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ease onset and this could be one of the mechanisms that 
contribute to the beneficial effect previously observed with 
diazepam in vivo during EAE development. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 Benzodiazepines are classically known to be psychoac-
tive drugs that share the pharmacological properties of 
tranquilizers, such as anxiolytic, sedative, hypnotic, skeletal 
muscle relaxant and anticonvulsant effects  [1] . This action 
is mediated by the central benzodiazepine receptor (CBR). 
The CBR forms part of the γ-aminobutyric acid (GABA) A  
receptor complex, a heteropentameric channel permeable 
to chloride ions and responsible for the clinically exploited 
drug actions  [2] . Binding of benzodiazepines to this recep-
tor complex does not substitute GABA but promotes bind-
ing of GABA, which in turn increases the conduction of 
chloride ions across the neuronal cell membrane. As a re-
sult, the difference between the resting potential and the 
threshold potential is increased and firing is less likely  [3] . 
Benzodiazepines have an alternative site of binding named 
peripheral benzodiazepine receptor (PBR), which may 
produce different pharmacological effects. Although the 
term PBR is widely accepted, multiple other names have 
been used to refer to this protein, including mitochondrial 
benzodiazepine receptor, mitochondrial diazepam-bind-
ing inhibitor receptor complex, PK11195-binding sites, 
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 Abstract 

  Objective:  Experimental autoimmune encephalomyelitis 
(EAE) is an inflammatory demyelinating disease with similar-
ities to human multiple sclerosis involving peripheral activa-
tion of autoreactive T cells which infiltrate the central ner-
vous system and react to self antigens leading to damage. In 
previous studies, we have demonstrated that treatment with 
diazepam decreases the incidence and histological signs as-
sociated with the disease and diminishes immunological re-
sponses. The aim of the present work was to evaluate direct 
effects of diazepam on isolated T cells involved in immune 
responses during the development of EAE.  Methods:  Ani-
mals were sensitized with whole myelin to induce EAE and 
sacrificed during the acute phase of the disease. In mono-
nuclear cells isolated from popliteal lymph nodes, cell viabil-
ity, apoptosis induction, proliferation and cytokine produc-
tion were evaluated.  Results:  Diazepam did not have a toxic 
or proapoptotic effect on the cells, at least up to the concen-
tration of 25 μ M , but proliferation, CD8+ T-cell activation and 
proinflammatory cytokine production were dose-depend-
ently decreased.  Conclusions:  Diazepam has a direct inhibi-
tory effect on the proliferation and activation of T lympho-
cytes isolated from the main lymphoid organ involved in dis-

 Received: September 5, 2014 
 Accepted after revision: October 22, 2014 
 Published online: February 25, 2015   

 Dr. German A. Roth 
 Departamento de Química Biológica, CIQUIBIC 
 Facultad de Ciencias Químicas, Universidad Nacional de Córdoba 
 Ciudad Universitaria, Córdoba X5000HUA (Argentina) 
 E-Mail garoth   @   fcq.unc.edu.ar 

 © 2015 S. Karger AG, Basel
1021–7401/15/0000–0000$39.50/0 

 www.karger.com/nim 

D
ow

nl
oa

de
d 

by
: 

JH
U

 J
oh

n 
H

op
ki

ns
 U

ni
ve

rs
ity

   
   

   
   

   
   

   
   

   
 

12
8.

22
0.

