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Objectives: Chronic experimental autoimmune encephalomyelitis (EAE) was induced in rats to evaluate the
potential protective effect of GEMSP, a mixture made up of fatty acids (FA), vitamins, and amino acids or
their derivatives, linked to Poly-L-Lysine, on the myelin sheath of the optic nerve.

Methods: To evaluate the effects of GEMSP on the optic nerve, animals were divided into three
experimental groups: (1) EAE rats treated with GEMSP; (2) EAE rats treated with 0.9% NaCl; and (3)
control, non-EAE rats. Using electron microscopy, we investigated the possibility that this new drug
candidate has a myelin-protective role.

Results: A marginally significant reduction in the thickness of the myelin around optic nerve medium-size
axons (diameter between 0.8-1.3 um) was found in EAE rats. Treatment of EAE rats with GEMSP
ameliorated myelin damage. Significantly increased myelin thickness was found when animals in groups 2
and 3 were compared. However, the number of myelinated axons studied was not altered in groups 1 or 2
when compared to controls.

Discussion: Our results suggest that in a model of demyelination, GEMSP protects and enhances the
formation of the myelin sheath of the optic nerve and therefore could be a potential drug candidate to

reduce optic nerve pathogenesis in multiple sclerosis (MS).
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Introduction
Multiple sclerosis (MS) is a progressive chronic
inflammatory autoimmune and neurodegenerative dis-
ease affecting the central nervous system (CNS). Its
etiology remains unknown. Focal leukocyte infiltration,
which produces inflammation, followed by demyelina-
tion, axonal degeneration, and loss, results in nerve cell
dysfunction.> As the disease progresses, patients
develop multiple disabilities. Multiple sclerosis appears
more frequently in young adults (2045 years of age)
and affects twice as many women as men.> The highest
incidence of onset occurs in the third decade of life.
Commonly, MS causes ophthalmologic damage, includ-
ing optic neuritis, diplopia, bilateral uveitis, oscillopsia,
retinal periphlebitis, etc., all of which can severely impair
vision.*?

Experimental autoimmune encephalomyelitis (EAE)
is an animal model used for the study of MS since many
similar clinical and histopathological features can be
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observed. Experimental autoimmune encephalomyelitis
can be induced by the administration of peptides
derived from myelin components, such as myelin basic
protein, proteolipid protein, or myelin oligodendrocyte
glycoprotein (MOG).® Experimental autoimmune ence-
phalomyelitis is widely used for the evaluation of
different drugs (beta interferon (IFN-beta), glatiramer
acetate (GA), laquinimod, linomide, and GEMSP).”
There are two classical models of EAE: (a) acute EAE,
characterized by a clear EAE onset accompanied by
inflammation of the CNS for a relatively short duration
followed by nearly complete recovery of the animals
and (b) chronic EAE, in which the animals present
clinical signs for at least 2 months with several EAE
relapses. In general, these animals exhibit irreversible
damage of the CNS.'®"® The main advantages of this
latter model are that it appears to mimic the pathogen-
esis of MS since the disease changes over long periods of
time and no recovery of the clinical signs are evident.
GEMSP is a recently designed combination of fatty
acids (FA), antioxidants, free radical scavengers, and
amino acids linked to poly-L-Lysine'*. This new drug
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Figure 1 Experimental procedure. The main experimental

events are represented for a better appreciation of the timing
of each manipulation (induction, beginning of treatment, and
perfusion). D: day; D-14: arrival date of the animals; D 0: date
of model induction; D 9: start of treatment; and D 60: day on
which animals were sacrificed.

