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Introduction: Multiple sclerosis (MS) is a degenerative central nervous system disease derived by immune
mechanisms, which ultimately results in clinical debilities. Numerous nutraceuticals have been cited to be
effective in treatment of central nervous system complications.

Objectives: This study investigated the effect of Cannabis sativa L. seed oil on experimental autoimmune
encephalomyelitis  (EAE).

Materials and Methods: Female C57bl/6 mice were assigned randomly into three groups (8 in each). Group-A
received no myelin oligodendrocyte glycoprotein (MOG), group B was immunized by MOG and treated with
oil, while in group C animals were immunized and treated with normal saline. Clinical scores were recorded
every other day throughout the study and after four weeks, all mice were sacrificed and spinal cords were
incised for molecular and histopathological evaluations.

Results: Significant differences were observed in mean clinical scores between control and experiment groups
(P<0.001). Cannabinoid receptor-1 gene expression increased significantly in treatment group (P<0.001).
Histopathologic evaluations also showed a significant decrease in overall infiltrated and vacuolated area and
immune cells infiltration into the central nervous system in the treatment group (P<0.01).

Conclusion: Cannabis sativa L. oil extract administration alleviated inflammation and paralysis in animal
model. Therefore, its oil extract might be useful in soothing inflammatory and auto-immune diseases. However,
additional research might be required.

Keywords: Cannabis sativa L. oil extract, Neuroinflammation, Histopathology, Cannabinoid receptor-1 gene
expression, Multiple sclerosis, Experimental autoimmune encephalomyelitis

Introduction

Multiple sclerosis (MS) is a central nervous
system (CNS) disease derived by immune
dysfunction (1). The immune cells notably
lymphocytes, infiltrate into CNS by
unknown stimulus which influence the
blood brain barrier (BBB) permeability and
initiate inflammatory responses (1). Many
demyelinating cell types identified in CNS
lesions (mainly CD4*, CD8* T cells, monocyte

derived macrophages, and microglia cells)
which orchestrate an autoimmune response
against myelin antigens (2). Owing to the
immune cells invasion and their pivotal role
in disease pathogenesis, MS was considered
as an autoimmune disease. The lesions or
plaques are generally in the white matter,
targeting myelin sheet and vacuolization
it in brain and spinal cord (2). Ultimately
these complications manifest debilitating
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Key point

Nutraceutical components have been evaluated in treatment of
Multiple sclerosis. This study designed to investigate the effects
of Cannabis sativa L. seed oil on animal of multiple sclerosis and
behavioral, molecular and histopathological consideration showed
mentioned extract administration alleviated inflammation and
paralysis in experimental autoimmune encephalomyelitis. Therefore,
it might be useful in soothing inflammatory and auto-immune
diseases.

clinical condition with serious consequences. It is a
matter of concern, since MS is the most common cause of
neurological disability with incidence rate of 2.0 men and
3.6 women per 100000 person-years (3).

Experimental autoimmune encephalomyelitis (EAE) is
an animal model that widely used by researchers which
resembles relapsing remitting MS and demonstrates
similar indications in mice (4). In susceptible strains of
mouse models, EAE is induced by active immunization
using CNS homogenates. The procedure is composed
of subcutaneous injections of myelin or myelin-derived
antigens-for instance myelin oligodendrocyte glycoprotein
(MOG) emulsified in adjuvant - that is preferably injected
near lymph node surrounding areas like flanks. Antigen
presenting cells mature and present myelin-derived
peptides to naive T cells in the lymph nodes subsequent
to immunization (4). Activation and differentiation of
T cells particularly T helper-1 (Thl) and T helper-17
(Th17) cells, proceeded to upregulation and secretion of
proinflammatory cytokines, notably interferon-gamma
(IFN-y) have been shown to play pivotal role in EAE
induction (5).

However, the role of different T helper subtypes has
not been clarified in human studies as well as EAE. T
regulatory (Treg) cells possess suppressor function and a
defect in immune-tolerance mechanism or effector cells,
may preclude the suppression by Tregs both in MS and
EAE (5). Recently explored endocannabinoid system
revealed regulatory function of numerous endogenous
ligands, enzymes and receptors, cooperating in immune
and nervous system (6). Although two main cannabinoid
receptors (CB) 1 and 2 had been identified so far, there
are possibilities of existing other receptors and agents
involved in this mediatory system (7). Currently, it
has been substantiated that CB1 - expressed in CNS -
mediates neuroprotection in CNS, while CB2 - mostly
expressed in immune cells — regulates immune responses
(8). These receptors can be activated by different types
of either natural or synthetic cannabinoid derivatives.
Hence, it is hypothesized that the neuroprotective attribute
of cannabinoids come from CB1 function (9). Lately,
Cannabis sativa L. and its oil have received growing interests
due largely to its nutritional and traditional herbal values
that are associated with health benefits. C. sativa seed oil
(CSO) is nutritionally well balanced and considered as a
valuable source of important fatty acids, mainly omega 3