8.
15

 -
 2

/2
5/

20
15

 4
:2

6:
44

 P
M



 Fernández Hurst/Bibolini/Roth Neuroimmunomodulation
DOI: 10.1159/000369277

2

isoquinoline-binding protein, pk18 and v3 receptor. TSPO 
or translocator protein (18 kDa) has also been proposed to 
reflect more accurately its subcellular role(s) and putative 
tissue-specific function(s), regardless of its subcellular lo-
calization  [4] . These receptors are expressed in abundance 
in endocrine organs, skin, heart, lung epithelium, bone 
marrow, liver and spleen, and to a lesser extent in the cen-
tral nervous system (CNS), where it is associated with glial 
cells  [5] . PBR are neither structurally related nor coupled 
to GABA A  receptors. Several functions have been attrib-
uted to PBR, among them the regulation of mitochondrial 
cholesterol delivery, the rate-determining step in steroido-
genesis  [4] . As a constituent of the mitochondrial perme-
ability transition pore, PBR is thought to play a role in mi-
tochondrial respiration, cell proliferation, differentiation 
and protein and ion transport  [6] . Also, it is known that 
benzodiazepines could modulate immune responses via 
interaction with PBR on immune cells  [7–10] . Diazepam, 
which is a mixed-type benzodiazepine, can act on both 
CBR and PBR, and exert an inhibitory effect on human T-
cell function  [10] . It was also reported that treatment of 
pregnant rats with diazepam from gestational days 14 to 20 
resulted in severe and long-lasting depression of cellular 
immune responses in male and female offspring  [11] . A re-
cent work shows that acute and long-term diazepam treat-
ment decreased the number of apoptotic cells, increased 
the percentage of T-cytotoxic cells and decreased the per-
centage of B cells, and increased corticosterone serum lev-
els  [12] . In this respect, we described that administration of 
low doses (0.1 mg/kg/day) of diazepam after active induc-
tion of experimental autoimmune encephalomyelitis 
(EAE) led to a marked decrease in the incidence and clinical 
signs of the disease, and diminished delayed-type hyper-
sensitivity (DTH) responses, proliferation following stim-
ulation with the encephalitogenic myelin basic protein 
(MBP), anti-MBP antibody production and spinal cord 
histological lesions associated with the disease  [13] . Inter-
estingly, alprazolam, another benzodiazepine derivative, 
also decreased the severity of clinical, histological and neu-
roendocrine manifestations of EAE in Lewis rats but only 
when the animals were exposed to stressful conditions  [14] . 
In the context of EAE, it was also observed that phenobar-
bitone sodium and sodium valproate inhibited the clinical 
signs of EAE; however, high doses of diazepam failed to 
control EAE signs in this experiment  [15] .

  EAE is a well-accepted model that mimics many of the 
clinical and pathological features of multiple sclerosis 
(MS). This pathology can be induced in genetically suscep-
tible animals by a single injection of CNS antigens homog-
enized in an adequate adjuvant  [16] . Wistar rats develop a 

monophasic course of the disease (acute stage) 11–13 days 
post-induction (dpi) characterized by ataxia and hind 
limb paralysis associated with weight loss and fecal and 
urinary  incontinence. Affected animals show spontaneous 
neurological improvement 2–4 days after disease onset 
and regain the full ability to walk by 17–18 dpi  [17] . In the 
EAE model, calcium-dependent glutamate release de-
creased in isolated nerve terminals of the cerebral cortex 
from EAE animals, which was coincident with the onset of 
clinical signs  [18] . Since GABA is the major inhibitory 
neurotransmitter balanced with glutamate in the CNS we 
also have demonstrated that, in contrast to controls, syn-
aptosomes from EAE rats showed decreased inhibition of 
glutamate release mediated by GABA. Furthermore, we 
observed a decrease in flunitrazepam-sensitive GABA A  re-
ceptor density in synaptosomes from symptomatic EAE 
rats  [19] . These results indicate that both glutamatergic 
and  GABAergic neurotransmission is impaired in symp-
tomatic EAE animals, and could contribute to clinical 
symptoms and disease progression. Treatment with diaz-
epam inhibited this reduction in glutamate release in fron-
tal cortex synaptosomes from EAE animals  [13] . However, 
the modulatory effect of benzodiazepines on T cells is lim-
ited and the underlying mechanism is poorly defined. 
Therefore, the aim of this work is to ascertain the in vitro 
action of diazepam on encephalitogenic lymphocytes in 
order to understand the effect of this drug on the clinical, 
pathological and neuroendocrine manifestations of acute 
EAE in Wistar rats.

