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Background Epilepsy is a neural disorder with repeatable seizure attacks. In this
article, we used the neurotoxin colchicine, which is derived from the plant Colchicum
autumnale, to introduce a low cost but the more valuable alive animal model for epilepsy.
Materials and Methods Wistar rats weighing 250 to 300 g after intraperitoneal
injection of ketamine (100 mg/kg) and xylazine (20 mg/kg) were restrained in the
stereotaxic apparatus; they were cannulated in the dorsal striatal area (AP: 0.5 mm;
L: 3 mm; V: 3.6 mm). One week later, an injection cannula attached to a 5-y Hamilton
syringe by polyethylene tubing guided 0.05 to 25 pg/rat colchicine in the recovered
healthy rats once daily for 4 consecutive days. The control group solely received the
saline solution. The behavioral signs of all animals were daily recorded. Finally, the
brains of rats under deep euthanasia were collected in 10% formalin and examined
histopathologically. The dorsal striatal regions were cut coronally into 3 to 4 pm-thick
slices, and then stained with hematoxylin-eosin. They were eventually examined under
the light microscope to verify the injection placement or possibility of lesions. All data
were analyzed by analysis of variance under o = 0.05.

Results Behaviors were quantified based on Racine five-stage scoring and showed
the significant epileptic generalized seizures in alive animal treated by intrastriatal
injection of colchicine. However, tissue damage was invisible in the target brain area.

Conclusion The colchicine, using injection successively into the dorsal striatal region
of rat, can create recurring epileptic convulsions in the animal.

So far, the most frequently used models of chronic epi-
lepsy and models of acute seizures have been induced by

Epilepsy, the chronic seizure convulsion, is known as the
neural disorder with the rush activity of clusters of neu-
rons that send out the wrong signals. Albeit, each type of
the seizure is characterized by specific behavioral features,
and researchers, so far, have tried to reproduce the abnor-
mal neuronal discharges, as similarly in the animal models
as seen in epileptic patients.
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chemoconvulsants, traumatic brain injury, and electrical
or sound stimuli.! Even spontaneous recurrent seizures of
rodents have recently been generated with chemoconvul-
sants.! Considering this fact that every animal model has
been played an important role in understanding of basic
mechanisms underlying epilepsy,? but one should not ignore
that they have generally been used with expensive cost and
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interfered with ethics. Kandratavicius et al' documented
that animal models of chronic epilepsy are not widely used
because of time constraints and costs. Besides, for a given
chemoconvulsant, one should rely on a specific group of neu-
rons with detailed features aiming to study. Kainic acid, the
L-glutamate analog, for the first time, was used to model epi-
lepsy in rodents.? Other compounds such as pentylenetetra-
zol (PTZ), strychnine, N-methyl-D, L-aspartate, tetanus toxin,
and penicillin have been widely applied as acute seizure
models, and not as animal models of epilepsy.*

Colchicine, an anti-inflammatory originally derived from
the meadow saffron, Colchicum autumnale, can arrest mito-
sis in metaphase by interfering with the formation of spin-
dle fibrils. Apart from inhibiting mitosis (a process heavily
dependent on cytoskeletal changes), colchicine also checks
neutrophil motility and activity, which leads to a strong
anti-inflammatory effect. The alkaloid colchicine binds to the
ends of microtubules and physically prevents the elongation
of microtubule polymers. It can also depolymerize microtu-
bule context and disturb axon transmission.’ It has also been
previously indicated as a selective neurotoxin for dentate
granule cells in the hippocampal formation of rats.5” This sub-
stance, furthermore, shares many other biological activities,
such as binding to cell and nuclear membranes and inhibiting
nucleoside transport and inflammatory responses.®

Some authors also adjusted the limbic seizures by col-
chicine in the rats,®'° but, the animals hardly presented the
motor activity typical of limbic seizures.

