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ABSTRACT
Experimental autoimmune encephalomyelitis (EAE), when induced in syngenic C57BL/6 mice by using myelin oligoden-
drocyte glycoprotein (MOG), usually exhibits a chronic progressive pattern. This model mimics many of the symptoms 
and clinical signs typical of multiple sclerosis (MS) in humans. The present work describes specific adjustments to the 
experimental parameters described in the literature that were necessary when implementing this model under our 
conditions, demonstrating the presence of EAE in experimental animals by means of clinical evaluations, molecular 
assays and ultrastructural studies. The disorder was induced by active immunization with peptide MOG35-55 emulsi-
fied in Freund’s Incomplete Adjuvant supplemented with Mycobacterium tuberculosis, together with two additional 
administrations of Pertussis toxin. All immunized animals exhibited the typical clinical signs of EAE, with a severity 
that increased progressively from day 8 post-induction to the end of the evaluation, at day 28 post-induction. The 
maximum clinical score was 3.5, and the disorder was not reversible. Body weight loss was associated with clinical 
deterioration at the initial stages of the experiment. From a molecular perspective, it was shown that effector cytokines 
(mainly IL-17) were positively regulated in the brain of diseased animals. The characteristic ultrastructural changes 
of MS were also detected; namely, demyelination and axonal damage. The methodology described here enabled 
the implementation of an animal model that reproduces fundamental aspects of the pathogenesis of MS and is, 
therefore, highly useful for the study of physiopathological mechanisms, the identification of new pharmacological 
targets and the evaluation of specific biomolecules with therapeutic purposes.
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RESUMEN
Generación de un modelo murino de encefalomielitis autoinmune experimental crónico progresivo para 
estudios de farmacología molecular en esclerosis múltiple. La inducción de la Encefalomielitis Autoinmune 
Experimental (EAE) mediante la glicoproteína de la mielina del oligodendrocito (MOG) en ratones C57BL/6 isogé-
nicos y homocigóticos, se caracteriza por un patrón crónico progresivo. Este modelo remeda un amplio espectro de 
síntomas y signos clínicos típicos de la esclerosis múltiple (EM) en humanos. Se describe el ajuste de las condiciones 
experimentales con respecto a las referidas en la literatura, y se demuestra la generación del modelo mediante 
evaluaciones clínicas, moleculares y ultraestructurales. La enfermedad se indujo por inmunización activa con el en-
cefalitógeno constituido por el péptido MOG35-55 emulsificado en adyuvante incompleto de Freund, suplementado 
con Mycobacterium tuberculosis y dos administraciones adicionales de toxina pertussis. Los animales inmunizados 
mostraron signos clínicos de EAE, cuya severidad aumentó en forma progresiva y ascendente a partir del día 8 después 
de la inducción, con un puntaje clínico máximo de 3.5, sin reversión hasta el día 28, en que finalizó el periodo de 
evaluación. La disminución del peso corporal estuvo asociada con el inicio del deterioro clínico. Desde el punto de 
vista molecular, se identificó una regulación positiva de citocinas efectoras en el cerebro de los animales enfermos, 
principalmente de la IL-17. Se observaron daños ultraestructurales característicos de la EM en la mielina y el axón. 
La metodología permitió la generación de un modelo animal con elementos esenciales de la patogénesis de la EM 
y, por tanto, útil para el estudio de mecanismos fisiopatológicos, la identificación de nuevos blancos farmacológicos 
y la evaluación de biomoléculas con fines terapéuticos.

Palabras clave: Encefalomielitis Autoinmune Experimental, glicoproteína de la mielina del oligodendrocito, 
desmielinización, esclerosis múltiple, C57BL/6

Introduction
Multiple Sclerosis (MS), a chronic demyelinating 
and neurodegenerative infl ammatory disorder affect-
ing close to 2.5 million persons, constitutes the most 
important cause of neurological disabilities in young 
adults [1], especially in developed countries of the 

northern hemisphere. During the intervening period 
between successive crises, the disorder is usually man-
aged with interferon beta (IFN-β), Copaxone, Natali-
zumab or Fingolimod (Gilenya®), a recently approved 
oral therapy [2]. These drugs, however, are expensive 

Holmoy T, Vartdal F. The immunological 1. 
basis for treatment of multiple sclerosis. 
Scand J Immunol. 2007;66(4):374-82.

