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The progression and development of multiple sclerosis (MS) has long been hypothesized to be associated
with stress. Benzodiazepines have been observed to reduce negative consequences of stress on the immune
system in experimental and clinical models, but there are no data on their effects on MS, or experimental
autoimmune encephalomyelitis (EAE), a model for human MS. We designed experiments conducted to
ascertain whether alprazolam could modify the clinical, histological and neuroendocrine manifestations of
acute EAE in Lewis rats exposed to a chronic auditory stressor. EAE was induced by injection of an emulsion of
MBP and complete Freund's adjuvant containing Mycobacterium tuberculosis H37Ra. Stress application and
treatment with drugs (placebo or alprazolam) were initiated 5 days before inoculation and continued daily
for the duration of the experiment (days 14 or 34 postinoculation).Our results show significant increases in
the severity of neurological signs, the histological lesions of the spinal cord (inflammation), and the
corticosterone plasmatic levels in stressed rats compared to those non-stressed ones. Treatment with
alprazolam reversed the adverse effects of stress. These findings could have clinical implications in patients
suffering from MS treated with benzodiazepines, so besides the psychopharmacological properties of
alprazolam against stress, it has beneficial consequences on EAE.
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1. Introduction

Experimental autoimmune encephalomyelitis (EAE), a heteroge-
neous inflammatory, autoimmune, demyelinating, and neurodegen-
erative disease of the central nervous system (CNS) mediated by
autoreactive T lymphocytes directed against the neuroantigen, myelin
basic protein (MBP), is widely considered as an animal model for
humanmultiple sclerosis (Dowdell et al., 1999; Liu et al., 2007). EAE is
extremely well characterized in terms of clinical and histopathologic
abnormalities and it is most often studied in rat and mouse models.
So, EAE is inducible in the Lewis rat, which exhibits an acute
monophasic disease, and in selected mouse strains, which show a
remitting–relapsing or chronic course of paralysis (Whitacre et al.,
1998).

Current research evidence suggests that interactions between
genetic and environmental factors contribute to modulate the
susceptibility to degenerative disorders, including inflammatory and
autoimmune diseases of the CNS (Marchetti et al., 2001). In this
context, it has been hypothesized that disease onset (Welsh et al.,
2009) and progression (Gold et al., 2005) and clinical exacerbation
(Mohr et al., 2004; Welsh et al., 2009) in multiple sclerosis (MS), are
associated with stressful life events, being more important than the
severity of stressors in relation to MS relapse risk (Brown et al., 2006).
However, a controversial issue in MS research concerns the extent to
which psychological stress contributes to the development of the
disorder (Ackerman et al., 2002). Several studies have suggested that
stress is a potent trigger for MS disease activity (Ackerman et al.,
2003; Golan et al., 2008; Grant et al., 1989; Mohr et al., 2002; Sibley,
1997; Stip and Truelle, 1994; Warren et al., 1982), but other studies
either have failed to confirm this relationship (Pratt, 1951) or have
shown a protective role for stress (Nisipeanu and Korczyn, 1993;
Sibley et al., 1991).

The prescription of benzodiazepines to manage the symptoms of
MS, such as the spasticity associated with anxiety (Rode et al., 2003)
and catatonic features (Hung and Huang, 2007), is common.
Nevertheless, to date, there are no data on the effects of these
compounds on the development of EAE. In order to further elucidate
this relationship, we conducted pharmacological studies in vivo
examining the effects of alprazolam, a benzodiazepine anxiolytic
drug, on the development of EAE in Lewis rats exposed to noxious
stimulation. The aim of this work is to ascertain whether alprazolam
could modify the clinical, pathological and neuroendocrine manifes-
tations of acute EAE in stressed Lewis rats.
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2. Methods

2.1. Animals

Male Lewis rats (250 to 300 g; Charles River S.A., Barcelona, Spain)
were housed in a standard animal facility, allowed free access to food
and water. All the experimental protocols were in compliance with
the European Communities Council Directive of 24 November 1986
(86/609/EEC) and were reviewed and approved by Institutional
Animals Ethics Committee. In addition, all efforts were made to
minimize animal suffering and to reduce the number of animals used.

