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Chapter

Cerebroventricular Injection of
Cigarette Smoke Condensate
Produce Generalized Seizures
Decreased by Muscarinic Receptor
Antagonist in Rats

Jawad Laadraoui and Abdervahman Chait

Abstract

Tobacco smoke is a complex multicomponent system, in which more than
4800 compounds have been identified by chromatographic techniques; many of
these compounds are carcinogenic. However, there is a great deal of research into
the association between smoking and diseases such as heart attacks, strokes and
cancers. Nevertheless rare are the studies on the association between smoking
and epilepsy because the exact roles of smoking and nicotine use in epilepsy have
not been well examined. In this study the authors evaluate the convulsive effects
of intracerebroventricular administration of cigarette smoke condensate in rats
and compare intensity of seizures with kainic acid-induced seizures as a model of
epilepsy. The role of cholinergic system was also evaluated using mAChRs antago-
nist in cigarette smoke condensate (CSC) induced seizures. Results indicate that
central injection of cigarette condensate provides an epileptic behavior similar to
that induced by kainic acid. However a pretreatment with atropine reduced seizures
and all their parameters.

Keywords: seizures, epilepsy, cigarette smoke condensate, intracerebroventricular,
kainic acid

1. Introduction

In the world, about 1% of people suffer from epilepsy [1]. Modern anticon-
vulsants can prevent and decrease the intensity of these convulsions. However,
about 30% of people with epilepsy have uncontrollable seizures although of drugs
availability. It is also known that the therapy ineffectiveness and chronic toxicity
of antiepileptic drugs drawbacks the treatment procedure for nearly 20% of the
patients [2].

Tobacco smoke is a complex multicomponent system, in which more than 4800
compounds, many of which are known carcinogens. As a result, chronic obstructive
pulmonary disease, chronic bronchitis, cardiovascular disease, emphysema, stroke
and many forms of cancer are directly related to smoking [3].
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In March 2012, the Food and Drug Administration established a long list con-
taining 93 harmful and potentially harmful components (HPHCs) and an abbrevi-
ated list containing 18 HPHCs in tobacco products and tobacco smoke (Table 1).

However, seizure control in the majority of epileptic patients is achieved pri-
marily through the pharmacotherapeutic action of drugs targeting membrane ion
channels or glutamatergic or gabaergic neurotransmission [4], which is dependent
on a wide variety of modifications., glutamate and GABA [5]. For example, a weak
activation of the GABAergic system induces epilepsy [6]. Generally, the risk of
epilepsy should be higher in chronic tobacco smokers; this behavior is due to toxic
components of tobacco smoke that can lead to seizure behavior in humans and
animals [7, 8].

Many components in tobacco smoke are associated with seizures or epilepsy
(Table 2) [9]. For example, nicotine, when overdosed, caused seizures in human
subjects. Nicotine, a parasympathomimetic alkaloid in tobacco when overdosed,
caused seizures in human [10]. The carbon monoxide causes seizures that can
be focal or generalized and may even present as a status of epilepticus [11, 12].
Ammonia, hexane, lead, cresol, arsenic, toluene and acetone are other chemicals
found in tobacco smoke that can trigger seizures in humans or animals [13].

HPHC s in cigarette smoke HPHCs in smokeless HPHCs in roll-your-own tobacco® and
tobacco cigarette filler

Acetaldehyde Acetaldehyde Ammonia

Acrolein Arsenic Arsenic

Acrylonitrile Benzo[a]pyrene Cadmium

4-Aminobiphenyl Cadmium Nicotine (total)

1-Aminonaphthalene Crotonaldehyde NNK’

2-Aminonaphthalene Formaldehyde NNN~

Ammonia Nicotine (total and free)
Benzene NNK
Benzo[a]pyrene NNN"~

1,3-Butadiene

Carbon monoxide

Crotonaldehyde

Formaldehyde

Isoprene

Nicotine (total)

NNK’

*%

NNN

Toluene

See Ref. [4]. 4-( Methylnitrosamino)-1-(3-pyridyl)-1-butanone.

"N-Nitrosonornicotine.