Huynh T. The multiple sclerosis market. 2. 
Nat Rev Drug Discov. 2010;9(10):759-60.
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(in the order of $ 20 000 to $ 60 000 dollars per patient 
per year) [3] and their therapeutic effect is relatively 
modest, so that fi nding better alternatives for this disor-
der has remained a highly competitive research fi eld.

Procuring preclinical effi cacy data is a fundamen-
tal step in the development of new drugs. For every 
existing therapy against MS, this stage has been com-
pleted with the help of animal models of experimen-
tal autoimmune encephalitis (EAE) [4]. In addition, 
EAE models have been essential for research on the 
modulation of immunoregulatory circuits, a fi eld that 
has provided important results for our understanding 
of the pathogenesis of MS.

From a molecular perspective, EAE is a disorder 
mediated mainly by CD4+ T cells [5]. Although CD4+ 
Th1 cells were considered during a long time as the 
sole players in this stage, it is now acknowledged that 
interleukin 17 (IL-17) and 22 (IL-22)-secreting Th17 
cells [6] also have a fundamental role in the infl amma-
tory process and other molecular events characteristic 
of the pathogenesis of EAE [7, 8]. The entry of autore-
active T cells into the central nervous system, together 
with other infl ammatory mediators, is facilitated by 
an increase in vascular permeability at the blood-brain 
barrier, contributing to the demyelination and axonal 
loss typical of EAE and MS [5]. 

EAE is usually induced in susceptible animal spe-
cies by immunization with myelin sheath antigens. 
This procedure is not equally successful with every an-
imal species, however –especially when using myelin
oligodendrocyte glycoprotein (MOG) for this pur-
pose– due to variations in genetic background and 
allele polymorphisms of class II histocompatibility 
complex molecules and T-cell receptors [9]. In addi-
tion, environmental factors can be determinant in the 
development of EAE. Instances have been described, 
to cite one example, where experimental animals 
have become completely impervious to the induction 
of EAE depending, solely, on the particular facilities 
or animal handling procedures employed during the 
experiment [10]. Many hypotheses have been put for-
ward to explain this behavior, including, among oth-
ers, the presence or intestinal parasites (the so-called 
‘hygiene hypothesis’) [11]. 

Based on these precedents, we decided to carefully 
document the experimental conditions used for obtain-
ing a model of chronic progressive EAE in C57BL/6 
mice, given that its implementation depends on very 
precise adjustments to these values. This paper there-
fore describes all adjustments and procedures neces-
sary to guarantee the reproducibility and trouble-free 
implementation of this model by other researchers of 
the fi eld. A number of clinical and molecular variables, 
together with ultrastructural analyses, were used to 
demonstrate the implementation of the model. Our 
EAE model is robust and provides an adequate predic-
tive value for developing new drugs against MS. 

Materials and methods
Animals
This work employed a total of 30 female mice of the 
C57BL/6 line (National Center for the Production of 
Laboratory Animals, CENPALAB, Cuba) 5 to 6 weeks
old, with a body weight of 16 to 18 g at the moment 

of immunization. They were used after a laboratory 
adaptation period of one week. The animals were 
kept under conditions of controlled temperature (19 
± 2 °C) and relative humidity (55-65%), using a light-
darkness period of 12 h. They were fed sterile concen-
trated rodent chow (5 g/animal) and water ad libitum. 