2.2. Procedure

Rats were divided in two series: SERIES A: animals receiving
complete Freund's adjuvant (CFA; no EAE), SERIES B: rats with EAE. In
each of both series, rats were divided into five groups according to the
psychopharmacological treatment they were submitted to: GROUP 1:
unstressed controls (n=4); GROUP 2: unstressed rats injected with
placebo (n=4); GROUP 3: unstressed rats injected with alprazolam
(n=4); GROUP 4: stressed rats injected with placebo (n=4); and
GROUP 5: stressed rats injected with alprazolam (n=4).

2.3. Induction of EAE

Rats were immunized in each hind foot with a mixture of purified
MBP (final concentration 1 mg/ml) isolated from guinea pig brain
(Sigma Chemical Company, St. Louis, MO, USA) emulsified in
complete Freund's adjuvant (MBP-CFA) containing Mycobacterium
tuberculosis H37Ra (final concentration 5 mg/ml; Difco Laboratories,
Detroit, Michigan) in a volume of 50 μl (Ahmed et al., 2001).

2.4. Assessment of clinical EAE

Animals were monitored daily for clinical signs of EAE and scored
blind by the same observer using the following criteria: 0 = normal;
0.5 = loss of tonicity in distal half of tail; 1 = piloerection; 2 = loss in
tail tonicity; 3 = hind leg paralysis; 4 = paraplegia; and 5 =
moribund (Stanislaus et al., 2001).

2.5. Assessment of histological EAE

Animals were sacrificed by anesthetic overdose on days 14 or 34
post-immunization (PI; 4 animals per group) and their cervical spinal
cordswere examined by lightmicroscopy. Spinal tissuewas selected for
analysis because a heavy lesion load can be guaranteed in this CNS area
during the onset of acute EAE (Bolton and Paul, 1997). The upper 1.5 cm
of tissue was dissected and snap frozen. Cervical cord sections were cut
at 5-μm thickness, at a standard depth and stained with haematoxylin
and eosin or with anti-MBP polyclonal antibodies (Sigma). For MBP
immunostaining, the peroxidase/anti-peroxidase method was applied.
Histological severity of inflammationwas scored in a blind fashion from
0 to 4: 0, no inflammatory cells; 1, leptomeningeal and adjacent subpial
cell infiltration; 2, mild perivascular cuffing; 3, extensive perivascular
cuffing; and 4, extensive perivascular cuffing plus severe parenchymal
cell infiltration. Demyelination in the spinal cord was also scored
according to the following grading system: 0, no demyelination; 0.5,
traces of perivascular or subpial demyelination; 1, confluent perivas-
cular or subpial demyelination; 2, massive perivascular or subpial
demyelination (e.g. one-half the cross-section of spinal cord); and 3,
extensive demyelination (transverse myelitis) (Tanuma et al., 2000).

2.6. Corticosterone assay

Circulating corticosterone levels in rats were also determined to
exclude the possibility that treatment regimens enhanced endogenous
steroid levelswhich are known to influence the course of EAE (MacPhee
et al., 1989). Blood was collected from rats sacrificed on day 34 PI and
assayed for corticosterone as described by Zenker and Bernstein (1958).
The standard curve is plotted and the amount, A, in sample is read from
that graph. The concentration, C, was obtained by the formula:
C=A×100/V, where V is the number of ml of plasma used. The results
were expressed as μg/100 ml (mean±S.E.M.).

