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Abstract
Background Experimental Autoimmune Encephalomyelitis (EAE) is an animal model of Multiple Sclerosis
(MS). This study was conducted to evaluate the e�cacy of Dicrocoelium ova on Experimental
Autoimmune Encephalomyelitis (EAE) treatment in C57BL6 mice.

Methods Twenty-eight C57BL/6 mice were assigned in four groups as control(C), prophylaxis (P),
treatment1 (T1), and treatment2 (T2). Prior to induction of EAE in prophylaxis group and on days 7 and
18 in T1 and T2 groups, respectively, Dicrocoelium eggs were injected to each mouse. Clinical score,
weight changes, and incidence time of EAE were recorded. IFN- γ and IL-4 assay and histopathological
study by (H&E) and Toluidine-Blue (TB), and Luxol Fast Blue (LFB) were done. Data were analyzed using
SPSS software version 21.

Results The disease score was signi�cantly lower in P and T1 groups than the control group (p=0.01).
IFN- γ was lower in P and T1 groups than the control group. The highest level of IL-4 was observed in the
T1 group. The total number of Neuroglia cells of corpus callosum was similar in all groups, but density
increased in T1 group compared to the control group (P = 0.03).

Conclusions : The results of the study showed that, Dicrocoelium eggs have the great potential e�cacy to
stimulate immunomodulation toward treatment of EAE during the initial phase.

Background
A dramatic increase has been observed in the prevalence of autoimmune diseases in populations who
have born in developed countries during1980-1999 [1, 2]. Expansion of in�ammatory diseases has been
coincided with the improvement of vaccination and antibiotics consumption over such a short time [3].
These mentioned factors prevent the natural contact of individual’s immunity with infectious agents
,which contributed to the development of immune system disorders suggesting the popular hygiene
hypothesis [4]. Multiple Sclerosis(MS) disease is mediated with autoimmune CD4+ Th1 and Th17

responses [5, 6]. There are documented evidences showing IFN-γ (Th1) is abundant in CNS of patients
suffering from MS. Moreover, it is responsible for aggravation of their signs and symptoms [7],[8].
Experimental Autoimmune Encephalomyelitis (EAE) is an animal model of demyelinating disease so
called MS in human. EAE extensively helps us to clarify the role of some speci�c cells in the pathology of
MS. [9]. Helminths are known to be the dominant immune regulators with more than 20 different
mechanisms for induction of immune regulation [10, 11]. Infections with helminth can shift the immune
system toward Th2 responses and suppress the Th1, Th17 immune responses and induce M2 macrophage
differentiation [12, 13].Especially, IL4 (Th2) is mostly effective in suppression of Th1 pro in�ammatory
cells and diminishes the production of TNFα and IL1 [14, 15]. Helminths also develop the activity of Tregs
consequently suppressing the increase in Th1 in�ammatory productions in autoimmune diseases. In
spite of extensive researches, treatment of MS has been remained unsolved. In addition, long time drug
use is ineffective, which might be followed by severe toxic side effects.
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There are controversial notions about helminth therapy of MS due to the existence of some limitations in
treatment of patients with live worms, and it might be harmful for humans. Immunoregulation by
helminths components could be more safe and reliable [13]. In this study, the effect of Dicrocoelium ova
administration as crud antigens in treatment of EAE was investigated. This study was conducted
because of high overall prevalence of MS (about 11.4%) in Iran [16] .Also, Dicrocoelium spp.is the most
common liver �uke found in the ruminants in Iran [17].

Methods
Animals

Twenty-eight, 5-6 -week-old C57BL/6 female mice were purchased from Rouyan Institute of Iran (Tehran)
and were housed in the pathogen-free animal lab, at 23±2o C, with a relative humidity of 50±5 % and a 12-
h light/dark cycle. Facilities regarding the access to food and water supply were provided for the
paralyzed mice. This study was approved by the Committee for Animal Ethics of Mashhad University of
Medical Sciences (Ethical code: IR – MUMS. FM. REC 1396. 203).