The animals were distributed randomly into three 
groups of 10 individuals each: a negative control 
group (mice receiving neither immunizations nor 
pharmacological treatment); a placebo-treated EAE 
group (immunized animals treated only with daily 
subcutaneous (s.c.) injections of sterile phosphate 
buffer) and a hydrocortisone-treated EAE group 
(immunized animals treated with daily s.c. injec-
tions of 1 mg/kg hydrocortisone dissolved in sterile 
phosphate buffer, PBS). The daily s.c. injections of 
hydrocortisone or placebo were administered from 
the starting date of the experiment until day 12 after 
induction. The experimental protocol was submitted 
for review to the institutional reviewing committee 
for the use and handling of laboratory animals of the 
Center for Genetic Engineering and Biotechnology 
(CIGB, Cuba), according to current international 
standards [12].

Induction of EAE 
We used essentially the method described by Pluchino
et al. [13] with some modifi cations. The mice were 
immunized using alternating subcutaneous inocula-
tions into the left or right fl ank of the animals at the 
thoracic level, in days 0 and 7. Each inoculation de-
livered 200 μg of the inductor antigen (a peptide cor-
responding to residues 35-55 of the MOG antigen; 
MOG35-55: MEVGWYRSPFSRVVHLYRNGK) with a 
purity higher than 98% (CIGB, Cuba). The MOG35-55 
peptide was emulsifi ed in 200 μL of Freund’s Incom-
plete Adjuvant (FIA; Sigma, USA), supplemented with
Mycobacterium tuberculosis (MT, strain H37Ra; Difco, 
USA) at a fi nal concentration of 8 mg/mL. The mice 
were also inoculated intravenously with a solution of 
pertussis toxin (PT; 200 ng in 100 μL of PBS) through 
the tail vein, immediately after administering the in-
ductor encephalitogen, at day 0 and then at day 2.

Preparation of the antigen for inducing EAE

FIA plus MT
The contents of one ampoule of MT (100 mg) were 
transferred into a small mortar and the yellowish bac-
terial aggregates were ground into a whitish fi ne pow-
der and then mixed under continuous agitation with 
12.5 mL of FIA. The mixture was transferred to a 50 
mL tube that was stored under slow, constant stirring 
at 4 °C. This mixture can be preserved stable for a 
maximum of 2 months at 2-8 ºC before use.

MOG35-55 peptide
The MOG peptide was dissolved at 2 mg/mL (200 μg/
100 μL) in sterile PBS, pH 7.4, and then sterilized 
by fi ltration through a 0.2 μm pore size membrane 
(Corning, Germany).

MOG: FIA + MT emulsion
A volume of MOG peptide was gradually added to 
a volume of FIA + MT (v/v) at room temperature, 

Thomson Healthcare. Red Book: 3. 
Pharmacy’s Fundamental Reference. 112 
ed. Montvale, NJ: Thomson Healthcare; 
2008.

Hohlfeld R, Wekerle H. Immunological 4. 
update on multiple sclerosis. Curr Opin 
Neurol. 2001;14(3):299-304.

Cassan C, Liblau RS. Immune tolerance 5. 
and control of CNS autoimmunity: from ani-
mal models to MS patients. J Neurochem.
2007;100(4):883-92.

Dong C. TH17 cells in development: 6. 
an updated view of their molecular iden-
tity and genetic programming. Nat Rev 
Immunol. 2008;8(5):337-48. 

Steinman L. A brief history of T(H)17, 7. 
the first major revision in the T(H)1/T(H)2 
hypothesis of T cell-mediated tissue dama-
ge. Nat Med. 2007;13(2):139-45.

McFarland HF, Martin R. Multiple scle-8. 
rosis: a complicated picture of autoimmu-
nity. Nat Immunol. 2007;8(9):913-9.

Zamvil SS, Steinman L. The T lymphocy-9. 
te in experimental allergic encephalomyeli-
tis. Annu Rev Immunol. 1990;8:579-621.

 Zorzella SF, Seger J, Martins DR, 10. 
Pelizon AC, Sartori A. Resistance to expe-
rimental autoimmune encephalomyelitis 
development in Lewis rats from a conven-
tional animal facility. Mem Inst Oswaldo 
Cruz. 2007;102(8):931-6.

