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Abstract Urine is a proven source of metabolite
biomarkers and has the potential to be a rapid, noninvasive,
inexpensive, and efficient diagnostic tool for various
human diseases. Despite these advantages, urine is an
under-investigated source of biomarkers for multiple scle-
rosis (MS). The objective was to investigate the level of
some urinary metabolites (urea, uric acid and hippuric
acid) in patients with MS and correlate their levels to the
severity of the disease, MS subtypes and MS treatment.
The urine samples were collected from 73 MS patients-48
with RRMS and 25 with SPMS- and age matched 75
healthy controls. The values of urinary urea, uric acid and
hippuric acid in MS patients were significantly decreased,
and these metabolites in SPMS pattern showed signifi-
cantly decrease than RRMS pattern. Also showed signifi-
cant inverse correlation with expanded disability status
scale and number of relapses. Accordingly, they may act as
a potential urinary biomarkers for MS, and correlate to
disease progression.
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Introduction

Multiple sclerosis (MS) is a demyelinating disease of the
central nervous system (CNS) characterized by selective
loss of myelin sheath encapsulating the neuronal axons [1].
It is a complex neurological disease with a variable clinical
course and several pathophysiological mechanisms, such as
axonal/neuronal damage, demyelination, inflammation,
gliosis, remyelination and oxidative injury. Alterations of
the immune system together with biochemical disturbances
and disruption of blood-brain barrier are also involved in
pathomechanisms of MS [2].

Patients with MS are classified according to their clin-
ical phenotype, with ~85% following a relapsing-remit-
ting course (relapsing-remitting multiple sclerosis RRMS).
Approximately 15% of patients follow a primary progres-
sive course from disease onset, and half of relapsing-
remitting patients develop a secondary progressive course
within 20 years of disease onset (secondary progressive
multiple sclerosis SPMS) [3].

Treatment of MS is more effective during the early
course of the disease when symptoms are mild [4]. Thus,
the early diagnosis of MS is critical in order to quickly
initiate treatments that slow the progression of the disease
and improve the quality of a patient’s life [5].

The biomarker research field is very active in MS.
However, despite the large numbers of candidate molecular
biomarkers proposed, very few biomarkers have been
validated and used in clinical practice. A definitive diag-
nostic test for MS does not exist; instead physicians use a
combination of medical history, magnetic resonance
imaging, and cerebrospinal fluid (CSF) analysis. Signifi-
cant effort has been employed to identify biomarkers from
CSF to facilitate MS diagnosis; however, none of the
proposed biomarkers have been successful [6].
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Cerebrospinal fluid collection is an invasive procedure;
therefore it is sampled only for a limited number of time-
points, usually for first diagnostic investigation. More
easily and less invasively collected are blood and urine
samples. The main disadvantage of blood is the diurnal
variation of many soluble markers, affected by systemic
infections and biological degradation in the liver or by
excretion in the kidney [7].

Urine is a proven source of a many biomarkers and has
the potential to be a rapid, noninvasive, inexpensive, and
efficient diagnostic tool for various human diseases.
Although holds significant promise, the analysis of urine
samples for MS biomarkers has only been minimally
investigated [8].

However, there are some urinary markers which were
suggested to be of great value in diagnosis of MS like
urinary melatonin which was found to be decreased in
patients with multiple sclerosis [9], levels of urinary
neopterin and nitric oxide metabolites [10] and free light
chains [11]. So, urinary metabolites may present a potential
valuable approach for diagnosing MS and evaluating the
in vivo efficacy of MS drug candidates [12].

Previously, it was reported that metabolomics analysis
of urinary markers of MS using animal model of MS
(EAE) demonstrate the potential of using some urinary
metabolites as a source of biomarkers for MS (Ex. hippu-
rate, citrate, urea, taurine and fructose) [5]. Herein, we
report some metabolites analysis (urea, uric acid and hip-
puric acid) of human urine samples collected from MS
patients and healthy controls.

