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Abstract
Multiple Sclerosis (MS) is a chronic immune-mediated, demyelinating, inflammatory and
neurodegenerative disorder of the central nervous system (CNS) (Peterson et al, 2007). Multiple
Sclerosis is one of the most common neurological disorders in young adults and the leading
cause of non-traumatic disability in middle-aged adults (Gold et al, 2011). According to the
National Multiple Sclerosis Society, more than 2.3 million people worldwide have been
diagnosed with Multiple Sclerosis, while 1 million of those cases have occurred within the
United States (76% female, 26% male in 2017 from 63% female, 37% male in 1976)
(nationalmssociety.org, 2020). Multiple sclerosis is increasing globally with prevalence
increasing with latitude (Dobson et al 2018). With advancements in western medicine
techniques, the ability to provide non-traditional medicinal therapies for Multiple Sclerosis is on
the rise. Chinese medicine herbal therapy with the use of curcumin has shown moderate yet
beneficial effects in the treatment of neuro-inflammation in Multiple Sclerosis. Curcumin, one of
the three active curcuminoids of Tumeric, and the most active, is typically grown in China,
Southeast Asia and India and belongs to the Zingiberaceae family. Of the three curcuminoids,
curcumin, demethoxycurcumin (DMC), and bis-demethoxycurcumin (BDMC), curcumin is the
most concentrated at two-thirds of the total curcuminoids. They have a long, rich history of
treating many disorders in both Traditional Chinese medicine and Ayurvedic Medicine, dating
back to around two centuries ago. Known for its vibrant yellow color and its spicey and warming
nature, it has been used as medicine, religious applications, in coloring for cosmetics, fabric dye
and has been used as a supplement in food for both flavoring and healing purposes. The
rhizomes (underground stems) of curcuma longa (jiang huang) are what create the bright yellow
color and are a phytopolyphenol compound. In this review, we discuss animal and cellular
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models showing the efficacy of curcumin in treating neuro-inflammation in those with Multiple
Sclerosis as well as traditional and nano-formulations of curcumin.
Keywords: Multiple Sclerosis, curcumin, nanocurcumin, curcuma longa, Chinese Herbal
Medicine, muscular atrophy, T Cells, B Cells, wei syndrome and neuroinflammation

RUNNING HEAD: CURCUMIN AND MULTIPLE SCLEROSIS

6

Acknowledgements
I wish to express my sincere appreciation to the Yo San University of Traditional Chinese
Medicine Administration, Instructors, Supervisors, Clinic Staff, Board of Trustees, Dr.
Lawrence Lau, Dr. Maoshing Ni and Dr. Daoshing Ni. I thank you in trusting me to carry on and
lead Chinese Medicine and the Yo San lineage, into the future.
To the Doctoral Dean, Dr. Robert Hoffman, thank you for allowing us to step out of our comfort
zones and to see the medicine from multiple perspectives. Thank you for your support,
compassion and commitment to the TCM classics.
To the Masters Dean, Dr. Brady Chin, thank you for the opportunity to allow me to teach a
medicine I thoroughly love and for guiding me in the ability to share this medicine with future
students and practitioners.
To my wonderful advisor, Dr. Raheleh Khorsan, a research genius, you guided me and
encouraged me to always dig deeper, be professional and be persistent. I thank you so much for
your energetic presence and smiling face even when the times got tough.
I wish to acknowledge the great love and support of my family. This work would not be possible
without their love and gratitude.
To Cohort 10 of the Yo San DAOM, my classmates, my colleagues. This work would not have
come to light without you. Our drive to keep each other going and push through and believe in
ourselves was truly amazing. Thank you so much for the wonderful support and this unique
experience none of us will ever forget.

RUNNING HEAD: CURCUMIN AND MULTIPLE SCLEROSIS

7

I would like to give special thanks to the following who supported me. Thank you for believing
in my ability to become a doctor and to carry on a wonderful medicine:
Julie Cardinale
Nicole Kruck, L.Ac, LMT
Daouia Amrir
Dr. Farshid Namin, MD (Iran), DAOM, L.Ac, Sean Gates, MLIS
Elaina Greenberg, MS, L.Ac, Dawn Webster, L.Ac, Dipl. OM
Dr. Claudia Laufer, DAOM, L.Ac
Dr. Hongyin Jin, L.Ac, Dr. Meredith Qian, L.Ac
Dr. Connie Christe, DAOM, L.Ac
Jeffrey Douglas
Lorn-Nicole Robinson
Clinic for Pain and Anxiety
Seyhart
To all of the mice and rats, thank you for giving your life and your families for the advancement
of Chinese Medicine. You are not forgotten.
To all of the patients, thank you for trusting and believing in the healing abilities of Chinese
Medicine and for your continuous support.

RUNNING HEAD: CURCUMIN AND MULTIPLE SCLEROSIS

8

Chapter One: Introduction
Multiple Sclerosis (MS) is a chronic immune-mediated, demyelinating, inflammatory and
neurodegenerative disorder of the CNS (Peterson et al, 2007). It is characterized by brain, spinal
cord and optic nerve lesions (sclerosis / plaques), multifocal regions of inflammation, myelin
destruction, neuron and axonal loss causing neurological defects leading to extreme cognitive
and physical impairments including but not limited to: limb weakness, loss of mobility, gait
ataxia, bowel and bladder dysfunction, optic neuritis and incapacitation. Neurologic defects are
multiple with remissions and exacerbations gradually producing disability (Merck Manual,
2019). According to the Multiple Sclerosis Association of America, the disorder is not totally
random and with relapsing forms in woman three times more likely to develop and the primary
progressive form equally divided. Diagnosis requires clinical symptoms and / or MRI evidence
exhibiting two or more neurological lesions within the central nervous system, separated in both
time and space (nationalmssociety.org, 2020, Merck Manual, 2019). Treatment varies based on
progression of the disease and can include corticosteroids, immune modulating drugs and more
recently Chinese Herbal medicine, acupuncture, massage, meditation and nutritional
modifications.

Research Question and Objective
Is curcumin an effective treatment for Neurological Anti-Inflammation in Multiple Sclerosis? To
any comparative?
This study aims to show the Neurological Anti-Inflammatory efficacy of curcumin in the
treatment of Multiple Sclerosis. The study will give medical practitioners, both Western and
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Integrative healthcare systems including healthcare students and patients, quality evidence in the
use of this specific herb in the treatment of adult patients with MS, as well as the theoretical and
clinical evidence that is lacking by modern medicine standards.

RUNNING HEAD: CURCUMIN AND MULTIPLE SCLEROSIS

10

Definition of Terms
MS: Multiple Sclerosis
CNS: Central Nervous System
Optic Neuritis: Inflammation of the optic nerve (hopkinsmedicine.org, 2021)
EBV: Epstein Barr Virus aka Human Herpes Virus 4 (cdc.gov, 2021).
HLA: Human Leukocyte Antigen: A molecule that initiates and manages immune responses and
participates in T cell selection (Mosaad, 2015).
Nystagmus: Involuntary eye movement due to various conditions (hopkinsmedicine.org, 2021).
Sclerosis: Scarring (merckmanuals.com, 2020)
CIS: Clinically Isolated Syndrome (NationalMSSociety.org, 2020).
Lhermitte’s sign: An electric shock like sensation that is brief with flexion and movement of the
neck (msfocus.org, 2020).
RRMS: Relasping Remitting MS (NationalMSSociety.org, 2020).
Relapse or exacerbation: Attacks of MS symptoms (nationalmssociety.org, 2020).
SPMS: Secondary Progressive MS (NationalMSSociety.org, 2020).
PPMS: Primary Progressive MS (NationalMSSociety.org, 2020).
Myelin Sheath: Fatty insulation that surrounding and protecting the nerve and assists in the
smooth conduction of electrical impulses to the brain (mistrust.org.uk, 2020).
Oligoclonal bands: Protein known as an immunoglobulin (IgG) (medlineplus.gov, 2020).
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CAM: Complementary and Alternative Medicine
Anti CD20: The CD20 antigen is a transmembrane phosphoprotein that is expressed on the
surface of both resting and activated B lymphocytes, but it is lost upon differentiation into
plasma cells (invivogen.com, 2021).
CSF: Cerebral Spinal Fluid.
Tumor Necrosis Factor: (TNF-α) A protein made by white blood cells in response to an
antigen (substance that causes the immune system to make a specific immune response) or
infection (cancer.gov, 2021).
Interlukin: One of a group of related proteins made by leukocytes (white blood cells) and other
cells in the body. Interleukins regulate immune responses (cancer.gov, 2021).
Phenylbutazone (“bute”): NSAID that is effective in treating fever, pain and inflammation
throughout the body (Chen et al, 2004).
BBB: Blood Brain Barrier
Cytolytic Enzyme Granzyme B: Granzyme B is a cysteine protease found in the cytoplasmic
granules of cytolytic T lymphocytes (CTL) and natural killer (NK) cells. Granzyme B is required
for the induction of target cell lysis, which occurs as part of cell-mediated immune responses and
can activate apoptosis in target cells by both caspase-dependent and caspase-independent
mechanisms (peprotech.com, 2021).
EAE: Experimental Autoimmune Encephalomyelitis
CCR6 Receptor: Chemokine receptor type 6 (uniport.org, 2021).
BCR: B Cell receptor (uniport.org, 2021).
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NF-κB Inhibitor: Regulates multiple aspects of innate and adaptive immune functions and
serves as a pivotal mediator of inflammatory responses (Liu et al, 2017).
ZO-1 antibody: Tight junction protein (uniport.org, 2021).
MCL Phosphorylation: Mcl-1 is an anti-apoptotic member of the Bcl-2 family originally
isolated from the ML-1 human myeloid leukemia cell line during phorbol ester-induced
differentiation along the monocyte/macrophage pathway (cellsignal.com, 2021).
ROS: Reactive Oxygen Species (biotek.com, 2021).
LPS: Lipopolysaccharide (cellsignal.com, 2021).
TLR: Toll- like receptors (novusbio.com, 2020).
AID: Activated Induced Cytosine Deaminase (uniport.org, 2021).
SJL/J Mice: Swiss Jim Lambert Mice. Displays a very high incidence of reticulum cell
sarcomas resembling Hodgkin's disease by approximately one year of age. This strain is also
characterized by extreme aggression in males and its susceptibility to experimental autoimmune
encephalomyelitis (EAE) for multiple sclerosis research. They are immunocompetent but have
elevated levels of circulating T cells (jax.org, 2021).
PPARy: Peroxisome Proliferator-Activated Receptor Gamma (medicinenet.com, 2021).
U373-Mg cell line: A human glioblastoma astrocytoma derived from a malignant tumor by
explant technique (sigmaaldrich.com, 2020).
MMP9: Matrix Metalloproteinase-9 Precursor (uniport.org, 2021).
BDNP: Brain Derived Neurotrophic Factor (uniport.org, 2021).
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NGF: Nerve Growth Factor (medlineplus.gov, 2020)
Nestin: Required for brain and eye development. Promotes the disassembly of phosphorylated
vimentin intermediate filaments (IF) during mitosis and may play a role in the trafficking and
distribution of IF proteins and other cellular factors to daughter cells during progenitor cell
division (uniport.org, 2021).
MBP: Myelin Basic Protein (uniport.org, 2021).
RA: Rheumatoid Arthritis (mayoclinic.org, 2020).
DNC: Dendrosomal nano-curcumin (allacronyms.com, 2021).
PNC: Polymerized nano-curcumin (Mohajeri et al, 2015).
TCM: Traditional Chinese Medicine (Jian-qun et al, 2013).
Bi Zheng: Painful Syndrome Obstruction (Jian-qun et al, 2013).
5 Zang Organs: Lung, Spleen, Liver, Heart, Kidney (Jian-qun et al, 2013).
DMSO: Dimethyl sulfoxide (webmed.com, 2021).
PCR: Polymearse Chain Reaction
RORyT: RAR-related orphan receptor gamma (uniport.org, 2021).
STAT3: Signal Transducer and Activator Of Transcription 3 (uniport.org, 2021).
T-bet: T-Box protein expressed in T cells (genecards.org, 2021).
qRT-PCR: Real-Time Quantitative Reverse Transcription PCR (thermofisher.com, 2021).
ELISA: Enzyme-Linked Immunosorbent Assay (thermofisher.com, 2021).
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EDSS: Expanded Disability Status Scale (mistrust.or.uk, 2020).

Multiple Sclerosis
Epidemiology and Etiology
MS is one of the most common neurological disorders in young adults and the leading cause of
non-traumatic disability in middle-aged adults (Gold et al, 2011). According to the National
Multiple Sclerosis Society, more than 2.3 million people worldwide have been diagnosed with
MS, while 1 million of those cases have occurred within the United States (76% female, 26%
male in 2017 from 63% female, 37% male in 1976) (nationalmssociety.org, 2020, mymsaa.org,
2020). Traditionally the cause of MS was unknown but current research and epidemiological
data indicates both environmental (EB, sunlight, Vitamin D, smoking) and genetic factors play a
key role in the development of MS (Kamm et al, 2014). Migration studies consistently support
MS being secondary to an environmental exposure (Dobson et al 2018). Adult migrants from
low-risk countries, such as the West Indies, to Europe are at low risk of developing MS;
however, children born to migrants in Europe are at high risk. Migration studies indicate that
environment trumps genetics and argue strongly for prevention studies targeting known
environmental risk factors (Dobson et al 2018). Further research states those infected with EBV
double their chances of developing MS due to EBV-induced B-cell immortalization and possibly
transformation.
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Incidence & Prevalence
Genetic susceptibility is suggested by human leukocyte antigen (HLA) allotypes (HLA-DR2)
and certain family lineage. Incidence is low in childhood and increases after the age of 18
(specifically in those who spend the first 15 years of their life in a temperate climate), reaching a
peak between 20-40 years (mean age of 30), with women being affected approximately 2-5 years
earlier than men (Kamm et al, 2014, Merck Manual, 2019). MS is more common in women than
men yet has increased over the last decades from a female-to-male ratio of 1.4 in 1955 to 2.3 in
2000.
MS is most common among Northern European and Scandinavian ancestry, female
Caucasians, with recent data showing a higher than normal risk as previously reported for
African American females. Studies have also shown that African Americans and other ethnic
populations with MS often reach disability levels sooner, have more symptoms at the time of
diagnosis (limited to optic nerve and spinal cord: termed “opticospinal MS”), are older at
diagnosis and may have a slightly different disease course to Caucasians with MS, leading to
more cognitive problems (15esoglea.or.uk).
The Multiple Sclerosis Association of America states the disease course tends to be more
progressive and responds less to disease-modifying therapies within these populations
(mymsaa.org, 2020). This may be because doctors are not recognizing signs of MS in African
American and ethnic populations, or these populations may be less likely to afford or seek
medical help for MS symptoms, and so they are diagnosed and treated once their MS is more
advanced (mistrust.org.uk, 2020).

