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HIGHLIGHTS
- Tobacco extracts inhibit platelet adhesion to proteins surfaces.
- This effect is independent of nitric oxide and a platelet nicotine receptor.
- Nicotine and nicotine metabolites have limited effect on platelet activity in vitro.



ABSTRACT

Cigarette smoking is a leading cause of cardiovascular disease. The cardiovascular effects of
smoking are probably multifactorial, including effects on platelets. Previous reports
investigating the effects of nicotine and tobacco on platelet function are inconsistent.

The present study investigated in vitro effects of nicotine, its major metabolites, tobacco
extracts and extract of tobacco-free snuff on human platelets.

None of the metabolites cotinine, cotinine-N-oxide, nicotine-1"-N-oxide or trans-3’-
hydroxycotinine (0.1-10 uM) affected platelet aggregation or P-selectin expression. Nicotine
(10 uM) weakly increased platelet aggregation, whereas trans-3"-hydroxycotinine (0.1 puM)
and nicotine-1"-N-oxide (1-10 uM) weakly inhibited adhesion to fibrinogen. To elucidate the
influence of other tobacco compounds, we investigated the impact of moist tobacco and
smoke extracts on platelet function. Filtered extracts of oral snuff, cigarette smoke and
tobacco free snuff inhibited platelet adhesion concentration-dependently. The inhibitory
effects of tobacco extracts on platelet adhesion were independent of nicotine content and the
nitric-oxide-pathway and not mediated through a platelet-nicotine-receptor.

Taken together, tobacco extracts inhibit platelet activation during short-term in vitro
challenge. As only limited effects of nicotine and nicotine metabolites were seen, the tobacco-
induced platelet inhibition are likely induced by other compounds present in tobacco and
tobacco free snuff.

KEYWORDS: cigarette smoke, moist tobacco, nicotine metabolite, platelet adhesion, platelet
aggregation, snuff



INTRODUCTION

There is no doubt about the harmful effects of smoking on the cardiovascular system. The
exact mechanisms by which smoking induces cardiovascular disease are not entirely known,
but are most likely multifactorial. The effects of cigarette smoke on platelets have been
investigated in numerous studies, but the results are somewhat contradictory. Cigarette smoke
has been shown to activate platelets, which results in increased clot strength ex vivo (Barua et
al., 2010) and increased P-selectin expression (Lupia et al., 2010). In addition, smokers show
increased spontaneous aggregation ex vivo (Fusegawa et al., 1999) and smoking has been
found to increase agonist induced platelet aggregation in vitro (Hung et al., 1995). However,
there are also studies showing that platelet aggregation after in vitro activation, as well as in
vitro bleeding time is either unchanged or decreased in smokers compared to non-smokers
(Brockmann et al., 2001; Nair et al., 2001). Smokeless oral tobacco is probably less harmful
than cigarettes, although long-term use of oral snuff, has been shown to increase the risk of
fatal myocardial infarction (Hergens et al., 2007). Studies on the influence of oral snuff on
platelet function are scarce, but one study showed unchanged urinary levels of a metabolite
of the platelet activation marker thromboxane A, after use of oral snuff (Wennmalm et al.,
1991).

Tobacco products are complex mixtures of compounds, containing not only nicotine, but also
a numerous of other pharmacologically active substances (Benowitz & Gourlay 1997).
Nicotine affects the cardiovascular system in many ways, some mechanisms being well
characterized. By activating the sympathetic nervous system, nicotine induces increased heart
rate and myocardial contraction, vasoconstriction in the skin and adrenal and neural release of
catecholamines (Benowitz 1996). Nicotine can also affect lipid metabolism (Cluette-Brown et
al., 1986), accelerate the development of atherosclerosis (Strohschneider et al., 1994) and
induce endothelial dysfunction (Chalon et al., 2000). After entering the circulation, nicotine is
subjected to extensive metabolism, resulting in a number of major and minor metabolites. On
average, 70-80% of the nicotine is metabolized to cotinine, about 4% is converted to nicotine-
1"-N-oxide and 0.4% to nornicotine (Benowitz & Jacob 1994). Cotinine is further
metabolized to cotinine-N-oxide and trans-3"-hydroxycotinine, among others (Benowitz et al.,
1994). Trans-3"-hydroxycotinine is the most abundant metabolite in urine, accounting for on
average 38% of the metabolites (Benowitz et al., 1994). As most of the metabolites have a
considerably longer physiological half-life compared to nicotine, plasma concentrations of
nicotine metabolites in tobacco users tend to accumulate throughout the day (Benowitz &
Jacob 1994; Benowitz & Jacob 2001). Although the concentration of some of the nicotine
metabolites in the blood is far higher than nicotine in tobacco users, few earlier studies have
examined their effect on the cardiovascular system. Also, the direct effects of tobacco on
platelets are relatively unknown. This study aimed to investigate the effects of nicotine,
nicotine metabolites, tobacco extracts and tobacco free snuff on platelet function in vitro.