Urea is critical for maintaining ammonia and amine
nitrogen homeostasis through its role in amino-acid meta-
bolism, so impaired urea-cycle activity can lead to hyper-
ammonemia which is a major component of certain classes
of acute neurological disturbances [13, 14].

A number of studies showed that neuroinflammation
that occurs in several neurologic disorders, including MS,
directly induce the production of nitric oxide and super-
oxide, leading to a vast increase in peroxynitrite formation,
which induces demyelination through its ability to induce
lipid peroxidation of the highly fatty myelin sheaths, and
make axonal damage through inducing oxidative stress and
DNA damage [15].

Uric acid is a potent antioxidant found throughout
extracellular fluid, as sodium urate, and is thought to
account for more than half of the antioxidant capacity of
plasma. It has been suggested that uric acid may have
neuroprotective influence as a scavenger of reactive nitro-
gen and oxygen radicals as peroxynitrite. A powerful
antioxidant effect of uric acid on neurons has been
demonstrated through in vivo and in vitro studies [16].

Hippuric acid, the glycine conjugate of benzoic acid, is a
normal component of urine with a strong association with
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diet and the intestinal microbiota. As well as being part of
the endogenous urinary metabolite profile, hippurate has
other specific uses; it has been identified as a biomarker for
high dose exposure to certain toxic compounds such as
toluene, and is also commonly used as a measure of renal
clearance [17].

Although hippuric acid (mammalian-microbial co
metabolite) does not have causal relationship to the MS
disease but it reflect the pathogenesis to some degree since
it was described a difference in specific operational taxo-
nomic units of gut microbiota in MS patients, also indi-
cated that immunomodulatory medications cause
alterations in the gut microbiota of MS patients. So, there is
a potential role of gut microbiota in the pathogenesis and
treatment of MS [18].

The aim of this study was to evaluate the urinary levels
of urea, uric acid and hippuric acid and their potential use
as preliminary diagnostic biomarkers in MS disease.

Patients and Methods

In this study 148 subjects were included (62 males, 86
females), categorized into two main groups; the first is MS
patients group (n = 73) (20 males and 53 females), the
second group comprised of 75 healthy control subjects (42
males and 33 females). All healthy controls were screened
for neurological and other major medical illnesses and
were age matched to MS group.

The MS patients were recruited from the Neurology
department of Kasr Al Ainy hospital, Cairo, Egypt. The
diagnosis of MS was based on the revised McDonald cri-
teria [19], the patients group were further sub classified into
relapsing—remitting (RRMS) (n = 48, 35 females and 13
males) and secondary progressive (SPMS) (n = 25, 18
females and 7 males.). Clinical severity, neurological dis-
ability were quantified using Kurtzke’s Expanded Dis-
ability Status Scale (EDSS) [20] and Progression Index (PI;
calculated as disability grade divided by the duration of the
disease) [21]. The clinical and demographic characteristics
of all subjects included in the study were shown in Table 1.
All subjects also were screened for any urinary tract
infection and other urological or renal abnormalities. Urine
samples were assessed for the presence of albumin (in
order to exclude renal abnormalities) at the time of sam-
pling using commercial dipstick analysis for albuminuria).

All subjects gave written informed consent prior to their
participation in the study. The study was performed
according to the regulations and recommendations of
declaration of Helsinki with approval number (002H-16).

Urine samples from all groups were collected as spot
urine according to the suggested method of sampling pro-
vided by the kit manufacturer. The patient was asked to
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Table 1 Demographic and

clinical characteristics of MS Parameters Healthy controls MS patients

patients and healthy control Age (30.44 + 1.03) (33.01 + 0.82)

group (Mean + SEM) Range (20-50 years) Range (2047 years)
Sex 33 (44%) female 53 (72.6%) female

42 (56%) male 20 (27.4%) male

EDSS - (3.86 £ 0.22)
(Mean + SEM)
VEP - 52 abnormal

Oligoclonal band -

Total no. of attacks -
(Mean + SEM)

Duration of disease

(Mean + SEM)

Age at disease onset

(Mean + SEM)

