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I Abstract
Introduction. Nicotine is an alkaloid that affects the functioning of the central nervous system and produces dependence.
Inlow doses, it acts as a stimulant and relaxant. Nicotine was reported to have pro-cognitive effects in humans and animals.
However, high doses of nicotine are harmful for many organs.The aim of the study was to check whether a 30-day exposure
to transdermal nicotine affects memory and biochemical parameters in mice.
Materials and method. A total of 32 mice (16 males and 16 females) were used in the experiment. Mice were divided into
4 groups of 8 animals each: | control-females receiving placebo patches for 30 days, Il females receiving nicotine patches
for 30 days, Il control-males receiving placebo patches, IV males receiving nicotine patches. Spontaneous alternation and
locomotor activity were examined weekly in a Y-maze. Body mass was recorded daily. On day 30, venous blood samples
were obtained and the animals were anaesthetized with CO,. Their blood was used to measure alanine transaminase (ALT),
asparagine transaminase (AST), cholesterol, creatinine and glycosylated haemoglobin (HbA C).
Results. Nicotine significantly improved memory in male mice on day 8. It increased ALT and AST activities in males and
females, as well as the concentration of cholesterol in their blood sera.
Conclusions. In conclusion, transdermal nicotine may produce transient improvement in fresh spatial memory in male
mice, but it is not a long-term effect and therefore nicotine does not seem to be appropriate for use in the treatment of
neurodegenerative disorders. It elevates blood cholesterol level and thus may increase the risk of atherosclerosis and

cardiovascular events; moreover, it negatively affects liver enzymes. Nicotine use is therefore not recommended.
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INTRODUCTION

Nicotine is an alkaloid found in the nightshade family of
plants. Nicotine in low doses acts as a stimulant and relaxant,
but high doses can be harmful [1] because it produces
psychopharmacological effects by activating the nicotinic
acetylcholine receptors (nAChR) that are normally activated
by the endogenous acetylcholine (ACh) [2]. The widespread
expression of nAChR throughout the nervous system
accounts for the wide variety of effects produced by nicotine.
Nicotine has a crucial influence on the synaptic mechanisms
of learning and also contributes to the addiction process
[3]. Nicotine directly and indirectly activates midbrain
dopamine neurons and causes dopamine release [3]. Nicotine
is highly addictive and the addiction drives tobacco use by
one billion people worldwide, causing nearly six million
deaths a year, as nicotine is harmful to all internal organs
[4]. Nicotine abuse is associated with cardiovascular disease
[5], maternal toxicity and potential birth defects [6], cancer
[7] and poisoning [8].
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The metabolism of nicotine in mice is very similar to that
in humans; therefore, mice are considered to be good models
for experiments with the use of nicotine. It is expected that
they mirror the effects in humans [9, 10].

Nicotine-releasing patches are used in nicotine replacement
therapy [11]. Transdermal bioavailability of nicotine is
estimated to be 68%. After absorption, nicotine is distributed
with the blood, and blood rich in nicotine stimulates the
release of ACh, norepinephrine, adrenaline and dopamine
[12, 13, 14]. This release of neurotransmitters and hormones
is responsible for psychoactive effects of nicotine. Nicotine
causes the release of glucose from the liver and adrenaline
from the adrenal medulla, which is how it produces the
stimulating effect in users. In high doses, nicotine is toxic.
Most cases of poisoning with nicotine occur after exposure to
tobacco products [8], gum or patches. Workers who cultivate,
harvest, or handle tobacco may experience green tobacco
sickness, caused by dermal absorption of nicotine [15].

As the elderly population grows worldwide, there is a rise
in the number of people suffering from age-related memory
impairment. The pro-cognitive effects of tobacco in the
elderly have been of great interest to many researches [16, 17].
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OBJECTIVE

The aim of the study was to observe the behavioural and
biochemical features of mice exposed to transdermal
patches releasing nicotine at the dose of 0.12 mg/24 h for 30
subsequent days.

MATERIALS AND METHOD

All the experimental procedures were conducted with
respect for the legal regulations of the European Community,
including Poland. They were conducted in the Laboratory of
Behavioural Studies at the Animal Quarters of the Medical
University in Lublin, Poland. The Local Ethics Committee
for Animal Experiments in Lublin approved the experiment
(Opinion No. 8/2015, dated 23 January 2015). The experiments
were performed between 08:00 - 18:00 in standard laboratory
conditions.