 Sewell DL, Reinke EK, Hogan LH, 11. 
Sandor M, Fabry Z. Immunoregulation 
of CNS autoimmunity by helminth and 
mycobacterial infections. Immunol Lett. 
2002;82(1-2):101-10.

 Olfert ED, Cross BM, McWilliam A. 12. 
Manual sobre el cuidado y uso de los 
animales de experimentación [Internet]. 
Estol L, Dugas R,  Secretaria Ejecutiva del 
Consejo Canadiense de Protección de 
los Animales, editors. Ottawa: Consejo 
Canadiense de Protección de los Animales 
[cited 2011 Dec 5]. Available from: http://
www.ccac.ca/en_/standards/guidelines/
additional/spanish-guide-vol1.

 Pluchino S, Quattrini A, Brambilla E, 13. 
Gritti A, Salani G, Dina G, et al. Injection 
of adult neurospheres induces recovery in a 
chronic model of multiple sclerosis. Nature. 
2003;422(6933):688-94. 
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and kept under constant medium-speed mechanical 
stirring for 5 to 10 min, in order to obtain a water/oil 
emulsion that would increase the immunogenicity of 
the preparation. The mixture was then transferred to 
a pair of 5 mL glass syringes connected to each other 
through a 16 G metal capillary, carefully avoiding the 
inclusion or formation of air bubbles inside the emul-
sion. After transferring the mixture from one syringe 
to the other for 5 to 8 cycles, the capillary was re-
placed by an 18 G metal capillary and the process was 
repeated. Proper formation of the emulsion was veri-
fi ed by placing one drop onto a Petri dish containing 
PBS. Once the emulsion was obtained, the syringes 
were wrapped in aluminum foil and stored at 4 °C 
overnight. It is recommended to prepare the emulsion 
at most 12 hours before use, in order to minimize the 
possibility of phase separation. 

One-milliliter plastic syringes were used for the 
immunizations, loaded directly from the glass syringe 
by means of the metal capillary. Two-hundred micro-
liters were injected into each animal.

Preparation of PT
PT (isolated from Bordetella pertussis, Sigma, USA) 
was prepared 24 h before the immunizations. Two-
hundred nanograms of PT were dissolved in 100 μL of 
sterile PBS, pH 7.4, and stored at 4 °C until used. This 
storage period was necessary in order to prevent the 
death of the animals associated with the use of freshly 
prepared PT. Each inoculation delivered a total of 
200 ng of PT per animal.

Model evaluation

Clinical monitoring of EAE
The clinical severity of the disorder in all three ex-
perimental groups was monitored by daily double-
blind observations, performed always at the same 
hour, by a trained observer, starting from day 0 and 
until day 28 after induction. Care was taken to avoid 
stressing the animals during handling as much as 
possible, minimizing environmental factors such 
as noise, pain and heat. The following evaluation scale 
was used, prepared from previous results of other au-
thors in this model [14, 15]: 0, No apparent clinical 
signs; 0.5, crooked stance or mildly irregular walking 
motions; 1, Mild loss of tail tone or mild parapare-
sis (weakness) of one posterior limb; 1.5, Partial loss 
of tone of the tail and mild paraparesis (weakness) of 
both posterior limbs; 2, Complete tail paralysis; 2.5, 
Complete tail paralysis with marked weakness of both 
hind limbs and occasional failure of hindquarters; 3, 
Partial paralysis (hemiparalysis) of hind limbs, the 
animal is forced to crawl; 3.5, Full paralysis of hind 
limbs without residual limb movement; 4, Full paral-
ysis of hind limbs with weakness of anterior limbs; 
4.5, Moribund and 5, Dead. An average clinical index 
was calculated for each group based on the individual 
scores, and the maximum clinical index for each ani-
mal during the study was also determined.

