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There is a lot of evidence pertaining to the ethiopathogenetic importance of oxidative 

stress in a number of autoimmune diseases, including some immune-mediated neurological 
diseases such as multiple sclerosis. However, the role of oxidative stress and oxidative status in 
patients with myasthenia gravis is still an under-researched area. 

The aim of our research was to compare serum total and direct bilirubin, albumin, total 
proteins and creatinine levels in myasthenia gravis (MG) patients with healthy controls, and 
patients with multiple sclerosis (MS). 

The subjects were divided into three groups (92 MG patients, 68 healthy controls and 
74 MS patients). All MG patients were newly diagnosed, classified with MGFA Clinical Classi-
fication, and divided into two groups regarding onset age (early < 50 years , late ≥50 years), sex 
(male, female), thymus pathology (present, absent). 

Serum antioxidant status was significantly lower in MG and MS group compared to the 
healthy controls (p < 0.05). There was no significant difference in serum antioxidant status be-
tween patients with MG and those with MS. Regarding MGFA Classification we have not found 
any correlation with serum levels of measured parameters. 

Our findings suggested that there was a potential role of oxidative process in MG 
pathology. Among the analyzed parameters, direct bilirubin showed significantly lower value in 
women, the elderly and in the group of MG patients with pathologically altered thymus gland. 
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Introduction 
 
Oxidative stress (OS) is a disorder which ap-

pears as the result of prooxidant and antioxidant ba-

lance disturbance. When the free radical production 
overrides antioxidant capacity there is damage to 
cellular metabolism and cell structures (proteins, li-
pids, nucleic acids), which consequently results in 
cell death by necrosis and apoptosis. Antioxidants 
are substances that delay or prevent the oxidation of 
a substrate, thereby removing the chain reaction 

that creates the reactive oxidative species (ROS) (1). 
The previous research in the field of autoimmune 

and inflammatory diseases, suggested an important 

role of oxidative stress in the etiopathogenesis of 
these diseases, e.g. multiple sclerosis (MS) (2,3). 

Chronic acquired myasthenia gravis (MG) is 
an antigen-specific autoimmune disease of postsyna-
ptic neuromuscular membrane, which is characteri-
zed by the impairment of neuromuscular transmis-
sion, usually mediated by antibodies against the ni-

cotinic acetylcholine receptor (4). Myasthenia gravis 
is etiopathogenically a well defined autoimmune di-

sease, but correlation between MG and OS is still 
insufficiently explored area. Sporadic results sugges-
ted that excessive production of free radicals can 
cause the inactivation of nicotinic acetylcholine rece-
ptors and damage to the neuromuscular junction (5, 

6). There is also evidence of oxidative stress in other 
neuromuscular disorders (7). 

The results indicate a significant role of biliru-
bin, creatinine and albumin in the antioxidant protec-
tion system. There are studies that show pronounced 
antioxidant activity of bilirubin (8). Furthermore, this 

molecule plays an important immunomodulatory role 
(9). Albumin is a major antioxidant in plasma, which 
is mainly based on its role in the binding of different 
molecules (10), and values of total proteins are signi-
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ficantly lower in the plasma that has been treated 

with ROS sources (11). Creatinine is normally found 

as an energy depot in skeletal muscle, and has a role 
in the overall antioxidant status in serum and in redu-
cing global oxidative stress (12).  

 
The aim  

 
The aim of our research was to evaluate ser-

um levels of total and direct bilirubin, albumins, total 
proteins and creatinine as antioxidative status para-
meters in myasthenia gravis patients and to compa-
re these values with those in healthy control group. 
Also, our objective was to liken values of these para-

meters in patients with another autoimmune neuro-
logical disease, such as multiple sclerosis, and finally, 
to perceive the obtained values of tested parameters 

in relation of different clinical and paraclinical pati-
ents characteristics (sex, age of onset, thymus patho-
logy, disease classification). 

 

Material and methods 
 

The study included patients older than 18 

years, suffering from acquired autoimmune myas-

thenia gravis, those hospitalized in the Clinic of Neu-

rology, Clinical Center Niš, from January 2012 to De-

cember 2016, with a previous history of complaints 

for a period not longer than one year. The diagnosis 

of MG was based on the patients’ history, physical 

examination, a prostigmine test, repetitive nerve sti-

mulation test results, and the exclusion of other pos-

sible causes of symptoms, according to currently used 

criteria. We divided patients with MG into groups ac-

cording to sex, age at the time of the disease onset 

(< 50 years, ≥ 50 years) and the presence of patho-

logically altered thymic gland. Severity of the disor-

der was expressed according to the classification of 

the Myasthenia gravis foundation of America (MGFA 

Classification) at the time of serum sampling.  