candidate was originally conceived for the secondary
progressive form of MS. Recently, the action of
GEMSP was studied on 102 patients suffering from
MS."> In 72% of cases, a positive improvement in
patients treated with GEMSP was observed (ameli-
oration, stabilization of disease evolution, or clear
improvement). Moreover, no side effects were detect-
ed and the clinical data indicated safety and toler-
ability. However, these observations should be taken
with caution since the study was a clinical follow-up
of the patients, and not a randomized controlled trial.
In addition, in both EAE models (acute and chronic),
GEMSP abolished the onset of EAE, inhibited
leukocyte CNS infiltration, and prevented CNS
damage. No side effects have been described in the
animal models studied. Moreover, GEMSP exerts a
myelin-protecting role in the brain and methionine
(an amino acid component of GEMSP) has been
found inside the motoneurons located in layer IX of
the ventral horn of GEMSP-treated EAE rats.'”
These data suggest that GEMSP might be a good
candidate for the treatment of MS.

The role of GEMSP in the protection of the myelin
sheath of the optic nerve has not previously been
investigated. Therefore, in light of the aforemen-
tioned data, we studied the optic nerve of chronic
EAE animals using electron microscopy and analyzed
axonal loss, the degree of demyelination, and the
putative myelin-protecting effect of GEMSP. We
have chosen the optic nerve to evaluate the effect of
GEMSP since a large number of MS patients display
ophthalmologic damage.’

Materials and Methods
Animals

In this study, 18 Lewis 1A female rats aged 10—
11 weeks (weighing approx 190 g), obtained from
CERJ Janvier (St Berthevin, France) were used. The
animals were kept under standardized light and
temperature conditions and had free access to food
and water. The rats remained in their cages for at
least 2 weeks (adaptation period) prior to experi-
mentation (D -14) (see Fig. 1).
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Synthesis of GEMSP

GEMSP was synthesized according to patent num-
bers 6114388 (USA) and 792167 (EU). This drug is
a tailor-made combination of different compounds
linked to Poly-L-Lysine via glutaraldehyde, glutaric
anhydride, or amide bonds.'® The components of
GEMSP are detailed in Table 1.

Induction of EAE

Chronic EAE induction was performed on day 0 (D 0,
see experimental procedure, Fig. 1) in groups 1 and 2
(see below). Each rat from these groups was immu-
nized with 50 pg of MOG, purified at the laboratory
of Professor Villoslada (Pamplona, Spain).!” Myelin
oligodendrocyte glycoprotein was combined with
Freund’s adjuvant (ACF, Sigma), to which 200 pg of
heat-inactivated Mycobacterium tuberculosis H37RA
(Difco) was added. The rats were anaesthetized with
isofluorane. The MOG solution was injected once,
intradermally, at the base of the tail.

Animal groups and clinical evaluation of EAE
Two groups of animals were immunized on D 0: (1)
EAE-immunized rats treated with GEMSP (n = 8)
and (2) EAE-immunized rats treated with NaCl
(0.9%) (n = 8). A third group of animals was not
immunized (non-EAE-immunized rats treated with
NaCl) (control) (n = 2).

The animals were weighed and scored, according to
a previously described scale,'® 6 days/week through-
out the experiments by two alternating investigators.
The neurological signs of EAE, which started around
day 15 after induction, were assessed and scored
using the following scale: 0, no signs; 1, tail weakness

Table 1 GEMSP components
Families PLL components
Fatty acids Azelaic acid-PLL-Oleic acid

Azelaic acid-PLL-Palmitoleic acid
Farnesyl-L-Cysteine-PLL-Oleic acid
Farnesyl-L-Cysteine-PLL—-Palmitic acid
Linoleic acid-PLL

Oleic acid-PLL-Cholesterol

Oleic acid-PLL-Linoleic acid

Oleic acid-PLL-Myristic acid

Oleic acid-PLL-Palmitic acid

Oleic acid-PLL—-Palmitoleic acid
Oleic acid-PLL-Thioctic acid
alpha-Tocopherol-succinate-PLL
Ascorbic acid-PLL
L-Methionine-G-PLL
L-Cysteine-G-PLL

