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ABSTRACT

Multiple sclerosis (MS) is a complex disorder, characterized by demyelination and loss of axonal parts of
neurons in the central nervous system involving multiple genetic and environmental factors. Although,
the demyelinated lesions develop throughout the brain, but more frequently are extensive in white matter.
Currently, three different approaches are being utilized to treat MS, where synthetic drugs are the most
frequently used but they do not cure the disease. Secondly, the stem cell therapy but this too has limited
success in treating MS in humans. The thirds technique involving administering hormones has been found
to be most effective method but this too have some significant side effects. Alternatively, natural products
can potentially serve as an affordable and effective substitute for the treatment of MS with minimum or
no side effects. Blackseeds (Nigella sativa) and honey possessing potent neuroprotective, antioxidant, and
anti-inflammatory properties with no reported side effects can be a prospective candidate for an alternate
remedial treatment of MS in animal model as well as in humans. In this study we established a new
animal model (quail), to assess the synergistic efficacy of honey and black seed against demyelination
within brain. A total of 35 male quails were used, among 10 were non treated and 25 were treated with
200 mg/kg/day cuprizone (CPZ) demyelination for six months to induce demyelination. After that they
were divided into seven groups of five animal each where 3 CPZ treated groups received either honey,
black seed oil or mixture of both for 6 weeks after demyelination. Behavioral tests were performed at
the end of treatment. Afterwards, oligodendrocyte population was estimated in cerebellar white matter
after histology. It was found that all three treatments efficiently induce remyelination. Interestingly, the
mixture of honey and black seed was significantly more efficient than honey and black seed alone. Our
data support the need of clinical trials for administration of N. sativa and honey in MS patients.

INTRODUCTION

Check for
updates

Article Information

Received 07 November 2022
Revised 20 November 2022
Accepted 04 December 2022
Available online 31 January 2023
(early access)

Published 04 April 2024

Authors’ Contribution

MR performed the literature

search, wrote the first draft of the
manuscript, made the data extraction
and analysis for mouse. IK made the
data extraction and analysis for quail,
GH, NZ and MI participated in the
analysis and interpretation of data.
FA, AU and AS designed the work,
supervised and made the final editing
in the manuscript. All authors read
and approved the final manuscript.

Key words

Nigella sativa, Honey, Synergistic,
Oligodendrocytes, Multiple sclerosis,
Quercetin, Kaempferol, Central
nervous system, Thymoquinone,
Cuprizone

Within the central nervous system, oligodendrocytes
are specialized glial cells of that form myelin
sheath around axons facilitating the saltatory conduction,
ultimately enhance nerve transmission efficiency
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(Mitew et al., 2014). Alterations in the structure or
function of these cells lead to numerous disabilities, more
frequently multiple sclerosis (MS). It is a heterogeneous
disease with unknown autoantigens which are responsible
for induction of disease. MS develops due to an imbalance
between demyelination and remyelination resulting into
permanent demyelination of axons leading to cerebral
atrophy at earlier stages and breakdown of blood brain
barrier at later stages of the disease (Coles et al., 2008;
Jakimovski et al., 2019). It is well established that MS
is a disease induced by both genetic and environmental
factors (Dendrou ef al., 2015) and often more prevalent
in females as compared to males (Hollenbach and
Oksenberg, 2015). Recent therapeutic approaches for MS
involves prolonged use of medications merely to reduce
the symptoms and slowdown progression of the disease
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(Ghaiad et al., 2017). Hormonal therapy and stem cell
therapies like embryonic stem cell, and mesenchymal
stem cells, on the other hand, have been tested in animal
models with considerable success but have limitations
for humans use (Rivera et al., 2019; Hohlfeld, 2021).
In general, the existing drugs merely focus on the
prevention of the symptoms while their long-term usage
has further adverse side effects in addition to high costs
(Alfaqih, 2020). To reduce side effects, and increase cost
effectiveness of existing drugs, herbal medicines can
be a potential candidate for effective treatment against
MS (Mojaverrostami et al., 2018). Honey is a natural
compound mainly comprised of carbohydrates, water
and a small quantity of nitrogen, organic acids, minerals
and vitamins which enhance its biological potential
for therapeutic usage (Machado ef al., 2018). Honey
exhibits antimicrobial, antioxidant, anti-inflammatory,
anticancer, antihyperlipidemic, and cardioprotective
properties (Vazhacharickal, 2021) due to bioactive
compounds such as polyphenols with reported protective
roles in cardiovascular diseases (CVD), diabetes, cancer,
gastrointestinal tract diseases and neurodegenerative
diseases (Hossen et al., 2017).