“Roll-your-own tobacco is defined in section 900(15) of the FDe&C Act to mean “any tobacco product which, because
of its appearance, type, packaging, or labeling, is suitable for use and likely to be offered to, or purchased by, consumers
as tobacco for making cigarettes.” The term cigarette filler is not defined in the FD&»C Act. For purposes of this draft
guidance, we intend cigarette filler to mean the cut, ground, powdered, or leaf tobacco that is a component of a
cigarette.

Table 1.
Abbreviated list of harmful and potentially harmful constituents (HPHCs) in tobacco products.
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Chemicalsin Seizure-inducing Potentiating seizures

tobacco smoke

Nicotine Nicotine patch (H)*

Carbon monoxide (H)

5% carbon dioxide Low dose increased the severity of the electroshock-

induced seizures (M)

Arsenic

Ammonia (H), (R)

Hexane (H)

Lead acetate High dose induced Potentiated PTZ-induced convulsions (M)
forelimb

Toluene clonus (M) Increased susceptibility to aminophylline-induced

seizures (IP) (M)

Cresol (H)

Selenium

Zinc

Copper

Nickel

Acetone High dose caused
seizures
(M)

“H: human; M: mouse; R: rat.

Table 2.
Effects of chemicals in tobacco smoke on seizures or epilepsy.

Animals have been a useful tool for elucidating the association between tobacco
smoking or nicotine use and seizures or epilepsy. Nicotine induced seizure models
include cats, mice, and rats, and it was reported that animals received nicotine via
injection develop seizures but not through the automatic smoking machine (ASM)
[14, 15]. Other studies have shown that the activity of seizure-inducing chemicals
such as pentylenetetrazole [16], kainic acid, pilocarpine, had been enhanced by
prior pretreatment with nicotine [17].

In this study, we have investigated the convulsive effect of CSC as a crisis model
compared to the intensity of the kainic acid model of epilepsy in rats. Thus examine
the role of the cholinergic system in cigarette condensate seizures using a treatment
with cholinergic muscarinic ligand.

2. Epileptic behavior induced by cerebral injection of cigarette smoke
condensate

2.1 Methodology

The objective of the experiment was to demonstrate that a treatment with
cigarette smoke condensate provides an epileptic behavior similar to this induced by
a kainic acid, who reduced by a pretreatment with atropine.

The preparation of the cigarette smoke condensate was carried out by a cooling
system consisting of a VP800 vacuum pump that generates and removes cigarette
smoke to a tube and a balloon where the cigarette condensate is recovered [13]. Male
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Sprague-Dawley rats (3—4 months old, 230-250 g weight) were used in this experi-
ment, All animals were treated according to European decree, related to the ethical
evaluation and authorization of projects using animals for experimental proce-
dures, 1st February 2013, NOR: AGRG1238767A efforts were made to minimize the
number and suffering of animals used. Before the experience all rats are anesthe-
tized with an intraperitoneal injection of Hydrate chloral (400 mg/kg (6%)), before
being placed in a Horsley-Clarke stereotactic frame. The head is secured with two
bars that are inserted into the ear canal to the inner ears. The muzzle is well fixed by
an oral part. After shaving the head, we made a median skin incision 1.5 cm long.
The skin is spread laterally to clear the bone surface and highlight the coronal suture
with the points, Bregma forward and Lambda back. The coordinates of the injection
point with respect to the Bregma point are determined using the stereotaxic atlas

of Paxinos and Watson [18]. The stereotaxic coordinates of the ventricle were as
follows: the incisor bar —0.92 mm behind Bregma, +1.5 mm laterally to the sagittal
suture and 3.2 mm from the top of the skull. With a suitable milling machine, small
openings are made in the cranial box for the placement (unilaterally) of the guide
cannulas of approximately 23 gauge and the stainless steel anchor screws that will
fix these cannulas. Stainless steel stylets (30 gauges) are placed in each guide can-
nula to prevent obstruction. These cannulas are then fixed by white dental cement.
Then, with the help of pink dental cement, we put a crown in order to protect this
preparation against any collision with the walls of the cage in which the animals
were placed for 8 days to recover from surgery and eliminate anesthesia [13].