Taurine-G-PLL

Histamine-GA-PLL
L-Histidine-GA-PLL
5-Methoxytryptamine-GA-PLL

Antioxidants

Amino acids
And Derivatives

Different families of GEMSP components. The treatment took
place under identical conditions throughout the experiments,
using the same lot number. Lyophilized GEMSP was reconsti-
tuted in sterile water before subcutaneous injection. G: reduced
glutaraldehyde; GA: glutaric anhydride; PLL: Poly-L-Lysine. The
final concentration of GEMSP components, in molarity (M), was
between 1073 M and 107* M.



or tail paralysis; 2, hind leg paraparesis or hemipar-
esis; 3, hind leg paralysis or hemiparalysis; and 4,
complete paralysis (tetraplegy).

Drug or control treatments began 9 days after the
induction of chronic EAE (D 9, see Fig. 1). Since day
9 (D 9) all animals received a single daily subcuta-
neous injection of the respective solution (saline or
GEMSP). Animals in group 1 were treated with
7.5 mg of GEMSP per day (dissolved in 0.5 ml of
saline solution) and animals in group 2 received
0.5 ml of saline solution per day. After 51 days of
treatment (D 60 in Fig. 1) the animals were sacrificed
for study. The experimental design, protocols, and
procedures used in this work were performed under
the guidelines of the ethics and legal recommenda-
tions of Spanish, French, and European legislations.
This work was also approved by the Bioethics
Committee of the University of Salamanca (Spain).

Histological evaluation of spinal cords and optic
nerves

Following the perfusion of the animals in the three
experimental groups (Fig. 1), the spinal cords were
dissected out, placed in 4% paraformaldehyde in
0.1 M phosphate-buffer (PB), pH 7.2 at 4°C for 12—
16 hours and immersed in increasing concentrations
of sucrose (from 5 to 30%). Around 10-15 pm-thick
sections of the spinal cords were obtained using a
freezing microtome and were processed for Nissl,
Luxol fast Blue, or Haematoxylin-Eosin.'® Spinal
cord leukocyte infiltration was visualized with the
monoclonal anti-rat CD 45 leukocyte marker (pur-
chased from Serotec or Pharmingen and diluted 1/
500) and evaluated by semiquantitative analysis
(absence of leukocytes, low density of leucocytes,
and high density of leukocytes).'® Demyelination was
semiquantitatively estimated (traces of demyelination,
marked demyelination and extensive demyelination).'®

On D 60 (Fig. 1) animals were deeply anaesthetized
with urethane (1 g/kg, intraperitoneally), heparinized,
and perfused via the ascending aorta with 50-100 ml
of cold physiological saline (0.9% NaCl) and with
500 ml of cold 4% paraformaldehyde prepared in PB
(10 minutes). The optic nerves (the region proximal
to the eye) were excised and processed for electron
microscopy.

Electron microscopy

After extraction, the optic nerves were post-fixed for
12 hours in 2% paraformaldehyde, prepared in PB,
containing 2% glutaraldehyde. The nerves were then
washed twice with PB and kept in PB for 12 hours.
Samples were post-fixed in 1% osmium tetroxyde for
2 hours and washed twice in PB at 1 hour intervals.
Samples were dehydrated using an increasing acetone
gradient. Following 1 hour in 100% acetone, the
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specimens were treated twice for 30 minutes with
propylene oxide at 4°C. The nerves were embedded in
EPON Polarbed 812™ (epoxy resin); first using a
mixture of propylene oxide and EPON (1:1, by
volume) for 60 minutes at room temperature fol-
lowed by impregnation in EPON for 24 hours and
encapsulation and polymerization in resin for
24 hours at 60°C.

After polymerization, the EPON blocks were
trimmed, sectioned thinly (0.5 pm) and stained with
1% toluidine blue in 1% sodium borate. Ultrathin
sections (80 nm) were contrasted with uranyl acetate
and lead citrate and observed with a Phillips 301
electron microscope. Sections were photographed for
subsequent analysis.