  Materials and Methods 

 Chemicals 
 Diazepam (7-chloro-1,3-dihydro-1-methyl-5-phenyl-1,4-ben-

zodiazepin-2(3H)-one, Valium; 5 mg/ml) was from Roche Interna-
tional Limited (Montevideo, Uruguay). Myelin and MBP were puri-
fied from bovine spinal cords as previously described  [20] . Com-
plete Freund’s adjuvant (CFA), bovine serum albumin, 
concanavalin A (Con A) and 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) were from Sigma-Aldrich Co. 
(St. Louis, Mo., USA). RPMI 1640 medium was purchased from Life 
Technologies (Grand Island, N.Y., USA). The fluorescein isothio-
cyanate (FITC)-annexin V/propidium iodide (PI) apoptosis detec-
tion kit was from BD Biosciences (San Diego, Calif., USA). Fetal 
bovine serum (FBS) was from NATOCOR (Córdoba, Argentina). 
[Metyl- 3 H]thymidine ([ 3 H]TdR) was from NEN Life Science Prod-
ucts Inc. (Boston, Mass., USA). Peridinin chlorophyll protein com-
plex (PerCp)-conjugated mouse anti-rat CD8a (clone OX-8), FITC-
conjugated mouse anti-rat CD4 (clone OX-35), R-phycoerythrin-
conjugated mouse anti-rat CD11b/c (clone OX-42) antibodies and 
the interferon (IFN)-γ ELISA kit were purchased from BD Pharmin-
gen (San Jose, Calif., USA). Biotin-labeled mouse monoclonal anti-
rat CD45RA (clone OX-33) antibody was from Invitrogen (Freder-
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ick, Md., USA). Allophycocyanin-streptavidin and allophycocya-
nin-conjugated anti-rat CD25 (IL-2Ra, clone OX-39) antibody and 
the interleukin (IL)-17 rat IL17A ELISA kit were from eBioscience 
(San Diego, Calif., USA). The rest of the chemicals were analytical 
grade reagents of the highest purity available.

  EAE Induction 
 Forty-five-day-old albino rats from a Wistar strain inbred in 

our laboratory for 40 years were used. All experiments were per-
formed in accordance with international and institutional guide-
lines for animal care, and the protocol was approved by the local 
institutional review committee for animal studies (Exp. No. 15-99-
40426). Every effort was made to minimize both the number of 
animals used and their suffering. Animals were anesthetized with 
a mixture of xylazine and ketamine (10 and 65 mg/kg i.p., respec-
tively), and active disease was induced by intradermal inoculation 
with 8 mg whole myelin purified from bovine spinal cords in 0.5 
ml of an emulsion consisting of 0.25 ml saline solution and 0.25 ml 
CFA (EAE group) in both hind feet. Animals were weighed, as-
sessed daily for clinical signs of the disease and sacrificed at 12–14 
dpi when the rats from the EAE group showed maximum clinical 
signs (acute period)  [20] .

  Isolation of Mononuclear Cells from Lymph Nodes 
 EAE rats were sacrificed by CO 2  euthanasia; popliteal lymph 

nodes were aseptically removed and placed in ice-cold RPMI 1640 
medium. Then the tissue was mechanically disrupted and single-
cell suspensions filtered through a 70-μm cell strainer (Nylon 
membrane BD; Becton Dickinson, Buenos Aires, Argentina). After 
washing with 50 ml of Dulbecco’s phosphate-buffered saline (PBS) 
containing 2% FBS, mononuclear cells (MNC) were preserved in 
complete medium (RPMI 1640, 10% FBS and 40 mg/ml gentami-
cin). Then, 1.25 × 10 6  cells/ml (250,000 cells/well) were cultured in 
triplicate in a volume of 200 μl in 96-well flat-bottom plates with 
different stimuli for 24–48 h. For the characterization of popliteal 
lymph node cell populations, cells were stained with surface anti-
gen antibodies such as FITC-conjugated anti-CD4, PerCp-conju-
gated anti-CD8, biotin-conjugated anti-CD45Ra (B cells) coupled 
with allophycocyanin-streptavidin and phycoerythrin-conjugated 
anti-CD11b/c analyzed on a FACSCanto II flow cytometer (Becton 
Dickinson). FlowJo software was used to identify and quantify dis-
tinct cell populations by means of fluorescent intensity. A mini-
mum of 50,000 cells per sample were counted. The effects of diaz-
epam on cell viability, apoptosis induction, proliferation, cytokine 
production and activation were evaluated. Therefore, cells were 
treated with 2.5–500 μ M  diazepam and stimulated for 24 or 48 h 
with 1 μg/ml Con A or 100 μg/ml MBP.

  Cell Viability and Cytotoxicity Assay 
 Viability was measured with MTT, a yellow tetrazole that is re-

duced to purple formazan in living cells. Tetrazolium dye assays can 
also be used to measure cytotoxicity (loss of viable cells) or cyto-
static activity (shift from proliferative to resting status) of potential 
medicinal agents and toxic materials. Different concentrations of 
diazepam were added to MNC cultured without any stimulus. After 
20 or 44 h, 20 μl of MTT (5 mg/ml) was added to each well and the 
cells were further incubated for 4 h at 37   °   C to allow MTT metabo-
lization. The plates were centrifuged (350  g , 10 min), supernatants 
were discarded and 200 μl dimethyl sulfoxide were added per well. 
Absorbance was recorded at 570 nm on a microplate reader  [21] .