RUNNING HEAD: CURCUMIN AND MULTIPLE SCLEROSIS

16

Geography, Climate
MS is increasing globally with prevalence increasing with latitude (Dobson et al 2018).
Geographically, North America, Europe, Southern Australia and New Zealand (areas further
from the Equator and closer to the North & South Pole, colder regions) have higher incidents
(>100/100,000 population, closer to the Equator) to lower incidences in Eastern-Asia and subSaharan Africa (2/100,000 population, closer to the equator) (Leray et al, 2016). Low levels of
Vitamin D are associated with an increased risk in MS, thus correlating Vitamin D levels with
sun exposure which is lower in temperate climates (Sintzel et al, 2018, Merck Manual, 2019). An
example of this in the United States would show MS cases doubled in Washington State in
comparison to Southern California or New Mexico.
According to the Atlas of MS, data shows that the number of people with MS across the
globe has increased from 2.3 million in 2013 to 2.8 million in 2020 (atlasofMS.org, 2020)
(Figure 1).

Figure 1. Prevalence of people with MS Worldwide
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Multiple Sclerosis International Federation – Atlas of MS – 3rd Edition (September 2020)
History
During the 14th century, physicians, anatomist and pathologists began documenting and
describing the first known cases of MS. During the 19th century Sir Robert Carswell began
documenting the pathology of MS, specifically the presence of demyelinating lesions with Jean
Cruveilhier documenting symptoms relating to the presence of lesions as well as creating the first
illustrations of lesions. In 1868, Jean Martin Charcot, a French Neurologist at Hôpital de
Salpétrière, was the first to define the features of MS, ‘la sclérose en plaques’ and developed
three reliable indicators: scanning speech, nystagmus and intention tremor. Charcot was able to
determine the major difference between MS and Parkinson’s was the semiology of the tremors.
Charcot mentioned: ‘Paralysis agitans is the disease with which this form (cerebral) of sclérose
en plaques has been most frequently confused. It is for this reason that when we endeavor to
differentiate “sclérose en plaques” from the chaos of chronic myelitis that we proposed to M.
Ordenstein, our student at this time, to oppose in a parallel approach the tremor in this disease
from paralysis agitans’ (Zalc, 2018, Lehmann et al 2018). Different treatment therapies were
tested on patients that were often dangerous and unsuccessful. They included: arsenic, mercury,
deadly nightshade, homeopathic remedies and the injection of malarial parasites. Cortisone was
the first known drug (1951) to be used to treat MS relapses. It had no long-term effect on the
disease itself but did help to shorten the duration of the relapses and the severity.
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Disease Courses of Multiple Sclerosis
1. Clinically Isolated Syndrome (CIS) alludes to the initial episode, lasting 24 hours, of
neurological symptoms caused by demyelination and inflammation in the CNS. CIS can
further be broken down to:
•

Monofocal episode: Characterized by a single lesion, with the patient
exhibiting a single neurological sign / symptom such as Lhermitte’s sign
or optic neuritis. The patient may or may not develop further symptoms of
MS and is not associated with a fever or infection. Patients at a high risk
of developing MS (60%-80% chance) will have MRI detected brain
lesions while patients with a low risk of developing MS (20% chance) will
not have MRI detected brain lesions. (nationalmssociety.org, 2020,
mymsaa.org, 2020).

2. Relapsing-Remitting (RRMS) MS: Most common form of MS with about 85% of
patients diagnosed and characterized by clearly defined relapses and exacerbations with
partial or complete remissions. Relapsing generally occurs one to two times a year.
During these remission episodes the disease is not known to progress yet new symptoms
may disappear without causing any increase in level of disability, or the new symptoms
may partially disappear, resulting in an increase in disability (nationalmssociety.org,
2020). New lesions often occur as part of a relapse. However, new MRI lesions
indicating MS activity may also occur without symptoms of which the person is aware.
(nationalmssociety.org, 2020). Due to this, RRMS has further been divided into four
subcategories.
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RRMS Active Worsening: Lesions detected by an MRI, relapsing and
worsening of symptoms or new symptoms.

•

RRMS Active Not Worsening: Lesions detected by an MRI with
symptoms stable and not worsening.

•

RRMS Not Active Worsening: Lesions are detected by an MRI with more
severe relapses and symptoms.

•

RRMS Not Active Not Worsening: Lesions are not detected by an MRI
with patient presenting with no symptoms.

3. Secondary Progressive MS (SPMS): Following the RRMS course, patient will exhibit
continued relapses with progressive neurological damage and further disability (MY.MS,
2020). Due to this SPMS has further been divided in to 4 subcategories:
•

SPMS Active with Progression: Lesions detected by an MRI, relapsing
and worsening of symptoms or new symptoms.

•

SPMS Active without Progression: Lesions detected by an MRI with
symptoms stable and not worsening.

•

SPMS: Not Active with Progression: Lesions are detected by an MRI with
more severe relapses and symptoms.

•

SPMS Not Active without Progression: Lesions are not detected by an
MRI with patient presenting with no symptoms.

4. Primary Progressive MS (PPMS): PPMS is characterized by worsening neurologic
function (accumulation of disability) from the onset of symptoms, without early relapses
or remissions (MY.MS, 2020). Those diagnosed with PPMS account for 15% of those
diagnosed with MS. Due to this SPMS has further been divided in to 4 subcategories:
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Active with Progression: New lesions detected by an MRI or an
occasional relapse with worsening of symptoms.

•

Active without Progression: New lesions detected by an MRI or an
occasional relapse without worsening of symptoms.

•

Not Active with Progression: New lesions not detected by an MRI yet
symptoms increase.

•

Not Active without Progression: New lesions not detected by an MRI, no
relapses and no increasing symptoms.

Pathophysiology
Historically, MS was classified as an inflammatory disease affecting only the white matter. In the
last decade, with the advancement in MRI sequences and autopsy techniques, it is now clear that
cortical grey matter damage is present in the acute stage of MS (Klaver et al, 2013). In the acute
stages of the disease course, MS will involve recurrent episodes of CNS inflammation
(mayoclinic.org, 2020). This inflammation can cause destruction to the myelin sheath and its
surrounding axons as well as the axons themselves. Once the destruction of the myelin sheath
takes place, sclerosis around the nerves will begin to form in multiple locations. When myelin
functions under a normal process it functions at a “lighting speed” rate (www.my-ms.org, 2020).
When the myelin become damaged, sclerosis forms and the electrical impulse traveling through
the nerve will be slowed down, choppy or stop completely (www.my-ms.org, 2020). It only
takes one nerve being damaged to cause severe devastation. The exact location of the sclerosis is
determined by an MRI. In radiologically isolated syndrome, patients may develop lesions
detected by an MRI without developing clinical symptoms. In CIS, patients may develop clinical
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symptoms associated with demyelination without forming lesions (nationalmssociety.org, 2020,
mymsaa.org, 2020). Patients may also develop lesions detected by an MRI during the later stages
of the disease with a gradual progression of disability taking place while significantly less
inflammation may appear exhibiting more clinical progression and less degenerative
changes. Nonetheless, oligodendrocyte progenitor cells capable of remyelinating axons have
been observed even in white matter plaques from patients with chronic MS (Cleveland Clinic,
2020). This observation suggests that the potential for remyelination persists even very late in the
disease course, which is an encouraging indicator for possible therapeutic targets at this late
stage of disease (Cleveland Clinic, 2020).

Histopathology
The two types of brain tissue the brain consists of are white matter and grey matter. White
matter, white in color due to its high lipid fat content, makes up to sixty percent of the brain (myms.org, 2020) and lies under the gray matter (subcortical region), in the spinal tract, lower areas
of the brain, brainstem and optic nerves (Fields, 2010, medlineplus.gov, 2021,
technologyworks.com, 2021, my-ms.org, 2020). White matter consists of oligodendrocytes and
astrocytes and millions of bundles of axons (wrapped in a myelin sheath) connecting neurons to
connect with all four lobes of the brain, the brain’s emotion center in the limbic system, moving
into the complex brain maps of known origin and current and future research (Fields, 2010,
dana.org, 2021). Cortical areas such as Broca’s area, Wernicke’s area, the prefrontal cortex, and
the hippocampus are connected by white matter tracts to other regions of the brain (dana.org,
2021). This suggests that the cortical regions act in concert to perform mental operations and no
cortical area acts in isolation (dana.org, 2021). Without functioning white matter, the brain could
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be like a group of people in proximity to each other but unable to communicate with each other
(dana.org, 2021). Hence, white matter is about communication.
Gray Matter consists of neuronal bodies (soma) and their dendrites that are unmyelinated
(technologyworks.com, 2021, my-ms.org, 2020), axon tracts, glial cells and capillary blood
vessels (combined referred to neuropil) (technologyworks.com, 2021). Gray matter is located in
the brain, spinal tract (forming the butterfly shape), cerebellum and brain stem. 40% of the brain
is made up of gray matter with it consuming approximately 94% of the oxygen used by the brain
(my-ms.org, 2020). Gray matter functions in controlling both motor and sensory activities.
Traditionally, MS has been considered primarily affecting the white matter (Laver et al,
2013) with MRI’s showing lesions deep within the white matter and the fluid spaces of the
ventricles as well as in the brainstem and spinal tract (clevelandclinic.org, 2020). Research
shows the brain shrinks (brain atrophy) with age with individuals ranging from 30 to 90 years of
age (Gunning-Dixon et al 2009). In these individuals, Jernigan et al (2001) observed a 26%
reduction in white matter tissue volume, relative to a 14% reduction in gray matter tissue volume
(Jerigan et al 2001, Greenwood, 2007, Gunning-Dixon et al, 2009) while other studies concluded
gray matter reduction was associated with aging (Gunning-Dixon et al, 2010). In those with MS,
brain atrophy occurs 2-3 times faster than those without MS (Koskimaki et al, 2018). With
advances in MRI techniques and equipment, the ability to detect the development of involvement
of gray matter in in MS has grown greatly in terms of research. (Messina et al, 2013). Gray
matter changes have been shown to occur in the earliest stages of the disease across different
clinical subtypes, to be progressive over time, and to be related to physical disabilities and
cognitive impairment in MS patients (Andica et al 2019). Vasily L. Yarnykh, Ph.D, Associate
professor in the Department of Radiology at University of Washington in Seattle tested a new
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method, known as macromolecular proton fraction (MPF) mapping, which has been hampered in
the past because of the length of time required for data collection, but improvements now allow
much faster generation of whole-brain maps that reflect the macromolecular content in tissues
(sciencedaily.com, 2021). 30 MS patients, including 18 with RRMS and 12 with the more
advanced type of disease known as SPMS and fourteen healthy control participants were also
included in the study (sciencedaily, 2020). The study concluded that the loss of myelin within
gray matter in those with MS is comparable and potentially more than white matter
(sciencedaily, 2020). Rimkus et al, 2018, studied 148 MS patients (99 female) and 33 healthy
controls (HC, 21 female) (Rimkus et al, 2018). Seven network parameters were computed and
compared within MS between cognitively normal and impaired subjects and associated with
performance on neuropsychological tests in six cognitive domains with regression models
(Rimkus et al, 2018). Rimkus et al, 2018 concluded MS subjects with a more randomly
organized gray matter network show worse cognitive functioning, suggesting that single-subject
gray matter graphs may capture neurological dysfunction due to MS (Rimkus et al, 2018).

Clinical Manifestations
MS symptoms vary by patient in terms of time and space and can be unpredictable. One patient
may only experience one or two symptoms while another patient may experience more. The
National Multiple Sclerosis Society has recently suggested effective symptom management with
an interdisciplinary team of healthcare professionals as one of the key components of
comprehensive MS care. Symptoms are classified into three subcategories (nationalmssociety,
2020, my-ms.org, 2020):
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Primary Common: Direct result of demyelination and damage to the nerve
fibers in the CNS.
1. Fatigue: About 80% of patients diagnosed with MS will
experience and is stated to be one of the most prominent
symptoms.
2. Gait Difficulties: Can be due to weakness, fatigue, loss of
balance and assisted by physical therapy, medications or
assistive therapy.
3. Numbness / Tingling: While fatigue s stated as the most
prominent symptom, numbness/ tingling is often the first
symptom most patients with an MS diagnoses experience.
4. Spasticity: Involuntary muscle spasms, stiffness, occurring in
any limb but more common in the legs.
5. Weakness: Nerve damage can no longer stimulate the muscle
and can be managed with physical therapy, assistive therapy or
assistive devices.
6. Vision problems: Blurred vision, pain with eye movement and
poor contrast or poor color vison.
7. Dizziness / Vertigo: Not as frequent but patient will have
sensation of feeling lightheaded, being off balance or the
environment spinning.
8. Bladder / Bowel Dysfunction: About 80% of the those
diagnosed with MS will experience. Constipation is the biggest
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concern with both bladder and bowel being managed by diet,
medications, adequate food intake and physical activity and
self-catheterization.
9. Pain / Itching: About 55% of those diagnosed with MS
experience significant pain with more than half having chronic
pain.
10. Cognitive Changes: About 50% of those diagnosed with MS
will experience the inability to perceive their environment, the
inability to learn and remember new information, a hindering
of both organizational and problem-solving skills, the inability
to process incoming information and the inability to remain
focused.
11. Emotional Changes / Depression: The stress of living with MS
can cause both immune and emotional changes. Episodes of
crying, laughing, irritability, mood swings and depression are
challenges for those diagnosed with MS. Clinical depression,
classified as the most severe form of depression, is most
common among these patients.
•

Primary Less Common: Direct result of demyelination and damage to the
nerve fibers in the CNS.
1. Speech Issues: About 25%-40% of those diagnosed with MS
experience, dysarthria, dysphonia and stuttering and tend in
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occur in the later stages of the disease and with extreme bouts
of fatigue.
2. Dysphagia: This is due to nerve damage causing the inability of
the muscles of the mouth and throat to become weak.
3. Tremors: Due to damage of the nerve pathways that are
responsible for coordination of movements.
a. Intention (Essential) Tremor: Most common. No Tremor
when at rest.
b. Postural Tremor: Shaking when sitting or standing but
resolves when lying down.
c. Resting Tremor: Shaking with stillness and less shaking
with movement.
d. Nystagmus: Jumpy eye movements.
4. Seizures: It is estimated that 2% to 5% of those diagnosed with
MS experience while roughly 30% of the general worldwide
population experience seizures. Caused by brain lesions
resulting in an abnormal electrical discharge.
5. Breathing Problems: Due to nerve damage and the inability of
the chest muscles to be controlled.
6. Hearing Loss: Experience by about 6% of those diagnosed with
MS. The biggest complaint in hearing loss with rare cases
stating hearing as the initial symptom.
•

Secondary and Tertiary:
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1. Secondary: Complications that can arise of a result of a
primary symptom (National MS Society, 2020).
a. Lack of mobility causing bed or pressure sores.
b. Loss of muscle tone causing poor bone density,
insufficient breathing and poor posture.
c. Bladder dysfunction causing urinary tract infections.
2. Tertiary: Result from the impact of the disease on your life
(National MS Society, 2020).
a. Psychological, social and vocational complications such
as no longer having the ability to drive or walk, and not
allowing the patient to be able to hold down your usual
job (National MS Society, 2020).

