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ABSTRACT

Regarding the role of nicotine in the development of cardiovascular complications of smok-
ing, we investigated whether black tea has a modulatory effect on cardiovascular pathogenesis
of nicotine in rat. Animals were randomized to control, tea, nicotine and tea plus nicotine
groups. Test groups received black tea brewed (adding 400 ml boiling water to 10 g Lipton
black tea for 5 min) orally alone or with nicotine 2 mg/kg/day, s.c. separately or combined for
four weeks. On 28th day, lipids profile of blood and also malondialdehyde (MDA) level, glu-
tathione peroxidase (GPx) activity and total antioxidant capacity (TAC) of heart tissue were
measured. Nicotine administration caused a significant increase in total cholesterol, TG and
HDL-C and also atherogenic index of plasma (log TG/HDL-C). Moreover, nicotine increased
MDA level of heart. Black tea alone increased the antioxidant capacity of heart tissue without
significant effect on lipid profile and MDA levels. Concomitant use of black tea and nicotine
significantly attenuated the hyperlipidemic and atherogenic effects of nicotine but was unable
to attenuate the MDA. Our findings suggest that black tea consumption reduces hyperlipidem-
ia and atherogenesis as two cardiovascular risk factors and complications of nicotine, in rat. If
these results can be extrapolated to human, smokers who daily drink black tea may be less at
risk of cardiovascular disease.

Keywords: Nicotine, black tea, atherogenic index, blood lipids, total antioxidant capacity,
heart

INTRODUCTION indicate high correlations between mortality
rates and three major CVD risk factors;
smoking, serum cholesterol, and hyperten-
sion (Kuulasmaa et al., 2000). Nicotine is
one of the 4,000 or more chemical compo-
nents of cigarette smoke, and many harmful
effects of smoking such as cardiovascular
diseases are attributed to this substance
(Benowitz, 1998).

Cardiovascular diseases (CVDs) are the
most common cause of death as currently
they account for about 30 percents of
deaths' worldwide, nearly 40 percent in
high-income countries and roughly 28 per-
cent in low- and middle- income countries
(Zipes et al., 2008). Epidemiological studies

309



EXCLI Journal 2012;11:309-317 — ISSN 1611-2156

Received: May 18, 2012, accepted: June 12, 2012, published: June 19, 2012

Previous experiments indicated that ex-
posure to nicotine increases the plasma lipid
levels (Chattopadhyay and Chattopadhyay,
2008), tissue lipids (Norioko et al., 1981)
and it also accelerates the lipid peroxidation
in rat (Ashakumary and Vijayammal.,
1996). It is believed that nicotine triggers
reactive oxygen species (ROS) generation
(Yildiz et al., 1998). ROS in turn can in-
duce oxidative stress and activate the lipid
peroxidation process (Kovacic and Cooksy,
2005) that finally leads to cellular damage.
Sudheer et al. (2005) have shown that
chronic nicotine administration is associat-
ed with circulation prooxidant/antioxidant
imbalance. On the other hand, some exper-
iments documented that at least a part of
neuroprotective effect of nicotine against
Parkinson's and Alzheimer's diseases is due
to antioxidant properties of this substance
(Linert et al., 1999; Tunez et al., 2004).

Some natural compounds, including the
flavonoids, have antioxidant properties.
Black tea is one of the most common bev-
erages and makes up about 75 % of world
tea consumption (Krishnan and Maru,
2006). Cardiovascular protective effect of
black tea has been demonstrated in some
previous studies (Geleijnse et al., 2002;
Joukar et al., 2012; Duffy et al., 2001). Tea
contains considerable amounts of flavo-
noids that its cardioprotective effect is at-
tributed to these compounds (Geleijnse et
al., 2002). Behavioral studies have shown
that cigarette smokers, compared to non-
smokers, consume more tea and coffee
(Golding et al., 1983; Dunn and Thomas,
1973). However, the interaction of tea and
nicotine in combine on cardiovascular sys-
tem performance has been less noted. In a
previous study we showed that administra-
tion of black tea or nicotine for a period of
4 weeks may have a mild cardioprotective
effect as confirmed by reduction of myo-
cardial damage in stressful conditions.
However, concomitant use of these materi-
als was unable to enhance this beneficial
effect (Joukar et al., 2012).