The animals were divided into four groups of six animals each. Control (saline 9%),
kainic acid (1 pl/rat), CSC extract (2 pl/rat), atropine + CSC (Atr + CSC), a CSC was
injected before 30 min of intraperitoneally injection of atropine (1 ml/kg).

For the KA and CSC infusion, the animals were gently retained by hand and the
styles were removed from the guide cannulae and introduced 27 gauge injection
needles. Injection was carried out using a Hamilton syringe (10 pl) which is con-
nected to an injection cannula by a polyethylene catheter filled with distilled water.
This was lowered into the guide cannula to a distance of 1.5 mm below its lower end
to reach the target structure.

Total volume of 1 pl/rat for kainic acid and 2 pl/rat for CSC injected solutions
were administered for a period of 60 s, and then the injection needles were left in
the guide cannulae for a supplementary period of 60 s to facilitate drug delivery.

The animals were placed in the convulsion cage for 1 day before the beginning of
the experiment to adapt the animals in the new environment.

A seizure was caused by intracerebroventricular injection of kainic acid and
SCC. Immediately after the injection, each rat was placed in the center of the cage
and its behavior was recorded and monitored within 90 min. The epileptic and
mortality behaviors observed were classified as follows: latency of the seizure,
latency of the tonic-clonic seizure, duration of the tonic-clonic seizure [13].

The scoring of seizures severity after KA injection was recorded during observa-
tion period (90 min) according to the scale:

0: normal activity; 1: immobility and/or staring; 2: rigidity, extension of the
tail, swaying of the head; 3: repetitive movements, bilateral paws, breeding, tremor
of hind limbs; 4: minor or flickering convulsions, jumps, falls; 5: tonic-clonic or
multiple convulsions and/or appearance of score 4; 6: severe tonic-clonic seizure; 7:
death [13].

The rats were randomly tested and to avoid the presence of odors that could lead
to a change in behavior the convulsive cage was cleaned at the end of each test. Each
rat has been subjected to a seizure test only once, and seizures have always occurred
between 1:00 pm and 4:00 pm to minimize the confusional effects of the circadian
rhythm [19].

4



Cerebroventricular Injection of Cigarette Smoke Condensate Produce Generalized Seizures...
DOI: http://dx.doi.org/10.5772/intechopen.85402

2.2 Results

The results indicate that cigarette smoke condensate causes similar seizure
behavior to this induced by kainic acid. However, the atropine-treated group showed
a significant decrease in the convulsion score compared to the kainic acid group
(Figure 1). There were no significant differences between the kainic acid and group
treated with CSC concerning the time latency of seizures. However this parameter
was significantly increased after treatment with atropine (Figure 2) [13].

Regarding to the latency of tonic-clonic seizures, the atropine-pretreated group
showed a maximum value of score, which decreased significantly in the CSC group
(Figure 3). However duration of tonic-clonic seizures was significantly decreased
in the group pretreated with atropine compared to kainic acid and CSC groups.
Nevertheless there is no significant deference between kainic acid and the CSC
treated groups in the latency and duration of tonic-clonic seizures (Figure 4) [13].

2.3 Discussion

In this study, the authors explore the effects of intracerebroventricular pretreat-
ment with tobacco smoke condensate on seizures and compare its severity to the
administration of chemical-induced seizures, such as kainic acid as an important
agent for the studying the function related to the excitatory transmission of amino
acid-like neurotoxic powerful glutamate used in the rat [20]. The main finding of
our study was that the central injections of CSC induce an epileptically behavior
in rats. Furthermore, time latency of seizures; duration and latency of tonic-clonic
seizures were significantly similar in the experimental groups. The modulation
of the cholinergic system in the rat brain by activation or blockade of cholinergic
receptors using atropine as a cholinergic antagonist has shown us the pathway and
mechanism by which the preparation of SCC generates epileptic behavior. In this
case, our results indicate that pretreatment with atropine reduced the intensity of
seizures as well as other parameters recorded in the rat.

Nicotine is a major alkaloid in tobacco smoke, cigarette smoking has been
the most famous method to intake nicotine [9]. Several laboratory studies were
found that administration of low dose of nicotine produces behavioral effects
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Figure 1.