Measurement of body weight 
Body weight for animals from the negative control 
group and the placebo-treated EAE group was evalu-

ated daily, at the same hour every day, starting from 
day 7 and until day 28 after induction, using an ana-
lytical balance (Denver Instrument XP-3000, USA). 
The difference between the observed body weight and 
that measured at day 0 of the study was determined 
daily, calculating group means to follow the behavior 
of this variable.

Evaluation of effector and regulatory cytokines
At day 18 after induction, real time quantitative Poly-
merase Chain Reaction (qPCR) assays were run in 
two animals each from the negative control group and 
the placebo-treated EAE group, using three replicates 
per cytokine gene and β-actin as endogenous expres-
sion control. Messenger RNA was extracted from 
brain tissue as described by Lech et al. [16]. The reac-
tions used SYBR Green Dye as detection system, and 
were run in a Light Cycler 480 (Roche, Mannheim, 
Germany) real time PCR cycler. All technical stages 
complied with the Minimal Information for Publica-
tion of qPCR Experiments (MIQE) guidelines [17]. 
Relative quantifi cation was performed using the fol-
lowing formula [18]: 

Relative value (arbitrary units) = 2¯∆∆Ct 
= 2¯((CT target gene - CT endogenous gene) - ∆CT)

where: 
CT represents the fractional cycle number at which 

the concentration of the target amplicon reaches a pre-
determined threshold; ΔCT represents the difference 
between the CT of target and reference genes (see [18] 
for more details). 

Non-specifi c amplifi cation was controlled by eval-
uating the target genes in comparison to the refer-
ence gene (β-actin). Specifi c oligonucleotide primers 
were employed at 300 nM (Metabion, Martinsried, 
Germany; see table). Their design employed a step of 
in silico specifi city screening with the BLAST search 
and alignment algorithm [19]. 

Table. Sequence of the oligonucleotide primers used to quantify the mRNA levels of 
effector and regulatory cytokines

Orientation IDSequence (5’-3’)Gene

Sense TGAGCTTCCCAGATCACAGA NM_010552IL-17

Antisense TCCAGAAGGCCCTCAGACTA

Sense TGATGCACTTGCAGAAAACA NM_031168IL-6

Antisense ACCAGAGGAAATTTTCAATAGGC  

Sense ACAGCAAGGCGAAAAAGGAT NM_008337IFN-γ

Antisense TGAGCTCATTGAATGCTTGG

Sense TGTGAAATGCCACCTTTTGA NM_008361IL-1β

Antisense GGTCAAAGGTTTGGAAGCAG

Sense CCACCACGCTCTTCTGTCTAC NM_013693TNF-α

Antisense AGGGTCTGGGCCATAGAACT

Sense TGGCAGAGAGGTATTGAGGG NM_054039Foxp3

Antisense CTCGTCTGAAGGCAGAGTCA

Sense ATCGATTTCTCCCCTGTGAA NM_010548IL-10

Antisense TGTCAAATTCATTCATGGCCT

Sense GGAGAGCCCTGGATACCAAC NM_011577TGF-β

Antisense CAACCCAGGTCCTTCCTAAA

Sense GGTCACGCTCAGCTCTCC NM_009898β-actin

Antisense ATAGCACTGGTCAGCCTTGG

 Esposito M, Ruffini F, Bellone M, 14. 
Gagliani N, Battaglia M, Martino G, et al. 
Rapamycin inhibits relapsing experimental 
autoimmune encephalomyelitis by both 
effector and regulatory T cells modulation. 
J Neuroimmunol. 2010;220(1-2):52-63.

 Peiris M, Monteith GR, Roberts-15. 
Thomson SJ, Cabot PJ. A model of expe-
rimental autoimmune encephalomyelitis 
(EAE) in C57BL/6 mice for the characteri-
sation of intervention therapies. J Neurosci 
Methods. 2007;163(2):245-54. 

