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Effects of nicotine and vitamin E on 6-phosphogluconate dehydrogenase
activity in some rat tissues in vivo and in vitro
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Abstract

The aim of this study was to investigate whether nicotine affects 6-phosphogluconate dehydrogenase (6’GD) enzyme activity
in some rat tissues, and to see the modulatory effects of vitamin E on this effect iz vivo. In addition, the effects of nicotine and
vitamin E on 6PGD activity were also tested in vitro. The groups were: nicotine [0.5 mg/kg/day, intraperitoneal (i.p.)];
nicotine + vitamin E [75 mg/kg/day, intragastric (i.g.)]; and control group (receiving only vehicles). There were eight rats per
group and supplementation period was 3 weeks. The results of z vivo study showed that nicotine activated the muscle, lungs,
and testicular 6PGD enzyme activity but had no effect on heart and liver 6PGD activity. Also, nicotine + vitamin E activated
the muscle, testicle, and liver 6PGD enzyme activity, while this combination had no effect on heart, and lungs iz vivo. When
nicotine is administered with vitamin E the increase in 6PGD enzyme activity in muscle and testicles were lower. On the other
hand the increase in 6PGD enzyme activity was eliminated by vitamin E in lungs, while 6PGD enzyme activity was increased
by vitamin E, which was not affected by nicotine only. Iz vitro results correlated well with in vivo experimental results. Our
results suggest that vitamin E may favourably increase 6PGD enzyme activity in liver in nicotine treated rats, while it has
negligible effects on this enzyme activity in other tissues.
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Introduction There are many drugs which are commonly used by

patients in the world. However, they have a lot of side

The third enzyme of pentose phosphate metabolic
pathway, 6-phosphogluconate dehydrogenase
(EC 1.1.1.44; 6PGD) catalyzes the conversion of
6-PGA to D-riboluse-5-phosphate in the presence of
NADP™. This reaction yields NADPH, which protects
the cell against the oxidant agents by producing
reduced glutathione [1,2]. NADPH is also a
coenzyme participating in the synthesis of a number
of biomolecules such as fatty acids, steroids, and some
amino acids [3,4]. When NADPH level decreases the
concentration of reduced glutathione in living system
declines, resulting in cell death. For this reason,
6PGD can be defined as an antioxidant enzyme [5,6].

effects on the activities of some enzymes such as
G6PD, 6PGD, carbonic anhydrase (CA) and gluta-
thione reductase (GR)  vitro and in vivo [7—16]. If
any drug inhibits 6PGD, the decreased NADPH and
GSH will cause cell damage, resulting in severe health
problems [7,8]. Effects of many chemicals and drugs
on 6PGD enzyme activity have been investigated
[13,17]. Vitamin C has been reported to stimulate
6PGD [18] but no studies could be found on the
in vivo effects of nicotine and vitamin E on rat tissue
6PGD enzyme.

The formation of the reactive oxygen species
(ROS) in cells leads to the formation of free radicals
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in metabolic processes. These harmful species cause
damages in many molecules such as lipids, proteins
and nucleic acids. These harmful effects are
controlled by antioxidant defense system in cells.
The most important molecule in antioxidant defense
system in various tissues of the body is glutathione
[19-23]. Furthermore, the enzymes such as super-
oxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GSH-Px), glutathione reductase (GR),
glucose-6-phosphate dehydrogenase (G6PD) and
6PGD are necessary to remove these radicals and
keep the cells stable. In normal conditions, the
reductive and oxidative capacity of the cell
(redox state) is in favor of oxidation [24-26].
However, ROS produced in oxidative stress
are removed by antioxidant defense system.
Many researchers have determined that nicotine
contributes ROS production [27-29]. Consumption
of cigarettes is common in many human
societies. Two third of the American adults
are addicted to alcohol and 30% of them are
addicted to both cigarette and alchohol [30-33].
Nicotine is a risk for various cardiovascular
diseases and cancer. Nicotine is the major toxic
component of cigarette smoke [34—37]. Kessler et al
[38] have determined a marked increase in
nicotine ratio in all kinds of cigarette in last decade
in US. Shaw et al reported that one cigarette
decreases lifespan 11 minutes [39]. Nicotine
is oxidized to its metabolite cotinine, which has a
long half-life and may take part in vascular diseases
[39-41]. It is reported that chronic nicotine
treatment decreases the cytochrom P450, and
increases free radical formation and leads to
oxidative damage in rats [29,31,37,42-44].
Increased lipid peroxidation in blood of smokers
has also been reported [45].