Type of treatment

21 normal

20 positive
14 negative
39 not found
(4.87 £ 0.33)

(6.4 £ 0.53) years

(27.29 + 0.8) years

Interferon beta-1a (9 patients)

Interferon beta-1b (11 patients)
Azathioprine (3 patients)
Cyclophosphamide (8 patients)

Monthly methylprednisolone (42 patients)

EDSS expanded disability status scale; VEP visual evoked potential

empty his/her bladder at the morning into a sterile poly-
ethylene cup before breakfast and administration of drug
treatment and before the monthly infusion of methyl
prednisolone treatment. Urine samples were a liquated into
three epindorf tubes for determination of urinary urea, uric
acid and hippuric acid levels and processed without any
additives within 2 h after collection.

Uric Acid Determination

The concentration of uric acid in urine was determined using
colorimetric enzymatic assay according to the Trinder method
[22] using the Spectrophotometer. Urine was diluted 1:10 with
physiological solution (saline 0.9% NaCl) and the analysis
was done according to the kit procedure (Bio Med-Uric acid-
Egypt). Results were expressed as mg/dl of uric acid.

Urinary Urea Determination

The concentration of urea in urine was determined using
colorimetric enzymatic assay [23] using the Spectropho-
tometers. Urine was diluted 1:50 with physiological solu-
tion (saline 0.9% NaCl) and the analysis was done
according to the kit procedure (Bio Med-Urea-Egypt).
Results were expressed as g/dl of urea.

Urinary Hippuric Acid Determination

The concentration of hippuric acid in urine was determined
using colorimetric assay [24]. Urinary Hippuric acid (HA)
dissolved in pyridine (1:1) produces an orange colour when
benzenesulfonyl chloride (BSC) is added, according to the
following procedure: HA standard solution (0.4 mg/ml)
prepared by dissolving 100 mg of hippuric acid (Merck
Chemical, Rahway, N. J. 07065) in water and diluted to
100 ml then 2 ml of the stock solution was diluted to 5 ml
with water on the day of use.

0.5 ml of urine + 0.5 ml of anhydrous pyridine were
mixed, and then 0.2 ml of BSC was added and mixed. Then
the colored solution was allowed to stand for 30 min at
room temperature (20-25 °C), diluted to 5 ml with ethanol
and well mixed. Then measure at 410 nm. Results were
expressed as mg/ml of HA.

Statistical Analysis

Differences in variables were analyzed using Student t,
ANOVA tests using SPSS package version 22 of windows
(Chicago, IL, USA 2013). Probability values <0.05 were
considered statistically significant. Linear regression anal-
ysis and graphs were plotted using Graphpad Prism 5 (For
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Windows, 1992-2007 Graphpad software Inc., V 5.01,
USA).

Results

The mean urinary values of urea, uric acid and hippuric
acid in MS patients (1.85 %+ 0.83 g/dl), (39.59 £ 2.1 mg/
dl) and (0.69 = 0.05 mg/ml) respectively were signifi-
cantly lower than those of control group (2.94 £ 0.83 g/
dl), (75.87 £2.29 mg/dl) and (1.21 £ 0.075 mg/ml)
respectively (P < 0.0001) as shown in (Fig. la—c).

It was found that mean values of urinary urea, uric acid
and hippuric acid in SPMS pattern were significantly lower
than RRMS pattern as in (Table 2).

Pearson correlation revealed that urinary metabolites
(urea, uric acid and hippuric acid) were negatively corre-
lated significantly with EDSS and number of relapses as
shown in Figs. 2a—c and 3a—c. Also there was a negative
correlation with PI and duration of disease but did not
reach significance as shown in (Table 3).

