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Editorial:
Brain Extracellular Space:

Geometry, Matrix and Physiological Importance

What is ECS and why is it
important?

rain tissue is essentially composed of

two regions: cellular elements (neurons

and glial cells), and the gap between the

elements, which is known as the extra-

cellular space (ECS; Figure 1) (Sykova
& Nicholson, 2008). The ECS resembles the water phase
of a foam and remains a highly connected domain even
though it is convoluted in shape and may form dead-
space microdomains (e.g. local expansions or voids)
(Hrabetova, Hrabe, & Nicholson, 2003). The width of
the ECS is about 20-60 nm (Thorne & Nicholson, 2006),
nevertheless in totality it occupies approximately 20%
of the entire tissue volume (Sykova & Nicholson, 2008)
The surprisingly large relative volume of the ECS makes
it an important area for neuroscience research.

Extracellular space is the immediate external environ-
ment of brain cells. This proximity to the cell membrane
makes the structure and content of the ECS important
for cellular homeostasis and function. The ECS contains
a fluid similar in composition to that found in the brain
ventricles that maintains an ionic balance for Ca*", Na*,
K and Cl-across the cell membrane. Such an ionic bal-
ance establishes the cellular resting potential and permits
neuronal action potentials and synaptic transmission.
The ECS also provides a communication channel be-

NEURZSCIENCE
Figure 1. Schematic of brain cells and ECS. The ECS may
have local expansions.

tween cells through which chemical signals travel; this
is known as volume transmission (Agnati, Fuxe, Nich-
olson, & Sykova, 2000). Clinically, the ECS is an im-
portant route for the delivery of drugs after they have
entered the brain (Wolak & Thorne, 2013).

Diffusing
molecule

£

Extracellular
Matrix
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Figure 2. Schematic of the extracellular matrix as a mesh-
work of long-chain molecules distributed in ECS.

Besides an ionic fluid, the ECS accommodates an extra-
cellular matrix formed from a meshwork of long-chain
polymeric molecules and proteins (Figure 2). These in-
clude chondroitin sulfate, heparin sulfate and tenasin that
often branch off from a hyaluronic acid backbone (Zim-
mermann & Dours-Zimmermann, 2008).

Molecular Diffusion in ECS

Diffusion is the dominant mechanism for transport of
substances in ECS and determines both the local and
global distribution of many molecules.

Both geometry of ECS and the properties of the extra-
cellular matrix affect diffusion. The geometry of the ECS
hinders free diffusion of molecules in general, while the
matrix may increase local viscosity or act more specifi-
cally on molecules that undergo steric or electrostatic
binding with the matrix.
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Among other factors, such as the local sources or sinks
of molecules, diffusion depends on the space or volume
fraction accessible to the molecules and the geometry of
their path through the ECS. Volume fraction of ECS, a,
is defined as the dimensionless parameter:

o= VECS/ V tissue (1

where V,  and V. are the volumes of ECS and the

whole tissue respectively.

Molecular diffusion in ECS is similar to that in a po-
rous medium and surprisingly, using only the classical
theoretical framework for diffusion, we are able to char-
acterize molecular diffusion in the brain (Nicholson &
Phillips, 1981; Nicholson, 2001). This enables us to use
a single diffusion coefficient (D*) to capture all the ef-
fects of the environment. Therefore D*is called the ‘ef-
fective diffusion coefficient’.

The magnitude of D* reflects the hindrance imposed
by the geometry of the path, therefore D* < D, where
D is the free diffusion coefficient. The dimensionless
parameter tortuosity, A, may be used to characterize the
hindrance to diffusion where:

A=4/D/D’ )

In addition to being affected by the geometry, the dif-
fusing molecule may also interact with the matrix; this
too can be incorporated into the tortuosity (Nicholson,
Kamali-Zare, & Tao, 2011).

A measurement of tortuosity may be thought of as re-
vealing properties of ECS itself (Nicholson & Sykova,
1998). When molecules are released from a source and
make multiple random walks that are reflected from the
multiple boundaries of the ECS, they effectively explore
their microenvironment. If their collective behavior can
be visualized, the local structure will ‘appear’. The sim-
ulation shown in Figure 3 exemplifies this concept by
tracking a number of molecules released from a point
source in the ECS at the center of an initially unseen
structure. Then, following the molecules in time, the
shape of the structure emerges. The structure is revealed
to be an ensemble of cubes where one in every eight is
missing, providing a local expansion of ECS that consti-
tutes a dead-space (Figure 3, last panel).

The ECS has been most studied in neocortex, however
there have been measurements in corpus callosum, hip-
pocampus, cerebellum, caudate nucleus and spinal cord.

In the cerebellar molecular layer and in regions contain-
ing major fiber bundles, diffusion is anisotropic, being
different in different axes (Rice, Okada, & Nicholson,
1993).

Structure

Figure 3. Projection from top of a simulation with a popu-
lation of molecules released from a point source located at
the center of a structure. As molecules diffuse, they make
random walks and thereby reveal the structure of the local
environment. The MCell program was used for simulation
and DReAMM for visualization (see Modeling section).

How to Characterize ECS

Experiments provide values for volume fraction, tortu-
osity and some other parameters. Complementing exper-
iments, modeling tests hypotheses about the factors that
determine these parameter values. In addition, modeling
establishes a solid theoretical framework for molecular
diffusion in ECS. Modeling may provide a simpler al-
ternative to experiments and sometimes may be the only
way to proceed.

Experiments

The properties of the ECS have been studied with three
main experimental techniques. The first is the radiotracer
method in which a radio-labeled molecule, such as su-
crose, is infused in a brain ventricle and its diffusion
pattern is measured at later times in fixed brain tissue
samples (Fenstermacher & Kaye, 1988). In the second
technique, called the real-time iontophoretic (RTI) meth-
od, a small molecule, typically tetramethylammonium
(TMA”) is released from a point source and its concen-
tration at a short distance away, measured with an ion-
selective microelectrode (Nicholson & Phillips, 1981).
The third method, known as integrative optical imaging
(IO1), uses a fluorescently labeled macromolecule, such
as dextran, or a protein molecule as a probe (Nicholson




EDLIORIAL .\

November 2013, Volume 4, Number 4

& Tao, 1993). The RTI and 101 methods were introduced
by the Nicholson laboratory and provide real-time data
in small brain regions.

Modeling

Here we summarize one modeling approach based on
Monte Carlo simulation using the program MCell, (Stiles
& Bartol, 2001; Nicholson, Kamali-Zare, & Tao, 2011).
MCell was developed at the University of Pittsburgh,
Supercomputing Center and Salk Institute for Biological
Studies, as a modeling tool for realistic simulation of the
behavior of molecules in the complex 3D microenviron-
ments found in biological tissue. The main advantage of
using MCell in ECS studies is that it can represent both
the ramified geometry and the molecular interactions
with the extracellular matrix.

The Monte Carlo method mimics actual diffusion. A
large population of ‘molecules’ is released from an ap-
propriate source and the molecules execute random
walks in a specified geometry. They may interact with
other molecules or sites through suitable kinetic reac-
tions. After a certain time the distribution of the mol-
ecules is analyzed. In our applications the main output
of an MCell simulation is D* (which is easily converted
to the tortuosity). For a population of molecules released
from the origin in a 3D medium, D* is calculated using
the classical equation:

D*=<r*>/6t 3)

where ris the distance of each molecule from the source
and <r?> represents the mean square distance of all mol-
ecules at time t after the molecules have been released.

Key Facts about ECS Derived from Experiments
and Modeling

The basic quantitative parameters of ECS structure
are volume fraction, ¢, and tortuosity, 4. Using the RTI
method with TMA* as a small probe molecule it has
been established that @ = 0.2 (this implies that the ECS
occupies 20% of the brain) and 1= 1.6 (this implies that
D*x~ 0.4 D). This value of tortuosity is valid for mol-
ecules that are much smaller than the width of the ECS
and do not interact with the extracellular matrix. If the
molecules are much larger (Thorne & Nicholson, 2006)
or reversibly bind to the matrix (Hrabetova, Masri, Tao,
Xiao, & Nicholson, 2009), 2 may be greater than 1.6.
Figure 4 summarizes the two key players in all ECS nar-
ratives: ‘Geometry” and ‘matrix’ and emphasizes that a
study of diffusion is a key to understanding ECS struc-
ture and content.

ECS
A
Geometry Matrix

NEURZSCIENCE

Figure 4. Schematic of major players in ECS: geometry and
matrix. Diffusion can characterize both players.

Geometry of the Extracellular Space

It appears that A = 1.6 represents a fundamental constant
of the ECS and it is pertinent to ask where the value comes
from. Assuming that no matrix interaction is involved it is
reasonable to look to ECS geometry for the answer.

To address the role of structure, the Nicholson labora-
tory developed several models to explore idealized ECS
geometry. The basic element of these structures is a sin-
gle cube with a size similar to that of a brain cell body.
In MCell simulations where many such cubes are packed
together in a 3D geometry and separated from each other
by a uniform ECS with a realistic width to ensure a =
0.2, it is found that A = 1.18 (Tao & Nicholson, 2004).
Clearly, this value is much smaller than the experimen-
tally measured value of A = 1.6. To try to increase this
low tortuosity, a number of local voids, or dead-spaces,
were introduced in the cube-ensembles (Figure 5). This
strategy was able to increase A to about 1.6 because
when molecules enter these local voids, they are tran-
siently held up in the region and their diffusion time is
prolonged (Tao, Tao, & Nicholson, 2005). Dead-spaces
in real biological tissue may be formed by local expan-
sions of the ECS (voids), membrane invaginations or by
glial cells wrapping around neurons (Hrabetova, Hrabe,
& Nicholson, 2003; Hrabetova & Nicholson, 2004).

Extracellular Matrix

In addition to the effect of the complex geometry of
ECS, molecular diffusion is affected by the extracellular
matrix. The matrix may react with suitable molecules
through electrostatic or steric (actual binding and un-
binding) interactions with the chondroitin sulfate (Hra-
betova, Masri, Tao, Xiao, & Nicholson, 2009) or hepa-
ran sulfate (Thorne, Lakkaraju, Rodriguez-Boulan, &
Nicholson, 2008) components of the matrix. Our current
modeling studies aim to combine geometry and matrix
to study how the two components interact to affect mo-
lecular diffusion (Figure 5C and 5D; Nicholson, Kamali-
Zare, Tao, 2011).
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Figure 5. Geometrical elements used to construct represen-
tative geometries of the brain for MCell simulations. Length
of each cube side = 0.6 pm and the gap between cubes equals
the width of the ECS (46 nm). A) Geometry with one out of
eight cubes is missing to represent a local void. B) Geometry
with voids generated from cutting off the corners of each
cube (length of the void = 0.15 pm). C) The same geometry
as Panel A filled with uniform matrix. D) The same geom-
etry as Panel B filled with uniform matrix. Note that these
ensembles of eight cubes are replicated many times to form
a medium for the simulation.

ECS Applications

Research involving ECS ranges from basic to applied.
Basic research aims to answer fundamental questions
about how simple mechanisms lead to complex func-
tions. For example, it is extending the concept of the
‘microdomain’ from being only the small region around
single channels to being a larger domain spanning the
spaces surrounding groups of cells. This links molecular
and cellular level events to networks of cells with subtle
interactions. This perspective may help our understand-
ing of complex diseases, such as cancer, (Vargova et al.,
2003) and brings ECS research into the realm of transla-
tional research where the knowledge of basic science is
applied to find innovative ways to treat discases.

Another translational research area where ECS studies
are essential is drug delivery (Wolak & Thorne, 2013).
Drugs may be introduced to the brain by infusion into
ventricular or spinal cavities; this offers good distribu-
tion to the targets near the cavity, but poor penetration
to more distant regions. Drugs may also enter the brain
via the blood supply (following oral, intramuscular or in-
travenous administration) but they have to pass through
blood-brain-barrier, which often restricts drug candi-
dates to small lipophilic compounds. This method also
lacks targeting to specific brain regions.

Finally, drugs may be introduced via direct injection
through a cannula into brain or spinal cord. This method
is called convection enhanced delivery (CED) and al-
lows focal application to the target but it is invasive and
has the potential for damage (Morrison, Laske, Bobo,
Oldfield, & Dedrick, 1994). In all these methods of de-
livery the final common path for the drug to arrive at its
destination is usually diffusion through the ECS.

Conclusions

The ECS is a vital but neglected component of the cell
microenvironment. The properties of the ECS affect
diffusion and local concentrations of many molecules
within this narrow but complex space. It is important
for creating the conditions that permit neuronal electri-
cal and chemical activity and extracellular signaling via
volume transmission.

The geometry of extracellular space and interaction
with matrix combine to modify the free diffusion of mol-
ecules in the brain. This gives ECS the potential to regu-
late diffusion of each molecule individually and dispatch
them to specific targets.

Research on the ECS has a wide range of applications
from addressing fundamental questions to finding inno-
vative ways to treat diseases and deliver drugs.

Padideh Kamali-Zare* and Charles Nicholson

Deptartment of Physiology and Neuroscience, New York University,
Medical School NY 10016, New York

E-mail: padideh.kamali-zare@nyumc.org
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Letter to Editor:

Does the Ability to Make a New Business Need More Risky
Choices during Decisions? Evidences for the Neurocognitive

Basis of Entrepreneurship

ear Editor, As we know, individual differ-

ences play an important role in entrepre-

neurship ability (Zhao & Seibert, 2006).

Some studies have found significant cor-

relations between individuals' personality
and entrepreneurship (White, et. al., 2006, 2007; Furn-
ham and Nederstrom, 2010). Personality characteristics
such as tolerance for risk, preference for autonomy, and
innovativeness are important factors in the selection of
entrepreneurs (White, et. al., 2007). Recently the study
of personality as a concrete psychological concept has
concentrated on brain cognitive functions (Michalski &
Shackelford, 2010; Prabhakaran et. al., 2011). Hence, it
has been argued that understanding entrepreneurial be-
haviors require understanding entrepreneurial thinking.
The identification of entrepreneurship behavior requires
the codification of neural base of entrepreneurial thought
at a deeper level (Prabhakaran et. al., 2011). Some stud-
ies have shown that attitudes toward risk, entrepreneurial
ability, preferences for autonomy, and locus of control
are important in determining who starts and operates
businesses (Caliendo, Fossen, & Kritikos, 2010; Zhao &
Seibert, 2006).

A whole new field of neuroeconomics has made im-
portant progress in studying economic behavior at neural
level (Glimcher et. al., 2009). This field has attempted to
link aspects of economics such as finance (Knutson and
Bossaerts, 2007), marketing (Plassmann et. al., 2007)
and entrepreneurship (Krueger, 2007) with neuroscien-
tific research methodology. Studies have identified neu-
ral mechanisms underlying the representations of value,
reward, and risk, which are important factors affecting
economic behavior (Platt and Huettel, 2008; Rangel et
al., 2008; Schultz, 2006).

Risk-taking in some studies has been considered as a
deficit in the cognitive system so that it has been linked
with violence related to addiction, drug and alcohol use,
and sexual risk-taking (Blum & Nelson-Mmari, 2004;
Williams, Holmbeck, & Greenley, 2002; Fridberg, et.
al., 2010). However, some researchers have shown that

risk-taking behavior may serve some positive functions
in adulthood (Dworkin, 2005; Hendry &Kloep, 2003).

Reyna and Farley (2006) suggest that evaluating a par-
ticular situation in an obsessive manner, may increase
the risk of making errors on the part of the evaluator. In
other words, if the individual spends too much time and
energy evaluating the various possible costs and benefits
when making a decision, he or she may increase the risk
of making mistakes. Hence, intelligent risk taking may
actually be a positive action, adapted by entrepreneurs
as a skill. The skills which may be required by entrepre-
neurs include the ability to react well in highly unpre-
dictable, uncertain, and rapidly changing environments
(Picot et al. 2005). For an entrepreneur to be successful,
it may be necessary to divert from certain well-learned
or routine actions or protocols and show risk taking be-
havior (Baron 2004). For example, in a hypothetical job
opportunity, an entrepreneur may be more successful if
he or she uses intuitive skills more than simply analyzing
the situation cognitively (Mitchell, et. al., 2007). Based
on our review, there is no evidence from risk taking of
entrepreneurs and similarly risk taking is considered as a
negative cognitive function. In the present study, a sim-
ple neurocognitive task was used to measure risk taking
behavior in entrepreneurs.

In a pilot study, we have recruited 20 entrepreneurs (17
male and 3 female, mean age = 24.04+ 5.76 years). They
were Directors of Business Incubators based at Shahid
Beheshti University and the University of Tehran in
December 2011. The Incubator system was adapted in
Iran by Ministry of Science, Research and Technology
(2001), based on the support system for entrepreneurs
offered in Europe, United States and South and East
Asia. The incubator is defined as: "an organization de-
signed to accelerate the growth and success of entrepre-
neurial companies through an array of business support
resources and services that could include physical space,
capital, coaching, common services, and networking
connections" (Jones Christensen, et. al., 2010). A group
of 20 participants were matched for sex and age from

—
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among postgraduate students in Shahid Beheshti and
Tehran Universities.

The Balloon Analogue Risk Taking Test (BART) was
used for evaluation of risk taking in the present experi-
ment. This test was first used by Lejuez et al. (2003) in
the University of Maryland to show "actual risk taking
behavior in real circumstances".

In this task, participants engage in a computer simu-
lation where a balloon is pumped in order to collect
money. Each click on the pump inflates the balloon and
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makes it look bigger. With each pump, 50 tomans (mon-
etary unit in Iran) is collected by the participant and the
collected amount is shown on the screen. If the balloon
explodes, all the money is lost, and the next uninflated
balloon appears on the screen. At any point during the
trial, the participant has the choice to stop pumping the
balloon and click the collect money button. Clicking this
button would transfer all the money to a permanent box.
After each balloon explosion or money collection, the
trial ends and a new trial begins with a new balloon ap-
pearing on the screen. A total of 30 balloons were in-
flated (Figurel).
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Figure 1. Screen of BART task, a; starting position, b; risk taking position

Participants were told that at some point each bal-
loon would explode and that this explosion could
occur as early as the first pump all the way up to
the point at which the balloon had expanded to fill
the entire computer screen. The BART was designed to
provide a context in which actual risky behavior could
be examined (Vigil-Colet, 2007; Ravenzwaaij, Dutilh &
Wagenmakers, 2011; Khodadadi, Dezfouli, Fakhari &
Ekhtiari, 2010).

The result of various studies indicated that the BART
may be a useful tool in the assessment of risk taking.
In fact, there is a high correlation between Zukerman’s
sensation seeking test and risk taking test in real life situ-
ations (Lejuez et. al., 2003).

Results are shown in table 1. As can be seen, the num-
ber of pumps exerted by participants on the exploded
balloons is significantly higher in the entrepreneurs
group. On the other hand, the non-entrepreneurs showed
a higher tendency for saving money. Number of pumps
exerted on the whole balloon was marginally significant

so that entrepreneurs have higher grade in this variable.
Other dependent variables, including maximum and
minimum number of pumps were not significantly dif-
ferent between the two groups.

To our best knowledge, present study is the first study
that used BART in entrepreneurs. The results of the cur-
rent study indicate that the number of pumps exerted on
the exploded balloons was higher in the entrepreneur
group and the number of attempts to save money was
higher in the non-entrepreneurs group. Hence, it may
be concluded that the level of risk taking tendency is
higher in entrepreneurs. Furthermore, non-entrepreneurs
inclined to save more money (i.e. take less risks) as com-
pared to entrepreneurs who were likely to collect money
by taking more risks.

It is interesting to note that some researchers have
tried to explain entrepreneurial behavior by pointing out
to certain personality correlates. For example, Zabel et
al. (2008) argued that sensation seeking, defined as the
tendency to experience new situations, may be a salient
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Table 1. Comparing results of BART between entrepreneurs and non-entrepreneurs

Test Variables En“t;::rr‘e(r;eot;rs Non;:;t;:;z;;r;eurs T- Ratio P- Value
Number of pumping on the exploded balloons 10.76 (5.83) 7.15(3.28) 3.36 0.024
Number of pumping on the whole balloons 32.84(11.42) 25.44 (11.09) 1.99 0.054
Number of decisions to save money 20.11(5.01) 23.20(2.87) -2.33 0.025
Maximum number of pumps exerted 71.29(29.87) 56.80 (22.83) 1.67 n.s.
Minimum number of pumps exerted 4.35(4.03) 2.45 (3.36) 1.566 n.s.

part of the personality profile of entrepreneurs. Sensa-
tion seeking has also been correlated with risky decision
making.

Entrepreneurs some times have to make decisions un-
der extreme uncertainty and ambiguity and this char-
acteristic may partly explain entrepreneurial success
(McVea, 2009). A new theory of entrepreneurship, states
that entrepreneurs are less likely to avert risks and are in-
clined to face up to or indeed welcome various situations
which may elicit risky behaviors (Newmann, 2007).
This is in contrast to regular workers who may avert
risky situations in favor of the status quo (e.g. assurance
that wages are maintained). This theory is supported us-
ing an experimental paradigm in the present study.

Mullins and Forlani (2000) studied the possible risky
situations in entrepreneurial ventures and found that en-
trepreneurs tend to choose various ventures and projects
on the basis of the amount of risk involved in these ven-
tures and projects rather than relying on purely logical
situational and/or perceptual analyses. In other words,
the greater risk potentials of a situation, the more likely
that the person would select that particular situation.