All subjects with previous history, clinical or 

laboratory findings which indicate renal or liver failu-

re, diabetes mellitus, gout or some neurodegenera-

tive disorder, were excluded. One control group con-

sisted of healthy subjects, nonsmokers, with no evi-

dence of the existence of autoimmune diseases or 

other diseases with proved pathogenic role of oxida-

tive stress (e.g. diabetes mellitus, gout). The second 

control group consisted of newly diagnosed patients 

suffering from multiple sclerosis, in which disease dia-

gnosis was made on the basis of the revised Mc-

Donald criteria of 2010, and at the time the study 

was performed disease was clinically presented as 

exacerbated.  

Serum samples were taken in all subjects in 

the early morning, after 12 hours of fasting. Imme-

diately after sampling and sample-labeling, they were 

sent to a laboratory for further testing. Serum total 

bilirubin (normal range 5.0-21.0 μmol/L), direct bili-

rubin (normal range 0-3.4 μmol/L), albumin (normal 

range 35-53 g/L), total proteins (62-81 g/L) and 

creatinine (normal range 53-115μmol/L) were mea-

sured using an AU680 Chemistry Analyzer (Beckman 

and Coulter, Switzerland). At the same time, aspar-

tate transaminase (AST), alanine transaminase (ALT), 

blood urea nitrogen and blood sugar concentrations 

were also measured, to exclude patients with hepatic 

failure, renal failure and diabetes mellitus. 

All data were statistically processed by IBM 

SPSS statistical software (version 21) for Windows 

operative system. Statistically significant were consi-

dered results with p values less than 0.05. Numerical 

data are presented as mean ± SD. All statistical cal-

culations were performed using appropriated para-

metric or nonparametric tests after verification of va-

lues distribution in each group. The comparison be-

tween subgroups was performed using the Kruskal-

Wallis test. 

 

Results 

 

The serum samples were collected from 92 

patients with MG, 68 healthy control individuals, and 
72 patients with MS whose demographic characte-
ristics (sex, age of onset) are displayed in Table 1. 
The patients with MG were divided in two groups, 
according to MSCT findings of the thymus gland (pre-
sent or absent pathologic findings - thymoma and 

lymphoid thymus hyperplasia) as presented in Table 
2. Based on the clinical assessment and data from 
the patients’ history, all patients were classified acco-
rding MGFA classification (Table 3). 

The serum levels of total bilirubin, direct bili-

rubin, albumin, total proteins and creatinine were 
significantly lower in MG and MS group compared to 

the healthy control group (p < 0.05). There was no 
significant difference of the investigated parameters 
concentrations between patients with MG and those 
with MS (p > 0.05) (Table 4; Graph 1, 2, 3). 

Regarding the age of onset, we found signi-
ficantly lower values of creatinine in the early onset 
group (p < 0.05), and lower values of direct biliru-

bin, albumines and total proteins in patients with the 
late onset of disease (p < 0.05). The serum levels of 
total bilirubin, albumin and total proteins showed no 
difference (p > 0.05) between the patients of diffe-
rent sexes. The values of creatinine and direct bili-
rubin were significantly lower in the female group  

(p < 0.05).  
Regarding thymus pathology (absent / pres-

ent), we have not found any correlation to the serum 
levels of the measured parameters (p > 0.05), with 
an exception of direct bilirubin which levels were sig-
nificantly lower in the group with present thymus pa-
thology (p <0 .05). There was no statistical signifi-

cance for measured parameters between groups of 
patients on the basis of MGFA Classification, (p > 
0.05) (Tables 5 and 6). 
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Table 1. The number of examinees based on sex and age at the beginning of the disease 

 

 N Female Male <50 ≥ 50 

Myasthenia gravis 92 56 36 50 42 

Healthy control 68 40 28 40 28 

Multiple sclerosis 74 43 31 54 20 

 
 
 

Table 2. The division of Myasthenia gravis patients in relation to the thymus pathology 

 

 N Female Male 

Thymus pathology 
Absent 24 14 10 

Present 68 42 26 

 

 
 

Table 3. Number of patients according to the MGFA classification 
 

Class Description 
Number of 
patients 

Class I 
Any ocular muscle weakness. May have weakness of eye closure.  