So far, a proper animal model has not been provided by the
aid of colchicine that gives us the possibility that others may
have chosen the inappropriate target place in the brain, or the
innervations have mistakenly been involved. In fact, others
did not introduce a suitable model for epilepsy with colchi-
cine, and the problem seems to be due to one of three com-
plications: the target and the dose and the route.! Therefore,
the present study is a kind of innovation in epilepsy model-
ing with the help of colchicine. We aimed to inject colchi-
cine (0.05-25 pg, intradorsal striatal of Wistar rat) to induce
complementary motor cortical seizure, which differs with
the kindled animal model in the hippocampus and amygdala.

Materials and Methods

Animals

Male Wistar rats (250-300 g) were used. They were housed
in individual polyvinyl chloride cages at constant room tem-
perature (22 + 1°C) and maintained on a 12-hour light/dark
cycle (lights on at 07:00 am). Food and water were available
ad libitum. All experiments were performed under the guide-
lines for the care and use of laboratory animals of the Helsinki
Declaration, and protocol was confirmed by the local animal
ethics committee (Institutional documentation).

Surgery

For all surgical procedures, rats were anesthetized with ket-
amine (100 mg) -xylazine (20 mg). All stereotaxic coordinates
for intracerebral manipulations were adapted from the atlas
of Paxinos and Watson." The animals were implanted with
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bilateral stainless-steel guide cannulae (21-Gauge) at the
dorsal striatum (AP: 0.5 mm; L: 3 mm; V: 3.6 mm). These can-
nulae terminated 1 mm above the target areas. Stainless-steel
stylets (od: 0.25 mm) were inserted into guide cannulae to
prevent their obstruction.

Intrastriatal Injections

Colchicine (sigma) was dissolved in NaCl 0.9%. After a week’s
recovery, the rats were cannulated and received the sub-
stance (0.05, 0.5, 1, 3, 5, 9, 15, and 25 pg/rat) intradorsal
striatal by the aid of injection setup through 60 seconds.
Injection cannulae (dental needle of 27-Gauge), which pro-
truded one mm beyond the guide cannulae, were connected
to a 5-p Hamilton syringe by polyethylene tubing. At the
end of the injection, the cannulae were left for a while, and
then replaced by the stylets. Each animal received the drug
for four consecutive days. The control group only received
saline solution throughout the procedure. A delay of at least
24 hours was allowed between two injections.

Behavioral and Pathological Assessments

At the end of each injection, all the behavioral signs of exper-
imental animals were recorded. The treated brain samples
were collected and examined histopathologically (by the aid
of hematoxylin-eosin staining). They were dissected out and
fixed in 10% formalin. The dorsal striatal regions were cut
coronally into 3 to-4 pm-thick slices, embedded in paraffin
and processed by the step section technique. The slices were
eventually stained with hematoxylin-eosin and examined
under the light microscope to verify the injection placement
and possibility of lesions.

Kindling by Colchicine
Kindling was performed in the cannulated animal (at the
dorsal striatum) a week after surgery. The recovered animal,
from the 8th day, received intrastriatal injection of colchicine,
for four consecutive days/once daily. After the injections, the
animal's behavioral performance was recorded repeatedly
and scored as follows:

Zero: no change,

One: contraction of the muscles of the mouth and face,
and ears,

Two: axial contractions (shaking head or head-nodding),

Three: myoclonic contraction of the forelimbs and stand-
ing on two legs (rearing),

Four: general clonus seizures and falling on the side,

Five: falling on the back and general seizures (tonic-clonic).

To analyze the animals’ behaviors, all behavioral aspects
were repeatedly observed and recorded by video camera,
and the records were reviewed for several times. The number
of seizures per day and the length of time that each animal
remained in phase five were also calculated.

Statistics

Neuronal density (number of neurons per unit area: 100 um)
was quantified at the target site and compared between
the vehicle and experimental groups. Racine Scale scoring
(from movement and contraction in the mouth and face to
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movement and shaking of the head to involuntary contrac-
tions of limbs and falling and standing) was measured and
equated between the control and experimental groups.
The difference of variances was shown by analysis of variance
(ANOVA) under o= 0.05. The behaviors monitored by photo
players were rechecked by an observer who was uninformed
of the results, and the findings quantified based on 5-stage
Racine scoring.'? These steps are mouth and face movement,
head nodding, forelimb clonus, rearing (standing on hind
legs) with forelimb clonus, and rearing and falling with fore-
limb clonus (generalized motor convulsions). These achieve-
ments were at last analyzed with the ANOVA.

