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Evaluation of Some Blood Parameters in The Experimental 
Autoimmune Encephalomyelitis Mouse Model
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Abstract

Multiple sclerosis (MS) is a chronic neuroinflammatory demyelinating disorder of the central nervous system with unclear exact etiology. The 
experimental autoimmune encephalomyelitis (EAE) model in C57BL/6 mice is the most common animal model for MS sharing many clinical 
and pathophysiological features to expand our knowledge on the pathophysiology of the disease and to develop novel treatment strategies. 
The current study was designed to determine hematological parameters and plasma total protein (TP) and albumin (ALB) levels in EAE-in-
duced C57BL/6 mice to help researchers working on the EAE animal model.
EAE was induced with myelin oligodendrocyte glycoprotein (MOG35-55) peptide in the female C57BL/6 mice. The EAE clinically caused 
paralyzed tail, hind limb paresis, and uncoordinated movement in the mice. The EAE-induced mice hematologically had a statistically sig-
nificant mild increase in white blood cell (WBC) count without altering neutrophil-lymphocyte ratio but no change in vital hematological 
parameters such as red blood cell count, packed cell volume, and hemoglobin level. Moreover, the EAE led to an increase in the plasma TP 
level and attenuation in plasma ALB level in the mice.
In conclusion, our findings show that the EAE model in mice might not cause any significant change hematologically, except a slight increase 
in the WBC count, and might produce changes in the plasma protein level. As the findings of the current study, the EAE-induced blood pa-
rameter effects could consider understanding the pathophysiology of the disease and developing a novel therapeutic approach for the disease.
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Introduction

Multiple sclerosis (MS) as a central nervous system (CNS) 
disorder is not fully understood due to its complex immu-
nopathogenetic mechanisms.1-3 Moreover, MS may cause a 
different path pathology in the white and grey matters of 
CNS because of its complex mechanism.4,5 Previous studies 
mostly focused on investigating white matter damage, in 
which pathological features include inflammatory infiltra-
tion and associated blood-brain barrier disruption, demye-
lination, and glial scarring, as well as axonal damage within 
the lesions and in the normal-appearing white matter.6-9 To 

date, animal models such as experimental viral infection10 
and experimental autoimmune encephalomyelitis (EAE)11-

13 have been generated to understand the disease. 
EAE has been the most widely used model produced by 
applying immunization with myelin protein or peptides 
derived from myelin protein in susceptible animals. My-
elin basic protein,14-16 calcium-binding astrocytic protein 
S100-β,17 proteolipid protein,18 minor components includ-
ing myelin-associated glycoprotein,19,20 myelin-associated 
oligodendrocyte basic protein,21 or myelin oligodendro-
cyte glycoprotein (MOG)22-25 has been used as the antigen 
to generate the EAE model up to now. In the EAE model 
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in the rodents, it is required to use precise combinations of 
antigen and animal strain to display the clinical or patho-
logical symptoms of the disease, such as lesion topography, 
cellular composition of inflammatory infiltrate, and clini-
cal profile.26-29 
The MOG35–55-induced EAE model has been the most 
commonly used one to study early pathological and clini-
cal changes and to develop a new therapeutic approach for 
the disease.30-32 This EAE model generates a chronic pro-
gressive course in the C57BL/6 mice.33 Therefore, C57BL/6 
mice were the most chosen animal strain to develop the 
EAE model. Although the studies reported so far are main-
ly based on the pathologic mechanism of EAE and identi-
fying new therapeutic approaches, there are no studies on 
hematological parameters of EAE-induced animals. This 
study aimed to determine how the hematological param-
eters and plasma total protein and albumin levels are af-
fected in EAE-induced C57BL/6 mice to assist researchers 
working on the mechanism or novel therapeutic approach 
of EAE.