alpha-linolenic acid (ALN; 18:3n3) and omega 6 linoleic
acid (LA; 18:2n6) (10). The optimal nutritional ratio of LA
to ALN is 3:1 which is desirably pursued in CSO. These
two polyunsaturated fatty acids (PUFAs) possess potential
anti-inflammatory, antithrombotic and antiarrhythmic
attributes (11).

Moreover, presence of gamma-linolenic acid (GLA;
18:3n6) in CSO makes it preferable to other comparable seed
oils. It is also one of the few botanical sources of GLA and
stearidonic acid (18:4n3) (12). The fatty acid composition
of CSO and its pharmacologically active constituents have
gained much attention recently. CSO also have noteworthy
volumes of tocopherols and other terpenoids, which
are stated to display vital antioxidant, anticancer, anti-
inflammatory, and anti-thrombotic activity along with
omega-3 PUFAs (11). It is claimed that the anticonvulsive,
anti-epileptic, and antimicrobial features of CSO is due
to the presence of cannabidiol (CBD), although the CBD
concentrations may seem low within the oil. Both CBD
and delta-9-tetrahydrocan-nabinol (THC) production
mostly happens in the glandular structures of the plant,
though the presence of these two major cannabinoids is
a result of contamination during the course of pressing
or extraction (12). Various cannabinoid derivative has
been identified so far, but the quantity of CBD in different
cannabis varieties is generally higher than THC, therefore
as expected, the CBD contamination and/or concentration
in this oil is greater than that of THC.

Objectives

Myriad of drugs and compounds have been introduced
for this neuro-inflammatory condition. However,
none is able to cure this disease solely. Accordingly,
nutritional approaches employ numerous nutraceuticals
simultaneously in treatment of this disease. In this
study, we have used the cold pressed extract of Cannabis
sativa L. seed oil to observe whether the EAE symptoms,
inflammation and CB1 gene expression would be altered
or not.

Materials and Methods

Experimental mice

In this study 24 female mice (race C57bl/6; age 9 weeks;
average weight 20 + 2 g) were provided from Pastor
Institute (Iran) and randomly divided into three groups:
healthy group (A), CSO group (B) and control group
(C). Mice were acclimatized and housed in animal house
of neurosciences research center, Tabriz university of
medical sciences (Tabriz, Iran) on 12/12 day/night cycles
and sanitary condition.

EAE induction

Hooke kits MOG 35-55 (Hooke Laboratories, Lawrence,
MA, USA) were utilized for subcutaneous induction of
EAE based on the manufacturer’s instruction. MOG35-
55/CFA emulsion was injected subcutaneously into both
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flanks (0.2 mL/animal), continued by 2- and 24-hour
intraperitoneal (i.p.) pertussis toxin (0.1 mL/animal/day,
i.p.) injections.

Oil extraction an administration

Fresh C. sativa L. seed was purchased and its oil was
extracted using cold press method. In group B, CSO (200
pL/mouse/day) was intraperitoneally injected every other
day throughout the study. While in group C, normal saline
was injected i.p., following the same protocol.

EAE evaluation

Animals were evaluated daily for their clinical scores
according to Table 1. The clinical manifestation of EAE
was diagnosed around day 10 post-immunization, with
an acute condition after 3 to 5 days from onset of the
clinical symptoms. This condition lasted 1 to 3 days and
then clinical manifestation improved gradually in most
cases. The severity of disease — with average daily scores
of the mice in each group - was calculated and analyzed
by repeated measure test, to compare the course of EAE
between the two groups throughout the study.

Spinal cord preparation

Mice were perfused 4% paraformaldehyde solution in
normal saline transcardially, to be assured of fixation.
The spinal cord’s tissue were dissected and immersed in
paraformaldehyde 4%, renewed once after two days, and
reserved for histopathological evaluations.

