
Introduction 
Multiple Sclerosis (MS) is a chronic autoimmune disease 
characterized by inflammation and demyelination of 
the central nervous system.1 Despite the importance 
of this disease and the great efforts, its etiology is still 
unknown and its pathogenesis is somewhat known. 
Many studies indicate the key role of the immune system 
(autoimmune process) in the pathogenesis of it.2-4 Studies 
of inflammatory cells and their mediators show that the 
main cause of inflammation and destruction of neurons 
is autoimmune T cell activation against myelin basic 
protein associated with the production of inflammatory 
cytokines.5,6 Therefore, MS is an inflammatory disease 
and inflammation can be seen in various models of it.6 
Immunologically, MS is associated with increased Th17 
and Th1 responses.7 Th17 plays an important role in 
the development and progression of inflammation by 
secreting proinflammatory cytokine IL-17. High levels 

of IL-17 in the cerebral plaques and cerebrospinal 
fluids (CNFs) of patients with MS indicates the role of 
this cytokine in the pathogenesis of the MS. The main 
function of IL-17 in the experimental autoimmune 
encephalomyelitis (EAE) is to break the blood-brain 
barrier.8 Th1 response leads to overproduction of TNF-α 
and IFN-γ. TNF-α is a proinflammatory factor that 
is secreted in acute inflammation9 and facilitates the 
secretion of pro-inflammatory cytokines such as IL-1b, 
IL-6 and IL-8.9 According to studies, TNF-α plays an 
important role in the immunopathogenesis of MS and its 
animal model (EAE).10 The number of TNF-α-secreting 
cells and its concentration in serum and CSF of patients 
with MS are higher than healthy individuals.11

Interleukin 4 (IL-4) is produced by CD4 + Th2 cells and 
plays a role in the growth and development of B cells. 
In vitro, IL-4 also blocks Th1 cell activation, which may 
reduce the production of IL-1 and TNF-α cytokines. 
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Abstract
Background: Multiple sclerosis (MS) is a chronic autoimmune disease characterized by inflammation and demyelination of the 
central nervous system. Given the role of inflammation in the pathogenesis of MS and the anti-inflammatory effect of Atropa 
belladonna (AB), the aim of this study was to determine the effect of AB on inflammatory and anti-inflammatory factors in 
MOG35-55 induced experimental autoimmune encephalomyelitis (EAE). 
Methods: Thirty-two purebred C57BL/6 mice, weighing (20 ± 2g) were randomly assigned to the 4 groups: control, and three 
experimental groups: EAE, EAE + AB100, and EAE + AB300 that after EAE induction received 0, 100, and 300 mg/kg AB daily. AB 
was dissolved in PBS (phosphate-buffered saline) and the volume of gavage in all groups was 100 µL. After 30 days, the mice 
were weighed, anesthetized with ether and blood was collected directly from the heart. Specific animal ELISA kits measured the 
inflammatory cytokines (IL-10, IL-17, IL-4, and TNF-α). One-way ANOVA with Duncan post hoc test was used for comparison 
between groups. 
Results: EAE increased serum concentrations of TNF-α, IL-17, and decreased IL-10 and IL-4 compared to the control group. AB 
significantly decreased the mean level of TNF-α, IL-17 and increased IL-10 and IL-4 compared with EAE group. The effect of 300 mg/
kg was clearly better than 100 mg/kg. There was also a significant difference between the control group and the 300 mg/kg group.
Conclusion: In the present study, AB plant extract increased serum levels of anti-inflammatory cytokines and decreased pro-
inflammatory cytokines in the MS animal model.
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Evidence suggests that an increase in serum IL-4 levels is 
associated with a decrease in serum TNF-α, which may be 
due to the effect of IL-4 on Th1 cells.12

Interleukin 10 (IL-10) plays a key role in limiting, 
terminating inflammatory responses and preventing 
tissue damage. 13 It has been shown that in patients with 
MS, increased production of IL-10 by CD4 lymphocytes 
has been associated with decreased symptom severity of 
MS. 14

Atropa belladonna (AB) is a perennial herbaceous 
plant, native to Europe, North Africa, and Western 
Asia. It also grows in the north of Iran. 15 The family of 
potatoes (Solanaceae), including AB, are rich in tropane 
alkaloids. Other active components of the plant include 
hyoscine, atropine and scopolamine.16 Atropine and 
hyoscine have anticholinergic effects and can affect 
the CNS, body temperature, eyes, digestive tract and 
cardiovascular system.17,18 Atropine, an antagonist of 
muscarinic receptors, modulates leukocyte infiltration, 
inhibits antibody response, and prevents T lymphocyte 
proliferation.19 The anti-inflammatory and antioxidant 
effects as well as the analgesic and antidepressant effects of 
the plant have been proven in various studies.20 Given the 
role of inflammation in the pathogenesis of MS and the 
anti-inflammatory effect of AB, we aimed to determine 
the effect of AB on inflammatory and anti-inflammatory 
factors in animal model of MS.

