabacom. It is colorless, highly
volatile alkaloid. In large doses nicotine is
highly toxic. Major symptoms of nicotine
poisoning are sweating, vomiting, mental
confusion, diminished pulse rate and breathing
difficulty. People who smoke have more
chronic illnesses, including emphysema and
bronchitis, cardiovascular disease, cancer,
bronchopulmonary disease, etc.’91> There are
many brands of cigarette (domestic and
imported) available in Iranian market.
Therefore, it seems important to measure the
amount of nicotine in different kinds of
cigarettes which is generally used by the people
in this country.

Most of the imported cigarettes have labeled
with the nicotine yields and many consumers
are highly motivated to select cigarettes with
lower nicotine yields for their health benefits.
However, the nicotine level rating on the
cigarette label (12 mg tar and 1 mg nicotine in a
low-yield cigarette) is not the same as the total
amount of nicotine present in the cigarette.1617
The “nicotine yield” is determined by a
smoking machine; a syringe which draws 32 ml
puffs each minute unit the total length of a
cigarette is burned.’” On the other hand,
measuring the total amount of nicotine that
exists in the cigarette is called “nicotine
content”.

Since nicotine is the major compound in
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cigarettes and it is highly toxic, knowing the
amount of nicotine content in cigarettes can be
valuable information for the people smoking
cigarettes. In this project the amount of nicotine
content of various popular brands of the
imported and domestic cigarettes available in
the Iranian market was investigated.

Methods

Pure nicotine was obtained from Fluka,
Switzerland. All other solvents and chemicals
were of analytical grade and obtained from
Sigma Aldrich GmbH. Sternheim. Germany.

Cigarette and tobacco products

Twenty two different brands of cigarettes, nine
popular domestic brands of cigarette (made in
Iran) and thirteen popular brands of the
imported cigarettes, available in the market
were chosen to evaluate their nicotine content
(Table 1). All brands were filter cigarettes
except for one domestic brand which was non-
filter cigarette. Furthermore, three available and
popular imported pipe tobaccos (Captain Black
Cherry, Captain Black Royal, Captain Black
Gold) were also investigated for their nicotine
contents. All the cigarette and tobacco samples
were obtained from the market.

Table 1. The name of the popular domestic and
imported brands of cigarettes that were studied

Domestic brands Imported brands

Farvardin More (green)

57 Kent

Mehr Kent lights

Zar Winston

Day Winston lights

Tir Pine

Bahman Pine lights

Shiraz Winchester lights

Oshno (no filter) Magna
Montana lights
Dunbhill lights
Mond lights

Marlboro lights

Extraction procedure

Four pack of each brand of cigarette was chosen
randomly and one cigarette from each pack was
taken to test. Before any extraction, papers and
filters of the cigarettes were removed and the
amount of tobacco in each cigarette was
weighed. The tobacco of each cigarette was
crashed carefully in a blender for one minute.
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The crashed tobacco of each cigarette was
quantitatively suspended in 100 ml of mixture
of methanol: 0.1 N NaOH (1:1) solutions. The
mixture ultrasonically vibrated for 1 hour and
then centrifuged for 10 minutes. To 1 ml of the
supernatant, 2 ml of metronidazole solution (0.2
mg/ml, using H)O as solvent, as internal
standard) was added and the total volume was
made up to total of 10 ml, using 0.01 M
phosphate buffer (pH 7.0) solution. From this
solution, 20 pl were injected into the HPLC
(n = 3). In orders to measure the nicotine
quantity of three different popular pipe
tobacco, five grams of each tobacco were placed
in a glass plate and left at 70°C in an oven for
60 minutes to dry. The dried tobacco was
weighed again and the amounts of moisture in
each brand of tobacco were estimated.
However, the same extraction procedure
described for cigarette was used to extract
nicotine from pipe tobaccos and a solution was
prepared for injection into the high
performance liquid chromatography (HPLC).
The test was not blinded to the brands and all
the analysis were done in triplicate.