  Apoptosis and Cell Death Detection 
 Staining with FITC-annexin V/PI was used to identify apop-

totic and death cells. Briefly, after a 24-hour culture, MNC incu-
bated with different amounts of diazepam were washed twice in 
PBS and resuspended in 100 μl of annexin V binding buffer before 
being incubated with FITC-conjugated annexin V (0.5 μg/7.5 × 10 5  
cells) and PI solution (0.1 μg/7.5 × 10 5  cells). Cells were then ana-
lyzed by flow cytometry after a 10-min incubation in the dark at 
room temperature. Early apoptotic cells were stained with annexin 
V alone, whereas necrotic and late apoptotic cells were stained with 
both annexin V and PI  [22, 23] .

  Proliferation of MNC 
 MNC were cultured in triplicate in 96-well flat-bottom plates 

essentially as described previously  [19] . Briefly, 1.25 × 10 6  cells/ml 
were cultured in a total volume of 200 μl of RPMI 1640 per well 
with 1 μg/ml Con A or 100 μg/ml of MBP, for 24 or 48 h, respec-
tively. When indicated, different concentrations of diazepam (μ M ) 
were also added to the cultures. Each well was pulsed with 20 μl of 
medium containing 1 μCi of [ 3 H]TdR during the last 18 h of cul-
ture; subsequently cells were harvested onto fiberglass filters and 
the radioactivity incorporated counted using standard liquid scin-
tillation techniques. Each treatment was performed in triplicate, 
and results are expressed as stimulation index (SI), which was de-
fined as the ratio between mean counts per minute of antigen-
stimulated culture/mean counts per minute of the unstimulated 
culture; an SI  ≥ 2 was considered as a positive response.

  To evaluate if the incubation of MNC with diazepam induced 
permanent cell anergy, cells were incubated for 24 h in the pres-
ence of diazepam (0, 10 or 25 μ M ) without any stimuli. Then, cells 
were harvested, washed with PBS to remove diazepam, resuspend-
ed in new complete medium and plated for 24 h in the presence of 
Con A or anti-CD3 antibody. Each well was pulsed with 20 μl of 
medium containing 1 μCi of [ 3 H]TdR during the last 18 h of cul-
ture; subsequently, cells were harvested onto fiberglass filters and 
the radioactivity incorporated counted using standard liquid scin-
tillation techniques.

  Determination of Cytokine Levels in vitro 
 Cytokines in conditioned medium were determined using an 

enzyme-linked immunosorbent assay (ELISA). MNC were pre-
pared and cultured as described above with the correspondent 
stimuli and different concentrations of diazepam. After 24–48 h, 
plates were centrifuged at 350  g  for 10 min, and culture superna-
tants were collected to assess cytokine levels. IFN-γ and IL-17 con-
centrations were determined using matching antibodies in a sand-
wich ELISA according to the manufacturer’ instructions. Absor-
bance was read at 450 nm and cytokine levels were compared with 
the linear portion of the standard curve.

  CD25 Expression 
 To determine the functional response of T cells, expression of the 

surface activation marker CD25 was measured in cultured cells in the 
presence or absence of Con A. MNC were cultured in 96-well flat-
bottom plates at a density of 1.25 × 10 6  cells/ml in a total volume of 
200 μl of RPMI 1640 per well for 24 h. When indicated, different 
doses of diazepam were added. At 24 h, cells were harvested, 3 wells 
were pooled and stained for surface antigens with FITC-conjugated 
anti-CD4, PerCp-conjugated anti-CD8 and allophycocyanin-conju-
gated anti-CD25. The populations were analyzed by flow cytometry.
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  Data Analysis 
 Results are expressed as means ± SEM. Data were analyzed us-

ing one-way analysis of variance (ANOVA). Whenever ANOVA 
indicated significant effects (p < 0.05), a pair-wise comparison of 
means of all groups with respect to the control group was carried 
out (Dunnett’s multiple comparison test). In all cases, the assump-
tions of ANOVA (homogeneity of variance and normal distribu-
tion) were attained. When indicated, significant differences were 
performed using Student’s t test for paired or grouped samples. In 
all statistic analyses, p < 0.05 was considered to represent a sig-
nificant difference between groups.