 Lech M, Avila-Ferrufino A, Skuginna 16. 
V, Susanti HE, Anders HJ. Quantitative 
expression of RIG-like helicase, NOD-
like receptor and inflammasome-related 
mRNAs in humans and mice. Int Immunol. 
2010;22(9):717-28. 

 Bustin SA, Benes V, Garson JA, 17. 
Hellemans J, Huggett J, Kubista M, et al.
 The MIQE guidelines: minimum informa-
tion for publication of quantitative real-
time PCR experiments. Clin Chem. 2009; 
55(4): 611-22. 

 Livak KJ, Schmittgen TD. Analysis of 18. 
relative gene expression data using real-
time quantitative PCR and the 2(-Delta
Delta C(T)) method. Methods. 2001;25(4): 
402-8.

 Altschul SF, Gish W, Miller W, Myers EW, 19. 
Lipman DJ. Basic local alignment search 
tool. J Mol Biol. 1990;215(3):403-10.
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Ultrastructural study by transmission electron 
microscopy
At the end of the study period, three animals each 
were randomly selected from the negative control 
and placebo-treated EAE groups and sacrifi ced by 
cervical dislocation. The euthanized animals were 
dissected to take spinal cord samples that were fi xed 
in glutaraldehyde or paraformaldehyde (1 and 4%, 
respectively, from Polysciences, USA) for 1 h at 4 
°C, washed then in 0.1 M sodium cacodylate, pH 7.4 
(BDH Chemicals, UK), and fi xed in 1% osmium tet-
roxide (Agar Scientifi c, USA) for 1 h at 4 °C. The 
samples were then dehydrated by treatment with in-
creasing concentrations (30, 50, 70 and 100%, 10 min 
at 4 °C for each) of ethanol (BDH Chemicals, UK) 
and included according to Spurr [20]. Ultrathin sec-
tions (40 to 50 nm) obtained with an ultramicrotome 
(NOVA, LKB, Germany) were placed on 400-mesh 
nickel grids (Agar Scientifi c, USA), stained with 
saturated uranyl acetate (Polysciences, USA) and 
lead citrate (Agar Scientifi c, USA) and examined in 
a transmission electron microscope (JEOL/JEM 2000 
EX, Japan). A total of 100 microphotographies were 
analyzed in this study. 

Statistical analysis 
Statistical analyses were performed using the Prism 
5.0 statistical software package (GraphPad Prism Inc., 
USA). The data were expressed as mean ± standard 
error of the mean (SEM), excepting for the variation 
of body weight, expressed as group means. Statistical 
comparisons between experimental groups were per-
formed with Mann-Whitney’s non-parametric U-test. 
All tests used 0.05 as threshold for statistical signifi -
cance (p < 0.05) and 95% confi dence intervals.

Results and discussion
The evaluation of clinical signs has been used as main 
response variable during the development of the pres-
ent EAE model, which will be used to identify po-
tential therapeutic candidates [21]. It is critical, there-
fore, to guarantee that the researcher is well trained 
in the proper procedure for clinical exploration of the 
animal, according to the selected scale. Weakness in 

the distal segment of the tail and motor irregulari-
ties during walking are the fi rst symptoms of dam-
age to the central nervous system. In order to detect 
motor irregularities while walking, the mice must be 
placed onto a fl at surface. During normal walking the 
abdomen of the animals must remain parallel to the 
surface. Affected animals, however, tend to adopt a 
crooked stance, and their walking motions are irregu-
lar, especially in the hind limbs. Another possibility 
is to hang the mice from the tail during the clinical 
evaluation (extension refl ex). Retraction of any of the 
hind limbs to the abdominal region while hanging in 
this position constitutes one of the initial signs of the 
disease, and is associated with pathological processes 
in the spinal motor nerves, including axonal degen-
eration [22, 23]. Damage to this refl ex was used to 
defi ne the day from which clinical signs of the disease 
started to appear and to be analyzed using the qualita-
tive scale described in previous sections. 