Histopathological evaluation

The paraformaldehyde fixed spinal cord tissues were
dehydrated, cleared, paraffinized and embedded in
paraffin wax respectively and 5 um lumbar sections
were provided with a rotary microtome (Leitz, Wetzlar,
Germany). Samples were mounted on glass slides following
the protocol for hematoxylin and eosin (H&E) staining
and subsequently, three sections of every spinal cord were
evaluated under a light microscope (Axioskop2; Carl Zeiss
Microlmaging Inc., Germany). Immune cells infiltration
into spinal tissue was assessed using Infinity software 0.4.

Molecular evaluation with real-time PCR

Real-time PCR (SYBR Green) was used to detect CB1
expressions. Total RNA was isolated from the lumbar
part of spinal cord using a EURX Gene MATRIX
universal RNA purification kit, according to the
recommended instruction. The purity and concentration
of the isolated RNA were examined by a NanoDrop
2000c spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA). Reverse transcription of extracted
RNA samples (up to 500 ng/sample) of spinal tissue to
cDNA was performed using AccuPower RocketScript kit
according to the protocols. Real-time PCR was performed
in MIC real-time PCR system using SYBR Premix Ex TaqllI
(Takara Bio Inc., Japan) according to the manufacturer’s
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protocol. Using GenScript’s online real-time primer design
tool, primers were designed and booked from Macrogen
Inc (Table 2). The housekeeping gene was glyceraldehyde
3-phosphate dehydrogenase (GAPDH) for endogenous
reference, and triplet reactions were carried out. The
relative rate of distinct mRNA expression was measured
by “Fold change = 2 (-AAct)” formula.

Ethical issues

This study was approved by Ethics Committee of
Islamic Azad University, Ahar branch (Ethical code#
22030503932027). This investigation was also conducted
according to the regulations of the Research Ethics
Committee of Iranian FEthical Guidelines for the use of
animals in research. Additionally, all animal experiments
were in accordance with protocols approved by the United
States National Institutes of Health (NIH, 1978). This
study was extracted from MSc thesis of Iman Goraki at
this university (Thesis #22030503932027).

Statistical analysis

Data were reported with median (Q1-Q3) for non-
parametric and mean +* standard error for parametric
analysis. The differences in mean score between two
groups were measured and analyzed by Linear mixed
model test and compared through the entire duration of
study. SPSS (version 21) and MLwiN (version 10) were
used to analyze data and P values less than 0.05 were
determined significant.

Results

Clinical score

In group C, the first clinical symptoms developed on day
11, while on day 17 post-immunization all animals were
totally afflicted. However, in group B, the first clinical
score initiated on day 14 (Figure 1). The acute phase of
EAE in group C was observed on day 19, however, in group

Table 1. Clinical score of EAE

Score Scale

Normal
Limp tail

Hind limb weakness

0
1
2
3 Hind limb paralysis
4 Forelimb paralysis
5

Moribund or death

Table 2. Primers sequence

Primer Sequence (5' — 3') Length CG%
CB1 (F) ACTCAGACTGCCTGCACAAG 20 55.00
CB1 (R) TGGCGATCTTAACAGTGCTC 20 50.00
GAPDH (F) CACTGCCACCCAGAAGACTG 20 60.00
GAPDH (R) CCAGTGAGCTTCCCGTTCAG 20 60.00
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Figure 1. Mean clinical score in oil treated group was significantly lower
compared to EAE control (P < 0.001).

B the peak of disease delayed until day 23 and the mean
clinical scores diminished from 2 to 1 (approximately
50%). Furthermore, mean clinical scores of the treatment
and control groups were compared by linear mixed model
analysis throughout the course of study and significant
reduction was observed (P< 0.001; Table 3).

Lymphocyte infiltration into the spinal cord
Histopathological evaluation in the H&E stained
transverse lumbar sections of the mice demonstrated
immune cells infiltration in the region adjacent to the
anterior spinal cord artery in the anterior and posterior
funiculi (Figure 2). Histological assessment of sections
showed that infiltrated area percentage in group B was
significantly lower than group C (24.91 + 12.13 compared
to 8.56 £6.91; P = 0.039). These results suggest that CSO
noticeably alleviated the clinical symptoms of EAE.

Expression of CB1 in the lumbar spinal cord tissue
Regulation of specific genes in neuroinflammatory
condition such as EAE has been disorganized.
Cannabinoid receptors are believed to be downregulated
in neuroinflammatory disorders. Real-time PCR data
indicated a significant up-regulation of CB1 gene
expression in treatment group compared to the control
group (P<0.001; Table 4). A 2.05-fold upregulation was
detected in the experiment group in comparison to control
(Figure 3).