Chromatographic conditions

There are several analytical methods available
for measuring nicotine in cigarette.’®-2! In the
present study one of the published HPLC
methods according to the laboratory condition
was chosen and applied for measuring nicotine
in cigarettes after some modifications.?? The
HPLC system consisted of a pump (Model
600E, waters), a variable wavelength detector
(Model 484, waters), a U6K injector and a
recorder (Model 745B, waters). The HPLC
column was a reverse phase Cigcolumn (4 pm,
150 x 4.6 mm i.d., Nova pack, Waters) operated
at ambient temperature (25 £ 1 °C) in an air
conditioned room. The mobile phase was
consisted of 12% acetonitrile in 001 M
phosphate buffer at a flow rate of 1 ml/min.
Concentrated orthophosphoric acid was used to
adjust the pH of the mobile phase to 7.0. The
mobile phase was then filtered and degassed
before use, using a vacuum filter system
equipped with 0.45 mm filter membrane. The
absorbance was monitored at 261 nm. The
retention time for nicotine and metronidazole
were 6.42 and 2.95 minutes, respectively. No
interfering peaks from tobacco extract were
observed.  Nicotine  concentration = was
calculated using peak area ratio of internal
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standard and sample peak. Nicotine content
was expressed as the concentration of nicotine
in tobacco and also as the total amount of
nicotine in one entire cigarette.

Standard Solutions

Stock solution (0.2 mg/ml) of nicotine and
metronidazole  (internal standard) were
prepared by dissolving accurately weighed
quantities of pure compounds separately in
distilled water. The stock solution remained
stable for more than a month when stored
at -20°C. Working standard solutions of
nicotine (different concentrations of 10, 15, 20,
23 and 30 pg/ml) were prepared by dilution of
the stock solution with distilled water. To 1 ml
of each standard sample, 2 ml of internal
standard was added and the volume made up
to 10 ml with distilled water as for the test
samples. These standard samples were also
injected to the HPLC. The standard solutions of
nicotine were freshly prepared daily prior to
use.

Results

The standard samples were used to evaluate
the method of analysis. Before the analysis of
the nicotine samples which were extracted from
different brands of cigarette, the method was
evaluated. Calibration curve were constructed
by plotting peak height ratios of nicotine to
internal standard against the respective
concentrations. The standard curve over the
range of 0 to 30 ug/ml was linear. Intra- and
inter-day variations were assessed at 10, 20 and
30 pg/ml. The coefficients of variation were
between 1.9% and 4.3%.

The amount of nicotine and percentage of
nicotine in each cigarette, in thirteen imported
brands and nine brands of domestic cigarette
are presented in tables 2 and 3, receptively.
Percentage and amount of nicotine in three
tested pipe tobacco were also evaluated and the
findings are presented in table 4.

Cigarettes contained an average of
1.80 £ 0.25 (mean * SD), 1.23 £ 0.15 and
3.82 + 1.11 percentage of nicotine for the
imported brands of cigarettes, the domestic
brands of cigarettes and imported pipe
tobaccos, respectively. Average amount of
nicotine and tobacco in one entire cigarette of
imported brands were 13.41 + 4.81 mg (ranged
7.17-28.86 mg), and 0.80 = 049 g (ranged
0.38-248 g), respectively. They were
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10.28 £ 1.90 mg (ranged 6.17-12.65 mg) and
077 £ 014 g (ranged 0.45-0.93 g) for the
domestic brands of cigarettes, respectively
(Table 2 and 3). However, the average amount
of nicotine in one gram of different imported
brands of pipe tobacco was 38.17 = 11.15 mg
(ranged 30.08-50.89 mg).
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Variation in the percentage of nicotine
between the tested domestic and imported
brand of cigarettes as well as between light and
ordinary tested cigarettes were shown in figures
1 and 2, respectively. In addition, the percentage
of nicotine content variation among all the testes
light cigarettes were compared in figure 3.

Table 2. Amounts of nicotine and tobacco as well as percentage of nicotine content in each cigarette in

domestic brands*

Nicotine content

Tobacco content (g)

Brand 9

‘Moans 55, " Meanzsh Mean & SD
Farvardin 9.81+1.34 1.15+0.07 0.58+0.11
57 6.17£0.84 1.37£0.05 0.45 £ 0.06
Mehr 12.65 + 0.55 1.36 +0.06 0.93+0.01
Zar 10.93+0.88 1.32+£0.05 0.83 £0.04
Day 10.78 £1.25 1.25+0.06 0.86 £0.13
Tir 11.25+0.46 1.50 £ 0.07 0.75+0.01
Bahman 11.04 £0.77 1.58+0.11 0.70 +8.20 x 10°
Shiraz 8.58 £ 0.96 1.11+£0.15 0.78 £ 0.05
Oshno (no filter) 11.36 +1.42 1.37+£0.08 0.83+0.11

*Four pack of each brand of cigarette was randomly chosen and one cigarette from each pack was taken for measurements

Table 3. Amounts of nicotine and tobacco as well as percentage of nicotine content in each cigarette of

popular imported brands*

Nicotine content

Tobacco content (g)