Another useful test is the observation of postural 
refl exes, performed by turning the animal on its back. 
Healthy animals turn around onto their feet faster than 
diseased animals, which may even lose this refl ex to-
tally as EAE progresses. 

Figure 1A shows average clinical indexes for each 
experimental group, per day. In diseased animals, 
clinical signs started to appear by day 8 post-induc-
tion. This is a relatively early onset within the range 
of 7-14 days post-induction described by other au-
thors [26, 27]. The clinical index reached a maximum 
value of 3.5, evidencing that the experimental pro-
cedure successfully induced the disorder. Symptoms 
of the disorder persisted until the end of the study, 
coinciding with the chronic progressive form of EAE 
described by Amor et al. [28]. 

According to criteria from Vogel et al. [29], a nec-
essary part of the development of an experimental 
model for a specifi c disease is the evaluation of the 
effect exhibited by drugs routinely used in clinical 
practice against the modeled disease, characteriz-
ing the subjacent molecular mechanisms to fi nd out 
whether they mimic the physiopathological processes 
taking place in actual patients. Hydrocortisone is one 
of the steroids that have been used during the last 
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Figure 1. Clinical evolution of healthy mice (negative control group), animals treated with the encephalitogen and then treated only with phosphate buffer (placebo-
treated EAE group) or hydrocortisone (1 mg/kg, s.c. route). The figure shows average clinical scores per group (A), and the resulting area under the curve (arbitrary 
units; B) or the maximum clinical score of each animal (C) using a previously published scoring scale [24, 25]. The results are expressed as mean ± standard error of 
the mean (n = 10 for all groups). Asterisks are used to indicate statistically significant differences according to Mann-Whitney’s U-test (**- p < 0.01).
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50 years to treat relapses in MS patients, defi ned as 
mild to incapacitating neurological dysfunctions last-
ing more than 24 hours [30]. The positive effect of 
hydrocortisone on the clinical symptoms of EAE-
affected animals (Figure 1A) was corroborated with 
statistical comparisons (Figure 1B). Figure 1C shows 
the maximum indexes reached by each animal on the 
clinical scale. Animals of the placebo-treated EAE 
group exhibited high clinical scores evidencing the 
appearance and progression of the disorder, whereas 
the animals treated with hydrocortisone improved sig-
nifi cantly when compared to the diseased individuals. 
The results indicate that the model has clinical value, 
and can be used to establish an adequate correlation 
for preclinical studies of new drugs against MS.

Body weight is an important variable that provides 
information related to the degree of neurological de-
terioration in affected animals. Figure 2 shows how 
body weight decreases in animals of the placebo-
treated EAE group from day 11 of the study. A criti-
cal variation takes place between days 12 to 17 post-
induction, in close correspondence with the evolution 
of the symptoms of the disorder. Body weight starts to 
rebound from day 17 onwards, probably due to com-
pensatory physiopathological mechanisms that ex-
emplify the complexity of this disorder. During some 
stages, clinical evaluation may not follow or mimic the 
behavior of molecular parameters, and body weight 
was therefore explored solely in a descriptive manner. 
We suggest that body weight constitutes a signifi cant 
clinical correlate only during the initial period of the 
disease, when the fi rst clinical signs appear and this 
variable follows a downward trend. Once the disor-
der reaches chronicity, the correlation between body 
weight and clinical signs disappears, and the former 
follows an unsteady, but decidedly upwards trend. 
In the negative control group, body weight increased 
steadily throughout the study, at a rate above that of 
diseased animals.