Materials and Methods
Animals
No human participant was involved in this study. All 
stages of research were conducted under the supervision 
of Ethics Committee of Jahrom University of Medical 
Sciences. Moreover, all procedures conducted adhered 
strictly to the ethical guidelines for use of animals in 
research. In this experimental study, thirty-two (4 groups 
of 8) purebred C57BL/6 mice aged 6-8 temperature of 
23 ± 1 °C and humidity of 50% to 55% and free access to 
food and water. 

Preparation of Extract 
Plant material – Atropa belladonna L. (AB) (Solanaceae, 
code: HBR 52956)21 was collected in July 2021 from the 
vicinity of Jahrom. The plant was unequivocally identified 
by Dr. Amir Barjian, from Islamic Azad University of 
Jahrom. Herb (leaves) of the plant was dried at room 
temperature in the dark. A voucher specimen (KO-
30301) was deposited in the Herbarium. Preparation of 
the aqueous extract of AB The water extract was prepared 
by pouring 10 g of a powder of dried AB leaves into 100 
mL of boiling distilled water. The suspension was then 
left for 10 minutes at room temperature. Consecutively, 
the extract was filtered (0.2 µm).22 For the animal study 
two dose were used: the original solution obtained by 
extraction (AB100 mg/kg) and a (AB-300 mg/kg).

EAE Induction
After one week for adaptation, to induce EAE, 200 
μg of MOG35-55 (Sigma-Aldrich) dissolved in 100 μL 
of phosphate buffer saline was mixed with 100 μL of 
complete Freund’s adjuvant and injected subcutaneously. 
The disease course was evaluated on the basis of the 
clinical score test as below and score 2 was considered as 
EAE:

Zero (no disease), 1 (tail movement disorder), 2 (tail 
paralysis), 3 (mild walking disorder), 4 (paralysis of hind 
leg and severe walking disorder), 5 (paralysis of hind leg 
plus partial paralysis of the lower half of the body), 6 
(quadriplegia) and 7 (death from MS).23

We evaluated the clinical score in two consecutive 
stages at first day and thirtieth day of MS course and 
reported them as first score and thirty score.

Experimental Groups and Blood Sampling
Mice were randomly assigned to the following 
groups: control, and three experimental groups: EAE, 
EAE + AB100 and EAE + AB300 that after EAE induction 
received 0, 100, and 300 mg/kg AB daily. AB was dissolved 
in PBS (phosphate buffered saline) and volume of gavage 
in all groups was 100 µL. After 30 days, the mice were 
weighed, anesthetized with ether and blood was collected 
directly from the heart. Serum samples were prepared 
immediately by centrifugation (3000 rpm for 15 minutes) 
and stored in freezer -20 °C. The inflammatory cytokines 
(IL-10, IL-17, IL-4, and TNF-α) were measured by specific 
animal ELISA kits (Diametra, Italy).

Statistical Analysis
Data are shown as mean ± SD and P < 0.05 is considered 
significant. One-way ANOVA with Duncan post hoc 
test was used for comparison between groups. To check 
for normality, Kolmogorov test was used and data were 
analyzed using SPSS software, version 26. 

Results
The weight gain in the control group was significantly 
higher than the other groups and there was no difference 
among other groups (Figure 1). Based on Figure 2a, b, the 
pro-inflammatory cytokines of TNF-α (232.01 ± 22.92 pg/
mL) and IL-17 (212.96 ± 27.35 pg/mL) were significantly 
(P < 0.001) increased under the influence of MOG35-55 
compared to the control group (163.99 ± 7.78 pg/mL and 
145.93 ± 10.41 pg/mL) respectively. 300 mg/kg of AB 
significantly reduced (P < 0.001) TNF-α (199.14 ± 4.02 
pg/mL) and IL-17 (178.36 ± 8.54 pg/mL) levels, although 
it was still significantly different from the control group.

MOG35-55 induced EAE decreased (P < 0.001) serum 
concentrations of IL-10 (79.98 ± 9.45 pg/mL) compared 
to control (114.78 ± 7.25 pg/mL) (Figure 2c). According 
to Figure2c, AB significantly increased (P < 0.001) the 
mean level of IL10 compared with EAE group. However, 
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the effect of 300 mg/kg (99.29 ± 8.99 pg/mL) was clearly 
better than 100 mg/kg (86.31 ± 11.87 pg/mL).

Group EAE 300AB showed a significant increase 
(P < 0.001) in cytokines IL4 (50.61 ± 8.21 pg/mL) 
compared to EAE 100AB (39.96 ± 7.01 pg/mL) and EAE 
groups (35.21 ± 2.08 pg/mL) and no significant difference 
was observed between them (Figure 2d). There was 
also a significant difference between the control group 
(76.57 ± 4.36 pg/mL) and other groups (Table 1).