Brand 0

‘Means b " Mean 6D Mesn + S
More (green) 13.08 £ 0.64 1.88+£0.10 0.69 £ 0.02
Kent 14.61 £ 0.55 1.80 £ 0.06 0.81+0.03
Kent lights 11.43+£0.35 1.84+£0.10 0.62 £0.02
Winston 14.90 £ 0.28 2.07+£0.04 0.72+8.16 x 10°
Winston lights 12.91+£0.34 2.13+£0.09 0.60 £ 0.01
Pine 7.17+£0.15 1.89+0.15 0.38+8.20 x 10°
Pine lights 12.14 £ 0.60 1.83+£0.04 0.66 £ 0.02
Winchester lights 11.38 £ 0.97 1.51+0.08 0.75+0.03
Magna 13.03 £0.90 1.78+0.12 0.73+9.60 x 10°
Montana lights 12.30 £ 0.47 1.79+£0.03 0.68 £0.02
Dunhill lights 11.30£0.27 1.69 +0.05 0.67 £0.03
Mond lights 1154+ 0.31 1.60 + 0.07 0.72+£0.04
Marlboro lights 13.16 £ 0.56 2.09+£0.12 0.63 £0.02

*Four pack of each brand of cigarette was randomly chosen and one cigarette from each pack was taken for measurements

Table 4. Amounts of nicotine and percentage of nicotine content in of one gram of popular imported brands of
pipe tobacco

Nicotine Content

Brand Amount (mg) Percentage (%)
Mean + SD Mean + SD
Captain Black Cherry 50.89 + 6.46 5.09 £ 0.65
Captain Black Royal 30.08 £1.02 3.01+0.10
Captain Black Gold 33.54+ 151 3.35+0.15
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Figure 1. Percentages of nicotine in different domestic and imported brands of cigarettes (Mean * SD)
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Figure 2. Comparison between percentages of nicotine in light and ordinary cigarettes (Mean + SD)
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Figure 3. Comparison between percentages of nicotine in different light cigarettes (Mean * SD)
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Discussion

Thirteen popular brands of imported and nine
popular brands of domestic cigarettes as well as
three brands of imported pipe tobacco were
analyzed for their amount and percentage of
nicotine content. Accordingly, cigarettes brand
“57” contained the lowest amounts of nicotine
and “Mehr” contained the highest amounts of
nicotine. Although the amounts of nicotine in
these cigarettes were significantly different but
the percentage of nicotine in both of these
cigarettes were about the same. Statistical
analysis showed that there was a statistically
significant difference in the amounts and
percentage of nicotine between cigarettes
randomly chosen from four different packs of
each domestic brand.

Among the imported brands, cigarette “pine”
contained the lowest amounts of nicotine and
cigarette “Winston” contained the highest
amounts of nicotine (14.40 mg). The percentage
of nicotine in these imported brands was
different. Statistical analysis showed that in
imported brands, there was a significant
difference in the amounts and percentage of
nicotine between the cigarettes randomly chosen
from four different packs of each brands.

Although the amount of tobacco in domestic
and imported cigarettes was not significantly
different, but there were significant differences
in nicotine balance (amount and percentage of
nicotine) between domestic and imported
cigarettes. In all the available tested cigarettes,
the amount of nicotine and tobacco widely
varied based on their length and size, which
determined the amounts of tobacco in each
cigarette. Therefore, the amount of nicotine and
tobacco in different brands depended on the
way they were made.

Considering the amounts of tobacco in each
cigarette and evaluating the percentage of
nicotine in domestic brands, the highest
percentage of nicotine were found in “Bahman”
cigarette and the in “Shiraz” cigarette. For
imported brands the highest percentage of
nicotine were found in “Winston light” cigarette
and the lowest in “Mond light” cigarette. There
has been many reports and research about
nicotine and tobacco.”1922 In addition, there has
been some attempt to introduce smokeless
tobacco product by cigarette industry. The large
variation in the levels of some toxicants and
carcinogens in these products indicates that
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there is more effort needed to reduce the
amounts of these toxic compounds in the new
and traditional smokeless tobacco products.1

Some of the researches are about the
evaluation of the nicotine content of cigarettes
available in the market. A report from Japan
indicates the determination of nicotine content
in popular cigarettes.’” In this report sixteen
domestic and seventeen imported brand of
cigarette were studied. One of the brands
(Kent) tested in Japan were the same as what
we analyzed in Iran. The average amounts of
nicotine were 11.24 and 14.61 mg, and
percentage of nicotine were 1.71% and 1.80% in
each of these cigarette analyzed in Japan and in
Iran, respectively.