All othermuscle strength is normal. 
19 

Class II 
Mild weakness affecting other than ocular muscles. 

May also have ocular muscle weakness of any severity. 

IIa 
Predominantly affecting limb, axial muscles, or both.  

May also have lesser involvement of oropharyngeal muscles. 
22 

IIb 
Predominantly affecting oropharyngeal, respiratory muscles, or both.  

May alsohave lesser or equal involvement of limb, axial muscles, or both. 
14 

Class III 
Moderate weakness affecting other than ocular muscles. 
May also have ocular muscle weakness of any severity 

IIIa 
Predominantly affecting limb, axial muscles, or both.  

May also have lesser involvement of oropharyngeal muscles. 
15 

IIIb 
Predominantly affecting oropharyngeal, respiratory muscles, or both.  

May also have lesser or equal involvement of limb, axial muscles, or both. 
12 

Class IV 
Severe weakness affecting other than ocular muscles. 
May also have ocular muscle weakness of any severity. 

IVa 
Predominantly affecting limb and/or axial muscles.  

May also have lesser involvement of oropharyngeal muscles. 
4 

IVb 
Predominantly affecting oropharyngeal, respiratory muscles, or both.  

May also have lesser or equal involvement of limb, axial muscles, or both. 
4 

Class V 
Defined by intubation, with or without mechanical ventilation,  
except when used during routine postoperative management. 

2 

 
 
 

Table 4. Values of total and direct bilirubin, albumin, total proteins and creatinine in serum 

 

 
Total bilirubin 

(μmol/L) 
Direct bilirubin 

(μmol/L) 
Albumin 

(g/L) 
Total protein 

(g/L) 
Creatinine 
(μmol/L) 

MG 11.09 ± 3.72 2.14 ± 1.34 61.56 ± 8.13 39.08 ± 4.16 78.50 ± 15.11 

HC 14.23 ± 5.02 2.63 ± 1.30 64.5 ± 44.44 40.50 ± 3.02 84.13 ±13.55 

MS 10.49 ± 2.75 1.80 ± 0.91 62.56 ± 5.71 39.14 ± 4.26 76.68 ± 8.82 

P1(MG vs. HC) < 0.001 0.022 0.008 0.017 0.016 
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Grapf 1. Serum total and direct bilirubin levels (μmol/L) in MG and MS patients and in healthy control (HC) group  
(p1= MG versus HC; p2 = HC versus MS; p3 = MS versus MG; p < 0.05*; p < 0.001**) 
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Grapf 2. Serum albumin, and total protein levels (g/L) in MG and MS patients and in healthy control (HC) group 
(p1= MG versus HC; p2= HC versus MS; p3= MS versus MG; p<0.05*; p<0.001**) 

 
 
 
 

p1 < 0.001*** 
p2 < 0.001** 
p3 < 0.001*** 

p1 = 0.022 * 
p2 < 0.001** 
p3 = 0.069 

p1 = 0.008* 
p2 = 0.026* 
p3 = 0.335 

p1 = 0.017* 
p2 = 0.021* 
p3 = 0.421 
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Grapf 3. Serum creatinine levels (μmol/L) in MG and MS patients and in healthy control (HC) group  
(p1= MG versus HC; p2= HC versus MS; p3= MS versus MG; p<0.05*; p<0.001**) 

 
 
 
 

Table 5. Correlation between serum total and direct bilirubin levels with the age of onset, sex,  

MGFA clinical classification, and thymus pathology in patients with MG 

 

 Total bilirubin (μmol/L) Direct bilirubin (μmol/L) 

Variables Mean SD P Mean SD P 

Age of onset   0.119   0.024* 

< 50 (n = 50) 11.7 3.4  2.5 1.9  

≥ 50 (n = 42) 10.7 4.3  1.8 1.1  

Sex   0.074   0.013* 

male (n = 36) 12.0 3.7  2.8 2.1  

female (n = 56) 10.8 4.0  1.8 1.1  

MGFA   0.275   0.058 

I (n = 19) 11.3 2.8  2.2 1.1  

IIa (n = 22) 11.4 5.6  2.1 1.5  

IIb (n = 14) 10.9 2.1  2.0 0.9  

IIIa (n = 15) 9.9 2.8  1.7 1.1  

IIIb (n = 12) 10.5 2.5  2.2 1.8  

IVa (n = 4) 13.3 6.4  3.0 2.2  

IVb (n = 4) 12.0 2.5  2.4 1.1  

V (n=2) 16.3 5.4  5.3 5.6  

Thymus pathology   0.054   0.020* 

present (n = 68) 10.0 2.3  1.65 0.7  

absent (n = 24) 11.7 4.3  2.43 1.8  

 
 