Evaluation / Testing
Currently, the proper clinical evaluation and testing should be used to diagnose MS but not one
specific symptom, lab test or physical finding may point directly to MS. Certain diseases may
mimic MS including Lyme disease, stroke, Vitamin B-12 deficiency and Recurrent Transverse
Myelitis. It is important MS evaluation and testing rules out these “MS mimickers”. The
Revised McDonald Criteria, published in 2017 by the International Panel on the Diagnosis of
Multiple Sclerosis, include specific guidelines for using MRI and cerebrospinal fluid analysis to
speed the diagnostic process (National MS Society, 2020). MRI sequences are currently used to
locate evidence of damage in at least two separate areas of the CNS including the brain, spinal
cord and optic nerves (National MS Society, 2020). The damage must have occurred at different
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points of time and space with all other diagnosis by way of MRI being ruled out. Cerebrospinal
fluid analysis can be used to detect oligoclonal bands, which are detected in the majority of MS
patients, but can be specific to other CNS diseases specifically those of the infectious types. Lab
work can be used, specifically blood tests, but are mostly used to rule out other conditions
causing symptoms or mineral deficiencies similar to MS. A comprehensive medical history, as
well as birthplace, place of residence between the ages of 0-18, family and genetic history and
places traveled are all important information needed in the correct diagnosis of MS. A
neurological exam looking for injury to the 12 pairs of cranial nerves will be evaluated as well as
muscle strength, tone, control and dexterity. Evoked potential tests are used to measure the time
it takes the nerves to respond to stimulation. According to the University of Michigan, nerves in
different regions of the body can be tested as well as measuring the size the of the response.
Brain waves are recorded with the time between the stimulation known as a latency, indicating
the speed at which the nerves pass a signal. Three types of responses can be measured:
1. Visual evoked response or potential (VER or VEP): The patient looks at a test pattern and the
eyes become stimulated with a strobe light or checkerboard pattern.
2. Auditory brain stem evoked response or potential (ABER or ABEP): The patient listens to a
test tone and the hearing is stimulated by clicking noises or tones sent through headphones.
3. Somatosensory evoked response or potential (SSER or SSEP): The patient is subjected to an
electrical pulse sent through the wrist or the knee, stimulating the nerves of the arms and legs.
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Curcumin
History
Curcumin, one of the three active curcuminoids of Tumeric, and the most active, is typically
grown in China, Southeast Asia and India and belongs to the Zingiberaceae family. The genus
name curcuma is the Latinized form of the Arabic al-kurkum, which originally meant saffron but
now refers exclusively to turmeric (cms.herbalgram.org, 2009). Of the three curcuminoids,
curcumin, demethoxycurcumin (DMC), and bis-demethoxycurcumin (BDMC), curcumin is the
most concentrated at two-thirds of the total curcuminoids. They have a long, rich history of
treating many disorders in both TCM and Ayurvedic Medicine, dating back to around two
centuries ago. Turmeric was initially used by the Vedic culture of India (Ayurvedic Medicine),
roughly 4000 years ago, for religious purposes, as a cooking spice (pbs.org, 2021) and a
medicinal to bring energy back to the body, dispel worms, relieve gas and regulate menstruation
(Prasad et al, 2011). The Hindu religion believed Turmeric to be scared and promising thus being
used as an amulet for protection against evils as well as a wedding day tradition (pbs.org, 2021).
Indian Buddhist robes were and are still colored with Turmeric with Southwest India recognizing
Lord Krishna with the color of Turmeric (pbs.org, 2021). Turmeric eventually made its way to
China, East Africa, West Africa and Jamica by the eighteenth century (Prasad et al, 2011). In
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AD 1280, Marco Polo mentioned Turmeric during his travels to China. He wrote “There is also a
vegetable that has all the properties of true saffron, as well as the smell and the color, and yet it is
not really Saffron” (mccormickscienceinstitute.com, 2021). In medieval Europe Turmeric was
known as “Indian Saffron” due to it being used as a replacement for the more expensive herb,
Saffron (ijpsr.com, 2021). Middle Eastern countries began using Turmeric as an antiinflammatory agent as well as for cleaning wounds and as a medicinal agent in food (Prasad et
al, 2011). Historically, throughout the Middle East, African, Asian and Indian cultures, Turmeric
was and is still used in dairy products, meat / fish, pastries, ice cream, curries, golden milk and
mustard (Sharifi-Rad et al, 2020).
There are approximately 93-100 accepted Curcuma species with the exact number
controversial due to varying degrees of research (Dosoky et al, 2018). Known for its vibrant
yellow color and its spicey and warming nature, it has been used as medicine, religious
applications, in coloring for cosmetics, fabric dye and has been used as a supplement in food for
both flavoring and healing purposes (Dosoky et al, 2018). The rhizomes (underground stems) of
curcuma longa (jiang huang) are what create the bright yellow color and are a phytopolyphenol
compound (Dosoky et al, 2018). The plant is a tropical perennial, used for harvesting purposes
and grown as an annual (herbies.com, 2020). It has bright green leaves growing up from the base
and up to 1 mm high and lilies that tend toward a pale-yellow color (herbies.com, 2020) (Figure
2). The rhizomes are said to look similar to fingers, 5-8cm long and resembling pieces of ginger.
They measure approximately 1.5 cm in diameter and have a deep orange – yellow color. The
plant is long and flat and looks similar to ginger (herbies.com, 2020) (Figure 3).
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Figure 2 curcuma longa plant
(practiceupdate.com, 2020)

Figure 3 curcuma longa rhizomes
(freepik.com, 2020)
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Research has revealed that curcumin has a surprisingly wide range of beneficial properties,
including anti-inflammatory, antioxidant and chemo preventive.
Hermann Vogel, an astronomer and Pierre Pelletier, a chemist, discovered the isolated
curcuminoids from the rhizomes of curcuma longa (jiang huang) and named them curcumin.
Later developments included resin and turmeric oil and in 1842 Vogel was able to gather
curcumin in its purest form but unfortunately did not document his formula. In 1910, Milobedzka
and Lampe identified the chemical structure of curcumin as diferuloylmethane, or 1,6heptadiene-3,5-dione-1,7-bis (4-hydroxy-3-methoxyphenyl)-(1E, 6E) (Gupta et al, 2012). Further
work by the same group in 1913 resulted in the synthesis of the compound and subsequently,
Srinivasan separated and quantified the components of curcumin by chromatography Gupta et al,
2012). In 1949, Schraufstatter, along with several of his colleagues, published findings that
showed the bioactive compounds of Curcumin had anti-bacterial properties (Gupta et al 2012).
Over the course of the next two decades very little research was conducted on curcumin even
though the previous research showed good prospects for Curcumin. The 1970’s paved the way
for more research and investigation in the use of curcumin, specifically lowering cholesterol,
anti-diabetic, anti-inflammatory and anti-oxidant properties (Gupta, 2012). Research throughout
the 1980’s demonstrated anti-cancer properties both invitro and in vivo models (Gupta et al,
2012). Curcumin has been shown to have pleiotrophic activites due it containing
phtyopolyphenols thus having the ability to modulate multiple signaling molecules (Gupta et al,
2012). Curcumin blocks the formation of reactive-oxygen species, possesses anti-inflammatory
properties as a result of inhibition of cyclooxygenases (COX) and other enzymes involved in
inflammation; and “disrupts cell signal transduction by various mechanisms including inhibition
of protein kinase C” (Pubchem.com, 2020). One of the more important findings with curcumin is
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its pro-inflammatory abilities. The pro-inflammatory transcription factors NF-κB and signal
transducer and activator of transcription 3 (STAT3) play a major role in mediating inflammatory
response by modulating the production of pro-inflammatory cytokines (Gupta et al, 2011 &
Jagetia et al, 2007). Extensive research using a wide range of in vitro models over the past
several years has indicated that curcumin can reduce inflammatory response by regulating the
production of inflammatory molecules. These activities have been demonstrated both in cultured
cells and in animal models, having paved the way for ongoing human clinical trials. Studies have
documented the activities of curcumin, its mechanisms of action, and its chemical and clinical
features (Hatcher et al 2015) (Table 1).

Table 1: Mechanisms of action, chemical and clinical features of curcumin
Botanical Name

curcuma longa

Pharmaceutical Name

rhizome curcuma longa

English Name

Turmeric

Pin Yin Name

jiang huang

Alternates Names

“Ginger Yellow”

Temperature

Warm

Taste

Acrid, Bitter

Channels Entered

Spleen, Liver

Category in the Chinese Materia Medica

Blood Invigorating and Stasis Removing Herb

Dosage

3 to 10g in decoction
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Xin Xiu Ben Cao (Newly Revised Materia
Medica) by Su Jing in 657-659 A.D.

Pharmacological Effects

-Anti-hyperlipidemic
-Anti-platelet
-Cholagogic
-Anti-Inflammatory – Administration of
30mg/kg of curcuma longa has a marked antiinflammatory effect in rats (Chen et al, 2004).
Effect similar Phenylbutazone (“bute”).
-Uterine Stimulant
-Anti-diabetic
-Anti-oxidant
-Anti-bacterial
-Anti-tumor / cancer

Herb-Drug Interaction

-Anti-coagulant
-Anti-platelet

Toxicology

Consuming is stated to be as “relatively safe”

Chinese Medicine Therapeutic Actions

-Activates Blood Circulation
-Eliminates Blood Stasis
-Opens Channels & Collaterals to relive Pain
specifically in Bi Zheng.
-Reduces swelling.

RUNNING HEAD: CURCUMIN AND MULTIPLE SCLEROSIS

Cautions

Deficiency Patients
Patients w/out Blood Stagnation

Contra-indications

Pregnancy

Moderate Quality

-Beautiful golden yellow color
-Solid in strength
-Slightly powdery
-Aromatic

Inferior Quality

-Green-Yellow Cross Sections

Chemical Properties of Curcumin
Curcumin is a beta-diketone that is methane in which two of the hydrogens are substituted by
feruloyl groups (Pubchem.com, 2020).
Chemical Structure of curcumin in 2D Form (Figure 6)

Figure 6
(Pubchem.com, 2019)
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Computed Properties of curcumin (Pubchem.com, 2019) (Table 2)
Property Name

Property Value

Molecular Weight

368.4 g/mol

XlogP3-AA

3.2

Hydrogen Bond Donor Count

2

Hydrogen Bond Acceptor Count

2

Rotatable Bond Count

8

Exact Mass

368.125988 g/mol

Monoisotopic Mass

368.125988 g/mol

Topological Polar Surface Area

93.1 Å²

Heavy Atom Count

27

Formal Charge

0

Complexity

507

Isoptope Atom Count

0

Defined Atom Stereocenter Count

0

Undefined Atom Stereocenter Count

0

Defined Bond Stereocenter Count

2

Undefined Bond Stereocenter Count

0

Covalently-Bonded Unit Count

1

Compound Is Canonicalized

Yes
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Chemistry (Table 3)
Essentials Nutrients

Amount

Carbohydrates

69.4%

Protein

6.3%

Fat

5.1%

Minerals

3.5%

Chemical Composition of curcumin (Table 4)
Curcumin

Demethoxycurcumin

Zingiberene

Curcuminoids

Bisdemethocycurcumin

Phellandrene

Tumerone – Volatile Oil

Cineole

Sabinene

Borneo

Arturmerone

Caryophyllene

Sesquiterpenes

The active components of the turmeric rhizome (curcuma longa) are volatile oils and nonvolatile oil curcuminoids (turmeric oleoresin) (Dosoky et al, 2018). The volatile oils create the
luscious turmeric aroma while the curcuminoids create the vibrant yellow color. There is much
debate over the oleoresins and if they are more medicinal in terms of fresh or dry rhizomes as
well geography, seasons, source in terms of wild cultivation or farmed / genetically modified and
processing.
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Bioavailability
Early research has shown poor absorption and solubility in the free form in the gastrointestinal
tract and its rapid biotransformation to inactive metabolites greatly limit its utility as a healthpromoting agent and dietary supplement (Stohs et al, 2020). Low bioavailability was shown to be
due to water insolubility as well as rapid or increased metabolism not allowing the activation of
molecules. Curcumin is an oil-soluble compound, practically insoluble at room temperature in
water at acidic and neutral pH (Stohs et al, 2020). While it is soluble in alkali, it is very
susceptible to auto-degradation (Stohs et al, 2020). The water solubility of curcumin is estimated
to be 11 ng/mL. Recent advances in micro- and nano-formulations of curcumin with greatly
enhanced absorption resulting in desirable blood levels of the active forms of curcumin now
make it possible to address a wide range of potential applications (Stohs et al, 2020). Further
research has suggested ingesting curcumin with fat, due to it being fat soluble, thus increasing its
absorption. The reported delivery systems for curcumin include micelles, liposomes,
phospholipid complexes, microemulsions, nano-emulsions, emulsions, solid lipid nanoparticles,
nanostructured lipid carriers, biopolymer nanoparticles and microgels (Stohs et al, 2020. They
not only enhance efficacy but also increase curcumin bioavailability by optimal permeation in
the small intestine and preventing possible degradation in the gastrointestinal tract (Stohs et al,
2020).
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Processing and Extraction – Conventional Turmeric Processing Chain