Quantification studies

Five photographs (x 6300) were taken from each
optic nerve in all experimental groups studied. Fields
without blood vessels or glial cells were selected.
Photographs were digitalized using the program
WCIF Image J (Bethesda, Maryland, USA.). To
minimize errors caused by the differences in diameter,
the number of medium-size axons (diameter between
0.8 and 1.3 pm) per field (100 pm?), in transversal
sections of the optic nerve, was counted in all
experimental groups. The thickness of myelin was
also measured in medium-size axons. Single-blind
measurements were taken. Results from each experi-
mental group were pooled and expressed as the
mean + SEM. Statistical differences between groups
were assessed by using the non-parametric Mann-—
Whitney U test. (Statistical analysis was done with
the program Vassart Stats: www.vassartsats.net).

Results
Clinical score

Several factors must be considered when using EAE
models. An important consideration is the clinical
score of the animals and their clinical evolution. In
our study, the animals were weighed and observed
daily (6 days a week) by different researchers to
preserve objectivity. Neither the animals in group 1
(EAE-immunized rats treated with GEMSP) nor
those in group 3 (non-EAE-immunized rats treated
with NaCl) (control) showed EAE clinical signs. This
means that none of the animals in either group
developed EAE. This was expected in group 3
because the animals had not been subjected to EAE
induction. However, animals in group 1 were induced
with the same solution as animals in group 2,
indicating that the absence of EAE in group 1 might
be associated with the GEMSP treatment.

Clinical evaluation of the EAE induced animals
(group 2, treated with NaCl) showed, at the time of
perfusion, a clinical score of 1.5 (median) with a
range between 0.5 and 4. This result is in accordance
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with previously published data.'®'® Some animals
started with a score of 1 and maintained the same
score until the end of the experiment (2 months after
induction). Other animals started with a score of 3
that was maintained until the end of the experiment.
A third group of animals developed a progressive
model starting with a score of 1 or 2, which progressed
up to 4 in a variable period. As previously mentioned,
the clinical score of the animals belonging to groups 1
(EAE-immunized and treated with GEMSP) and 3
(non immunized animals) was 0.

Histology of the spinal cord

The spinal cords of the animals in the three experi-
mental groups were studied. Spinal cord histology in
the control group was found normal and no leukocyte
infiltration was observed. Animals treated with EAE-
NaCl showed high leukocyte infiltration and extensive
demyelination. However, in EAE animals treated with
GEMSP leukocyte infiltration was low and only traces
of demyelination were observed, compared to control
and NaCl-treated animals. This observation correlates
well with the observed clinical scores. Also, the re-
search agrees with the findings reported by Weissert
et al.'®

Effect of GEMSP on the axons of the optic nerve in
EAE-treated animals

Two parameters were evaluated in the optic nerve
sections to study the efficacy of GEMSP in a chronic
EAE model: (1) the number of myelinated axons
per 100 pm?; and (2) axon myelin thickness (Fig. 2).
No edema was observed in the animals after per-
fusion. To eliminate erroneous measurements, due to
differences in diameter or irregular shape, the most
abundant and homogenous population of so-called
medium-size axons (diameter between 0.8-1.3 um)
was selected (Fig. 2). Also, very warped or distorted
axons were discarded. The number of axons in a
100 pm? surface (transversal section) did not change
significantly in the EAE group treated with saline or
in the EAE group treated with GEMSP (Fig. 2E),
when compared to controls. However, the thickness
of the myelin sheath was slightly but significantly
reduced in EAE-NaCl animals (Fig. 2F) compared
with control animals. This means that a demyelina-
tion event occurred in this group. Interestingly, EAE
rats treated with GEMSP showed a significantly
augmented electron dense myelin cover compared
to both control and EAE-NaCl rats (control: 0.150 +
0.005 pm; EAE-NaCl: 0.136 4+ 0.004 um; and
EAE-treated with GEMSP: 0.173 4 0.006 pm.
Values are expressed as mean+SEM, see Fig. 2F).
Calculated P values were as follows: P < 0.05,
control group compared with EAE group treated
with saline; P < 0.001, control group compared with
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EAE-GEMSP-treated group; and P < 0.0001, EAE-
treated with saline and EAE-GEMSP-treated group.