Some researchers have suggested that intuition may
play an important part in entrepreneurial thinking (Di-
jksterhuis, Bos, van der Leij, & van Baaren, 2009). It
is argued that in rational thinking we may lose a huge
amount of information which is available in the form of
intuitive and subconscious (i.e. impressions and hunches
which are gained through experience) thinking. An ex-
ample is creative thinking during sleep when rational
thinking is "switched off", and the unconscious informa-
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tion may have greater freedom and may be used for cre-
ative thinking (Chavez-Eakle & Sanchez, 2011). Future
research on entrepreneurship should address the possible
role played by intuitive thinking in decision making of
entrepreneurs. Indeed, Khatri and Ng (2000) have al-
ready shown that intuition may play a role in strategic
decision-making. Furthermore, Levander and Raccuia
(2001) have shown that in entrepreneurial personality,
rationality may have a lower priority than instinct in
shaping entrepreneurs' behaviors.

In the current study, risk taking tendency was found
to be higher in entrepreneurs than non-entrepreneurs
and thus risk taking behavior may be a key factor in the
screening and selection of entrepreneurs. One limitation
of the present study is lack of an objective test for evalu-
ation of entrepreneurship that should be considered in
future studies along with a larger sample size.
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Atrticle info: ABSTRACT
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Introduction: Transplantation of bone marrow stromal cells (BMSCs) or Schwann cells
(SCs) can increase axonal regeneration in peripheral nerve injuries. Based on our previous
Accepted: 11 May 2013 :  investigations, the goal of the present work was to examine the individual and synergistic
. effects of the two different cell types in sciatic nerve injury . We pursued to evaluate the
effects of BMSCs and SCs co-transplantation on the functional recovery after sciatic nerve
injury in rat.

First Revision: 13 January 2013

Methods: In this experimental research, adult male Wistar rats (n=32, 250-300g) were
used, BMSCs and SCs were cultured, and the SCs were confirmed with anti S100 antibody.
Rats were randomly divided into 4 groups (n=8 in each group): 1- control group: silicon
tube filled with fibrin gel without cells; 2- BMSCs group: silicon tube filled with fibrin
gel seeded with BMSCs; 3- SCs group: silicon tube filled with fibrin gel seeded with SCs
and 4- co-transplantation group: silicone tube filled with fibrin gel seeded with BMSCs
and SCs. The left sciatic nerve was exposed, a 10 mm segment removed, and a silicone
tube interposed into this nerve gap. BMSCs and SCs were transplanted separately or in
combination into the gap. BMSCs were labeled with anti-BrdU and SCs were labeled with
Dil. After 12 weeks electromyographic and functional assessments were performed and
analyzed by one-way analysis of variance (ANOVA).

Results: Electromyographic and functional assessments showed a significant difference
between the experimental groups and controls. Electromyography measures were
significantly more favourable in SCs transplantation group as compared to BMSCs
transplantation and co-transplantation groups (p<0.05). Functional assessments showed no
statistically significant difference among the BMSCs, SCs and co-transplantation groups

Key Words: (p<0.05).

Bone Marrow Stromal Cells, . Discussion: Transplantation of BMSCs and SCs separately or in combination have
Schwann Cells, :  the potential to generate functional recovery after sciatic nerve injury in rat. The
Transplantation, . electromyography evaluation showed a greater improvement after SCs transplantation than
Peripheral Nerve Regeneration. * BMSCsor the co-transplantation of BMSCs and SCs.
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1. Introduction

eripheral nerve system (PNS) has the po-

tential to regenerate nerve cells, and the pe-

ripheral nerve injury has been successfully

recovered using various procedures such

as nerve autograft or nerve guidance tubes
(Belkas, Shoichet, & Midha, 2004). In peripheral nerve
injury, one of the problems is suturing nerve ends when
the resulting gap is too long (Millesi, 1984). The nerve
ends can be connected with a nerve autograft to provide
a guidance for the regenerating nerves. However, for
more extensive nerve trauma, a longer graft is needed,
and when the graft is thinner than the injured nerve, the
transplantation of a bundle of nerve fibers becomes man-
datory. Since the procedure requires a large graft from a
healthy nerve, sensory and motor destruction may occur
at the donor site (Ide, 1996; Ishikawa et al., 2009).

Axonal regeneration in a peripheral nerve injury which
requires extrinsic factors to promote growth and supply
guidance to the target. To overcome these problems, a
variety of nerve guide tubes have been used to facilitate
cell transplantation. The purposes of the cellular trans-
plantation include: 1- bridging the gap; 2- providing a
suitable environment to induce axonal regeneration and
3- to promote neovascularization. Different procedures
have been used to improve regeneration of peripheral
nerves. One of those is the seeding of the cells into the
guide tubes (Belkas et al., 2004; Dezawa, 2005; Fan,
Crawford, & Xiao, 2011; Ishikawa et al., 2009).

Bone marrow stromal cells (BMSCs) and Schwann
cells (SCs) are cells with the capability to produce
nerve growth factors such as nerve growth factor (NGF),
brain-derived nerve growth factor (BDNF) and vascular
endothelial growth factor (VEGF) . These factors play
an important role in the survival and proliferation of ax-
ons. Thus BMSCs and SCs transplantation may possibly

result in the recovery of peripheral nerves following in-
jury (Braga-Silva et al., 2006; C. J. Chen et al., 2007; Lu
et al., 2006; Schlosshauer, Muller, Schroder, Planck, &
Muller, 2003).

Our previous study showed that BMSCs and SCs can
be effective on functional recovery of the sciatic nerve
injury on their own (Zarbakhsh et al., 2012). To consoli-
date the earlier findings, here we pursued to compare
the effects of the co-transplantation of these cells (BM-
SCs and SCs) with sole transplantation of these cells on
the peripheral nerve recovery as this has not so far been
evaluated under similarly controlled conditions.

2. Methods

In this experimental research, male Wistar rats (n=32,
250-300g) bred in Tehran Pasteur Institute were used.
All animals had free access to laboratory chow, and tap
water. Rats were randomly divided into 4 groups (n=8
in each group): 1- control group; 2- BMSCs transplan-
tation group; 3- SCs transplantation group and 4- Co-
transplantation group. All procedures in this study, in-
cluding the use and care of animals, were approved by
the Research Council of Tehran University of Medical
Sciences (Tehran, Iran).

2.1. BMSCs Culture

Briefly, to obtain BMSCs, rats were killed and femurs
and tibias were dissected out. The marrow was extrud-
ed with 10 ml of Dulbecco’s Modified Eagle Medium
(DMEM) (Sigma, Aldrich) and cultured in DMEM
(Azizi, Stokes, Augelli, Digirolamo, & Prockop, 1998).
BMSCs were subcultured four times and were labeled
with anti-BrdU antibody (Bromodeoxyuridin) (Sigma
Aldrich) as the primary antibody and rhodamine (Sigma
Aldrich) as the secondary antibody in the sciatic nerve.
(Fig. 1, 2) ( Li et al., 2006; Liao et al., 2001; Zurita &
Vaquero, 2006; Zarbakhsh et al., 2012).

NEURSSCIENCE

Figure 1. Cultured bone marrow stromal cells. (A) In PO stage adherent cells exhibited small round, spindle-shaped (arrow)
(x200). (B) In P2 stage. Most cells grew, and exhibited fibroblast-like morphology. The small round cells adhered to the surface
of these cell layers (arrow) (x200). (C) In P4 stage round cells disappeared and the fibroblast-like cells became morphologically

homogeneous (arrow) (%200).
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2.2. SCs Culture

Briefly, to obtain SCs, rats were killed and their sci-
atic nerves were dissected bilaterally. After removing
epineurium and connective tissue, the sciatic nerves
were cut into 2-3 mm fragments and cultured in DMEM
(Zurita, Bonilla, Otero, Aguayo, & Vaquero, 2008). SCs
were subcultured three times and were confirmed by anti
S100 antibody. Dilution range of anti S100 antibody was
ratio of 1 to 500 of rabbit anti S100 antibody (Sigma)
in (PBS+0.3% Triton X+10% Normal Goat serum) (Fig.
3) (Rodriguez, Verdu, Ceballos, & Navarro, 2000). SCs
were labeled with Dil (1,1 -dioctadecyl-3,3,3",3 -tetra-
methylindocarbocyanine perchlorate) (Sigma Aldrich)
(170 mg/ml in DMSO and diluted 1:10 in saline) in the
sciatic nerve. Briefly SCs were suspended in DMEM
and 5pl/ml Dil was added. After incubation for 20 min,
the cells were centrifuged and washed twice with PBS.
Then they were resuspended in PBS for transplantation.
4 weeks after the transplantation, prepared frozen sec-
tions and the labeled cells were detected using the fluo-
rescent microscope (Olympus AX70) (Fig. 4) (Li et al.,
2008; Pourheydar et al., 2012; Al et al., 2007; Bakhtyari
etal., 2009; Haastert et al., 2006, Zarbakhsh et al., 2012).

2.3. Transplantation Procedure

Rats were anesthetized and after skin incision, the sci-
atic nerve was exposed using a muscle splitting incision.
Under an operating microscope the left sciatic nerve was
exposed at the mid-thigh, and a 10 mm segment of the
nerve was removed. A 12 mm silicone tube (1 mm in-
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ner diameter, 2 mm outer diameter) was interposed into
this nerve gap (Y. S. Chen et al., 2000). Both proximal
and distal ends of the nerve were anchored into the con-
duit with 10-0 nylon suture (Fig.5). The silicone tube
in the BMSCs group was filled with fibrin gel seeded
with about 500,000 BMSCs, in the SCs group was filled
with fibrin gel seeded with about 500,000 SCs, in the
co-transplantation group was filled with fibrin gel seeded
with about 250,000 BMSCs and 250,000 SCs; and the
control group with fibrin gel without any cell. Finally the
skin was sutured with 5-0 silk.

2.4. Electromyography (EMG) Study

Twelve weeks after the transplantation, rats were anes-
thetized and the sciatic nerves were exposed. Electric
stimulation was utilized to the proximal site of the in-
jured nerve. The compound muscle action potential was
recorded in the gastrocnemius with a needle electrode
and a reference cap electrode inserted at the knee joint.
The stainless steel needle used as the ground elec-
trode was inserted into the tail skin (Chen et al., 2007;
Mimura, Dezawa, Kanno, Sawada, & Yamamoto, 2004;
Zarbakhsh et al., 2012).

2.5. Functional Assessment

The functional assessment of the sciatic nerve regen-
eration was expressed by the sciatic function index
(SFI). Briefly, twelve weeks after the transplantation,
rats hind feet were dipped in ink and the rats were al-
lowed to walk through a plastic tunnel so that the foot-
prints could be recorded on paper loaded onto the bot-
tom of the tunnel. The distance among the fingers, toes

J\\
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Figure 2. Cross-section of the sci-
atic nerve, 4 weeks after the trans-
plantation of BMSCs labeled with
anti BrdU antibody shown as red
spots in the sciatic nerve (arrow)
(x100).

Figure 3. (A) Cultured Schwann cells were small, elongated, and spindle shaped
in P2 stage (arrows) (x200). (B) Schwann cells were labeled with anti S100 anti-
body, and showed a tendency to line up side by side or end to end and to form
interconnected networks (arrows) (%200).
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Figure 4. Cross-sections of the sciatic nerve 4 weeks after the
transplantation of Schwann cells labeled with Dil shown as
red spots in the sciatic nerve (arrow) (x100).

5
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Figure 5. Nerve graft. The left sciatic nerve was exposed at
the mid-thigh and a 10 mm segment of the nerve was re-
moved. A 12 mm silicone tube was interposed into this
nerve gap. Arrows show two heads of the nerve in the sili-
cone tube.

and heels was measured. The SFI was calculated as fol-
low: SFI=-38.3x(EPL-NPL)/NPL+109.5%(ETS-NTS)/
NTS+13.3x(EITS-NITS)/NITS-8.8. In general, the SFI
oscillates around 0O for normal nerve function, whereas
around -100, the SFT indicates a total dysfunction (Chen
etal.,2007; Mimura et al., 2004; Zarbakhsh et al., 2012).

2.6. Statistical Analyses

All data were analyzed by one-way analysis of vari-
ance (ANOVA) followed by the Tukey test. Obtained
data were presented as means + standard error and a
level of p<0.05 was considered statistically significant.

3. Results
3.1. BMSCs Culture

BMSCs obtained from the femurs and tibias of adult
rats comprised heterogeneous groups of cells after seed-
ing and growing in culture plates. After initial plating,
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Figure 6. Electromyographic waves for control, BMSCs,
SCs and co-transplantation groups 12 weeks after surgery.
Amplitude and latency are shown for each group. The time
calibration bar was 2 ms and the amplitude calibration bar
was 10 mV. The stimulation intensity was 2.3 mA and the
duration was 0.1 ms.

the adherent cells exhibited a small rounded-shape, a
spindle-shape or a large flattened morphology (Fig.1A).
Most cells grew and exhibited a fibroblast-like morphol-
ogy on reaching confluence. The small rounded cells
adhered to the surface of these cell layers (Fig.1B).
These rounded cells disappeared after repeated passages,
whereas the fibroblast-like cells became enriched. Upon
the 4th passage, the fibroblast-like cells became mor-
phologically homogeneous (Fig.1C).

3.2. Labeled BMSCs in the Sciatic Nerve Tissue

Immunohistochemistry technique showed the BMSCs
labeled with the anti-BrdU antibody were red spots in the
cross section of the sciatic nerve (Fig.2). Presence of the
red color was due to the use of thodamine as the secondary
antibody. Our results confirmed not only the the presence
but the viability of the transplanted cells in the silicone tube
bridging the gap 4 weeks after the transplantation.
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Figure 7. The results of electromyography tests of amplitude and latency showed there were statistically significant differences
between the control and experimental groups (BMSCs, SCs and co-transplantation of BMSCs and SCs)* and SCs transplanta-
tionresulted in a more favorable results compared to the other groups (*p<0.05).

3.3. SCs Cultured

The spindle-shaped cellular morphology of the SCs
seen on the culture plate was viable. Most of the cells
were small, elongated, and spindle shaped (Fig.3A).
Fluorescence microscopy showed the SCs were S100-
positive cells. In the culture dishes, the SCs had a ten-
dency to line up side by side or end to end and to form
interconnected networks (Fig.3B).

3.4. Labeled SCs in the Sciatic Nerve Tissue

Histochemistry technique showed the SCs labeled with
Dil as red-positive spots in the cross section of sciatic
nerve (Fig.4). The results confirmed the presence and vi-
ability of the transplanted cells in the silicone tube bridg-
ing the gap 4 weeks after the transplantation.

3.5. Electromyography (EMG)

The results of the EMG tests comprised both amplitude
and latency measures. The time calibration bar was 2
milliseconds (ms) and the amplitude calibration bar was
10 millivolts (mV). The stimulation intensity was 2.3
milliampere (mA) and the duration was 0.1 ms (Fig.6).

The results showed a statistically significant difference
between control and experimental groups (BMSCs, SCs
and co-transplantation). Moreover, results from the SCs-
transplant group were significantly more favorable com-
pared to the other groups (p<0.05) (Fig.7).
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Figure 8. Foot print of control, BMSCs, SCs and co-transplantation groups 12 weeks after surgery.

Arrow shows walking direction.
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Figure 9. The results of the sciatic function index (SFI) test showed there were statistically significant differences
between control and experimental groups (BMSCs, SCs and co-transplantation of BMSCs and SCs)* while showing
no statistically significant difference among the experimental groups (*p<0.05).

3.6. Functional Analysis

The results of SFI showed a statistically significant dif-
ference between the control and experimental groups
(BMSCs, SCs and co-transplantation), however, no sta-
tistically significant difference was observed amongst
the experimental groups (p<0.05) (Fig.8, 9).

4. Discussion

Peripheral nerve injury is considered as one of the most
challenging microsurgical problems. These damages
may lead to a considerable disability due to the loss of
both motor and sensory functions. Since the auto graft
procedure involves multiple surgeries, loss of function,
and loss of sensation at the donor site, development of
a high quality replacement for auto grafts is required
(Belkas et al., 2004, Dezawa, 2005; Ishikawa et al.,
2009).

In the previous study we compared the effects of trans-
plantation of BMSCs and SCs on the recovery of rats’
sciatic nerve injury. We also showed that BMSCs and
SCs can be effective by their own and SCs were signifi-
cantly more effective than the BMSCs (Zarbakhsh et al.,
2012). In this study, we compared the effects of the sole
transplantation of BMSCs, SCs and the co-transplanta-
tion of these cells on the recovery of rats’ sciatic nerve
injury under similar condition. Several investigators
have shown that BMSCs and SCs can repair the sciatic
nerve injuries (Braga-Silva et al., 2006; C. J. Chen et al.,
2007; Lu et al., 2006; Schlosshauer et al., 2003), howev-
er, BMSCs and SCs have not been used in combination
for the same purpose. Comparing the effects these cells’
co-transplantation (BMSCs and SCs) with the effect of
their sole transplantation on the recovery of the injured

peripheral nerve under similar conditions may introduce
a novel clinical approache in utilizing these cells to re-
place peripheral nerve recovery auto grafts.

Due to the benefits of stem cells and Schwann cells in
producing nerve growth factors such as NGF, BDNF
and VEGF, as well as substantiating extracellular matrix
proteins such as collagen IV and laminin (Braga-Silva et
al., 2006; C. J. Chen et al., 2007; Fan et al., 2011; Feng,
Zhou, Rush, & Ferguson, 2008; Ide, 1996), there is good
evidence to support the hypothesis that transplantation
of BMSCs and SCs may repair peripheral nerve injuries.
Moreover, using the co-transplant of these cells may pos-
sibly be an important step in the selection of a repair pro-
cedure based on the peripheral nerve recovery measures.

In this study, we showed that the sole- and co-trans-
plantation of BMSCs and SCs may lead to functional
recovery of the injured sciatic nerve. This was docu-
mented by the EMG test in the gastrocnemius muscle as
well as the walking behavior measured by the foot print
analysis. The results of the EMG tests revealed that there
were statistically significant differences between the
control and experimental groups (BMSCs, SCs and co-
transplantation of these cells). Some other reported data
support our findings (C. J. Chen et al., 2007; Murakami
et al., 2003; Rodriguez et al., 2000; Wang et al., 2008).
The greater recovery in the SCs group as compared to
the BMSCs group could probably be due to the direct
and essential role of SCs in regeneration and recreation
of axonal bridges. Similarly, The greater recovery in the
SCs group as compared to the co-transplantation group
was probably due to the number of SCs in SCs group
than the co-transplant group. Furthermore, in the co-
transplant group these cells might have overlapped re-
sulting in a less repaire rate. The results of the SFI tests
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showed there were statistically significant differences
between the control and experimental groups. These re-
sults are in agreement with findings of other investiga-
tions (C. J. Chen et al., 2007; Hou, Zhang, Quan, Liu,
& Zhu, 2006; Kim, Lee, & Lee, 2007; Nie et al., 2007),
while the lack of any statistically significant difference
amongst the experimental groups is a new finding and
has not been previously addressed under similar condi-
tions. Presumably after 12 weeks, due to the growing ax-
ons, a significance difference was observed in the results
of EMG amongst the experimental groups, while myelin
formation was not completed. Accordingly, there was no
statistically significant difference amongst the experi-
mental groups with regard to the SFI results. Neverthe-
less, we might possibly have observed a significance dif-
ference in the results of SFI amongst the experimental
groups if waited longer.

Our results suggested that the sole- or co-transplanta-
tion of BMSCs and SCs have the potential to generate
functional recovery of rats’ injured sciatic nerve. EMG
evaluation revealed that the SCs transplantation results
in a greater functional improvement in the injured nerve
as compared to BMSCs transplantation or co-transplan-
tation of BMSCs and SCs. Our findings support use of
SCs transplant as opposed to BMSCs or combination of
BMSCs and SCs transplant for the clinical repair of the
injured peripheral nerves.
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First Revision: 26 February 2013 :  Introduction: Considering the prevalence of epilepsy and the failure of available treatments
Accepted: 22 May 2013 : for many epileptic patients, finding more effective drugs in the treatment of epilepsy seems

necessary. Oxidative stress has a special role in the pathogenesis of epileptic syndrome.
Therefore, in the present study, we have examined the anti-epileptic and anti-oxidant properties
of the Ferula Assa Foetida gum extract, using the pentylentetrazole (PTZ) kindling method.

In this experimental study, sixty male Albino mice weighing 25-30 g were selected and were
randomly divided into 6 groups. 1- the control group, 2- PTZ-kindled mice, 3- positive control
group which received valproate (100 mg/kg) as anti-convulsant drug, 4-5 & 6- the groups of
kindled mice that pretreated with 25, 50 and 100 mg/kg doses of Ferula Assa Foetida gum
extract.

Methods: Kindling has been induced in all groups, except for the control group via 11 PTZ
injections (35 mg /kg; ip) every other day for 22 days. In the 24th day, the PTZ challenge dose
was injected (75 mg / kg) to all groups except the control group. The intensity of seizures were
observed and noted until 30 minutes after PTZ injection. At list, the mice were decapitated
and the brains of all the mice were removed.. and their biochemical factors levels including
malondialdehyde (MDA), superoxide dismutase (SOD) and nitric oxide (NO) were determined.

Key Words: :
Ferula Assa Foetida ¢ Results: Results of this study show that Ferula Assa Foetida gum extract is able to reduce
Epilepsy. ’ *  seizure duration and its intensity. In addition, this extract has reduced MDA and NO levels and
PTZ ’ *  increased the level of SOD in the brain tissue compared to the PTZ- kindled mice.
Nitric Oxide, :  Discussion: It can be concluded that Ferula Assa Foetida gum extract, in specific doses, is able
Superoxide Dismutase, : to show an anti-epileptic effect because of its antioxidant properties, probably acting through
Malondialdehyde. *  anenzyme activity mechanism.
1. Introduction the occurrence of recurrent and unpredictable seizures
(McNamara, 1994). Among the reasons of seizure attack
pilepsy is one of the most serious neurologi- are brain injury, stroke, serious events before birth, brain

cal disorders, which is induced by a sudden tumor, infection (encephalitis, bacterial meningitis) and

increment of stimulatory factors in the cor- genetic factors (Khaleghi-Ghadiri & Gorji, 2004).

tical neurons. About 0.5-3% of people ex-

perience it during their lifetime (Theodore It has been known that during epileptic attack, oxida-
& Fisher, 2007; Levav, Stephenson & Theodore, 1999). tive stress occurs, free radicals are produced and mem-
Epilepsy refers to a functional disorder of the brain with brane lipid peroxidation happens, all of which cause
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tissue damage (Ilhan et al., 2005; Tuszkiewicz-Misztal,
Opoka-Winiarska &, Postépski, 2000).