https://pubs.rsc.org/en/content/articlelanding/2020/ra/c9ra08265d#!divAbstract
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Chapter Two: Literature Review
Inflammatory Mechanism in the Literature for Multiple Sclerosis
Immune cells consist of T cells and B cells with T cells being activated in the lymph system
during Multiple Sclerosis. The T cells enter the blood stream, cross the blood-brain barrier and
then enter the Central Nervous System. Once the T cells are in the Central Nervous System, they
begin releasing cytokines that cause damage and inflammation, including damage to the cells
that make myelin, damage to the nerve fibers as well as to damage to the myelin itself. Another
type of T Cell, T regulatory cells, when functioning properly, have been shown to signal the
brain to turn off inflammation. During MS, the T-regulatory cells lose this ability and
inflammation occurs. A third type of T cell, “Killer” or Cytotoxic will directly attack other
healthy cells causing damage to those cells and other parts of the body. Lastly, the B cells
become active with the support of the T cells, producing antibodies and proteins within the MS
causing damage to the Central Nervous System (nationalMSsociety.org). At this point the action
potential conduction loses its strength with either acute inflammation causing demyelination as
well as loss of axons (Franklin et al, 2008). After injury, oligodendrocyte precursor cells which
are residing at parenchyma continuously produce myelinating oligodendrocytes (Mojaverrostami
et al, 2018). Specifically, in MS, oligodendrocytes will fail and long-term repair cannot take
place. MS etiology remains still unknown or scattered, which makes it difficult to create an
efficient therapy, therefore, MS treatment targets mechanisms involved in disease pathology and
reducing inflammation (Kasarello et al, 2017), with both western and CAM approved
approaches.
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Oligodendrocytes
Scottish William Ford Robertson (1867-1923) is credited for the first ever cytoplasmic
expansions of oligodendrocytes in which they were visible (Boullerne, 2016). These new cells
had a strikingly different morphology than neurons or classic neuroglia (astrocytes) and uniquely
took platinum with Robertson referring to them as ‘mesoglia’ basing his belief on their
mesodermal origin (Boullerne, 2016). Robertson never made any connection between 41esoglea
cells and myelin that he considered a separate entity (Boullerne, 2016). A controversy exists as
to which exact cells Robertson stained, whether oligodendrocyte, microglia, or both (Boullerne,
2016). However, as pointed out by Wilder Penfield: “the method was so unreliable that it never
found its way into laboratories outside of Edinburgh” (Boullerne, 2016). Nevertheless, to honor
the memory of Robertson pioneering work, del Río-Hortega, concurring with Penfield, named a
subpopulation of oligodendrocytes the “Robertson cells” (Boullerne, 2016). The rightful
discoverer of oligodendrocyte is Pío del Río-Hortega (1882–1945†) (Boullerne, 2016). Studying
neurology and histology he discovered two new types of cells, microglia and interfascicular glia
(boullerne, 2016). Within the same year he termed interfascicular glia as oligodendroglia and
showed silver carbonate revealed oligodendroglia cytoplasmic processes spiraling around
unstained myelin in a manner reminiscent of Schwann sheath (Boullerne, 2016).
Oligodendrocytes are the myelinating forming cells (glial cells) of the central nervous system
(Bradl et al, 2010). They are the end product of a cell lineage which has to undergo a complex
and precisely timed program of proliferation, migration, differentiation, and myelination to
finally produce the insulating sheath of axons (Bradl et al, 2010). From start to finish, the life of
an oligodendrocyte is defined by four distinct phases: (1) the birth, migration, and proliferation
of oligodendrocyte precursor cells (OPCs), a process occurring in waves, followed by (2)
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morphological differentiation – the oligodendrocytes establish an expansive network of
processes, (3) axonal contact, leading to ensheathment and generation of compact myelin around
target axons, and (4) long-term trophic and metabolic support of the encased axon (Michalski et
al, 2015). They are oval in shape, dark and round with intermittent shaped nuclei with chromatin
clumped throughout the nucleoplasm and beneath the nuclear envelope (Fine Structure of the
Aging Brain, 2020). The cytoplasm is dark and rich in ribosomes (Fine Structure of the Aging
Brain, 2020) (Figure 5). The cell bodies have an irregular outline with a wide, short cisternae
and encircle the nucleus (Fine Structure of the Aging Brain, 2020)
Figure 5
Oligodendrocyte of a 32 year old monkey, layer 4, primary visual cortex (Fine Structure of
the Aging Brain, 2020).
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Processes will arise from the cell bodies with 20-60 being generated with intermodal lengths of
∼20 µm–200 µm and up to 100 membrane turns (Simons et al, 2016). The myelin sheaths are
generated at the ends of the processes and taking only a few hours to develop (Simons et al,
2016). Oligodendrocytes are most abundant in white matter (myelinating oligodendrocytes) and
can be further classified based on the pattern of myelin sheath formed by them
(alevelbiology.com, 2020) (Table 5).
Oligodendrocyte Types (Table 5)
Type I:

Type II:

Type III:

These cells make several

These cells have a structure

These cells small number of

segments of myelin on the

similar to the type I cells.

myelin segments on axons

same or different axons.

However, the myelin

having a large diameter.

The myelin segments thus

segments formed by type II

formed have a diverse

cells are arranged parallel

orientation.

to each other.

Oligodendrocytes also occur in gray matter (non-myelinating oligodendrocytes), acting
intermittently as satellites to the neurons and regulating the extracellular fluid in the neurons
surrounding the grey matter (Fine Structure of Aging, 2020 & alevelbiology, co.uk, 2020).
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T Cells & B Cells
T cells and B cells are considered the two principal arms of the adaptive (acquired) immune
system (Gracia, 2020) also known as lymphocytes. They take longer to develop and protect the
body from organisms that may slip through the first line of defense (cancercenter.com, 2020).
They have the ability to recognize and respond specifically to each antigenic epitope (Cano et al,
2013) and are developed based on learned experiences and are said to live longer than innate
cells (cancercenter.com, 2020). B cells produce antibodies because they have the ability to
transform into plasmocytes (Cano et al, 2013), allowing them to be responsible for humoral
immunity, while T cells are responsible for cell immunity (Cano et al, 2013). Max Cooper and
Jacques Miller defined our contemporary understanding of the duality of adaptive immunity: its
anatomical origins, how two separate lineages develop, how T and B cells collaborate for
effective immune responses, how they contribute to host defense, how they communicate in
initiating and regulating immune responses, and how defects in their development give rise to
specific forms of immunodeficiency and cancers (Garcia, 2020). In 2019, Max Cooper and
Jacques Miller were awarded the Albert Lasker Basic Medical Research Award for their
contribution to adaptive immunity. Max Cooper stated “his eureka moment” was actually a
“eureka week” as the results unfolded from our experiments coupling irradiation of newly
hatched chicks with removal of their thymus or bursa of Fabricius (laskerfoundation.org, 2019).
The complete elimination of B lineage cells and their antibody products in bursectomized and
irradiated chicks, together with their restoration by non-irradiated bursal cells, clearly delineated
the bursa-dependent differentiation pathway from the thymus-dependent pathway that is
responsible primarily for cellular immunity (laskerfoundation.org, 2019). The pieces of the
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puzzle provided by these results together with information derived from studies of immune
system development in immunodeficient patients and thymectomized mice, alongside those of
bone marrow stem cells, allowed us to draw a provisional map of how the T and B lymphocyte
lineages are derived from hematopoietic stem cells (laskerfoundation.org, 2019).
Historically, Multiple Sclerosis has been viewed as being primarily driven by T cells but
recent research has shown with the effective use of anti-CD20 treatment, B cells also play an
important role in Multiple Sclerosis patients (Langelaar et al, 2020). Langelaar et al concluded
peripheral B cells escape from tolerance checkpoints as the result of impaired control by
chronically exhausted or genetically altered regulatory T cells (Langelaar et al, 2020).
Subsequently, B cells interact with IFN-γ-producing effector Th cells in germinal centers of
lymphoid organs (Langelaar et al, 2020). They create a feedforward loop, allowing pathogenic
subsets to break through BBB (Langelaar et al, 2020). Together with CD8+ CTLs that infiltrate,
local reactivation occurs causing MS pathology (Langelaar et al, 2020).

T Cells
T cells originate from haematopoietic stem cells which are produced in the fetal liver (Cano et al,
2103) and the bone marrow (teachmephysiology.com, 2020). From here, some of the cells
(known as progenitor cells) migrate to the thymus, by way of the blood stream, where maturation
takes place (Cano et al, 2013). A limited number of these cells develop fully in the thymus being
known as thymocytes. The developing thymocytes develop into specific T cell markers and
undergo thymic education through positive and negative selection (2nau.edu, 2020).
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T cells are classified into three types (Table 6)
Helper T Cells

Killer “Cytotoxic” T Cells

T-Regulatory Cells (Treg)

- Th1, Th2, Th17, CD4

-CD8

-Natural: B Lymphocytes,

1. Stimulate B cells to make

1. Kills cells that have been

NK and NKT cells.

antibodies.

infected by a foreign invader.

-Induced (Adaptive /

2. Help Killer “Cytotoxic” cells

iTreg): a population that

develop.

develops during the immune
response only; they
represent a subset of CD4+
T helper cells (Buc, 2013)
1. Prevention of
autoimmune
diseases by
establishing and
maintaining
immunologic selftolerance.
2. Suppression of
allergy and asthma
3. Induction of
tolerance against
dietary antigens, i.e.
oral tolerance
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4. Induction of
maternal tolerance to
the fetus
5. Suppression of
pathogen-induced
immunopathology
6. Regulation of the
effector class of the
immune response.
7. Suppression of Tcell activation
triggered by weak
stimuli.
8. Feedback control of
the magnitude of the
immune response by
effector Th cells.
9. Protection of
commensal bacteria
from elimination by
the immune system.
10. Prevention of T cells
that have been
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stimulated by their
true high-affinity
agonist ligand from
killing cells that
only express lowaffinity T-cell
receptor (TCR)
ligands such as the
self peptide-major
histocompatibility
complex (MHC)
molecule that
positively selected
the T cell (Corathay,
2009).

The major proinflammatory CD4 T-cell populations associated with autoimmune diseases,
including MS, are the Th1 CD4 T cells that secrete IFN-γ and tumor necrosis factor α (TNF-α)
and the Th17 CD4 T cells that secrete interleukin (IL)-17, IL-21, and IL-22 (Kaskow et al,
2018). Th1 cells were identified in the late 1980’s with TH17 cells being identified in 1985
(Kunkl et al, 2020). The autoimmune T-cell hypothesis of Multiple Sclerosis was suggested by
the work of Kabat and colleagues, who showed that immunization of monkeys with myelin
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antigens from brain extracts of genetically homologous monkeys resulted in spinal cord and
brain inflammation similar to the neuropathology of Multiple Sclerosis (Kaskow et al, 2018 &
Kabat et al, 1947). Multiple reports have indicated that defined subsets of both CD4 and CD8 T
cells may play unique roles in the disease process (Kaskow et al, 2018). CD8 T cells are
predominantly found at the edges of the lesions, and CD4 T cells are found deep in the lesions
(Kaskow et al, 2018 & Denic et al, 2013). The lesional immune cells are believed to mediate loss
of myelin, oligodendrocyte destruction, and axonal damage, all leading to neurologic dysfunction
(Kaskow et al, 2018). In response to lesional inflammation, immune-modulatory networks are
initiated that limit the immune response and begin repair, often resulting in at least partial
remyelination and clinical remission (Kaskow et al, 2018). Yet, in the relapsing form of the
disease, immune reactivation occurs as indicated by magnetic resonance imaging (MRI) and/or
as relapse, and the disease progresses in more than 80% of patients (Kaskow et al, 2018). Dos
Passo et al 2016 has shown that Th17 cells can efficiently cross the blood-brain barrier using
alternate ways from Th1 cells, promote its disruption, and induce the activation of other
inflammatory cells in the CNS. Dos Passos et al 2016 states In vitro and in vivo studies have
shown that, through the action of IL-17A and IL-22, Th17 cells can efficiently disrupt BBB tight
junctions, express high levels of the cytolytic enzyme granzyme B, and promote the recruitment
of additional CD4+ lymphocytes from the systemic circulation into the CNS in EAE (mice
studies) as well as inducing CXCL1 and CXCL2, chemokines that are potent attractants for
polymorphonuclear cells and play an important role in the breakdown of the BBB (Dos Passos
etal, 2016). Dos Passo et al 2016 found Th17 cells can access the subarachnoid space via
upregulation of the CCR6 receptor, expressed in the epithelium of the choroid plexus, in a
process that is critical for the initiation of EAE, with IL-17A being a key factor in the breakdown
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of the BBB by direct impairment of its integrity due to the formation of reactive oxygen species
within the endothelial cells (Dos Passo et al, 2016). Evidences from EAE demonstrate that Th1
cells preferentially access the CNS by using the α4β1 integrin, while Th17 cells do that by means
of the αLβ2 integrin (LFA-1) (Dos Passo et al, 2016) thus giving further evidence to the
association of TH17 cell activity during Multiple Sclerosis. Further evidence has shown TH17
cells become abundant in peripheral blood, cerebrospinal fluid and brain lesions of Multiple
Sclerosis patients, and their counts and inflammatory mediators are further increased during
relapses (Dos Pas et al, 206 & Moser et al, 2020). Kalra et al demonstrated increased frequencies
of TH17 cells in both RRMS and SPMS and CCR6 pathway includes Th17, Th22 and Th1
nonclassical cells, of which Th22 and Th1 cells represent the greatest subsets in MS.

B Cells (B Lymphocytes)
B cells circulate through the body via the peripheral blood and account for 2–10% of all
lymphocytes (miltenyibiotec.com, 2020). All mature B cells in the blood express the pan B cell
marker CD19, CD20, and CD22. Early B cell development and commitment to the B cell lineage
occurs in the fetal liver prenatally (immunology.org, 2020), in a transient wave, which
preferentially populates epithelia and lung as well as gut-associated lymphoid tissues (Melchers,
2015). Development continues in the bone marrow throughout life and continues to the Spleen
where final maturation takes place. Fritz Melchers states “non-hematopoietic microenvironments
allow multipotent hematopoietic progenitors to migrate first into fetal liver and later into bone
marrow, where they become resident in new non-hematopoietic microenvironments to develop
along the B lineage pathway” (Melchers, 2015). Fritz Melchers states “V(D)J rearrangements of
Ig genes first generate IgH chain–expressing precursors. At a first checkpoint, the surrogate light
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chain (SLC) probes IgH fitness to pair with an IgL chain, and a pre–B cell receptor (pre-BCR) is
formed (Melchers, 2015). A second checkpoint interrogates the pre-BCR for autoreactivity of the
IgH chain (Melchers, 2015). Subsequently, if IgL chains with light-chain variable (VL) regions
are expressed that fit the pre-expressed heavy-chain variable (VH) region of the IgH chain, then
IgM is displayed as a BCR on immature B cells, with each B cell expressing only one BCR”
(Melchers, 2015). At a third checkpoint, Melcher states “newly generated VH/VL-repertories of
immature B cells are introduced to auto-antigens with B cells expressing high-affinity
autoreactive BCRs being deleted. B cells expressing low-affinity autoreactive BCRs are
positively selected to exit the bone marrow and enter the peripheral pools as BI-type B cells,
especially of the gut- and lung-associated lymphoid tissues (Melcher, 2015). B cells unable to
recognize autoantigens, which are ignored by the repertoire-selecting, autoantigen-presenting
microenvironment, also enter the peripheral mature B cell pools to become organized as
conventional, BII-type cells in B cell follicles of the spleen and lymph nodes” (Melcher, 2015).
“Over 85% of the newly formed immature B cells die in bone marrow, probably as a
consequence of this autoantigen recognition (Melcher, 2015). The cells of the microenvironment
that generate “central tolerance” to autoantigens in bone marrow at the last two checkpoints, and
their molecular modes of autoantigen presentation still need more detailed characterization.
When the B cells enter the fourth checkpoint at the Spleen, immature B Cells began the
transition to mature B cells. Mature B cells must present in peripheral pools in order to the ability
to protect against foreign pathogens. The responding B cells are propagated by an antigenpresenting microenvironment, which drives proliferation, hypermutation to induce a better fit for
the foreign antigen, and longevity of the fully developed, foreign antigen–specific memory B
cells (Melchers, 2015). Any B cells that become autoreactive through hypermutation may
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instigate autoimmune disease, and they must be eliminated or suppressed by the
microenvironments (Melchers, 2015). The mechanisms whereby these microenvironments
promote elimination of autoreactive B cells need further characterization” (Melcehrs, 2015).
B Cell Subsets (Table 7)
Naïve B Cells

Activated B Cells

Memory B Cells

(Not yet exposed to an
antigen)
Dependent on strong BCR

B-cells are activated by the

Do not protect or produce

signaling (Cariappa et al.,

binding of antigen to

antibodies unless re-exposure

2001) and BAFF (Cancro,

receptors on its cell surface

to antigen drives their

2009; Lentz et al., 1998,

which causes the cell to

differentiation into antibody

Kienzler et al, 2016). Naïve B divide and proliferate

producing plasma cells

cells circulate through

(uniport.org, 2020). Some

(Siegrist, 2008). This is a

peripheral blood and the

stimulated B-cells become

rapid processsuch that booster

lymphatic system, and enter

plasma cells, which secrete

responses are characterized

secondary lymphoid organs

antibodies (uniport.org,

by the rapid increase to

(spleen, lymph nodes, tonsils,

2020). Others become long-

higher titers of antibodies that

Peyer’s patches, and mucosal

lived memory B-cells which

have a higher affinity for

tissues) close to the T cell

can be stimulated at a later

antigen than antibodies

zone (Kienzler et al, 2016). If

time to differentiate into

generated during primary

naïve B cells do not

plasma cells (uniport.com,

responses (Siegrist, 2008).

encounter antigen, they

2020).
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reenter circulation (Kienzler
et al 2016). In the absence of
survival signals, naïve B cells
die within several days. If
naïve B cells encounter
cognate antigen and receive T
cell help, activated B cells
remain in the B cell follicle of
secondary lymphoid organs
and initiate a germinal center
response (Kienzler et al,
2016).

