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Abstract

Background: Antioxidants such as vitamin C can eliminate free radicles re-
sponsible for oxidative stress. Objective: To assess the serum level of vitamin
C in a sample of multiple sclerosis (MS) patients to investigate a possible role
of vitamin C in the pathogenesis of MS. Subjects and Methods: Forty pa-
tients with MS and twenty healthy controls were included in this study. Vi-
tamin C level was estimated for each participant. Results: Serum vitamin C
levels were significantly lower among the patients (ranging from 0.28 mg/dL
to 0.75 mg/dL with mean 0.47 + 0.14 mg/dL and median of 0.46 mg/dL)
compared to controls (ranging from 0.60 mg/dL to 2.90 mg/dL with mean
1.87 + 0.61 mg/dL and median of 1.90 mg/dL) (P < 0.001). A positive correla-
tion was detected between age and serum vitamin C (r = 0.312, P = 0.049).
Patients with infratentorial lesions had significantly lower levels of serum vi-
tamin C compared to those who did not have infratentorial lesions (P = 0.017).
Conclusion: Patients with MS tended to have low serum vitamin C levels, and
younger patients had lower serum levels.

Keywords

Vitamin C, Multiple Sclerosis

1. Introduction

Free radicals are mainly derived from oxygen (reactive oxygen species/ROS) and
nitrogen (reactive nitrogen species/RNS), and are generated in response to vari-
ous endogenous systems, exposure to different physicochemical conditions or
pathophysiological states [1]. Overproduction of ROS (arising either from mi-
tochondrial electron-transport chain or excessive stimulation of NADPH) re-
sults in oxidative stress, which in turn mediates damage of cell structures such as
lipids, proteins, cell membranes and DNA [2].
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There is significant evidence that the pathogenesis of several neurological dis-
eases, including MS, may involve the generation of free radicals ROS and/or RNS
associated with mitochondrial dysfunction [3]. ROS lead to oxidative stress and
in turn have been implicated as mediators of demyelination and axonal damage
in the experimental autoimmune encephalomyelitis. ROS cause damage to car-
dinal cellular components such as lipids, proteins and nucleic acids with subse-
quent cell death by necrosis or apoptosis. In addition, weakened cellular anti-
oxidant defense systems and its vulnerability to ROS effects may increase dam-
age [4].

A balance between free radicals and antioxidants is necessary for proper phy-
siological function. If free radicals overwhelm the body's ability to regulate them,
a condition known as oxidative stress is induced. Therefore antioxidants can as-
sist in coping with this oxidative stress [5].

Vitamin C is one of the known protective antioxidant mechanisms [1]. This
may postulate a possible role for vitamin C, which is an important antioxidant
for elimination of free radicles, in the pathogenesis of multiple sclerosis (MS).
Deficiency of vitamin C, in turn, may play role in the pathogenesis of MS. The
blood of patients with MS shows the signs of a significant oxidative stress mani-
fested by low levels of some of the antioxidants [6] [7].

This study aimed to detect the serum levels of vitamin C in an Egyptian sam-
ple of patients with MS in order to investigate a potential role of vitamin C as an

antioxidant in the pathogenesis of MS.

2. Patients and Methods

This was a case control study observational study that was conducted at Ain
Shams University hospitals. The patients group included 40 patients with the di-
agnosis of MS, either relapsing remittent or secondary progressive, according to
revised McDonald criteria 2010 [8]. Relapsing remittent MS (RRMS) patients had
evidence of dissemination of space and time either clinically or based on mag-
netic resonance imaging (MRI). Secondary progressive MS (SPMS) patients had
evidence of disability progression for one year at least. Patients were included if
their age ranged from 18 to 60 years. Patients were excluded if comorbid hepatic,
renal or malabsorption diseases, also patients who received corticosteroids dur-
ing the last month before recruitment in the study were excluded. The control
group included 20 healthy, age-matched and sex-matched individuals. Patients
were recruited consecutively after their agreement to participate in the study.
Expanded disability status scale (EDSS) scoring and MRI of brain and spinal
cord (cervical and dorsal) were done for all the patients immediately after enroll-
ment in the study. All blood donors gave their written informed consent to this
study. At the time of blood withdrawal, neither patients nor controls were re-
ceiving any vitamin C supplementation for the past 6 months. The protocol of
this study was approved by the ethical committee of Faculty of medicine at Ain

Shams University.
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The blood samples were centrifuged at 2000x for 15 minutes, and then serum
was obtained and stored at —70°C. For the quantitative detection of vitamin C,
vitamin C ELISA kit provided by ASSAY Kit Co., Ltd. was used and the instruc-
tions were done according to the provided catalogue. The values of serum vita-
min C from patients and controls were noted in the laboratory of Ain Shams
University Hospitals.