Total seizure scoves of all the groups. Rats veceived intracevebroventricularly administration of a cigarette
smoke condensate (CSC), kainic acid and cigarette smoke condensate after intraperitoneally administration
of atropine (atropine + CSC). Mean + SEM: " P < 0.001 significantly different from the kainic acid group.
P < o.001 significantly different from CSC extract.
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Figure 2.

Effect of intracerebroventricularly administration of kainic acid and cigarette smoke condensate (CSC) on
latency of seigures. Mean + SEM: P < o.01 significantly different from the kainic acid group. ***P < 0.001
significantly different from CSC extract.
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Figure 3.

Total duration of seizuves after intracevebroventricularly administration of kainic acid and cigarette
smoke condensate (CSC), in a 90 min total time of epileptic behaviors recording. Mean + SEM. **P < 0.01
significantly diffevent from CSC extract.

like nociception [21], locomotor activity [22], memory, learning, attention
[23] and decrease or reduce anxiety [24], whereas high doses of nicotine cause
seizures [25-27].

In our study, the central administration of CSC induces an epileptic behavior
manifested by tonic-clonic seizures similar to this provoked by kainic acid. These
results according to several electrophysiological studies indicated that intracere-
broventricular administration of nicotine produces tonic-clonic seizures that have
origin in the hippocampus structure [23, 25, 27].

Biochemical and pharmacological data have suggested that implicates the
contribution of a4p2 and a7-containing nAChRs situated in GABAergic interneu-
ron, in the generation of nicotine induced seizures [25, 28]. Conti-Tronconi et al.
[29] had proposed that a7-nAChR subtype to underlie nicotine induced seizures
for the reason that seizures sensibility is significantly correlates with quantity
of a-bungarotoxin binding sites exists in the hippocampus. Several studies have
examined to define the interrelationship between the nicotinic cholinergic system
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Figure 4.

Duration of tonic-clonic seizure after intracevebroventricularly administration of kainic acid and cigarette
smoke condensate (CSC). Mean + SEM: P < 0.01 significantly different from the kainic acid group. **P < 0.01
significantly diffevent from CSC extract.

with the excitatory glutamatergic system and inhibitory gabaergic neurotransmit-
ter in the brain. New study have reported that the a7-containing nAChRs receptors
activation situated on glutamatergic nerve terminal conducing to synaptic libera-
tion of glutamate which in turn stimulate N-methyl-D-Aspartate (NMDA) receptors
located on pyramidal cells in of the hippocampus, are the most important mecha-
nism that leads to nicotine seizures [25]. Though, other studies have demonstrated
the contribution of a4f2 as well as o7-containing nAChRs receptors, localized

in gabaergic interneurons in the creation of nicotine induced seizures [28, 30].
Contradictory to the glutamatergic hypothesis mentioned above, Dobelis et al. [28],
proposed that nicotine-induced excitation was principally on relationship of
pyramidal cells disinhibition in the hippocampus due to desensitization of a4{2
nAChR subtype situated on the cell bodies and dendritic terminals of pre-synaptic
gabaergic interneurons.

Our results also indicate that pretreatment with atropine, a cholinergic blocking
agent decreased score and latency of total seizures and tonic-clonic seizures of CSC-
induced seizures; this experiment indicate that cholinergic circuit have an essential
role in the mechanism underling the generation of seizures by cigarette smoke
condensate. Supporting to this finding, numerous studies reporting that atropine
acts as an anticonvulsant tool reducing the incidence and effectiveness of convul-
sions induced by an organophosphorus nerve agent [31]. A new study reporting that
the anticonvulsant effects of atropine diminished with the seizures progression in
a soman-induced seizures model in rats. This anticonvulsant action vanishes when
the seizures had persisted for a period of 40 min [32]. Gholami et al. [33] reported
a significant effect of cholinergic ligand in the pentylenetetrazole-induced epilepsy
model in the rat hippocampus and they founded that cholinergic agonists leads
to an augmentation of tonic-clonic seizures severity and rate mortality, however
cholinergic antagonist decrease duration of tonic-clonic seizures, these data are in
agreement with our study.