Nigella sativa L. (Ranunculaceae) (black seed) is
an annual flowering plant (Mojaverrostami et al., 2018)
found in Southern Europe, Southwest Asia and North
Africa (Tavakkoli et al., 2017). A number of studies
suggest that N. Sativa is beneficial for the treatment of
diseases associated with cardiovascular, nervous system,
skin, infectious, reproductive system, respiratory system,
skeletal system, and gastrointestinal system (Ahmad et
al., 2013). Being herbal medicine containing biologically
active compounds, such as thymoquinone, nigellone and
melatin, black seeds are being tested in clinical trials against
neurological disorders (Ahmad et al., 2013; Tavakkoli et
al., 2017). It is also reported to have a role in cell survival,
cell cycle and anti-apoptotic activity (Hannan et al., 2021)
as well as it potentially ameliorates brain function related
to cognition, depression, epilepsy, and memory due to
high proportions of polyunsaturated fatty acids in black
seeds composition. These compounds are essential for
protecting nervous system against any neuronal injury
or disorders (Hala et al., 2006). The reported therapeutic
potential, easy availability, cost effective processing and
no side effects of using black seeds render it an ideal
candidate for treatment of MS using an animal model. In
this study we have evaluated the therapeutic potential of
honey, black seed and their combinations in regeneration
of oligodendrocytes in cuprizone induced quail brain. The
results will be helpful in validating the therapeutic potential
of mixture of honey and black seed, and designing a new
drug against MS with no side effect.

MATERIALS AND METHODS

Site of study and ethical approval

This study was conducted in the Department of
Biosciences of COMSATS University, Islamabad. All the
ethical and biosafety approvals were sought and granted
by departmental ethical review committee.

Animal model

Due to unavailability of the relevant animal model
for MS, this study was done in a new animal model,
quail (Coturnix japonica). Quails have been proving an
important tool in disease research (Baer et al., 2015).
Since 1940, Quails have been utilized in genetics research
(Shimakura, 1940) and have become an important model
in developmental biology, behavior and biomedical
studies (Minvielle, 2009). They have also been used as an
animal model for albinism (Homma, 1968). The quail are
relatively smaller in size and are easier to rare than chicken
or even mouse (Huss ef al., 2008).

Adult males (14 weeks old) were obtained from
Hamza Chicks Islamabad, Pakistan. Animals were housed
under standard laboratory conditions at the Institute and
fed with standard chicken diet and continuous supply of
fresh drinking water. Demyelination was induced with
CPZ at a dose of 200 mg/kg/day for 6 months by mixing
the (CPZ, Sigma) powder in feed pellets. Weekly body
weights of each animal were recorded basis throughout the
treatment period along with clinical observation.

Treatment

From the laboratory reared animals, seven groups
for bioassay were designated with five animals in each
group (Table I). Animals in group 3 to 7 were exposed
to a daily dose of CPZ while animals in group 1 and 2
were kept untreated. At the end of 6 months, animals in
group 1 and 3 were slaughtered to assess the extent of
demyelination. Animals in group 5 and 6 were given a
daily dose of honey and black seed through oral gavage at
100 mg/kg/day respectively for a period of 6 weeks after
induction of demyelination. Both honey and black seeds
were administered in mixture, in equal quantity, to the
animals of group 7 at a dose of 200 mg/kg/day for 6 weeks.
Animals of group 4 did not receive any treatment. Animals
in all the groups were perfused in 4% paraformaldehyde at
the end of 6 weeks to isolate brains.