Results

Epileptic Seizures in Animals Treated by Colchicine (the
Percentages of Generalized Epilepsy)
Data obtained by monitoring of behavior in rats illustrate
significant epileptic generalized seizures in animals treated
by colchicine (0.05-25 pg/rat), intrastriatal, with no damag-
ing effect in the target brain area (=Figs. 1-6). The behaviors
quantified by Racine'? 5-stage scoring showed the general-
ized motor convulsions, including rearing and falling with
forelimb clonus.

Analysis by ANOVA and then Tukey’s post hoc identified
that the differences between the control and the experimen-
tal groups were statistically significant (p < 0.001).

Duration of the Seizure (Stay in Stage 5) in the
Experimental Rats

Based on present data, by increasing the dose of colchicine, the
duration of seizures (the delay time in stage five) increased,
and behavioral symptoms became more pronounced.

100 £

Generalzed tonic clonic seizures%

0 00505 1 3 5

9 15 25
Colchicine (pg/rat)

Fig. 1 Percentage of occurrence of generalized tonic-clonic sei-
zures: Comparison of colchicine doses (0.05-25 pg/Wistar male
rats, intrastriatal) on the percentage of generalized epilepsy attacks
(Phase 5 seizures) with the control group (legend 0). Forty eight
male rats received the colchicine during 4 consecutive days/daily
once. A dose (9 pg/rat) most significantly showed the seizures. The
data are presented according to analysis of variance and Tukey tests.
**%p < 0.001.
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The response was dose-dependent and significant (p < 0.001)
(=~Fig. 2), and the percentage of the duration of the seizure
(stay in stage 5) was compared between the experimental
rats, which were injected colchicine (0.05, 0.5, 1, 3, 5, 9, 15,
and 25 pg/rat) and the control, which were given intrastri-
atal injection of saline 0.9%. The rats (6 per group) received
the neurotoxin dose or saline for 4 consecutive days (daily
once). According to the analysis, the differences between
neurotoxin-treated and control groups were reasonably sig-
nificant (p < 0.001).

Comparison on the Time between Colchicine Injections
and Specific Seizures

The time between colchicine injections and specific seizures
is shown in =Fig. 3. All animals (except the control group)
received the identified doses of colchicine (intrastriatal, for
four consecutive days/once daily). The analysis showed a sig-
nificance result (p < 0.05 compared with control). According
to the =Fig. 3, the symptoms of generalized seizures were
observed after injection of colchicine 0.5 pg/rat. With increas-
ing dose (~9 pg/rat), the interval between seizure symptoms
increased from the first injection of the alkaloid. However,
with increasing doses (above the 9 pg/rat), the time interval
between the onset of symptoms and the time of colchicine
injection were reduced by 1 day (the symptoms were seen
after one injection). By viewing this figure and the number of
seizures, it can be concluded that colchicine is approaching
its toxic doses. (Between groups, differences based on Tukey’s
post hoc test are shown in the caption of the figure].

Comparison on the Rate of Recurrence of Seizure in
One Day (Due to Intrastriatal Injection of Colchicine
with Different Doses)

In =Fig. 4, the rate of recurrence of seizure in 1 day (due to
intrastriatal injection of colchicine) is shown. The injection
(colchicine dose or saline) was performed according to the

Seizure duration {sec)
L]
=1

0 00505 1 3 5 9 15 25

Colchicine [pg/rat)