Dicrocoelium spp. Eggs Preparation

Livers of the slaughtered sheep infected with Dicrocoelium �ukes were obtained from a slaughterhouse
located in Mashhad (Iran). Dicrocoelium dendriticum adults   were identi�ed and were separated
according to their microscopic characters, then were washed with sterile PBS. Eggs were washed with
penicillin 500 U/mL- streptomycin 0.5 mg/mL (with a catalog number of XC-A4122/100). Then, the
antibiotics were removed by10 times washing the eggs with sterile PBS. Finally, eggs were counted using
Neobar slide, and were stored at -80 o C.

 Experimental Design

28 mice were randomly assigned in four different groups including prophylaxis (P), treatment 1 (T1), and
treatment 2 (T2), each group had 8 mice and the control (C) group had 4 mice. 2 weeks before EAE
induction, 10,000 Dicrocoelium eggs were injected intraperitoneally (IP) to the prophylaxis group. 4 days
prior to EAE, a second dose of eggs was injected to prophylaxis group; induction was performed using
5000 eggs via IP and 5000 via SC injections. EAE induction was initiated, when all mice were 8-9 weeks
old.  Both T1 & T2 groups received 20000 D. Dendriticum ova on 7th day after EAE induction and 18th day
after appearance of paralysis, respectively. The control group remained untreated. Mice in the control
group received PBS.  According to an approved protocol[18] , on 40th day ,all mice were sacri�ced ,and the
spleen and brain of mice were removed for cytokine and histopathological  assays, respectively.

EAE Induction

To perform the EAE induction, all mice were immunized with synthetic peptide of Myelin Oligodendrocyte
Glycoprotein (MOG) amino acid residues 35–55 (MEVGWYRSPFSRVVHLYRNGK) (SBS Genetech Co. Ltd.,
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Beijing, China). Induction was performed by preparing an emulsion of MOGp 35–55 (300 mg) in
complete Freund’s adjuvant containing 5mg/ ml of heat- killed Mycobacterium tuberculosis (H37Ra
strain; Sigma, St. Louis, MO); yielding a solution containing1mg of MOG/ml. Each mouse received 200 ml
of this emulsion through SC injection into two sites on its �ank (100 ml/ site). Each mouse also received
250ng of pertussis toxin (Sigma, Germany) through IP injection on the day of immunization and 48h later
[19].  Animals were assessed clinically according to the standard criteria( 0: normal; 1: loss of tail tone; 2:
hind limb weakness; 3: hind limb paralysis; 4: hind limb and forelimb paralysis; and 5: moribund or dead
[18]. To evaluate the pre -immunization and e�cacy of Dicrocoelium eggs on EAE, clinical score, weight
changes, and incidence time of EAE were recorded in all groups each day.

Methods of Euthanasia

CO2 narcosis is done for euthanasia procedure, a method approved by the University of Connecticut
Health Center Animal Care Committee (IACUC).

Histologic Analysis

Histopathologic evaluation was performed on 20 mice brains (6 P, 6 T1, 4 T2, and 4 C). Haematoxylin-
Eosin (H&E) and Toluidine-Blue (TB) staining techniques were used to evaluate the neuroglia cells
number in corpus callosum area. Also, brain sections were stained by Luxol Fast Blue (LFB) to evaluate
the density. A total of 9 sections per mouse in each group were investigated and observed as blind. To
perform the statistical analysis, Kruskal- Wallis test was performed. The p –value of < 0.05 was
considered as statistically signi�cant.

RNA Extraction

To compare the expression of Th1/ Th2 related cytokines between different groups, the mRNA gene
expression levels of IFN- γ and IL-4 in mice splenocytes were investigated by Real -Time Polymerase
Chain Reaction (RT- PCR) (Rotor Gene Q - CIAGEN). About 2 million cells were separated from the spleens
and were stored at -20̊ C with 750 μl of TRIZOL (Invitrogen – Germany). Total RNA was isolated using
TRIZOL (Invitrogen – Germany), and then the reverse transcription was performed according to easy
cDNA synthesis kit (Pars-Tous, Mashhad, Iran). All the procedures were conducted according to the
manufacturer’s instructions. The primer sequences are listed in Table 1. The relative expression of each
gene was calculated as the ratio of gene expression to the housekeeping gene (B2 macroglobulin).

