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Abstract: Various studies have concluded that metabolic changes related to energy alterations in
multiple sclerosis (MS) are generated at a mitochondprial level. These changes cause a loss of muscle
mass and lead to high levels of oxidative stress related to low levels of the enzyme Paraoxonase 1
(PON1). Ketone bodies, mainly beta-hydroxybutyrate (BHB), restore this energy change by
improving muscular activity. This pilot study was conducted over 4 months with 51 patients
diagnosed with MS, who were randomly divided into an intervention group that received a
Mediterranean isocaloric diet supplemented with 60 mL of coconut oil, and a control group that
received the same basal diet without coconut oil. Before and after treatment, anthropometric
measurements and blood samples were taken, measuring serum PON1 and BHB concentrations to
determine the role of PON1 in muscle improvement after increased BHB in the blood in MS patients.
A significant increase in PON1 was obtained, associated with an increase in lean mass and BHB.
Thus, it was concluded that this enzyme appeared to be a good marker of decreased oxidation status
in MS patients showing muscle improvement after increased BHB in the blood.
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1. Introduction

Multiple sclerosis (MS) is a chronic neurodegenerative disease of an autoimmune nature, which
causes high oxidative stress and progressive loss of skeletal muscle [1,2]. It affects around 2.5 million
people worldwide and is the most common cause of non-traumatic neurological disability in young
adults in the West [3]. There is currently no curative drug treatment, and the treatments used have
numerous side effects [4]. This means that non-pharmacological alternatives must be considered that
can help and improve symptoms and prognosis of the disease [5].

Among these alternatives, we can highlight those of a nutritional nature. In this sense, following
ketogenic diets has shown benefits in patients with Alzheimer’s disease, Parkinson’s disease or
epilepsy [6-10]. This type of diet enhances, after hepatic metabolism, the production of ketone bodies
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in the blood, which represent an alternative energy source for neurons [11]. Among these ketone
bodies, beta-hydroxybutyrate (BHB) is outlined as its high levels show improvements in diseases of
a neuronal nature [6]. Specifically, in relation to oxidative stress, an increase in its levels in the blood
has been linked to a decrease in free radicals, especially in the brain. As a result, BHB improves
cognitive function by protecting neurons, increasing neuronal synapses, preventing
neurodegeneration and decreasing inflammation by binding to its HCA2 receptor [12,13]. In terms of
anthropometric improvements, ketone bodies and especially BHB are involved in mechanisms
related to muscle function, being responsible for increased muscle mass which is accompanied by fat
mass loss [14].

In relation to anthropometric changes, where there is an increase in muscle mass, an increase in
serum levels of the enzyme paraoxonase 1 (PON1) has been described [15]. Paraoxonases (PONs) are
a family of antioxidant enzymes with anti-inflammatory properties, consisting of three members:
PON1, PON2 and PON3 [16]. PON1 and PON3 are bound to HDL, and PON2 is an intracellular
enzyme located in the mitochondria and endoplasmic reticulum. PON1 is a calcium-dependent
glycoprotein synthesised in the liver, whose function is to hydrolyse oxidised fatty acids and protect
LDL and HDL lipoproteins from the oxidative process [17,18]. The antioxidant activity of PON1 is
attributed to its activity in lactase, peroxidase and arylesterase. The function of PON1 as peroxidase
leads to the neutralisation of fatty acids and the degradation of H20Oz, an oxidising agent produced as
a result of oxidative stress. PON1 also exerts its action on macrophages and other inflammatory cells,
preventing cellular oxidative stress and blocking cytokine cascades that aggravate the inflammatory
process [17,19]. In chronic inflammatory processes, such as MS, the levels and activity of PON1
decrease [20]. In this sense, the reduction in its enzymatic activity is related to different factors: high
levels of ROS, physical inactivity, obesity, genetic predisposition (polymorphisms of PON1) and
medication intake [18,21-23].

Coconut oil is the source of ketone bodies that stands out, which in turn has antioxidant and
anti-inflammatory properties described in neurodegenerative pathologies, such as epilepsy and
Alzheimer’s disease (AD) [12,24]. This oil is characterised by being rich in medium-chain fatty acids
(MCFAs), the metabolism of which in the liver promotes the high synthesis of these metabolites in
the blood [6].

Based on the background described, the aim of the study is to assess the possible role of PON1
as a marker of oxidative status following possible muscle improvement in MS patients by increasing
BHB in the blood.

2. Materials and Methods

2.1. Studio Design

A pilot, analytical, experimental, prospective and quantitative study was carried out.