 

p1=0.016* 

p2< 0.001** 
p3= 0.361 

9 
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Table 6. Correlation between serum creatinine, albumin and protein levels with the age of onset, sex, 

MGFA clinical classification, and thymus pathology in patients with MG 

 

 Creatinine (μmol/L) Proteins (g/L) Albumin (g/L) 

Variables Mean SD P Mean SD P Mean SD P 

Age of onset   0.011*   0.013*   0.004* 

< 50 (n = 50) 82.0 14.4  59.6 7.8  37.9 4.0  

≥ 50 (n = 42) 74.8 12.0  63.8 8.0  40.4 3.9  

Sex   > 0.001*   0.902   0.212 

male (n = 36) 85.3 13.4  61.7 7.8  38.4 4.0  

female (n = 56) 74.5 12.4  61.5 8.4  39.5 4.2  

MGFA   0.327   0.545   0.158 

I (n = 19) 78.3 13.3  61.8 9.5  39.1 3.8  

IIa (n = 22) 75.7 12.8  61.8 7.6  39.9 3.9  

IIb (n = 14) 81.0 10.9  60.3 10.0  37.8 4.2  

IIIa (n = 15) 76.7 16.4  64.0 6.3  40.9 4.2  

IIIb (n = 12) 86.1 24.9  59.7 5.9  38.7 3.1  

IVa (n = 4) 81.3 30.1  55.8 7.0  33.7 3.1  

IVb (n = 4) 81.2 22.0  66.7 9.6  39.8 6.2  

V (n=2) 99.8 14.0  59.5 10.4  37.7 6.0  

Thymus pathology   0.398   0.082   0.102 

present (n = 68) 78.0 13.1  60.7 8.1  28.6   

absent (n = 24) 80.8 15.8  64.0 7.8  40.2   

 
 
 
 

Discussion 

 
The link between MG and OS has not yet 

been established, but there is evidence of low anti-
oxidative status in MG, including lower levels of 
creatinine, bilirubin, albumin, uric acid compared to 
healthy controls (13). 

Lower serum bilirubin concentrations were 
noted in patients with MG compared to the healthy 
subjects, and significantly lower values in the fe-
males were observed, but no differences in respect 
to the modified Osserman classification (14) which 
corresponds to our results (Table 5). In our study, 
the value of direct bilirubin showed significantly low-
er values in women, late onset patients with MG and 
in patients with pathologically altered thymus. 

The research conducted by Weng et al. show-
ed that values of serum albumin were lower in pati-
ents with MG in correlation with values of healthy 
subjects and that it correlated with the degree of cli-
nical presentation, so they could serve as a biomar-
ker for the severity of the disease (15). Our research 
has not demonstrated a statistically significant diffe-
rence in the value of the albumin related to the MGFA 
classification (Table 6). The ratio of serum albumin 
and clinical manifestation could be considered in the 
context of monitoring course of the disease and 

response rate for an individual patient. In here pre-
sented study, serum albumin and total proteins 
were significantly lower in late onset patients, which 
can indicate the significance of aging process for the 
mechanism of the total antioxidant defense decrea-
se. 

The contribution of creatinine in total antioxi-
dant capacity is recorded (16). Our results showed 
lower values of creatinine in the patients suffering 
from MG and MS, indicating the reduced antioxidant 
capacity in these autoimmune neurological diseases 
(Table 4). Creatinine values were significantly lower 
in the female group, which was expected. In our 
study, only the creatinine values were lower in the 
early onset patients (for total bilirubin there was no 
statistical significance between the groups and for 
direct bilirubin, total proteins and albumins the va-
lues were lower in the late onset patients) (Table 5 
and 6), which is consistent with the results of some 
previous studies on the impact of aging on the se-
rum creatinine values (17). 