METHODS

Experimental design

This study investigates the effect of tobacco on platelet function in vitro. Platelet adhesion,
aggregation and P-selectin expression were evaluated after exposure to nicotine and its four
most abundant metabolites in plasma. As tobacco products contains not only nicotine, but also
a huge number of other substances, the effect of tobacco extracts (cigarette smoke and moist
tobacco) on platelet adhesion were investigated. Moreover, a tobacco free substitute (choice
apple) was also studied to investigate possible platelet effects of a plant extract that is used as
an aid to stop smoking or using snuff. The impact of tobacco extracts on platelets was
evaluated alone or in combination with known platelet activators (ADP and adrenaline). In
addition, in order to study if the effect of the tobacco extracts were mediated via the nitric
oxide (NO) system, which is known to inhibit platelets in vitro and in vivo, platelets were pre-
treated with 1) a phosphodiesterase inhibitor (IBMX) which inhibits degradation of cGMP
resulting in augmented effect of NO, or 2) guanylyl cyclase inhibitor (ODQ) which inhibits
the synthesis of cGMP and thus inhibits the effect of NO. Finally, platelets were pre-treated
with the nicotine-receptor antagonist mecamylamine, to study if the effect of the extracts were
mediated through the platelet nicotine receptor.

Nicotine and Nicotine metabolites

Nicotine and four of its most abundant liver metabolites, cotinine, nicotine-1’-N-oxide,
cotinine-N-oxide and trans-3-hydroxycotinine, found in plasma were studied. Nicotine and
cotinine were bought from Sigma-Aldrich (St Louis, MO, USA), while nicotine-1’-N-oxide,
cotinine-N-oxide and trans-3"-hydroxycotinine were kind gifts from Dr Georg B. Neurath
(Hamburg, Germany). All drugs were dissolved in distilled water, except for cotinine which
was dissolved in ethanol and dilutions were made in 0.9% NaCl. Nicotine and nicotine
metabolites were used in concentrations similar to those found in plasma from tobacco users
(Benowitz et al., 1994).

Preparation of tobacco extract

Extract of oral snuff and tobacco free snuff was prepared using a protocol previously
described (Petro et al., 2002), with a few modifications. Ten grams of oral (Ettan moist,
Swedish Match, Stockholm, Sweden, and Copenhagen snuff fine cut, US Smokeless Tobacco
Company, Richmond, VA, USA) or tobacco free snuff (Choice Apple, Nicofree, Trangsviken,
Sweden) were mixed with 100 ml phosphate-buffered saline (PBS) and incubated for 2 h at 37
°C. The mixture was centrifuged for 10 min at 450xg followed by collection of the
supernatant and re-centrifugation for 1 h at 13,000xg. The suspension was filtered through a
0.2-um filter and pH was adjusted to 7.4 before being aliquoted and stored at -70 °C. The
concentration of the filtered solution was considered as 100%.

Cigarette smoke extract was prepared as described (Su et al., 1998), with few modifications.
Smoke from two Camel filter cigarettes (R. J. Reynolds Tobacco Company, Winston-Salem,
NC, USA) was drawn through 10 ml PBS, pre-warmed to 37°C, using water suction at a
constant flow. All cigarettes were smoked to the same level (approximately 80% of the
cigarette) and each cigarette was smoked for 5 min £30 sec. The solution was sterilized using
a 0.2 um filter and the obtained solution was considered as 100%. Cigarette smoke extract
was prepared 30 min prior to use. A broad concentration range was used for the tobacco
extracts (0.001-10%) to cover the plasma concentrations of the different constisuents in
tobacco