Borros Arneth states “B cells affect Multiple Sclerosis development and progression by targeting
autoantigens. In addition, humoral antibodies are reported to lead to tissue injury when they bind
to brain cells and interfere with complement factor functions. More recently, leptomeningeal B
cells were found to cause neuronal degeneration and demyelination. In addition, B cells can
deplete anti-CD20 antibodies, causing MS relapse and further neurological deficiencies.
However, the target antigens in MS development remain an issue of debate and research. Despite
this, B cells contribute significantly to MS development and progression” (Arneth, 2019). Borros
Arneth continues stating “recent comparisons of transcriptomes of CSF B cells and CSF Ig
proteomes revealed that clonally expanded B cells in the CSF usually produce oligoclonal bands
(OCBs). Further molecular analysis of B cells has shown that maturation of their antigen-driven
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affinity in the CSF can lead to somatic hypermutation (Arneth, 2019). Zamvil et al showed a
class of HLA molecules on the surface of B cells in persons with multiple sclerosis revealed that
many of these HLA molecules present self-peptides to T cells further showing that B cells and T
Cells both affect the pathophysiology of Multiple Sclerosis” (Zamvil et al, 2021).

Curcumin in the Literature for Neuro Anti-Inflammatory Effects of Multiple Sclerosis
The anti-inflammatory effects of curcumin take place in two ways: inhibition of proinflammatory cytokines and inhibition of TH17 differentiation and its related pathways
(Mojaverrostami et al, 2018). Curcumin, an NF-кB inhibitor, is effective in preventing disruption
of the Blood Brain Barrier induced by Th17 cells through affecting the expression and
subcellular localization of ZO-1, inhibiting MLC phosphorylation, and abolishing ROS
generation (Xie et al, 2011) and play a key role in producing pro-inflammatory cytokines such as
interleukin-1 (IL-1), interleukin-2 (IL-2) and interferon-γ (IFNγ) in T-cells (NF-кB inhibitors are
a transcription factor that regulates networks which maintain cell health and survival and also
plays a common and central role in disease pathology (Cavaleri, 2018). The transcription factor
system is a central mediator and conductor of the immune, inflammatory, oxidative, and stress
responses (Cavaleri, 2018). It plays a central role in the mechanism of cancer, viral, and bacterial
induction and survival (Cavaleri, 2018). In fact, host responsiveness to viral infection such as
with TNFα synthesis can, itself, activate NF-kB binding to DNA and transactivation to convert
viruses like HIV-1 into their active forms (Cavaleri, 2018). The effects of curcumin on B cell
activity have been investigated in several studies (Abdollahi et al, 2017). Curcumin can decrease
antibody production (IgG2a, IgE and IgG1, and particularly IgG1) in response to LPS by rat
splenocytes (Abdollahi et al, 2017, Decote et al, 2009 and Sharma et al, 2007). The TLRs
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signaling leading to NF-κB activation can involve B cell activation (Abdollahi et al, 2017).
Curcumin can also inhibit NF-κB activation through inhibiting the TLR signaling pathway
(Abdollahi et al, 2017). Hague et al 2010 confirms Abdollhai et al 2017 findings that curcumin
can down-regulate activation induced cytosine deaminase (AID), which is a master regulator in
immunoglobulin class switch recombination and somatic hypermutation (Abdollahi et al, 2017
and Hague et al, 2010). This activity of curcumin lead to the prevention of immunoglobulin class
switch recombination and somatic hype-mutation. Curcumin has also been reported to enhance
intestinal immune function in high-fat fed animals by increasing IgA production or suppression
of IgA degradation (Abdollahi et al, 2017). These observations suggest the potential effects of
curcumin in the treatment of B cell-mediated autoimmune diseases (Abdollahi et al, 2017).
Abdollahi et al and Xie et al state curcumin has been reported to be an efficient candidate in the
treatment of Multiple Sclerosis and EAE Th17-mediated inflammatory diseases. In EAE-induced
rats, treatment with curcumin was found to significantly decrease the number of inflammatory
cells that infiltrated the spinal cord. Curcumin treatment was also associated with up-regulation
of IL-10 levels and increased percentages of CD4+ CD25+ - Foxp3+ Treg cells in the CNS and
lymphoid organs in EAE-induced C57BL/6 mice. In addition, curcumin ameliorates EAE in
SJL/J mice by inhibiting the IL-12 signal through the JAK-STAT pathway, which results in a
decrease in Th1 differentiation (Natarajan et al, 2002 and Kanakasabai et al, 2011). Abdollahi et
al states furthermore, in Multiple Sclerosis, curcumin inhibits the differentiation and
development of Th17 cells by down-regulating the expression of IL-6, IL-21, and RORγt
signaling and inhibition of STAT3- phosphorylation. Curcumin can also suppress IL-17 mRNA
expression and T cell levels of INF-γ in patients experiencing Multiple Sclerosis. Wang et al has
shown that PPARγ can act as a nuclear receptor for curcumin in different cell types (Abdollahi et
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al, 2017) with PPARγ agonists inhibiting EAE by modulating Th1/Th17 responses (Abdollahi et
al, 2017). In vivo treatment with curcumin has been shown to elevate the expression of PPARγ in
the CNS and lymphoid organs in mice with EAE, suggesting its association with the regulation
of Th1/Th17 responses in EAE. Gagliardi et al and Seyedzadeh et al state curcumin can
contribute to the restoration of myelination and causes an anti-inflammatory response by acting
on astrocytes, both white and gray matter, in the central nervous system. In particular, in a
cellular model of Multiple Sclerosis comprising U373-MG cells (human glioblastoma
astrocytoma cell line) treated with lipopolysaccharide (LPS), curcumin reduced both the release
of IL6 and MMP9 activity (Gagliardi et al, 2020, Seyedzadeh et al, 2014). Multiple other studies
using the autoimmune encephalomyelitis (EAE) model for MS concluded curcumin inhibited
the expression of IFNγ, IL17, and IL12 cytokines in the CNS (Gagliardi et al, 2020 and
Kanakasabai et al, 2012). In a rat Multiple Sclerosis model, curcumin increased the level of
myelination by potentiating protective pathways against oxidative stress, the Nrf2 pathway, by
restoring iNOS mRNA levels and by enhancing brain-derived neurotrophic factor (BDNF), nerve
growth factor (NGF), platelet-derived growth factor receptor α (PDGFR α), nestin (a neural stem
cell marker), myelin basic protein (MBP), Olig2, and oligodendrocyte progenitor markers
(Gagliardi et al, 2020 and Mohajeri et al, 2015). Dolati et al showed a a significant decrease in
mRNA expression levels of miR-145 (p<0.0001), miR-132 (p=0.004), miR-16 (p=0.0034),
STAT1 (p=0.0002), NF-κB (p<0.0001), AP-1 (p=0.0007), IL-1β (p=0.0017), IL-6 (p=0.017),
IFN-γ (p<0.0001), CCL2 (p=0.0067), CCL5 (p=0.0034), TNF-α (p<0.0001) and also significant
increase in expression levels of miRNAs targets; Sox2 (p=0.0001), sirtuin-1(p=0.0007), Foxp3
(p=0.0082), PDCD1 (p=0.003) was evident in nanocurcumin treated group compared with before
treatment. The secretion levels of IFN-γ (p=0.0025), CCL2 (p=0.0029), and CCL5 (p=0.0003)
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were reduced dramatically in test group compared with placebo group. Dolati et al 2017
concluded nanocurcumin may be more effective on the inflammatory features of MS. According
to present results, nanocurcumin may inhibit neuroinflammation in MS patients (Dolati et al,
2017). Rangaraju et al showed hKv1.3 (a voltage-gated channel) increases proliferation and
activation of effector memory Tcells (TEM, CCR7-CD45RO+ T lymphocyte) when the plasma
membrane is depolarized (Abdollahi et al, 2017). This channel has a key role in the severity of
some autoimmune diseases, such as MS and RA (Abdollahi et al, 2017). Curcumin has the
ability to produce inflammatory cytokines of TEM cells and supports the proliferation of these
cells. By doing this, hKv1.3 channels are inhibited, showing curcumins ability in the treatment of
autoimmune disorders (Lian et al, 2013). In vivo and in vitro experiments conducted with
curcumin nanoformulations (DNC) demonstrated that DNC increased oligodendrogenesis from
subventricular zone-derived neural stem cells and oligodendrocyte progenitor cells in a dosedependent manner, and furthermore, enhanced remyelination activity of transplanted neural stem
cells by promoting their survival and oligodendrogenesis capacity (Gagliardi et al 2020 and
Motavaf et al, 2014). Dolati et al also tested the effects of nanocurcumin on Treg cells
frequency, and function in patients with RRMS. Dolati et al showed a significant reduction was
observed in the proportion of peripheral Treg cell frequency, and the levels of TGF-β, IL-10 and
FoxP3 expression in patients with RRMS. The data revealed that the frequency of Treg cells (p =
.0027), the expression of FoxP3 (p = .0005), TGF-β (p = .0005), and IL-10 (p = .0002) and the
secretion levels of the TGF-β (p = .033), and IL-10 (p = .029) in cultured PBMCs are increased
in nanocurcumin-treated group compared to placebo group. Dolati et al concluded nanocurcumin
is capable of restoring the frequency and function of Treg cells in MS patients. In recent years,
nanotechnology-based drug delivery systems have received considerable attention in drug
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delivery and pharmaceutical research due to their capability to deliver drugs and other substances
(such as targeting ligands, fluorescent dyes) to the targeted region (Kumar et al, 2018).
Nanoformulation offers distinct advantages in drug delivery which include lack of toxicity, high
drug loading capacity, controlled drug release, extended shelf-life period, higher stability,
functionalization with specific targets, intracellular release and targeted delivery (Kumar et al,
2018 and Din et al, 2017). Various nano-based formulations are successfully studied for imaging,
diagnostic and therapeutic applications (Kumar et al, 2018). Recent advances in nanotechnology
have facilitated the formulation of nanocurcumin and it significantly improved the therapeutic
efficacy and bioavailability of its native counterpart and provides the opportunity for disease
specific targeting (Kumar et al, 2020).

Multiple Sclerosis from a Traditional Chinese Medicine Perspective
According to Jian-qu et al 2013, MS in TCM classified as Wei Syndrome (Wei Zheng 痿症),a
disorder characterized by muscular flaccidity and weakness of the limbs with impeded voluntary
movement resulting in muscular atrophy (Jian-qu et al, 2013). According to Chinese Internal
Medicine “Wei Syndrome mainly results from the hypo-function of the 5 Zang organs, Lung,
Liver, Spleen, Kidney and Heart. Emotional disturbance, contraction of damp-heat or
overexertion may all contribute to malnourishment of the muscles and sinews and subsequent
flaccidity, weakness or paralysis, on the upper and lower extremities, uni or bi-lateral”. TCM
states the entire body can be involved but more commonly the lower limbs are affected.
Exogenous factors including wind and dryness evils may also invade and contribute to MS
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(shen-nong.com, 2021). These evils allow the Yang-Qi to not ascend up and thus nourishment
for the brain does not take place (shen-nong.com, 2021), causing shaking and trembling.
According to “The Huang Di Nei Jing Su Wen”, Chapter 44, Discourse of Limpness, the
original meaning of wei (萎), as attested in the Shi Jing (詩經), denotes the wilting of trees
(Unschuld, 2003). Unschuld states” by replacing the radical “grass” with the radical
“disease/illness”, the creators of the term may have intended to move from the notion of wilting
of trees to the notion of limpness of the human organism not in toto but in some of its parts”.
Unschuld also states “the Shi Ji refers to wei (萎) “as a person who cannot forget how (once he
was able to walk) to get up, and it is like a person who is blind and cannot forget how (once he
was able to see)”. Obviously, wei refers here to lameness of the feet; “hence a person with wei (
萎) is unable to get up”. Chinese Acupuncture and Moxabustion, refers to Wei Syndrome as
“flaccid lame” stating the leg is usually involved. The “Advanced Textbook of Traditional
Chinese Medicine and Pharmacology” also states wei syndrome as being a disorder affecting one
of the 5 Zang organs with 5 types of wei syndrome (itmonline.org, 2020). Three of these might
be of interest with regard to MS (itmonline.org, 2020) (Table 8)
3 of the 5 Types of Wei Syndrome of Interest according to The “Advanced Textbook of
Traditional Chinese Medicine and Pharmacology” (Table 8)
Maiwei

Rouwei

Guiwei

(Vessel flaccidity, associated

(Muscle flaccidity,

(Bone flaccidity, associated

with the heart system)

associated with the spleen)

with the kidney)

Muscular atrophy and debility Sensory disturbance of the

Severe exhaustion of kidney

of the lower limbs caused by

yin and essence with

skin, and atrophy, flaccidity,
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muscles. The syndrome is due that causes atrophy and
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accompanying deficiency fire

malnutrition of the muscles of to pathogenic heat and

flaccidity of the muscles of

the lower limbs.

dampness invading the spleen

the lower limbs and weakness

with impairment of stomach

of the spine that makes it

yin.

impossible for people to
support themselves in an
upright position.