MDA is the end product of unsaturated membrane fatty
acid peroxidation and therefore, has been considered as
the sign of lipid peroxidation (Chauhan, & Chauhan,
2006). NO is also one of the most abundant free radi-
cals in the body (Evereklioglu et al., 2004) which its
rapid reaction with other free radicals such as superox-
ide anion induces oxidizing product, neuronal toxicity
and epileptic attack (Sogut et al., 2003; Buisson et al.,
1993). In the presence of superoxide free radicals, the
activity of SOD increases (Rukmini, Souza & Souza,
2004). Superoxide radical is also one of the free radi-
cals which indirectly trigger lipid peroxidation (Dehpour
et al., 2009). SOD can scavenger the superoxide anion
by catalyzing it to H202 and O2 by which prevent the
oxidative stress-induced cellular damage (Sogut et al.,
2003). Despite the development of various anti-epileptic
drugs, about one third of epileptic patients are resistant
to current drug therapies. The resulted side effects from
common toxic anti-epileptic drugs also lead to limited
use of these drugs and failure of their optimal therapeutic
effect in the treatment. Thus, considering the mentioned
reports, focusing on new anti-epileptic drugs is neces-
sary (Zargari, 1991).

In the recent years, there has been a revival in the use of
medicinal plants. The milder side effects of these plants,
the variety of effective compounds in plants, the recom-
mendations of the World Health Organization for using
medicinal plants have all contributed to the growth of
this new trend (Zamani, 1999). In the Iranian and Indian
traditional medicine, Ferula Assa Foetida has been sug-
gested to eliminate seizures and also in Pakistan and Af-
ghanistan it is used in food components. Its plant is dis-
tributed in East of Afghanistan and West of Iran (Taghi
& Tehran, 1990; Moatar & Shams-Ardakani, 1999; Ta-
batabyi 1989). Ferula Assa Foetida has antispasmodic
effects. It is used to eliminate the respiratory and gastro-
intestinal diseases with neural origins (Newall, Ander-
son & Phillipson, 1996) and is also prescribed for the
treatment of inflammation, tremors and epilepsy in chil-
dren (Gorgi & Madeja 2001). The most important sub-
stances in Ferula Assa Foetida, are sulfide compounds,
Sesquiterpene compounds (Coumarin derivatives) and
Monoterpenes including a-Pinene, B-,Pinene (With anti-
epileptic properties) (Stefan et al., 2006), Phellandrene,
Granyl acetate, a-terpineol, asaresinotannols and fla-
vonoid compounds (with anti oxidant properties) and
Luteolin (Dehpour et al., 2009).

In the researches performed on this plant, anticonvul-
sant, antioxidant and NO scavengering effects of this
plant are mentioned (Sayyah et al., 2011). In this study
we have investigated the anti-epileptic effects of Ferula
Assa Foetida by evaluation of the antioxidant proper-
ties of this plant. In addition, by measuring the levels of
NO as a free radical, MDA level as the most important
indicator of lipid peroxidation, and SOD activity as an
antioxidant enzyme in the PTZ-induced chemical kin-
dling models, we examined the antioxidant properties of
Ferula Assa Foetida.

2. Methods
2.1. Animals

In this experimental study, a total of60 male Albino
mice weighing 25-30 g (Razi Institue, Iran) were ran-
domly divided into six experimental groups including;
1- the control group, 2- PTZ-kindled mice, 3- the posi-
tive control group which received valproate (100 mg/kg)
as anti-convulsant drug, 4-5 & 6- the treatment groups
which received 25, 50 and 100 mg/kg; i.p. of Ferula Assa
Foetida gum extract.

Ten mice per cage were kept in animal house of Sha-
hed Medical University at temperature 21+2°C and
under light cycle of 12 h darkness and 12 h lights. The
mice had free access to standard food and tap water ad
libitum. The experimental protocol was approved by the
Ethic Committee of Shahed University.

2.2. Kindling Method

All groups of mice except the control group were
kindled by a total of 11 injections of PTZ (35 mg/kg;
i.p.) every second day and in a period of 22 days. PTZ
(Sigma) was dissolved in isotonic saline solution (NaCl
9/0%). The animals were considered for 30 minutes after
the last drug injection; after an additional 30 minutes the
mice were observed for lethality. On day 24, the chal-
lenge dose of PTZ (75 mg / kg) was injected to all of
the kindled mice, to induce tonic-clonic seizures and
perhaps death.

In the positive control group and treatment groups
(groups 3, 4, 5 and 6) PTZ was administrated 30 min-
utes after the first treatment with valproate and different
doses of Ferula Assa Foetida gum extract. The intensity
of seizure (0-6 phases) in the kindling model for 30 min-
utes after PTZ injection was evaluated using the follow-
ing scale (Eracovic et al., 2001). The scale introduces six
phases as follows:
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0: No response

1: Ear and facial twitching

2: Axial convulsive waves through the body
3: Myoclonic body jerks

4: Generalized clonic convulsions turning over into
side position

5: Generalized convulsions with tonic extension epi-
sode and status epilepticus

6: Mortality
2.3. Preparation of Plant Hydro-Alcoholic Extract

Ferula Assa Foetida gum was provided from the local
stores and was scientifically approved by the department
of Botany of Shahed University. To prepare the hydro-
alcoholic extract, using percolation method; 60 g of gum
was grinded, and then the extract was obtained according
to the Khalili method (Khalili et al., 2011; Atilla et al.,
2006). The final concentration was 25%. However, the
25, 50 and 100 mg/kg extract doses were prepared from
concentrated extract which were dissolved in saline.

2.4. Sample Preparation and Biochemical Assays

To evaluate the biochemical factors, after the 12th in-
jection and behavioral observation, the mice were de-
capitated and their brains were quickly removed. The
brains were washed two times in cold saline. They were
placed in freezer (-30° C), in a glass bottle (for less than
10 hours). Then the brains were cut by scissors and were
homogenized using four times ice-cold Tris-Hel (50 mM,
PH 7.4) buffer for 2 minutes at 5000 rpm. MDA and NO
levels were measured at this phase. The homogenized
solution was then centrifuged for 60 minutes at 5000xg
to remove debris. The supernatant solution was then ex-
tracted with a mixture of ethanol/chloroform (a volume
with ratio of 5:3). After centrifugation at 5000xg for 30
min, the clear upper layer (the ethanol phase) was taken
and used for evaluation of the SOD activity. All experi-
ments were carried out at +4° C (Oliver et al., 1990).

2.5. NO Measurement

Since nitric oxide is a highly unstable material that
rapidly converts to nitrate (NO3-) and finally to nitrite
(NO2-), the total nitrite amount using Griess method was
used as an indicator of nitric oxide. Briefly, in this study
nitrate in the samples was converted to nitrite by cad-
mium and followed by color development with Griess
reagent (sulfanilamide and N-naphthyl ethylenediamine)

in acidic medium. The absorbance was determined at
540 nm with a spectrophotometer (Ilhan, et al 2005).

2.6. SOD Enzyme Activity Evaluation

Total SOD activity was measured based on the Sun
method. Supernatants of brain tissue samples were in-
cubated with xantine and xanthine oxidase in potassium
phosphate buffer (pH 7.8, 37°C) for 40 min and NBT
was added. Blue formazan was then monitored spectro-
photometrically at 550 nm. The inhibition of NBT re-
duction to 50% maximum by SOD enzyme was obtained
and wasdefined as 1 nitrite unit (NU) of SOD activity
(Sun & Oberley, 1988).

2.7. MDA Evaluation

Measurement of malondialdehyde levels (thiobarbitu-
ric acid reactive substances, TBARS) is in accordance
with a method in which MDA at 100° C and pH=2-3
reacts with thiobarbituric acid such that trichloroacetic
acid and TBARS reagent have mixed with supernatant.
After cooling on ice and centrifuging at 3000 rpm for 20
minutes, the supernatant light absorption was read at 532
nm (Oliver et al., 1990).

3. Statistical Analysis

The obtained results in this study were expressed as
means + S.E.M. Statistical analyses between experimen-
tal groups were carried out using repeated measurement
of one way analysis of variance (ANOVA). The com-
parison between individual experimental groups was
continued with complementary post-hoc Tukey test and
p values less than 0.05 were considered as significant
differences.

4. Results

4.1. Effect of Different Doses of Ferula Assa
Foetida Gum Extract on the PTZ-Induced Sei-
zure Intensity

Statistical analysis of results (as shown in figure 1) in-
dicates that Ferula Assa Foetida gum extract 25mg/kg
could reduce seizure intensity significantly only at the
6th and 7th injections as compared to the PTZ group
)P< 0.05(. In addition, plant extract 50 mg/kg at the
6th, 7th and 9th injections was able to reduce seizure
intensity significantly in comparison with PTZ group )
P< 0.05(. Also, Ferula Assa Foetida gum extract 100
mg/kg in the 7th, 8th , and 9th injections, significantly
reduced PTZ-induced seizure intensity as compared to

—
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the PTZ group )P< 0.05(. Finally, the last injection in
the challenge dose of Ferula Assa Foetida gum extract
(100 mg/kg) was able to reduce seizure rate significantly
along with valproate) P< 0.01(. It is noteworthy that, in
the positive control group, valproate (100 mg/kg) has

Sceizure periods

reduced seizure intensity in most of the periods signifi-
cantly (P<0.05) relative to the PTZ group and had a more
significant reducing effect in the challenge dose than in
the other periods (P<0.001).
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Figure 1. Effect of Ferula Assa Foetida pretreatment on the PTZ-induced kindling intensity. Ff shows Feru-
la Assa Foetida. *P < 0.05 and **P < 0.01 indicate significant differences as compared to PTZ-kindled group.

4.2. Effect of Different Doses of Ferula Assa Foeti-
da Gum Extract on the Starting Time of Stage 5 of
PTZ-Induced Seizure

As it is indicated in figure 2, Ferula Assa Foetida gum
extract 100 mg/kg has shown a significant increase in
seizure starting time as compared to PTZ group )P<
0.05(. In the rest of the treatment groups, significant dif-
ferences were not observed.

4.3. Effect of Different Doses of Ferula Assa Foeti-
da Gum Extract on State 5 Duration Time

As it is shown in figure 3, only pretreatmented of
mice with Ferula Assa Foetida gum extract 100 mg/kg
and valproate 100 mg/kg are able to reduce the period
that the mice remain in phase 5 of seizure significantly
(P<0.01 and P<0.05 respectively).

The 5 scizure latency time (min)
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Figure 2. Effect of valproate (100 mg/kg) and three doses of Ferula Assa Foeti-
da (25, 50 and 100 mg/kg) on the latency to the onset of stage 4 seizure. n=10in
each group. VPA and Ff indicate valproate and Ferula Assa Foetida respective-
ly. *P < 0.05 indicate significant differences as compared to PTZ-kindled group
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Figure 3. Effect of valproate (100 mg/kg) and three doses of Ferula Assa Foetida
(25,50 and 100 mg/kg) on the remaining time in the phase 5. n=10 in each group.
VPA and Ff indicate valproate and Ferula Assa Foetida respectively. *P < 0.05
shows significant difference as compared to PTZ-kindled group.

4.4. Effect of Different Doses of Ferula Assa Foeti-
da Gum Extract on the NO and MDA Values, and
SOD Activity

A comparison among the effects of different doses of
Ferula Assa Foetida gum extract, valproate and PTZ on
the biochemical factors of brain tissue that are the com-
mon oxidative stress markers, is shown in table 1. As it
is shown in the table, in the PTZ-kindled group, MDA
level of the brain tissue has increased significantly rela-
tive to the control group )P< 0.05( and SOD level has
shown a significant reduction in this group compared to
the control group )P< 0.05(. In this group, however, the
NO level did not show any significant change compared
to the control group.

In the positive group which received valproate, the NO
level showed a significant decrease compared to the con-
trol and PTZ groups (P<0.05(. MDA levels in this group
had significant reduction in comparison with the PTZ
receiving group (P< 0.05(. However, valproate and dif-

ferent doses of plant extract were not able to induce any
significant differences in SOD levels in the brain tissue
in comparison with the PTZ and control groups.

In the experimental groups receiving different doses
of plant extract, only Ferula Assa Foetida gum extract
50mg/kg induced significant reduction of the NO level
compared with PTZ group )P< 0.05(. The mice which
were pretreated with Ferula Assa Foetida gum extract
50 mg/kg and 100 mg/kg showed significant decrease
of MDA levels compared to the PTZ group) P<0.05 and
P<0.01 respectively (. Ferula Assa Foetida gum extract
25 mg/kg did not make any significant differences of en-
zymes amounts compared with PTZ and control groups.

Brain levels of NO, MDA and SOD are compared in
six groups. In each group n=10 and Ff indicates Ferula
Assa Foetida * and # show significant differences as
compared to control and PTZ-kindled groups respec-
tively (P<0.05).

Table 1. The effect of valproate and three doses of Ferula Assa Foetida on the NO, MDA and SOD

levels of brain tissue on the PTZ-kindled mice.

Groups SOD (V) MDA ( nmol) NO (pmol)
Control 0.127+0.004 17.69+1.89 0.527+0.027
PTZ 0.098+0.008 * 25.63+2.11 * 0.598+0.032
PTZ + Valproate 0.121+0.118 20.46+1.98 # 0.398+0.042 *
PTZ + Ff 25 0.123+0.014 23.51+1.19 0.497+0.056
PTZ + Ff 50 0.144+0.012 18.21+1.48 # 0.401+0.019 #
PTZ + Ff 100 0.146+0.014 15.29+1.33 ## 0.521+0.052
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5. Discussion

For centuries in the Iranian and Indian traditional medi-
cine, Ferula Assa Foetida has been administered as an
anti-seizure drug (Zargari, 1991). Additionally, in the
western tradition of herbal medicine, it was used for the
treatment of asthma, epilepsy, convulsions, and muscle
cramps (Arky, 1996). In general, results of this research
indicated that Ferula Assa Foetida gum extract has a
lowering effect on seizure intensity and is able to en-
hance the seizure threshold. Our result is in consistence
with previous studies that pointed to the anti-epileptic
properties of this plant family in the PTZ model of epi-
lepsy (Yajima, et al., 2000). All administrated doses of
Ferula Assa Foetida gum extract could partly prevent
the development of epilepsy. Ferula Assa Foetida gum
extract at higher doses could significantly reduce the re-
maining period in the stage 5 of seizures. In addition,
Ferula Assa Foetida gum extract 100 mg/kg postponed
the starting time of phase 5 of the seizure. However, in a
recent study it is reported that some species of Ferula did
not suppress the PTZ-induced seizure (Bagheri, 2010).
The discrepancy could rise from different parameters.
The use of Ferula 300mg/kg in their experiment (which
might be toxic), difference in the species of plant, the
single dose of PTZ that they have used instead of chronic
administration and the use of kindling in our experiment
are some possible reasons for different results.

Rogawski and colleagues have pointed to this issue that
PTZ causes epilepsy through the activation of glutamate
receptors (NMDA) and stimulation of the calcium ions
for entering into the nerve cells (Rogawski & Porter,
1995). Additionally, according to previous reports, PTZ-
induced epilepsy (absence epilepsy) could be inhibited by
T-type calcium current lowering drugs such as ethosuxi-
mide (Coulter, Hugenard & Prince, 1989). Researchers
have also shown that family members of this plant could
exert their analgesic effects through stimulation of opi-
oid receptors in the central nervous system (Fazly Bazaz
et al, 1997). It has also been proven recently that opioid
receptor stimulation has an anti-seizure effect (Yajima
et al., 2000). Since the opioid receptor agonists mainly
affects calcium channels and inhibits calcium entry into
nerve cells (Werz & Macdonald, 1984), probably the
ferula family, through the stimulation of opioid recep-
tors with inhibition of calcium entry into post-synaptic
neurons, could reduce nervous stimulation in the central
nervous system and exert inhibitory effects on seizure.

In the present study, the maximum anti-epileptic re-
sponse of Ferula Assa Foetida gum extract in terms
of suppressing seizure attacks, the latency of epileptic
response, and the duration of the epileptic statues was

related to the dose of 100 mg/kg. This dose is the most
effective dose of the plant in this field and the more the
doses reduce, the more the effects are lowered. There-
fore, it seems that these effects are dose dependent. Of
course this issue can be investigated more thoroughly by
increasing the number of cases.

The generated oxidative stress in the brain is a com-
mon mechanism of cellular damage in many acute neu-
rological attacks, such as seizure activity and diseases
like Alzheimer’s Disease (Oliver et al., 1990). Also
membrane lipids are full of unsaturated fatty acids such
as arachidonic acid and most of them are susceptible to
lipid peroxidation process which leads to the destruction
of the membrane and hindering its functions (Kim et al,
2000; Mandegary, Sayyah & Heidari, 2004). Of course,
in the normal system body, the harmful effects of oxida-
tive stress and free radical are controlled to some extent
by antioxidant systems such as SOD enzyme (Freitas R,
2009). In epileptic patients serum levels of antioxidants
are reduced and due to elevation of free radical levels,
lipid peroxidation will be increased (Sudha, Rao &
Rao, 2001). Tlhan and colleagues also reported that PTZ
will lead to seizure through the induction of oxidative
stress, and that anti-oxidant administration significantly
reduces both oxidative stress and PTZ-induced seizure
(Ilhan, 2005). It is also expressed in other resources that
probably PTZ is the initiator of membrane structure lysis
process and it causes the release of lipid peroxidases and
free radicals (Obay, 2008).

In the present study in the PTZ receiving group, SOD en-
zyme levels as an antioxidant enzyme reduced and MDA
levels as an indicator of lipid peroxidation showed a signifi-
cant increase indicating the oxidative stress effects of PTZ
administration. Thus, in accordance with other studies, our
research indicates that the increment in free radicals and
oxidative stress which is induced by PTZ is probably one
of the causes of epilepsy (Khalili et al., 2011).

In previous studies by Sayyah and his colleagues, it
was indicated that approximately seventy percent of the
plant extracts contain o and - Pinene (Sayyah et al.,
2001). Existence of monoterpenes including a-Pinene
and B-,Pinene (with anti-epileptic properties) (Stefan et
al, 2006) is reported in Ferula Assa Foetida (Dehpour et
al, 2009). 1t is also shown that Pinene analogs prevent
idiopathic epilepsy in prone mice (Guzman-Gutiérrez,
2012). Therefore, from this information one can conclude
that the suppressing effect of the extract on the PTZ-in-
duced seizure may be mediated by Pinene compounds.
Previous studies have identified that sesquiterpenes are
able to exert inhibitory effects on arachidonic acid-me-
tabolizing enzymes and NO synthesis enzyme (as a free
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radical). Regarding the existence of sesquiterpenes in the
Ferula species (Dehpour et al, 2009) by which prevent the
formation of metabolites than that caused by arachidonic
acid metabolism in membranes, probably these plants act
as antioxidants. In addition, flavonoid compounds with
anti-oxidant properties are among the fractions of ferula
plants and could be another candidate by which the anti-
convulsant effect of ferula is occured.

NO is a molecule that is associated with regulation of
neuronal stimulation ability and epileptic activity. In-
volvement of NO molecule in epilepsy and seizure mak-
ing has been proven by numerous experiments via sys-
temic injection of the NO synthetas inhibitor (Buisson et
al., 1993). Furthermore, it has been shown that the NOS
inhibitors act against acute seizures and progression of
PTZ-induced kindling (Tsuda, Suzuki & Misawa, 1997).
PTZ administration increases the NOS gene expres-
sion via activation of the calcium - calmodoline route in
nerve cells and thus increases NO production in the brain
(Swamy et al., 2010). The results of our study are also in
consistence with this theory that NO levels are increased
in PTZ receiving mice. NO increases cGMP in the cell,
and the amino acid glutamate, as stimulatory neurotrans-
mitter in the brain through increased cGMP levels causes
increment of neuronal excitability (Oliveira et al., 1997).
Taking together these evidences, one can conclude that
additional NO in the brain increases cGMP that finally
causes increment of neuronal activity and irritability, for
providing an epileptic condition.

Our findings are also in consistence with previous
studies that showed Ferula assa Foetida methanolic gum
extract has NO scavengering properties (Dehpour et al.,
2009) and probably the anticonvulsant effect of this ex-
tract is induced via NO reduction in mice tissue. Thus it
seems that this plant is an effective plant in NO scaven-
gering, and giving an absolute theory in this field needs
more investigations.

In the body’s normal physiological conditions, antioxi-
dants defense system controls free radicals-induced tis-
sue damage (Ilhan et al., 2006). Superoxide free radical
is converted to hydrogen peroxide by the SOD enzyme.
Thus, SOD enzyme protects cells against harmful super-
oxide radicals and the resulting oxidative stress. In this
study, SOD enzyme activity in mouse brain tissue was
significantly decreased in the PTZ group compared to
the control group. Reduction of this antioxidant enzyme
during seizure is probably due to excess consumption of
this enzyme resulted from free radical production dur-
ing PTZ-induced seizure. However, our plant could not
scavenge the superoxide radical from the surface of the

animal's brain via increasing the superoxide dismutase
enzyme and had little effect in this regard.

MDA is also a lipid peroxidation marker that is caused
by free radicals and therefore is an oxidation product
(Ilhan et al., 2006). Significant increase of this index in
PTZ group compared to the control group showed that
during PTZ-induced seizures, free radicals are produced
and neuronal membrane lipids suffer from oxidative
stress induced peroxidation.