Analysis of nicotine content in tobacco extract

High-performance liquid chromatography (HPLC) was used to separate nicotine from other
constituents and nicotine content was quantified using a UV detector. The system consisted of
a P680 HPLC pump from Dionex (Sunnyvale, CA, USA), a Gina 50 autosampler and a photo-
diode array UV-detector UVD340U from Gynkotek (Germinger, Germany). The column was
an X-bridge C18 3 um, 3x100 mm from Waters (Milford, MA, USA). Samples were
separated using a mobile phase consisting of 5:95 (v/v) acetonitrilezammonium formiate 10
mM, pH 4.2, at a flow rate of 500 pl/min. Each sample was injected into the HPLC system in
a volume of 20 ul and nicotine was detected at a wavelength of 260 nm. The run time for each
sample was 4 min and the retention time was 2.3 min. A standard curve was constructed using
25, 50, 100 and 250 uM of nicotine. Cigarette smoke extract was diluted 1:1-1:5 in mobile
phase, while oral snuff extract was diluted 1:25.

Subjects

The study conforms with the principles outlined in the Declaration of Helsinki, Finland 1964
and later revisions, and was approved by the Regional Ethical Review board in Link&ping,
Sweden. Blood was consecutively collected from healthy blood donors at the Blood
Transfusion Centre, University Hospital, Linkdping, Sweden. Blood donors were included
only if they declared that they were non-tobacco users; had not used any antiplatelet drug such
as aspirin for 2 weeks prior to the study; during the 3 previous months not suffered fever after
visiting malaria region; suffered medical treatment-required conditions; been pregnant; used
acupuncture, tattoo or piercing; been treated by dentist the previous 14 days; or had been
vaccinated or suffered infection the previous month. In total, blood from 60 different blood
donors was used.

Platelet aggregation

Venous blood was collected in silicone-coated vacutainer tubes with 3.8% trisodium citrate
(blood/anticoagulant 9:1; BD Vacutainer®, Plymouth, UK). Platelet-rich plasma was obtained
by centrifugation at 220xg for 20 min; platelet poor plasma was prepared by further
centrifugation at 1500xg for 10 min. In vitro platelet aggregation induced by 10 uM
adenosine 5-diphosphate (ADP) was measured as previously described (Persson et al., 2000)
in a Spectramax microplate reader (Molecular Devices, Sunnyvale, CA, USA).

Static platelet adhesion

Static platelet adhesion to albumin, collagen and fibrinogen was studied in 96-well
microplates using a method previously described (Eriksson & Whiss 2005). These surfaces
were chosen since platelets use different adhesive mechanisms in order to adhere to different
proteins. Platelet adhesion in this assay is known to be dependent on integrin ayf; for
adhesion to collagen, while adhesion to fibrinogen and albumin occurs through integrin opP3
(Eriksson & Whiss 2009).

Venous blood was collected in 102 1U sodium heparin tubes (BD Vacutainer®). Platelet-rich
plasma (PRP) was prepared and adhesion of platelets in plasma was investigated by
incubating PRP in the presence of drugs/tobacco-extracts in the coated microplate wells for 1h
in room temperature. We also wanted to evaluate the effects of drugs/tobacco-extracts on
platelet adhesion induced by the combination of a protein surface and a soluble platelet
activator. In these experiments, the incubation was performed in the presence of added ADP
or adrenaline (Mylan AB, Stockholm, Sweden). Furthermore, to investigate the possible
influence from the nitric oxide system, PRP was incubated in the presence of either 3-
Isobutyl-1-methylxanthine (IBMX; Sigma-Aldrich) or 1,2,4-Oxadiazolo[4,3-a]quinoxalin-1-



one (ODQ; Sigma-Aldrich). After incubation, the microplates were washed followed by
detection of adhered platelets by an enzymatic/spectrophotometric procedure.