In the present study, to clarify whether
black tea has a positive or negative influ-

ence on the nicotine induced cardiovascular
pathogenesis, we focused and tested the ef-
fect of subchronic administration of black
tea and nicotine, alone or in combination,
on the plasma lipids profile, lipid peroxida-
tion index and heart tissue antioxidant level
of rats.

MATERIALS AND METHODS

Chemicals

Nicotine was purchased from Sigma,
UK and sodium thiopental was purchased
from Sandoz, Austria. Black tea was from
Lipton, Inc., UK.

Animal groups and experimental protocol
All empirical procedures, harmonizing
to the national guidelines for conducting
animal studies (Ethic committee permission
No 86/123KA—Kerman University of
Medical Sciences, Kerman, Iran) and were
performed on male Wistar rats aged 3
months and weighed 250-350 g with ap-
propriate implementation of animals care
principles and received the same regular
diet during the study. The animals were di-
vided randomly into 4 groups (n=12 in each
group) including control group (CTL), tea
group (T), nicotine group (N) and black tea
plus nicotine group (N+T). Tea group con-
sumed black tea brewed as their sole source
of liquid for four weeks (Joukar et al., 2012;
Yoxall et al., 2005). Black tea brewed pre-
pared daily by adding 400 ml boiling water
to 10 g Lipton tea (five bags) in a flask. The
bags were removed after five minutes, and
the drink was allowed to cool for use
(Joukar et al., 2012). The average volume
consumption of tea brewed by each rat was
34 £ 5 ml/day. Nicotine group was treated
with nicotine 2 mg/kg/day (s.c.) for four
weeks (Joukar et al., 2012; Luo et al.,
2006). Teatnicotine group received tea
along with nicotine with the same doses in
tea and nicotine groups. In addition, normal
saline (0.5 ml) as the vehicle of nicotine
was injected daily to CTL and tea groups
during the experiment. On day 29, under
deep anesthesia by sodium thiopental
(50 mg/kg 1.p.), blood sample was taken
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and centrifuged for plasma separation. Total
cholesterol, low-density lipoprotein (LDL-
C), high-density lipoprotein (HDL-C) and
triglyceride (TG) levels were measured by
routine laboratory methods. The atherogen-
ic index of plasma, as a marker of plasma
atherogenicity, was calculated as Log
(TG/HDL-C) (Tan et al., 2004; Dobiasova
and Frohlich, 2001). At the end of experi-
ments, animals were killed; the hearts were
excised and washed with cold saline. A
piece of heart apex dissected, weighted and
homogenized in 5 ml of 0.1 MTris—HCI
buffer (pH 7.4) in ice-cold condition. After
centrifuging, the clear supernatant solution
was taken for the biochemical analysis. To-
tal proteins were measured by using the
Lowry et al. method (Lowry et al., 1951).
Malondialdehyde (MDA) levels, as an in-
dex of lipid peroxidation which produced
by oxidative elements activation, were es-
timated by concentration of thiobarbituric
acid reactive substances (TBARS) in heart
tissue (Ohkawa et al., 1979). Total antioxi-
dant capacity and glutathione peroxidase
(GPx) activity of heart tissues were deter-
mined using their relative Randox assay
kits, respectively (according to the manu-
facturer’s protocol) (Koch et al., 2002;
Joukar et al., 2010).

Statistical analysis

The results were presented as mean =+
S.EMM. The data were analyzed by One-
Way ANOVA followed by LSD multiple
comparison post hoc test and P-value < 0.05
was considered as statistically significant.