Since cigarette smoking is common in many
societies, we thought that the effect of nicotine on
6PGD activity is important. Therefore, we investigated
the in vivo effects of nicotine and nicotine + vitamin E
on rat muscle, heart, lungs, testicle and liver 6PGD
activities. In addition, we also tested the effects of
nicotine and vitamin E on 6PGD activity in vitro.

Materials and methods
Materials

NADP™, 6-phosphogluconate, protein assay reagent
were purchased Sigma Chem. Co. All other chemicals
used were analytical grade and purchased from either
Sigma or Merck.

Animals

Twenty-four rats (Sprague-Dawley strain with a body
weight of 225 * 28 g), fed with standard laboratory

chow and water, were used in the study. They were
randomly divided into 3 groups (8 rats per group) and
placed in separate cages during the study. The groups
were as follows:

Group I: Nicotine (0.5 mg/kg/day, i.p.)

Group II: Nicotine (0.5 mg/kg/day, i.p.) + Vitamin
E (75 mg/kg/day, i.g.)

Group III: Control group (received only the same
amounts of vehicles, 0.9% NaCl solution, i.p., and
corn oil, i.g.). Supplementation period was 3 weeks.
Animal experimentations were carried out in an
ethically proper way by following guidelines as set by
the Ethical Committee of the Ataturk University.

Preparation and administration of nicotine

Hydrogen tartrate salt of nicotine (Sigma N-5260) was
dissolved in 0.9% NaCl solution to get a 0.15 mg/mL
concentration of nicotine. Then, pH of the nicotine
solution was adjusted to 7.4 by 0.1 N NaOH. Nicotine
(0.5 mg/kg/day) was administered by intraperitoneal
injection to groups 1, 2 and 3 for three weeks.

Preparation and administration of vitamin E

Vitamin E (Ephynal 300 capsule, Roche, France)
was dissolved in corn oil (30 mg/mL) and adminis-
tered orally by a stomach tube (approximately
75 mg/kg/day) to group 2 for 3 weeks.

Sample collection

At the end of the experiment, the animals
were anesthetized with ketamine-HCl (Ketalar,
20 mg/kg, i.p.). The animals were killed by exsangui-
nation by cardiac puncture after thoracotomy. Then,
each tissue was carefully removed, rinsed in saline and
stored in — 80°C until homogenization.

Preparation of homogenate

A piece of each tissue (approximately 300 mg) was
homogenized by an OMNI TH International, model
TH 220 (Warrenton, VA 20187 USA) homogenizer in
20 mM Tris-HCIL, pH 7.4 (1/10 weight/volume) on ice
for 10 in the first speed level. Then, the homogenates
were centrifuged at 10.000 X g for 15 min at 4°C. The
supernatants were stored at —80°C in aliquots until
biochemical measurements.

Ammonium sulphate fractionation and dialysis

Ammonium sulphate (20-60%) precipitation was
made in homogenate. Ammonium sulphate was slowly
added for completely dissolution. It was centrifuged at
5000 X g for 15 min and precipitate was dissolved in
20mM Tris-HCI (pH 7.4), then dialysed at 4°C
in 20 mM Tris-HCI (pH 7.4) for 2 h with two changes



of buffer. Thus, partially purified total 6PGD was
obtained by ammonium sulphate fractionation and
dialysis from tissue homogenates (muscle, heart, lungs,
testicle, and liver tissues).

In vitro studies

In witro effects of nicotine (5 mM), nicotine (5 mM)
+ vitamin E (10mM) on partially purified with
ammonium sulphate fractionation total 6PGD from
tissues homogenates were investigated. Activies
were measured by adding 20, 40, 60, 80, and
100 pL. of 5mM nicotine, and nicotine (5 mM) +
vitamin E (10mM). Control cuvette activity was
accepted as 100%.

In vivo studies and protein determination

The enzymatic activity was measured by Beutler’s
method [46]. One EU was defined as the enzyme
reducing 1 umol NADP™ per min at 25°C and optimal
pH (pH 8.0). Protein was determined by Bradford’s
method [47] by using bovine serum albumin as a
standard. The enzymatic activity and protein amount
were measured one mL each sample of enzyme. Then,
enzyme activity was determined as EU/mg protein.

Statistical analysis

One-way ANOVA with post-hoc LLSD test was used to
compare the group means and p < 0.05 was
considered statistically significant. SPSS-for windows
(version 10.0) was used for statistical analyses.

Results

Nicotine activated muscle, lungs, and testicle 6PGD
enzyme activity i vivo. The differences in the mean
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values among the nicotine treatment group were
statistically significant (p < 0.05) according to the
Analysis of Variance (Figure 1). However, it had no
effect on the heart and liver 6PGD activity (Figure 1).