Platelet P-selectin surface expression

Blood was drawn into siliconized vacutainer tubes (BD Vacutainer®) containing 1:6 vol of
acid citrate dextrose (0.7 mM citric acid, 9.3 mM sodium citrate, and 13.6 mM dextrose).
Platelet P-selectin surface expression was analyzed by a previously described ELISA (Whiss
et al., 1997). Briefly, isolated platelets in Hepes-buffered solution were incubated for 30 min
with nicotine and nicotine metabolites prior to challenge with 10 uM ADP, 0.1 U/ml thrombin
(Sigma-Aldrich, St Louis, MO, USA) or solvent (Hepes-buffered solution) for 3 min at room
temperature during a gentle rocking motion. After fixation, residual protein-binding sites in
platelet-coated wells were blocked with PBS containing 5% bovine serum albumin for 1 h.
This was followed by a washing procedure and incubation for 1 h with mouse monoclonal
antibodies against P-selectin (clone 1E3, Dako A/S Glostrup, Denmark) and another 1 h
incubation with secondary rabbit anti-mouse antibodies coupled to alkaline phosphatase
(Dako A/S Glostrup, Denmark). Substrate hydrolysis by phosphatase was measured at 405 nm
using a Spectramax microplate reader.

Statistics

Data are expressed as mean £ SEM. Each n represents independent experiments using
platelets from different blood donors. The platelet adhesion, aggregation and P-selectin
experiments were performed in duplicates. Statistical significance was calculated using ONE-
way ANOVA for repeated measures followed by Dunnett’s multiple comparison test. P-
values <0.05 were considered statistically significant. Statistical analyses were carried out
using GraphPad Prism 5 for Windows (version 5.04, GraphPad Software Inc, La Jolla, CA,
USA).



RESULTS

Effects of nicotine and its metabolites on platelet function

At 0.1-10 uM none of the metabolites cotinine, cotinine-N-oxide, nicotine-1"-N-oxide or
trans-3"-hydroxycotinine affected ADP-induced platelet aggregation. Only nicotine at 10 uM
caused a weak but significant increase in platelet aggregation (Fig 1).

Nicotine, cotinine and cotinine-N-oxide had no effect on platelet adhesion to the protein
surfaces albumin, collagen or fibrinogen. Trans-3"-hydroxycotinine caused a weak inhibition
on the fibrinogen surface exclusively at 0.1 pM and nicotine-1"-N-oxide inhibited adhesion to
fibrinogen at both 1.0 and 10 uM (Fig 2).

To study the effects on an activation marker on platelets, nicotine and its metabolites were
tested for their capacity to affect P-selectin surface expression on isolated platelets. None of
the compounds caused any significant effect in this platelet assay (supplementary appendix
A).

Effect of tobacco extract on platelet adhesion

The effect of oral snuff extract, cigarette smoke extract and extract of the tobacco free snuff
Choice apple on static platelet adhesion to protein surfaces was studied. A reduction in
platelet adhesion to collagen and fibrinogen was seen after treatment with 10% Ettan moist
extract (Fig 3A). Copenhagen moist extract 10% reduced platelet adhesion to collagen while
adhesion to fibrinogen was reduced at 3% and 10% (Fig 3B). Extract of Camel cigarette
smoke induced a significant decrease in adhesion to albumin and fibrinogen at all
concentrations (0.001-10%), while the adhesion to collagen was decreased at 3% and 10%
(Fig 3C). Choice apple extract 10% reduced platelet adhesion to collagen while adhesion to
fibrinogen was reduced at 3% and 10% (Fig 3D).

To further explore the inhibitory effects of tobacco extract on platelet adhesion, platelets were
treated with tobacco extracts in combination with known platelet activators (ADP and
adrenaline). Treatment with ADP and adrenaline alone increased the adhesion to albumin (Fig
4). Ettan moist induced a dose dependent reduction in adrenaline-induced adhesion to
albumin, while ADP-induced platelet adhesion was inhibited at 10% (Fig 4A).Camel extract
10% reduced both ADP and adrenaline-induced adhesion to albumin (Fig 4B). Ettan moist
10% and Camel extract inhibited adrenaline-induced adhesion to both collagen and
fibrinogen, while no effect was seen on ADP-induced platelet adhesion (supplementary
appendix B).

In order to study the cellular mechanisms behind the inhibitor effects of Ettan moist and
camel extract on platelet adhesion, platelets were pre-treated with drugs that interfere with the
nitric oxide system. Pre-incubation with IBMX (phosphodiesterase inhibitor) or ODQ
(guanylyl cyclase inhibitor) did not affect the inhibitory effect of the tobacco extracts (data
not shown).