Considerable reduction of MDA levels in the plant ex-
tract treatment groups compared to the PTZ group implies
that probably Ferula assa Foetida gum extract causes a
decrease in oxidative damage and lipid peroxidation due
to its antioxidant properties. In summary, according to
the findings of present research, probably the lowering
effects of hydro-alcoholic Ferula assa Foetida gum ex-
tracts on the PTZ-induced seizures is probably due to its
antioxidant properties and decrease of oxidative stress.
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Introduction: Addiction imposes a large medical, social and economic burden on
societies. Currently, there is no effective treatment for addiction. Our struggle to
decipher the different mechanisms involved in addiction requires a proper under-
standing of the brain regions which promote this devastating behavior. Previous
studies have shown a pivotal role for insula in cigarette smoking. In this study we
investigated the change in opium consumption after CVA.
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Methods: This study took place in three referral academic hospitals affiliated to
Tehran University of Medical Sciences. Patients who suffered a CVA and were ad-
dicted to opium were recruited during their hospitalization or visit to the neurology
clinic in this study. Age, sex and the route and mean amount of opium use of each
patient before CVA and 1, 3 and 6 months post-CVA was asked using a question-
naire. The patients were divided into three groups based on the location of brain
ischemia (insula, basal ganglia and non-insula non-basal ganglia group).

Results: Seventy five percent of the patients with ischemia of the insula changed the
route or amount of opium use after CVA and 37.5% of them stopped opium use af-
ter CVA. These values were significantly higher than patients with non-insula non-
basal ganglia ischemia (p values 0.005 and 0.03 for change in route or amount and
stopping opium use, respectively). This was not true in patients with ischemia of the
basal ganglia. Younger patients were more likely to change the route or amount of

Key Words: opium use and stop opium use after CVA (p values 0.002 and 0.026, respectively).
Stroke, :

Addiction, . Discussion: The results of the present study indicate a possible role for the insula in
Opium. - opium addiction, especially in younger individuals.
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1. Introduction

pium contains morphine and codeine and

its narcotic and analgesic properties are

attributed to these compounds.(Reddy,

Suresh, Jayashanker, Rao, & Sarin, 2003)

It is a widely used addictive substance in

Asian countries including Iran.(Mokri,
2002) Opium is recreationally used by inhalation, oral in-
take or enema.(Alemi, 1978; Paoli, Greenfield, Charles,
& Reuter, 2009) Illicit drug abuse imposes a large social,
economic and medical burden on the society.(Ghotbi &
Tsukatani, 2007; Rehm et al., 2009)

Much endeavor has been devoted to unravel the mys-
teries of addictive behavior. Regarding this fact, a great
focus has been placed on exploring different brain re-
gions implicated in addiction. Studies on psychostimu-
lants constitute the great proportion of research in this
field.(Degoulet, Rostain, Abraini, & David, 2011; Veen-
eman, Broekhoven, Damsteegt, & Vanderschuren, 2011)
However, a gap exists in the field of opiates.

Classically, the ventral tegmental area and nucleus ac-
cumbens (NAcc) have been considered to play the key
role in addiction.(Bradberry & Roth, 1989; Nisell, Nomi-
kos, & Svensson, 1994) However, more recent research
revealed that these regions are not the sole promoters of
addictive behavior. Apart from the NAcc, other constit-
uents of the basal ganglia have also been suggested to
have an important role in the formation of addictive be-
havior.(Everitt & Robbins, 2005) Lately, there has been
a great focus on the insula as a probable neuroanatomical

substrate of addiction.(Naqvi & Bechara, 2009; Naqvi,
Rudrauf, Damasio, & Bechara, 2007)

Studies on addicted patients who suffer from a cerebro-
vascular accident (CVA) can provide a better understand-
ing of different brain regions involved in addiction. Naqvi
et al. studied 69 cigarette smokers with CVA. Their find-
ings implicated a pivotal role for the insula in addiction
to cigarette. In the present study we assessed the change
in amount of opium consumption by addicted individuals
with CVA, with regard to the location of their ischemia.

2. Methods

This study was undertaken in three hospitals of Teh-
ran University of Medical Sciences. Data were collected
at neurology clinics. We interviewed patients who had
been hospitalized during February 2009 to May 2011
with a diagnosis of ischemic CVA and had a previous
history of opium consumption documented during their
hospitalization period or their follow up visit to the hos-
pital’s neurology clinic. We only included patients with
ischemic CVAs to insure that the investigated groups are
as homogeneous as possible, and therefore, those with
hemorrhagic CVAs were not studied. Only patients who
had been using opium for a period of at least one year
prior to CVA were included in the study. Patients with
aphasia or amnesia, those with physical disability which
hampered drug use (e.g. debilitating movement disorder
and blindness) and those who were receiving methadone
maintenance therapy were excluded. Written informed
consents were obtained from patients who agreed to
participate in the study. Participants were assured that

Table 1. Different anatomical regions in each group of CVA

Insula Right or left insula ischemia
periventricular , thalamus , basal ganglia and pons
parietal lobe and basal ganglia
Basal Ganglia

lacunar

head of caudate

lacunar ischemia of periventricular white matter, loop Myer,
. centrumsemiovale

left medullary infarction

tempor-occipital

temporal uncus

frontal lobe and precentral gyrus

Non Insular-non Basal Ganglia

temporo-parietal

parieto-occipital

hippocampus

temporal, frontal, parietal lobes in cortical and white matter

pons, medulla and corona radiata
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the data would be kept confidential. This study was per-
formed in accordance with the Declaration of Helsinki
and it was also approved by the ethical review commit-
tee of Tehran University of Medical Sciences.

We used a checklist during the interviews. Sex, age at
lesion onset, amount and route of opium consumption
before CVA and at different time points after CVA (1, 3
and 6 months post-CVA) were documented. Since most
of the patients referred to the neurology clinic about one
month after discharge, they had to be contacted later
to determine their opium consumption 3 and 6 months
after CVA. At the end of the interview open questions
were used to compare the financial status of the partici-
pants before and after CVA to rule out inability to afford
opium as a reason for decrease in opium consumption.
Brain MR Images and CT scans of the patients were ob-
tained shortly after the initial interview (a little over a
month after CVA). The images were examined by three
different expert neuroradiologists to localize the site of
the lesions. The neuroradiologists were unaware of the
mean amount of opium used by the patients. We divided
the patients into three groups based on the location of
their lesions. These groups were the insula group, the
basal ganglia group and the non-insula non-basal gan-
glia group.

The mean amount of opium consumption (grams per
day) was calculated for each patient based on the data
collected by the questionnaires. Patients were grouped
based on the location of their lesions. SPSS version 13
(Chicago, IL, USA) was used to analyze the data. We
used the Shapiro Wilk test to assess normality of the data.
The Friedman’s test was used to compare mean opium
consumption before CVA and at different time points
after CVA. We used a method described by Conover as
the post hoc test for Friedman’s test.(Conover, 1980)
Mann Whitney U and Kruskal Wallis tests were used to
compare mean amount of opium consumption and the
percentage of reduction in opium use at different time
points after CVA in different groups of patients. We used
a binary logistic regression to investigate the presence of
a relation between the location of brain lesions and ces-
sation of opium consumption or change in route or mean
amount of opium consumption after CVA. Age at lesion
onset was entered as a covariable in this analysis.

3. Results

As mentioned earlier in the methods section, patients
with post-CVA physical disabilities which hampered
drug use were not included in the study. We interviewed
47 patients and all interviewed patients responded to all

Table 2. Amount of opium consumption before and after CVA in patients with insula and basal ganglia

ischemia.

Anatomical Estimated amount of opium consumption (grams per day)

location of

stroke before CVA 1 month post-CVA | 3 months post-CVA | 6 months post-CVA
1.0 0.33 0.33 0.33
0.33 0.33 0.33 0.33
0.5 0.5 0.5 0.5

Insula 15 0.33 0.33 0.33
0.5 0.5 0.5 0.5
0.33 0.0 0.0 0.0
0.33 0.0 0.0 0.0
0.5 0.0 0.0 0.0
15 1.5 1.5 1.5
1.0 1.0 1.0 1.0
3.0 0.75 0.75 1.0
2.0 2.0 2.0 2.0

Basal ganglia 15 1.0 1.0 1.0
2.0 2.0 2.0 2.0
0.33 0.0 0.0 0.0
1.0 1.0 1.0 1.0
0.5 0.0 0.0 0.0
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questions. Two patients were excluded from the study
to eliminate change in financial status after CVA as a
confounding factor, since they stated that they lost their
jobs after CVA. Another patient was excluded because
of post-CVA blindness. The remaining patients were in-
cluded in the study (40 males and 4 females). Their age
ranged from 43 to 89 with a mean of 62 and a standard
deviation of 9. The mean age of patients in the insula,
basal ganglia and non-insula non-basal ganglia groups
were 61.5 £ 1.6, 61.2 £ 2.0 and 62.6 + 2.1, respectively,
which were not significantly different from each other
(data represented as mean + S.E.M.). Interview sessions
were discussed and arranged with the patients during
their first interview. All 44 patients were interviewed
in determined dates to evaluate their drug consumption
habit in 3 and 6 months post CVA. Subsequent interpre-
tations of their MRI revealed anatomic location of le-
sion, summarized in table-1. None of the patients in this
study referred to any rehabilitation centers.

Seven patients (15.9%) suffered an ischemia of the
insula. Eight patients (18.2%) had an ischemia in basal
ganglia, one patient (2.2%) with infarction in both insula
and basal ganglia, data of whom are presented in table-2,
and one patient (2.2%) with hippocampus injury. Twenty
seven patients (61.4%) had brain ischemia involving oth-
er brain regions. The patient who suffered a hippocampus
infarction was grouped along with patients of the non-in-
sula non-basal ganglia group. This patient didn’t change
the amount or route of opium use after CVA.

Seventeen patients (38.6 = 7.2%) changed the amount
or route of opium use after CVA. One of these patients
had both an insular and a basal ganglia lesion. Five of
them had an insular lesion without involvement of the
basal ganglia and four of them had a basal ganglia lesion
without involvement of the insula. The seven remaining
patients who changed their route or amount of opium use

had lesions in brain regions other than the insula or basal
ganglia. Mean age of patients who did not change the
route or amount of drug use was 66.1 = 1.7, while pa-
tients who changed the route or amount of drug use had
amean age of 56.3 + 1.6. Patients with infarctions of the
insula were more likely to change the amount or route of
drug use after CVA (p value = 0.005, odds = 32.8). How-
ever, patients with lesions in the basal ganglia did not
have a higher chance of changing the route or amount
of opium use after CVA in comparison to patients of the
non-insula non-basal ganglia group (p value = 0.096).
In addition, older patients had a lower probability of
changing the amount or route of drug use after CVA (p
value = 0.002, odds =0.80). Five out of six (83 £+ 16%)
patients with ischemia in the right insula changed their
route or amount of opium consumption. We excluded the
2 patients with ischemia in the left insula and repeated
the same analysis. As before, right insular ischemia sig-
nificantly affected change in route or amount of opium
consumption (p value = 0.01, odds = 36.15).

Eight patients stopped opium use after CVA and re-
mained abstinent up to 6 months post-CVA. One of them
had ischemia in both insular and basal ganglia, two had
an ischemia in the insula without involvement of the
basal ganglia and two with ischemia in the basal ganglia
without involvement of the insula. The mean age of pa-
tients who stopped opium use after CVA was 559 +2.4
while mean age of those who did not stop opium use was
63.7 + 1.5. Patients with ischemia in insula were more
likely to stop opium consumption after CVA and remain
abstinent in comparison to patients of the non-insula non-
basal ganglia group (odds = 30.86, p value = 0.03). How-
ever, the analysis did not yield a significant p value when
patients of the basal ganglia and the non-insula non-basal
ganglia groups were compared (p value = 0.109). Age in-
versely correlated with the probability of stopping opium
consumption (p value = 0.026, odds = 0.81). Three out of

Table 3. Comparison of the percentage of reduction in opium consumption in different groups (data
are presented as mean + SEM).

Percent of reduction in

Percent of reduction in

Percent of reduction

Group opium consumption 1 opium consumption 3 | in opium consumption
month post-CVA month post-CVA 6 month post-CVA

Insula 55.6+16.8 55.6+16.8 55.6+16.8

Basal Ganglia 342+149 342+149 333+14.7

non-Insula non- 125%54 143158 149%58

Basal Ganglia

All Patients 245+5.8 256+5.9 25.8+5.9
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six (50 £ 22%) patients with ischemia in the right insula
stopped opium use after CVA. The same analysis was re-
peated after excluding the two patients with ischemia in
the left insula. As before, ischemia in the right insula was
associated with stopping opium consumption after CVA
(p value = 0.022, odds = 31.3).

The mean amount of opium used by the patients in dif-
ferent groups did not follow a normal distribution. The
amount of opium use changed significantly after CVA
in all three groups in our study (p values: 0.002, 0.012
and 0.002 for insula, basal ganglia and non-insula non-
basal ganglia groups, respectively). The post hoc analy-
sis revealed that mean opium consumption at 1, 3 and
6 months post CVA was significantly lower than mean
opium consumption before CVA in all 3 groups of pa-
tients (p value < 0.05).

A Kruskal Wallis analysis revealed that the mean
amount of opium use of patients of the insula, basal gan-
glia and non-insula non-basal ganglia groups were sig-
nificantly different at all time points of the study (p values
0.03, 0.006, 0.006 and 0.008 for before CVA, 1 month
post-CVA, 3 months post-CVA and 6 months post-CVA,
respectively). Mann Whitney U test with a Bonferroni
correction for multiple comparisons showed that patients
with insular infarction used a significantly lower amount
of opium before CVA, 1 month post-CVA, 3 months post-
CVA and 6 months post-CVA in comparison to patients
with non-insula non-basal ganglia infarctions (p values
0.033, 0.003, 0.003 and 0.003, respectively).

Since the mean amount of opium use before CVA dif-
fered between the three groups, we decided to compare
the percentage of decrease in the amount of opium con-
sumption between the groups instead of comparing the
absolute amount of opium use at different time points be-
tween the groups (Table 3). The percentage of decrease
in the amount of opium consumption in different groups
was not normally distributed. Kruskal Wallis analysis
revealed that there was a statistically significant differ-
ence between the percentage of decrease in the amount
of opium consumption between the three groups (p val-
ues 0.033,0.39 and 0.38 at 1, 3 and 6 months post-CVA,
respectively). A Mann Whitney U test with a Bonferroni
correction for multiple comparisons showed that patients
with ischemia in insula had a higher percentage of reduc-
tion in opium use in comparison to patients with non-
insula non-basal ganglia ischemia (p values 0.036, 0.039
and 0.036 at 1, 3 and 6 months post-CVA, respectively).
However, this was not true for patients with ischemia in
basal ganglia (p values 0.40, 0.45 and 0.52 at 1, 3 and 6
months post-CVA, respectively).

4. Discussion

Results of this study show that patients with ischemia
in the insula were more likely to decrease or stop opium
consumption after CVA. The present study provides fur-
ther evidence for the role of insula in addiction. Several
lines of evidence support the fundamental role of the
insula in addiction to various compounds. Naqvi et al.
reported 69 cigarette smokers with lesions in different
brain regions. In accordance with our study, they found
that patients with insular injury (especially right insular
injury) had a higher probability of stopping smoking in
comparison to patients with lesions in other brain regions.
(Nagvi, et al., 2007) Furthermore, it has been shown that
inactivation of the insula by lidocaine disrupts amphet-
amine induced place preference in rats.(Contreras, Ceric,
& Torrealba, 2007) Additionally, schizophrenics (a pop-
ulation prone to cigarette addiction) and cocaine abusers
have a reduced insula grey matter.(Crespo-Facorro et al.,
2000; Franklin et al., 2002) This implicates that insula
dysfunction might predispose individuals to addiction.
(Naqvi & Bechara, 2009) Naqvi and Bechara suggest
that insula plays an essential role in addiction by provid-
ing conscious pleasure, causing cue-induced urges and
biasing decision making processes towards drug use.
(Nagvi & Bechara, 2010) Our study is the first to provide
evidence for the role of insula in addiction to opiates.

Craig proposed that insula receives sensory inputs from
various parts of the body which are relevant to maintain-
ing homeostasis, e.g. pain, taste, palpation, heartbeat,
temperature, visceral senses from the respiratory and GI
tract. Craig referred to these sensory inputs as interocep-
tion.(Blomgqvist, Zhang, & Craig, 2000; Craig, 2002,
2004) The interoceptive inputs to insula, give rise to
conscious emotions, i.e. the knowledge of how we are
feeling. Considering the foregoing facts, Naqvi explains
that the interoceptive effects of drugs which depend on
the drug-use ritual (snorting, smoking, injecting etc) are
aversive in nature but become pleasurable when drug
use is continued because of being associated with re-
ward. Another way of saying this is that the addicted in-
dividual learns to enjoy the interoceptive effects of drugs
whether or not they are accompanied by the drug.(Naqvi
& Bechara, 2009)

According to Naqvi et al. patients who suffer CVA are
more concerned about their health. Thus a great propor-
tion of cigarette smokers in their study quit smoking after
CVA, irrespective of the location of their brain lesions.
(Nagqvi, et al., 2007) This might explain why the mean
amount of opium use decreased in all three groups of
patients (insula, basal ganglia and non-insula non-basal
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ganglia group) after CVA in our study. Indeed, previous
studies have shown that onset of smoking-related dis-
eases (e.g. myocardial infarction, CVA and etc.) greatly
increases the likelihood of smoking cessation.(Twardella
et al., 2006) Notwithstanding the forgoing, patients with
insular ischemia had a significantly higher percentage of
reduction in the amount of opium use in comparison to
patients with non-insula non-basal ganglia infarctions at
different time points after CVA, indicating a key role for
the insula in opium addiction.

Among all the various brain systems implicated in
addiction by far the most notorious is the mesolimbic
dopaminergic system. The neurons of this system arise
from the brainstem ventral tegmental area and have
dopaminergic projections to the NAcc. Today there is
a consensus that the motivation for continued use of
nearly all drugs of abuse is caused, at least in part, by
their ability to release dopamine from the mesolimbic
system.(Everitt & Robbins, 2005; Naqvi & Bechara,
2009) Although addiction is initially a goal directed act,
it ultimately evolves into a stimulus-response (habit) be-
havior.(Everitt & Robbins, 2005) The dorsolateral stria-
tum is thought to be responsible in maintaining the drug
seeking habit during prolonged periods of drug absence.
(Vanderschuren, Di Ciano, & Everitt, 2005) These find-
ings have led to the belief that the striatum, as a whole,
participates in the initiation and persistence of addictive
behavior.(Everitt & Robbins, 2005) To assess the role of
the striatum in opium addiction we studied patients with
infarctions involving the basal ganglia and found no as-
sociation between ischemia in basal ganglia and cessa-
tion/reduction of opium use after CVA. Although there
is the possibility that opium addiction is independent of
the striatum, it is also possible that bilateral basal ganglia
infarction is required to influence opium use. The finding
that bilateral pharmacological inactivation of the dorsal
striatum is required to abrogate drug seeking behavior
supports this idea.(Vanderschuren, et al., 2005) Another
explanation for such an unexpected result could be the
small sample size in our study. Further studies are re-
quired to elucidate the role of the basal ganglia in opium
addiction.

Apart from its role in the formation of new memories,
the hippocampus has a part to play in addictive behavior.
When an individual confronts a previously experienced
context of drug consumption, glutaminergic hippocam-
pal projections to the NAcc are activated. This activation
reinforces drug seeking behavior.(Everitt & Robbins,
2005; Nestler, 2001) Since hippocampal injuries alter
locomotor activity (Caine, Humby, Robbins, & Everitt,
2001) it is likely that these contextual memories control

the individual's motivation to seek drugs.(Everitt & Rob-
bins, 2005) Previous studies emphasize on the role of the
ventral hippocampus in addictive behavior.(Caine, et al.,
2001) Only one patient had hippocampal infarction in
our study. The amount of opium used by this patient did
not change after CVA. This might be due to the location
of the ischemia, since it involved only the posterior part
of the hippocampus, sparing the ventral hippocampus.

Younger patients in our study were more likely to quit
opium use after CVA. Although psychological motiva-
tions (i.e. holding addiction responsible for stroke in an
early age and trying to avoid further drug use) could be
an explanation for this finding, but this might also in-
dicate that neural circuits of opium addiction change
with aging. It has been shown that age affects mu-opioid
receptor binding in many regions of the human brain.
(Zubieta, Dannals, & Frost, 1999) Moreover, D2 dopa-
mine receptors, which have been suggested to play a key
role in formation of addictive behavior,(Noble, 2000) are
reduced in older individuals.(Volkow et al., 1996) Con-
trary to opium addicts, younger cigarette smokers are
less likely to quit smoking after CVA.(Bak et al., 2002)
More research needs to be done to address this issue.

An unanticipated finding in our study was that indi-
viduals with ischemia in the insula consumed less opi-
um before CVA and at different time points after CVA
in comparison to individuals with non-insula non-basal
ganglia ischemia. One explanation for this finding is that
opium might make neurons of the insula more resilient
against ischemia. A number of studies provide data in
support of this assumption. It has been demonstrated
that kappa opioid receptor agonists possess neuroprotec-
tive properties and decrease the infarction size in animal
models of CVA. Interestingly, these opioid agonists do
not cause cerebral blood flow alteration and probably act
at the neuronal level. Moreover, this effect seems to be
region specific, since it doesn’t affect all brain regions.
(Mackay, Kusumoto, Graham, & McCulloch, 1993) In
another study, it was shown that endogenous opioids and
exogenously administered morphine reduce the volume
of infarction in an animal model of CVA.(Zhou et al.,
2011) These findings might explain why patients who
consumed higher amounts of opium were less likely to
suffer insular infarctions. On the other hand, another ex-
planation for this finding could be that individuals with
more active insular cortices experience the same amount
of desirable interoception with lower amounts of drugs.
(Naqvi & Bechara, 2009) For this reason, these individu-
als routinely consume lower amounts of drugs than other
addicts, yet they too experience the "high" feeling. Nev-
ertheless, a more active insula might be more susceptible
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to ischemic insults.(Saleh, Connell, Legge, & Cribb,
2004) More research needs to be done before claiming
such assumptions.