3. Conclusion

Data had revealed that the intracerebroventricular injection of CSC induces
tonic and clonic seizures characterizing epieltical behavior similar to this triggered
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by acid kainic model of seizures and a significant modulatory effect of cholinergic
antagonist ligands in the CSC induced seizures. In this epilepsy model, CSC led to
an increment of time latency, duration and latency of tonic-clonic seizures; while
pretreatment with cholinergic antagonist increased all parameters recorded. This
finding provide supplementary support for data that tobacco and specially nicotine
had convulsing actions and confirmation of novel CSC induced seizures model of
epilepsy in rats.

Author details

Jawad Laadraoui* and Abderrahman Chait

Laboratory of Pharmacology, Neurobiology and Behavior, Semlalia Faculty of
Sciences, Cadi Ayyad University, Marrakech, Morocco

*Address all correspondence to: jawad.laadraoui@edu.uca.ac.ma

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



Cerebroventricular Injection of Cigarette Smoke Condensate Produce Generalized Seizures...

DOI: http://dx.doi.org/10.5772/intechopen.85402

References

[1] World Health Organization. The
World Health Report 2001: Mental
Health: New Understanding, New Hope.
World Health Organization; 2001

[2] Engel ] Jr. Surgery for seizures. The
New England Journal of Medicine.
1996;334:647-653

[3] Eriksen M, Mackay J, Ross H. The
Tobacco Atlas, Revised 4th ed. 2012.

http://www.tobaccoatlas.org [Accessed:
March 2014]

[4] https://www.fda.gov/Tobacco
Products/Guidance Compliance
Regulatory Information/ucm?297752.
htm

[5] Sander JW. The epidemiology of
epilepsy revisited. Current Opinion in
Neurology. 2003;16:165-170

[6] Cavalheiro EA, Fernandes MJ,
Turski L, Naffah-Mazzacoratti

MG. Spontaneous recurrent seizures
in rats: Amino acid and monoamine

determination in the hippocampus.
Epilepsia. 1994;35:1-11

[7] Nagatomo K, UedaV, Doi T, Takaki
M, Tsuru N. Functional role of GABA
transporters for kindling development
in GLAST KO mice. Neuroscience
Research. 2007;57:319-321

[8] Ortel TL, Bedrosian CL, Simel
DL. Arsenic poisoning and seizures.
North Carolina Medical Journal.
1987;48:627-630

[9] Rong L, Frontera AT Jr, Benbadis
SR. Tobacco smoking, epilepsy,

and seizures. Epilepsy & Behavior.
2014;31:210-218

[10] Silva-Filho AR, Pires MLN,
Shiotsuki N. Anticonvulsant and
convulsant effects of organic solvents.

Pharmacology, Biochemistry, and
Behavior. 1992;41:79-82

[11] Woolf A, Burkhart K, Caraccio T,
Litovitz T. Self-poisoning among adults
using multiple transdermal nicotine

patches. Journal of Toxicology. Clinical
Toxicology. 1996;34:691-698

[12] Kurt F, Bektas O, Kalkan G, Oncel
MY, Yakut HI, Kocabas CN. Does

age affect presenting symptoms

in children with carbon monoxide
poisoning? Pediatric Emergency Care.

2013;29:916-921

[13] https://www.epilepsybehavior.com/
article/S1525-5050(17)30705-9/fulltext

[14] Brown KL, Wilson RF, White
MT. Carbon monoxide. Journal of Burn
Care & Research. 2007;28:533-536

[15] Sood N, Hota D, Sahai AK,
Chakrabarti A. Nicotine reversal of
anticonvulsant action of topiramate in
kainic acid-induced seizure model in
mice. Nicotine & Tobacco Research.