To evaluate if the inhibitory effects of Ettan moist and Camel extract were mediated by
nicotine, platelets were pre-treated with the nicotine-receptor inhibitor mechamylamine. Pre-
incubation with mechamylamine did not affect the inhibitory effect of the tobacco extracts on
platelet adhesion (data not shown).



Analysis of nicotine content in tobacco extracts

The nicotine content in 100% oral snuff extract was 4.5 mM and 6.5 mM in Ettan and
Copenhagen snuff respectively, while the nicotine concentration in the cigarette smoke extract
ranged from 300-643 uM. For the HPLC analysis, the between-day relative standard deviation
(RSD) and precision were <8% and 98-101%, respectively (n=4 for 2 different
concentrations) and the within-day RSD and precision were <9% and 96-103%, respectively
(n=4 for 2 different concentrations).



DISCUSSION

Studies investigating the effects of specific nicotine metabolites on the cardiovascular system
are sparse, although several nicotine metabolites have been shown to be pharmacologically
active (Crooks & Dwoskin 1997; Ljungberg & Persson 2008; Vainio et al., 2000). Previous
findings from our lab show that nicotine and some of its metabolites increase activity and
expression of angiotensin-converting enzyme in human endothelial cells (Ljungberg &
Persson 2008), however, no previous study has investigated the effects of the metabolites on
platelet function. The present study showed that trans-3"-hydroxycotinine and nicotine-1"-N-
oxide induced a small but significant decrease in platelet adhesion to fibrinogen. As the
plasma concentrations of some of the metabolites are far higher than nicotine (Benowitz &
Jacob 1994; Benowitz & Jacob 2001), their impact on platelet function may be of
physiological importance. In the present study, nicotine on the other hand had no effect on
platelet adhesion to protein surfaces or platelet P-selectin expression, but induced a small but
significantly increased ADP- induced platelet aggregation. Previous in vitro studies have
shown both increased (Pfueller et al., 1988; Renaud et al., 1984), decreased (Becker et al.,
1988; Rubenstein et al., 2004; Toivanen et al., 1986) and no effects (Nowak et al., 1996;
Rubenstein et al., 2004) of nicotine on platelet activity. These diverse results are probably
caused by the complex and diverse mechanism of nicotine, which is not readily degraded or
removed from the receptor vicinity, leading to both agonistic and antagonistic properties in
functional studies (Gahring & Rogers 2005; Schedel et al., 2011). Since metabolites, such as
cotinine, can inhibit cellular responses of nicotine and vice versa, this adds further difficulties
to interpret the effects of nicotine (Vainio et al., 2000). The diverse mechanism of nicotine
was observed in a previous study in our lab, which showed that nicotine infusion in tobacco
users resulted in a rapid decrease in collagen-induced platelet aggregation which was restored
after 2 h (Whiss et al., 2000). However, in the same subjects an up-regulation of platelet P-
selectin expression was seen 2 h after nicotine infusion (Whiss et al., 2000), suggesting that
both time and analysis method are essential in order to elucidate the effect of nicotine on
platelet function. In addition, nicotine has been reported to increase the expression of the
ADP-receptor P2Y12 in vitro in cultured human megakaryoblastic cells (Shanker et al.,
2006), suggesting that smoking may result in production of transformed platelets.
Furthermore, human platelets was recently shown to express functional nicotinic
acetylcholine receptors (Schedel et al., 2011) and the authors suggested that agonist binding to
this receptor induces Ca** influx and enhanced fibrinogen receptor activation but not platelet
degranulation. As a further evidence of nicotine as both an activator and an inhibitor on
platelet function, platelet aggregation was inhibited by a selective alfa7-nicotinic
acetylcholine receptor agonist (Schedel et al., 2011).

As nicotine and nicotine metabolites only had limited and diverse effects on platelet activation
in the present study, we hypothesized that other compounds in cigarette smoke could have
greater impact on platelet function. Our findings showed that extract of cigarette smoke, oral
snuff and tobacco free snuff inhibit platelet adhesion. The nicotine content in tobacco extracts
did not appear to affect the level of platelet inhibition. The cigarette smoke extract, which
contained the least nicotine of the tobacco extracts, was the extract that inhibited platelet
adhesion at the lowest concentration. As nicotine and its metabolites caused such small effects
per se, the effects of the tobacco extract are most likely mediated by other platelet inhibiting
substances present in tobacco. Phenolic compounds, a class of antioxidants found in many
plants (Kahkonen et al., 1999), and consequently also found in cigarette smoke (McGrath et
al., 2009; Riveles et al., 2005), have previously been reported to inhibit platelets. The
phenolic compounds rutin and quercetin have been reported to inhibit platelet aggregation
(Gryglewski et al., 1987; Wright et al., 2010). Quercetin was also shown to reduce platelet