Discussion

Using an animal model of MS showing spinal cord
histological alterations, we report, for the first time,
that, in the optic nerve, myelin damage was less
pronounced after GEMSP treatment of EAE-sick
rats and myelin thickness was significantly increased
when compared with both control animals and EAE-
NaCl-treated animals. In order to appreciate such
changes quantification was carried out, since the
variations observed in the thickness of the myelin
sheath could not be visualized by eye. Our study was
carried out using the most abundant and homo-
genous population of myelinated axons (denomi-
nated medium-size axons) located in the optic nerve,
so that erroneous estimates of the parameters
measured could be avoided.

We have found that the number of myelinated
medium-sized axons in the optic nerve did not sig-
nificantly change in EAE animals (treated with NaCl
or GEMSP) in comparison with control animals.
Thus, we did not observe a significant axonal loss in
the optic nerve in both the EAE animals and the EAE-
GEMSP-treated ones. Concerning the kinetics of
retinal ganglion cell death in a rat EAE model, it has
been suggested that loss of these neuronal cells
happens prior to clinical onset and was linked to
both a down-regulation of phospho-Akt and a shift
in the Bcl-2 family members, Bax and Bcl-2, indicat-
ing a disrupted balance of pro- and anti-apoptotic
molecules.!” 2! These studies show that myelin destruc-
tion and neuronal damage take place simultaneously
in experimental models of autoimmune demyelination,
and emphasize the critical role of invading inflamma-
tory immune cells. It has been suggested that axonal
damage is either induced by inflammation itself or is a
consequence of demyelination, and that neuronal
death could occur secondarily to axonal damage or,
primarily, in the course of inflammation. Here, in the
chronic EAE model, we have observed demyelination,
but not significant axonal loss 60 days after induction
of EAE. In a brown Norway rat model of MS that
frequently leads to optic neuritis, it has been report-
ed that before leukocyte infiltration the innate im-
mune system plays a critical role in mediating early
neurodegeneration.”” In fact, degeneration of both
axons and retinal ganglion perikarya were reported.
Similarly, after using spectral domain optical coher-
ence tomography (a potent tool for the detection of
retinal neurodegeneration) in patients suffering MS it
has been shown that retinal axonal loss begins early in
the progression of MS and increases in advanced
stages of the disease. Neuroaxonal retinal damage
occurs in MS subtypes and a significant but limited



Mangas et al. Myelin-protecting role of GEMSP in rat optic nerve

r J’ljﬂ.-i’\.“‘

NMumber of axons/100 pm?

80 -
70 4 n200 4 Thickness (pm)
k%
*%
B0 A
0,160 4
50 A
40 4 0,120 -
30 A
0,080 -
20 A
0,040 -
10 4
0 0,000
E Control EAE EAE-GEMSP-treated F Control EAE EAE-GEMSP-treated