Zhou et al noted that ancient scholars believed the loss of sensations, one of the common MS
symptoms, is related to the po. Macioca states “the po resides in the Lungs” and can be defined
as “the part of the Soul (as opposed to the Hun) which is indissolubly attached to the body and
goes down to Earth with it at death”. Macioca also states “the po gives the body the capacity of
movement, agility, balance and coordination of movements (the Hun gives psychic movements)
and is the somatic expression of the Soul or the organizational principle of the body”. The po is
governed by the spirit (shen) which subsists on the essence (jing). Quoting from the Huangdi
Neijing Lingshu: “The po enters and exists with the essence…spiritual exhaustion scatters the
soul and the po.” Pursuing this line, Zhou et al states: “The kidney houses the essence; the brain
is the mansion of the original spirit. Disorders of the spirit are usually related to a deficiency and
damage of kidney essence which results in malnourishing of the brain. An insufficiency of
original spirit in turn affects the function of the po. The manifestations of pain and soreness of
the back, atrophic weakness of the legs, looseness of the lower passes (colon and bladder), and a
sinking, thready, weak pulse confirm the diagnosis of kidney deficiency with damage to the
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essence. Poor memory and insomnia show an insufficiency of the sea of marrow (brain)”
(itmonline.com, 2020). Jing (Essence) is a vital substance, one of the three treasures, in Chinese
medicine and should be protected and not used wastefully. Jing is Qi in a concentrated form and
is said to be the energy of our material body, cellular density, energy stores, our reproductive
potential, our DNA and our seed (teelixir.com, 2020). Jing is also the foundation for our Shen
allowing for spiritual growth, intuition and the ability to be in the present moment. The three of
types of Jing are:
1. Pre-Natal (Pre- Heaven): Passed from parents to the fetus. Its quantity and strength is
determined at birth and stored within the Kidneys. The developing embryo and fetus have
no independent Jing of its own, thus it is totally dependent on the Pre-Heaven Jing
supplied by the mother and father and on nourishment from the mother’s Kidneys
(acupuncture.com, 2020, Maciocia, 2015). It cannot be re-made and it must be stored
conservatively and used slowly and wisely and determines vitality, strength and
constitution. Homeostasis / harmony, Tai-Ji and Qi-Gong conserve this Jing. This Jing
will burn out when one overindulges in sexual activity, becomes overworked or does not
eat nutritious foods (Maciaoca, 2015).
2. Post-Natal (Post-Heaven): This Jing is made after the baby is born and is the results of
the nurturing we receive while growing (teelixir.com, 2020). The Golden Mirror of
Medical Collection states Post-Natal Essence originates from food. Thus, the
transformation and transportation of the Spleen and Stomach play a major role in the
development of Post-Natal Essence. We can rebuild and strengthen our Post-Natal
Essence by consuming jing tonics, eating a healthy diet, and living a balanced lifestyle of
moderate exercise and sex, meditation, avoiding stress and knowing our limits and not
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pushing ourselves to extremes (teelixir.com, 2020). By rebuilding and strengthening our
Post-Natal Essence we have the ability to slow down the aging process, be less
susceptible to illness and past good quality and strong Pre-Natal Essence to our children.

3. Kidney jing: Kidney jing consists of both Pre-Natal and Post-Natal Essence. This Kidney
jing is hereditary and can be re-stored (acupuncture.com, 2020). The Kidney jing is
stored in the Kidneys, but it is also in the 8 Extraordinary meridians, including the
Governor Vessel which runs up the midline of the back and the Conception Vessel which
runs up the midline of the front of the body (acupuncture.com, 2020). Kidney jing is the
basis for Kidney Qi and has a fluid nature that flows throughout the body (Macioca,
2015, sacredlotus.com, 2020). It forms the basis for growth, development, sexual
maturation, and reproduction. It moves in long, slow cycles, and presides over the major
phases of development in life and is the basis for growth, development, sexual
maturation, and reproduction (Maciocia, 2015, sacredlotus.com, 2020). Kidney jing
determines our constitution, produces Marrow and along with the Qi is the foundation of
the Shen (Maciocia, 2015).

The “Pí Wèi Lùn” (The Treastie of the Spleen and Stomach), chapter 3/book 2 (page 85) is
entitled “Diseases in the different seasons due to spleen and stomach vacuity weakness and
formula composing according to different diseases”. According to Fuzimoto et al 2020, this
passage can be transcribed as the theoretical aspect of Multiple Sclerosis in its entirety as it
appears: “When the spleen and stomach are vacuous and weak, the qi of the upper burner is
insufficient. In summer, the original qi is damaged by intense heat, (giving rise to) fatigue,
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somnolence, debilitated limbs, insufficient essence spirit, atonic flaccidity of the legs, cold
inversion in the mornings and evenings, and fire-like heat coming back with the yang qi
becoming effulgent when the sun is hanging high. Since both yin and yang, qi and blood are
insufficient, there occur heat inversion with yin vacuity or cold inversion with qi vacuity (with)
inability to taste food, fire sparks emitted in the eyes, blurred vision, frequent urination, difficult
voiding of bound stools, ventral pain in the cardiac region, flank pain or acute spasm, tightening
below the umbilicus as if bound by ropes or, in the extreme, stabbing (lower abdominal) pain,
difficulty relaxing the abdomen, obstruction in the chest, frequent retching or dry retching or
coughing with phlegm, foaming at the mouth, rigidity of the tongue, pain in the upper and lower
backs, scapulae, and eyes, frequent headache, inability to take in food or (too easily) feeling
satiated on eating, no desire to eat, particularly severe spontaneous sweating, and (feeling of) yin
qi shrouding the skin and hair (referred by the author as chills or feeling of cold). It is hot
weather that exacerbates the disease. All this is brought by geng, the large intestine and xin, lung
metal, which are overwhelmed by heat. Fuzimoto et al concluded that the Pí Wèi Lùn is the first
record of Multiple Sclerosis in the medical literature.

Etiology / Pathogenesis and Pattern Differentiation of Wei Syndrome according to TCM
(Jian-qun et al, 2013) (Table 9)
Lung Heat Damaging Body Fluids

Fluids become consumed by febrile disease
impairing the descending and dispersing

S/Sx: Fever, sudden flaccidity or wekness of

function of the Lung. The Lung is

the limbs w/ fever, dry skin, restlessness,

responsible for the function of dispersing
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thirst, cough w/ scanty phlegm, dry throat,

and spreading the Wei Qi (Defensive Qi)

scanty yellow urine and dry stools.

and body fluids to nourish and moisten the
5 Zang organs, sinews, muscles and skin. If

Tongue: Red w/ yellow coat.

the Lung function is disrupted the 5 Zang

Pulse: Thready, rapid.

organ, sinews, skin and muscles can
become malnourished. This will lead to

Treatment Principle: Clear heat, moisten

weakness of the 4 extremities and the cause

dryness, nourish the Lung and nourish

atrophy syndrome.

fluids.

Damp-Heat Impeding the Circulation of Qi

Humid and wet environments can cause

and Blood

retention of dampness with the channels /
collaterals and impede the circulation of Qi

S/Sx: Flaccidity and weakness of the

and Blood. In time, the dampness will

extremities presenting w/ a heavy sensation

transform to heat causing malnourishment

or slight swelling or numbness of the lower

of the muscles and sinews leading to

limbs. Fever, chest and epigastric

flaccidity and weaknes.

discomfort, scanty-dark yellow urine that

Ingestion of sweet, greasy food or excessive

burns, hesitant and painful.

alcohol intake will damage the Spleen and
Stomach producing internal Damp-Heat.

Tongue: Yellow, greasy coat.

The function of Spleen in controlling the

Pulse: Slippery, rapid.

muscles will be diminished leading to
flaccidity and weakness.
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Treatment Principle: Clear heat, drain damp
and open channels / collaterals.

Spleen and Stomach Deficiency

Chronic conditions or congenital deficiency
of the Spleen and Stomach can impair the

S/Sx: Progressing flaccidity and weakness of transformation and transportation
the limbs, poor appetite, loose stools,

function of the Spleen and Stomach which

abdominal distention, a lusterless

will lead to insufficiency of Qi and Blood

complexion w/ facial puffiness, shortness of

and the ability to nourish the 5 Zang

breath and mental fatigue.

organs, muscles, sinews leading to wei
syndrome.

Tongue: Thin, white coat.
Pulse: Thready, weak.

Treatment Principle: Tonify Qi and
strengthen the Spleen.

Liver and Kidney Deficiency

Overexertion, sexual indulgence and
constitutional Kidney deficiency will

S/Sx: Slow onset of flaccidity and weakness

consume Kidney-Yin and Kidney Essence

of the lower limbs, low back or spine

causing Liver Deficiency. This will lead to

soreness, tinnitus, nocturnal emissions,

malnourishment of bone marrow, sinews
and wei syndrome.
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enuresis, irregular menstruation with
potential muscle wasting.

Tongue: Red w/ a scanty coat.
Pulse: Thready, rapid.

All of the above can lead to deficiency of Yin and body fluids allowing Liver Wind to
ascend causing shaking and trembling.

Treatment of MS in TCM including acupuncture, herbs, nutrition, lifestyle and spiritual
practice.
Acupuncture

According to the National Multiple
Sclerosis Society acupuncture may provide
relief for some Multiple Sclerosis-related
symptoms: pain, spasticity, numbness and
tingling, bladder problems, and depression.
Used to promote circulation of Qi, Blood
and Body Fluids of the limbs and to help
rebalance the nervous system and alleviate
pain, including Scalp Acupuncture.
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3-4 points recommended daily or every
other day for 10 days and mostly for
flaccidity syndrome (itmonline.org).
•

B60, B57, B11

•

Du2, Du3, Du4, Du12

•

GB30, GB31, GB34, GB39

•

LI11, LI15

•

S36

•

SI4, SI9

•

SJ5

•

Sp6, Sp9

Additional:

Chinese Herbs and Formulas

•

K3, K7

•

LR8

•

LI10

•

Du4

•

B23

•

B52

•

Used to tonify deficiency and clear
excess as well treat corresponding
S/sx.
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•

Curcumin (Rhizome curcuma longa)

•

Huo Ma Ren (Semen Cannabis) –
Nourish Yin

•

Mo Yao (Myrrh) – Circulate Qi and
Blood in the Channels / Collaterals
to help support pain.

•

Bo He (Herba Menthae) – Support
liver and stagnation, nerve pain,
nausea and stress.

•

Qing Zao Jiu Fei Tang (Dryness
Clearing and Lung Saving
Decoction)

•

Jia Wei Er Miao San (Supplemented
Two Mysterious Powder)
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Shen Ling Bai Zhu San (Ginseng,
Poria and Atractylodes
Macrocephalae Powder)

•

Hui Qian Wan (Hidden Tiger Pill)

•

Bu Zhong Yi Qi Tang (Supplement
the Center and Boost the Qi
Decoction)

•

Huang Qi Ren Shen Tang
(Astragalus and Ginseng Decoction)

Nutrition

•

Kidney: Walnuts, Pine Nuts,
Chinese Yam, Goji Berries, Grapes,
Raisins, Eggplant, Blueberries,
Lettuce, Watermelon, Bean Sprouts.

•

Liver: Soups, Rice, Oats, Eggs,
Mung Beans, Yogurt, Seeds, Black
Sesame Seeds, Chicken, Bone
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Marrow, Mackerel, Squid,
Mushrooms, Spinach, Spirulina,
Bananas, Mulberry, Mango,
Mushrooms, Olive Oil, Flaxseed,
Molasses,
•

Spleen: Lentils, Sweet Potato, Taro,
miso Soup, Orange Peels, Miso
Soup, Chicken, Beef.

•

Essence: Lotus seeds, Rose Hips,
Duck, Pig Kidney, Animal Liver.

•

Foods should be cooked and not raw
or cold.

•

Reduce cold, greasy, fatty, spicey
foods as well as alcohol.

Cupping

•

Cervical, Thoracic, Lumbar regions
both moving and stationary. Used to
promote circulation of Qi and Blood
to alleviate pain.
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•
Tuina
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2x’s weekly for 10 minutes.

Tuina therapy can be very beneficial for
reducing the intensity of pain, improving
the functional possibilities and quality of
life among patients with MS (Marinova et
al, 2019).
2x’s weekly for 15/ 20 minutes.
Window of the Sky Points to promote
harmony between the head and the body:
•

Lung 3 – Tian Fu (天府) – Mansion
of Heaven

•

Heart Protector 1 – Tian Chi (天池)
-Pool of Heaven

•

Triple Heater 16 – Tian You (天牖)
– Window of Heaven

•

Small Intestine 16 – Tian Chuang (
天窗) – Heavenly Window

•

Small Intestine 17 – Tian Rong (天
窗) – Heavenly Manifestation

•

Large Intestine 18 – Fu Tu (扶突) –
Supporting Prominence
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Bladder 10 – Tian Zhu (天柱) –
Heavens Pillar

•

Stomach 9 – Ren Ying (人迎) –
Humanities Welcome

•

Ren 22 – Tian Tu (天突) – Heavenly
Crevice

•

Du 16 – Feng Fu (風府) – Wind
Palace

Cervical, Thoracic Lumbar regions.
Spiritual Practice

•

Becoming more self-aware with
meditation, prayer or chanting or
cognitive enhancing with board
games, reading journaling, creative
writing, puzzle, drawing or
painting.

•

Discovering inner strengths and
resources.

•

Finding meaning in the challenge.

•

Discovering greater balance,
harmony and purpose.

•

Changing feelings of powerlessness
into feelings of creative strength.
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Finding opportunities for personal
growth and increased resilience.

•

Deepened, more meaningful
relationships with others.
(nationalmsociety.org, 2020)

Lifestyle

•

Exercise to a minimum.

•

Ongoing Rehabilitation.

•

Avoid hot environments including
hot showers and baths.

•

Do not smoke or drink alcohol.

•

Avoid getting infections.

•

Rest.

•

Drink plenty of fluids.

Chapter 3: Methods
Several procedures were followed to ensure a high-quality quantitative, systematic review of the
literature on the neuro anti-inflammatory efficacy of curcumin in the treatment of MS. Inclusion
criteria included a comprehensive search of peer reviewed journals, in English, completed on the
following key terms: Multiple Sclerosis, curcumin, nanocurcumin, curcuma longa, Chinese
Herbal Medicine, muscular atrophy, T Cells, B Cells, wei syndrome and neuroinflammation.
Twelve databases were searched including PubMed, NIH, Scholars Portal Journals, Cochrane
Library, ERIC, EBSCOHost, High Wire, Science Direct, Medline, Springer, CINAH and Google
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Scholar. Reference materials from each article were searched in order to find other articles.
Chinese medicine and bio-medical academically approved texts, in English, were searched using
the above listed keywords. Articles and texts from 1985 to present were used with the
investigation using previously collected materials from randomized control trials, animal models,
human adult and cell models (18-75 years of age,) as well as inpatient, hospital, clinic and
university settings, original studies as well as reviews. Since no human subjects were used for
this and previously collected investigated materials were used, it was established no Institutional
Review Board (IRB) was needed.

Chapter 4: Results
Nine RCT’s (8 animal models, 1 human), 2 cellular models and 3 reviews met the inclusion criteria,
using the STRICTA checklist. There was a moderate amount of evidence to support the efficacy of
curcumin in in its ability to reduce neuro-inflammatory effects in those with MS. Since there is a
moderate amount of studies on the efficacy of curcumin in its ability to reduce neuro-inflammatory
effects, this research aims to promote further research in this area. The results are organized by
publication date in ascending order (Table 15).