One of the major shortcomings of our study is that we
allocated all the patients with infarctions involving dif-
ferent parts of the basal ganglia into one single group.
For instance, patients with strokes involving the amyg-
dala were grouped along with those who had NAcc in-
farctions. Moreover, other locations which have been
proposed to have a role in addiction, such as the orbito-
frontal cortex, were not evaluated in our study.

In essence, the results of the present study are in support
of previous studies suggesting a key role for the insula
in addiction. In contrast to a previous study in cigarette
smokers which reported that younger individuals are less
likely to quit smoking after CVA, older patients in our
study continued to use the same amount of opium after
CVA. Additionally, patients with insular infarction in our
study consumed less opium both before and after CVA.
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Introduction: One of the hallmark symptoms of posttraumatic stress disorder (PTSD) is the
:  impaired extinction of traumatic memory. Single prolonged stress (SPS) has been suggested
Accepted: 24 June 2013 *  as an animal model of PTSD, since SPS rats exhibited the impaired fear extinction. Oxytocin
:  (OXT) has been recently suggested as a potential pharmacotherapy for treatment of PTSD. In
this study, using SPS rats we investigated the effects of multiple systemic administration of
OXT on contextual fear extinction.
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Methods: SPS was conducted in three stages: restraint for 2 h, forced swim for 20 min, and
diethyl ether anesthesia, and then left undisturbed in their home cage for 7 days. In the SPS
group, 7 days after SPS treatment, contextual fear conditioning was performed (on day 0),
and then extinction training was performed on each of four consecutive days following fear
conditioning. In the sham group, the procedures were similar except that SPS treatment was
not performed.

Results: During extinction trial (10 min) freezing behavior was recorded. OXT (1, 10, 100 and
1000pg/kg) was administrated (I.P) immediately after each extinction trial. SPS rats exhibited
significant impairment of contextual fear extinction as compared with sham rats. While there
was no significant difference in the freezing levels between SPS and Sham rats 24 h after the
fear conditioning, the freezing levels in SPS rats were significantly higher than those in sham
rats after the second extinction training. Systemic OXT delayed fear extinction in sham rats as

Key Wf)rds: compared with sham-saline treated animals. No effect of OXT was found in SPS rats.
l?;gt];fm’ Discussion: These findings indicate that increasing OXT transmission during fear memory
Fear Conditioning, . reactivation delays fear extinction, and thus, the recommendation of OXT for PTSD treatment
Fear Extinction. should be considered with caution.
1. Introduction al (Pitman 1997). The neuronal mechanisms underlying
fear conditioning and impaired fear extinction were sug-
osttraumatic stress disorder (PTSD) is a gested to be involved in the production of re-experienc-
psychiatric disorder that develops following ing symptoms, such as intrusive memory and, in PTSD
the experience of life-threatening traumatic (Charney, Deutch, Krystal, Southwick, & Davis 1993).
events, characterized by symptoms such as Thus, extinction learning (a reduction in conditioned
persistent re-experiencing of the traumatic fear response when the conditioned stimulus is repeat-
event, avoidance of stimuli associated with the trauma, edly presented in the absence of an unconditioned stimu-
numbing of general responsiveness, and increased arous- lus) plays an important role in the treatment of PTSD.
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In fact, cognitive behavioral therapy (CBT), the most
commonly used approach for the treatment of PTSD,
relies on extinction-based mechanisms (Rothbaum &
Davis 2003). Numerous studies have demonstrated CBT
as an effective treatment for PTSD (Agorastos, Marmar,
& Otte 2011, Olatunji, Cisler, & Deacon 2010, Roberts,
Kitchiner, Kenardy, & Bisson 2009). However, many pa-
tients fail to achieve remission with CBT (Cloitre 2009,
Devilly & Huther 2008). Recent studies have suggested
that adding some pharmacologic agents to CBT, particu-
larly those involved in neural control of fear extinction,
can augment treatment efficacy in PTSD patients (Davis,
Ressler, Rothbaum, & Richardson 2006, Dunlop, Mans-
son, & Gerardi 2012).

Oxytocin (OXT), a nine-amino acid peptide, is synthe-
sized in the hypothalamus and secreted into the blood
stream in the neurohypophysis as a neuro-hormone
(Gimpl & Fahrenholz 2001). As a hormone, it mainly
regulates a variety of biological functions such as repro-
duction-associated processes (Ivell, Balvers, Rust, Bath-
gate, & Einspanier 1997), social recognition (Keverne
& Curley 2004), maternal behavior (Pedersen, Ascher,
Monroe, & Prange 1982), and neuroendocrine regula-
tion of the stress response (Neumann 2002). In addition
to endocrine functions, OXT acts as a neurotransmitter
in a variety of brain structures including the septum, hip-
pocampus, and central amygdala in response to various
stressful stimuli (Bosch, Meddle, Beiderbeck, Douglas,
& Neumann 2005, Neumann 2008). Exogenous OXT
has anxiolytic effects in both animals and humans (Hein-
richs & Domes 2008), inhibit the activity of the hypotha-
lamic—pituitary—adrenal (HPA) axis (Neumann, Wigger,
Torner, Holsboer, & Landgraf 2000), and reduces activa-
tion of the amygdala to threatening faces, thereby reduc-
ing the autonomic and behavioral manifestation of fear
in healthy volunteers and patients with social anxiety
disorder (Kirsch et al. 2005, Labuschagne et al. 2010).
These findings suggest that OXT has anxiolytic and anti-
stress effects in both humans and rodents. Since PTSD
is marked by impairments in anxiety/stress regulation
and hyperactivity of the amygdala (Rauch et al. 2000,
Shin, Rauch, & Pitman 2006),, OXT might be a good
candidate for the treatment of PTSD (OIff, Langeland,
Witteveen, & Denys 2010, Viviani et al. 2011).

Single prolonged stress (SPS) has been proposed as a
valid animal model of PTSD, since rats exposed to SPS
illustrate enhanced negative feedback of the HPA axis
(Kohda et al. 2007), a sustained exaggeration of the
acoustic startle response, increased anxiety—like behav-
ior in the elevated plus maze, and increased contextual
fear (Yamamoto et al. 2009). These responses resemble

the clinical symptoms observed in PTSD patients (Pit-
man 1997). In the present experiments, OXT was admin-
istered systemically at different doses to investigate its
effects on the extinction of fear response in a rat model
of PTSD.

2. Methods
2.1. Animals

Male Wistar rats (200-300g) were housed five per cage,
maintained on a 12-h light/dark cycle (light on from
08:00 to 20:00), and fed and watered ad libitum. All pro-
cedures were conducted in agreement with the National
Institutes of Health Guide for Care and Use of Labora-
tory Animals. All behavioral experiments were done be-
tween 9am to 2pm.

2.2. Drugs

OXT (Sigma-Aldrich, USA) was dissolved in saline
and administrated interaperitoneally at doses of 1, 10,
100, or 1000 pg/2ml/kg. The choice of doses was based
on pilot and previous studies (Kovacs, Vécsei, & Teleg-
dy 1978, Missig, Ayers, Schulkin, & Rosen 2010, Peters-
son, Hulting, & Uvnis-Moberg 1999).

2.3. SPS Procedure

SPS is an animal model of PTSD that first proposed by
Liberzon, Krstov and Young (1997). According to this
method, SPS was conducted in three stages: restraint for
2 h, forced swim for 20 min, and diethyl ether anesthe-
sia. Each rat was restrained for 2 h by placing it inside a
disposable clear polyethylene cone bag with only the tail
protruding. The wide end of the cone was closed with
tape at the base of the tail. The bag size was adjusted ac-
cording to the size of the rat in order to achieve complete
immobilization. A hole in the narrow end of the cone
allowed the rats to breathe freely. After immobilization,
the rats were individually placed in a clear acrylic cylin-
der (240 mm D, 500 mm H), filled two-thirds from the
bottom with water (24 °C), and forced to swim for 20
min. Following 15 min recuperation, they were exposed
to diethyl ether (Sigma-USA) until loss of consciousness
and then left undisturbed in their home cages for 1 week.
Sham rats were left undistributed in their home cage
prior to the contextual fear conditioning.

2.4. Contextual fear Conditioning and Extinction
Training

An automated rodent fear conditioning system (TSE,
Bad Homburg, Germany) was used to study contextual
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fear conditioning of each rat. Contextual fear condition-
ing took place in a conditioning box. The walls and the
ceiling of the box were constructed of clear Plexiglass.
The floor of the box was made of 25 stainless steel rods
(6 mm in diameter, 12 mm apart) through which foot-
shock could be delivered from a constant current source.
The box was enclosed in a sound attenuating chamber.
The chamber was illuminated by a single house light, and
was cleaned with 5% ethanol before and after utilization.
Ventilation fans provided continuous background noise
(68 dB) during the experiment. A software program was
used to control the test in the box, and to collect, display
and store all experimental data for “off-line” analysis.

General procedures for contextual fear conditioning
have previously been described (Abrari, Rashidy-Pour,
Semnanian, & Fathollahi 2008). Briefly, contextual fear
conditioning took place in a conditioning box. On day 1,
the rats were placed into the chamber and after 3 min re-
ceived two footshocks at 30 s min intervals. Each shock
was 1.5 mA and 4 s duration. Rats were left in the con-
ditioning box for 30 s after termination of the procedure
and returned to their home cage.

Extinction training was defined as the repetitive expo-
sure to the contextual box in the absence of footshock.
One-day after contextual training, rats were placed for
10 min in the same context and the percentage of time
animal spent freezing (characterized by the absences of
all visible movement expect respiration) was measured
using automated procedures. Time threshold for freezing

behavior was set on 3 second and. freezing was inter-
preted whenever the animal was not moving for more
than this duration. In a similar way, extinction training
was performed on each of four consecutive days follow-
ing fear conditioning (Fig. 1)

2.5. Locomotor Activity Measurement

Locomotor activity of animal was measured using
an automated activity monitor system (TSE infraMot,
TSE, Bad Homburg, Germany) as previously described
elsewhere (Rashidy-Pour, Sadeghi, Taherain, Vafaei, &
Fathollahi, 2004). Spontaneous locomotor activity of
each rat was measured for five 2-min intervals. Only one
animal was placed in each activity chamber per mea-
surement time.

2.6. Statistical Analysis

Data were expressed as a means = SEM and were ana-
lyzed with analysis of variance (ANOVA) with repeated
measure and the unpaired-Student t-test. All post hoc
comparisons were made using Tukey's multiple compar-
ison test. Values of P < 0.05 were considered significant.

2.7. Experiments
2.7.1. Effects of SPS on Spontaneous Motor Activity

In this experiment, we examined influence of SPS on
spontaneous motor activity. Seven days after SPS, the lev-

Extinction Training

N < Day 11
Day0 Day1 Day2 Day3 Day 4 ay
< 7 Days >
SPS Group | | ] |T IT IT II
Injection Extinction Test
SPS ‘ ' ‘
Extinction Training
) Y Day 11
Day 0 Day1 Day2 Day3 Day 4 ay
< 7 Days 1>
Sham Group l I IT IT ] I
| Injection Extinction Test

NEURSSCIENCE

Figure 1. Experimental groups and treatment procedures. In the SPS group, 7 days after SPS treatment,
contextual fear conditioning was performed (on day 0), and then extinction training was performed
on each of four consecutive days following fear conditioning. In the sham group, the procedures were
similar except that SPS treatment was not performed.
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els of spontaneous motor activity of sham and SPS rats
were measured according to procedures explained above.

2.7.2. Effects of SPS on Fear Extinction

In the first experiment, we investigated influence of
SPS on fear extinction. Rats were randomly divided into
two SPS and sham groups (n=8-10 in each group). Sham
group: animals of this group were left undistributed
without handling in their home cages. SPS group: SPS
procedure was performed on these animals according
the procedures described above. Fear conditioning and
extinction training were performed as described above.
Immediately following each extinction trial, each rat re-
ceived physiological saline. In addition, to examine the
sustained effect of saline upon fear extinction, we evalu-
ated the freezing responses of animals of each group one
week after the fourth extinction training period (Fig. 1).

2.7.3. Effect of systemic OXT on Fear Condition.

Animals were randomly divided into 4 sham and 4 SPS
groups. Fear conditioning and extinction training were

performed as described above. Immediately following
extinction, each group of rat was administrated 1, 10,
100, or 1000 pg/2ml/kg of OXT or saline (Fig. 2).

3. Results
3.1. SPS does not Impair Spontaneous Motor Activity

The locomotor activity results are shown in Fig. 2A.
There were no significant differences between groups
in total activity recorded for 10 min period (t12= 0.25;
P = 0.80). A two-way ANOVA (group % time) of loco-
motor activity at each two min interval of the 10 min
test showed no significant effect of groups (F1,12=
0.06; P =0.80), a significant effect of time (F4,56=6.66;
P=0.0002), and no significant interaction between both
factors (F4,56=0.75; P=0.55). Post-hoc analysis indi-
cated that in all groups locomotor activity was increased
during the first two min interval (P<0.05 for all compari-
sons). These results indicate that SPS did not affect spon-
taneous locomotor activity.
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Figure 2. Effects of SPS procedures on spontaneous motor activity. (A)
mean (+S.E.M.) total locomotor activity for a 10-min period; (B) mean
(#S.E.M.) locomotor activity over the 10-min test (2-min interval).
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3.2. SPS Impairs Contextual Fear Extinction

Fig. 3 shows freezing responses of Sham and SPS
groups across the multiple extinction training. Two-way
ANOVA with repeated measures on data from experi-
ment 2 indicated a significant main effect of day (F4,64=
14.67, P=0.0001), stress (F 1,16=5.77, P=0.029), and no
significant interaction between day and stress (F(4,72)=

1.2,P=0.8). Post-hoc comparison using the unpaired
Student’s t-test indicated that the freezing levels of SPS
and sham groups did not differ on dayl, suggesting that
CFC was successful in both groups. During extinction
training, however, a significant difference in the freezing
levels was found on days 4 (P<0.01), and 11 (P<0.001)
between both groups (Fig. 3).
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Figure 3. Effects of SPS on contextual fear extinction. Data are expressed as
mean + SEM. Results indicated that the freezing levels of SPS and sham groups
did not differ on day1, suggesting that CFC was successful in both groups. Dur-
ing extinction training, however, a significant difference in the freezing levels
was found on days 4, and 11 between both groups.

3.3. Effect of OXT on Fear Extinction in Sham and
SPS Rats

A three-way ANOVA with repeated measure showed
significant effects of groups (F1,348=9.731,P=0.002),
of treatments (F4,348=7.89,P=0.0001) and of days
(F3,348)=4.14,P=0.007). Post-hoc comparisons indi-
cated that freezing levels of sham rats receiving doses of
10,100 or 1000 pg/kg of OXT were significantly higher
than those rats receiving saline in day 2 to day 5 (all,
P<0.05). No significant differences was found between
saline and OXT-treated SPS rats.

4. Discussion

Using an animal model of PTSD, we investigated the
effects of OXT on the impaired fear extinction in SPS
and sham rats. While there was no significant difference
in the freezing levels between SPS and sham rats 24 h
after the fear conditioning, the freezing levels in SPS rats

were significantly higher than those in sham rats after the
forth, and fifth extinction training. Moreover, we found
no differences in locomotor activity between SPS and
sham groups. These findings rule out the possibility that
the impaired extinction of SPS rats is due to disturbances
of motor function.

Our findings are in agreement with previous studies
indicating that SPS impairs contextual fear extinction,
but does not disrupt sensory-motor function (Iwamoto,
Morinobu, Takahashi, & Yamawaki 2007, Yamamoto
et al. 2007). We found that repeated OXT administra-
tion slowed down the extinction of contextual fear in
sham rats. In fact, sham rats receiving doses of 10,100
or 1000 pg/kg of OXT showed higher freezing levels in
subsequent testes than sham rats receiving saline. This
effect was also found 7 days after the fourth extinction
training. However, in SPS rats, OXT had no impairing
effect. One possible interpretation is that SPS rats have
already displayed the impaired extinction and thus, the
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Figure 4. Effects of multiple injections of oxytocin on the extinction of fear response in sham
and SPS rats. Data are expressed as mean + SEM. *P<0.01, **P<0.001 as compared with saline-

treated sham rats in the same day.

freezing level of SPS rats might reach a ceiling and this
prevents us from detecting the impairing effect of oxy-
tocin. Our findings are in agreement with a recent study
showing that central administration of OXT impairs
cued fear extinction in both rats and mice (Toth, Neu-
mann, & Slattery, 2012). In that study, OXT was injected
before extinction training, and thus, the drug influenced
the acquisition of extinction. OXT administration before
extinction training not only influences the acquisition of
extinction, but also affects post-training consolidation
process. We injected OXT immediately following each
extinction training. In this time, the memory is active and
the consolidation process is occurring. Thus, the injected
OXT influenced the consolidation of extinction learning.
The lower dose of OXT (1ug) was ineffective. The im-
paired extinction was not a result of reduction in general
locomotor activity because OXT was injected following
each extinction trial and the animals retested 24 h later.
Given that the half-life of OXT is very short, during this
interval the injected OXT is metabolized and eliminated
from the plasma. Additionally, we found no differences
in general locomotor activity between saline, OXT-treat-
ed, sham and SPS animals (data not shown).

Our findings are in contrast with previous studies show-
ing that administration of OXT before extinction train-
ing facilitated fear extinction. For example, injection of
OXT into the central amygdala before extinction training
facilitated the fear extinction (Viviani et al. 2011, Wi-
esma, Sluyter, & Driscoll 1992). The central amygdala
coordinates the behavioral and physiological correlates

of fear expression (LeDoux, Iwata, Cicchetti, & Reis
1988). In this study, however, OXT was administered
systemically, which is likely to explain the inconsistent
results. Despite the fact that peripherally administered
OXT may reach and influence the central amygdala, it
may not do so in a concentration adequate to enhance
fear extinction. Additionally, it is likely to influence
brain areas which increase fear responses, such as the
basolateral amygdala (BLA) and hippocampus. Both
structures play an important role in fear modulation and
have oxytocin receptors (Phillips & LeDoux 1992, Vac-
cari, Lolait, & Ostrowski 1998). Much more research is
needed to determine the role of these structures in the
impairing effects of oxytocin on fear extinction.

In general, peptides, including OXT, pass the blood-
brain barrier with difficulty (Zaidi & Heller, 1974).
Thus, central content of OXT should not be affected
significantly by the alteration of peripheral peptide con-
centration following its systemic administration (En-
gelmann, Wotjak, Neumann, Ludwig, & Landgraf
1996). These findings suggest that intraperitoneally ad-
ministered OXT may alter fear conditioning without di-
rectly influencing brain systems. A possible mechanism
that may mediate the effects of OXT on fear extinction
is the inhibition of glucocorticoid release from the ad-
renal glands by OXT (Petersson et al. 1999). Previous
studies have shown that decreasing corticosterone levels
before extinction training by icvntracerebroventricular
and BLA administration of metyrapone, a blocker of
glucocorticoid synthesis blocks fear extinction (Barrett
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& Gonzalez-Lima 2004, Jin, Lu, Yang, Ma, & Li 2007,
Yang, Chao, Ro, Wo, & Lu 2006). Conversely, injections
of glucocorticoid receptor agonists before extinction
training facilitate fear extinction training (Yang, Chao,
& Lu 2005, Yang et al. 2006)

In conclusion, our study shows that increasing OXT
transmission at time of memory reactivation delays the
extinction of conditioned fear response, and thus, much
attention is required before commencing OXT for treat-
ment of PTSD. Future research is required to determine
the underlying mechanisms of oxytocin inhibitory ef-
fects on fear extinction. The authors declare that the re-
search was conducted in the absence of any commercial
or financial relationships that could be construed as a
potential conflict of interest.
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ABSTRACT

Received: 13 January 2013

Colchicine, a potent neurotoxin derived from plants, has been recently introduced as a
degenerative toxin of small pyramidal cells in the cortical area 1 of the hippocampus (CA1).
In this study, the effect of the alkaloid in CA1 on the behaviors in the conditioning task was
measured. Injections of colchicine (1,5 pg/rat, intra-CA 1) was performed in the male Wistar rats,
while the animals were settled and cannulated in a stereotaxic apparatus. In the control group
solely injection of saline (1 pl/rat, intra-CA1) was used. One week later, all the animals passed
the saline conditioning task using a three-day schedule of an unbiased paradigm. They were
administered saline (1 ml/kg, s.c.) twice a day throughout the conditioning phase. To evaluate
the possible effects of cell injury by the toxin on the pyramidal cells, both the motivational
signals while in the conditioning box and the non-motivational locomotive signs of the treated
and control rats were measured. Based on the present study the alkaloid caused no change in

First Revision: 03 March 2013
Accepted: 18 April 2013

Key Words: the score of place conditioning, but affected both the sniffing and grooming behaviors in the
Colchicine, group that received colchicine. However, the alkaloid did not show the significant effect on the
Hippocampus, rearing or compartment entering in the rats. According to the findings, the intra-CA1 injection
Pyramidal Cell, of colchicine may impair the neuronal transmission of non-motivational information by the
Behavior. pyramidal cells in the dorsal hippocampus.

Colchicine is a plant alkaloid (Alali, et al., 2005), which
is known as a potent inhibitor of physiological processes.
The alkaloid specifically binds to the receptor site of tu-
bulin (Lockwood, 1979) and blocks mitosis (Mundy and
Tilson, 1990).