  Results 

 Cell Populations of Popliteal Lymph Nodes 
 Isolated MNC from draining popliteal lymph nodes of 

EAE rats were stained with surface antigen antibodies 
and analyzed by flow cytometry ( fig. 1 ). The MNC popu-
lation was composed of about 72% T lymphocytes (54% 
CD4+ and 18% CD8+) and 18% B lymphocytes. The 
number of immature T cells (double-positive T cells) was 
very low, around 0–1%. About 7% of the isolated cells 
were stained with anti-CD11b/c antibody corresponding 
to monocytes, granulocytes, macrophages and dendritic 
cells. These cell populations did not vary when MNC were 
placed in culture, both with and without Con A stimula-
tion for 24 h (data not shown).

  Effect of Diazepam on Cell Viability 
 MNC from EAE animals were cultured in the presence 

of different concentrations of diazepam added to the cell 
culture medium and the effect on cell viability was evalu-

ated by MTT assay ( fig. 2 ). Post hoc comparisons demon-
strated that diazepam did not affect the viability of un-
stimulated cells at concentrations of up to 25 μ M  either at 
24- or 48-hour exposure. However, at concentrations >50 
μ M,  the percentage of viable cells was decreased and at the 
highest dose (500 μ M ) there was marked cytotoxicity. 
These data correlate with the results obtained in the apop-
tosis and cellular death assay using PI ( fig. 3 ).
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  Fig. 1.  Analysis of cell frequency in popliteal lymph nodes from 
EAE rats. Anti-CD4 and anti-CD8 antibodies identified subsets of 
T lymphocytes, anti-CD45 Ra antibody-stained B lymphocytes 
and anti-CD11 b/c monocytes, granulocytes, macrophages and 

dendritic cells.  a  Mean percentages of each population from data 
accumulated using flow cytometry of 20 individual samples. 
 b  Two-dimensional dot plots are representative of one individual 
determination. 
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  Fig. 2.  Effect of diazepam on cell viability. Isolated cells from pop-
liteal lymph nodes of EAE rats were cultured for 24 or 48 h without 
any stimulus and treated with increasing concentrations of diaze-
pam. Cells were incubated with MTT for 4 h and their viability was 
measured as absorbance at 570 nm of the formazan-formed prod-
uct of mitochondrial metabolism. Data indicate the percentage of 
viable cells and are presented as means ± SEM of 5 independent 
experiments.  *  p < 0.05,  *  *  *  p < 0.001 (one-way ANOVA). 
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  Diazepam Does Not Induce Early Apoptosis 
 In order to analyze early apoptosis, isolated cells from 

popliteal lymph nodes of EAE animals during the acute 
state of the disease were incubated with diazepam in 
conditions that did not alter cell viability ( fig. 2 ). There-
fore, cells were incubated with 0–50 μ M  diazepam with-
out stimuli, and the induction of apoptosis and cell death 
after 24 h of culture was evaluated by flow cytometry 
( fig.  3 ). In this experiment, the percentage of annexin 
V+, PI– cells did not change in the presence of diaze-
pam, indicating no effect of the drug on early apoptosis. 
The double-positive population (annexin V+, PI+) did 
not change up to 25 μ M , but there was a significant in-
crease at 50 μ M , indicating that this diazepam concentra-
tion increased the percentage of cells in late apoptosis or 
at cell death. This assay does not distinguish between 
these two conditions since both cell populations are an-
nexin V+, PI+.

  Diazepam Inhibits T-Cell Proliferation in a 
Dose-Dependent Manner 
 Activation and proliferation of encephalitogenic T cells 

in peripheral lymph nodes is a key event in the early devel-
opment of EAE. Thus, the proliferation assay of isolated 
MNC from lymph nodes was tested in vitro at disease on-
set (11–14 dpi), and following unspecific stimulation with 
Con A or specific stimulation with MBP for 24 or 48 h, 
respectively, in the presence of different doses of diaze-
pam. EAE cells without diazepam showed a positive pro-

liferation response upon Con A and MBP stimulation (SI 
>2). The presence of diazepam reduced proliferation in a 
dose-dependent manner at nontoxic doses (2.5–25 μ M;  
 fig. 4 ). MNC from control CFA rats showed a similar re-
sponse to diazepam when they were stimulated with Con 
A. When cells from CFA rats were cultivated with MBP 
(antigen-specific stimulation), there was neither prolifera-
tion with nor without the addition of diazepam (data not 
shown).