2.7. Stress procedure

Noise was produced by a loud speaker (15 W), installed at a
distance of 30 cm above the cage, and driven by a white noise
generator emitting all the frequencies in the range 0–20 kHz. A
precision sound level meter was used to set the intensity of sound to
100 dB uniformly in the cage. The rats were subjected to a broad band
noise at 100 dB daily for 5 s every minute during (at random) either a
1- or 3-hour period around midnight, at the height of the diurnal
activity cycle (Monjan and Collector, 1977), starting 5 days prior to
the inoculation and continuing throughout the experiment. Un-
stressed rats were exposed only to the normal activity of the animal
room.

2.8. Drug treatments

Alprazolam (1 mg/Kg of body weight) (Pharmacia & Upjohn, MI,
USA) was intraperitoneally (i.p.) injected in a volume of 1 ml/kg of 1%
aqueous solution of carboxymethylcellulose as vehicle. The same
volume of diluent was used as placebo. Drugs were daily administered
at 9.30 p.m. Treatment was initiated 5 days before immunization and
continuing throughout the experiment.

2.9. Statistical analysis

Statistical analysis was performed using an ANOVA with grouping
of means by Student Newman–Keuls multiple range tests (SPSS 15.0).
Differences were considered to be significant when the probability (P)
value was b0.05.

3. Results

3.1. Clinical evaluation

Clinical EAE signs appeared on day 6 PI being more severe in
injected rats with placebo or alprazolam than in control ones. All
control rats exhibited neurological signs of EAE between days 13 and
17 after immunization, by which time control rats had almost
completely recovered from those. The general sequence of events
following the sensitization, is characterized 13 days later by a
monophasic ascending paralysis, followed by recovery within
3 days. As illustrated in Fig. 1a, acoustic stress increased the severity
of neurological signs and alprazolam partially reversed that adverse
effect. Besides, the onset of severe neurological signs (grade 5) was
significantly delayed by treatment of stressed rats with alprazolam
(pb0.05) and disappeared significantly earlier (pb0.01) compared to
the stressed animals injected with placebo.

The results in Fig. 1b showed that the daily injection placebo or
alprazolam exerted a stressor effect in unstressed rats. This observa-
tion is consistent with the observation that all unstressed rats injected
with alprazolam showed no detectable neurological signs from day 34
PI whereas not unstressed rats injected with placebo.

Given that, chronic stress-induced activation of the hypothalamic-
pituitary-adrenal (HPA) axis, which includes an increased visceral
adiposity and decreased lean body (bone and muscle mass) mediated
by glucocorticoids, not only has profound inhibitory effects on growth
hormone and sex steroid production, but also antagonizes the actions
of these hormones on fat tissue catabolism (lipolysis), andmuscle and



Fig. 1. Effects of alprazolam on neurological status of stressed (a) and non-stressed (b) EAE-induced Lewis rats. Animals were monitored daily for clinical signs of EAE using the
following criteria: 0 = normal; 0.5 = loss of tonicity in distal half of tail; 1 = piloerection; 2 = loss in tail tonicity; 3 = hind leg paralysis; 4 = paraplegia; and 5 = moribund.
Differences between P and S+P were significant on days 12–13 and 21–30. Differences between A and S+A were significant on days 13, 24 and 29–34. Differences between S+P
and S+A were significant on days 12 and 24–30. Differences between P and A were significant on days 21–24 and 29–34.
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bone anabolism (Chrousos, 2000), we have assessed body weight
from the beginning of the study (5 days before inoculation) (Fig. 2). It
can be seen from Fig. 2a, at the onset phase acoustic stress, that the
body weight decreased significantly (pb0.01) in comparison to
control rats. Alprazolam treatment in stressed rats reduced signifi-
cantly (pb0.05) the body weight loss compared to stressed rats
injected with placebo. No significant difference was observed neither
between control rats and non-stressed animals injected with placebo
nor between non-stressed rats injected with placebo or alprazolam
(Fig. 2b).