Tissue processing for histological analysis

Histological assessment was done as described
by Akram et al. (2018). Tissues were fixed in a mixture
of ethanol (60 ml), formaldehyde (30 ml), and glacial
acetic acid (10 ml) for 24-48 h, and then proceeded for
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embedding in paraffin. Sections of 8-10 um thickness were
cut on a microtome (Shandon, Finesse 325, Thermo Fisher
Scientifific, Luton, England) and stained with Harris
hematoxylin (Sigma Aldrich, 638A) and eosin (Sigma-
Aldrich, E4009). Sections were examined at different
magnifications with light microscope (Olympus CH40
Olympus Optical Co. Ltd 2-43-2 Tokyo Japan Model
BX41TF SN 5L.20405) and focusing on the white matter
of cerebellum. Images were captured using a microscope
mounted camera (Model DP12-2 SN 5094926 B4 Tokyo
Japan) and the number of cells were counted by processing
the images with Image J software.

Table 1. Animals groups and treatment.

Animal Treatment Exposure

groups

Gl Positive control No. for 6 months

G2 Positive control No. for 7.5 months

G3 Cuprizone 6 months

G4 Cuprizone 6 months + 6 weeks no
treatment

G5 Cuprizone+Honey 6 months + 6 weeks

G6 Cuprizone+Black seed 6 months + 6 weeks

G7 Cuprizone+Honey and 6 months + 6 weeks

black seed

Behavioral bioassays
Prior to slaughtering of the animals, following
behavioral studies were performed.

Beam walking assay

The beam walking test was performed in accordance
with several studies (Carter et al., 2001; Liu et al.,
2009; Chen et al., 2011; Luong et al., 2011). Albeit with
modification. We overcome the animal size, as rectangular
beam, by adjusting the diameter or rounded shape to
support the movement of these quails. The set up consisted
of one rectangular wooden beam of 2 cm width and 100
cm length. The beam was graduated from score 1-20. The
ends of the beam were placed on two wooden blocks, 15
cm long, 15 cm wide and 30 cm high. These dimensions of
the blocks allowed beam to stay at an elevation of 30 cm
from the ground. The quail were trained on the beam twice
a day for three days before test.

Experiment was performed with control and treated
quail at the end of treatment i.e., CPZ and honey, black
seed and the mixture. These quails were compelled to
walk from one end of the graduated beam to the other. We
recorded the graduated score of the beam where quail feet
slipped. Maximum score 20 was given to the quail which

crossed beam without any slip. Three observations were
made for each quail get average scores + SE.

Flight assessment

Quails were stimulated to fly from a fixed height
(150 cm). The length of their flight was measured and the
quality of rhythmic fanning of wings and take off/ landing
were recorded. The data was presented as the average
length of flight + SE.

Statistical analysis

Weekly body weight, beams score, flight length and
number of cells (counted) in central part of cerebellum of
all the treated and untreated control groups were recorded.
The obtained data were expressed as mean + SEM and
analyzed using ANOVA after conforming the assumption
of data homogeneity. Where the significant differences
were observed, the pair wise post-foc comparisons were
performed using Tukey’s test at o =0.05. The data analyses
were conducted using Statistical Package for the Social
Sciences for Windows (SPSS 22.0, IBM SPSS Inc.) and
GraphPad Prism 8.

RESULTS

Body weight

Although not significantly different, a slight increase
in weekly body weight of the animals was recorded when
they were treated with black seed alone or together with
honey (Fig. 1).
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Fig. 1. Body weights of animals at the starting, after six
months and after seven and half months. There is no
significant difference of body weight among the groups.
Values are presented as mean t SEM. P value was set at
0.05.