  Preincubation with Diazepam Does Not Affect the 
Ability of T Cells to Respond to Later Stimulation 
 To evaluate whether the incubation of MNC with di-

azepam induced permanent cell anergy, cells were incu-
bated for 24 h in the presence of 0–25 μ M  diazepam with-
out stimuli. Then cells were washed to remove diazepam, 
resuspended in new complete medium and incubated 
again for 24 h in the presence of Con A or anti-CD3 an-
tibody ( fig.  5 ). This experiment showed that MNC re-
spond similarly to Con A and anti-CD3 antibody stimula-
tion after being previously being incubated for 24 h with 
different doses of diazepam, indicating that diazepam 
does not alter cell capacity to proliferate after future stim-
ulations.

  Diazepam Reduces the Production of 
Proinflammatory Cytokines 
 Taking into account that diazepam reduced the prolif-

eration of MNC in vitro when stimulated with Con A and 
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  Fig. 3.  Effect of diazepam on cell death. Isolated cells from popli-
teal lymph nodes of EAE animals during the acute state of the dis-
ease were incubated with different concentrations of diazepam 
without stimuli, and the induction of apoptosis after 24 h of culture 
was evaluated by flow cytometry. Annexin V+/PI– = Effect of di-

azepam on early apoptosis; annexin V+/PI+ = percentage of cells 
in late apoptosis or cell death.  a  Percentage of cells in each condi-
tion (means ± SEM of 5 independent experiments).  b  Two-dimen-
sional dot plots are representative of one individual determination. 
 *  p < 0.05,  *  *  p < 0.01, Student’s t test for grouped samples.   
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MBP, without affecting cell viability or inducing apopto-
sis, we sought to evaluate if it could also affect the produc-
tion of pro- and anti-inflammatory cytokines. MNC were 
cultured for 24–48 h in the presence of a stimulus and 
different concentrations of diazepam (0, 5, 10 and 25 μ M ), 

and ELISA was performed to determine the production 
of IFN-γ and IL-17 in culture supernatants. One-way 
ANOVA of the IFN-γ concentration showed a significant 
dose-dependent reduction in the presence of diazepam in 
cells stimulated with Con A or MBP ( fig. 6 a, b). Levels of 
IL-17, an important cytokine involved in autoimmune-
allergic processes, were diminished by diazepam when 
cells were stimulated with a nonspecific (Con A) or spe-
cific antigen related to the disease like MBP ( fig. 6 c, d). 
With intracellular cytokine marking, IFNγ and IL-17 also 
decreased in cells stimulated with Con A and incubated 
in the presence of 25 μm diazepam compared to cells in-
cubated with Con A only ( table 1 ).

  Diazepam Reduces the Percentage of Activated CD8+ 
T Cells 
 Diazepam reduces the CD8+CD25+ T-cell population 

when unspecifically stimulated. CD25 is the α-chain of 
the IL-2 receptor. It is a type-I transmembrane protein 
present on activated T and B cells, some thymocytes, my-
eloid precursors and oligodendrocytes. This chain associ-
ates with CD122 to form a heterodimer that can act as a 
high-affinity receptor for IL-2  [24] . IL-2 is a small mole-
cule that can acts a a growth factor, and it is involved in 
the survival and proliferation of T lymphocytes. In this 
assay, we evaluated the population of CD4+CD25+ and 
CD8+CD25+ T cells in culture at different doses of diaz-
epam with or without stimulation with Con A for 24 h 
( fig. 7 ). MNC isolated from popliteal lymph nodes cul-

0

1

2

3

4

SI
: M

BP

0 2.5 5 50
Diazepam (μM)

10

**

15

**

25

**

0

1

2

3

4

5

6

7

8

9

SI
: C

on
 A

0 2.5

**

5

***

50
Diazepam (μM)b a

***

10

*

15

***

25

  Fig. 4.  Effect of diazepam on T-cell proliferation. MNC were cul-
tured with 1 μg/ml Con A for 24 h ( a ) or 100 μg/ml of MBP for 
48 h ( b ) in the presence of different concentrations of diazepam. 