release of serotonin (de Gasparo et al., 2000) and platelet surface expression of CD40L
(Pignatelli et al., 2005). Importantly, the phenolic compounds quercetin and cathechin have
also been reported to synergistically inhibit platelet aggregation and adhesion (Pignatelli et
al., 2005). As these phenolic compounds are widely distributed in many plants it may explain
the inhibitory effects after treatment with tobacco free snuff seen in the present study.
Tobacco also contains salicylic acid (Perfetti & Rodgman 2008), a well-known platelet
inhibitor, which may contribute to the inhibitory effect of tobacco. In addition, raw tobacco as
well as cigarette smoke contains nitric oxide (Perfetti & Rodgman 2008) which is known to
inhibit platelets. However, our study showed no effect on tobacco induced platelet inhibition
when platelets were pre-treated with the phosphodiesterase inhibitor IBMX, which potentiates
the effect of NO, and no effect of the guanylyl cyclase inhibitor ODQ, which abolish the
effect of NO. This suggests that the inhibitory effect of tobacco extracts on platelet adhesion
is not mediated by nitric oxide. Furthermore, carbon monoxide is present in tobacco smoke
(Perfetti & Rodgman 2008) and has been shown to inhibit platelets (Chlopicki et al., 2006).
Carbon monoxide may well contribute to platelet inhibition after treatment with smoke
extract, but cannot explain the effects of smokeless tobacco. The presence of different platelet
inhibitors in tobacco makes it possible to hypothesize the occurrence of synergistic inhibitory
interactions.

Numerous studies have revealed that smoking results in increased platelet activity as well as
elevated risk for thrombosis (Barua et al., 2010; Davis & Arnold 1992; Fusegawa et al., 1999;
Hung et al., 1995; Lupia et al., 2010). Evaluation of platelet activity after tobacco use or after
intravenous infusion of nicotine may however reflect endothelial dependent effects on platelet
function. Both smoking and nicotine can cause endothelial dysfunction and subsequently
reduced nitric oxide availability (Chalon et al., 2000; Mayhan & Patel 1997; Neunteufl et al.,
2002), which may result in increased platelet activity. In addition, the synthesis of TXA; by
COX-2 is increased in smokers, which probably is the result of COX-2 activity in
inflammatory cells (McAdam et al., 2005). Nonetheless, it is probable that cigarette smoking
also does act in more direct ways to affect platelet function. A recent study showed up-
regulation of adhesive proteins (platelet glycoprotein Ilb, beta-actin and Factor XII1-A
subunit) on platelets from smokers as compared with non-smokers, whereas platelet function
was similar (Della Corte et al., 2011).

Taken together, the direct effect of tobacco and/or nicotine on platelet activity is difficult to
elucidate from in vivo studies, since platelets can be affected in several indirect ways. Most
previous studies investigate the effect of either smoking or intravenous infusion of nicotine,
where nicotine has been subjected to metabolism. The results from those studies may
represent the sum of both nicotine and nicotine metabolite mediated responses. However, the
present study allowed us to distinguish the effects of nicotine and the different metabolites per
se. Our study examining direct effect of tobacco on platelets showed that treatment with
tobacco extract in vitro inhibits platelet adhesion to protein surfaces. As only a limited effect
of nicotine and nicotine metabolites were seen, this effect is likely due to other platelet
inhibitors present in tobacco. This effect could be mediated by for example phenolic
compounds or some unknown and untested component present in various plants since platelet
inhibition was observed also with tobacco free snuff. The effects could also be a complex
mechanism of additive and synergistic action by several of the many compounds present in
tobacco and other plants.
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FIGURE LEGENDS