1. Introduction

raditional lesion-producing methods by
injecting toxic analogs of presumed neu-
rotransmitters have received condemna-
tion due to the lack of lesion selectivity in

specific cell populations. This fact causes Goldschmidt and Steward (1980) have previously dem-

a serious problem whenever one attempts to ascribe the
effects on the neurophysiology and neuronal transmis-
sion to the removal of a specific cell population. Thus,
considerable interest has been generated in recent years
by drugs that show a selective neurotoxic effect between
cell populations.

* Corresponding Author:
Manizheh Karami, PhD.

onstrated colchicine as a substance that preferentially de-
structs granulocytes in the dentate gyrus. Since Correia
and Lobert (2001), we believe that the colchicine toxin
affects other cellular processes rather tubulin subunits.
Similar findings have been provided by Porkhodadad
et al (2011). In this experiment, the possible damage to
pyramidal cells in the cortical area 1 (CA1) of the hip-
pocampus was evaluated by the saline conditioning task.

Department of Biology, Faculty of Basic Sciences, Shahed University; Tehran, Iran.

Tel: +9821-51212243 / Fax: +9821-51212201
E-mail: karami@shahed.ac.ir

—
323




[RESEARCH PAPERS

November 2013, Volume 4, Number 4

This research plan is important because neuronal func-
tions are dependent on an intact cytoskeleton and cyto-
skeletal alterations are thought to be associated with neu-
rological disorders (Selkoe, 1999). This phenomenon is
common in cases of neurodegenerative pathology (Uchi-
da, et al., 2004). Neural lesions also may impair learning
and spatial memory (McNaughton, et al., 1989), because
sub-regions of the hippocampus seem to have a role in
the function of spatial and working memory processes
(Okada and Okaichi, 2009).

2. Experimental Procedure
2.1. Animals

The animals were male Wistar rats (Pasteur Institute
of Iran, Tehran, Iran) weighing between 250-350g at the
start of the experiments. Animals were housed in standard
cages in a controlled colony room (temperature 2143 °C).
They were maintained under a 12:12 h light/dark cycle
with water and food provided ad libitum. Six to eight ani-
mals were used in each experiment and all experiments
were approved by the local ethics committee at Shahed
University (Document No: 282/Nov 21, 2012).

2.2. Drugs

The drug colchicine (Merck Co., Germany) used in the
present study was prepared freshly in sterile 0.9% NaCl
solution. A mixture level of 5:2 of ketamine (100 mg/kg)
and xylazine (20 mg/kg) purchased from the Veterinary
Organization of Iran were intraperitoneally injected to
anesthetize the experiment animals. Vehicle injections
were of the appropriate concentration of 0.9% physi-
ological saline.

2.3. Surgery and Colchicine Injection

The animals were anesthetized and placed in a stereo-
taxic apparatus, with the incisor bar set at approximately
3.3 mm below horizontal zero to achieve a flat skull po-
sition. An incision was made to expose the rat’s skull.
Two holes were drilled in the skull at stereotaxic coor-
dinates: AP-3.8 mm posterior to bregma, and L+1.8 to
+2.2 mm according to the atlas of Paxinos and Watson
(2005). Two 21-gauge guide cannulae were inserted into
the holes. In the animals receiving bilateral injections of
colchicine into the cortical area 1 (CAl) of the hippo-
campus, the guide cannulae were lowered 2 mm below
bregma through the holes drilled at the above-mentioned
coordinates.

The colchicine (1,5 pg/rat) was administered intra-
CA1 of the hippocampus while the cannulated rats were

still immobilized by the stereotaxic apparatus. The guide
cannulae were anchored with a jeweler’s screw, and the
incision was closed with dental cement. After that, the
injection cannula that extended 1 mm beyond the guide
cannulae was inserted into the guide cannula, through
which the alkaloid (1,5 pg/rat) was gently injected into
the site. The injection cannula was then left in place for
another 60 seconds to facilitate the diffusion of the drug.
One week after recovery, the rats passed the saline place
conditioning using an unbiased procedure.

24. Place Conditioning Apparatus and Saline
Conditioning Task

A two-compartment conditioned place preference ap-
paratus (30x60x30 cm) was used in the experiments.
Place conditioning was conducted using an unbiased
procedure, of which the design and the apparatus were
previously described (Karami, et al., 2002).

2.5. Place Conditioning Paradigm
The experiment consisted of the three following phases:

Pre-conditioning (Familiarization): On day 1 (before
the conditioning phase), animals received one habitua-
tion session. They were placed in the middle line of the
apparatus to move freely in the entire apparatus for 10
minutes. In this phase, the removable wall was raised
12cm above the floor. The time spent by rats in each
compartment was recorded by an Ethovision system
(model LVC-DV323ec of an Auto iris LG) located 120
cm above the apparatus. The behavior recorded by the
system was then analyzed by an observer who had no
knowledge of the treatments. None of the groups dis-
played a significant preference for one of the compart-
ments, confirming that this procedure is unbiased.

Conditioning: This phase was started one day after the
familiarization. The conditioning phase consisted of 6
saline pairings; the animals were simply injected saline
(1 ml/kg, s.c.) twice a day with a 6 h interval. Saline ad-
ministration in the conditioning phase was carried out
during the light phase of a 12 h light/dark cycle (e.g. at
09.00 am and at 15.00 pm). This protocol was performed
similarly in the control group (1 pl/rat saline given intra-
CAl) as well as in the experimental groups (1,5 pg/rat
colchicine given intra-CA1l).

Testing (Post-conditioning): Test sessions were carried
out on day 5, one day after the last conditioning session,
in an injection saline-free state. Each animal was tested
only once. For testing, the removable wall was raised 12
cm above the floor and each animal was allowed free ac-
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cess to both compartments of the apparatus for 10 min.
The time spent in the compartments on the day of testing
was subtracted from the time measured during the famil-
iarization phase and the testing phases and the result was
expressed as mean = S.E.M. The count of behavioral
signs as expressed by the change in the number of signs
perl0 min in the apparatus was also measured.

2.6. Histological Verification

After completion of the experiments, the animals were
decapitated after an overdose of chloroform. The brains
were removed and fixed in a 10% formalin solution for
48 h before sectioning. Sections were taken through the
brain areas of the cannulae placements, and the cannulae
placements were verified using the atlas of Paxinos and
Watson (2005). Data from rats with injection sites located
outside the CA1 area were excluded from the analysis.

2.7. Cresyl Violet Stain

Thin (10-15 um) brain sections provided by paraffin
blocks were placed in 50%, 75%, and 95% ethanol for 1
min each and in 100% ethanol for 15 min. The sections
were then rehydrated in 95%, 75%, and 50% ethanol and
water for 1 min each and administered with cresyl violet
solution (Merck Co., Germany) for 2 min. Subsequently,
the sections were placed in 0.1% acetic acid in 75% ctha-

Figure 1. The histological verifications of the effect of colchicine lesion (1,5 pg/rat, intra-CA1) in Wistar rats. The injection of

nol for 30 sec, rinsed in water, dehydrated, and mounted
in Entellan (Merck Co., Germany).

2.8. Statistical Analysis

The behavioral data were analyzed with one-way
analysis of variance (ANOVA) followed by the Tukey-
Kramer multiple comparison tests. P-values under 0.05
were considered significant. To analyze the histological
data, the stained brain slices of the animals were exam-
ined by the Image Tool program (UTHSCSA ImageTool,
version 2.03). After spatial and density calibrations with
the intact (only anesthetized) samples, we made com-
parisons between the treated rats’ brain sections and the
calibrated samples to provide the data + SEM at the sig-
nificant levels.

3. Results

3.1. Cell Damage Induced by Colchicine in the
Area of CA1 of Wistar Rats

The brain sections were analyzed with a qualitative
tool (Image tool program) and showed a significant dif-
ference (p<0.05). The colchicine (1,5 pg/rat) was effec-
tive in inducing of lesion in the CA1 layer (Fig. 1) when
compared with the intact (only anesthetized) one.
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colchicine was done only once. After receiving the drug each animal was allowed to recover. The animal then passed the be-
havioral tests. The rats” brains were then collected in formalin to allow for histological confirmation. Based on the Image Tool
program the damaging effect was clear in the rats’ brains that received colchicine (Fig. 1B-1D, from small to large magnifica-
tion). As shown in figured 1B-1D, colchicine was effective to induce cell damage in contrast to the intact (anesthetized) sample

(Fig. 1A).
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3.2. Effect of injection of Colchicine Intra-CA1l on
Saline Conditioning

Bilateral injection of colchicine (1,5 pg/rat, intra-CA1),
a plant derived alkaloid, before (1 week) starting the pro-
cess of saline place conditioning, showed no significant
difference in conditioning score of the the rats compared
to the control group ( p> 0.05) (Fig. 2).
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Figure 2. Response to colchicine or saline (control), intra-
CAl, in the saline place conditioning task. Each animal,
after having recovered, was injected with saline (1 ml/kg,
s.c.) twice per day throughout the conditioning phase. The
animals were tested in the injection-free state on the day of
testing to evaluate a simple type of learning notifying a link
between the environment and the saline. Data are expressed
as the score of changes in place preference and expressed as
mean +S5.E.M. No difference between the drug-administered
group and the vehicle was observed.

3.3. Effect of Injection of Colchicine Intra-CA1 on
Behavioral Signs

Fig. 3 shows the effect of colchicine injection (1,5 pg/
rat, intra-CA1) on behavioral signs in Wistar rats. Ad-
ministration of the neurotoxin showed a significant ef-
fect on sniffing (F2,15=23.414; p<0.0001) and grooming
(F2,15=2.825; p<0.05). However, no significant effect
on wet dog shaking (WDS) or rearing was recorded.
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Figure 3. The behavioral signs in male Wistar rats that re-
ceived colchicine or saline (control) intra-CA1l. The colchi-
cine (1,5 pg/rat) or saline (1 ml/kg, pl/rat) was given one
week before starting the unbiased conditioning paradigm.
The animals were then injected saline (1 ml/kg, s.c.), twice
daily for 3 days. Data are expressed as counts of behavioral
signs per 10 min *SEM. Post hoc analysis by Tukey showed
the differences (*p< 0.05, ***p< 0.001) to the control.
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4. Discussion

This research was designed to survey the effect of a
potent plant neurotoxin, colchicine, on small pyramidal
cells in the cortical area 1 (CA1) of the hippocampus and
on the behavior in a conditioning task as well. According
to this study the toxin showed degenerative effects on
the pyramidal cells and produced a significant change in
sniffing and grooming.

Colchicine is an alkaloid which is extracted from Col-
chicum autumnale L. This toxin binds to tubulin dimers
which results in the formation of a tubulin—colchicine
complex that acts primarily to prevent microtubule as-
sembly (Panda, et al., 1995). In animal cells colchicine
is usually considered as a lethal agent even at the low-
est concentrations (Eigsti and Dustin, 1995; Rieder and
Palazzo, 1992).

This work showed a damaging effect of colchicine
on the small pyramidal cell population in the rat CA1
area. Supporting finding provides that the toxin colchi-
cine irreversibly damages dendrites by disrupting their
microtubular supporting network (Giuditta, et al., 2008),
an effect which is caused by the selective toxic effect
of colchicine on dentate granule cells (Walsh, et al.,
1986). Furthermore, some other studies using doses of
colchicine similar to those that were used in the present
study have reported only reversible effects (Gajate, et al.,
2000). To assess the neurotoxic effect of colchicine in
the CA1 on learning programs, sniffing, rearing, groom-
ing and compartment entering were analyzed for all rats
within the saline conditioning task and the results pro-
vided some significant effects.

After place conditioning testing the experiment ani-
mals, those suffering from the lesion made by colchicine
(1,5 pg/rat) in the CA1 area, exhibited different types of
sniffing and grooming behaviors in comparison to the
control saline (intra-CA1) treated group. It is proposed
that this alkaloid inhibits the rapid axonal transport (Han-
son and Edstrom, 1978) and produces long-lasting mor-
phological changes in neurons and glia (Csillik, et al.,
1977). 1t has also been suggested that the axonal mem-
brane (Dziegielewska, et al., 1976) as well as dendrites
(Partida-Sanchez, et al., 2000) are the site of action of
colchicine, because these sites are rich in microtubules
and contain specific receptors (Kumar, et al., 2009). A
further important characteristic is that the CA1 neurons
are responsible for simple learning processes like condi-
tioning. In order to make clear responses to conditioned
stimuli its neurons need complete entity and safe exis-
tence (Arushanyan and Beier, 2008). Thus, the neuronal

responses are changed and exhibited a different type of
sniffing and grooming in regard to the non-treated ones.
Damage to CA1 pyramidal cells causes deficits in as-
pects of learning as present data show. It should be noted
that the degree of learning impairment has been inves-
tigated by other researchers (Dillon, et al., 2008) and is
proportional to the extent of damage within the cortical
area. So, the colchicine treated groups were impaired in
information processing such as odor sensing. This may
underlie fine properties of the CA1 area.

Odor sampling by sniffing behavior in this paradigm
has raised the idea that sniffing plays a critical role in
odor information processing by shaping spatial and
temporal patterns of afferent input to the olfactory bulb
and through the patterns of higher level neural activity
as well (Wesson, et al., 2008). Also, in a survey of the
novelty task in rats with the CA1 lesions, an impairment
in place conditioning was recorded (Okada and Okaichi,
2009; Zheng, et al., 2004).

Thus, the effects reported in the present study may be
the consequence of an impaired neuronal transmission
in pyramidal cells of the hippocampus, a process which
consequently may be related to the observed data. Based
on the findings in this study the small pyramidal cells
can be pointed out as another target for the action of col-
chicine, while the investigators have suggested granular
cells as the main candidate for destruction by the alka-
loid.
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MDMA along with 100mg/kg ginger, IP for 7 days. Brains were removed to study the caspase
3, 8, and 9 expressions in the hippocampus by RT-PCR. Data was analyzed by SPSS 16
software using the one-way ANOVA test.

Key Words: Results: MDMA treatment resulted in a significant increase in caspase 3, 8, and 9 as compared

Apoptosi to the sham group (p<0.001). Ginger administration however, appeared to significantly
poptosis,

Ginger, decrease the same (p<0.001).

MDMA, Discussion: Our findings suggest that ginger consumption may lead to the improvement of

Caspase. MDMA -induced neurotoxicity.

pase cascade (Jiménez et al., 2004). The neurotoxicity
associated with MDMA exposure may be the result of
oxidative stress leading to the formation of hydroxyl
radicals (Shankaran et al., 1999), lipid peroxidation
(Alves et al., 2009) and an increase in the number of
tunnel positive cells in the hippocampus. The imbalance
between reactive oxygen species (ROS) and the internal

1. Introduction

cstasy or 3, 4-methylenedioxymethamphet-
amine (MDMA), is a synthetic amphetamine
derivative and an illicit drug of abuse which
is primarily consumed by young people in
dance and music environments. Many stud-

ies have demonstrated that MDMA is neurotoxic to the
serotonin neurons (O'Leary et al., 2001). These effects
seem to be dose- related, leading to memory impairment
(Vorhees et al., 2009) and apoptosis in the hippocampus
(Soleimani et al., 2012). It has been shown that MDMA
induces cell death trough an apoptotic pathway through
the release od cytochrome C and activation of the cas-

* Corresponding Author:
Mehdi Mehdizadeh, PhD

antioxidants result in the oxidative stress. Glutathione is
an important intracellular antioxidant that protects cells
against oxidative stress (Franco and Cidlowski, 2012).

It has been repeatedly reported that MDMA treatment
may decrease the glutathione concentration (Miranda et
al., 2007).
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As glutathione is unable to cross the BBB, possible
treatment options would include the glutathione analog
as a suitable candidate for therapeutic applications (Sliv-
ka et al., 1987).

There is evidence that dietary components could im-
prove brain damage and cognitive function (Bisson et
al., 2008 and Head, 2009). Ginger, member of the family
of zingiberaceae, is widely used as a spicy seasoning.
Moreover, it is used in Asian traditional medicine for
treatment of stomach ache (Mascolo et al., 1989), nau-
sea, diarrhea, and joint and muscle pain (Ojewole et al.,
20006).

Ginger’s antioxidant activity ( Nanjundaiah et al.,
2009) and neuroprotective effects (Waggas et al., 2009)
have been identified well. Kyung et al. suggest that gin-
ger can reduce cell death and restore the motor function
in rats with spinal cord injury (2006). Our aim was to
investigate the effects of ginger on the caspase expres-
sion following MDMA treatment. Our hypothesis was
if ginger has any anti apoptotic effect, then MDMA plus
ginger treated rats should exhibit diminished caspase ex-
pression in their hippocampui.

2. Methods
2.1. MDMA and Ginger Preparation

3, 4-methylenedioxymethamphetamine was obtained
from the Drug Control Headquarters. Zingiber officinale
rhizomes with herbarium code no. 1483 were obtained
from the Iranian institute of medicinal plant. About 500
g of dried rhizomes powder of Zingiber officinale were
extracted with 3 liter 70% aqueous ethanol using per-
colation method at room temperature. The extracts were
filtered through Whatman filter paper and evaporated to
dryness under reduced pressure at a maximum of 40°C
using a rotary evaporator. Zingiber officinale yielded
33.28% dried extract. For treatment ginger was solved
in normal saline.

2.2. Animals

We included 15 male Sprague Dawley rats, weighing
200-250 g (Razi Institute, Iran). Animals were allowed
to acclimatize to the colony room for one week prior to
administration of MDMA. Rats were kept in the colony
room at a temperature of 21 + 1°C, relative humidity of
55+ 5%, on a 12-h light/12-h dark cycle with access to wa-
ter and food ad libitum. All experimental procedures were
performed in accordance with the Guidelines of the Ethical
Committee of Tehran University of Medical Sciences.

Animals were assigned to the following groups:

1. Sham (saline) group (n=5) received normal saline ,1
ml/kg, intraperitoneally (i.p.), daily for 1 week

2. MDMA groups (n=5) received 10 mg/kg

MDMA,i.p., daily for 1 week.

3. Treatment group (n=7) received 100 mg/kg ginger,
i.p. at 9:00 plus 10 mg/kg MDMA at 13:00, i.p., daily
for 1 week (Mehdizadeh et al., 2012).

2.3. RT-PCR Experiment

The day after the last treatment, animals were eutha-
nized by cervical dislocation. The brains were removed;
hippocampi were immediately dissected out on ice, and
then frozen in liquid nitrogen and kept at -80 °C until use.

Total mRNA was extracted from the frozen hippocam-
pi by using phenol-chloroform method. Tissue samples
were homogenized in 1000 pl RNATM (Cinnagen, Teh-
ran, Iran) then 200 pl ice-cold chloroform was added.
The homogenates were centrifuged (Eppendrof, Ham-
burg, Germany) at 12000 g for 20 min in 4°C. The RNA
of the supernatant was precipitated with isopropanol,
and washed with ethanol 75%. The air-dried RNA pellet
was dissolved in RNase free water. ¢DNA first-strand
synthesis was performed using a cDNA synthesis Kit
(Quiagen, Hilden, Germany). First strand cDNA was
used as template for subsequent PCR with a PCR mas-
ter kit (Cinnagen, Tehran, Iran), and primers (Cinnagen,
Tehran-Iran) as follow:

B-actin: forward 5STGGAGAAGAGCTATGAGCT-
GCCTG3

reverse SGTGCCACCAGACAGCACTGTGTTG3

caspase3: forward STTTGGAACGAACGGACCT-
GT3

reverse SCACGGGATCTGTTTCTTTGC3

caspase 8: forward GCAGGACATGTGGGACTC-
GCC3

reverse 5 TCAGGCACAGGCACCGCTTTC 3

caspase 9 forward SGAAGAACGACCTGACTGC-
TAAG 3

reverse 5 AGGAGACAAAACCTGGGAAG 3

The PCR reactions included initial denaturation at 95
°C for 3 min, followed by 35 cycles with 95 °C for 50 s,
58°C for 45 s and 72 °C for 50 s for caspase3, and 9 and
35 cycles with 95 °C for 50 s, 59 °C for 45 and 72 °C for
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50 s for caspase 8. The reactions were terminated by 72
°C for 7 min of elongation period. The same annealing
temperature was used for B-actin. PCR products were
separated by electrophoresis in 1% agarose gel at 100V.
Our semi-quantitative analysis were made using a digital
imaging system (UVIdoc,Houston, Texas,USA).

2.4. Statistical Analysis

Statistical analyses were performed using the SPSS
16 software. Data were presented as the mean + S.E.M
and the results were analyzed by one -way ANOVA with
Tukey post-hoc comparison test. The p < 0.05 was con-
sidered statistically significant.

3. Results

3.1. Protective Effect of ginger on Caspase-3
Expression

As shown in Figure 1, there was a significant increase
in caspase 3 expression in the MDMA group as com-
pared to the sham group (P<0.001). Ginger pretreatment
significantly decreased caspase 3 expression compared
to the MDMA group (p<0.001).

30000.00-

a
a,b
20000.00
10000.00
0.00-

Sham MDMA MDMA+ginger
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Figure 1. RT-PCR analysis of the caspase-3 expression in
sham and treatment groups. A significant difference in the
caspase-3 expression between sham and other groups was
noted (ap<0.001 vs. sham). Administration of ginger down-
regulated the caspase-3 expression (b p<0.001 vs. MDMA

group).
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Figure 2. RT-PCR analysis of the caspase-8 expression in
sham and treatment groups. MDMA treatment led to a sig-
nificant increase in the caspae-9 expression ( ap<0.001 vs.
sham). Administration of ginger down-regulated the cas-
pase-9 expression (b p<0.001 vs. MDMA group).
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Figure 3. RT-PCR analysis of the caspase-9 expression in
sham and treatment groups. Exposure to MDMA caused
an increase in the caspae-8 expression ( ap<0.001 vs. sham).
Administration of ginger down- regulated the caspase-8 ex-
pression (b p<0.001 vs. MDMA group).
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3.2. Protective Effect of Ginger On Caspase-8
Expression

With regards to the caspase 3 mRNA expression, there
was significant difference between the MDMA and con-
trol group for caspase8 expression (p <0.001, Figure 2).
Moreover, subsequent analysis revealed that exposure
to ginger resulted in significant reduction in caspase 8
expression compared to MDMA - treated rats (p<0.001).