RESULTS

On day 29, the weight gain of control
group versus other groups was statistically
significant (p<0.01). The control group
showed 32 % weight gain, while the weight
gain of tea, nicotine and N+T groups were
only 2 %, 5 % and 2.7 %, respectively.

Lipids profile

Four weeks consumption of black tea as a
sole source of liquid had no significant ef-
fect on plasma lipids profile of animals.
While, alone nicotine administration was
associated with increasing plasma levels of
TG in comparison with control and tea
groups (p<0.01). When animals used black
tea along with nicotine, the TG levels de-
creased significantly (p<0.01), as there was
no significant difference with result of the
control group. On the other hand, separately
or combined use of black tea and nicotine
lead to increase of total cholesterol and
HDL-C that only were significant in nico-
tine and N+T groups whenever compared to
control group. Interestingly, using of these
substances had no remarkable effect on
plasma levels of LDL (Table 1).

Table 1: Plasma lipid levels in different animal groups of study

Group Total Chol HDL-C LDL VLDL TG
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
CTL 45.2+2.6 30.4+1.6 8.41+0.9 6.311.1 45.6+3.5
Tea 48.5+1.9 33.1£1.2 7.910.6 7.51£0.8 59.2+5.2
Nicotine 51.9+1.9% 35.2+1.2* 7.5£0.5 9.3+6* 76.614.2%
N+T 53.6+1.9% 36.3+1.3§ 8.610.7 8.7+0.9 55.31+5.1#

Values are means + SEM. Animal numbers were 12 in each group. CTL: control, Tea: black tea, N+T:
nicotine+black tea, Total Chol: total cholesterol, TG: triglyceride, LDL: low-density lipoprotein, VLDL:
very low-density lipoprotein, HDL-C: high-density lipoprotein. *P < 0.05 and § P < 0.01compared with
CTL group, P < 0.01 compared with CTL and tea group, #P < 0.01 compared with Nicotine group.
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Plasma atherogenic index

Plasma atherogenic index that expressed
as Log (TG/HDL-C) only significantly ele-
vated in the nicotine group. As seen in N+T
group, combination of tea and nicotine re-
duced this index to normal level (Figure 1).
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Figure 1: Atherogenic index of plasma in differ-
ent groups. Values are means + SEM. n= 12,
CTL: control, T: black tea, N: nicotine, N+T:
nicotine+black tea, HDL-C: high-density lipopro-
tein, TG: ftriglyceride. **P < 0.01 versus CTL
and N+T groups

Antioxidant indices

Total antioxidant capacity (TAC) of
heart increased significantly in tea group
versus control group (P<0.05). Administra-
tion of nicotine was associated with a non-
significant reduction of this parameter.
However, combination of tea and nicotine
improved the TAC to the level of CTL
group (Figure 2).
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Figure 2: Total antioxidant capacity (TAC) of
heart tissue. Values are means + SEM. n= 6-7,
CTL: control, T: black tea, N: nicotine, N+T:
nicotine+black tea, *P < 0.05 compared with
CTL. YP < 0.01 compared with nicotine group

TAC {mel/mg protein)

GPx activity showed incremental trend
in tea or N+T groups but had no significant
difference with CTL (Figure 3). The values
of MDA were statistically significant in
nicotine and N+T groups with respect to
CTL group (P< 0.05) (Figure 4).

GPx (U'mg protein)

CTL T N T

Figure 3: Glutathione peroxidase (GPx) activity
of heart tissue. Values are means + SEM. n= 6-
7, CTL: control, T: black tea, N: nicotine, N+T:
nicotine+black tea
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Figure 4: Malondialdehyde (MDA) levels of
heart tissue. Values are means + SEM. n= 6-7,
CTL: control, T: black tea, N: nicotine, N+T:
nicotine+black tea, *P < 0.05 compared with
CTL group