Fig. 2 The effect of intrastriatal injection of colchicine with specific
doses on the duration of seizures: The figure compares the results
of intrastriatal injection of colchicine doses (0.05-25 pg/rat) on the
percentage of duration of seizure (stay in stage 5) with the control.
A gradual increase in seizure duration with increasing dose of colchi-
cine was observed. The data are presented according to the analysis
of variance and Tukey tests: ***p < 0.001.
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Fig. 3 Time between colchicine injection at specific doses and sei-
zures: The figure compares the effects of intrastriatal injection of
colchicine (0.05-25 pg/rat) on the time between colchicine injec-
tions and specific seizures, with the control group. The response was
dose-dependent. Data are presented according to analysis of vari-
ance and Tukey test (*p < 0.05, ***p <0.001 compared with control).
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Fig. 4 The effect of intrastriatal injection of colchicine with specific
doses on the repeat of seizures per day: This figure compares the
effects of intrastriatal injection different doses of colchicine (0.05,
0.5, 1,3,5,9, 15, and 25 pg/rat) on the rate of recurrence of seizure
in 1 day with control group. Recurrence was highest at the highest
dose. The data are presented according to analysis of variance and
Tukey test (***p < 0.001 compared with control).

protocol (daily for 4 days). Based on achievements, the dif-
ferences were significant (p < 0.001). By increasing the dose
of colchicine, the number of seizures in 1 day increased.
Recurrence of seizures did not observe in doses lower than
dose 5 pg. Behavioral observations after injection of col-
chicine 25 pg in rats showed recurrence of seizures at least
five times a day (without animal death). By observing these
results, the most effective dose for causing kindling with col-
chicine is 9 pg/rat. By more injections of this dose (9 pg), than
the dose of 25 pg, the successive epileptic seizures occurred
in animal, and the animal continued to live without being
harmed. The desired response did not occur at lower doses
(till 3 pg/rat) proposing no irreversible changes in the neural
organization at these doses.
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Percentage of Focal Epilepsy

In =Fig. 5, the percentage of focal epilepsy is compared
between the experimental rats and the control group.
According to the findings, the differences were significant
(p < 0.001). In focal epilepsy created in this animal model,
only stage one (contraction of mouth and face, and ear mus-
cles) and stage two (axial, head nodding) were observed.
According to the figure, a dose (9 pg), due to the high inci-
dence of stage five seizures, has the lowest percentage of
partial seizures. (In this dose, the generalized epilepsy [GE]
occurs instead.)

Tissue Histology in the Rats

In =Fig. 6, a comparison of tissue image is shown between
the rat that received colchicine and the control that was given
saline into the dorsal striatum. As can be seen, the colchicine
did not cause any neuronal degeneration in the target area.
It should be noted that the criterion for showing the differ-
ence between tissue sections (control versus experimental)
was to examine the density of neurons and neuronal projec-
tions in microscopic sections (100 um) using the image tool
software and the results were used to describe the differ-
ences between them.

Discussion

Our aim was to introduce an animal model of epilepsy by
injection of colchicine into the dorsal striatum of rat’s brain.
The results of monitoring the behavior of rats showed GE in
the alive animals, which was dose-dependent. About 60%
of colchicine-treated rats showed GE, which occurred fre-
quently; however, the neuronal destruction at the injection
site was invisible compared with the control group.

A dose of the colchicine (9 pg/rat) had the highest fre-
quency of general attack (=Fig. 1) and as expected showed
the lowest percentage of partial seizures (=Fig. 5). At the
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Fig. 5 Percentage of focal epilepsy: comparison of the effects of
intrastriatal injection of colchicine (0.05-25 pg/rat) on the percent-
age of focal epileptic seizures (stage 2 seizures) with the control
group. Partial seizures showed the lowest value at dose 9 pg/rat,
which had the most general attack. Data are presented accord-
ing to the analysis of variance and Tukey tests (**p < 0.01, ***p <
0.001 compared with control).
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Fig. 6 Tissue evidence from colchicine injection site: this evidence was obtained by hematoxylin-eosin staining, and a comparison of tissue
image between colchicine received rats (A) and the control saline (B), intradorsal striatal, is shown in this figure. It can be seen that colchicine
did not cause any neuronal degeneration in the target area. Line denotes the magnification.

lower doses, we observed only stage one (facial and ear mus-
cle contraction) and stage two (head-nodding), and the onset
of symptoms was delayed at the maximum dose (25 pg/rat).