It is clear that in all the available cigarettes,
the amount of nicotine and tobacco widely
varied according to their length and size, which
determine the amounts of tobacco in each
cigarette. Therefore, the amount of nicotine and
tobacco not only in different brands but even
for one brand depends on the way they were
made. Among the imported tobacco, the
“Captain Black Gold” brand had the lowest
percentage of nicotine while the brand
“Captain Black Cherry” had the highest
percentage of nicotine.

Some of the imported -cigarettes were
labeled as “light”. Considering the amount of
tobacco as well as amount and percentage of
nicotine, no significant differences were found
between normal and light cigarettes. The main
differences between them, if there was any,
probably depended on the way they made as
well as the length and size of the cigarettes.

Conclusion
Finally, it can be concluded that the average
amount (as well as the percentage) of nicotine
in domestic cigarettes are lower in comparison
to the imported one. Considering findings of
the present study and other published data as
well as the highly addictive psychoactive
characteristic of nicotine in tobacco products, it
is suggested that nicotine be thoroughly
decreased in these products as low as possible
in order to reduce the chance of damages to
human health caused by long-time cigarette
smoking. Although the best way and the only
safe and effective way to minimize smoking
related health risks is to avoid smoking.
Conflict of Interest: The Authors have no

Addict & Health, Winter & Spring 2012; Vol 4, No 1-2.

33



Nicotine Content of Cigarettes and Pipe Tobacco in Iran

conflict of interest.

Acknowledgment
The authors would like to thank the authorities

References

1. Hammond D, O'Connor RJ. Constituents in
tobacco and smoke emissions from Canadian
cigarettes. Tob Control 2008; 17(Suppl 1): i24-i31.

2. World Health Organization. Tobacco Free
Initiative (TFI) [Online]. 2009. Available from:
URL :http://www.who.int/tobacco/en/

3. Lee WC, Li TL, Cheng WJ, Chang PC, Chou
SHS. Survey of Nicotine and Tar Yields of
Domestic and Imported Cigarettes. Journal of
Food and Drug Analysis 1998; 6(4): 691-701.

4. Mackay J, Crofton J. Tobacco and the
developing world. British Medical Bulletin 1996;
52(1): 206-21.

5. Griesbhach D, Amos A, Currie C. Adolescent
smoking and family structure in Europe. Soc Sci
Med 2003; 56(1): 41-52.

6. Fleming CB, Kim H, Harachi TW, Catalano RF.
Family processes for children in early elementary
school as predictors of smoking initiation. J
Adolesc Health 2002; 30(3): 184-9.

7. Agha Molaei T, Zare SH. Cigarette and Hookah
using pattern in over-15 population of Bandar
Abbas, A population based study. Hormozgan
Med J 2008; 11(4): 241-6.

8. Roberts DL. Natural tobacco flavor. Recent Adv
Tob Sci 1988; 14: 49-81.

9. World Health Organization. Guiding Principles
for the Development of Tobacco Product
Research and Testing Capacity and Proposed
Protocols for the Initiation of Tobacco Product
Testing [Online]. 2004. Available from:
URL.:http://who.int/tobacco/global_interaction/to
breg/goa_2003_principles/en/

10. Stepanov |, Jensen J, Hatsukami D, Hecht SS.
New and traditional smokeless tobacco:
comparison of toxicant and carcinogen levels.
Nicotine Tob Res 2008; 10(12): 1773-82.

11.Benowitz NL, Hall SM, Stewart S, Wilson M,
Dempsey D, Jacob P, Ill. Nicotine and
carcinogen  exposure  with  smoking  of
progressively reduced nicotine content cigarette.
Cancer Epidemiol Biomarkers Prev 2007;
16(11): 2479-85.

12.Hecht SS, Murphy SE, Carmella SG, Li S,
Jensen J, Le C, et al. Similar uptake of lung

Taghavi et al.

in Mashhad University of Medical Sciences and
in School of Pharmacy (MUMS) for their
supports. The results described in this study
were part of a Pharm. D. degree thesis.

carcinogens by smokers of regular, light, and
ultralight  cigarettes. ~ Cancer  Epidemiol
Biomarkers Prev 2005; 14(3): 693-8.

13.Charles PO. Drug Addiction. In: Brunton LL,
Chabner BA, Knollmann BC, editors. Goodman
& Gilman's The Pharmacological Basis of
Therapeutics. 11" ed. New York, NY: Pergamon
press; 2006.

