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Experimental autoimmune encephalomyelitis (EAE) induces significant reduction of the
body mass concomitant to sickness behavior and anorexia. We investigated whether regular
physical exercise prevents metabolic alterations associated with loss of the body mass
occurring during an EAE inflammatory peak. Female C57BL/6 mice were assigned to the
unexercised and exercise-trained groups. In four weeks, EAE was induced in half of the
animals in each group, and the exercise protocol was maintained onto 10 days post-induction
(10 dpi) completing 6 weeks of regular exercise (forced swimming). At 14 dpi, the relative
mass of metabolic tissues, serum levels of triglycerides, cholesterol, and glucose, glycogen
contents in the muscle and liver, and muscle levels of cytokines were measured. A significantly
decreased clinical score associated with attenuation of the body mass loss in exercised EAE
animals, as compared to the non-exercised ones, were observed. The associated metabolic
parameters were not modified by this approach, although negative correlations between some
parameters and clinical score at 14 dpi were observed. Although the prior program of aerobic
exercise is capable of decreasing clinical score and body mass loss, it is not sufficient to
crucially modify metabolic outcomes associated with inflammation at the EAE peak.

Keywords: experimental autoimmune encephalomyelitis (EAE), physical exercise,

cachexia, body mass, metabolic shifts.

INTRODUCTION

Multiple sclerosis (MS) is a demyelinating disease
affecting the CNS and characterized by early
inflammation and late neurodegeneration; it leads to
muscle weakness, sensory loss, and paresthesia [1].
Experimental autoimmune encephalomyelitis (EAE)
is a widely used MS model; it presents a characteristic
clinical progression (paralysis) associated with the
respective histopathological hallmarks mimicking the
MS outcomes [2].

Experimental autoimmune encephalomyelitis is also
related to a reduction of the body mass concomitant
to sickness behavior including anorexia, which
is probably linked to increased levels of the pro-
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inflammatory cytokines at a peak of the disease (PD)
[3]. Since these molecules stimulate lipolysis and
breakdown of muscle proteins, a significant loss of the
muscle and fat mass named cachexia can be usually
observed [4]. However, the metabolic outcomes
underlying the body mass loss in EAE PD have not
been examined experimentally.

Because physical exercise was shown to be
associated with a reduction in the level of inflammatory
cytokines, possible blocking of lipolysis in adipose
tissues, and that of muscle protein breakdown, it has
been suggested as a promising intervention strategy
for both prevention and treatment of cachexia [4]. In
terms of prevention, our research group described a
systematic protocol of 6-week-long swimming exercise
performed prior to the disease development, which led
to significant attenuation of EAE clinical score and
changes in the body mass from EAE onset to the PD
[5]. These data suggested that a regular program of
exercise could be a useful strategy for prevention of
the cachexia outcomes related to EAE.

Thus, the aim of our study was to investigate
whether a regular program of swimming exercise
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alters metabolic events underlying the body mass loss
in EAE in mice.

METHODS

Animals, Design, and Protocols. The Animal Care
Facilities of the Universidade Federal de Minas Gerais
(UFMG, Brazil) supplied 77 6- to 8-week-old female
C57BL/6 mice used in our study. The animals were
kept under standard conditions and randomly assigned
to the unexercised (n = 40) and exercise-trained (n =
= 37) groups. After four weeks, EAE was induced in
half of the animals in each group, and the exercise
protocol was maintained until 10 days post induction
(dpi). Biochemical and metabolic analyses were
performed at 14 dpi. The exercise program, EAE
induction, and associated clinical score evaluation
were performed as previously described [5, 6].
Biochemical and Metabolic Analyses. At 14 dpi,
mice of all four groups (control, control exercised,
EAE, and EAE-exercised) were decapitated. Blood
from 5-6 animals in each group was collected and
centrifuged, and blood serum was stored at —20°C.
Tissue samples were collected from 6—7 animals of
each group. Parametrial white adipose tissue was
weighed and discarded. The gastrocnemius (G)
muscles and liver were collected, weighed, and stored
at —20°C. Serum levels of cholesterol, triglycerides,
and glucose were measured using enzymatic kits
(Labtest, Barueri, Brazil). Liver and muscle glycogen
contents were measured by a colorimetric method,
as previously described [6]. Concentrations of I1L-6

T able 1. Clinical parameters of EAE in experimental mice

and TNF in muscle homogenates from additional 7-8
animals were estimated in each group, as previously
described [5], using an ELISA setup commercially
available (R and D Systems, Minneapolis, USA).