Discussion

The use of effective biomarkers has great significance for
the prognosis, diagnosis and treatment of many diseases.
Urine is not subject to homeostatic mechanisms and
accommodates many changes that may reflect status of the
body [25]. These changes may be used as promising

Table 2 Mean urinary levels of urea, uric acid and hippuric acid in
different disease patterns (RRMS and SPMS)

RRMS SPMS

n =48 n =25
Urea (g/dl) 1.97 £ 0.11 1.62 £ 0.13* P < 0.05
Uric acid (mg/dl) 4327 +£2.68 325+ 287** P <0.01
Hippuric acid (mg/ml) 0.81 £ 0.07  0.47 £ 0.04*** P < (0.001

Values expressed as mean £ SEM

* P <0.05, ** P <0.01, #* P < 0.001 using unpaired t-student test
followed by Welch’s correction

biomarkers [26]. Currently, most studies on urinary
biomarkers have focused on kidney diseases due to the
close relationship between the kidneys and urine [27]. The
lack of attention to urinary biomarkers in other diseases,
like MS which is considered as one of the brain diseases,
may be due to the fact that anatomically, the brain and
urine are not closely related. Most brain disease studies
have focused on cerebrospinal fluid (CSF) and blood
[28, 29]. However, there are only a few urinary biomarker
studies on brain diseases.

The study of the biomarkers in MS disease is very
limited especially urinary level of urea, uric acid and hip-
puric acid so this study is one of a few studies that
investigate the urinary levels of these metabolites in MS
patients. In this study, it was found that urinary urea level
in MS patients was significantly lower than healthy control.
This result come in accordance with results obtained from
Gebregiworgis et al. [5], who found that EAE (animal
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Fig. 1 The mean urinary value of urea, uric and hippuric acid in
MSpatients and control groups. a Urinary area level (g/dl), b urinary
uric acid level (mg/dl) and ¢ urinary hippuric acid level (mg/ml) of
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control and MS patients, expressed as mean £ SEM. *** P < 0.0001
using unpaired t-student test followed by Welch’s correction
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Table 3 Simple linear

. . . Variable Urea Uric acid Hippuric acid

regression analysis using

urinary urea, uric acid and r P value r P value r P value

hippuric acid levels as

dependent variable in MS EDSS —0.44 P <0.001%*%* —04 P <0.001*** —0.28 P < 0.05*

patient group Progression index (PI) —0.23 P > 0.05 —0.21 P > 0.05 —0.016 P >0.05
Duration of disease (year) —0.044 P > 0.05 —0.062 P > 0.05 —0.093 P> 0.05
Number of relapses —-035 P <0.01** —-0.27 P <0.05% —-035 P <0.01**

EDSS expanded disability status scale; r Pearson rank correlation coefficient
*P < 0.05, **P < 0.01, ***P < 0.001

model of MS) have lower urinary urea level. Urea cycle
activity takes place primarily in the liver. Mangalam et al.
[30], on his study on EAE found that several major path-
ways affected in the liver include bile acid biosynthesis,
taurine metabolism, tryptophan and histidine metabolism,
and also citrulline was down regulated which affect urea
cycle and arginine metabolism.

In autoimmune diseases like MS, citrulline down regu-
lation may be due to its consumption in excessive protein
citrullination including myelin basic protein that triggering
autoimmunity [31]. So the consumption of citrulline may
be the potential reason of decreasing the urea concentration
in the present study.

Malnutrition is often identified in patients affected by
acute or chronic diseases. Dysphagia, a potential con-
tributing factor to malnutrition, is a frequent symptom in
degenerative chronic illness such as in MS [32]. Also,
Sorgun et al. [33] found malnutrition was more prevalent in
MS patients than in other chronic diseases. This malnu-
trition may affect protein intake and subsequently may
decrease urea level in body fluids since it is the product of
protein catabolism.

The current study also demonstrate that, urea level was
negatively correlated to severity of MS disease markers
(EDSS and total number of relapses), it was found that MS
patients with secondary progressive form had lower urinary
urea level than relapsing remitting form, this might indicate
that urinary urea level may have a relation with disease
progression.

Uric acid is a natural anti-oxidant and a peroxynitrite
scavenger, it accounts for up to 60% of the free radical
scavenging activity in human blood. In vitro studies
demonstrated that urate levels may reduce the neurons
damage caused by reactive oxygen species, peroxynitrite
and glutamate excitotoxicity [15].