The collected data of the present study was coded, tabulated, and statistically
analyzed using Statistical Package for Social Sciences (SPSS®); software program
version 17.0. Descriptive statistics for numerical parametric data was presented
as mean and standard deviation, and minimum & maximum of the range. For
numerical non-parametric ones, median and 1% & 3™ inter-quartile ranges were
presented. Dichotomous or categorical data were presented as number and per-
centage. Inferential analyses were done for quantitative variables using indepen-
dent t-test and ANOV A-test, in cases of two independent groups and more than
two groups respectively with parametric data, and Mann Whitney’s U-test and
Kruskal-Wallis in cases of two independent groups and more than two groups
respectively with non-parametric data. For qualitative data, Chi square test for
independent groups were used. The level of significance was set at a P value of
less than 0.05.

3. Results

Analysis of the demographic data showed that the case group included 10 males
(25%) and 30 females (75%), and their age ranged from 20 to 57 years with mean
age of 32.53 = 9.31. The control group included 5 males (25%) and 15 females
(75%), and their age ranged from 22 to 60 years with mean age of 33.10 £ 10.50.
The comparison between the 2 groups revealed no statistical significance as re-
gard to age and gender (P = 0.830 and P = 1.000 respectively).

The case group included 28 patients with the diagnosis RRMS (representing
70% of case group) and 12 patients with SPMS (representing 30% of case group).
Table 1 showed the clinical characteristics of the case group.

As regards the MRI findings among the case group, Table 2 illustrated the lo-
cation and number of T2 lesions. All of the patients had periventricular lesions,
while 38 patients had juxtacortical lesions, 31 patients had infratentorial lesions
and 33 patients had spinal cord lesions.

Analysis of the laboratory data showed that serum vitamin C levels were

Table 1. Clinical characteristics of case group.

Characteristics All patients RRMS SPMS
Number of patients (%) 40 28 (70.0%) 12 (30.0%)

Age of patient at onset of disease (years)

26.43 £7.31 2583 +75 26.76 £7.71
(mean + SD)
Duration of illness (years) (mean + SD) 6.28 £ 5.08 7.14 + 4.83 12.81 £ 6.22
EDSS [range, median (IQR)] 1-75452-6) 1-6,3(2-4) 6-7.5,6.5(6-7)
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significantly lower in the case group ranging from 0.28 mg/dL to 0.75 mg/dL
with mean 0.47 + 0.14 mg/dL and median of 0.46 mg/dL, when compared to
control group ranging from 0.60 mg/dL to 2.90 mg/dL with mean 1.87 + 0.61
mg/dL and median of 1.90 mg/dL (P < 0.001) (Table 3).

The correlation between the demographics and clinical characteristics of the
case group and serum vitamin C levels showed a positive correlation between
age and serum vitamin C (r = 0.312, P = 0.049) (Figure 1), while no correlation
was detected between serum vitamin C and gender (P = 0.092), the age of the
patient at the onset of disease (P = 0.125), the duration of illness (P = 0.328), and
the EDSS score (P = 0.203).

The comparison of vitamin C levels among RRMS and SPMS patients showed
non-significant difference (P = 0.959) (Table 4).

As regards the MRI findings, there was a significant correlation between the
serum levels of vitamin C and the infratentorial lesions (P = 0.017) as patients

with infratentorial lesions ranging from 1 - 5 lesions had significantly lower levels

Table 2. MRI characteristics of case group.

Characteristics All patients (n = 40)

1-5 19 (47.5%)
Total number of brain T2 lesions 6-10 12 (30.0%)
>10 9 (22.5%)

Zero 0 (0.0%)
1-5 18 (45.0%)

Number of periventricular lesions

6-10 13 (32.5%)

>10 9 (22.5%)

Zero 2 (5.0%)
1-5 20 (50.0%)

Number of juxtacortical lesions

6-10 11 (27.5%)

>10 7 (17.5%)

Zero 9 (22.5%)
1-5 30 (75.0%)

Number of infratentorial lesions

6-10 1(2.5%)

>10 0 (0.0%)
Presence of spinal cord lesions 33 (82.5%)

Table 3. Comparison between cases and controls regarding serum vitamin C level.

Serum vitamin C level (mg/dL) Cases (n = 40) Controls (n = 20) P
Range 0.28 - 0.75 0.60 - 2.90
Mean + SD 0.47 £0.14 1.87 £0.61 <0.001
Median 0.46 1.90
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Figure 1. Correlation between age and serum level of vitamin C in case group.

Table 4. Comparison between serum vitamin C level in RRMS and SPMS patients.

Serum vitamin C level (mg/dL) RRMS (n = 28) SPMS (n =12) P
Range 0.30 - 0.75 0.28 - 0.60
Mean + SD 0.46 £ 0.11 0.47 £0.18 0.959
Median 0.46 0.48

of serum vitamin C (ranging from 0.28 mg/dL to 0.66 mg/dL with a mean value
of 0.44 + 0.13 mg/dL and median of 0.37 mg/dL) compared to those who did not
have infratentorial lesions (ranging from 0.35 mg/dL to 0.75 mg/dL with a mean
value of 0.57 + 0.13 mg/dL and median of 0.58 mg/dL). There were no signifi-
cant correlations between serum levels of vitamin C and the total number of T2
lesions (P = 0.891), number of periventricular lesions (P = 0.972), number of
juxtacortical lesions (P = 0.593), or presence of spinal cord lesions (P = 0.309)
(Table 5).