Statistical Analysis. Numerical data expressed below
as means * s.e.m. were analyzed with GraphPad Prism
v.5.0 for Windows using the unpaired #-test or Mann—
Whitney test. Correlation analysis between clinical
score and the other parameters was also performed
using the Pearson test. The statistical significance in
intergroup comparisons was set at P < 0.05.

RESULTS

Clinical and metabolic data are presented in Tables 1
and 2. Table 1 shows that the 6-week swimming
exercise program was capable of attenuating general
data related to clinical score presentation of the
disease. Additionally, it can be observed in Table
2 that the body mass loss was moderated in the
exercised EAE group, compared to the unexercised
EAE one (P < 0.05). Besides, significant negative
correlations between the clinical score and body mass
were observed (unexercised: » = —0.75, P < 0.0001;
exercised: r = —0.61, P < 0.0001). Table 2, likewise,
demonstrates that the adipose tissue mass and muscle
mass in EAE mice were significantly reduced (P <0.05
for both indices) compared to the respective values
in the control group. EAE mice also showed smaller
serum cholesterol, muscle TNF, and IL-6 levels
(P<0.05inall cases), as compared to the corresponding
values in the control.

T ao6auusal. Kniniyni napamerpun ayroiMmyHHOro eHuedasoMieity B ekcniepuMeHTaJIbHUX MULIei

Variables | Unexercised EAE mice | Exercised EAE mice | P value
Incidence, % (21000;/51) (1%13000;/;8)

EAE onset, day 10'(91 1%8534 12'0(61;(5)533 ’ 0.0104
Mean clinical score at the disease peak 3 1(;(?)' 18 24 é%)QO i 0.0195
Mean clinical score at 14 dpi 2'75.8518 2'4(;(?)'20 0.2346
Cumulative disease index 11.7 £ 1.13 (12.0) 74 j(t 6(?.5?)5 - 0.004

Footnotes: means + s.e.m. are shown. Onset is considered when animals showed loss of the tail tone for two consecutive days. The

cumulative disease index is calculated as a sum of clinical scores of each animal between d 0 and d 14 after EAE induction and is a measure
of the disease severity. The scores were defined as follows: 0, no clinical signs; 1, tail paralysis (or loss of the tail tone); 2, tail paralysis and
hindlimb weakness; 3, hindlimb paralysis, and 4, complete hindlimb paralysis and forelimb weakness.

130 NEUROPHYSIOLOGY / HEUPODU3UOJIOTUA.—2016.—T. 48, Ne 2



METABOLIC ALTERATIONS IN EXPERIMENTAL AUTOIMMUNE ENCEPHALOMYELITIS

T able 2. Metabolic systemic alterations in EAE mice at 14 dpi

T a6 uuna2. CucremHi 3MiHM MeTa00J1i3My B MHUIIIeii 3 ayToiMyHHUM eHuedaaomieairom Ha 14-1 qeHb mic/s iHAYKIITl 0CTAHHBOIO

Groups
Variables Control Exercised control EAE Exercised EAE
(n=19) (n=19) (n=21) (n=18)

A body mass before EAE, % 18.6 £2.1 16.2 £1.3 19.2+1.4 17.4 £1.3
A body mass after EAE, % 1.1+1.8 32424 -20.4+1.6 ~15.5+14°¢
Relative mass of adipose tissue 0.80 +0.05 0.70 £0.07 0.08 +£0.06 0.21 +0.07
Relative mass of the gastrocnemius muscle 0.54 +0.02 0.53 +0.02 0.47 £0.02 0.47 +0.03 >
Relative mass of liver 3.71 +£0.08 3.98 +0.11 4.3340.11 4.32 +£0.06
Serum glucose, mg/dl 91.0 £13.2 95.8 +8.2 69.7 £5.1 78.6 £11.3
Serum triglycerides, mg/dl 122.0 £15.3 127.2 +11.7 90.2 £20.7 119.3 £13.2
Serum cholesterol, mg/dl 80.3 +5.6 82.42+4.4 62.8 £5.4 68.2 £2.8
Liver glycogen, mg/100 mg 3.07 £0.36 5.79 £0.41 3.09 £0.68 3.74 £0.64
Muscle glycogen, mg/ml 0.39 +0.02 0.47 +0.01 0.35+0.03 0.31 +0.02
Muscle TNF, pg/ml 163.4 £11.0 111.2 £12.1 94.5£9.7 96.4 £15.3
Muscle IL-6, pg/ml 72.8 £8.9 54.2 £6.9 29.8+5.4 30.0£5.2