3.3. Protective Effect of Ginger on Caspase-9
Expression

Densitometry from the electrophoresis gel showed sig-
nificantly more expression of the caspase-9 gene in the
MDMA group than the other groups (P<0.001, Figure
3). Ginger pretreatment caused a significant reduction in
caspase-9 expression as compared to the MDMA group
(p<0.001).

4. Discussion

The major finding of this study was the attenuation of
caspase expression by ginger following MDMA treat-
ment. Pretreatment with ginger was protective against
MDMA- induced neurotoxicity in the hippocampus.

The brain is sensitive to oxidative stress due to low an-
tioxidant and cell membrane lipids (Café et al., 1995).
Therefore, the use of an external antioxidant is one of the
most common therapeutic strategies for the treatment of
neurotoxicity. Ginger is a spice that contains thiol group,
which has antioxidant activity (Nanjundaiah et al., 2009)
and neuroprotective effect (Waggas et al., 2009).

The hippocampus is an important brain structure sub-
stantially involved in learning and memory (Deng et al.,
2012). Several studies have suggested that many neuro-
toxic factors can induce neuronal damage in the hippo-
campus (Che et al., 2010 and Singh et al., 2010), thus the
use of external antioxidant may improve these insults
(Alipanahzadeh et al., 2012, Soleimani et al., 2011).

Consistent to other study, our results demonstrated a
well noted MDMA-induced neuronal death in the hip-
pocampus (Wang et al., 2009 and Escubedo et al., 2011).
MDMA causes rapid intracellular Ca2+ influx, mito-
chondrial membrane depolarization, ROS production
and Caspase-9 activation (Montgomery et al., 2010).
Injection of methamphetamine as another amphetamine
derivates triggers the activation of the programmed cell
death pathway and causes up-regulation of Bax and
down regulation of Bel-2 (Jayanthi et al., 2001).

Programmed cell death or apoptosis depends on activa-
tion of caspases such as caspases 3, 8, and 9 that cleave
a number of substrates resulting in the biochemical and
morphological changes typical for this form of death
(For review see Favaloro et al., 2012).

In this study, we showed down- regulation of caspase
3, 8, and 9 genes in ginger plus MDMA treated group
in comparison with MDMA group. Our results are con-
sistent with the other studies. For instance, Mehdizadeh
et al. reported that ginger could alter MDMA- induced
apoptosis (Mehdizadeh et al., 2012). They showed that
ginger pretreatment up- regulated anti apoptotic Bcl-
2 and down- regulated proapoptotic Bax proteins in
MDMA- treated rats. Furthermore, 6-shagoal purified
from ginger could lead to prominent decrease in PARP
apoptosis protein and increase in the expression of Bel-2
antiapoptotic protein in spinal cord injury (Kyung et al.,
20006). It has been reported that ginger can decrease the
oxidative stress by increasing the activity of SOD in ce-
rebral cortex, hippocampus, and striatum and increases
the activity of CAT and GSH in cerebral cortex and hip-
pocampus resulting in the decrease of lipid peroxidation
level in all areas mentioned earlier (Kyung et al., 20006).
Therefore the neuroprotective effect of Z.afficinale ex-
tract might be related to its antioxidant effects.

In conclusion, our findings suggested that ginger could
decrease MDMA-induced apoptosis in the hippocampus
of male rats. Therefore, ginger appears to be a useful
medicinal herb as a potential treatment for the MDMA -
associated adverse effects.
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ABSTRACT

Introduction: Gap junctions are intercellular membrane channels that provide direct
cytoplasmic continuity between adjacent cells. This communication can be affected by changes
in expression of gap junctional subunits called Connexins (Cx). Changes in the expression
and function of connexins are associated with number of brain neurodegenerative diseases.
Neuroinflammation is a hallmark of various central nervous system (CNS) diseases, like multiple
sclerosis, Alzheimer's disease and epilepsy. Neuroinflammation causes change in Connexins
expression. Hippocampus, one of the main brain regions with a wide network of Gap junctions
between different neural cell types, has particular vulnerability to damage and consequent
inflammation. Cx32 — among Connexins— is expressed in hippocampal Olygodandrocytes
and some neural subpopulations. Although multiple lines of evidence indicate that there is an
association between neuroinflammation and the expression of connexin, the direct effect of
neuroinflammation on the expression of connexins has not been well studied. In the present
study, the effect of neuroinflammation induced by the Lipopolysaccharide (LPS) on Cx32 gene
and protein expressions in rat hippocampus is evaluated.

Methods: LPS (2.5ug/rat) was infused into the rat cerebral ventricles for 14 days. Cx32
mRNA and protein levels were measured by Real Time PCR and Western Blot after 1st, 7th
and 14th injection of LPS in the hippocampus.

Results: Significant increase in Cx32 mRNA expression was observed after 7th injection of

Key Words: LPS (P<0.001). However, no significant change was observed in Cx32 protein level.
Connexin32, Conclusion: LPS seems to modify Cx32 GJ communication in the hippocampus at
Hippocampus, transcription level but not at translation or post-translation level. In order to have a full view
LPS, concerning modification of Cx32 GJ communication, effect of LPS on Cx32 channel gating
mRNA. should also be determined.
1. Introduction which directly connect the cytoplasm of adjacent cells,
allowing intercellular movement of small molecular
ap junctions are specialized cell-cell con- weight molecules (up to 1 KDa) including ions, metab-
tacts between eukaryotic cells, composed olites and second messengers (Condorelli et al., 2003;
of aggregates of transmembrane channels, Sohl et al., 2005). Each channel consists of two hemi-
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channels (termed connexons), each of which is com-
posed of six subunit proteins called connexin (Cx) (Sohl
etal., 2005). A total of 21 Cx family members have been
identified in the mammalian genome (Kielian, 2008).
Gap junctions facilitate ionic homeostasis and synchro-
nization of action potential in the nervous system (Sohl
et al., 2000). Alteration in the expression and the func-
tion of connexins are associated with several of brain
pathologies and neurodegenerative diseases, suggesting
that they could contribute to the expansion of brain dam-
ages (Rouach et al., 2002). Some studies have provided
evidence that gap-junctional communication is associ-
ated with the spread of cell death signals, while others
have equally demonstrated neuroprotective effects (Cro-
nin et al., 2008; Froger et al., 2009, 2010). Enhanced gap
junctional coupling is proposed as a possible mechanism
underlying neuronal synchronization (Li et al., 2001).
Gap junction coupling can be regulated at several levels
including alteration in Cx transcription, translation, sta-
bility, post translational processing and channel gating
(Saez et al., 2003; Garg et al., 2005).

Inflammation is a hallmark of various CNS diseases
such as bacterial and viral infections and cerebral isch-
emia (Garg et al., 2005). Brain injuries as well as neuro-
degenerative diseases, are associated with neuroinflam-
mation (Froger et al., 2009). Alterations in Cx expression
have been associated with neuroinflammation (Garg et
al., 2005). However, the direct effects of neuroinflamma-
tion on the gene and protein regulation and expression
of connexins as building blocks of gap junctions has not
been fully characterized.

One of the main brain regions with a wide network
of Gap junctions between different neural cell types is
hippocampus, which has particular vulnerability to dam-
age due to hypoglycemia, ischemia/hypoxia, trauma and
subsequent Neuroinflammation (Sohl et al., 2000; Zei-
nich et al., 2010; Karpuk et al., 2011). Among Cxs, Cx32
— which is generally expressed in Olygodandrocytes
and some neural subpopulations — is well represented
throughout the CNS (Sohl et al., 2000; Bennett et al.,
2004). Cx32 in hippocampus is predominantly expressed
in oligodendrocytes (oligodendrocyte/ oligodendrocyte
or oligodendrocyte/astrocyte GJs) and parvalbumin-pos-
itive inhibitory interneurons of CA1 subfield (Rouach et
al., 2001; Rash et al., 2002). There is no report regarding
changes of this Cx during neuroinflammation.

The bacterial Endotoxin Lipopolysaccharide (LPS) is
a stimulator of microglia and is used extensively as a
model of neuroinflammation (Turrin et al., 2001; Kovacs
et al., 2006).

The present study was undertaken to examine the
changes of Cx32 mRNA and protein expression in rat
hippocampus consequent to acute and chronic intracere-
broventricular (i.c.v) injection of LPS.

2. Methods
2.1. Animals

Male Wistar rats (280-320 g, Institute Pasteur of Iran)
were used in this study. The animals were housed in
standard Plexiglas cages with free access to food (stan-
dard laboratory rodent’s chow) and water. The animal
house temperature was maintained at 23 + 1.0 °C with
a 12-h light/dark cycle (light on from 6.00 a.m.). All
animal experiments were carried out in accordance with
the European Communities Council Directive of 24 No-
vember 1986 (86/609/EEC) in such a way to minimize
the number of animals used and their suffering. Each
animal was tested once.

2.2. Materials

Ketamine (Rotex Medica, Germany), Xylazine
(Chanelle, Ireland), LPS (Escherichia coli serotype
026:B6, Sigma, UK), RNX-Plus Reagent, Agarose,
Acrylamide (CinnaGene, Iran) Quantitect Reverse Tran-
scriptase kit (Qiagen, Germany), Power Syber Green
PCR Master Mix, Rox and dNTP mix (Warrnington,
UK) Page Ruler™ Prestained Protein Ladder and Protein
Loading Buffer Pack (Fermentas, Lithuania), Protease
Inhibitor Cocktail (Roche, Germany), Enhanced Chemi-
luminescence (ECL) Advance Western Blotting Detec-
tion Kit (Amersham, UK). Monoclonal anti-connexin 32,
Monoclonal anti-o-tubulin and anti-mouse IgG peroxi-
dase conjugates (Sigma-Aldrich, USA) were used in this
study. LPS was dissolved in phosphate buffer solution
(PBS) and was prepared freshly on the day of use.

2.3. Stereotaxic Surgery and LPS Injection

The rats were stereotaxically implanted with a cannula
in the left lateral ventricle (Paxinos & Watson, 2007).
The animals were given 7 days recovery after surgery,
before the injection protocol was started. LPS at the dose
of 2.5 pg/rat was infused once daily i.c.v. for 14 days.
For each experimental group, a sham (cannula-implant-
ed non-injected) and a control (cannula-implanted phos-
phate buffer (PBS)-injected) groups were considered.

24. Tissue Collection

To measure changes in Cxs mRNA expression, the hip-
pocampi were dissected 24 h after 1st, 7th and 14th in-
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Figure 1 (A). Amplification plots of the target and reference genes (Cx32, a-Tubulin, GAPDH) in the Real-time PCR assay.
The amplification curves of the both reference genes have crossed the threshold line at the same point. (mCt) Mean threshold
cycle. (mCt GAPDH and a-Tubulin=21.95, mCt Cx32=25.61). (B) Cx32 mRNA level in the hippocampus of the rats after daily
intracerebroventricular injection of LPS. Connexin mRNA level was normalized to a-tubulin and GAPDH mRNA level. Data
are expressed as means + S.E.M (n=5). ** p<0.001 compared to respective control group. (C) Denaturing agarose gel electropho-
resis to evaluate samples for other DNA contamination during RT-PCR reaction and also proves the integrity of the samples

in RNA extraction process.
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jections of LPS. All the animals and their corresponding
controls were decapitated under deep Ether anesthesia
and their brain were removed immediately. The brains
were incubated in chilled artificial cerebrospinal fluid
(ACSF) with pH 7.3 consisted of the following composi-
tion (in mM): 124 NaCl, 4.4 KCl, 2 CaCl2,2 MgCI2, 1.2
KH2PO4, 25 NaHCO3 and 10 Glucose. The hippocam-
pus of the brains were removed and frozen immediately
in liquid nitrogen and stored at -80°C. The rest of the
brains were placed in 10% formalin for at least 3 days at
room temperature and they were then processed, cut into
10um thick slices and qualitatively examined for cannu-
la position using a stereoscopic microscope (Olympus,
Japan). The data of the animals, in which the cannula
was in the false place, were not included in the results.

2.5. Gene Expression Assay

Tissue Preparation: The frozen hippocampus samples
were pulverized completely and mixed with 200 pl of
chilled phosphate buffered saline (137 mM NaCl, 2.7
mM KCl, 4.3 mM Na2HPO4.7H20, and 1.4 mM KH-
2P04), vortexed for 30 sec then spinned and aliquoted
in two micro tubes equally. One of so prepared samples
was used for gene expression study and the second part
for immunoblotting. An appropriate volume of a prote-
ase inhibitor cocktail according to manufacturer’s pro-
posal was added to samples, which were allocated for
immunoblotting.

RNA Extraction: Total cellular RNA was isolated from
the hippocampus by a modification of the guanidine Iso-
thiocyanate Phenol-Chloroform method (Ausubel et al.,
2002) using RNX-PLUS reagent. The RNA was treated
with 10U RNase free DNase I (Roche, Germany) to
avoid any DNA contamination (Fig 1C). The concentra-
tions and purity of the RNAs were determined by spec-
trophotometry (NanoDrop ND-1000, NanoDrop Tech-
nologies, Wilmington, DE, USA). The mean absorbance
ratio at 260/280 nm and 260/230 nm were 1.94 + 0.0 and
1.98 £ 0.1, respectively.

cDNA Synthesis: The reverse transcription reaction
was performed with first strand cDNA synthesis kit
(Roche, Germany) using Oligo-dT primer, AMV reverse
transcriptase and lug total RNA as template, accord-
ing to the manufacturer’s instructions. The concentra-
tion of synthetic cDNA was measured using NanoDrop
ND-1000 Spectrophotometer at 260 and 280 nm. DNA
samples with the A260/A280 ratios higher than 1.5 were
selected for quantitative analysis.

Real Time PCR and Comparative Threshold Cycle
Method: Cx32 was chosen as target gene and a-tubulin
and GAPDH were used as internal reference genes. All
primers (Table 1) were designed using primer express
software v.3.0 (Applied Biosystems, Foster City, CA,
USA). The specificity of the primers for their target
sequences was checked on NCBI website (www.ncbi.
nlm.nih.gov/blast). SYBR Green I real time PCR as-
say was carried out in final reaction volumes of 25 pL
with 12.5 uL of SYBR Green I Master mix (Applied
Biosystems, Warrington, UK), 100nM of forward and
reverse primers and 300ng of cDNA. Thermal cycling
was performed on the ABI 7300 Sequence Detection
System (Applied Biosystems, Foster City, CA, USA)
using the following cycling conditions: 10 min at 95°C
as first denaturation step, followed by 40 cycles at 95°C
for 15 sec and 60°C for 1 min. Each complete amplifi-
cation stage was followed by a dissociation stage at 95
°C for 15 sec, 60 °C for 30 sec and 5 °C for 15 sec. The
extent of gene expression was calculated using compara-
tive threshold cycle. The mean threshold cycle (mCT)
was obtained from duplicate amplifications during the
exponential phase of amplification. Then, mCT of refer-
ence genes were subtracted from mCT value of the target
genes to obtain ACT. AACT values of each sample was
calculated from corresponding CT values where AACT
= [mCT target (control sample) - mCT reference (control
sample)] - [mCT target (test sample) - mCT reference
(test sample)]. The calculated AACT was converted to
ratio using the ratio formula (Ratio = 2 AACT) (Livak
& Schmittgen, 2001). Dissociation curve analysis was
performed for each amplification reaction to detect any
possible primer dimmers or non-specific PCR product
(Ruiz-Ponte et al., 2006). Before using comparative
threshold cycle method, amplification efficiency of each
gene was determined from the standard curve drawn by
plotting the logarithmic input amount of template DNA
versus the corresponding CT values. The corresponding
real time PCR efficiencies were calculated according to
the slope of the standard curve and the following equa-
tion: Efficiency = [10(-1 / Slope)] - 1 (Vaerman et al.,
2004). Data evaluation was carried out using the ABI
PRISM 7300 Sequence Detection System and the SDS
software v.1.2.3 (Applied Biosystems, UK).

2.6. Immunoblotting

The second part of the homogenized hippocampus tis-
sues was removed from—80 °C and centrifuged at 12,000
g, 4 °C for 10 min. The supernatant was collected and
total protein concentration was determined using Bio-
Rad DC protein assay reagents. Samples were dissolved
in protein loading buffer and denatured for 5 min at 95

—
337




November 2013, Volume 4, Number 4

(A)

a-tubulin =
Cx32- 1%t injection —=>
a-tubulin =

Cx32—- 7t injection —>

a-tubulin >

Cx32- 14" injection =>

Sham

Control Test

)
8

(B)

g

B
8

g

Cx32 Protein Expression (% of control)
- w
8 8

o
1

1st injection

N

7th injection

.

14th injection

BESham [OControl MTest

NEURZSCIENCE

Figure 2 (A). Immunoblots of Cx32 (32KDa) and a-tubulin (50KDa) for prepared samples. Each immunoblotting was per-
formed in duplicate to increase the reliability of the measurements. (B) Cx32 protein level in the hippocampus of the rats after
daily intracerebroventricular injection of LPS. Connexin protein level was normalized to a-tubulin protein level. Data are
expressed as means + S.E.M (n=5) compared to respective control group.

°C prior to loading. Equal amounts of protein from each
animal (5 pg per lane for a-tubulin, 10 pg per lane for
Cx32) were resolved by denaturing SDS-Polyacryl-
amide gel electrophoresis (SDS-PAGE), 12% acryl-
amide and transferred to a PVDF membrane (Roche,
Germany) by electroblotting (Mini trans blot electropho-
retic transfer cell, Bio-Rad). The membrane was blocked
in TBST buffer (100 mMTris base, 150 mMNacCl, and
0.2% Tween 20) containing 2% ECL Advance blocking
agent at room temperature for 60 min, rinsed briefly with
TBST buffer and then incubated for 60 min with the fol-
lowing primary antibodies: mouse monoclonal anti-con-
nexin 32 diluted 1:200,000, and mouse monoclonal anti-
o-tubulin diluted 1:200,000. The antibodies were diluted
in blocking buffer. After washing with TBST buffer 4
times (1% for 15 min and 3% for 5 min), the membrane

was incubated with peroxidase conjugated goat anti-
mouse IgG (diluted 1:100,000 and 1:2,000,000 for Cx32
and o-tubulin, respectively) for 1 h, then washed with
TBST buffer 4 times (1x for 15 min and 3x for 5 min)
and reacted with ECL Advance western blotting detec-
tion reagents, for 4 min. An X-ray film (Retina, USA)
was used for 30s to 10min and then developed to visual-
ize the antibody binding (Fig 2A). Bands were quanti-
fied by densitometry using Labworks analyzing software
(Ultra Violet Products, U.K). The relative levels of Cx32
proteins were expressed as ratios (Cx32/a-tubulinx100).

2.7. Statistical Analysis

The data were analyzed by ANOVA with Tukey post
hoc test and presented as mean + S.E.M. In all experi-
ments, P<0.05 was considered statistically significant.
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Table 1. The characteristics of the primers used in the Real Time PCR assay

Gene Sequence GC% Melting Temperature °c Primer Length
Cx32-Forward CGGCATCTGCATTATCCTCAAC 50% 60.4 22
Cx32-Reverse CAGCAGCTTGTTGATCTCATTCTG 46% 60 24
a-Tubulin—Forward CTGGAACCCACAGTTATTGATGAAG 45% 59.8 25
a-Tubulin-Reverse GGCATAGTTATTGGCAGCATCCTTC 45.8% 60 24
GAPDH-Forward AGTCAAGGCTGAGAATGGGAAG 50% 58.5 22
GAPDH-Reverse CATACTCAGCACCAGCATCACC 54.6% 59.2 22

3. Results

3.1. Elevation of Cx32 mRNA Levels in LPS-Treat-
ed Rats

Melting curve analysis for Cx32, GAPDH and
a-tubulin gene fragments revealed unique PCR product
in each reaction. Each peak represented a unique PCR
product in each reaction. Melting temperature of 80.5 °C
for GAPDH, 81.3 °C for a-tubulin and 79.0 °C for Cx32
were obtained. The amplification curves of the both
reference genes (a-tubulin, GAPDH) have crossed the
threshold line at the same point. Mean threshold cycle
of 21.95 for GAPDH and o-tubulin and 25.61 for Cx32
were obtained. (Fig 1A)

mRNA level of Cx32 significantly increased after
7th injection of LPS relative to the control group (n=5,
P<0.001). But no meaningful change was detected after
Ist and 14th injection of LPS in Cx32 mRNA expression
compared to control group (Fig 1B).

3.2. Effect of LPS on Cx32 Protein Expression

Data from immunoblotting of Cx proteins showed
that, there were no significant changes in the levels of
Cx32 protein during acute and chronic injection of LPS
in rat Hippocampus. Although some decreases in Cx32
protein expression was observed after LPS injection
that was not statistically significant compared to control
(n=5, P>0.05) (Fig 2B).

4. Discussion

Our data indicate a significant increase in Cx32 mRNA
expression after chronic injection of LPS. However, no
significant changes were observed in Cx32 protein
abundance during this period. To our knowledge, this is
the first in vivo study on the effect of LPS on hippocam-
pal expression of Cx32 GJs in experimental animals.

Alterations in Cx expression are well recognized fol-
lowing neuroinflammation conditions (Garg et al, 2005).