Figure 2 Electron microscopy of myelinated axons located in the optic nerve and belonging to the three experimental groups
studied (A-D). (A) EAE-immunized animals treated with NaCl (B) non-EAE-immunized animals (C) EAE-immunized animals
treated with GEMSP. A high-power magnification of the region delimited in C is observed in (D). In A-D, small rectangles show
examples of the measured myelin sheath (E) humber of myelinated medium-size axons (diameter between 0.8 and 1.3 pm) per
100 pm"’ in optic nerve transversal sections from control, EAE, and EAE-GEMSP-treated rats. The results are expressed as
mean + SEM of at least five measurements in each experimental group. No significant differences were found when comparing
the three groups (by using the non-parametric Mann-Whitney U test). (F) Thickness of the myelin cover in medium-size axons
(0.8-1.3 um of diameter) from optic nerve sections quantified in control, EAE, and EAE-GEMSP-treated rats. Results are
expressed as mean + SEM of at least 90 measurements in each experimental group. Asterisks denote statistical significance
assessed by the non-parametric Mann-Whitney U test (* P < 0.05, when comparing control with EAE-NaCl-treated group;
** P < 0.001, when comparing control and EAE-GEMSP-treated group; and *** P < 0.0001, when comparing EAE-NaCl and
EAE-GEMSP-treated groups).
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association of retinal neuroaxonal damage with brain
atrophy exists in MS.>*% Altogether these studies
show that neuroretinal axonal loss occurs in patients
suffering from MS. Consequently, the significance of
the increased myelin thickness, observed here after
GEMSP treatment, has to be analyzed with caution
since no direct relationship between this observation
and functional recovery can be established. This could
represent a limitation of our study since the observed
increase of the myelin sheath caused by GEMSP may
not attenuate the visual impairment of these patients.
However, clinical trials should be developed to
demonstrate this. Additionally, the possible neuropro-
tective action of GEMSP should be tested in a chronic
EAE animal model of MS.

Previously, it has been shown that the brain
leukocyte infiltration in the chronic EAE model is
high and widespread when the first EAE clinical
attack occurs. There was found to be less leukocyte
infiltration in later stages of the disease (days 60—100
after EAE induction), although the clinical signs
persisted.'® In the present study the animals were
perfused 60 days after the induction of EAE, a time
when the infiltration is considerably reduced.'®
Disease pathogenesis in classical neurodegenerative
diseases, such as Alzheimer’s, can be directly attrib-
uted to the levels of CNS inflammation; which can
also contribute to acute neuronal cell death. Thus,
a clearer understanding of the progression of these
damaging events may be beneficial for MS re-
search and also for other diseases that are primarily
non-inflammatory.

Effects of the GEMSP dose on EAE

It has previously been reported'®!¢ that the admin-
istration of low doses (0.75 mg per day) of GEMSP
considerably reduces brain leukocyte infiltration,
although no effect against the development of EAE
was observed. To determine the optimal dose
exhibiting the maximum effect, a dose-range study
was previously carried out in both acute and chronic
EAE models.'™'® The results showed that the dose
used here (7.5 mg per day) completely abolished
acute and chronic EAE episodes. We observed that
there was a true dose-response effect on EAE clinical
attack, since lower doses (3.75 mg per day) were not
as effective in abolishing EAE crises, and doses of
0.75 mg/day and 1.875 mg/day were not effective at
all against the EAE crises.'® At a dose of 3.75 mg a
day, GEMSP seems to exert a strong reduction, but
did not completely abolish, EAE episodes in the acute
EAE model. For the aforementioned reasons, in this
study, we administered the higher dose (7.5 mg/
day).'® The results reported here suggest that long-
term treatment with GEMSP completely abolishes
the development of EAE in a chronic model of the
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disease. This is in agreement with previous studies'*
where GEMSP doses ranging from 0.75 to 7.5 mg/
day were tested. The results found point to a
beneficial effect of GEMSP in patients suffering from
MS.

The toxicity of GEMSP has been analyzed by
GEMACBIO (Saint Jean d’Illac, France) as well as
by an independent laboratory (EVIC, France).'® The
results revealed zero mortality in animals after a
single intravenous dose of 10 mg/kg (LDO and
LD50>10 mg/kg). The doses applied in the toxicity
study were lower than those used in the present study.
In addition, previous pharmacokinetic studies have
demonstrated that the components of the GEMSP
can be detected in serum for at least 24 hours after
a single subcutaneous injection. Moreover, serum
concentration peak of GEMSP components was
found 2 hours after the administration of GEMSP.'®