In this study, the analysis of total bilirubin, 
albumin, total proteins and creatinine showed no 
statistically significant difference between the pati-
ents with and without changes in the thymus, which 
indicates that antioxidant protection is not correlated 
with the presence of pathology of the thymus (Table 

10 
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5 and 6). It should be emphasized that this was not 
the case with all tested biomarkers. Direct bilirubin 
levels were significantly lower in the group of pati-
ents with pathologically altered thymus. The que-
stion arises as to whether the altered bilirubin values 
are phenomenon associated with thymus pathology 
within the myasthenia gravis, or may have a prima-
ry pathogenetic significance in the development of 
thymus pathology. In this regard, further research is 
needed. 

Yang et al. (13) found a statistically significant 
difference in the antioxidant status between patients 
classified by MGFA classification, while the research 
conducted by Fuhua et al. (18) has not recorded the 
same differences. Our results showed no significant 
statistical difference in any of the tested parameters 
compared to MGFA classification (Table 5 and 6). 
The lack of correlation could be explained by insuf-
ficient statistical pattern (the small number of pati-
ents in IVa, IVb and V group according to MGFA 
classification). 

Oxidative stress has an impact on the acti-
vation of the complement system, which is the most 
important pathophysiological pathway that compro-
mises neuromuscular transmission in patients with 
MG (19). Further studies on the connection between 
MG and oxidative stress can be guided in that direc-
tion. The recent studies have shown elevated values 
of oxidative and gluco-oxidative modifications in 

serum proteins of patients with MG (20). Further 
monitoring of oxidative stress parameters in these 
patients is necessary, especially in order to define 
appropriate biomarkers of the severity of the disea-
se. As an advantage of our research, we emphasize 
the fact that to our knowledge, this is the first trial of 
creatinine, bilirubin, albumins and total proteins as 
antioxidant parameters (and the parameters of OS 
in general) in patients with MG, which has been 
done on a group of patients outside the Asian conti-
nent. 

 
Conclusion 
 
The results of our research showed signifi-

cantly lower values of all investigated parameters in 

MG group related to the healthy control group, 
which could suggest a potential role of oxidative pro-

cess in MG pathology. Among the analyzed parame-
ters, direct bilirubin showed significantly lower value 
in women, in patients with the late onset of the 
disease, as well as in the group of MG patients with 

pathologically altered thymus gland. None of the in-
vestigated parameters correlated with severity of the 
clinical manifestation, so further research is needed in 
order to define a biomarker of oxidative stress as a 
potential marker of clinical progression in patients suf-
fering from autoimmune acquired myasthenia gravis. 
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Postoje brojni dokazi koji potvrđuju etiopatogenetski značaj oksidativnog stresa kod 

autoimunih bolesti, uključujući i neke imuno-posredovane neurološke bolesti, poput multiple 
skleroze. Međutim, uloga oksidativnog stresa i oksidativni status kod bolesnika sa mijaste-
nijom gravis i dalje je nedovoljno istraženo područje.  

Cilj našeg rada bio je uporediti nivoe antioksidativnih markera u serumu: ukupnog i 
direktnog bilirubina, albumina, ukupnih proteina i kreatinina, kod obolelih od mijastenije 
gravis (MG) sa rezultatima dobijenim u kontrolnoj grupi zdravih ispitanika i bolesnika obolelih 
od multiple skleroze (MS). 

Ispitanici su podeljeni u tri grupe (92 bolesnika sa MG, 68 zdravih ispitanika i 74 
bolesnika sa MS). Svi bolesnici sa MG su bili novodijagnostikovani, klasifikovani prema MGFA 
klasifikaciji i bili su podeljeni u grupe u odnosu na godine početka tegoba (rani početak < 50 
godina, kasni početak ≥ 50 godina), polu i patološki izmenjenom timusu (prisutno / odsutno).  

Nivoi ispitivanih antioksidativnih markera u serumu bili su značajno niži u grupi bole-
snika sa MG i MS u odnosu na zdrave kontrole (p < 0,05). Nije bilo statistički značajne razlike 
između MG i MS grupe. U odnosu na MGFA klasifikaciju, nije evidentirana korelacija sa serum-
skim nivoima ispitavnih parametara.  

Naši rezultati ukazuju na potencijalnu ulogu oksidativnog stresa u patogenezi mija-
stenije gravis. Među ispitivanim parametrima kod bolesnika obolelih od mijastenije gravis vre-
dnosti direktnog bilirubina su bile značajno niže kod žena, starijih bolesnika i bolesnika sa 
patološki izmenjenim timusom. 
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