NEUR<ZSCIENCE

The GJ protein Cx32 is abundantly expressed in mam-
malian brain. Cx32-deficient mice display enhanced in-
trinsic excitability and dysfunction of inhibitory synap-
tic transmission in the neocortex (Suton et al., 2000). In
the hippocampus, Cx32 is expressed predominantly in
oligodendrocytes (Rash et al., 2001) and parvalbumin-
positive inhibitory interneurons of CA1 subfield (Oguro
et al., 2001). The expression of Cx32 GJ protein in-
creases selectively in the CA1 GABAergic interneurons
after global ischemia. Moreover, transgenic Cx32-null
mice exhibit enhanced vulnerability to global ischemia-
induced neuronal death, consistent with the role of Cx32
gap junctions in neuroprotection against ischemia-in-
duced cell death (Oguro et al., 2001). These observations
together with our findings in the present study —up-reg-
ulating of Cx32 mRNA expression after chronic seven
days by LPS central injection — suggest that Cx32 gap
junctions is overexpressed under brain damages as a part
of adaptive processes in order to reduce damages and
protect the hippocampal neurons. However, we could
not detect any changes in hippocampal Cx32 protein ex-
pression during LPS injection period. It can be suggested
that LPS has no effect on regulation of Cx32 expression
at translational level. Our observation might be related to
rapid turnover of Cxs protein (Kielian. 2008). Moreover,
LPS might affect the stability of Cx proteins as reported
by some researchers (Chanson et al., 2005). Indeed, the
half-life of Cx32, the main Cx in the liver, is reduced
during liver inflammation induced by LPS (De Maio et
al., 2000). The lack of correlation between mRNA and
protein level of Cxs observed in our study, is reported
by other researchers as well. For instance, Oguro et al.
(2001) found that global ischemia induces a marked re-
duction in Cx32 mRNA abundance and at the same time
a marked increase in Cx32 protein level in mouse hip-
pocampus.

Intercellular communication through GJs can be regu-
lated at several levels including changes in Cx transcrip-
tion, translation, stability, post translational processing,
insertion/removal from the cell membrane and chan-
nel gating (Kielian. 2008). However, post-translational
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processes are thought to be the major factor in regulat-
ing Cxs levels and functional coupling. Therefore, our
results suggest no functional modulation of Cx32 GJ
coupling by LPS. Nevertheless, effect of LPS on Cx32
channel gating should be determined to further elucidate
effect of LPS on GJC.

In conclusion, the chronic central injection of LPS, up-
regulates Cx32 GlJs in rat hippocampus at mRNA; how-
ever it does not affect the protein level. Evaluation of
the expression changes of these Cxs in other models of
neuroinflammation is required to clarify the role of Cx32
GJs in pathology of CNS inflammation and disease.
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ABSTRACT

Introduction: The concentration of noradrenalin and corticosterone as the two nociception
modulators change after fasting or stress situation. The aim of present study was to investigate
the effect of food deprivation on formalin-induced nociceptive behaviours and plasma levels
of noradrenalin and corticosterone in rats.

Methods: Food was withdrawn 12, 24 and 48 h prior to performing the formalin test, but
water continued to be available ad libitum. The formalin solution (50 pL, 2%) was injected
into plantar surface of hind paw. The nociception responses of the animals during the first
phase (1-7 minutes), the inter-phase (8-14), the phase 2A (15-60) and the phase 2B (61-90)
was separately evaluated. The plasma concentrations of noradrenalin and corticosterone were
measured using specific ELISA and IRA kits, according to manufacturer's instructions.

Results: In contrast to the increasing of 48 h food deprived animals during phase 2, the
nociceptive behaviours of 12 and 24 h groups decreased through the interphase, phase 2A
and phase 2B. The injection of formalin in the normal male rats significantly decreased the
plasma level of noradrenalin and corticosterone. Food deprivation for 12 and 24 h increased
Key Words: : noradrenalin level significantly in comparison with control group which has caused by fasting
Rat, :  induced antinociceptive behaviours. There was no significant change in food deprivation for 48

Food Deprivation, h group. Food deprivation for 12, 24 and 48 h had no effect on corticosterone level in male rats.
Noradrenalin, Discussion: The present study emphasizes that the acute food deprivation diminished the
Corticosterone, nociceptive behaviours in the formalin test and show a correlation with increase in plasma
Formalin Test. noradrenalin level.

pathetic nerves in peripherally are the main sources of
norepinephrine. Locus coeruleus in the pons has most
projection to the dorsal horn of spinal cord (Proudfit,
1988; Kwiat & Basbaum, 1992) and has a key role in
noradrenergic pain modulation. Locus coeruleus stimu-
lation releases norepinephrine (Hentall, Mesigil, Pinzon,
& Noga, 2003) and produces analgesia that is prevented

1. Introduction

oth short-term and intermittent food depri-
vation are well known to have antinocicep-
tive effect, which several neuromodulatory
systems such as endogenous opioid system
and adrenocortical hormones are known

to be involved (Bodnar, Romero, & Kramer, 1988;
Hamm & Knisely, 1986). Norepinephrine participates
in descending pain inhibitory system. Brainstem nuclei
A1-A7 such as locus coeruleus in centrally and sym-
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Hassan Azhdari Zarmehri, Ph.D.

by alpha-2-adrenoceptor antagonist's administration
(Jones, 1991; Proudfit, 1988). Furthermore, norepi-
nephrine is released by peripheral noxious stimulation
(Takagi, Shiomi, Kuraishi, Fukui, & Ueda, 1979; Tyce &
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Yaksh, 1981; Yaksh & Tyce, 1981). Destruction of nor-
adrenergic system decreased formalin-induced nocicep-
tive behaviours in phase2 (Martin, Gupta, Loo, Rohde,
& Basbaum, 1999a). Safari et al. indicated that chemi-
cal stimulation or inactivation of lateral hypothalamus
induced analgesia effect and administration of lidocaine
into the LC blocked the carbachol-induced analgesia (Sa-
fari, Haghparast, & Semnanian, 2009). Mustonen et al. in
2005 demonstrated that 3 and 7 days of wintertime food
starvation in the male American mink decreased the plas-
ma noradrenaline and corticosterone concentrations, re-
spectively (Mustonen, Saarela, Pyykonen, & Nieminen,
2005a), but they observed brief increase, but not signifi-
cant, in the noradrenalin concentrations after 48 h of food
deprivation.(Mustonen, Saarela, Pyykonen, & Nieminen,
2005b). On the other hand, formalin injection elevated the
noradrenaline concentration in the locus coeruleus which
might be due to the pain induced by formalin (Sajedian-
fard, Khatami, Semnanian, Naghdi, & Jorjani, 2005b). In
addition, noxious stimuli, such as foot shock as well as
electrical stimulation of the locus coeruleus, accelerate
noradrenaline turnover in the cerebral cortex (Singewald,
Kaehler, & Philippu, 1999b). There are many evidence
that showed norepinephrine is involved in pain modula-
tion during formalin-induced nociceptive behaviors. For
example, alpha-1-adrenoceptor binding was attenuated in
the spinal dorsal horn during formalin-induced nocicep-
tive behaviours in mice (Nalepa et al., 2005).

Administration of noradrenaline into the central grey
before and at the end of short term food deprivation,
couldn't change pain threshold (Bhunia, Bharambe,
Singh, Premendran, & Pande, 2000). In men, long-term
food deprivation increased release of adrenaline (Uvnas-
Wallenstein & Palmblad, 1980). Based on the above lit-
eratures, indicating that fasting affects formalin-induced
nociceptive behaviors and noradrenaline concentration,
it can be hypothesized that food deprivation in a time-
dependent manner modulates formalin induced noci-
ceptive behaviors and it might be correlated to pain
modulation of noradrenalin and corticosterone after food
deprivation. To test this hypothesis, formalin tests were
performed following 12, 24 and 48hr food deprivation
and noradrenalin and corticosterone levels were mea-
sured in male rats.

2. Methods
2.1. Subjects
All experiments were done in accordance with the Na-

tional Institutes of Health Guide for the Care and Use
of Laboratory Animals (NIH Publication No. 80-23,

revised 1996) and were approved by the Research and
Ethics Committee of Qazvin University of Medical Sci-
ences, Qazvin, Iran. Efforts were made throughout the
experiments to minimize the animal discomfort and to
reduce the number of animals used. Adult male and fe-
male Wistar rats (220-300 g) were purchased from Razi
Institute (Hesarak Karj, Iran), and were housed in groups
of three in a temperature controlled room, under a 12 h
light—dark cycle with lights on at 7:00 to 19:00. Food
and water were provided ad libitum. During the experi-
ments, attention was strictly paid to the regulations of
local authorities for handling laboratory animals.

2.2. Food Deprivation

Food was withdrawn 12, 24 and 48 h prior to perform-
ing the formalin test, but water continued to be available
ad libitum. Control rats had free access to both food and
water.

2.3. Formalin Induced Nociceptive Behaviour

Formalin-induced nociceptive behaviour is a widely
used animal model of persistent pain (Abbott, Frank-
lin, & Westbrook, 1995; Dubuisson & Dennis, 1977).
Rats (8-9 per groups) were moved to the test room at
least 1 h before the commencement of the experiment.
In the present study, the rats were first acclimatized for
30 minutes in an acrylic observation chamber (30 cm in
diameter and in height) and then 50 pL of 2% formalin
was injected subcutaneously into the plantar surface of
the right hind paw with a 30 gauge needle. Each rat was
then immediately returned to the observation box, and the
behavioural recording commenced. A mirror, placed at a
45° angle beneath the box, permitted the observation of
behaviours without moving the box. Pain behaviour was
scored as follows: 0, the injected paw was not favoured,;
1, the injected paw had little or no weight placed on; 2,
the injected paw was elevated and not in contact with
any surface; and 3, the injected paw was licked or bit.
Scores were continuously observed for the duration of
the experiment (90 minutes). The nociceptive behaviour
score for each 3-minutes interval was calculated as the
weighted average of the number of seconds spent in each
nociceptive behavioural condition, from the start of the
experiment. The scores were recorded in normal rats as
well as in those who received 12, 24 and 48hr food depri-
vation. In each group, the behavioural responses of each
rat during the first phase (1-7 minutes), the inter-phase (8-
14), the phase 2A (15-60) and the phase 2B (61-90) were
separately evaluated (Azhdari Zarmehri H. et al., 2011;
Azhdari Zarmehri, Semnanian, & Fathollahi, 2008).
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2.4. Blood Sampling and Noradrenalin and Corti-
costerone Measurements

Under deep anaesthesia, blood was collected from the
heart of rats (n=6 for each group). First from the control
group and then from food deprived groups. Blood was
allowed to clot and sera were separated using centrifuga-
tion at 5000 rpm for 5 min and stored at -80°C until use.
Total serum level of noradrenalin was measured using
ELISAKkit (Glory Science Co. USA) and total serum lev-
el of corticosterone was measured by radioimmunoassay
kits (Immunotech, France). Test principle of ELISA kits
was based on a double-antibody sandwich ELISA to as-
say noradrenalin level. In radioimmunoassay kits there
is a competition between analysis in samples and 1251-
labeled reagent in antibody-coated tubes.

2.5. Data Analysis

Data are presented as mean +S.E.M. and analysed by
one-way analysis of variance and t-test between groups.
The mean nociceptive score in each phase (phase 1, in-
terphase, phase 2) of the formalin test was analysed us-
ing one-way analysis of variance (ANOVA) followed by

NEUR: -SCIENCE

Figure 1. Effect of 12 (A), 24 (B) and 48 h (C) food depri-
vation on formalin test. Subcutaneous formalin (2%, 50
pL) injection into the right hind-paw of rats on the time
course of the nociceptive behaviours score measured
every 3 minutes for 90 minutes. The columns represent
the mean of nociceptive score in each phase: phase 1
(1-7 minutes), inter-phase (8-14 minutes), phase 2A
(15-60 minutes) and phase 2B (61-90 minutes).
*P<0.05; ** P<0.01; *** P<0.001 food deprivation group
in comparison with control one in male rats.

Dunnett’s post hoc test. Phase 1 (1-7 minutes), the inter-
phase (814 minutes) and the phase 2 (2A: 15-60 and
2B: 61-90 minutes) of the formalin test were analysed
separately. The defined level for statistical significance
was P<0.05.

3. Results

3.1. Effect of 12, 24 and 48hr Food Deprivation on
Formalin-Induced Nociceptive Behaviours

Food-deprived male rats were compared with non-
food deprived controls to determine if the 12 h food
deprivation causes the induction of significant nocicep-
tive behaviour with formalin in rats. Following 12 and
24hr food deprivation male rats exhibited decrease in
formalin induced nociceptive behaviour. There was no
significant difference in behavioural response between
12hr food deprived (n=11) and control (n=11) ones dur-
ing phase 1 [T(1,20)=1.688; P=0.107], while there were
significant differences in the interphase [T(1,20)=3.922;
P=0.001], phase 2A [T(1,20)=2.453; P=0.023] and
phase 2B [T(1,20)=2.202; P=0.04]. Although 24hr food
deprivation decreased nociceptive behaviour in phase 1,
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no significant difference was observed in behavioural re-
sponse between 24hr food deprived (n=11) and control
(n=11) ones during phase 1 [T(1,20)=1.949; P=0.065],
while there were significant differences in the interphase
[T(1,20)=3.572; P=0.002], phase 2A [T(1,20)=3.231;
P=0.004] and phase 2B [T(1,20)=2.994; P=0.007]. Fol-
lowing 48hr food deprivation male rats exhibited in-
crease in formalin induced nociceptive behaviour during
phase 2. There was no significant difference in behav-
ioural response between 48hr food deprived (n=11)
and control (n=8) ones during phase 1 [T(1,16)=0.404;
P=0.691], interphase [T(1,16)=0.372; P=0.714] and
phase 2A [T(1,16)=1.667; P=0.114], while there were
significant differences in phase 2B [T(1,16)=4.083;
P=0.001; (Fig. 1.)].

3.2. Effect of Food Deprivation on Plasma Nor-
adrenalin and Corticosterone Concentrations

Under deep anaesthesia, blood was collected from
the heart of rats in order of control, formalin test (after
finishing formalin test procedure), and food deprived
groups (12, 24 and 48hr). The effect of food deprivation
and formalin test on plasma noradrenalin level (mean +
SEM) is shown in Fig. 2. The injection of formalin in
the male rats significantly decreased the concentration
of plasma noradrenalin [T (1, 14) = 12.431, (p=0.003)].
Food deprivation for 12 and 24hr increased noradrena-
lin level in male rats, as compared with control [for 12
hours; T (1, 18)=7.990, (p=0.011), for 24 hours; T (1,
18)=3.734, (p=0.042)] and food deprivation for 48hr
had no significant effect, as compared with control [T
(1, 18)=0.498, (p=0.489)]. The injection of formalin in
the male rats significantly decreased the concentration
of plasma corticosterone [T (1, 14) = 5.430, (p=0.037)].
Food deprivation for 12, 24 and 48hr had no effect on
corticosterone level in male rats, as compared with con-
trol [for 12 hours; T (1, 18)=0.276, (p=0.606), for 24
hours; T (1, 18)=0.263, (p=0.614), for 48 hours; T (1,
18)=1.372, (p=0.258)].

4. Discussion

Although 12 and 24hr food deprivation decreases noci-
ceptive behaviour in the formalin test, 48hr food depri-
vation exhibited increase in formalin induced nocicep-
tive behaviour. The injection of formalin in the male rats
significantly decreased the concentration of plasma nor-
adrenalin and corticosterone. This result is in consistent
with Sajedianfard et al. (2005) who showed that after the
injection of formalin, the noradrenaline concentration in
the locus coeruleus increased during the first phase of
the formalin test but not during the second phase. They

suggested that part of the increase in noradrenaline con-
centration in the locus coeruleus is certainly due to the
pain induced by formalin injection (Sajedianfard, Khat-
ami, Semnanian, Naghdi, & Jorjani, 2005a). In addition,
noxious stimuli, such as foot shock as well as electri-
cal stimulation of the locus coeruleus, accelerated nor-
adrenaline turnover in the cerebral cortex (Singewald,
Kaehler, & Philippu, 1999a). Food deprivation for 12
and 24hr increased noradrenalin level in male rats which
have correlated fasting induced antinociceptive behav-
iours and food deprivation for 48hr had no significant ef-
fect, as compared with control. Food deprivation for 12,
24 and 48hr had no effect on corticosterone level in male
rats. Food deprivation and nociception are physiological
conditions that are associated with homeostatic function-
ing and have bidirectional effect. In consistent with our
result, it has been shown that food deprivation induces
analgesia (McGivern, Berka, Berntson, Walker, & Sand-
man, 1979; Hamm, Knisely, Watson, Lyeth, & Bossut,
1985; Davidson, McKenzie, Tujo, & Bish, 1992). We
demonstrated that 12 and 24hr food deprivation induced
antinociceptive effect and increased noradrenaline level
which might cause the analgesic effect of acute fast-
ing. On the other hand, McGivern & Berntson in 1980
showed that this fasting induced analgesia is decreased
by naloxone, suggesting that endogenous opioid systems
may be involved (McGivern & Berntson, 1980). Food
and/or water-deprivation induces analgesia or hyperal-
gesia and the magnitude of the increase in pain thresh-
old depends on the duration of deprivation (Konecka,
Sroczynska, & Przewlocki, 1985). In consistent with our
study, Khasar et al. demonstrated the fasting induced pro-
nociceptive effect (Khasar, Reichling, Green, Isenberg,
& Levine, 2003). Although in both studies, formalin test
was used as tonic pain model, some conditions are dif-
ferent between the two studies; Khasar et al. observed
formalin induced nociceptive behaviour for 60 min, but
in this study observation of nociceptive behaviour was
followed for 90 minutes and showed pronociceptive ef-
fect during phase 2B in male rats. Other methodological
differences should also be considered (e.g. fasting condi-
tion, lighting, noise, odours, handling stress or anaesthe-
sia prior to formalin injection all known to influence the
formalin test). The duration or intensity of fasting has
no correlation with the level of corticosterone that is in
the circulation. Although 48hr food deprivation had pro-
nociceptive effect during the second part of phase 2, it
had no significant effect on phase 1 or first part of phase
2. The difference between nociceptive behaviours in the
two phases might be due to several reasons. It is thought
that phase 1 may be caused by increased activity in pri-
mary afferent nociceptors due to their direct activation
by formalin (Hunskaar, Berge, & Hole, 1986). Although
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Figure 2. Effect of food deprivation on plasma noradrenalin
(A) and corticosterone concentration of male rats that had

ad libitum access to their diets or were food deprived for
12, 24 and 48hr.

** P<0.01 and ***P<0.01compared to control group

in the dorsal horn of spinal cord (Martin, Gupta, Loo,
Rohde, & Basbaum, 1999b). They proposed that acute
and persistent nociception are differentially regulated
by descending noradrenergic pathways. Another study
showed that electrical stimulation of neurons in the locus
coeruleus induced different analgesic effect in Sprague-
Dawley rats obtained from two different vendors (Har-
lan and Sasco rats). The analgesic effect in Harlan rats
was blocked by a selective a2-adrenoceptor antagonist,
yohimbine or by phentolamine, a non-selective o2-
adrenoceptor antagonist, but not in Sasco rats. These
observations indicate that coeruleospinal noradrener-
gic neurons in Harlan and Sasco Sprague-Dawley rats
have different physiological functions (West, Yeomans,
& Proudfit, 1993). Holden and Naleway (2001) demon-
strated that neurons in the lateral hypothalamus activate
spinally projecting methionine enkephalin neurons, as
well as two populations of A7 noradrenergic neurons
that exert a bidirectional effect on nociception (Holden
& Naleway, 2001). Noradrenergic pain modulation sys-
tem is affected by norepinephrine and noradrenergic re-
ceptors, supraspinal site, spinal segmental, receptor type
and pain model (Pertovaara, 20006).
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We suggest that extended fasting time might produce
tolerance in endogenous inhibitory system that is in-
volved in decreasing nociceptive behaviours or finishing
phase 2 of formalin test. Consistent with these results,
humans subjected to food deprivation without electro-
lyte substitute for 72hr showed an increase in plasma
cortisol, beta-endorphin, noradrenalin and dopamine
which were much greater on the first morning of the fast-
ing state (Beer et al., 1989), on the contrary, the plasma
noradrenalin level of the minks diminished after 3-5
days of food deprivation (Mustonen, Saarela, Pyykonen,
& Nieminen, 2005¢). It seems that acute fasting could
increase the concentration of plasma noradrenalin which
produces analgesia in formalin test. Munro in 2007 dem-
onstrated that 5-HT and noradrenaline reuptake inhibitor
decrease formalin-induced nociceptive behaviours and
also showed that systemically injected dopamine recep-
tor agonists decrease formalin-induced nociceptive be-
haviours in rats (Munro, 2007). Furthermore, bicifadine,
a reuptake inhibitor of 5-HT, noradrenaline and dopa-
mine has been shown to decrease nociceptive behaviours
in animal pain models (Basile et al., 2007). The increase
in noradrenaline after acute fasting which was observed
in our study, can cause analgesic effects mediated by
adrenoceptors in the dorsal horn of the spinal cord via
the descending pain inhibitory pathway (Millan, 2002).
For example, noradrenaline injected to the spinal cord
inhibits the response of dorsal horn neurons (Millan,
2002). Inconsistent with this study, they observed brief
increase in the noradrenalin concentration after 48hr of
food deprivation, however, it was not significant (Mus-
tonen, Saarela, Pyykonen, & Nieminen, 2005d). It can,
however, be proposed that the increases in noradrenalin
concentration is a part of the stress response following
food deprivation. The decrease in the noradrenalin level
after formalin test, may be associated with decreased
stimulation of the sympathetic nervous system and, thus,
to energy saving during food deprivation. Based on the
previous studies, we suggest that increased noradrena-
lin concentration might induce the antinociceptive effect
that happens after fasting in formalin test. We have no
financial or other conflicts of interest.
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