Footnotes: means + s.e.m. are shown. A body mass represents the percentage of the mass gain before the EAE induction (first 4 weeks of

exercise protocol) and after EAE induction (from 0 to 14 dpi).
DISCUSSION

Results of our study showed that clinical symptoms
and the associated body mass loss related to EAE
PD are noticeably attenuated by a prior program
of regular exercise, and these findings sustain our
formed results [5]. In order to investigate possible
metabolic associations, we analyzed mass parameters
and biochemical indices in these mice. As was shown,
increased physical activity reduces manifestations of
metabolic disorders [7] and contributes to preservation
of the muscle mass [4, 8]. However, none of the
variables were significantly modified in our case by the
prior program of swim exercise. It should be noted that
our exercise protocol did not affect the ability of EAE
animals to recruit leucocytes from the periphery into
migration toward the CNS parenchyma [5]. Therefore,
the effect from pro-inflammatory environment
stimulation of both lipolysys and breakdown of muscle
proteins [4] is only slightly impacted by the exercise
in our study. Nonetheless, some additional comments
are desirable.

Animals with EAE presented 90% reduction of
parametrial white adipose tissue compared to the
controls. At the same time, the exercised EAE group
showed a slaughter magnitude of such reduction
(70%), compared to the exercised control one. There
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was also inverse correlation between the mass of
adipose tissue andd clinical score at 14 dpi for all
EAE animals (» = —0.61, P < 0.05). The mean serum
triglyceride level was 26% smaller in the unexercised
EAE group compared to the control. At the same time,
the decrement was 6% in the exercised EAE group, and
inverse correlation with the clinical score (r = —0.58,
P =0.058) was observed in this case. Taken together,
our data suggest only a light attenuation effect on
changes in the fat mass developing due to exercise
in EAE. Indeed, we can suggest that the sum of all
body fat pads is responsible for the general attenuated
mass loss in exercised EAE mice compared to the
unexercised ones. The reduced lipid composition
data in PD EAE mice are in agreement with previous
findings about MS patients during relapse [9-11]. To
our knowledge, our report is the first to quantify the
specific profile of lipid components of previously
exercised EAE mice at PD.

The magnitudes of reduction for the G muscle
mass were quite similar to each other in the EAE
and control exercised and unexercised groups. At the
same time, there was also inverse correlation with the
clinical score for both groups (» =-0.79, P <0.0001).
The loss of the muscle mass in EAE is also supported
by previous studies using EAE in Lewis rats [12]. In
these experiments, decreases in the cross-sectional
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areas of all fiber types in the G muscle were observed.
However, our data for the first time showed that the
G muscle mass also decreases in exercised EAE mice.

An important observation is the following. Muscle
cytokine levels were reduced by around 50% in
the EAE group compared to the control, and a 28%
reduction was found in the exercised groups. On
the other hand, while the EAE group showed a 10%
reduction of the muscle glycogen content, compared
to the control group, the exercised ones presented a
34% reduction of this substrate. Therefore, we can
speculate that muscle shrinkage in the unexercised
EAE group may mostly be caused by protein loss. At
the same time, this effect can be started by the loss
of the carbohydrate content in the exercised EAE
group. It should be noted that the exercised program
in control animals increased the muscle and liver
glycogen contents (P < 0.05 in both cases) and reduced
the amount of muscle TNF (P < 0.05). This data may
suggest that the unexercised group had a higher content
of carbohydrates to waste before starting heisting of
muscle proteins, which may, in turn, influence general
lipid metabolism by activation of liver transcript
factors, such as carbohydrate-responsive element-
binding protein (ChREBP) [13].

The data on the loss of the muscle mass may also
suggest that conduction of the signals to muscles from
the CNS is impaired [14]. Although it is believed
that this is a transient condition [12], EAE has been
associated with the loss of lower motor neurons [15].
On the other hand, six weeks of forced swimming
exercise were able to reduce loss of motoneurons and
preserve the muscle mass in a model of amyotrophic
lateral sclerosis [16]. At 42—43 dpi, our exercised EAE
mice demonstrated an attenuated response for spinal
cord axonal damage [17]. Whether these results can be
associated with preservation of motoneurons or their
inputs or even a rescue of muscle mass in the chronic
time point of disease, should be elucidated in future.