Clinical observation after 6 months of CPZ treatment
showed some motor impairment of the negative control
group that was confirmed by histology. Behavioral studies
were not conducted for positive and negative control
groups after six months of CPZ treatment.
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Behavioral studies

Beam walk test

The beam walk score showed significant difference
between the control and CPZ treated animal. Similarly,
all the treated groups i.e., honey, black seeds, and mixture
treated groups showed significantly lower score than
positive control but significantly higher than CPZ treated
animal. Interestingly, there was no significance difference
between animal groups treated with honey, black seed, and
the mixture (Fig. 2).
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Fig. 2. Beam walking score for five animal groups. Control
group had significantly higher score as compared to all
other groups. Honey, black seed and mixed groups showed
significantly higher scores than CPZ treated animals.
Scores are presented as mean + SEM. Boxes with the same
alphabet are not significantly different (P < 0.05).

Table II. Oligodendrocyte number in demyelinated and
remyelinated animals.

No of cell in Percent-
central cerebellar age (%)
white matter

Animal groups

Positive control 6 months 115 100
Positive control 7.5 months 122 100
Cuprizone 6 months 53 46.08
Cuprizone 7.5 months 76 62.29
Honey 80 65.50
Black seed 84 89.3
Honey and black seed 109 89.30
Flight test

Like beam walking test, flight length score showed
significant difference between the control and all other
groups. Animals in honey, black seed and mixture groups
showed flight lengths longer than CPZ treated quails
but significantly lower than control. Interestingly, no

significant difference was observed between honey, black
seed, and mixture group (Fig. 3). These results clearly
indicate that the quality of rhythmic fanning of wings
and take off/landing was improved moderately in treated
groups i.e., honey, black seed and the mixture compared to
CPZ treated group.
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Fig. 3. Flight length test results. Control group showed
highest score followed by natural products treated
groups and CPZ intoxicated group. Control group shows
significantly higher length of flights than any other group.
Treated groups have flight lengths less than control but
significantly higher than animal treated with CPZ only.
Data was presented as mean + SEM. Bar with same
alphabet means no significant difference (P < 0.05).

Histopathological assessment

After six months of CPZ treatment, thickness of
cerebellar white matter decreases as compared to positive
control group (Fig. 4C, D, respectively). The central white
matter of cerebellar and cerebrum showed more apoptotic
glial cells, rare alive oligodendrocytes and shrinkage
of axons in the groups treated with CPZ for six months
compared to control group (Fig. 4E, F) cerebellar white
matter, and (Fig. 4G, H) cerebral white matter). Effective
remyelination can be seen is CPZ treated animal when
left untreated for 6 weeks (Fig. 4)). Honey, black seed
and the mixture treated groups showed variable rate of
oligodendrocyte regeneration (Fig. 4K, L, M).

Cells counting

The population of oligodendrocytes reduces to 45%
after six months of CPZ treatment (n=5) (Fig. 5, Table II). A
spontanous regeneration can be observed after the removal
of CPZ treatment and oligodendrocyte number rises to 62%
at the end of experiment i.e., 7.5 months (n=5). Animals
treated with either honey (n=5) (65%) or black seed (n=5)
(68%) also displayed increase in oligodendrocyte number
but difference was non significant as compared to cuprizone
only treated (n=5) animals at the end of experiment.



Honey and Black Seed Synergistically Promote Oligodendrocyte Regeneration 1167

Fig. 4. Cerebellar and cerebral white matter (H & E x 20 and x 40). (A) positive control entire brain (1: cerebellum; 2: optic lobe;
3: cerebral hemisphere; 4: olfactory lobe). (B) positive control sagittal brain section (5: cerebral cortex; 6: cerebellar cortex; 7: deep
cerebellar white matter; 8: pons; 9: medullar oblongata. (C) positive control after six months shows normal thickness of cerebellar
white matter folds. (D) six months CPZ treated animals show loss of cerebellar thickness in white matter folds. (E) control group
kept for six months without CPZ shows deep cerebellar white matter and normal oligodendrocyte population. (F) animals with CPZ
treatment for six months show rare oligodendrocytes. (G) cerebral white matter of control animal after six months shows normal
glial cells. (H) cerebral white matter of six months CPZ treated animal shows apoptotic oligodendrocytes (arrow) and shrinkage of
axons. (I) normal oligodendrocyte population can be seen in control animal after seven and half months without any treatment. (J)
spontaneous oligodendrocyte regeneration can be seen in animal with no treatment for six weeks after six months of CPZ treatment.
(K) honey treated group showing regeneration of oligodendrocytes. (L) black seed treated group showing increase in glial cells
population. (M) Mixture (honey and black seed) treated group shows significantly increased oligodendrocyte population.