14. Feyerabend C, Russell MA. A rapid gas-liquid
chromatographic method for the determination of
cotinine and nicotine in biological fluids. J
Pharm Pharmacol 1990; 42(6): 450-2.

15. Sweetman S. Martindale: The Complete Drug
Reference. 35" ed. London: Pharmaceutical
Press; 2006.

16. Jarvis MJ, Boreham R, Primatesta P, Feyerabend
C, Bryant A. Nicotine yield from machine-
smoked cigarettes and nicotine intakes in
smokers: evidence from a representative
population survey. J Natl Cancer Inst 2001;
93(2): 134-8.

17. Fukumoto M, Kubo H, Ogamo A. Determination
of nicotine content of popular cigarettes. Vet
Hum Toxicol 1997; 39(4): 225-7.

18.Zhang Y, Cong Q, Xie Y, JingxiuYang Y, Zhao
B. Quantitative analysis of routine chemical
constituents in tobacco by near-infrared
spectroscopy and support vector machine.
Spectrochim Acta A Mol Biomol Spectrosc
2008; 71(4): 1408-13.

19.Hariharan M, VanNoord T. Liquid-
chromatographic determination of nicotine and
cotinine in urine from passive smokers:
comparison with gas chromatography with a
nitrogen-specific detector. Clin Chem 1991,
37(7): 1276-80.

20.Haddad LM, Winchester JF.  Clinical
Management of Poisoning and Drug Overdose.
2" ed. Philadelphia, PA: WB Saunders; 1990.

21. Paszkiewicz GM, Pauly JL. Spectrofluorometric
method for measuring tobacco smoke particulate
matter on cigarette filters and Cambridge pads.
Tob Control 2008; 17(Suppl 1): 153-8.

22. Hebert R. What's new in nicotine & tobacco
research? Nicotine Tob Res 2008; 10(12): 1671-5.

34

Addict & Health, Winter & Spring 2012; Vol 4, No 1-2.



9 j allio

o9 39 9939 9 (2B 9 (FB10 Sl R 33 (i gS HIio (ot g (0N sl
s 395 o 00 jelne ooas T eyl 18 59
PhLs 0oljerme doms pi5S | Iolo g5 T Bl plony S

PRV

S g K iz lgl 092y 4 g b ogdio ] G851 50 99790 S Blitinl cams jSns Jloainl 10l
Sl due wilios 6902 9 Y SRS b gl anlin 5 9395 5 ,Sm Bl glyil po (s e (2l 95 50
092 50050 b oy auslie g (s 9 ()15 9 (10 (sla ) 10 09250 (59805 e (raan ol aalllas

B9S85 B s 3550 (3 eSS Hlade L 5l g3 ge iz g Sl e £ % ()15 K g9 V¥ il by,
20,5 4355 HPLC oo b zlrenl dgai ;0 10 39250

2 B o 0 oSS Sj9 dwoyd VIVY £ <NN0) PNV SAYISO MY o S5l sla K [0 (3955 lade tdaidly
el Cawd 4 (o, 3 YIAY £AVY) Ye/o A -0+ /AA MYy

Solas a5 > 50 10,5 odslin )5y 3 slo K 10 09250 (13555 Hlade o (g lo Sme iglas 1§ S A
S)90 LSLQ)&M ‘nLo_v e u—uji»-‘ )L.\M Ao saslice hj.....u 9 L-J}o.’.a L_;‘>)L‘> 6L®)li..~u e u.ujs.u )‘..\M o 6)‘9640
Og ZYL (Jadliepn o laslinl sogase 51 > )l 5 Al o)y

5 pb bl Cedls e 9595 05955 18 B 5l

IYIVA o g b IFIVY edl e b

Ol e o (SBjy pole oKl o(gilugyl oIS (5T5lgiSS g 095 (5S> (ol )

Ol e gptio (S pole oKl cgilugyl 0aStily ( 29yl (o 095 c(0ye -V

Ol et edgptio (Kb pole oKl egy 03Simgy 29yl pole Sl S po ¢ 0p0 =T

] dge ge Sy pole olSetils s, plal s oy ¢ ol 0,8 ookl ¥

Ol edpe cdpedio (SBj pole oKl gilugyls oIS 29yl (o 095 (291> pole Sl S ye Sl -0

Email: hasanzadehm@mums.ac.ir bl o3lj e dae 255 1) gm0 ks g3

Addict & Health, Winter & Spring 2012; Vol 4, No 1-2. 35