Data indicate the SI of treated cells (means ± SEM of 7 indepen-
dent experiments).  *  p < 0.05,  *  *  p < 0.01,  *  *  *  p < 0.001 (one-way 
 ANOVA). 
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  Fig. 5.  Effect of diazepam on T-cell anergy. MNCs were incubated 
for 24 h in the presence of diazepam (0, 10, 25 μ M ) without any 
stimuli. Then cells were harvested, washed with PBS to remove 
diazepam, resuspended in new complete medium and plated for 
24 h in the presence of Con A or anti-CD3 antibody. Data indicate 
the SI of diazepam-preincubated cells (means ± SEM of 5 indepen-
dent experiments).                 
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 Table 1.  Determination of intracellular cytokines

Cell type Cells, % Con A, % Con A + diazepam

 % % diff. Con A

CD4+IFNγ+ 2.33±0.33 8.00±1.15 4.33±1.20* –45.88
CD8+IFNγ+ 2.33±0.33 9.33±1.33 5.33±1.20* –42.87
 CD4+IL-17+ 3.00±0.58 13.67±1.45 9.33±1.33* –31.75
CD8+IL-17+ 6.33±0.68 18.33±3.18 14.33±3.84 –21.82

 Data of quantitative variables are expressed as group mean of total cells ± SEM. * p < 0.05, vs. Con A only.
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  Fig. 6.  Determination of cytokine levels in 
vitro. MNC were cultured with 1 μg/ml 
Con A for 24 h (a, c) or 100 μg/ml of MBP 
for 48 h (b, d) in the presence of different 
concentrations of diazepam. The concen-
trations of IFN-γ (a, b) and IL-17 (c, d) 
were determined using matching antibod-
ies in a sandwich ELISA. Data indicate 
the levels of produced cytokines (means ± 
SEM of 4 independent experiments).        *  p < 
0.05,  *  *  p < 0.01,  *  *  *  p < 0.001 (one-way 
 ANOVA). 
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tured with different doses of this benzodiazepine reduced 
the CD8+CD25+ T-cell population in a dose-dependent 
manner after stimulation with Con A, whereas no chang-
es were observed in the CD4+CD25+ T-cell population at 
any dose of diazepam. The percentages of CD4+ and 
CD8+ populations were not altered at the different doses 
of diazepam (data not shown).

  Discussion 

 Lymphocytic activation is a complex process that in-
volves the induction of gene transcription, surface anti-
gen expression, cytokine secretion and mitotic activity 
resulting in proliferation that plays a key role in the onset 
and development of many autoimmune diseases  [21] . 
Previous results demonstrated that the treatment of rats 
with 0.1 mg/kg/day diazepam during the inductive phase 
of EAE (6–11 dpi) reduces the incidence and clinical signs 
in animals challenged with the disease  [13] . In treated an-
imals, we also observed a reduction in some immuno-
logical parameters, such as DTH reaction, antibody pro-
duction and proliferation induced by MBP in MNC iso-
lated from popliteal lymph nodes. The effect of diazepam 

during the in vivo treatment could be mediated, at least 
in part, by a direct effect on lymphocytes. In this study, 
we demonstrate that diazepam has a direct inhibitory ef-
fect on cells involved in adaptive immune responses with-
out affecting cell viability or exerting a proapoptotic or 
toxic effect, at least up to 25 μ M , on MNC isolated from 
popliteal lymph nodes of EAE animals during the acute 
state of the disease.

  Proliferation is a key event during the development of 
EAE; it mainly happens in lymph nodes where antigen-
presenting cells, mostly dendritic cells that migrated from 
the site of induction, mature and present antigens to na-
ïve T lymphocytes. After the antigen-presenting process, 
T cells proliferate, start to produce proinflammatory mol-
ecules and augment the expression of integrins, which al-
lows these cells to interact with endothelial cells, cross the 
blood-brain barrier, enter the CNS and exert damage 
 [25] . In this context, it is important to note that diazepam 
reduced the proliferation of T lymphocytes in a dose-de-
pendent manner when administered in vitro in the pres-
ence of a specific (MBP) or unspecific (Con A) stimulus. 
In agreement with these results, previous studies showed 
that diazepam inhibited IFN-γ production by human pe-
ripheral blood MNC induced by anti-CD3 in a dose-de-
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  Fig. 7.  Determination of CD25 expression. The expression of the 
surface activation marker CD25 was measured in cultured cells in 
the presence or absence of Con A and the indicated doses of diaz-
epam. Bar graphs show the mean percentages of CD25+ on CD4+ 