1168 M.Z.K.A. Raimi et al.

Interestingly, animal group treated with honey and black
seed mixture (n=5) showed significantly higher number of
oligodendrocytes (89%) as compared to all other groups
except control group. This is clear indication that honey and
black seed mixture effeciently promotes oligodendrocyte
regeneration in quail white cellellar matter.
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Fig. 5. The number of oligodendrocytes in cerebellar white
matter of quail is depicted in the graph. There is a severe
depletion of oligodendrocytes after six months of CPZ
treatment. Oligodendrocyte no. increases after the arrest
of treatment. A non-significant difference in the number of
oligodendrocytes can be observed in CPZ, honey and black
seed group. Animals in mixture group have significantly
higher number of oligodendrocytes than the honey, black
seed and CPZ group. Oligodendrocyte number has been
presented as mean + SEM. Bar with same alphabet means
no significant difference (P < 0.05).

DISCUSSION

Multiple sclerosis is a complex inflammatory
autoimmune and neurodegenerative disorder that leads to
the loss of myelin sheath and parts of axons in the central
nervous system (CNS). The history of CPZ model begin
more than 50 years ago (Peterson-Bollier, 1955). The direct
or indirect supplementation of normal animal chow with
CPZ lead to oligodendroglia cell death and consequent
demyelination (Lindner et al., 2009). Though many models
have been used for MS studies, CPZ is considered as one
of the most widely used model to study demyelination and
remyelination (Hussain et al., 2013; Zhan et al., 2020). It
also helps to study intercellular interaction between glial
cells (Remington et al., 2007).

In humans, the ventral zone of the spinal cord is the
site of origin of oligodendrocytes that express myelin
genes and platelet derived growth factor-o (PDGFRa).
In birds and rodents, oligodendrocytes of the dorsal
spinal cord initially originate from the ventral half of
the spinal cord and then migrate towards the dorsal side.
This indicates the common origin of oligodendrocytes in
both vertebrate classes (Remington et al., 2007). Other

investigations have reported similar origin between birds
and human oligodendrocytes (Miller and Bell, 1996). Till
date no study has been conducted to use quail as an in vivo
model of MS.

After one week of CPZ induced demyelination,
oligodendrocyte mitochondria get affected which
leads to oligodendrocytes apoptosis and consequently
downregulation of many myelin associated protein
(Komoly, 2005; Gudi et al., 2011). It is well established
that 0.2% CPZ induces extensive and reproductible
demyelination without detrimental systemic effects in
adult 8-10 weeks old mice. However, the effect differs
among mouse strains (Irvine and Blakemore, 2006). Either
400 mg/kg/day (Zhen et al., 2017) or 200 mg/kg/day (Gudi
et al., 2014) is recommended for obtaining extensive and
consistent demyelination after 5 weeks of administration
in rodents. Six months were required to obtain similar
results in quail model. This may be due to double number
of neurons in birds than mammals (Olkowicz et al., 2016).
Although this bring novel insight on the duration to
induced demyelination in birds, further study is required
to find out the best CPZ doze. Demyelination is more
prominent in the oligodendrocyte rich areas of the central
nervous system such corpus callosum and cerebellar white
matter (Silvestroff et al., 2012). As quail brain lacks a
clearly defined corpus callosum so we focused on quail’s
cerebellar white matter to assess the potential of honey and
black seed in the regeneration of oligodendrocytes post
CPZ administration.

Recent approaches tend to improve or even stop
disease progression in patients, with primary progressive
MS (PPMS) and secondary progressive MS (SPMS), by
stimulating the neuroprotective activity or inhibiting the
inflammation or promoting the spread of innate immune
reaction and inducing the remyelination by promoting
OPCs proliferation and differentiation (Zhan et al., 2020).
In relapsing remitting MS, commercially available drugs
are useful to regulate the activity of immune cells and
episodes of the disease. Due to continuous loss of neuronal
function in progressive stages of disease, stimulation of
the endogenous remyelination could be a great progress in
MS therapies (Kremer et al., 2019).