Table1. Sequence of real-time primer sequences implemented in this study
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SequencePrimer

5′-CCAAGTTT GAGGTCAACA-3′5′-CTGGCAGAATTATTCTTATTGG-3′IFN-gamma 

5′- CCTGTATGCTATCCAGAA -3′

5′- GTAGCAGTTCAGTATGTTC -3′

B2mG

5′CTGGATTCATCGATAAGC-3′

5′-GATGCTCTTTAGGCTTTC-3′

IL4

 

Statistical Analysis

Data were analyzed using SPSS software version 21. 95% con�dence interval and 5% signi�cance level
were considered in all tests. Normality of the data was evaluated by Kolmogorov-Smirnov test. Levenes
test was used to assess the homogeneity of variances. To describe the data, frequency, mean, standard
deviation, or mean tables were used. ANOVA test was used to compare the means. Tukeys  post hoc test
was used for multiple comparisons. Repeated -measures ANOVA was used to evaluate the differences in
weight over time in each of four groups. Normality of residuals was evaluated by Shapiro-Wilk test.
Mauchly’s test was applied to test the sphericity.

Results
There were statistically signi�cant differences between group mean scores as determined by one-way
ANOVA (F (3,210) = 10.08, p = .001). The results showed that, disease score was signi�cantly lower in P
and T1 groups than the control group (p = 0.01). Mice in P and T1 had trivial sign of paralysis which
developed slowly, however, the scores over than 3 were not observed. No signi�cant difference was found
in clinical scores between T2 and control groups (p > 0.05) (Fig. 1). Peaks of EAE were shorter and fewer
in P and T1 groups than the control group. Otherwise, EAE developed faster and reached to score 5 in T2

group, and we missed one mouse same as the control group. After injection of eggs on day 18 in T2
group, remission was observed compared to the control group, but signs and symptoms were presented
very quickly after 1 week.

In the control group, EAE was not seen in only one mouse. In T1 and P groups, just 2 mice from 8 mice in
each group a�icted to the EAE. 50% decrease of cumulative incidence in the two mentioned groups was
attributed to protective effect of Dicrocoelium eggs immunization and treatment. Dicrocoelium eggs
immunization and treatment signi�cantly reduced cumulative incidence rate in prophylaxis and treatment
1 groups (p = 0.0), and caused a delay of about 5 days in the onset of EAE in the mentioned groups.
(Control n = 4), (Prophylaxis n = 8), (Treatment 1 n = 8), and (Treatment 2 n = 8). EAE developed in most
mice in two groups (the control and treatment 2 groups) on day 10 [mean day of onset] but in prophylaxis
and treatment1 groups, EAE developed just in 25% of mice on day 15 after induction (Fig. 2).

There were no statistically signi�cant differences between group mean weight changes at baseline as
determined by one-way ANOVA (F (3,20) = 1.995, p = 0.147). Mauchly’s test indicated the violation in the
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assumption of sphericity, χ 2(35) = 93.578 p < .001, therefore degrees of freedom were corrected using the
Greenhouse-Geisser estimates of sphericity (ε = 0.429). The result showed that, there was no signi�cant
difference in weight changes between the groups in four times of measurement (weight * groups), F
(10.28, 65.1), p = .0.115. But, helminthic therapy with Dicrocoelium eggs could inhibit severe weight loss
in prophylaxis and treatment1 groups. In the control group, after induction of EAE, mean weight of mice
reduced dramatically from 19 gr on day 10 to 17.5 gr on day 20. During 10 days, the mean weight loss
was about 1.5 gr. In treatment group 2, mean weight loss from 20.5 gr on day 5 reached to 17.8 gr on day
15. Approximately, a 2.8 -gr weight loss was observed in this group. However, the maximum weight loss
was estimated lower than 0.5 gr after induction of EAE in other two groups (Prophylaxis,
treatment1groups) (Fig. 3).

Evaluation of Neuroglia Cell Number and Density in Corpus Callosum

To evaluate the effect of Dicrocoelium egg administration on the number of neuroglia cells in corpus
callosum, H&E and TB staining were investigated by light microscope. The neuroglia cells were counted
in a Scale bar of 200 µm.

The results demonstrated that, the quantity of neuroglia cells in corpus callosum is similar in 4 groups (P 
> 0.05; Fig. 4). The LFB stained sections showed more density in treatment 1 group compared to the
control group (P = 0.03). No signi�cant difference was observed between prophylaxis, treatment 2, and
control groups (P > 0.05, Fig. 5).