DISCUSSION

Based on some previous findings, it is
believed that nicotine is the main compo-
nent in tobacco smoking causing cardiovas-
cular complications such as atherosclerosis,
hypertension, heart attack and stroke. The
present study was conducted to assess the
consequence of subchronic co-administra-
tion of black tea and nicotine on plasma li-
pids profile and antioxidant levels of heart
tissue of rats to estimate the probable
modulatory effect of black tea on cardio-
vascular side effects of nicotine.
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Subchronic consumption of black tea
and nicotine either alone or in combination
was associated with reduction in animals'
weight gain significantly. However, con-
comitant use of these agents has no nega-
tive synergism effects on body weight gain.
These findings also documented in previous
studies, as it is reported that chronic black
tea extract (50 g in 800 ml) decreased body
weight gain of rats as much as 17.8 %
(Hamdaoui et al., 1997). In addition, the
negative nicotine effect on body weight
gain is reported frequency in literature (An-
dresen et al., 2008; Bellinger et al., 2010)
that all of them confirm our findings.

The results showed also subchronic ad-
ministration of nicotine, despite its preven-
tion effect on animals weight gain, signifi-
cantly increased the plasma levels of total
cholesterol, TG and HDL-C and also ather-
ogenic index of plasma, but had no effect
on plasma LDL-C levels. Moreover, nico-
tine injection resulted to increasing MDA,
as a marker of lipid peroxidation, in heart
tissue. On the other hand, black tea alone
amplifies the antioxidant capacity of heart
tissue, without significant changes in lipid
profile and MDA levels of animals. Con-
comitant use of black tea and nicotine sig-
nificantly attenuated the hyperlipidemic and
atherogenic effects of nicotine but was una-
ble to attenuate the MDA level.

Similar to our findings, in a study, Allen
et al. (1994) showed that, in smoking absti-
nent patients, six weeks transdermal nico-
tine administration leads to an increase in
levels of HDL-C and TG in plasma. Other
experiments also indicated increase in TG
and total cholesterol followed to nicotine
administration but HDL-C reduction was
also reported (Chattopadhyay and Chatto-
padhyay, 2008; Valenca et al., 2008).

The discrepancy in HDL-C result may
be due to the different experimental condi-
tion, animals’ specious and even the dose
and period of nicotine administration. In
addition, increasing of lipid peroxidation
(as the MDA elevation) followed to nico-
tine administration is reported in other stud-
ies (Ashakumary and Vijayammal., 1996;

Zhou et al., 2010). These results are con-
sistent with our results.

LDL-C is the key target in treatment of
hyperlipidemia. However, many cardiovas-
cular events occur in the presence of normal
LDL-C. Previous findings considered a
predictive role for low HDL-C and high TG
on the incidence cardiovascular events. Ga-
ziano et al. (1997) proposed “the ratio of
triglycerides to HDL-C” as a strong predic-
tor of myocardial infarction. Recently, it
was shown that hypertriglyceridemia is in-
dependently associated with endothelial
dysfunction in patients with coronary heart
disease during statin therapy and hypertri-
glyceridemia therapy is recommended in
these patients (Yunoki et al., 2011).

Zoppini et al. (2012) indicated that the
TG/ HDL-C ratio was associated with an
increased incidence of microvascular com-
plications in individuals with type 2 diabe-
tes mellitus. In another human study, the
positive correlation between TG/HDL-C
and obesity/overweight and metabolic syn-
drome were reported (Musso et al., 2011). It
is believed that hypertriglyceridemia is as-
sociated with increased small, dense LDL
particles and also amplified cholesteryl es-
ter (CE) mass transfer from HDL-C to
apolipoprotein B (apoB)-containing lipo-
proteins (Guérin et al., 2001). TG has also
been proposed to be a major determinant of
cholesterol esterification/transfer and HDL-
C remodeling in human plasma (Murakami
et al., 1995).