Clinical score

Clinical signs in the animals belonging to group 2
(EAE-treated with NaCl) have been observed, which
highlights the complexity of the chronic EAE model.
The variability observed in this model also reflects the
intricacy of the pathogenic processes involved the
experimentally induced disease.'® This variability can
also be observed in MS patients. Accordingly, each
animal or patient must be considered as a single
immune entity. Clinical signs were not detected in all
the EAE animals treated with GEMSP. This finding
is in agreement with a previous report in which the
chronic EAE model was developed.®! It is known that
some chronic EAE animals (approximately 10-15%)
show no clinical signs of the disease. Whilst this point
has been taken into consideration, the probability
that all eight animals in group 1 were unresponsive to
the induction of EAE is very low.

Spinal cord histology

The rat spinal cords were studied to confirm that the
disease was induced in EAE animals (treated or not
treated with GEMSP). The application of several
histological techniques allowed us to observe tissue
damage in the spinal cords of those animals. The
damage (demyelination and leukocyte infiltration)
was greater in EAE-NaCl-treated rats compared to
EAE-GEMSP-treated rats (as assessed by semiquan-
titative analysis). The data are similar to results
obtained in previous reports using the same experi-
mental model.'*'%:3

Effects of GEMSP on the myelin sheath

Axonal injury and neuronal loss, which are initiat-
ed in the early phases of MS, play an important role
in determining the extent of permanent neurologi-
cal disability. It has been reported recently that
GEMSP could decrease demyelination processes in



EAE animals.>? This study was carried out in the
intercollicular commissure using an immunocyto-
chemical technique (anti-myelin basic protein) to
visualize the myelin sheath. When marked (immu-
noreactive)/non-marked (non-immunoreactive) sur-
face was measured the values in percentage were
20.06% in control animals, 12.01% in EAE animals
treated with GEMSP, and 5.91% in non-treated EAE
animals. This preliminary study suggests that GEMSP
reduces demyelination processes in the brain. These
results are consistent with the results of the present
study. Additionally, we have shown that GEMSP
increases the thickness of the myelin sheath surround-
ing optic nerve axons.

Possible roles of the components of GEMSP
Multiple sclerosis is characterized by demyelination, a
fluctuating loss of oligodendroglial cells and axonal
degeneration. It would appear that chronic demyelina-
tion leads to gradual axonal death, which is probably a
contributing factor to the progressive form of MS.
Hence, current MS treatments, which are preferen-
tially immunomodulatory, should be complemented
with therapies aimed to prevent demyelination, not
only to restore conduction velocity but also to prevent
irreversible axonal damage.** In this context, the most
promising long-term strategy would be early interven-
tion with anti-inflammatory therapies as well as with
protective therapies that prevent oligodendrocyte and
axonal injury.

The mechanisms underlying the observed effects of
GEMSP are largely unknown. Certainly, the hetero-
geneous composition of GEMSP makes it difficult to
unravel the role of the components in isolation or in
combination. For example, 5-methoxytryptamine, one
of the components of GEMSP, is a structure related to
melatonin (a molecule that exhibits anti-amylogenic
properties),>* and carnosine and homocarnosine
have potential neuroprotective properties.*® The effects
of other components may act through mechanisms
influencing the electrical function, the cerebral blood
flow, or the autoimmune response, among other
phenomena.*®*’ Further studies are required to deter-
mine the encouraging outcomes reported here.