Brains from each mouse (collected on day 40 post-immunization) were �xed, and were embedded in
para�n, sections (5-µm) were prepared, and then the tissues were stained with H&E (Fig. 4A) and TLB
(Fig. 4B) to count the number of neuroglia cells (as presented in the left side of Fig. 4A and 4B). The
quanti�cation of neuroglia cells is shown in the right side of Fig A and B. (Control n = 4), (Prophylaxis n = 
6), (Treatment 1 n = 6), and (Treatment 2 n = 4). No signi�cant difference was found between 4groups (P 
> 0.05).

Brains from each mouse tissues were stained with LFB to assess the extent of density of brain tissue.
Histologic features were scored semi quantitatively as presented in the right side of Fig. 5 (control, n = 4),
(Prophylaxis, n = 6), (Treatment 1, n = 6), and (Treatment 2, n = 8). The quanti�cation of brain tissue
density is shown in the left side of Fig. 5. No signi�cant difference was found between prophylaxis,
treatment 2, and control groups (P > 0.05). There was a signi�cant difference in EAE incidence between
treatment1 and control groups (P = 0.03, *p < 0.05).

Evaluation of IFN- γ and IL-4 m RNA Expression

There were no statistically signi�cant differences between group means of IFN- γ and IL-4 as determined
by one-way ANOVA (F (3, 19) =.90, p = .459) (F (3,19) =1.210, p = .333).  In prophylaxis and treatment 1
groups, the treatment induced a great up-regulation of IL-4, compared to the control group. The highest
level of IL-4 was observed in the treatment 1 group (RQ=2.65). The IL-4 mRNA gene expression level was
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lowest in the treatment 2group (RQ= 0.92), also, different levels of mRNA gene expression were observed
in the IFN- γ. The mRNA gene expression level of IFN- γ was at highest copies in the control (RQ=8.09)
and T2 (RQ= 5.91) groups, whereas the mRNA gene expression of IFN- γ was lower in the prophylaxis
(RQ=4.03) and treatment 1 groups (RQ=0.37) than the control group (RQ=8.09) (Figure 6).

Relative mRNA gene expression of genes was determined compared to the housekeeping gene, β2
microglobulin.

Discussion
Immunotherapy by helminth is considered as one of the effective therapeutic methods for treatment of
multiple sclerosis and other autoimmune diseases. The evidence indicates that helminthic infections lead
to the reduction of autoimmune paroxysm in animal models [20, 21]. In most studies, the prevalence of
helminthic infections before deterioration of EAE not only plummeted EAE scores but also decreased the
incidence rate in the infected animal groups [22–24]. Many studies have been conducted so far to
investigate the immune therapy of EAE (animal model of Multiple Sclerosis) by different helminth species
such as Schistosoma mansoni, Trichinella spiralis, Fasciola hepatica, Trichinella psudospiralis, Taenia
crassiceps, Strongyloides venezuelensis, Schistosoma japonicum, and Trichuris suis [18, 20, 21, 23, 25–
30]. Among all of these studies, F. chiuso-minicucci et al. (2011) showed that, the infection with
Strongyloides venezuelensis could not be effective in treatment of EAE. Yet, they emphasized that, their
study alone cannot reject the hygiene hypothesis, and they recommended the conduction of more studies
to determine the immune regulation role of other species of helminth [25].

In this study, the effect of Dicrocoelium ova immunization in EAE was evaluated for the �rst time. Clinical
scores, IL4, and IFN-γ genes expression along with neuroglia cell counting and demyelination of brain
cells in corpus callosum were evaluated and analyzed between the groups. The results illustrated that,
pre-immunization of EAE in prophylaxis and treatment1 groups attenuated the scores, delayed onset day
of EAE and reduced its incidence in the mentioned groups dramatically, as con�rmed in the study by
Swell et al. ( 2003 ) who investigated the treatment of EAE by Shistosoma mansoni so that, EAE
helminthic therapy just could be effective in initial phase of EAE not in effective phase[18].