Medicinal plants are thought to have beneficial
effects in cancers, diabetes and neurodegenerative
diseases (Dehghan et al., 2016). An increased number
of studies have emphasized on the herbal compounds to
improve myelin repair (remyelination) and suppress the
inflammation and symptoms (Piao and Liang, 2012).

Body weight is an important parameter to assess the
health or disease condition of an animal. However, in the
present study we did not find significant body weight loss
in animals. The motor impairment was also less prominent
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among the CPZ treated animals though we notice some
dizziness and seizures. Approximately 5% of body weight
loss was observed after six months of CPZ treatment in
quails as compared to a loss of 10% in mice model fed
with 0.2% CPZ for five weeks (Steelman et al., 2012).
Either dose of CPZ was not sufficient to induce severe
demyelination or the number of oligodendrocytes is higher
in the quail brain because songbirds contain roughly the
double number of neurons as compared to same brain size
of mammals (Olkowicz et al., 2016). Although incomplete,
the spontaneous remyelination was remarkable in the
animals fed with CPZ for six months and exempted of
any treatment for six weeks. The body weight was slightly
increased at seven and half month compared to six months
weight. The difference observed in the beam walk test
and flight length test between the CPZ treated group and
honey and black seed treated group further strengthened
the existing and incomplete endogenous remyelination.
Moreover, the no. of counted oligodendrocytes in
positives control and negatives control groups clearly
demonstrate spontaneous and incomplete remyelination.
The incomplete endogenous remyelination always occurs
in progressive form of MS (Kremer et al., 2019) which
underlines the significance of medication to continuously
stimulate the innate remyelination.

Honey is a natural compound that can be obtained
from the plant nectar (Rodriguez et al., 2019). Its mains
properties differ based on the botanical and geographical
origin, climate, and processing. It is mainly composed
of carbohydrates, water with minor quantities of other
ingredients like nitrogen, organic acids, minerals and
vitamins which influence its biological potency (Machado
etal., 2018).

Behaviorally, the observed difference between honey
treated group and CPZ treated group at the end of experiment
prove that honey enhances the endogenous remyelination.
Comparing the numbers of oligodendrocytes in the honey
treated group and CPZ treated, we observed that honey
induces remyelination after arrest of CPZ treatment at
the end of six months. Albeit the first study assessing the
effect of honey in MS animal model, our data confirmed
the anti-inflammatory and antioxidant potency of honey
linked to one of his mains compounds, named polyphenols
(Vazhacharickal, 2021; Hossen et al., 2017). In MS
treatment, the strategies are, stopped the inflammation,
increased the antioxidant enzymes and promoted the
remyelination (Zhan et al., 2020).

N. sativa L. usually known as black seed or black
cumin is being used for more than thousand years, due to its
pharmacological properties (Mojaverrostami et al., 2018).
Thymoquinone is the most abundant constituent of the
volatile oil of black seed, and is thought to be responsible

for the most properties of the herb (Tavakkoli ez al., 2017).
Thymoquinone, is also well known for the removal of free
radical and superoxide ions (Akhtar et al., 2014). This
role conserve the activity of various antioxidant enzymes,
such as catalase, glutathione peroxidase and glutathione-
S-transferase (Woo et al., 2012).

Black seed has the potential to attenuate oxidative
stress by activating the antioxidant defense system
(Nrf2 signaling), inhibit inflammation by activating anti-
inflammatory signaling (NF-kB and TLR signaling),
induce immunity by modulating innate and adaptive
immune components, prevent apoptosis by upregulating
pro-survival signals and downregulating pro-apoptotic
signals (PI3K/Akt, JNK, and mTOR signaling) (Hannan
etal., 2021).