AB could not significantly change the clinical score 
between first and thirtieth days of experiment (Table 1).

Discussion
In this study, the effect of AB was investigated on EAE mice 
(induced by MOG35-55). In summary, AB reduced serum 
concentrations of TNF-α and IL-17 (pre-inflammatory 
cytokines) and increased serum concentrations of IL-4 
and IL-10 (anti-inflammatory cytokines).

It has been shown that increased anti-inflammatory 
cytokines such as IL-10, IL-4, TGF-β can be helpful in 
inflammatory diseases such as MS.24 IL-4 is made by Th2 
CD4 + cells and is involved in the growth and development 
of B cells. The IL-4 acts as a suppressor cytokine in the 
EAE model, and its mRNA is also expressed during 
remission.25 In addition, resistance to EAE induction is 
related to Th2 cells by secretion of IL-4.26, 27 Some studies 
have shown the role of IL-4 in reducing the symptoms 
and severity of the EAE model.28 Liblau and colleagues 
showed that disease duration was slightly longer than 
control groups in IL-4 deficient mice. Therefore, it may 
play a role in completing the disease process.29 Based 
on the results of the present study, AB increased serum 
IL-4 concentrations, which could be due to its effect on 
CD4 + . 

Monocytes, macrophages, B cells, and Th2 cells make 
up IL-10. Its primary role is to suppress cytokines made 
by macrophages.30 One study found that IL-10 deficient 
mice were more prone to EAE and showed more severe 
EAE compared to normal and IL-4 deficient mice.31 In 
addition, in these IL-10 deficient models, T cells secrete 

Figure 1. Body Weight Gain (g) in Different Groups 30 Days After EAE 
Induction. EAE, EAE AB100 and EAE AB300 that after EAE induction 
received 0, 100, and 300 mg/kg Atropa Belladonna daily. Columns 
with common letters are not statistically significant in accordance with 
Duncan test. AB: Atropa belladonna, EAE: experimental autoimmune 
encephalomyelitis

Figure 2. Mean Serum Concentration (pg/mL) of TNF-α (a), IL-17 (b), IL-10 (c) and IL-4 (d) in Different Groups 30 Days After EAE Induction. EAE, EAE AB100 
and EAE AB300 that after EAE induction received 0, 100, and 300 mg/kg Atropa belladonna daily. Columns with common letters are not statistically significant 
in accordance with Duncan test. AB: Atropa belladonna, EAE: experimental autoimmune encephalomyelitis
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more inflammatory cytokines (interferon alpha or 
TNF-α).31 Therefore, it can be concluded that increasing 
IL-10 due to AB plays an important role in controlling and 
reducing symptoms and reducing the secretion of pre-
inflammatory cytokines. A decrease in pre-inflammatory 
factors such as IL-17, 1L-1, TNF-α, MCP-1, NF-kb can be 
a sign of the recovery process of MS disease.24

TNF-α is made by single-stranded phagocytes, 
natural killer (NK) cells, B cells, and T cells, as well as by 
astrocytes and microglia in the CNS. The inflammatory 
role of TNF-α in reducing the symptoms of the disease 
in EAE models has been demonstrated in several 
studies.30,32-34 TNF-α is directly involved in the apoptosis of 
oligodendrocytes and the demyelination of neurons.30 In 
addition, it plays a direct and indirect role in inducing cell 
death in Oligodendrocyte progenitor cells.35 Therefore, a 
decrease in serum concentrations of TNF-α can reduce 
the progression of the disease, myelin degradation, and 
apoptosis of oligodendrocytes. In this study, AB reduced 
the average serum concentration of TNF-α. One of the 
reasons for the decline in TNF-α is probably the increase 
in IL-4 under the influence of AB. Because IL-4 can 
prevent the activation of Th1 cells, which is the maker 
of IL-4. 12 

IL-17 can increase the expression of pre-inflammatory 
factors through its effect on a range of cells.36 IL-17 also 
plays a major role in the development of EAE models.37 It 
seems that reducing the serum concentration of this factor 
(such as what happened in this study by AB) can play an 
important role in reducing the activation and production 
of pre-inflammatory factors, thereby controlling the 
disease to some extent.

We could not access some effects of AB on cells in 
CNS, due to deficit of fee and fasciitis, so we suggested to 
search some points like these: investigation of AB effect 
on histology of neurons, glial cells, BBB and the rate of 
AB that can transfer of this barrier.

Conclusion
In the present study, AB plant extract increased serum 
levels of anti-inflammatory cytokines and decreased pre-
inflammatory cytokines in the MS animal model.
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