Table 5. Correlation between MRI characteristics and serum levels of vitamin C.

Serum vitamin Total number of T2 lesions

Clevel (mg/dL) 5 lesions (n =19) 6 - 10lesions (n=12) >10lesions (n=9) ?
Range 0.28 - 0.70 0.29 - 0.75 0.34 - 0.62
Mean + SD 0.48 £ 0.19 0.47 £0.10 0.47 £ 0.16 0.891
Median 0.54 0.38 0.51
Periventricular lesions
1-5lesions (n=18) 6 - 10 lesions (n =13) >10 lesions (n =9) ?
Range 0.28 - 0.75 0.30 - 0.75 0.32 - 0.60
Mean + SD 0.49 £ 0.15 0.46 £ 0.15 0.47 £0.13 0.972
Median 0.55 0.36 0.50
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Continued

Serum vitamin C Juxtacortical lesions

level (mg/dL) | _ 5 [esions (n=20) 6-10lesions (n=11) >10 lesions (n=7) ?
Range 0.28 - 0.75 0.30 - 0.75 0.33 - 0.60
Mean + SD 0.47 +0.14 0.48 + 0.16 0.42 +0.12 0.593
Median 0.46 0.50 0.35
Infratentorial lesions
No lesions (n =9) 1 - 5 lesions (n = 30) ?
Range 0.35-0.75 0.28 - 0.66
Mean + SD 0.57 +0.13 0.44 +£0.13 0.017
Median 0.58 0.37
Infratentorial lesions
No lesions (n =7) 1 - 5 lesions (n = 33) g
Range 0.28 - 0.66 0.30 - 0.75
Mean + SD 0.42 + 0.15 0.48 + 0.14 0.309
Median 0.35 0.50

4. Discussion

The results from this study showed that MS patients had significantly lower level
of vitamin C compared to controls (P < 0.001). Previous studies showed that MS
patients had displayed significantly lower vitamin C level as compared to healthy
individuals [9] [10]. Although we are convinced that vitamin deficiency alone is
not an exclusive cause of MS, yet the relationship between vitamin deficiency
and the pathogenesis of MS is still an area for research. For example vitamin D
has been related to MS pathogenesis and disease progression in large cohorts
and many studies [11] [12] [13]. As regards vitamin C we tried to investigate a
possible role for vitamin C as an antioxidant in the etiology of MS. A more likely
explanation for low vitamin C levels among MS patients in this study would be
that vitamin C is consumed at an increased rate as defense mechanisms of the
body against the ongoing oxidative stress. Other non-antioxidant function of vi-
tamin C is inhibiting the binding of glutamate to the N-methyl-d-aspartate
(NMDA) receptor, with subsequent prevention of excitotoxicity exerted by the
glutamate [14].

Also the finding from this study and the above mentioned studies can support
the pathogenesis of MS as imbalance between free radicals and antioxidants.
This has to be validated in larger scales trials based on the results of this study
and other previous studies [9] [10]. It worth to mention here that the possible
role of dietary components in the pathogenesis of MS has been discovered in a
similar way; reports from small trials that latter on were verified by larger mul-
ti-centered trials and cohorts, the same story as vitamin D.

One case-control study reported that higher intakes of ascorbic acid were ne-
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gatively associated with the risk of MS [15]. On the other hand, two large co-
horts that examined the association between intake of dietary ascorbic acid and
the risk of MS in women did not find associations between intakes of fruits and
vegetables, use of ascorbic acid, or multivitamin supplements and the risk of MS
[16].

In the present study there was there was positive correlation between age and
serum levels of vitamin C. This finding, if associated with the postulation that
vitamin C is consumed at an increased rate against the ongoing oxidative bur-
den, seems to be logical especially that the pathology of MS starts in the early
stages of life, so vitamin C is early consumed among younger patients.

The serum levels of vitamin C did not correlate with the EDSS score or the
types of MS (RRMS or SPMS). This was corroborated in previous study [9]. This
may denote to a minimal role of vitamin C in the progression of the disease.
This may postulate vitamin C might be related to the etiology of the disease ra-
ther than its progression.

As regards the MRI findings, patients with infratentorial lesions had signifi-
cantly lower levels of serum vitamin C compared to those who did not have infra-
tentorial lesions. Although infratentorial lesions are strongly correlated with disa-
bility [17], low vitamin C levels are not essentially related to disability as there
was no correlation between serum level of vitamin C and EDSS scores.

The strengths of this study included the study design as a case control study,
which allowed the comparison of the serum level of vitamin C in the most
common types of MS (RRMS and SPMS) to healthy controls. One of the limita-

tions of this study may be the relatively small sized sample.

5. Conclusion

Patients with MS had lower serum vitamin C levels, compared to controls, and

younger patients, had lower serum levels.
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