2.2. Subjects

The main MS societies in the Region of Valencia, Spain, were involved in obtaining the
population sample and informed their members of the nature of the study. Inclusion and exclusion
criteria were applied to the 67 patients interested in participating in the study. The inclusion criteria
used were that the patients were over 18 years of age and had not suffered any relapses in the last
year. The exclusion criteria were: pregnant or breastfeeding women, patients with heart
complications, with short bowel syndrome, with tracheotomy or stoma, with kidney conditions with
creatinine levels twice as high as normal, with liver markers increased 3 times above normal values
or with chronic liver disease, patients with dementia, with evidence of drug or alcohol abuse, with
acromegaly, with polycystic ovary syndrome (PCOS) or with MS that were included in other research
with experimental drugs or treatments. After applying these criteria, the final sample of the study
was 51 patients.
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2.3. Statistical Analysis

The statistical analysis was performed with the SPSS v.23 tool (IBM Corporation, Armonk, NY,
USA). The Mann- Whitney U test was used to compare the two groups and the Wilcoxon signed-
range test was used to assess changes before and after intake in the intervention. Categorical data
were analysed using a chi-square test. A p value below 0.05 was considered significant. Data are
presented as mean * standard deviation or number of patients and percentage.

2.4. Procedure

Once the population sample was obtained, participants were informed in detail of the nature
and objectives of the study, as well as of the importance of not varying the prescribed diet to ensure
the validity of the conclusions.

In order to corroborate compliance of the individual treatment, the team made weekly phone
calls to all participants to follow up the intervention and to collect information related to the
emergence of any kind of side effect.

2.5. Intervention

The final sample of 51 MS patients was distributed by double-blind randomisation into an
intervention group and a control group. The intervention group received an isocaloric diet for 4
months, which was adapted to the individual characteristics of each participant distributed into 5
intakes per day, consisting of breakfast, mid-morning snack, lunch, afternoon snack and dinner. This
diet was supplemented with 60 mL of extra virgin coconut oil, distributed into two 30-mL intakes
(one in the morning and one in the afternoon) with the aim of achieving nutritional ketogenesis in
the blood. On the other hand, the control group followed the same isocaloric basal diet as the
intervention group over the same 4-month period. This diet consisted of the following percentage
distribution of the 3 main macronutrients with respect to total caloric value: 20% protein, 40%
carbohydrates, and 40% lipids. Lipid composition was different depending on the group, being
mostly provided by coconut oil in the intervention group.

2.6. Measurements

The following measurements and determinations were carried out just before and after the 4-
month intervention, under identical conditions and by the same researcher for each patient.

- Anthropometric measurements: The Faulkner method was applied, following the protocol
stipulated by the International Society for the Advancement of Kineantropometry (ISAK).

- Blood analysis and markers: All participants had their blood drawn, just before and after the 4
months and at the same time (9 a.m.) on an empty stomach. After collecting the samples, they
were centrifuged to separate the serum from the plasma. BHB levels were calculated with a
commercial kit (Randox Laboratories, Crumlin, UK) and PON1 activity was measured using 4-
nitrophenyl acetate. In both cases, an automatic clinical biochemistry analyser was used
(Olympus A 400, Tokyo, Japan).

3. Results

3.1. Population Sample

A sample of 51 patients with MS was analysed, divided into control and intervention groups,
whose socio-demographic and clinical characteristics are shown in Table 1. There were no significant
differences between the two groups in the variables analysed before the start of the intervention.
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Table 1. Sociodemographic and clinical characteristics of the study population.

Group
CG 1G
Chi2 P
N=24 N=27
Frequency % Frequency %

Relapsing-Remitting 17 70.8% 20 74.1% .067 .796
Types of MS

Secondary- Progressive 7 29.2% 7 25.9%

Male 10 41.7% 5 18.5%
Gender

Female 14 58.3% 22 81.5% 3.279 .070

Mean SD Mean SD z p

Age (years) 49.83 12.42 44.56 11.27 -1.558 119
Time since diagnosis (years) 14.25 8.36 11.93 9.7 -1.428 153
Muscle mass (%) 38.38 4.15 39.39 2.88 -.547 584
BHB (Mmol/L) .05 .02 0.06 .04 -.932 .351
PON1 (UI/L) 2.88 77 2.67 .62 -.832 405

Z: U of Mann-Whitney; GC: Control Group; GI: Intervention Group; MS: Multiple Sclerosis; SD:
Standard Deviation; PON1: Paraoxonase 1; BHB: Beta-hydroxybutyrate.