3.2. Pathological examination

The results are summarized in Figs. 3 and 4. Inflammatory lesions
characterized by perivascular infiltration of inflammatory cells were
observed in the spinal cord of all animals. The perivascular
inflammatory infiltrate was significantly higher in the stressed
animals injected with placebo as compared to the control group and
the stressed rats injected with alprazolam. None of the groups
immunized with MBP-CFA developed significant demyelinating
lesions (data not shown), as we have previously reported (Nuñez
et al., 2007).
3.3. Corticosterone assay

Stressed rats injected with placebo had significantly (pb0.01)
higher levels of corticosterone than controls. Corticosterone levels
appeared significantly decreased (pb0.01) in stressed rats injected
with alprazolam compared with those of stressed rats injected with
placebo, but still remained significantly (pb0.01) elevated compared
to controls (Table 1). Since exposure to stress activates the HPA axis,
which is associated with corticosterone increase and EAE severe
clinical signs (Bernard et al., 1992), and treatment with anxiolytic
benzodiazepine agonist reduces corticosterone in stressed rats (Bizzi
et al., 1984; Owens et al., 1989), studies were carried out to determine
if corticosterone plasmatic levels could be correlated with clinical and
histological scores and whether the attenuation of stress-induced
corticosterone by alprazolam could be correlated with reduced
clinical and histological scores. Pearson's correlation coefficients



Fig. 2. Effects of stress on body weight of EAE-induced Lewis rats throughout the 34 days of treatment. Values are mean score of 4 animals. Significant differences with respect to the
body weight were noted between control rats and animals injected with placebo (*pb0.05). Significant differences with respect to the body weight were noted between rats injected
with placebo and alprazolam (#pb0.05).
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among the parameters mentioned previously showed a statistically
positive correlation (Table 2).

4. Discussion

The presented data show that sound stress increased EAE severity
in Lewis rats. We observed an enhancement of the clinical signs and
the perivascular inflammatory infiltrate of EAE besides increased
corticosterone levels in stressed rats relative to unstressed animals.
These adverse effects were partially reversed by alprazolam, which
reduced the latent period and histological lesions of the spinal cord
and proportionally suppressed the stress-induced increase in corti-
costerone plasmatic levels.

Preclinical research in EAE is merely just exploratory and,
currently, none of the described animal models of MS has been able
to reproduce the whole spectrum found in human disease. Never-
theless, the suitably adapted applications of the EAE model have
contributed to: 1) a better understanding of the pathology of MS; 2)
creating better biomarkers for its diagnosis and prognosis; and 3)
developing improved and safe therapies for this disease (Steinman
and Zamvil, 2006). New therapies for treatment of MS have been
approved from the US Food and Drug Administration (glatiramer
acetate, mitoxantrone and natalizumab) (Steinman and Zamvil,
2006), and experiments are constantly demonstrating new targets
for potential treatments of this disease (Lock et al., 2002). Since MS is
a complicated disease with many symptoms (anxiety, pain, depres-
sion, etc.), combinations of therapies might be tried in the EAEmodels
to search for potential synergies between drugs and unexpected
adverse drug interactions, which should highlight the importance of
multidisciplinary care interventions that target disease symptoms
control.

Numerous triggers of MS have been proposed, including bacterial
or viral infections, bacterial superantigens, physical injury, or stressful
life events (Mohr et al., 2004). Of these, the role of psychological stress
had been by far the most controversial (Ackerman et al., 2003; Golan
et al., 2008; Gold et al., 2005; Grant et al., 1989; Mohr et al., 2002;
Nisipeanu and Korczyn, 1993; Pratt, 1951; Sibley, 1997; Sibley et al.,
1991; Stip and Truelle, 1994; Warren et al., 1982). This discrepancy
may had been the result of a number of research design problems,
including infrequent monitoring of patients, subjective reporting bias,
different patient groups, lack of adequate controls and different
outcome parameters. However, there is also evidence to show that the
relationship between MS and stressful life events is complex and may
rely on one or more factors such as stressor chronicity, frequency,
severity and type (Brown et al., 2005). So, whereas traumatic stressors
reduce the risk of exacerbations (Nisipeanu and Korczyn, 1993), more
moderate stressors have been shown to trigger the disease activity
(Ackerman et al., 2002). The findings of Nisipeanu and Korczyn's