Discussion

Cannabis sativa contains a wide range of nutrients and
nutraceuticals with medicinal properties (13). Recently,

Table 3. The average scores in experimental groups

Average score

Response
Coefficient SE P value
Constant 0.678 0.091
<0.001
Bvs. C -0.467 0.058

Figure 2. Inflammation in spinal cord sections. Infiltrated area percentage in
group B was significantly lower than group C (24.91 + 12.13 compared to
8.56 £6.91; P =0.039).

scientists have expressed particular interest on its immune
and neuro-modulatory properties due to its bioactive
components like cannabinoids, vitamins, essential fatty
acids and antioxidants. The potential neuro-protective
features of these components have been cited in many
researches (14). Neurodegeneration occurs in EAE by
immune cells activation and their invasion into CNS in
the first place. It is then followed by inflammatory and
autoimmune reactions (15). Prominent proinflammatory
biomarkers including IFN-y, TNF-a, IL-1b and IL-6 which
are produced by immune cells were reduced in EAE upon
treatment with C. sativa or its constituents (16). This
reveals the considerable potential of cannabis-derived
products on neuroinflammation and neurodegeneration
relief in MS patients (17). In this study, cold pressed C.
sativa L. oil extract was used to evaluate its beneficiary
effects on the related gene expression in molecular level
and neuroinflammation and neurodegeneration in clinical
level using molecular or histological assessments. As
illustrated in Figure 1, an increase in mean clinical score
was noted in EAE group after immunization with MOG, as
debilities advanced simultaneously throughout the study

Table 4. CB1 expression fold change between group B and C

CB1 expression

Fold ch. P val
(mean + SD) old change value
Group B (Experiment) 3.1 £0.141
2.05 <0.01
Group C (Control) 1.5 +0.141
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Figure 3. CB1 expression. Real-time PCR data indicated a significant up-
regulation of CB1 gene expression in the experiment group compared to the
control group (P value < 0.01).

(P<0.001). During this study, CSO injection in experiment
group significantly reduced the mean clinical score
(P<0.01) and debilitating signs of EAE when compared to
the control group. Histological assessments demonstrated
that induction and advancement of neurodegeneration
in mice model of MS were concurrent with immune cell
infiltration into the CNS, demyelination, vacuolization and
general damage to neuronal function (18). Hematoxylin
and eosin method in Figure 2 depicts the lumbar section
of spinal cord and immune cells invasion of neural tube
in control and experiment groups. CSO considerably
reduced (P<0.01) the number of immune cells painted
and presented in spinal cord tissue. Moreover, the mean
infiltrated and affected area per um? of tissue (in percentage)
was significantly less in oil treated mice in comparison
to untreated ones (P=0.02). These findings suggest that
immuno-nutrients including omega 6 PUFAs and omega
3, essential fatty acids, antioxidants and vitamin E presence
in CSO could possibly suppress neuroinflammation and
immune cell activation and invasion, in line with other
studies (19). It has been demonstrated that cannabinoids
perform most of their actions via CB1 or CB2 (20)
whereby, the neuroprotective properties are believed to
be mediated mostly by CB1 (21). Studies show more rapid
neurodegeneration progress during EAE in CB1 deficient
mice, substantiating a CB1 receptor-dependent mechanism
for neuroprotection. Numerous studies on EAE have

Cannabis affects neuroinflammation

recently reveals anti-inflammatory and antioxidant effects
of CBD i.p. administration, alone or in combination with
other compounds (21). CBD, the most abundant non-
psychoactive cannabinoid, has been detected in oil extract
of C. sativa seed along with a large number of natural
cannabinoids (22). As demonstrated in Figure 2, this study
evaluated the expression of CB1 in CNS of EAE mice.
The findings suggest that the expression of CB1 increased
significantly in EAE mice treated with oil extract compared
to EAE control (P < 0.001). The reduction of immune cell
infiltration and decreased clinical debilities along with
increased CBI1 expression, confirm the neuroprotective
activity of CB1, as well as neuroinflammatory suppressive
properties of CSO. However, a probable overlap in addition
to non-CB1/CB2-mediated mechanisms might have been
premised.

Conclusion

In conclusion, innumerable evidence support cannabinoid
compounds application in MS treatment through
endocannabinoid signaling system, which offers a
novel strategy in attenuating the disease advancement
(23). Furthermore, the presence of immunoregulatory
vitamins and antioxidants in CSO assists the restriction
of neuroinflaimmation in treatment process (24).
Additionally, essential PUFAs, which myriad of benefits
have been attributed to their immunosuppressive
role, might upregulate the expression of some certain
neurological mediators (25).
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