According to available information, the
increased level of plasma triglyceride as an
independent risk factor of cardiovascular
disease and Log (TG/HDL-C) as a plasma
atherogenic index (Dobiasova and Frohlich,
2001) are important in the cardiovascular
pathogenesis. Based on increasing these
two parameters, along with rising of lipid
peroxidation index (MDA) in nicotine
group, one can conclude that cardiovascular
disorder is one of the outcomes of nicotine
consumption. High plasma TG leads to in-
creasing TG-enriched HDL-C. TG-enriched
HDL-C is substrates for hepatic lipase (HL)
that hydrolyzes TGs to form small, dense
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HDL-C (Barter et al., 2003). Both HL-
HDL-C lipolysis and TG-enriched HDL-C
increase HDL-C catabolism (Rashid et al.,
2002, 2003). Ashakumary and Vijayammal
(1997) have reported increase of TG-
enriched HDL-C in rats that received nico-
tine which is consistent with our findings.
Furthermore, toxic effect of nicotine may
reduce the number of hepatocytes and
hence increased lipid metabolism disturb-
ance (Valenca et al., 2008).

Tea usage alone had no significant ef-
fect on lipids profile despite its prevention
effect on animals weight gain, but was as-
sociated with increasing TAC and in some
extent, GPx. In agreement with our results,
amplification of the antioxidant system by
black tea is reported by others (Bhatta-
charyya et al., 2007; Khan, 2006) and at-
tributed to black tea flavonoids. As shown
in the Results' section, when black tea is
consumed with nicotine, plasma atherogen-
ic index and TG level significantly decreas-
es and the share of HDL-C in total choles-
terol level is increased. It was recently re-
ported that black tea polyphenols attenuated
postprandial hypertriacylglycerolemia by
decreasing  triacylglycerol  absorption
through the inhibition of pancreatic lipase
activity (Kobayashi et al., 2009; Ikeda et
al., 2005). Therefore, in our study, plasma
TG reduction in T+N group may result
from polyphenol induced pancreatic lipase
inhibition and hence reduction of TG ab-
sorption.

Regarding the oxidant/antioxidant activ-
ity, in present study, despite the MDA level
elevation in nicotine groups, TAC and GPx
did not show significant changes in respect
to the control group. This finding raises two
possibilities; firstly, antioxidant system of
heart tissue similar to brain tissue (Linert et
al., 1999; Tunez et al., 2004), may have a
different response to nicotine, and secondly,
considering to subchronic use of nicotine in
the present study, it may have not been
enough time for depletion of antioxidant
reserves of heart tissue. However signifi-
cant increases of MDA and non significant
decremental trend of heart total antioxidants

is a sufficient reason for the increasing lipid
peroxidation in presence of nicotine.

Altogether, the antioxidant power of
black tea was not significant for improve-
ment of nicotine induced lipid peroxidation
in our study. In addition to the above possi-
bilities, dose dependent antioxidant effects
of tea (Lee et al.,, 2005; Gardner et al.,
2007) is the other probable reason for inad-
equacy of tea consumed in this study in re-
ducing MDA in T+N groups, however, to
clarify the exact mechanism of these find-
ings need more investigation.

In conclusion, the present study sug-
gests that black tea consumption may pro-
tect the cardiovascular system from some
deleterious effects of nicotine, including
hyperlipidemia and atherogenesis even
without remarkable effects on heart antiox-
idant levels. This may be partly by inhibi-
tion of intestinal TG absorption and hence
decreasing plasma atherogenic index and
also by prevention of nicotine-induced lipid
metabolism. If our results can be extrapo-
lated to human, tobacco smokers who daily
drink a considerable amount of black tea
are less at risk of cardiovascular disease.

ACKNOWLEDGMENT

The authors are thankful to the Vice
Chancellor for Research, Kerman Universi-
ty of Medical Sciences for financial support
of the project.

REFERENCES

Allen SS, Hatsukami D, Gorsline J. Choles-
terol changes in smoking cessation using
the transdermal nicotine system. Transder-
mal Nicotine Study Group. Prev Med 1994;
23:190-6.