Curcumin as a potential modulator of activation of autoimmune B cells in vivo
One study, Decote et al, 2009, investigated the intracellular signaling events involved in the
inhibitory effects of traditional curcumin on murine B cells. This was the first study focusing on the
inhibitory effect of traditional curcumin on B cell response induced by TLR ligands, anti-IgM
antibody or soluble dextran-conjugated anti-Ig antibodies (Decote et al, 2009). It was described that
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curcumin had a major inhibitory effect on TLR ligands-mediated B cell activation and characterized
the signaling pathways inhibited by curcumin (Decote et al, 2009). Decote et al concluded the effect
of curcumin on the B cell response induced by LPS, would be possible and curcumin would be a
suitable modulator of activation of autoimmune B cells in vivo. Another study, Hague et al 2010
measured the effects of traditional curcumin on the division-linked upregulation of AID protein and
mRNA within several human B cell populations. TLR-9 ligand, ODN-2006, + IL-15 were
combined to activate peripheral blood B cells (Haque et al, 2010). Curcumin dosage ranged from 6
to 50 μ M, with parallel DMSO vehicle controls, dividing into B cell cultures (day 3, 4, or 5 of
activation) (Haque et al, 2010). After 1 to 2 days, AID mRNA and protein were assessed (Hague et
al, 2010) with the energetics of curcumin-induced AID suppression further analyzed (Hague et al,
2010). Quantitative and qualitative RT-PCR monitored messenger RNA; AID protein was assessed
by two-color flow cytometry of CFSE-labeled cells and immunoblotting (Hague et al, 2010). Hague
et al 2010 concluded curcumin with its NF-kB and AID suppression abilities may be useful, when
dosed efficiently, in reducing malignant activity in B cell populations (Hague et al, 2010).
Curcumin may also affect B cell autoimmune diseases, controlled by IgG autoantibodies, that may
have a pathogenic change in DNA sequence (Hague et al, 2010). Early research on Multiple
Sclerosis focused on T Cell lymphocytes having the ability to moderate damage from inflammatory
issues within the spinal cord, brain and central nervous system. New evidence and research suggest
B Cells play a much larger role in the moderation of inflammatory issues in the spinal cord, brain
and central nervous system than previously suspected. Lehmann-Horn et al 2013 states “B cells are
the source of differentiating plasma cells which secrete autoreactive antibodies possibly
contributing to demyelination within the inflamed central nervous system (CNS). Earlier maturation
stages as well as memory B cells may provide specifically recognized antigen to other antigen-
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presenting cells (APCs), or alternatively, directly present processed antigen in the context of
constitutively expressed major histocompatibility complex (MHC) class II (Lehmann-Horn et al,
2013). Further research suggest B Cells have the ability to not only regulate immune processes but
can provide both pro-inflammatory and anti-inflammatory cytokines” (Lehmann-Horn et al, 2013).

Curcumin inhibiting the differentiation and development of Th17 cells and decreasing
inflammatory cells that may invade the spinal cord.
Two studies, Xie et al 2009 and Kanakasabai et al 2012 showed curcumin in inhibiting the
differentiation and development of Th17 cells and decreasing inflammatory cells that may invade
the spinal cord. During a 2 week period, Xie et al, 2009 tested an EAE model of 21 Lewis Rats.
Traditional curcumin extract was dosed at 100 and 200mg/kg with Xie et al, 2009 showing the
potential of curcumin in the reduction of the clinical severity of EAE as well as decrease in the total
number of inflammatory cells invading the spinal cord (Xie et al, 2009). When dosed efficiently the
proliferation of MBP was also reduced. Xie et al stated “the mRNA expression of the cytokine
profiles was assessed by quantitative reverse-transcription polymerase chain reaction (qRT-PCR),
revealing the dramatic decrease of IL-17, TGF-β, IL-6, IL-21, STAT3, and RORγt expression in
curcumin-treated groups and STAT3-phosphorylation also being inhibited” (Xie et al, 2009). These
findings suggest curcumin has the potential to inhibit differentiation and development of Th17
cells depending on it’s down-regulating expression of IL-6, IL-21, RORγt signaling and inhibition
STAT3-phosphorylation (Xie et al, 2009). This study suggests curcumin has the potential for
treatment of MS and other Th17 cell-mediated inflammatory diseases (Xie et al, 2009).
Kanakasabai et al 2012, an EAE model of Multiple Sclerosis in six- to eight-week-old female
C57BL/6 mice, were treated with DMSO or 0-100mg of traditional curcumin. The mice were
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treated (ip) with 0 or 100mg curcumin in 25 μl dimethyl sulfoxide (DMSO) every other day from
the day of first immunization. Clinical signs of EAE were scored on day 14 in a blinded manner as
follows (Table 11):
Kanakasabai et al, 2012 Clinical signs of EAE scored on Day 14 (Table 11)
0 = Normal

0.5 = Stiff Tail

1.5 = Limp tail w/ inability to 2 = Paralysis of one limb
right
3 = Complete paralysis of both 4 = Moribund
hind limbs

1 = Limp Tail
2.5 = Paralysis of one limb
and weakness in the other
5 = Death

The mice were euthanized on day 14, and total RNA was extracted from the brain, spinal cord,
lymph node and spleen (Kanakasbai et al, 2012). The expression of IFNγ, IL-17 and T-bet was
analyzed by qRT-PCR using 18S asinternal control (Kanakasbai et al, 2012). The fold change in
EAE was calculated using naïve mice as control and shown as mean±S.D. ⁎Pb.05, ⁎⁎Pb.01 and
⁎⁎⁎Pb.001 for EAE compared to naïve and #Pb.05, ##Pb.01 and ###Pb.001 for curcumin compared
to DMSO-treated EAE. (B) Spleen cells were cultured with 0, 2.5, 5 and 10 μg MOGp35-55 in the
absence (ex vivo) or in the presence of 0,2.5 and 10 μM of curcumin (in vitro) (Kanakasbai et al,
2012). After 48 hours, culture supernatants were collected, and the levels of IFNγ and IL-17 were
determined by ELISA (Kanakasbai et al, 2012). Kanakasbai et al concluded curcumin attenuates
EAE by modulating Th1/Th17 differentiation in association with the inhibition of IL-12/IL-23 and
up-regulation of Th2/regulatory T cell (Treg) responses, suggesting its significance in the treatment
of Multiple Sclerosis and other autoimmune disease. Treatment was also associated with upregulation of IL-10 levels and increased percentages of CD4+ CD25+ - Foxp3+ Treg cells in the
CNS and lymphoid organs in EAE-induced C57BL/6 mice. In addition, curcumin ameliorates EAE

RUNNING HEAD: CURCUMIN AND MULTIPLE SCLEROSIS

78

in SJL/J mice by inhibiting the IL-12 signal through the JAK-STAT pathway, which results in a
decrease in Th1 differentiation (Abdollahi et al, 2017 and Kanakasbai et al, 2012).

Curcumin inhibiting severity and duration of clinical paralysis in EAE and decreasing
myelination.
Two studies, Natarajan et al 2009 and Mohajeri et al 2015, showed curcumin has the ability to
decrease the severity of EAE. Natarajan et al 2009 tested an EAE model of MS in 30 SJL/J mice
during a 4 week period, with a traditional curcumin dose of 50-100g in 25 l DMSO on every
other day from 0 to 25 days following induction of active or passive EAE in the test group and
15 received 25 l DMSO in the control group (Natarajan et al, 2009). The mice treated with 50g
curcumin developed paralysis only for a mean duration of 10 days (37.5% reduction) with a
MMCS of 0.8 (74.2% reduction). In contrast, treatment with 100 g curcumin decreased the mean
duration of disease to 8 days (50% reduction) with a MMCS of 0.3 (90.32% inhibition; p___
0.001) (Natarajan et al, 2009). In the control group the mice developed clinical paralysis for a
mean duration of 16 days with a mean maximum clinical severity (MMCS) of 3.1 on day 14.
Mohajeri et al 2015 tested the effects of PNC on an EAE Model of MS. Twenty female rats with
a PNC or curcumin dose of 12.5 mg/kg was administrated daily, intraperitonealy from day 12-29
post immunization. When investigating the prophylactic effect of PNC, the rats recived the PNC
on the first day immunization (Mohajeri et al, 2015). Treatment with PNC resulted in decreased
scores of disease in therapeutic and prophylactic administration when compared with control
group. Staining by luxol fast blue and H&E and immuno-staining of lumbar spinal cord cross
sections, confirmed a significant decrease in the amounts of demyelination, inflammation and
BBB breaking down (Mohajeri et al, 2015). Gene expression studies in lumbar spinal cord
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showed a corrected balance of pro-inflammatory and anti-inflammatory genes expression,
decreased oxidative stress, improved remyelination and increased progenitor cell markers after
treatment with PNC (Mohajeri et al, 2015). Motavaf et al 2020 tested the effects of DNC
promoting remyelination through induction of oligodendrogenesis in an experimental
demyelination animal model. Motavaf et al indicated that DNC enhanced oligodendrogenesis
from NSCs and OPCs, in vitro in dose dependent manner. DNC also induced in vivo
remyelination via promotion of oligodendrogenesis (Motavef et al, 2020). Furthermore, DNC
enhanced remyelination capacity of transplanted NSCs through promoting their survival and
oligodendrogenesis capacity (Motavef et al, 2020). The findings suggest that DNC has
significant beneficial effects in demyelinating conditions, either as mono‐therapy or as being
paired with transplantation approaches (Motavef et al, 2020).

Curcumin inhibiting neuro-inflammation in Multiple Sclerosis Patients
One study, Dolati et al 2018, tested the effects of nanocurcumin on inflammatory mediators in
patients with relapsing-remitting multiple sclerosis (RRMS). Fifty Multiple Sclerosis patients
were randomly divided into two groups, with the test group receiving a nanocurcumin capsule
daily for 6 months and the control group receiving a placebo capsule for 6 months (Dolati et al,
2018, Bali et al 2019). Real-Time PCR was employed to detect the probable changes in gene
expression levels of miRNAs, and miRNA-dependent targets, and also transcription factors and
pro-inflammatory cytokines in blood samples (Dolati et al, 2018). ELISA was used to determine
the alterations in these cytokines secretion levels with also examining the EDSS score in
Multiple Sclerosis patients in two groups (Dolati et al , 2018) Table 12 and Table 13 shows
decreases in the mRNA expression levels:
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Table 12
miR-145
Test

miR-132

p<0.0001 p=0.004

miR-16

STAT-1

NF-κB

Placebo

Table 13
IL-6

IFN-γ

CCL2

CCL5

TNF-α

p=0.017

p<0.0001

p=0.0067

p=0.0034

p<0.0001

Group
Placebo

Unknown Unknown Unknown Unknown Unkown

Table 14 shows increasse in expression levels of miRNAs targets.

Test
Group

IL-1β

p=0.0034 p=0.0002 p<0.0001 p=0.0007 p=0.0017

Group

Test

AP-1

Sox2

Sirtuin-1

Foxp3

PDCD1

p=0.0001

p=0.0007

p=0.0082 p=0.003
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Dolati et al 2018 concluded nanocurcumin may be more effective on the inflammatory features
of Multiple Sclerosis with nanocurcumin possibly inhibiting neuroinflammation in Multiple
Sclerosis patients.

Curcumin in inhibiting proliferation and proinflammatory cytokine secretion
Lian et al 2013 studied the anti-inflammatory effect of curcumin on hKv1.3 channels leading to
T(EM) proiliferation inhibition and the secretion of pro-inflammatory cytokines (Lian et al,
2013). Human peripheral blood was obtained from patinets with MS and at the time of blood
draw were not receiving primary treatment for MS. Traditional curcumin powder at a dose of 50
mM was placed in DMSO then divided into aliquots and kept in the dark at 20C, and finally
added to the extracellular solution following the indicated final concentrations (Lian et al, 2013).
T(EM) cells were stimulated with curcumin after cell proliferation (Lian et al, 2013) with IFN-y
significantly reducing based on varyig curcumin doasges (5 to 50 mM) (Liane etal, 2013). Lian
et al 2013 determined traditional curcumin (5–100 mM) significantly inhibited hKv1.3 currents
at each positive potential from 0 to +60 mV (Lian et al, 2013). The blocking potency of
curcumin increased when hKv1.3 channels were repeatedly depolarized to record currents, where
hKv1.3 channels were in the open conformation for a large fraction of time (Lian et al, 2013).
This suggets curcumin exhibits an open-state blocking action or shows favorable liking for
hKv1.3 channels activating (Lain et al, 2013). When hkv1.3 channels in T(EM) cells are in an
activated state when the cells are activated or proliferated, curcumin shows a strong blockade of
hKv1.3 channels, which is able to be used as a potent hKv1.3 blocker (Lian et al, 2013). Lain et
al concluded curcumin can potentially inhibit proliferation and pro-inflammatory cytokine
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secretion of TEM cells probably through inhibition of hKv1.3 channels, which contributes to the
potency of curcumin for the treatment of autoimmune diseases (Lian et al, 2013).

Curcumin and its affect on astrocytes during inflammation of the CNS
Seyedzadeh at al 2014 studied the effects of traditional curcumin on a human astrocyte (U373)
cell line by using a LPS-induced inflammatory in-vitro model (Seyedzadeh et al, 2014). Matrix
metalloproteinase (MMP)-9 activity was assessed by gelatin zymography with cytokine levels
evaluated by quantitative ELISA method and mRNA expression was measured by real-time PCR
(Seyedzadeh et al, 2014). Curcumin decreased the release of IL-6 and reduced MMP-9 enzyme
activity and down-regulated MCP-1 mRNA expression (Seyedzadeh et al, 2014). The study
showed curcumin did not have significant effects on the expression of neurotrophin (NT)-3 and
insulin-like growth factor (IGF)-1 mRNAs yet concluded curcumin might beneficially affect
astrocyte population in CNS neuroinflammatory disorders of the CNS as well as aiding in CNS
repair.

The data from the 7 RCT’s (6 animal models, 1 human), 3 cellular models and 3 reviews
suggests curcumin (curcuma longa) in its traditional form as well as nano-formulations may
potentially be a useful candidate for the neuro-inflammatory effects of Multiple Sclerosis as well
as other autoimmune disorders and inflammatory disorders. Curcumin has been shown to be safe
and well tolerated.
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Risk of Bias
Selection bias is relevant in the review. In TCM, RCT’s are often published or only available in
the Chinese language (Tang et al, 2013). Without the language ability to search and access
Chinese databases, relevant studies may have been missed or different results / conclusions may
have been reported.
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Summary of Studies Organized by Publication Date (Table 15)
Study

Model

Human /
Animal

Decote et al, 2009

RCT

Investigated the intracellular
signaling events involved in the
inhibitory effects of curcumin on
murine B cells.

EAE Model
of MS in
Mice

Male and
female
BALB/c
mice (6–8
weeks of
age)

Xie et al, 2009

RCT

Investigated the efficacy and
mechanism of curcumin against EAE.

EAE Model
of MS in
Rats

100 and 200 mg/kg curcumin extract.