In addition, EAE suppression was accompanied with a dramatic increase in the density in brain of mice in
T1 group. Considering similar count of neuroglia cells in 4 groups, a dramatic increase in the density
observed in treatment1 group is not associated with the number of myelin-producing cells. Merrill JE. et al
(1992) found that, the demyelination reduction in spinal cords was related to the reduction of
in�ammatory leukocytes and cytokines [22]. Zhiliang Wu et al (2010) showed that, the administration of
200 larvae of Trichinella psudospiralis (15 days before induction) attenuated EAE score and delayed the
incidence of EAE. Also, demyelination in spinal cord decreased ,and in�ammatory brain cells reduced [28].
La Flamma et al ( 2003) indicated that, the reduction of demyelination in spinal cord of EAE mice was
rooted in the plummeted in�ammatory macrophage [21].
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In our study, the assessment of cytokines with Real Time PCR showed that, IFN- γ gene expression was
lower in prophylaxis and treatment1 groups than the control and treatment2 groups. In contrast, IL-4 gene
expression was more in prophylaxis and treatment1 groups than the control and treatment2 groups. So,
slight down- regulation of IFN- γ along with up- regulation of IL-4 in T1 and P groups could not exclusively
interpret signi�cant preventable effect of Dicrocoelium eggs immunization. Previous studies showed that,
Th1 lymphocytes are the critical cells causing the EAE. However, recent studies have demonstrated that,
Th17 cells are more responsible for autoimmune diseases especially in case of multiple sclerosis. Brie�y,
remission of EAE relatively but not completely depends on the existence of balance between Th1/ Th2
[31, 32]. Cross immunomodulation of Th1/Th2 in helminthic therapy is disputable yet [33]. Due to
variable functions of cytokines, it is di�cult to obtain a de�nite conclusion and interpretation of the
condition [34]. The suppression of EAE has been demonstrated to result from a decrease in IL12 in
helminth therapy with Shistosoma mansoni. Also, the reduction of IFN- γ and increase of IL-4 production
was not signi�cant in the treated groups ,indicating that EAE attenuation was related to the suppressed
IL12 ,and shift of immune response toward Th2 cytokines was not responsible for EAE amelioration [21].
However, Swell et al proved that, EAE improvement is merely related to predominant Th2 cytokines[18].In
addition, the role of innate immune system [35] such as macrophages, B lymphocytes, regulator cells of
immune system CD4 CD8 Tregs is effective regarding mediation of most of the protective mechanisms
against EAE and MS. Besides, [36] Th17 is the most effective element in EAE induction explaining that,
why the mechanisms of autoimmune diseases such as MS and EAE cannot be exclusively interpreted via
Th1/Th2 responses [37, 38]. Therefore, it is suggested to evaluate Th17 and Tregs cytokine and
in�ammation as well as assessing the in�ltration of immune cells in spinal cord in future studies, which
could be considered as a limitation in the present study.

Conclusion
The results of the current study showed that, the treatment with Dicrocoelium ova immunization
attenuated EAE score and delayed the incidence of EAE especially in initial phase of diseases with down -
regulation of IFN- γ and up -regulation of IL-4. Dicrocoelium egg did not have any effect on neuroglia cells
number, so EAE amelioration alongside increase of density in the brain cells might be related to another
factors. Hence, it can be concluded that, Dicrocoelium eggs have the potential to be considered as useful
therapy for treatment of MS in initial phase in future studies especially in human clinical trial studies.
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Figure 1

Mean of clinical score in helminthic therapy of EAE mice with Dicrocoelium eggs in four groups (control,
prophylaxis, treatment 1, and treatment 2)
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Figure 2

Cumulative incidence in control, prophylaxis, treatment 1, and treatment 2 groups obtained as 75, 25, 25,
and 62.5%, respectively.

Figure 3

Mean weight in immunotherapy of EAE mice with Dicrocoelium eggs in four groups (control, prophylaxis,
treatment 1, and treatment 2)
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Figure 4

Effects of Dicrocoelium egg administration on the pathologies associated with EAE by H&E (Fig 4A) and
TLB (Fig 4B) to count the number of neuroglia cells (as presented in the left side of Fig 4A and 4B).

Figure 5
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Effects of Dicrocoelium eggs administration on the pathologies associated with EAE

Figure 6

mRNA expression of IL4 and IFN- γ in EAE mice treated with Dicrocoelium eggs in four groups (control,
prophylaxis, treatment 1, and treatment 2)
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