Albino Swiss mice weighing 18-24 g and approximately 6
weeks old were purchased from a licensed breeder (J. Kotacz,
Wilga, Warsaw, Poland) for use in the study. All animals
were given a 7-day acclimation period and maintained on a
12 h light/dark cycle. Food and tap water were provided ad
libitum. The colony room was maintained at 21+2°C, 50+10%
relative humidity on a 12-hour-light/-dark cycle (lights on
at 07:00). Thirty-two animals were used in the experiment.

Mice were randomly divided into 4 groups of 8 mice:

« Control females receiving sham patches and handled in
the same way as tested mice.
o Females receiving transdermal nicotine patches releasing

0.12 mg of nicotine/24 h.
 Control males receiving sham patches and handled in the

same way as tested mice,

« Males receiving transdermal nicotine patches releasing

0.12 mg of nicotine/24h. The nicotine patches were attached

at the base of the tails of the mice.

Nicotine in the form of patches releasing 21 mg of nicotine
per 24 hours (NiQuitin21 mg/24h. Step 1; GlaxoSmithKline)
used for nicotine replacement therapy (NRT) was used. Every
day, a new patch was cut into pieces containing 0.12 mg of
nicotine and the scraps were placed at the base of mice tail
once daily for 30 consecutive days. The piece of patch was
protected with adhesive tape used in dressing wounds each
time after application.

The animals were tested in a Y-maze. Spontaneous
alternation in a Y-maze is considered as a measure of spatial
working memory [18]. The mice were individually placed in
the Y-maze consisting of 3 compartments measuring 10 x 10
x 10 cm at the angle of 120°. The Y-maze had no floor and
each time it was placed on a clean sheet of paper on a table
top in order to prevent odour clues. Alternation (defined as
consecutive entries into all 3 sections without repetitions) was
scored. The percent alternation was calculated as the ratio
of actual possible alternations (defined as the total number
of section entries — 2) x 100. The ability to alternate requires
that the mice remember which sections have previously been
visited. Therefore, spontaneous alternation is regarded as a
measure of spatial working memory [18].

The number of arm entries is also a measure of locomotor
activity. Spontaneous alternation and locomotor activity were
examined in a Y-maze on days 1, 8, 15, 22 and 29.

Body mass was recorded daily. On day 30, venous blood
samples were obtained and the animals anaesthetized
with CO,. Their blood was used to measure the activity
of alanine transaminase (ALT), asparagine transaminase
(AST), concentration of cholesterol, creatinine and glycated
haemoglobin (HbA C).

The results obtained were shown as means + SEM, and
evaluated by one-way analysis of variance ANOVA followed
by Dunnett’s test. The p value < 0.05 was considered
statistically significant.

RESULTS

Nicotine did not significantly affect locomotor activity in
mice (Fig.1), but significantly improved fresh spatial memory
in male mice on day 8 (Fig. 2). The mean percentage of
logical alternations in male mice exposed to transdermal
nicotine on day 8 was 92%, compared to 44% in control males
(p<0.05). Nicotine did not affect the rate of weight gain in
the experimental animals (Fig. 3); however, it produced an
increase in the activities of AST (Fig. 4) and ALT (Fig. 5) in the
blood sera. The mean ALT concentration in the sera of female
mice exposed to nicotine was by 58% higher than in controls
(p<0.05), while the mean AST in females exposed to nicotine
was 167U/, compared to 88U/l in controls (p<0.05). Nicotine
did not significantly affect the concentration of creatinine
(Fig. 6) in mice blood sera, but significantly increased the
concentration of total cholesterol (Fig. 7) in the blood sera
of both female and male mice. Mean concentrations of total
cholesterol were: 86mg/dl in females exposed to nicotine
compared to 64mg/dl in controls and 97mg/dl in males,
compared to 65mg/dl in controls, respectively (p<0.05).
Nicotine did not significantly affect the level of HbA C (Fig. 8)
in mice.
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Figure 1. Locomotor activity measured in the Y-maze within 8 min
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Figure 8. HbA1C concentration in the blood