2011:ntr138

[16] Tunock Y, Hieda Y, Keyler DE,
Brown S, Ennifar S, Fattom A, et al.
Inhibition of nicotine-induced seizures
in rats by combining vaccination
against nicotine with chronic nicotine

infusion. Experimental and Clinical
Psychopharmacology. 2001;9:228-228

[17] Sood N, Sahai AK, Medhi B,
Chakrabarti A. Dose-finding study
with nicotine as a proconvulsant agent
in PTZ-induced seizure model in
mice. Journal of Biomedical Science.
2008;15:755-765. DOI: 10.1007/
s11373-008-9272-9

[18] Paxinos G, Watson C. The Rat Brain
in Stereotaxic Coordinates/George
Paxinos. Amsterdam: Charles Watson;

2007

[19] Loscher W, Fiedler M. The
role of technical, biological and
pharmacological factors in the



Epilepsy - Advances in Diagnosis and Therapy

laboratory evaluation of anticonvulsant
drugs. VI. Seasonal influences

on maximal electroshock and
pentylenetetrazol seizure thresholds.
Epilepsy Research. 1996;25:3-10

[20] Sperk G. Kainic acid seizures in
the rat. Progress in Neurobiology.
1994;42:1-32

[21] Damaj MI, Fei-Yin M, Dukat

M, Glassco W, Glennon RA, Martin
BR. Antinociceptive responses to
nicotinic acetylcholine receptor
ligands after systemic and intrathecal
administration in mice. The Journal

of Pharmacology and Experimental
Therapeutics. 1998;284:1058-1065

[22] Whiteaker P, Garcha

HS, Wonnacott S, Stolerman

IP. Locomotor activation and
dopamine release produced by
nicotine and isoarecolone in rats.

British Journal of Pharmacology.
1995;116:2097-2105

[23] Stitzel JA, Lu Y, Jimenez M,

Tritto T, Collins AC. Genetic and
pharmacological strategies identify

a behavioral function of neuronal
nicotinic receptors. Behavioural Brain
Research. 2000;113:57-64

[24] Picciotto MR, Brunzell DH,
Caldarone BJ. Effect of nicotine
and nicotinic receptors on anxiety

and depression. Neuroreport.
2002;13:1097-1106

[25] Damaj MI, Glassco W, Dukat

M, Martin BR. Pharmacological
characterization of nicotine-induced
seizures in mice. The Journal of

Pharmacology and Experimental
Therapeutics. 1999;291:1284-1291

[26] Miner LL, Collins AC. Strain
comparison of nicotine-induced seizure
sensitivity and nicotinic receptors.

Pharmacology, Biochemistry, and
Behavior. 1989;33:469-475

10

[27] Cohen SL, Morley BJ, Snead

OC. An EEG analysis of convulsive
activity produced by cholinergic agents.
Progress in Neuro-Psychopharmacology.
1981;5:383-388

[28] Dobelis P, Hutton S, Lu Y, Collins
AC. GABAergic systems modulate
nicotinic receptor-mediated seizures
in mice. The Journal of Pharmacology

and Experimental Therapeutics.
2003;306:1159-1166

[29] Conti-Tronconi BM, McLane KE,
Raftery MA, Grando SA, Protti MP. The
nicotinic acetylcholine receptor:
Structure and autoimmune pathology.

Critical Reviews in Biochemistry and
Molecular Biology. 1994;29:69-123

[30] Franceschini D, Paylor R, Broide
R, Salas R, Bassetto L, Gotti C, et al.
Absence of a7-containing neuronal
nicotinic acetylcholine receptors
does not prevent nicotine-induced
seizures. Molecular Brain Research.
2002;98:29-40

[31] Shih T-M, McDonough

JH. Organophosphorus nerve agents-
induced seizures and efficacy of
atropine sulfate as anticonvulsant

treatment. Pharmacology, Biochemistry,
and Behavior. 1999;64:147-153

[32] Wang Y-A, Zhou WX, Li ],

LiuY-Q, Yue Y-J, Zheng J-Q, et al.
Anticonvulsant effects of phencynonate
hydrochloride and other anticholinergic
drugs in soman poisoning:
Neurochemical mechanisms. Life
Sciences. 2005;78:210-223

[33] Gholami M, Saboory E, Zare

S, Roshan-Milani S, Hajizadeh-
Moghaddam A. The effect of dorsal
hippocampal administration of nicotinic
and muscarinic cholinergic ligands on
pentylenetetrazol-induced generalized
seizures in rats. Epilepsy & Behavior.
2012;25:244-249. DOI: 10.1016/j.
yebeh.2012.07.004