Andresen JH, Godang K, Munkeby BH,
Stray-Pedersen B, Saugstad OD. Nicotine
in a small-to-moderate dose does not cause
a significant increase in plasma catechola-
mine levels in newborn piglets. Neonatolo-
gy 2008;94:279-83.

314



EXCLI Journal 2012;11:309-317 — ISSN 1611-2156

Received: May 18, 2012, accepted: June 12, 2012, published: June 19, 2012

Ashakumary L, Vijayammal PL. Additive
effect of alcohol and nicotine on lipid per-
oxidation and antioxidant defence mecha-
nism in rats. J Appl Toxicol 1996;16:305-8.

Ashakumary L, Vijayammal PL. Effect of
nicotine on lipoprotein metabolism in rats.
Lipids 1997;32:311-5.

Barter PJ, Brewer HB Jr, Chapman MJ,
Hennekens CH, Rader DJ, Tall AR. Choles-
teryl ester transfer protein: a novel target
for raising HDL-C and inhibiting athero-
sclerosis. Arterioscler Thromb Vasc Biol
2003;23:160-7.

Bellinger LL, Wellman PJ, Harris RB, Kel-
so EW, Kramer PR. The effects of chronic
nicotine on meal patterns, food intake, me-

tabolism and body weight of male rats.
Pharmacol Biochem Behav 2010;95:92-9.

Benowitz N. Nicotine safety and toxicity.
New York: Oxford University Press, 1998.

Bhattacharyya A, Mandal D, Lahiry L,
Bhattacharyya S, Chattopadhyay S, Ghosh
UK et al. Black tea-induced amelioration of
hepatic oxidative stress through antioxida-

tive activity in EAC-bearing mice. J Envi-
ron Pathol Toxicol Oncol 2007;26:245-54.

Chattopadhyay K, Chattopadhyay BD. Ef-
fect of nicotine on lipid profile, peroxida-
tion & antioxidant enzymes in female rats

with restricted dietary protein. Indian J] Med
Res 2008;127(6):571-6.

Dobiasova M, Frohlich J. The plasma pa-
rameter log (TG/HDL-C) as an atherogenic
index: correlation with lipoprotein particle
size and esterification rate in apoB-
lipoprotein-depleted plasma (FERHDL-C).
Clin Biochem 2001;34:583-8.

Dufty SJ, Keaney JF Jr, Holbrook M,
Gokce N, Swerdloff PL, Frei B et al. Short-
and long-term black tea consumption re-
verses endothelial dysfunction in patients
with coronary artery disease. Circulation
2001;104:151-6.

Dunn WL Jr, Thomas CB. The relationship
of smoking and habits of nervous tension.
In: Dunn W, Winston VR (eds): Smoking
behavior: motives and incentives (pp 157-
70). Washington, DC: Wiley, 1973.

Gardner EJ, Ruxton CHS, Leeds AR. Black
tea — helpful or harmful? A review of the
evidence. Eur J Clin Nutr 2007;61:3—18.

Gaziano JM, Hennekens CH, O’Donnell
CJ, Breslow JL, Buring JE. Fasting triglyc-
erides, high-density lipoprotein, and risk of
myocardial infarction. Circulation 1997;96:
2520-5.

Geleijnse J, Launer L, van der Kuip D,
Hofman A, Witteman J. Inverse association
of tea and flavonoid intakes with incident
myocardial infarction: the Rotterdam Study.
Am J Clin Nutr 2002;75:880—6.

Golding JF, Harpur T, Brent-Smith H. Per-
sonality, drinking and drug-taking corre-

lates of cigarette smoking. Person Indiv
Diff 1983;1:703-6.

Guérin M, Le Goff W, Lassel TS, Van Tol
A, Steiner G, Chapman MJ. Proatherogenic
role of elevated CE transfer from HDL-C to
VLDL1 and dense LDL in type 2 diabetes.
Arterioscler Thromb Vasc Biol 2001;21:
282-9.