image of Fig.�2


Fig. 3. Histopathological analysis of EAE on days 14 and 34 PI (4 animals per group).
Histological severity of inflammation was scored in a blind fashion from 0 to 4: 0, no
inflammatory cells; 1, leptomeningeal and adjacent subpial cell infiltration; 2, mild
perivascular cuffing; 3, extensive perivascular cuffing; and 4, extensive perivascular
cuffing plus severe parenchymal cell infiltration. None of the mean scores for
unstressed rats injected with alprazolam or placebo were statistically different
(pN0.05) from those of controls. Stressed rats injected with placebo showed the
mean histological score significantly higher (*pb0.01) in comparison to the control rats.
In contrast, the mean histological score for stressed rats injected with alprazolam was
significantly (#pb0.01) lower than those of the stressed animals injected with placebo,
but still remained significantly (*pb0.01) elevated compared to controls.

Table 1
Effects of alprazolam chronic treatment on corticosterone plasmatic levels 34 days after
immunization in stressed Lewis rats.

Groups Corticosterone levels

Controls 38.66±1.86
Placebo 40.38±1.06
Alprazolam 40.08±1.08
Stress+Placebo 48.28±1.30a

Stress+Alprazolam 43.42±0.56a,b

Corticosterone was assayed as described in Methods section. The results are expressed
as the mean of triplicate determinations (μg/100 ml±S.E.M.).

a Significant difference from control rats (pb0.01).
b Differences between placebo and alprazolam significant at pb0.01.
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study (Nisipeanu and Korczyn, 1993) had a huge repercussion in that
moment, because they contradicted most of studies which supported
the contribution of psychological stress to the activity of MS.
Nevertheless, in the present date, several authors agree that this
discrepancy might be due to research design problems (Golan et al.,
2008; Goodin, 2008). Therefore, the small number of patients studied,
the lack of a measure of subjective stress, the type of statistical
analysis used (simple regression to the mean), etc. have limited the
reliability of the findings in that study.

Regarding EAE models, there is also a controversy on the effects of
stress on EAE in rodents, depending on the type of the stressor and
time of administration. Other experimental variables such as sex,
strain, time of day, and the kinetics of immune response development
are also important on the effect of stress on EAE (Griffin et al., 1993).
The immersion of rats for 5 min in a water bath (44 °C) for 10 or
13 days after the immunization diminished the severity of clinical EAE
and delayed the onset of disease. Nevertheless, if stress was
administered prior to immunization, this resulted in the marginal
suppression of clinical EAE (Owhashi et al., 1997). In the same way,
restraint stress administered prior to neuroantigen immunization
suppressed murine relapsing EAE (Dowdell et al., 1999) and electric
stress, administered during 19 days after immunization, but not
Fig. 4.Histopathological analysis of EAE. (a) Control rats, (b) stressed rats injectedwith place
showed less pronounced inflammatory infiltrate in comparison with placebo rats (data in F
during 19 days before, suppressed the appearance and development
of EAE (Bukilica et al., 1991). Curiously, investigation of the
mechanism underlying the stress-induced suppression of EAE (Griffin
et al., 1993) revealed that restraint stress did not alter the clinical
course of EAE in rats challenged with MBP 68–88 encephalitogenic
peptide, suggesting that restraint stress may affect processing and/or
presentation of the MBP molecule. In relation to sound stress, it is
known that it can delay the onset of the disease (Bukilica et al., 1991)
or increase the severity of EAE when administered neonatally
(Dimitrijevic et al., 1995).