In general, our results suggest that the reductions
in the muscle mass and fat mass jointly contribute
to the reduction in the body mass observed in EAE
animals. However, despite of some protection of the
general body mass, metabolic outcomes that follow
the inflammatory peak of EAE, were not significantly
modified by previously performed swimming exercise
program.
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3MIHU METABOJII3MY IIPU EKCIIEPUMEHTAJIBHOMY
AYTOIMYHHOMY EHLE®AJIOMIEJIITI YV MUILE:
BIIJIMBU ITOIIEPEJHBOI'O ®I3MYHOI'O TPEHYBAHHSA

' TucTuTyT Gionoriynux Hayk npu dejgepalbHOMY YHIBEPCHTE-
Ti mtaty Minac XKepaic, beny Opizonte (bpasumnis).

2 ®epepanbuuii yaisepcuter Can I[Mayny (bpasumis).
Pesome

ExcnepumeHTansHuii ayroiMmyHnHuit eHiedanomienit (EAE) Bu-
KJINKAa€ iCTOTHE 3MEHIICHHS MacH Tija, 3yMOBJIEHE XBOPOOIH-
BOIO TOBEAIHKOIO Ta aHOpPeKciero. MU JMoCHiKyBaau, 4d MO-
JKYTh peryinsapHi ¢i3udHi Bnpasu 3amobiratu MeTabolidHUM
3MiHaM 1 BTpaTi MacH Tijia B mepediry 3amanpHoro nepiogy EAE.
Mumri-camumni ninii C57BL/6 Gynu moxineHi Ha «HETpeHOBa-
HY» Ta «TPEHOBaHYy» rpynu. Uepe3 4OTHPH THUXKHI Y TOJTOBUHHU
TBapWH KOXHOI rpynu iHaykyBanu EAE, 1 mpoToKoa TpeHyBaHb
niaTpuMyBaBcs me 10 qHIB micis iHAYKIIT IOTO 3aXBOPIOBAaH-
Hs. SIK TpeHyBaHHS BUKOPHCTOBYBAJIM IPUMYCOBE IU1aBaHHsA. Ha
14-i1 nenp micas imayknii EAE y BinmoBigHi# rpymi BCi MuIIi
IiJ1aBaIlCh eBTaHa3ii; BUMipIoBalK BiJHOCHY Macy mMeTabo-
JMYHO3aJeKHUX TKaHWH, PiBHI TPUTIIIEPHUIIB, XOIECTEPOIY Ta
TJIIOKO3U B CHPOBATIIi KPOBi, BMICT ITIIKOTEHY B M’s3aX Ta Ie-
4JiHIl Ta PiBHI HHTOKIHIB y M’A3aX. Y «TPEHOBAHMX)» TBApPUH 3
EAE BusBIsutocs BiporiHe 3MEHIICHHS OI[IHKU IHTEHCHBHOCTI1
3aXBOPIOBAHHS MIOPIBHSIHO 3 BiIOBITHUM 3HAUCHHSIM Yy «HETpe-
HOBAaHUX» MHIIEH; e Oyno aconiiioBane 3 0OMeXEHHSM BTpa-
TH MacH Tija. Y BUKOPHCTAHOMY BapiaHTi €KCIIEPUMEHTY 3MiHU
MeTa0ONYHIX NapaMeTpiB y «TPEHOBAHUX» 1 KHETPEHOBAHUX»
TBAapHH ICTOTHO HE PO3PI3HAINCH, aie Ha 14-if 1eHb crmocTepi-
rajucs HeTaTUBHI KOPEIAMii MixK JeIKUMHU apaMeTpaMHu Ta KIIi-
HigHUMH omiHkamu. OTXe, IporpaMa MonepeaHbpOro aepoOHO-
TO TPpeHyBaHHS 37]aTHA 3a0e3IeuyBaTH 3MEHIIECHHS SIK KIIHI9HOT
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inTencuBHocTi EAE, Tak 1 BizHOCHOI BTpaTn Macu Ttina. [Ipo-
Te meil 3aXiJg He € JOoCTaTHIM, 100 KapAMHAIBbHO MOAH(IKyBa-
TH MeTa0O0IYHI HACIIIKH, OB I3aHl 13 3amajeHHSIM Ha MaKCH-
mymMmi EAE.
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