Hamdaoui M, He'dhili A, Doghri T, Tritar
B. Effect of tea decoction given to rats ad
libitum for a relatively long time on body
weight gains and iron, copper, zinc, magne-
sium concentrations in blood, liver, duode-
num and spleen. Ann Nutr Metab 1997;41:
196-202.

315



EXCLI Journal 2012;11:309-317 — ISSN 1611-2156

Received: May 18, 2012, accepted: June 12, 2012, published: June 19, 2012

Ikeda I, Tsuda K, Suzuki Y, Kobayashi M,
Unno T, Tomoyori H et al. Tea catechins
with a galloyl moiety suppress postprandial
hypertriacylglycerolemia by delaying lym-
phatic transport of dietary fat in rats. J Nutr
2005:135;155-9.

Joukar S, Najafipour H, Khaksari M,
Sepehri Gh, Shahrokhi N, Dabiri S et al The
effect of saffron consumption on biochemi-
cal and histopathological heart indices of

rats with myocardial infarction. Cardiovasc
Toxicol 2010;10:66-71.

Joukar S, Bashiri H, Dabiri S, Ghotbi P,
Sarveazad A, Divsalar K et al. Cardiovascu-
lar effects of black tea and nicotine alone or
in combination against experimental in-
duced heart injury. J Physiol Biochem
2012;68:271-9.

Khan SM. Protective effect of black tea ex-
tract on the levels of lipid peroxidation and
antioxidant enzymes in liver of mice with
pesticide-induced liver injury. Cell Bio-
chem Funct 2006;24:327-32.

Kobayashi M, Ichitani M, Suzuki Y, Unno
T, Sugawara T, Yamahira T et al. Black-tea
polyphenols suppress postprandial hypertri-
acylglycerolemia by suppressing lymphatic
transport of dietary fat in rats. J Agric Food
Chem 2009;57:7131-6.

Koch TR, Stryker SJ, Telford GL, Opara
EC. Total antioxidant capacity is reduced in
Crohn’s disease. Nutr Res 2002;22:825-33.

Kovacic P, Cooksy A. Iminium metabolite
mechanism for nicotine toxicity and addic-
tion: oxidative stress and electron transfer.
Med Hypotheses 2005;64:104—11.

Krishnan R, Maru G. Isolation and analyses
of polymeric polyphenol fractions from
Black tea. Food Chem 2006;94:331-40.

Kuulasmaa K, Tunstall-Pedoe H, Dobson
A, Fortmann S, Sans S, Tolonen H et al.
Estimation of contribution of changes in
classic risk factors to trends in coronary —
event rates across the WHO MONICA
project populations. Lancet 2000;335
(9205):675.

Lee SY, Lee JW, Lee H, Yoo HS, Yun YP,
Oh KW et al. Inhibitory effect of green tea
extract on beta-amyloid-induced PC12 cell
death by inhibition of the activation of NF-
kappaB and ERK/p38 MAP kinase pathway
through antioxidant mechanisms. Brain Res
Mol Brain Res 2005;140:45-54.

Linert W, Bridge MH, Huber M, Bjugstad
KB, Grossman S, Arendash GW. In vitro
and in vivo studies investigating possible
antioxidant actions of nicotine: relevance to

Parkinson's and Alzheimer's diseases. Bio-
chim Biophys Acta 1999;1454:143-52.

Lowry OH, Rosebrough NJ, Farr AL, Ran-
dall RJ. Protein estimation with the folin-
phenol reagent. J Biol Chem 1951;193:265—
75.

Luo HL, Zang WIJ, Lu J, Yu XJ, Lin YX,
Cao YX. The protective effect of captopril
on nicotine-induced endothelial dysfunction

in rat. Basic Clin Pharmacol Toxicol
2006;99:237-45.

Murakami T, Michelagnoli S, Longhi R,
Gianfranceschi G, Pazzucconi F, Calabresi
L et al. Triglycerides are major determi-
nants of cholesterol esterification/transfer
and HDL-C remodeling in human plasma.
Arterioscler Thromb Vasc Biol 1995;15:
1819-28.