Activation of the inflammatory immune systemmight affect many
neuroendocrine and central neurotransmitter processes provoked by
stressors and vice versa (Anisman, 2009). Studies in MS and its animal
models have recently shown disruptions in the communication
between the immune system and the two major stress–response
systems, the HPA axis and the autonomic nervous system, playing the
functional status of the HPA axis a relevant role in the control of EAE
(Gold et al., 2005). During the experimentally induced disease in
Lewis rats, the endogenous levels of glucocorticoids are elevated
being the recovery from the disease clearly dependent on this
endocrine change (MacPhee et al., 1989). This endocrine response is
immunologically mediated so, it is mainly the result of the stimulation
of the HPA axis by cytokines (such as IL-1) produced during the
immune response that induces the autoimmune disease (Del Rey
et al., 1998). In EAE models, the negative feedback system mediated
via the glucocorticoid receptors seems to be disturbed (Gold et al.,
2005), favoring the stressors the perpetuation of this dysregulation, as
it was shown by increased corticosterone levels in stressed rats
relative to unstressed animals. The clinical relevance of an increased
HPA axis activity is supported by the observation that this phenom-
enon is related to the clinical disease course (Then Bergh et al., 1999).
Since benzodiazepines, especially alprazolam, possess a clear inhib-
itory influence on the activity of the HPA axis (Arvat et al., 2002; Bizzi
et al., 1984; Owens et al., 1989), we evaluated the efficacy of
alprazolam to modify the manifestations of acute EAE in stressed
bo, and (c) stressed rats injected with alprazolam. Stressed rats injectedwith alprazolam
ig. 3). Bar=100 μm.
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Table 2
Pearson's correlation coefficient among diagnostic parameters in the EAE.

Corticosterone Inflammatory
infiltrate

Neurological
signs

Weight

Corticosterone 0.8707a 0.7141a 0.8463a

Inflammatory infiltrate 0.8707a 0.8346b −0.7901b

Neurological signs 0.7141a 0.8346b −0.9524a

Weight 0.8463a −0.7901b −0.9524a

Using the data obtained on 34 PI day, the clinical signs to corticosterone plasmatic levels
correlation and the histological signs to corticosterone plasmatic levels correlation
were calculated using the Pearson's correlation coefficient, r.

a Significant correlation (pb0.01).
b Significant correlation (pb0.05).
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Lewis rats. Several mechanisms could explain the effect of alprazolam
observed in the present study. First, both in vivo and in vitro studies
have shown that the GABA-benzodiazepine-chloride ionophore recep-
tor complex is modulated by corticosterone levels (Acuña et al., 1990)
and conversely that HPA axis hormones, including CRF, ACTH and
corticosterone, are modulated by GABA and benzodiazepines (Arvat
et al., 2002). It has been reported that anxiolytics reduce the response of
CRF, ACTH and corticosterone to stress (Arvat et al., 2002; Bizzi et al.,
1984; Owens et al., 1989). It could be due to the suppression of the
stress-induced increase in plasmaACTH levels whichwere attributed to
activation of GABA-linked benzodiazepine receptors in the CNS. Central
pharmacological effects related to central type benzodiazepine recep-
tors actingby facilitating inhibitoryGABAneurotransmission in theCNS,
may regulate the release of neuroendocrine hormones involved in the
immune response to stress. A secondmechanism for the conferred EAE
attenuation in stressed rats by alprazolam could be its potent platelet
activating factor (PAF) antagonist properties. Some findings indicate
that activation and control of the coagulation cascade, modulated by
antigen-specific mediators of cellular immunity, appear to be of prime
importance in the EAE (Inoue et al., 1996). Susceptibility and resistance
to EAE in rodents correlate with the induction of procoagulant and
anticoagulant activities. Anticoagulants produced by cells from non-
susceptible EAE rodents suppress the common coagulation pathway by
inhibiting trombin and factor Xa activities (Geczy et al., 1984). It was
found that inwashedhumanplatelets the alprazolampotently inhibited
PAF-induced changes in shape, aggregation, and secretion, being the
effects specific for PAF activation (Kornecki et al., 1984). Ng and Wong
(1988)also showed that alprazolamcould inhibit the [3H]PAFbinding to
the human peripheral blood mononuclear leukocytes. An interesting
possibility raised by Bernardini et al. (1989) suggests that PAF plays a
role in the activation of the HPA axis and glucocorticoid secretion and
can serve as a mediator in the interactions of the immune system with
the CNS. PAF is a stimulator of the HPA axis in the rat which causes
significant stimulation of hypothalamic CRH, pituitary ACTH and
adrenal corticosterone secretion, which is inhibited by alprazolam. In
addition, the PAF stimulates ACTH secretion by dispersed rat pituicytes
which are also inhibited by the alprazolam (Bernardini et al., 1989). The
specific antagonism of PAF action by psychotropic drugs suggests that
PAF or PAF-like phospholipids may play a role in neuronal function
(Kornecki et al., 1987).