DISCUSSION

In the presented study, the dose of 0.12mg/24h nicotine
was chosen to produce a model of subacute poisoning
in the experimental poisoning. The fact was taken into
consideration that the range of toxic doses of nicotine is
very wide: according to Szymariska et al. nicotine’s LD, by
gavage in different animals ranges from 3.34 -199 mg/kg/bw
for humans 0.5-1mg/kg/bw, but there were cases of survival
after ingestion of 4g [10]. Dermal dosage is less common;
however, it is worth noting because nicotine patches are
recommended in the treatment of nicotine dependence.
As has been reported, dermal exposure of humans to toxic
doses of nicotine occurs during the picking and drying of
nicotiana tabacum leaves (green tobacco sickness), spraying
nicotine as a pesticide or after accidental use by children.
If we compared the dose of nicotine/kg bw from nicotine
patch used in the treatment of nicotine dependence for a
human with an average body mass of 70kg to the dose used
in the present study in mice, it would be 21mg nicotine/70kg
human bw/day, compared to 0.12mg/20g of mice bw/day.
Therefore, the dose used for experimental animals was 20
times higher than the dose recommended for humans during
nicotine replacement therapy. As underlined in the literature,
human exposure to nicotine stimulates atherosclerosis and
cardiovascular disease in males. We wanted to mimic the
effect during an experiment of 30-day duration in which an
increase in cholesterol level in mice blood sera was expected
[10]. Nicotine is metabolized in a very similar way in mice
and humans [9]. The metabolism takes place in the liver via
C-oxidation, demetylation and C-oxydation, N-oxydation
or N-metylation [10]. The main metabolites are cotinine
and nicotin-I’N-oxide which are excreted with urine [10].
In the presented study, ALT, AST and creatinine were also
measured. Moreover, the liver is an organ of key importance
for lipid and carbohydrate metabolism; therefore, HbA C and
cholesterol were additionally measured. As the main effects
of nicotine action are in the nervous system, a behavioural
test was performed.

Nicotine at high doses acts on the nAChR in the skeletal
muscles producing muscle fibrillation and paralysis [19]. In
this study, the dose (0.12 mg of nicotine/24 h) was so low that
it did not affect the level of locomotor activity of the mice. On
the other hand, the dose used was high enough to produce
pro-cognitive effect in the male mice on day 8. This can be
explained by the fact that nicotine has a higher affinity for
nAChRs in the brain than those in skeletal muscle [1]. On
days 15, 22 and 29 the % of logical alternation in male mice
exposed to nicotine was still higher than in male controls,
but the differences were not statistically significant. This may
have been due to developing tolerance to the drug.



Annals of Agricultural and Environmental Medicine 2019, Vol 26, No 1

65

Barbara Nieradko-Ilwanicka, Dorota Pietraszek, Katarzyna Posnik, Andrzej Borzecki. Prolonged exposure to transdermal nicotine improves memory in male mice...

Nicotine is known to have a pro-cognitive effects on the
central nervous system by acting as an agonist for nAChRs.
Due to its short half-life (2-6h) [20], high toxicity (oral LD,
in mice 3.3-24mg nicotine/kg of body mass; in rats, 50—
188mg/kg) and high potential for producing addiction there
is a discussion among scientists whether it could be used
as a pro-cognitive drug in humans [10]. Since cholinergic
neurotransmission plays a major role in cognition, stimulation
of the nAChR may be a target for cognitive enhancement.
While nicotine is believed to improve performance in several
cognitive domains, the results of individual studies vary.
A possible explanation for these findings is that the effect
of nicotine administration may be dependent on baseline
cognitive function, where subjects with a suboptimal
cognitive performance may benefit from nicotine, while
subjects who already perform optimally may show a decline
in performance after nicotinic stimulation [21]. This theory
is supported by the study of Seidl et al. who investigated
the effect of nicotine administered transdermally (5 mg
transdermal patches) on cognitive performance in adult
humans with Down’s syndrome. They recorded significant
improvements in information processing [22]. Several studies
have shown that nicotine use may help to improve cognitive
deficits in the population of schizophrenia patients [23, 24],
especially because as much as 72-90% of this population
smoke cigarettes [25].

In the presented study, at baseline males had better memory
than females, despite the fact that it was the male mice which
demonstrated the pro-cognitive effect of nicotine on day 8.
This may be because the mice were not suffering from any
disease or were exposed to nicotine before the experiment.
According to Newhouse etal., healthy individuals are unlikely
to show cognitive benefits after nicotinic stimulation, except
under extreme task conditions [26].

As the human population is ageing, scientists hope that
transdermal nicotine could be effective in the treatment
of neurodegenerative diseases. Noshita et al., showed that
nicotine ameliorated learning and memory deficits in rats
injected with amyloid, which is mediated by the enhancement
of cholinergic neurotransmission. The ligands of nAChR,
including nicotine, are thought to be useful as a treatment
for Alzheimer’s disease [27]. This theory is supported by
the results obtained by other authors. According to Li
et al., who conducted a study on rats receiving nicotine
orally and intravenously, cotinine - the major metabolite of
nicotine - is a potential pro-cognitive agent and could be a
potential therapeutic in Alzheimer’s disease [28]. The effect
of transdermal nicotine on behaviour was studied by Evans
et al. [29]. The authors noticed that nicotine administration
facilitated and nicotine deprivation reduced cognitive control
in smokers. Importantly, nicotine effects on cognition
reinforced smoking behaviour, especially among individuals
who had cognitive deficits. A 7 mg nicotine patch failed to
enhance neural indices of cognitive control among non-
smokers in that study [29].