Reactive oxygen species (ROS) have been impli-
cated in demyelination events and in axonal damage
related to MS. Reactive oxygen species cause damage
to lipids, proteins, and nucleic acids, resulting in cell
death by necrosis or apoptosis.’** The administration
of antioxidants to EAE animals decreases the adverse
clinical signs, suggesting that antioxidants may
support cellular antioxidant defences by scavenging
free radicals and/or by interfering with gene tran-
scription, protein expression or enzyme activity.*®
Antioxidants are categorized as either scavengers or
prevention antioxidants. Scavengers (e.g., vitamin C)
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remove ROS, whereas prevention antioxidants (e.g.,
taurine, methionine, melatonin, and cysteine) hinder
the formation of new ROS. Some vitamins and some
molecules containing thiol groups (cysteine, for
instance) inhibit apoptotic mechanisms.***' There-
fore, the use of antioxidants might theoretically
prevent the propagation of tissue damage and im-
prove both survival and neurological outcome.** The
combination of GA and the main phenol found in
green tea (the epigallocatechin-3-gallate, or EGCQG)
may also be a promising strategy for the treatment of
MS. In fact, this combination tested in vitro inhibited
neural death and promoted axonal growth, whereas
in an EAE animal model the association of both
compounds delayed the disease onset and reduced the
clinical severity and the inflammatory infiltrates.*’

Deficiencies in essential FA can seriously impair
myelin synthesis.** It is therefore possible that the FA
present in GEMSP could be involved in the process
of remyelination observed here. Moreover, oleic acid,
one of the components of GEMSP, behaves as a
neurotrophic factor in neurons.*

Taking this data into consideration and with the
aim of controlling oxidative processes, antioxidants
(vitamins, amino acids, and thiol derivates) as well as
anti-inflammatory elements (FA)'> were included in
GEMSP to achieve better efficiency. GEMSP is a
mixture of different molecules linked to poly-L-lysine
by reduced glutaraldehyde linkages that achieve very
flexible bonds (free conformation in space improves
interactions and facilitates the access to the lesion
site).’! Linkage to poly-L-lysine offers other advan-
tages as well. For instance, it prevents metabolic
degradation and hence increases the half-life of the
therapeutical components. It also permits the admin-
istration of small amounts of beneficial antioxidants
and, consequently, improves free radical scavenging.

In a small sized open phase Ila clinical trial (n =
22), carried out in humans with secondary progres-
sive MS, patients received low doses of GEMSP
(0.75 mg/day, sublingual route) for 6 months.
Expanded disability status scale (EDSS) value was
determined before and after GEMSP treatment in
each patient. A stable EDSS value was maintained by
55% of the patients and 18% had decreased EDSS
values, instead of a normal progression of 0.25 points
on the mean EDSS scale.'* No side effects were
reported and GEMSP did not elicit neither biological,
nor hematological or hepatic side effects.'®*° These
results are in agreement with a follow-up study in
which 102 patients suffering from MS were treated
with GEMSP (2-6 mg/day). In 72% of patients a
decrease or stabilization of the disease evolution or
an improvement of the disease was observed.'’
Clinical state worsened in 28% of patients (they did
not respond to the treatment and the average
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worsening of disability was of 0.97 points/year) and
20% of the subjects in this study exhibited a decrease
in the progression of the disease (reduction of 45.6%).
Disease stabilization was observed in 17% of patients
and 35% presented improvement in their state (0.918
points/year).

In conclusion, we have found that in the chronic
EAE model the number of myelinated medium-sized
axons of the optic nerve did not change significantly,
but the myelin cover was reduced. Interestingly, the
treatment of EAE animals with GEMSP increased
myelin thickness over control measurements. This
suggests that GEMSP has an active role in the
control of the formation of the myelin sheath.
Further studies are needed to ascertain the precise
implication of GEMSP in the events related to the
formation and maintenance of the myelin that covers
the axons forming the optic nerve. The data reported
here and in previous work'%!*1® suggest that
GEMSP may be considered as a new potential drug
candidate for the treatment of MS, since it abolishes
crises in acute and chronic EAE models, lowers brain
leukocyte infiltration, decreases demyelination in the
brain, and increases the thickness of the myelin
sheath in the optic nerve. Further studies are required
to establish the effect of GEMSP on the ophthalmo-
logic damage observed in MS and its possible
neuroprotective role.
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