These properties are further confirmed by our data
where a significant difference of beam walk and flight test
scores was observed between animal treated with black
seed and the CPZ treated animals. The counted number
of oligodendrocytes in black seed treated group compared
to CPZ treated group also demonstrated the capability of
black seed to accelerate remyelination after the damage
caused by CPZ. Our results are in agreement with (Noor
et al., 2015; Fahmy et al., 2014) who reported enhanced
remyelination in the CNS after N. sativa treatment in
experimental autoimmune encephalomyelitis (EAE) model
of MS. It was further described to reduce inflammation
processes. The neuroprotective and antioxidant potentials
of black seed have also been elucidated in lead induced
neurotoxicity during development and early life in mouse
models (Butt et al,, 2018) and in rotenone induced
Parkinson’s animal model (Ebrahimi ef al., 2017).

After behavioral and histological analysis, the mixture
of honey and black seed showed significantly higher
beam walk and flight tests scores and oligodendrocyte
population. Although the mixture is more efficient than the
other treatment groups, it does not completely rectify the
damage induced in the animal by CPZ. That may be due to
short duration of the honey and black seed treatment. After
discontinuation of CPZ treatment, the mixture of honey
and black seed reduces inflammation and promote the
recruitment and regeneration of OPCs. The loss of myelin
can be restored during remyelination, which can prevent
axonal degeneration and restore motor function.

The complementary effect of mixture of honey and
black seed, revealed a new therapeutic dimension of the
disease. A comparison of the efficacy of honey, black seed
oil and the mixture has demonstrated that; honey, black
seed and the mixture have accelerated the spontaneous
regeneration of oligodendrocytes at 3%, 6%, and 27%,
respectively as compared to CPZ treated animals at the
end of experiment.
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Overall, honey, black seed and the mixture
have induced 20%, 23% and 43% regeneration of
oligodendrocytes respectively in comparison with CPZ
treated group at the end of six-month group. Black seed
displayed 4% higher regeneration than honey while and
the mixture effect was 20% and 24.6% superior than black
seed and honey, respectively.

Honey is known world-wide as a medicine, energy
source and well recognized for biological, physiological
and pharmacological activities (Amin et al., 2018). In
the universal honey phenolic acids, flavonoids, and
antioxidants are found with synergic action (Bogdanov et
al., 2008). Glucose, fructose, flavonoid, polyphenols and
organic acids are thought to play a major role in quality
and health benefits of honey (Cianciosi et al., 2018).
Phenolic compounds have well established antioxidant,
antimicrobial, antiviral, anti-inflammatory, antifungal,
wound healing, and cardio protective properties (Viuda
et al., 2008). Medically honey has been found to have
antioxidant, anti-inflammatory, anti-bacterial, antiviral,
anti-ulcer, antihyperlipidemic, antidiabetic and anticancer
properties (Juszczak et al., 2016). The presence of phenols
and flavonoids in honey is believed to be responsible for
the exhibition of anti-oxidative and anti-inflammatory
activities (Ahmed et al., 2018). Black seed also contains
many anti-inflammatory and antioxidant components like
polyphenols, quercetin, kaempferol and thymoquinone
which are efficient in relieving the oxidative stress by
activating the antioxidant defense system and inhibiting
the inflammation by activating anti-inflammatory signaling
(Hannan et al., 2021).

Similar anti-inflammatory, and antioxidant potential
of honey and black seed is essential for the therapeutic
application in MS animal model. Collectively they
promote efficient remyelination and recovery of saltatory
action potential conduction to restore motor impairment.

Our data confirmed the therapeutic potential of honey
and black seed in the MS animal model. However, more
studies are required to qualitatively assess the effects
of each of these medicinal products and their active
ingredients.

CONCLUSION

This study is the first attempt to assess the therapeutic
effects of honey, black seed, and the mixture in CPZ
induced demyelinated quail model. After six months of
CPZ induced chronic demyelination and six weeks of
honey and black seed oil treatment, we found that honey
and black seed oil are capable to induce and accelerate
the remyelination and the mixture of two is more efficient
than both separately. Our findings stress the need of future

experiments to identify and characterize active ingredients
to design effective drugs with low cost and no adverse side
effects.
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