These results were obtained very fast by minimal invasive
effect compared with kindling of the limbic areas. Because it
has been indicated that daily, but prolonged electrical stim-
ulation in some areas of the brain, such as the amygdala,
leads to the gradual progression of limbic motor seizures.
Short-term stimulation though causes changes in emotional
behavior in animals.™

The duration of a seizure in the present model is very
short (utmost 50 second) and close to human epilepsy.

Colchicine is a substance that disrupts axoplasmic trans-
port and impairs neuronal function and disrupts neural pro-
cesses. Despite the fact that animal models of epilepsy based
on colchicine/its agonists such as thiocolchicoside have been
previously proposed, the appropriate model of epilepsy was
not introduced with these substances. Previously, an epilep-
togenic activity of both thiocolchicoside'*' and colchicine
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for gamma-aminobutyric acid (GABA) receptors has been
suggested to explain the specific postsynaptic effects of the
substances. Other findings, instead, have shown a certain
reaction of this drug toward strychnine-binding sites in
the rat brain, and in particular, strychnine-sensitive glycine
receptors in the brain stem, spinal cord, and more rostral brain
regions including the amygdala.’® An agonistic interaction
of thiocolchicoside with spinal strychnine-sensitive glycine
receptors likely mediate its myorelaxant activity. However,
such interference can unlikely explain how it induces the
motor seizure. Other researchers'” have also reported stable
epileptiform discharges by intracellular studying of colchi-
cine experimental epileptic focus.

We should consider that, so far, most animal models
of epilepsy are kindled at the hippocampus and amygdala.
Also, most types of live models that are tested for pathol-
ogy and different efficacy of the drug are chemical seizures,
kindling, and inflammation. Considering the documents,
the dopaminergic neurotransmission within the striatum is



involved in the control of GE seizures.'® More recently, both
the caudate and the putamen nuclei (the dorsal striatum) of
patients with ring chromosome 20 epilepsy have also been
marked.' Others have additionally proposed the preventive
effect of either GABA antagonist (bicuculline) or dopamine
agonist (apomorphine) in a pilocarpine model in the rat stri-
atum. They have suggested that not only dopamine but also
GABAergic transmission in the striatum modulates the sei-
zure propagation.?®?' To remind, the importance of the cau-
date nucleus in the control of convulsive activity has already
been found in the amygdaloid complex and the temporal cor-
tex of the cat.?? The putamen cells have also been involved sig-
nificantly during both frontal and motor seizures.? Besides,
Vuong and Devergnas? have recently indicated the role of
basal ganglia in the control of motor cortical seizure devel-
opment. Also, they have made electrolytic lesion of caudate-
putamen complex.

We injected colchicine for 4 days, consequentially/once
per day, in the dorsal striatum of alive rat, a week after sur-
gical procedure. After analyzing the behaviors of treated rats,
in comparison to the control group, which solely received
saline, we realized the colchicine treated animals as the epi-
lepsy models. In fact, the epilepsy developed with colchicine
in a dose-dependent manner. There was no attack at very low
concentrations (0.05 pg/rat), and under more concentrations
(0.5-5 pgfrat), the partial type occurred. In higher concen-
trations, rather than 5 pg/rat, epilepsy was obtained and its
duration showed increase at higher concentrations (between
group analysis showed the differences at «=0.05). This alka-
loid seems to have an epileptogenic effect, which is a grad-
ual process in which epilepsy develops in the normal brain,
or changes in brain physiology lead to epilepsy. The amyg-
dala though appears to have this property and plays a key
role in epilepsy by disrupting glutamatergic and GABAergic
synaptic transmission;? however, according to this study,
injection of effective doses of colchicine into the dorsal stria-
tum over a short period (4 days) will cause such a complica-
tion. To discuss, colchicine as one of microtubule interfering
agent inhibits microtubule assembly in the way of binding
to B-tubulin, which results in curved tubulin dimer and
prevents instant adoption between colchicine and tubulin
subunits.?® As axonal transport depends almost entirely on
microtubules,?” one may conclude that the neurotoxin inter-
feres with axonal targeting signal. Thus, it may prevent distal
transport in the axon to the cell soma and back, which causes
imbalanced synaptic transmission leading to the error signal.
The identification of such a signal that can power epileptic
transport is unusual. It may encourage us to survey on the
misinformation between the neurons alongside the dorsal
striatum, which remain elusive.