FIGUREL. Effects of various concentrations of nicotine (®), cotinine (M), cotinine-N-oxide
(A), nicotine-1"-N-oxide (¥) and trans-3"-hydroxycotinine (4) on platelet aggregation
induced by 10 puM adenosine 5-diphosphate (ADP). Data are mean + SEM, n = 6 independent
experiments performed in duplicates. Statistical significance is described with * p < 0.05
compared with solvent.
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FIGURE 2. Platelet adhesion to collagen (A), fibrinogen (4) and albumin (m) after treatment
with A) nicotine, B) cotinine, C) trans-3"-hydroxycotinine, D) nicotine-1"-N-oxide, and E)
cotinine-N-oxide 0.1-10 pM. Data are mean + SEM, n = 6-10 independent experiments
performed in duplicates. Statistical significance is described with * p < 0.05, ** p < 0.01
compared with solvent.
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FIGURE 3. Platelet adhesion to collagen (A), fibrinogen (4) and albumin (m) after treatment
with extract of A) Ettan moist, B) Copenhagen moist, C) Camel cigarette smoke and D)
Choice apple. An extract concentration of 100% corresponds to a filtered solution containing
0.1 g Ettan, Copenhagen or Choice apple /ml PBS, while 100% Camel extracts corresponds to
2 cigarettes/10 ml PBS. Data are mean = SEM, n = 6 independent experiments performed in
duplicates. Statistical significance is described with * p < 0.05, ** p < 0.01 *** p < 0.001 for
collagen, # p < 0.05, ## p < 0.01, ### p < 0.001 for fibrinogen, and 8§88 p < 0.01 for albumin
compared with solvent.
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FIGURE 4. Effect of extract of A) Ettan moist, and B) Camel cigarette smoke, on platelet
adhesion to albumin after co-incubation with ADP 1 uM and adrenaline 1uM. An extract
concentration of 100% corresponds to a filtered solution containing 0.1 g Ettan, Copenhagen
or Choice apple /ml PBS, while 100% Camel extracts corresponds to 2 cigarettes/10 ml PBS.
Data are mean = SEM, n = 3 independent experiments performed in duplicates. Statistical
significance is described with * p < 0.05, ** p < 0.01, and *** p < 0.001 compared with
solvent.
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SUPPLEMENTARY FIGURE A
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APPENDIX A. Effects of nicotine, cotinine, cotinine-N-oxide, nicotine-1"-N-oxide and trans-
3"-hydroxycotinine (10 and 100 uM) on platelet P-selectin expression induced by A1) 10 uM
adenosine 5-diphosphate (ADP) or A2) 0.1 U/ml thrombin. Data are the mean + SEM, n=6
independent experiments performed in duplicates. None of the compounds caused any
significant difference as compared with solvent.
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SUPPLEMENTARY FIGURE B
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APPENDIX B. Effect of extract of B1-B2) Ettan moist, and B3-B4) Camel cigarette smoke,
on platelet adhesion to collagen and fibrinogen after co-incubation with ADP 1 uM and
adrenaline 1uM. An extract concentration of 100% corresponds to a filtered solution
containing 0.1 g Ettan, Copenhagen or Choice apple /ml PBS, while 100% Camel extracts
corresponds to 2 cigarettes/10 ml PBS. Data are mean + SEM, n = 3 independent experiments
performed in duplicates. Statistical significance is described with * p < 0.05 and ** p <0.01

compared with solvent.
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SUPPLEMENTARY FIGURE C
Ingredients list

Ettan moist
Ingredients added to the tobacco

Water

Sodium chloride
Propylene glycol
Glycerol

Sodium carbonate
Flavours

http:/iwww.swedishmatch.com/en/Our-business/Snus-and-snuff/Ingredients-in-snus/?tab=0

Copenhagen
Ingredients added to the tobacco

Water

Sodium Chloride
Ethyl Alcohol

Sodium Carbonate
Ammonium Carbonate
Preservatives

Flavours

http://www.ussmokeless.com/en/cms/Products/Ingredients_Nav/Ingredients/Ingredients_by Brand/Copenhagen/Copenhagen
_Snuff_Fine_Cut.aspx

Camel cigarettes
Ingredients added to the tobacco

Water

Glycerol

Brown Sugar

Propylene Glycol

High Fructose Corn Syrup
Sucrose

Cellulose Fibre

Cocoa

Liquorice

Diammonium Phosphate
Ammonium Hydroxide
Flavours

http://www.rjrt.com/brandcompounds.aspx

Choice Apple

Herbs
Spices
Flavours

http://www.nicofree.se/index.asp?!=35
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