Nicotine + vitamin E had also activated the muscle,
testicle, and liver 6PGD enzyme activity. The
differences in the mean values among the nicotine
treatment group were greater than would be expected
by chance; there was a statistically significant
difference (p < 0.05) according to the Analysis of
Variance (Figure 1). On the other hand, nicotine +
vitamin E had no statistically significant effects on the
heart, and lungs 6PGD enzyme activity compared
with the control (Figure 1).

The in vivo results showed that nicotine (0.5 mg/kg)
activated the muscle, lungs, and testicle 6PGD
enzyme activity by ~38.8% (p < 0.001), ~12.6%
(p < 0.05), and ~20.3% (p < 0.05) respectively,
and nicotine had no effects on the heart and liver
6PGD activity i vivo. Also, nicotine + vitamin E
(0.5mg/kg + 75 mg/kg) activated the muscle, testi-
cle, as well as liver 6PGD enzyme activity by ~24.8%
(p < 0.05), ~12.68% (p < 0.05), and ~23.7%
(p < 0.001) respectively, and nicotine + vitamin E
had no effect on the heart, and lungs 6PGD activity
m vivo.

The results of the in wvirro inhibition studies with
nicotine (5mM) and nicotine (5mM) + vitamin E
(10mM) are shown in Table I. As seen, nicotine
activated 6 PGD activity i vitro, in muscle, lungs, and
testicle tissues and this activation was eliminated
partly by vitamin E.

Discussion

There are many drugs and chemicals, which have
adverse effects on living cells when they are used as
therapeutics [19,27-29]. These effects may be very
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Table I.  In vitro effects of nicotine and nicotine + vitamin E on 6-phosphogluconate dehydrogenase activity in the various rat tissues.
Tissues Muscle Heart Lungs Testicle Liver
Volume (pL) (Activity%) (Activity%) (Activity%) (Activity%) (Activity%)

Nicotine (5mM) Control 100 100 100 100 100

20 104 96 102 102 100

40 113 98 103 103 100

60 116 101 109 103 101

80 122 99 115 107 102

100 126 102 117 108 99

Nicotine (5mM) + Control 100 100 100 100 100
Vitamin E (10 mM)

20 102 100 99 104 103

40 106 100 99 107 104

60 112 101 100 111 110

80 116 100 100 110 114

100 116 100 99 110 116

important for health [27]. For example in 1926,
pamaquine used for malaria treatment caused severe
adverse effects in the patients within several days,
resulting in black urination, hyperbilirubinemia,
dramatic decrease in blood hemoglobin levels,
and finally death, which occurred in cases of severe
GO6PD deficiency [30]. Similarly, acetazolamide
inhibited carbonic anhydrase (CA), giving rise to
severe diuresis [31].

Glutathione levels in liver and testicles decrease
markedly by chronic nicotine treatment [16]. Nicotine is
oxidized to its main metabolite cotinine in liver and
causes the formation of free radicals in tissues. The
formation of these radicals causes oxidative damage.
The decrease in GSH in tissues leads to oxidative tissue
damage. There are many studies about the effects of
nicotine on the enzyme activities. For example,
Gumustekin et al. [48] have reported that nicotine has
increased the activity of GSH-Px of brain while vitamin-
E reversed this effect. Nicotine has also inhibited the
brain glutathione S-transferase (GST) enzyme and this
inhibition has been reversed by vitamin-E, too. In
addition, Suleyman et al. [49] have reported that
nicotine has inhibited the activity of SOD of erythro-
cytes, however vitamin-E could not reverse this effect.

Activation of liver enzymes in rats, which were
exposed to cigarette smoke [50], and increased
(2.5 fold) expression of enzymes of energy metabolism
in nicotine treated rats [51] were found. In addition,
activation of adenylate cyclase enzyme in nicotine
(6 mg/kg) treated rats was demonstrated by Abreu-
Villaca et al. [52].

As seen in Figure 1, when nicotine is administered
with vitamin E, the increase in 6PGD enzyme activity
in muscle decreased from 38.8% to 24.8, while this
increase in testicle decreased from 20.3% to 12.68%.
On the other hand the increase in 6PGD enzyme
activity was eliminated by vitamin E in lungs. In vitro
6PGD activation results generally correlated well with
n vivo experimental results. Our results suggested that
vitamin E may favorably increase 6PGD enzyme

activity in the liver of nicotine treated rats, while it has
negligible effects an other tissues.
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