However, several reports investigated serum urate levels
in patients with MS compared to neurological and healthy
controls, with conflicting results. Rentzos et al. [34] indi-
cated no change in serum uric acid levels in MS patients
compared to controls and Amorini et al. [35] found that
there was an increase in plasma/serum uric acid of MS
patients. But Zoccolella et al. [36] indicated that serum
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urate levels were lower in female-MS, compared to those
in female of healthy control. But the studies on urinary
level are very limited, so this study is unique in investi-
gating the urinary level of uric acid in MS patients.

In the present study, we found a significant decrease in
urinary concentrations of uric acid in MS patients. The
probable explanation for this finding is that brain uric acid,
acting as a potent peroxynitrite scavenger, is oxidized in
consequence of the increased nitric oxide generation. The
final result would be a significant decrease in uric acid
circulating level. In contrast to these results,

On the other hand, several studies agree with our results
favoring the view that reduced uric acid in MS is secondary
to its peroxynitrite scavenging activity during inflamma-
tory disease activity, rather than a primary deficiency
[16, 37, 38]. Also, in this study it was found that urinary
uric acid level was lower in SPMS than RRMS and
inversely correlated with disability score (EDSS and
number of relapses) which agree with Markowitz et al. [39]
who found that inosine treatment (precursor of uric acid)
increased serum uric acid levels and was associated with a
significant decrease in the number of gadolinium enhanced
lesions and improved EDSS. Also, Guerrero et al. [40]
observed that lower uric acid levels in MS patients are
connected with clinical relapse of MS and correlated with
disability of MS patients assessed by EDSS score which is
consistent with our results. In contrary, Peng et al. showed
that UA levels do not correlate with MRI activity, dis-
ability or subtype of disease in MS patients and NMO
[41, 42].

Hippuric acid, a conjugate of benzoic acid with glycine
has been a major human metabolite for years. However,
hippurate has other specific uses; it has been identified as a
biomarker for high dose exposure to certain toxic com-
pounds such as toluene [43] and is also commonly used as
a measure of renal clearance [44]. Benzoic acid (sodium
benzoate), a metabolite of cinnamon which found also in
polyphenol-rich components of the diet such as vegeta-
bles and fruit. Is a widely used food additive, which is long
known for its antimicrobial effect [45, 46].

Studies in the urinary level of hippuric acid in MS
patients are very limited; the current study demonstrated a
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significant decrease in urinary hippuric acid concentration
in MS patients, this lower level of hippuric acid may be due
to an intrinsic deficiency in glycine conjugation or benzoic
acid deficiency.

Gut microbiota is one of the most significant factors in
determining the rate of hippurate production. Authors
found a lot of similarities between inflammatory bowel
disease (IBD) as (Crohn’s disease and ulcerative colitis)
and MS; MS is one of the diseases that affect gut micro-
biota [47-49]. It was found that hippurate excretion was
significantly lower in patients with ulcerative colitis and
Crohn’s disease. It was reported that the difference in
hippurate excretion was a reflection of differences in the
intestinal microbiota of the different disease groups [50].
Also, Williams et al. [51] supported this theory in Crohn’s
disease patients as urinary hippurate concentrations were
found to be significantly lower in patients with Crohn’s
disease, compared to controls. This might explain the lower
urinary level of hippurate in MS patients. Furthermore,
many studies showed decreased excretion of hippurate in
patients with other neurological disorders such as
schizophrenia and depression [17].

In conclusion, this study gives some promising results,
indicating that lower levels of urinary urea, uric acid and
hippuric acid in MS patients may be potential applicable
biomarkers of clinical value. Also their precursors (inosine)
may have some therapeutic application in MS.

These metabolites could be used as biomarkers for
monitoring disease activity in MS as they correlated to
EDSS and number of relapses. Based on this study,
searching in MS biomarkers in urine would open new way
to find more MS biomarkers for clinical application if
proved to be reliable. Further clinical studies are needed to
verify these findings.
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