Musso C, Graffigna M, Soutelo J, Honfi M,
Ledesma L, Miksztowicz V et al. Cardio-
metabolic risk factors as apolipoprotein B,
triglyceride/HDL-cholesterol ratio and C-
reactive protein, in adolescents with and
without obesity: cross-sectional study in
middle class suburban children. Pediatr Di-
abetes 2011;12:229-34.

316



EXCLI Journal 2012;11:309-317 — ISSN 1611-2156

Received: May 18, 2012, accepted: June 12, 2012, published: June 19, 2012

Norioko T, Momiyama K, Oosone A, Saito
Y. Effect of nicotine on blood pressure,
body weight and serum lipids of rats.
Arukoru Kenkyu Yaku lzon 1981;16:133-
40.

Ohkawa H, Ohishi N, Yagi K. Assay of li-
pid peroxidation in animal tissues by thio-

barbituric acid reaction. Anal Biochem
1979;95:351-8.

Rashid S, Barrett PH, Uffelman KD,
Watanabe T, Adeli K, Lewis GF. Lipolyti-
cally modified triglyceride-enriched HDLs
are rapidly cleared from the circulation. Ar-
terioscler Thromb Vasc Biol 2002;22:483—
7.

Rashid S, Trinh DK, Uffelman KD, Cohn
JS, Rader DJ, Lewis GF. Expression of hu-
man hepatic lipase in the rabbit model pref-
erentially enhances the clearance of triglyc-
eride-enriched versus native high-density
lipoprotein apolipoprotein A-I. Circulation
2003;107:3066-72.

Sudheer AR, Kalpana C, Srinivasan M,
Menon VP. Ferulic acid modulates altered
lipid profiles and prooxidant/antioxidant
status in circulation during nicotine-induced
toxicity: a dose dependent study. Toxicol
Mech Method 2005;15:375-81.

Tan MH, Johns D, Glazer NB. Pioglitazone
reduces atherogenic index of plasma in pa-

tients with type 2 diabetes. Clin Chem
2004;50:1184-8.

Tunez I, Montilla P, Muiioz MC, Drucker-
Colin R. Effect of nicotine on 3-nitropro-
pionic acid-induced oxidative stress in syn-
aptosomes. Eur J Pharmacol 2004;504:169—
75.

Valenca SS, Gouveia L, Pimenta WA,
Porto LC. Effects of oral nicotine on rat liv-
er stereology. Int J Morphol 2008;26:1013-
22.

Yildiz D, Ercal N, Armstrong DW. Nico-
tine enantiomers and oxidative stress. Toxi-
cology 1998;130:155-65.

Yoxall V, Umachandran M, Wilson J,
Kentish P, Ioannides C. Black tea intake
modulates the excretion of urinary muta-
gens in rats exposed to 6-aminochrysene:
induction of cytochromes P450 by 6-amino-
chrysene in the rat. Mutagenesis 2005;20:
23-8.

Yunoki K, Nakamura K, Miyoshi T, Enko
K, Kubo M, Murakami M et al. Impact of
hypertriglyceridemia on endothelial dys-
function during statin + ezetimibe therapy

in patients with coronary heart disease. Am
J Cardiol 2011;108:333-9.

Zhou X, Sheng Y, Yang R, Kong X. Nico-
tine promotes cardiomyocyte apoptosis via
oxidative stress and altered apoptosis-

related gene expression. Cardiology 2010;
115:243-50.

Zipes DP, Libby P, Bonow OR, Braunwald
E. Braunwald's heart disease: a text book of
cardiovascular medicine. Philadelphia, PA:
Saunders, 2008.

Zoppini G, Negri C, Stoico V, Casati S,
Pichiri I, Bonora E. Triglyceride—high-
density lipoprotein cholesterol is associated
with microvascular complications in type 2
diabetes mellitus. Metabolism 2012;61:22-
9.

317