(   a ) and CD8+ ( b ) T-cell populations from data accumulated of 5 
independent experiments; the two-dimensional dot plots ( c ,  d ) are 
the correspondent representative individual determinations. 
 *  *  p < 0.01,  *  *  *  p < 0.001 (Student’s t test for paired samples).   
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pendent manner. The inhibitory effect of diazepam on 
IFN-γ production is similar to that of R05-4864, a selec-
tive PBR ligand. Collectively, these results suggested that 
diazepam suppressed human T-cell function through 
PBR  [10] .

  Cytokines are messenger molecules that play a critical 
role in the immune system. They are potential targets for 
immunomodulation and are divided into two subsets: 
Th1 (proinflammatory) and Th2 (anti-inflammatory) 
cells. Evaluation of the production of proinflammatory 
cytokines in culture supernatants from isolated cells stim-
ulated with Con A or MBP revealed that diazepam reduce 
the production of IFN-γ in a dose-dependent manner. 
IFN-γ is a proinflammatory cytokine that is produced by 
T lymphocytes and natural killer cells. Its main function 
is to activate macrophages in innate and adaptive im-
mune responses to produce TNF-α and IL-1  [26] . This 
effect was also observed using another technique in a 
study by Wei et al.  [10] . When cells were specifically and 
unspecifically activated with MBP and Con A, respective-
ly, diazepam reduced the levels of IL-17, as expected. This 
proinflammatory cytokine activates T cells and other im-
mune cells to produce a variety of cytokines, chemokines 
and cell adhesion molecules. This cytokine is augmented 
in the sera and/or tissues of patients with contact derma-
titis, asthma, rheumatoid arthritis and also in multiple 
sclerosis  [27] .

  We also evaluated the levels of CD25, the α-subunit 
of the IL-2 receptor. This cytokine is a feature of the Th1 
response and is involved in survival and cell prolifera-
tion. CD25 is also marker of activated T lymphocytes 
(CD4+ and CD8+), the same as CD69. CD25 levels 
markedly increase in cells cultured in the presence of 
Con A for 24 h. Incubation with Con A and diazepam 
reduced CD25 levels, but only in CD8+ T cells, with no 
effect on the CD4+ T cell population. This may explain 
our observation in vivo when analyzing DTH responses 
in diazepam-treated animals compared to vehicle-inject-
ed animals  [13] . On days 9 and 12, diazepam-treated an-
imals showed less thickness associated to swelling 24 h 
after the injection of MBP in the corresponding ear. Tak-
ing into account that CD8+ T cells are the main cells in-
volved in hypersensitivity responses in many patholo-
gies such as contact dermatitis, asthma and autoimmune 
diseases  [28] , and our results indicating that incubation 
with diazepam reduced the percentage of activated 
CD8+ T cells following Con A stimulation for 24 h, we 
hypothesized that the in vivo effect on DTH responses 
could result from a direct action of diazepam on CD8+ 
T cells.

  As mentioned before, the effect observed as a result of 
diazepam treatment during the inductive phase of the 
disease could be at least in part mediated by a direct effect 
of diazepam on lymphocytes based on our in vitro obser-
vations, but other possible events could be operating in 
vivo. It is possible that diazepam affects other cells in-
volved in the inductive phase of immune responses, such 
as macrophages or dendritic cells, for example. In agree-
ment with many published records  [29]  and results from 
our laboratory  [30] , diazepam and other benzodiaze-
pines, such as midazolam, also affect antigen-presenting 
cells, thus reducing the production of proinflammatory 
cytokines, oxygen and nitrogen reactive species, and the 
expression of costimulatory molecules. Also, we do not 
discard the fact that this benzodiazepine modulates EAE 
in vivo by its action on glucocorticoid-producing cells via 
increases in the levels of immunomodulatory molecules 
and modifications in many immunological parameters 
 [12] .

  In conclusion, we provide evidence that diazepam has 
a direct inhibitory effect on cells involved in adaptive im-
mune responses and thus has beneficial effects during the 
development of EAE. Future experiments aiming to ana-
lyze the effects of this drug on antigen-presenting cells 
and possible underlying intracellular pathways and re-
ceptors are required.
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