Materials and Methods
Female 8 adults C57BL/6 mice (8 weeks old, 16–20 g) were 
purchased from Animal House in the Department of Mo-
lecular Biology and Genetics at Bilkent University. The 
mice were housed as four mice per cage for one-week ac-
climation and quarantine period before starting the exper-
iments in a room with a proper care environment (20–22 
0C; 60–70% humidity; 12 h light/dark cycle). After the pe-
riod, the mice were randomly divided into two groups: the 
control and the EAE groups. Bursa Uludag University, the 
local animal ethical committee, approved all experimental 
procedures (2021-05/08).
MOG35-55 peptide (Immunostep, 181214-6) was first 
dissolved as a 200 μg peptide in 100 μl ddH2O to develop 
an EAE mice model. And then, the dissolved MOG35–55 
peptide was emulsified in 100 μl of complete Freund's adju-
vant (Sigma-Aldrich, F5506), containing Mycobacterium 
tuberculosis (BD 231141) (4 mg/ml) to inject the animals 
as the final MOG35–55 peptide solution. The EAE group 
mice were subcutaneously injected twice MOG35–55 pep-
tide solution as 100 μl for each the left and right flank side. 
Just after the MOG35–55 peptide solution injection, Per-
tussis toxin (Gibco, PHZ1174) in ddH2O (400 ng/200 μl) 
was intraperitoneally injected. The Pertussis solution was 
reinjected 48 h later in the same way. The mice in the con-
trol group were injected with PBS instead of the MOG35–
55 peptide or Pertussis toxin in the same way and the vol-
ume. Each group consisted of 4 mice. The EAE clinical 
score and body weight were recorded every two days for 
20 days after the first injection day for the mice. As report-

ed by Bittner et al.,33 clinical scores were given to follow 
disease progression, as 0, no symptoms; 1, partially limp 
tail; 2, paralyzed tail; 3, hind limb paresis and uncoordi-
nated movement; 4, one hind limb paralyzed; 5, both hind 
limbs paralyzed; 6, hind limbs paralyzed and weakness in 
forelimbs; 7, hind limbs paralyzed and one forelimb para-
lyzed; 8, hind limbs paralyzed, both forelimbs paralyzed; 9, 
moribund; 10, death. Through the experiment, it was paid 
attention that the animals, especially EAE-induced ones, 
had access to feed and water.
The experiment was terminated on the 20th day after the 
first injection. At the end of the experiment, the 250 μl 
of the blood sample for each mouse was collected in the 
tubes with EDTA by decapitating under Sevoflurane (2-4 
%/100 % O2) anesthesia. The hemogram and plasma total 
protein (TP) and albumin (ALB) levels were immediately 
measured by using Abbott CELL-DYN Ruby Hematology 
System and Abbott ARCHITECT c16000 Clinical Chem-
istry System (Illinois, USA), respectively, from the blood 
samples. In the hemogram, the red blood cell count (RBC, 
x106/mm3), the packed cell volume (PCV, %), the he-
moglobin level (Hb, g/dl), the mean corpuscular volume 
(MCV, µm3), the mean corpuscular hemoglobin (MCH, 
pg), the mean corpuscular hemoglobin concentration 
(MCHC, g/dl), the red blood cell distribution width (RDW, 
%), the white blood cell count (WBC, x103/mm3), and the 
neutrophil-lymphocyte ratio (NLR, %) were measured. 
The data in the table are given as mean with standard error 
(SEM) within *p < 0.05 significance level. Student’s t test 
performed the statistical comparison between control and 
EAE groups.

Results
The mice’s body weight did not change with EAE induction 
(Table 1). While animals in the control group did not show 
any clinical symptoms, the EAE-induced animals had the 
clinical symptom score started on day 10 after the first in-
jection (1.75 ± 0.47) and continued throughout the exper-
iment (Fig. 1). The clinical symptom score in the EAE-in-
duced animals peaked on day 15 after the first injection 
(3.25 ± 0.48), and it was 2.00 ± 0.57 at the end of the exper-
iment (20th day of the first immunization) (Fig. 1).
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Table 1. The effect of EAE on the body weight of mice.
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EAE induction in the mice did not alter RBC, PCV, Hb 

level, MCV, MCH, MCHC, and RDW compared to control 
animals without EAE induction (Table 2). However, the 
EAE induced mice had a mild but statistically significant 
(p < 0.05) increase in total WBC count without changing 
NLR (Table 2). Moreover, when compared to control mice, 

EAE induction in the animals caused a statistically increase 
in plasma TP level (p < 0.05) while a statistically decrease 
in plasma ALB level (p < 0.05; Table 2).