Besides the mechanisms previously described, downstream effects
of the alprazolam on immunological and inflammatory parameters
important for EAE must be underscored. Antigen-specific T cells
constitute only a small proportion of infiltrating leukocytes in EAE or
MS lesions (Cross et al., 1990). Secondarily recruited inflammatory
cells account for the vast majority of infiltrating cells and play a
pivotal role in CNS tissue damage (Ransohoff, 1999). Although the
detailed mechanisms by which inflammatory cells enter the CNS
compartment are not completely understood, increasing evidence
suggests that cytokines are essential for this process (Karpus and
Ransohoff, 1998). Enhanced expression of proinflammatory cytokines
in the CNS, such as the monocyte chemoattractant protein 1 (MCP-1),
has been demonstrated both in EAEmodels (Juedes et al., 2000) and in
human case series (Simpson et al., 1998), having showed that the
severity of relapsing EAE is reduced by anti-MCP-1 antibodies (Karpus
and Kennedy, 1997). Additionally, mice that lack C–C chemokine
receptor 2 (CCR2), the major receptor on monocytes for MCP-1, fail to
develop EAE after active immunization (Fife et al., 2000) and are
resistant to the induction of EAE by the adoptive transfer of primed T
cells from syngenic wild-type mice (Izikson et al., 2000). The effect of
alprazolam on the expression levels of cytokines has been scantily
studied (Chang et al., 1992; Oda et al., 2002). Oda et al. (2002) have
noted a potent inhibitory activity of this benzodiazepine on IL-1alpha-
elicited MCP-1 production in T98G cells. Likewise, alprazolam inhibits
the production of cytokines IL-1beta and JE in LPS-stimulated mouse
macrophage cells (Oda et al., 2002) and reduces the production of IL-2
by murine splenic T cells (Chang et al., 1992). These findings suggest
that alprazolam might prevent the infiltration of determinate regions
by an excess of proinflammatory cytokines, i.e. to inhibit c-Rel-
associated immunity and inflammation-related substances. Since the
excess production of proinflammatory cytokines exacerbates MS or
EAE (Karpus and Ransohoff, 1998), the previously described action of
alprazolam might explain the improvement of manifestations
associated with EAE in rats treated with alprazolam, compared to
animals injected with placebo.

Our data at present show the beneficial effects of alprazolam on
the development of EAE. However, dissecting the molecular mechan-
isms underlying these observations is extraordinarily difficult because
they are intermixed with variable contributions of environmental,
genetic, age, gender and reproductive factors. EAE is a good tool for
studying basic mechanisms of brain inflammation and immune-
mediated CNS tissue injury, and for obtaining proof of principle.
Whether a certain drug has the potential to block or enhance these
pathways, and they are relevant for MS patients in general, the
subpopulation of patients has to be determined in respective clinical
studies (Steinman and Zamvil, 2006). Nevertheless, our data about
the effects of alprazolam on the development of EAE might have
important clinical implications in MS patients because benzodiaze-
pines are used for the treatment of catatonic features and spasticity
associated with anxiety in these patients.
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