Nicotine is metabolized in the liver. Although Robinson
and Whitehead showed only a weak effect of exposure to
nicotine on the liver function in humans, they underlined
that nicotine increased y-glutamyl transferase (GGT).
However, their study concerned only human male subjects
[30]. In the presented study, exposure to nicotine was shown
to increase the activities of AST and ALT in mice blood sera,
which showed that prolonged exposure to nicotine might

damage the liver. The results are in agreement with those
obtained in the study by Fahim et al. who injected mice with
nicotine at the dose of 1mg/kg of body mass intraperitoneally
for 21subsequent days. They recorded a significant rise in
ALT and AST activities [31].

Nicotine and its metabolites are excreted with urine
[32]; therefore, it was decided in the current study to asses
kidney function in the experimental animals by measuring
creatinine level in their blood sera. It was shown that nicotine
did not affect creatinine concentration in mice blood sera.
Other studies, however, show that cigarette smoking leads
to the progression of chronic kidney disease, especially in
diabetic patients [33].

Whether nicotine leads to a persistent increase in blood
glucose levels is not clear. According to Szymanska et al., rat
exposure to nicotine at a total dose of 315mg over 90 days,
or at a cumulative dose of 359mg over 28 days, produced a
serious dysregulation in the lipid and carbohydrate levels
in the blood sera [10]. According to Ashakumary et al.,
female rats exposed to nicotine at the dose of 3.5mg/kg for
90 days by gavage increased total cholesterol concentration,
and phospholipid and triglycerides concentration in their
blood sera [34]. Glycated haemoglobin (HbA C) or glycated
albumin can be used as a markers of glycaemia in diabetes
and vascular complications [35]. In the current study, the
dose of nicotine used did not affect the rate of weight gain
or affect the level of HbA C in mice.

According to Mc Culloch etal., smoking is associated with a
decrease in body weight in patients without diabetes mellitus,
and anincrease in insulin resistance and haemoglobin HbA C
levels in patients with type 1 diabetes mellitus [36]. Nicotine
is known to reduce the appetite and increase metabolism;
therefore, many smokers lose weight. Whether smoking
is associated with an increase in HbA C and/or a decrease
in body mass index (BMI) in type 2 diabetes mellitus is
unresolved, however. In the study by Clair et al. it was shown
that the presence of nicotine metabolite cotinine in the body
is associated with increased HbA Cin the population without
diabetes [37]. McCulloch et al. studied the effect of smoking
on HbA C levels and BMI in a cross-section of outpatients
with type 2 diabetes mellitus [36]. The results obtained in
their study suggest that smoking does not have a significant
direct effect on BMI or HbA Cin patients with type 2 diabetes
mellitus. The authors suggest that the relationship between
these factors is much more complex than in people without
diabetes, or in patients with type 1 diabetes mellitus.

In the current study, the exposure to nicotine resulted in
a significant elevation of cholesterol concentration in mice
blood sera. On one hand, high blood cholesterol strongly
increases the risk of thromboembolic injury [31], while on
the other hand, Elahy et al. found that nicotine moderately
protects the blood brain barrier (BBB) integrity. They used an
established mouse model of BBB disruption induced by a diet
enriched in saturated fatty acids (SFA).The authors concluded
that nicotine moderately attenuated BBB disruption induced
by chronic ingestion of high-SFA diet, but had no significant
effect on neuroinflammation [38].

The problem of exposure to tobacco and its consequences
for health is extremely important in Eastern European
countries, especially in Poland, Hungary and Romania, as
in these countries the percentage of female smokers is as high
as40%. As a consequence, Poland and other central European
countries have the highest mortality from lung cancer in
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women, compared to other countries. The correlation
between tobacco smoking and the development of lung
cancer has been well known since 1970 [4, 39].

Despite authors’ intention to record as many behavioural
and biochemical effects of transdermal nicotine on the
experimental animals as possible, numerous limitations
caused by financial restrictions prevented full imvestigation.
The authors therefore plan to continue their work on nicotine.

CONCLUSIONS

Transdermal nicotine may produce transient improvement in
fresh spatial memory in male mice, but it is not a long-term
effect; therefore, nicotine does not seem to be appropriate
for use in the treatment of neurodegenerative disorders. It
elevates the blood cholesterol level and thus may increase the
risk of atherosclerosis and cardiovascular events. Nicotine
also negatively affects liver enzymes. All in all, the use of
nicotine is not recommended.
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