The drop in body weight detected in the placebo-
treated EAE group may have a number of causes. One 
of them is motor deterioration, which may compro-
mise access of the affected individuals to the food 
placed in their boxes. In this case, this variable would 
constitute a correlate of disease severity. Another 
possibility is a decrease in appetite, which has been 
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Figure 2. Behavior of body weight from day 7 to day 28 
post-immunization. The daily variation of each animal was 
calculated by reference to its body weight at the starting day 
of the study, and the results were expressed as group means 
per day.

associated to the effects of leptin in this animal model 
[31]. Leptin is a hormonal peptide produced by adi-
pocytes that participates in the regulation of energy 
balance and food intake in the organism [32]. Among 
its multiple effects, leptin has been shown to inhibit 
the sensation of hunger when acting upon the hypo-
thalamus, consequently decreasing the ingestion of 
food, and to stimulate the sympathetic nervous sys-
tem, thereby increasing metabolic activity and the 
consumption of energy [32]. It has been shown that 
blood leptin concentrations increase after the induc-
tion of EAE, correlating with the decrease in body 
weight that takes place during part of the autoimmune 
process [33]. 

The evaluation by qPCR of the changes in cytokine 
profi le produced after the induction of EAE, as well as 
the histological fi ndings of the transmission electron 
microscopy study, confi rmed that the EAE model had 
indeed been implemented. 

According to the results, the diseased animals ex-
hibited increased levels of IL-17 mRNA, in agree-
ment with the data published by other authors work-
ing on this model [34]. It was the studies of Langrish 
comparing IL-12p35-/- and IL-23p19-/- mice that fi rst 
demonstrated that Th17 cells were responsible for 
this disorder [35]. Additional evidence concerning the 
role of Th17 cells on the physiopathology of EAE was 
obtained in mice lacking the T-bet-/- and STAT6-/- tran-
scriptional factors, which are unable to produce Th1 
and Th2 cells, respectively [24]. There is data point-
ing to Th17 cells as effectors in this disorder [25].

Other effector cytokines (tumoral necrosis factor 
alfa (TNF-α), IL-1β, IL-6, IFN-γ), as well as mark-
ers for natural (Foxp3) and adaptive (transforming 
growth factor beta, TGF-β) Treg cells showed that 
EAE-affected animals positively modulated the syn-
thesis of pro-infl ammatory effector cytokines, result-
ing in an increased regulatory response as homeostatic 
mechanism to restore the effector-regulatory balance 
of the immune response (Figure 3).

When spinal cord samples were analyzed by trans-
mission electron microscopy, the individuals from 
the negative control group exhibited compact, dense 
myelin sheaths and no signs of axonal damage (Fig-
ure 4A). In contrast, most axons in animals of the 
placebo-treated EAE group (Figure 4B) presented in-
terruptions of the continuity of myelin layers. Taking 
into account that demyelination is one of the phys-
iopathological characteristics of MS [36] and one of 
its most important pharmacological targets [37], our 
results confi rm that the experimental model we have 
implemented is a robust tool for mechanistic and pre-
clinical evaluation studies in this fi eld.

Conclusions
We have implemented a model of chronic, progressive 
EAE in C57BL6 mice where the fi rst clinical signs 
appear by day 8 and progressively increase until day 
28 post-immunization. The maximum clinical score 
of the diseased animals reached high values during 
the development of EAE, and there was correspon-
dence between clinical signs, the results of molecular 
assays and the observed ultrastructural modifi cations, 
which consisted mainly of demyelination and axonal 
damage at the spinal cord.
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Figure 3. Levels of expression of effector (IL-17, IL-6, IFN-γ, IL-1β and TNF-α) or regulatory (Foxp3, IL-10 and TGF-β) cytokines, as measured by real time quantitative 
PCR from brain mRNA, on day 18 post-induction. Relative quantification was performed with the formula 2−∆∆Ct using the β-actin gene as endogenous expression 
control. Values are expressed as mean ± standard error of the mean. Asterisks are used to indicate statistically significant differences according to Mann-Whitney’s 
U-test (*- p < 0.05, **- p < 0.01).

A B

Figure 4. Images of spinal cord samples from day 28 post-induction, obtained by transmission electron microscopy. The arrows 
indicate the presence of normal myelin sheaths in healthy animals (negative control group; A) or with significant structural 
degeneration in the placebo-treated EAE group (B). N: nucleus. The bar is equivalent to 500 nm.
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