2 weeks

Natarajan et al, 2009
Investigated the effects and
mechanism of action of curcumin on
the pathogenesis of CNS inflammation
and demyelination in EAE

RCT

Traditional
or Nano
Curcumin
Traditional

21 Lewis
Rats

Traditional

SJL/J mice

Traditional

Conclusion

Curcumin inhibited the proliferative
response of purified splenic B cells from
BALB/c mice stimulated with the Tolllike receptor ligands LPS and CpG
oligodeoxynucleotides. LPS-induced IgM
secretion was also inhibited by curcumin.
Based on the effect of curcumin on the B
cell response induced by LPS, it would be
possible to suggest that curcumin would
be a suitable modulator of activation of
autoimmune B cells in vivo.
Curcumin amelioration EAE was, to a
large extent, due to inhibit differentiation
and development of Th17 cells and
depends on down-regulating expression
of IL-6, IL-21, RORgammat signaling
and inhibition STAT3-phosphorylation.
This suggests it is useful in the treatment
of MS and other Th17 cell-mediated
inflammatory diseases as well as
decreasing inflammatory cells that may
invade the spinal cord.
Results suggest curcumin inhibits the
severity and duration of clinical
paralysis in active EAE.
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EAE model
of MS.
Test Group:
Methods:
15 Ttreated (i.p.) with 50 or 100 g
curcumin in 25 l DMSO on every
other day from 0 to 25 days following
induction of active or passive EAE.

Results:
Curcumin decreased the clinical
severity and duration of active EAE.
The mice treated with 50 g curcumin
developed paralysis only for a mean
duration of 10 days (37.5% reduction)
with a MMCS of 0.8 (74.2%
reduction). In contrast, treatment with
100 g curcumin decreased the mean
duration of disease to 8 days (50%
reduction) with a MMCS of 0.3
(90.32% inhibition; p
0.001).
Control Group
Methods:
15 Received 25 l DMSO.
Results:
Developed clinical paralysis for a
mean duration of 16 days with a mean
maximum clinical severity (MMCS) of
3.1 on day 14.

4 weeks
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Haque et al, 2010

Cellular
Model

Human
Cells

Traditional

NF-kB- and AID-suppressing curcumin
may be useful in reducing the risk of
malignant transformation and B-CLL
progression into more malignant
subclones, as well as treating B cell
autoimmune diseases driven by
pathogenic, somatically-mutated IgG
autoantibodies.

Review

N/A

Traditional

Curcumin can be an efficient candidate
in the treatment of Multiple Sclerosis and
EAE Th17-mediated inflammatory
diseases.

The effect of curcumin on the
division-linked upregulation of AID
protein and mRNA within several
human B cell populations.
Methods:
In vitro-activated normal and CLL B
lymphocytes and the AID-positive,
pre-germinal center B cell line, CL01. CFSE-labeled, IgM+ human B2
cells isolated from spleen/tonsil were
pre-activated for 4–5 days with stimuli
likely encountered in sites of
inflammation, i.e. limiting surrogate
C3dg-coated antigen (anti-IgM: antiCD21: dextran) + IL-4 + BAFF.
Peripheral blood B-CLL cells were
activated with TLR-9 ligand, ODN2006, + IL-15. Curcumin at doses
from 6 to 50 μ M, and parallel DMSO
vehicle controls, were pulsed into
dividing B cell cultures (day 3, 4, or 5
of activation), and AID mRNA and
protein assessed after 1 to 2 days.
Xie et al, 2011
Review
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Kanakasabai et el, 2012
Test Group
Methods:
The effect of curcumin on the mRNA
expression of inflammatory cytokines
was determined by qRT-PCR.
C57BL/6 mice induced to develop
EAE were treated with 0 or 100 μg
curcumin in 25 μl DMSO every other
day. To determine the in vivo
response, brain, spinal cord, spleen
and lymph node tissue samples were
isolated on day 14 and analyzed
directly. To determine the ex vivo
response, spleen cells isolated on day
14 were cultured in RPMI medium
(1×106/ml) in 12-well tissue culture
plates in the presence of 5 μg/ml
MOGp35-55 antigen. To determine
the in vitro response, the
spleen (1×106/ml) in 12-well plates
with 5 μg/ml MOGp35-55 antigen in
the presence of 0, 1, 2.5, 5, 10 and 25
μM curcumin.
Result:
The mice developed EAE with a mean
clinical score reaching 1.95 on day
14. Interestingly, in vivo treatment
with 100 μg curcumin resulted in the
attenuation of EAE, reaching a mean
clinical score of 0.6 (69%) on Day14.

RCT
Blinded
EAE Model
of MS in
Mice

C57BL/6
Female
mice (6-8
week old)

Traditional

Curcumin attenuates EAE by modulating
Th1/Th17 differentiation in association
with the inhibition of IL-12/IL-23 and up-regulation of
Th2/regulatory T cell (Treg) responses,
suggesting its significance in the
treatment of Multiple Sclerosis and other
autoimmune disease. Treatment was also
associated with up-regulation of IL-10
levels and increased percentages of
CD4+ CD25+ - Foxp3+ Treg cells in the
CNS and lymphoid organs in EAEinduced C57BL/6 mice. In addition,
curcumin ameliorates EAE in SJL/J mice
by inhibiting the IL-12 signal through the
JAK-STAT pathway, which results in a
decrease in Th1 differentiation
(Abdollahi et al, 2017).
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Control Group:
Methods:
Placebo
Results:
Showed no significant decrease,
rather a trend towards an increase, in
antigen-induced proliferation and
survival ex vivo.

Lian et al, 2013
Investigated the effects of curcumin on
human Kv1.3 (hKv1.3) channels stably
expressed in HEK-293 cells and its
ability to inhibit proliferation and
cytokine secretion of T(EM) cells
isolated from patients with MS or RA.

Cellular
Model

Human
Blood

Traditional

Curcumin is able to inhibit proliferation
and proinflammatory cytokine secretion
of T(EM) cells probably through
inhibition of hKv1.3 channels, which
contributes to the potency of curcumin
for the treatment of autoimmune
diseases.
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Seyedzadeh et al, 2014

Cellular
Model

Human
Cells

Traditional

Curcumin as a new therapeutic agent
with the potential of regulating astrocytemediated inflammatory
diseases in the CNS by suppressing
LPS-induced astrocyte activation via
inhibition of MMP-9 activity, IL-6
secretion, as well as MCP-1 expression.

Mohajeri et al, 2015

RCT

20 Female
Lewis Rats

Nano
(PNC)

The effect of polymerized form of
nano-curcumin (PNC) on
experimental autoimmune
encephalomyelitis (EAE).

EAE Model
of MS

Treatment with Polymerized NanoCurcumin decreased the severity of EAE
and increased remyelination.

The effects of curcumin were
examined on human a
astrocyte cell line (U373-MG) induced
by lipopolysaccharide (LPS) in vitro

Methods:
Cells were treated with 0, 1, 2.5, 5, 10
and 20 μM curcumin over different
incubation times (24 and 48 h). At
the end of each time, they were
exposed to 10 μl of the MTT reagent
for 4 h at 37 °C. Reaction was stopped
by removing the medium and and
the dye was dissolved in absolute
ethanol.

12.5 mg/kg of curcumin
Methods:
PNC or curcumin was administrated
daily intraperitonealy from day 12-29
post immunization.
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Results:
Treatment with PNC resulted in
decreased scores of the disease in
therapeutic and prophylactic
administration when compared with
control group.

Abdollahi et al, 2017

Review

N/A

Traditional

Curcumin can potential be used in the
treatment of auto-immune and
inflammatory disorders.

Dolati et al, 2018

RCT

Human
50

Nano

Nanocurcumin may inhibit neuroinflammation in Multiple Sclerosis
patients.

Evaluated the anti-inflammatory effect
of nano-curcumin in relapsingremitting MS (RRMS) patients. In
their study.

Test Group: 25
Methods:
Received nanocurcumin capsule daily
for 6 months.
Result:
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Significant decrease in mRNA
expression levels and secretion levels
of IFN–γ (p = 0.0025), CCL2, CCL5
(p=0.0034), TNF-α (p<0.0001) and
also significant increase in expression
levels of miRNAs targets; Sox2
(p=0.0001), sirtuin-1(p=0.0007),
Foxp3 (p=0.0082), PDCD1 (p=0.003)
was evident in nanocurcumin treated
group compared with before
treatment. The secretion levels of IFNγ (p=0.0025), CCL2 (p=0.0029), and
CCL5 (p=0.0003) were reduced
dramatically
Control Group: 25
Methods:
Placebo
Results:
Minimal reduction in comparison to
Test Group.
Motavaf et al, 2020
Investigated the effect of a curcumin
nanoformulation, dendrosomal
nanoparticles (DNC) on
oligodendrogenesis and
remyelination, both in vitro and in
animal model of demyelination.

RCT

Rats

Nano
(DNC)

DNC has significant beneficial effects in
demyelinating conditions, either as
mono-therapy or as being paired with
transplantation approaches.
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Gagliardi et al, 2020

Review

N/A

Traditional
Nano (PNC
& DNC)

Curcumin studies on neurological
disorders show potential antiinflammatory abilities.
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Chapter 5: Discussion
Curcumin, an active curcuminoid of Turmeric, has shown moderate evidence both in animal and
cellular studies, to support its neuro-inflammatory efficacy in the treatment of MS. This study
potentially shows which cell structures causing neuro-inflammation in MS were affected by
curcumin, causing an anti-inflammatory effect. With MS increasing globally with prevalence
increasing with latitude (Dobson et al, 2018) and environmental upbringing, its important the
focus is placed on not only treating the disease but prevention of the disease, specifically in
regions that may not benefit from good quality healthcare. Recent research has instilled the use
of nanocurcumin, due to its improved bio-availability, increased delivery capacity and increasing
the metabolizing effects of curcumin. Many nano-formulations have been developed, focusing
on a specific therapeutic role. Curcumin, with its worldwide usage as a food and cooking herb,
when dosed properly and used daily could potentially have the ability to regulate T cells and B
cells long term and support in the prevention of MS. The pathogenesis of MS is currently still
evolving with not only T cells contributing to the disease but B cells as well. There is much
debate over B cells yet research shows B cells can deplete anti-CD20 antibodies, causing MS
relapse and further neurological deficiencies (Arneth, 2019). Traditional curcumin has been
shown to have an effect on the B cell response induced by LPS suggesting curcumin would be a
suitable modulator of activation of autoimmune B cells in vivo (Decote et al 2009) as well as
potentially reducing the risk of malignant transformation and B-CLL progression into more
malignant subclones, as well as treating B cell autoimmune diseases driven by pathogenic,
somatically-mutated IgG autoantibodies (Haque et al, 2010). In regards to T cells, TH17 cells
been categorized as a new lineage of CD4+ T cells, and played a crucial role in the pathogenesis
of numerous autoimmune disorders (Zhao et al, 2017) and have been demonstrated as a key
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player in the immune system’s defense against extracellular bacteria and fungi as well as
mediated by the secretion of IL-17 by these cells (immunology.org, 2020). Traditional curcumin
is fat soluble, allowing it the ability to pass through all cell membranes and cross the Blood-brain
barrier. The secretion of IL-23 from antigen-presenting cells such as dendritic cells, which have
been activated by the uptake and processing of pathogens, in turn activates Th17 cells
(immunology.org, 2020). Th17 cells which highly express granzyme B transmigrate across BBBECS induce neurons apoptosis (Xie et al, 2011). IL-17 has the ability to influence other proinflammatory cytokines present in the CNS, leading to the activation of microglia (MC),
astrocyte (AS), macrophage (MФ) by triggering NF-κB isoform, producing a local milieu
conducive to Th17 development, and secret cytokines and chemokines (e.g. IL-17, TNF-α, NO,
osteopontin) and further up-regulating inflammation, inducing demyelination and the
macrophage to phagocytose large chunks of the myelin sheath Xie et al, 2011). Traditional
curcumin inhibits differentiation and development of Th17 cells depends on down-regulating
expression of IL-6, IL-21, RORγt signaling and inhibition STAT3-phosphorylation (Xie et al,
2011). Traditional curcumin down-regulates of NF-κB activation in microglia, astrocytes and
macrophages, reduces of leukocyte recruitment and CSN inflammation, decreases demyelination
and axonal damage (Xie et al, 2011). Xie et al (2009) and Kanakasabai et al showed traditional
curcumin in inhibiting the differentiation and development of Th17 cells and decreasing
inflammatory cells that may invade the spinal cord showing the effect on curcumin on both
neurological cells as well as the CNS. Seyedzadeh et al demonstrated the ability of traditional
curcumin as a new therapeutic agent with the potential of regulating astrocyte-mediated
inflammatory diseases in the CNS by suppressing LPS-induced astrocyte activation via
inhibition of MMP-9 activity, IL-6 secretion, as well as MCP-1 expression. Astrocytes may be
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activated by other inflammatory cytokines causing them to move or migrate to injury sites.
Astrocytes will form a tight barrier known as glial scar, protecting the site of injury form other
damage. This evidence shows the ability of curcumin to facilitate in the proliferation of
cytokines, specifically inflammatory cytokines affecting MS as well as not only prohibiting
myelination but also regenerating myelination.
Curcumin with its roots in Ayurvedic Medicine has shown its ability as a food herb to act
medicinally. With the advent of “functional ingredients”, foods that have the ability to prevent
disease, curcumin is currently being used for functional food formulations (Sharifi-Rad, 2020).
Curcumin has a multitude of abilities including anticancer, anti-inflammatory, neuroprotective,
antiviral, antimicrobial, antioxidant and wound healing abilities. These abilities will allow for
further research and further understanding of the is spectacular herb.
Limitations to this study include accessing articles, especially grey literature, which was
especially difficult during the Covid-19 pandemic. This review did not search in several relevant
electronic databases especially those in China and other languages but did include searches in
MEDLINE (through PubMed), CENTRAL and the Cochrane Library. These databases house
much of the clinical trials in the world. This review is a narrative approach and a systematic
review was not performed due to high heterogeneity, because of the lack of 1 human study and
its comparison to multiple animal and cellular studies.
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Chapter 6: Conclusion
Curcumin has been shown to potentially have therapeutic efficacy in the treatment of the neuroinflammation of MS due its anti-inflammatory mechanisms in animal models. While this review
was unable to find therapy efficacy of curcumin in MS, in human models, due lack of evidence,
basic scientific studies show its potential. Additionally, with the lack of sufficient human trail
evidence including heterogeneity in the included studies, what resulted is a qualitative
descriptive analysis and not a meta-analysis. Curcumin has been shown to regenerate myelin as
well as act on B-Cells, T-Cells, astrocytes and oligodendrocytes. In both animal models and
cellular models, traditional curcumin has been shown to decrease the severity of symptoms of
EAE as well as duration of clinical paralysis and neuro-inflammation. Due to its low
bioavailability, curcumin and its therapeutic potential has been slow to gain speed in the
treatment of neuro-inflammation in Multiple Sclerosis. With the introduction of multiple nanoformulations, increasing bioavailability, curcumin, in both animal and human studies has shown
significant benefit in the treatment of neuro-inflammation in Multiple Sclerosis. Curcumin is
shown to be safe and well tolerated. Further research is necessary to evaluate the potential of
curcumin and its benefit in treating the neuro-inflammatory effects of Multiple Sclerosis.
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