We, furthermore, identified the brain structure of the
treated rats, and compared with the control, which showed
no significant changes (=Fig. 6). In detail, striatal neurons can
survive for extended periods with only insignificant troubles,
while regular axonal transport could be predicted to break
under these conditions if solely dependent on microtubule
functions. Or else, there are several forms of axonal trans-
port not associated with cytoskeleton motor elements that
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remained to be clarified. Alternatively, diffusion may be suf-
ficient to maintain consistent levels of all neurotransmitters,
including neuropeptides along the axon. In either case, an
energetic mechanism of transport might become more rele-
vant in situations of both slow and fast action potential firing.

Indeed, axonal transport is troubled in many neurode-
generative disorders such as ALS, Alzheimer’s, Huntington'’s,
and Parkinson’s diseases.?® The neurotoxin colchicine, a sub-
stance that can bind to tubulin, and depolymerize microtu-
bule,? can encounter with the axonal trafficking. More recent
approaches in the study of epilepsy are based on the use of
a combination of optical and genetic methods.** However, it
should not be ignored that present criteria have low cost and
proximity to general epilepsy. We know that the irrevers-
ible changes following excitability or changes in the struc-
tural organization of the neural network are involved in the
development of kindling. The neuronal processes involved in
kindling are related to the inability of the GABAaergic inhib-
itory system and increased N-methyl-D-aspartate receptor
activity. Seizures are the result of an imbalance between
excitatory and inhibitory processes, and research on the
mechanisms of epilepsy focuses on changes in the activ-
ity of the major inhibitory (GABA) and excitatory amino
acids (glutamate).>' However, other studies have shown
that PTZ-induced kindling increases the destruction of hip-
pocampal neurons and increases neurogenesis in dentate
gyrus.*? Kainic acid that is a potent analog of glutamate and
a potent agonist of glutamate receptor also is used to induce
limbic seizures. Systemic or intraventricular use of this sub-
stance as others have shown leads to seizure activity that
lasts for several hours, followed by a delayed phase in which
no seizures are observed. However, swelling of neurons and
perivascular astrocytes is observed following injection of this
substance. For reasons that are not yet known, this substance
even if injected systemically or even in an area away from
the hippocampus can cause severe damage to the hippocam-
pus.®®* Neuronal death and decreased neuronal volume have
also been reported with the use of other substances.*

The interesting results of the present study are that col-
chicine has no destructive effects on striatum neurons and
no decrease in neuronal density was observed in the target
area, while in other models resulting from chemical kindling,
severe destruction of neurons in the target area has been
observed. Behavior scoring was performed repeatedly during
a day, as the colchicine injection was four times in 4 days not
just once, without nerve damage, so, these results are not an
acute transient effect. And this is the advantage of the colchi-
cine model. The present results may suggest an idea and new
animal model of epilepsy. In this model, the duration of a sei-
zure is very short and close to human epilepsy, and is a max-
imum of 50 seconds. In the epileptic model of kindling with
PTZ, it takes a few minutes, which bring the animal closer to
death. But at the moment we do not have an explanation for
our result and this requires further studies.

We reached these results by observing the behavioral signs
along with studying the histology of the striatum and quan-
tified the findings. However, the exact neuronal mechanisms
remain to clarify. We plan to examine the local field potential

International Journal of Epilepsy Vol.7 No. 1/2021 © 2021. Indian Epilepsy Society.

13



14

Alive Model of Epilepsy by Colchicine Fakhroleslam et al.

in the dorsal striatal region of the model and record the brain
waves frequency (study of power spectrum density).

Conclusion

In summary, we may conclude that the substance colchicine
is a disturbance alkaloid of neural processes that can be used
to create the recurrent alive epileptic model due to behav-
ioral features with no lesion effect at the target area.
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