3.2. PON1, BHB Levels and Muscle Mass Percentage.

With regard to the results of the intervention, the following table (Table 2) shows that there were
no significant differences in the control group either in the molecules determined in the PON1 and
BHB blood samples, or in the anthropometric variable of muscle percentage. However, when
analysing the same results for the same variables in the intervention group, significant differences
could be observed in all of them after 4 months of intervention. In particular, there was a significant
increase in the levels of PON1 and BHB in the blood after the intervention, as well as in muscle

percentage that also increased significantly.

Table 2. Comparison between the values obtained pre-test (before the intervention) and post-test
(after the intervention) of the variables paraoxonase 1 (PON1), beta-hydroxybutyrate (BHB) and
muscle mass percentage in the control group and intervention group.

Control Group Intervention Group
Pre Post Pre Post
Mean SD Mean SD V4 p Mean SD Mean SD z p
PON1 (UI/L) 2.88 77 2.87 82 -1.586 113 2.67 62 292 068  -3.722 .001*
BHB (Mmol/L) .05 .02 04 04 -1.254 210 06 04 10 .10 -2.005 .045%

Muscle Mass (%) 38.38 415 37.79 414  -1738 082 39.39 2.88 40.22 2.86 -2.955 .003*

Z: Wilcoxon test; BHB: Beta-hydroxybutyrate; PON1: Paraoxonase 1; SD: Standard deviation.

4. Discussion

There is scientific evidence on the relationship between diet and reduced symptoms of
neurodegenerative diseases such as AD, Parkinson’s disease, epilepsy and others [11]. As far as MS
is concerned, although it differs from other neurodegenerative diseases in terms of clinical and
pathogenic conditions, it shares common processes, with a high level of oxidative stress being
particularly evident [3]. This fact, alongside the current lack of therapeutic cure for MS, leads us to
consider the intervention with coconut oil as a source of BHB in the blood in this study. Coconut oil
has already shown benefits in other neurodegenerative diseases [24-26].

After the intervention, which was based on administering large amounts of medium-chain fatty
acids contained in an isocaloric diet supplemented with coconut oil, a significant increase in BHB was
observed in the intervention group that did not occur in the control group. In this sense, other
published studies indicate that the fats provided by coconut oil have a neuroprotective effect as they
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increase the percentage of BHBs that have anti-inflammatory properties [24,26]. They are also related
to an increase in lean mass, which in these patients decreases progressively as the disease progresses
[8,14,26,27]. Therefore, the results of our study would coincide with those obtained by other authors,
in which the production of ketone bodies through the diet was related to improvements in
metabolism and motor function [8], since we observed that there was a significant increase in the
percentage of muscle in the patients who received the coconut oil that did not occur in the control
group. In addition to the satiating effect, the effect of BHB related to anthropometric changes
characterised by an increase in muscle mass has also been associated with the ability to restore
mitochondrial activity, predictably by a decrease in ROS and RNS [5,8,28].

On the other hand, a significant increase in the levels of PON1 synthesised in the liver is
observed in the intervention group. PON1 is a marker associated with low levels of oxidative stress
and inflammation [19]. Neuroprotective properties have been attributed to this enzyme, which is an
integral part of HDL, as well as an important role in the prevention of atherosclerosis [29]. As regards
its location, it has been found in various types of tissue, including skeletal muscle [30]. In this sense,
increased levels of PON1 in the blood are in turn related to greater oxygen consumption and greater
muscular strength [31] which would explain how it is positively correlated with increased muscle
mass in other pathologies [15]. In addition, lower activity of PON1 is linked to the development of
neurodegenerative diseases [29]. Therefore, our results could indicate that muscle improvement
could be related to significant increases in the enzyme in MS. Thus, we believe that further research
should be conducted to investigate the possibility that PON1 may be used as a diagnostic tool to
improve the oxidative state of this disease, when motor improvements related to decreased oxidative
stress occur.

However, despite the results obtained, we found clear limitations to be taken into account for
future trials. As this is a pilot study, the population used in the study has been limited, so we propose
to replicate the study with a more representative population. In this sense, it would be interesting to
see the evolution of the levels of PON1 and BHB throughout the intervention, and not only before
and after the study in order to better understand the behaviour of both molecules and their
relationship throughout the intervention.

5. Conclusions

Responding directly to the proposed objective, it is concluded that the enzyme PON1 could be
related to oxidation status when muscle improvement occurs in MS patients, after an increase of BHB
in blood.
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