Discussion and Conclusion
Here, we evaluated clinical, hematological, and plasma 
TP and ALB levels in MOG35–55-induced EAE in the 
C57BL/6 mouse strain, the most commonly used host for 
gene deletion studies. Clinically the EAE caused the tail 
and hind limb paresis and uncoordinated movement in 
the mice. These clinical symptoms were consistent with the 
clinical symptoms obtained in the MOG35–55-induced 
EAE model protocol previously described by Bittner et 
al.33 As described by Bittner et al.33; the EAE clinical symp-
toms began to appear on the 10th day of inducing EAE in 
mice and reached a peak level around the 15th day. Clini-
cal observations obtained by EAE induction in the present 
study were consistent with the previously reported results 
in terms of timetable and symptoms, confirming that the 
mice can be induced with EAE in the study.27,33,34

The EAE did not affect the vital blood parameters such 
as RBC and RBC-related blood parameters, although it 
caused the clinical symptoms. All critical parameters of the 
EAE-induced animals about RBC-dependent oxygenation, 
such as RBC count, PCV, Hb level, MCV, MCH, MCHC, 
and RDW, were similar with control group animals. These 
findings can be accepted as indicating that EAE induction 
applied in the present study is working without creating a 
life-threatening in mice. No many reports on RBC in the 
EAE model. It was only reported that RBC was extrava-
sated into the CNS in the EAE animal model.35,36 Also, a 
difference in RDW in chronic MS patients according to 
healthy ones was determined.37

The current findings showed that EAE-induced mice had a 
slight increase in WBC count and caused a not statistically 
significant decrease in NLR. The differential ratio of WBC 
and the total count of WBC are widely-used biomarkers 
of systemic inflammation. Findings of neutrophilia and 
lymphopenia in response to bacterial infections or cancer 
have led to the investigation of the NLR as a biomarker that 
might reflect systemic inflammation better than the neu-
trophil or lymphocyte count alone.38 It was reported that 
neutrophils are one of the significant sources of inflamma-
tory cells to initiate EAE in the acute phase.39 The decrease 
in NLR might be due to infiltration of neutrophils in EAE 
induction. The increase in WBC count might be due to the 
immune system's reaction against brain-specific antigens, 
which are MOG35-55 and pertussis toxin solution used 
in the protocol. As a result of the response, activated my-
elin-specific leukocytes infiltrate into the CNS.40

In the current study, an increase in TP but a decrease in 
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Figure 1. The graph shows the clinical scores after the immunization 

over 20 days. EAE was induced to the mice as described in the materi-

al and method section. Clinical symptoms were scored as reported by 

Bittner et al.,33. Data are shown as the mean and standard error of the 

mean (n = 4).

Table 2. The effect of EAE on some blood parameters of mice.

At the end of the experiment, 250 μl of blood samples from each animal 

were collected in tubes containing EDTA by decapitating under anes-

thesia. The parameters were measured by using the Abbott CELL-DYN 

Ruby Hematology and Abbott ARCHITECT c16000 Clinical Chemistry 

Systems. The data was given as mean ± SEM of four rats. Statistical anal-

ysis was performed using Student t test. *p < 0.05, significantly different 

from the values of the control group.
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ALB level with EAE induction in the mice was observed. It 
was previously reported that a characteristic pattern of pro-
tein changes was observed both in the blood serum and in 
the cerebrospinal fluid in the patients with MS.41 The previ-
ous electrophoretically study revealed that MS patients had 
decreased ALB and ALB-globulin ratio values with extra 
total protein in cerebrospinal fluid.41 EAE-caused blood-
brain barrier leakage results in the extravasation of plasma 
proteins, especially ALB, into the CNS. Besides accessing 
the CNS following blood-brain barrier leakage, ALB was 
also produced by microglia cells.42 The increase in globulin 
level caused by EAE as well as injection of MOG to form 
the model might cause the observed increase in TP level. 
The leakage of ALB into the CNS seems to be the underly-
ing cause of the observed decrease in ALB level.
As a result, the induction of EAE in mice caused clinical 
symptoms, including the paralyzed tail, hind limb pare-
sis, and uncoordinated movement. Moreover, the EAE in-
creased WBC and plasma TP level and decreased plasma 
ALB level without changing vital hematological parame-
ters. The assessment of The EAE mouse model commonly 
used, as MS-like-disease, in terms of hematologic parame-
ters and plasma TP and albumin levels might present use-
ful data for researchers working on pathogenesis or novel 
therapeutic approaches of the MS disease. 
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