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Inflammation is a microvascular response characterized by increased blood vessel diameter, 

increased vessel permeability, and increased white blood cell emigration from blood vessels to 

the affected tissue. It is an inherent mechanism of protection against further tissue damage upon 

infection or injury, but it can lead to pain and discomfort if left unchecked. Chronic 

Inflammation is a pathological condition defined by recurring active inflammation, tissue 

damage and repair attempts. The widespread presence of chronic inflammation makes it a 

prominent and relevant area of interest for patients and researchers alike. Arthritis, multiple 

sclerosis, and obesity are three conditions of particular interest that possess an inflammatory 

component and a wide array of treatment options. Patients with chronic inflammatory conditions 

are presented with a surplus of information by the media, internet, friends, and physicians and 

they must face the difficult decision of which treatments to invest in. This literature review is 

meant to provide an analysis of the options that come with inflammation treatment. In many 

cases, the most advantageous treatments are the traditional medications prescribed by a 

physician; however, several alternative treatments appear beneficial and may be used to 

supplement the prescribed medication as long as there are minimal adverse effects. 
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A pathogen is a foreign substance, usually a bacteria or virus, that can enter the body and cause 

disease. The first line of defense the human body possesses that acts against pathogens is the 

skin. The skin on a human body is relatively impermeable to outside substances that can do harm 

and it is coated with secretions rich in antibiotics that are capable of fighting off dangerous 

microbes that land on it. The microbiome of the skin consists of about 1000 different species of 

bacteria, including several from the genus Staphylococci and several from the genus 

Proprionibacteria. While these species are able to survive on the skin, pathogenic bacteria such 

as Escherichia coli die within minutes of skin contact thanks to the protective environment.9 

 

Where there is not a skin barrier between the inside of the body and the outside world, mucous 

membranes exist to serve the same purpose. These present a higher risk to the body because they 

are more permeable than the skin and are typically used to transport substances from inside the 

body to the outside world or vice versa. For example, the mucous membrane barrier of the 

alveoli in the lungs is only one cell thick to allow for oxygen and carbon dioxide exchange, 

making it a high-risk target for pathogens eager to enter the body. To counteract this 

disadvantage, the secretions of mucous membranes are thicker and have additional defenses, 

such as low pH seen in the stomach or vagina or as digestive enzymes in saliva.17 The 

concentrations and diversity of the protective microbes differ from one mucous membrane to the 

next; for example, the bacteria found in the lungs are very different than those found in the 

gastrointestinal tract. Additionally, the lining of the small intestine is designed to absorb 

nutrients from food into the blood, so there is the risk of absorbing pathogens or toxins as well. A 

form of immune regulation seen in the intestine is produced by Bacteroides fragilis. The microbe 
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produces the glycosphingolipid, α-galactosylceramide (α-GalCerBf), capable of binding CD1d, 

which can activate invariant natural killer T cells.34 T cells and B cells are discussed in the 

adaptive immune system. Microbes in the gut also provide immune regulation; the same 

bacterium, B. fragilis, produces polysaccharide A, which acts as an anti-inflammatory agent. 

The innate immune system is the second line of defense against pathogens and it is activated 

when a foreign molecule or substance penetrates the skin or enters the body through a mucous 

membrane. The innate immunity seen in humans is very similar to the innate immunity seen in 

many primitive invertebrate species and remarkably several plant species, indicating that the 

adaptation of innate immunity arose relatively early on in the phylogeny of life. It is called innate 

immunity because it is found in many species and is a natural and somewhat universal 

characteristic of living organisms.9 Innate immunity produces a rapid nonspecific response to 

pathogens or cellular damage with the goal of ridding the body of the foreign substance while 

walling off the damaged tissue to allow it to heal and prevent spreading of the damage. There are 

numerous components of the innate immune system, one of which is dendritic cells. Dendritic 

cells are antigen-presenting cells that bridge the innate immune system with the adaptive 

immune system by presenting antigens picked up in the periphery to T cells in lymph nodes.9 

Most body cells express Pattern Recognition Receptors (PRRs) that can identify and bind to 

Pathogen-Associated Molecular Patterns (PAMPs) or Damage-Associated Molecular Patterns 

(DAMPs) expressed by pathogen cell surfaces or damaged cell surfaces, respectively. A specific 

type of PRR that has been thoroughly studied is the Toll-Like Receptor family (TLRs). There are 
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only 11 – 14 known Toll-Like Receptors in the human body and each TLR recognize a single 

PAMP or DAMP.9 Some TLRs are expressed on body cell surfaces, while others are found 

lining endosomes within the cells. For example, TLR-5 is a receptor that binds specifically to 

flagellin, a globular protein seen in bacterial flagella, and it exists on cell surfaces. On the other 

hand, TLR-9 binds to unmethylated DNA in bacteria and is only found within endosomes of 

body cells. For TLR to bind to its ligand, unmethylated DNA, the cell must engulf a bacterium 

and fuse it with an endosome containing TLR-9; only then will an innate immune response 

occur.9 When bound to a PAMP or DAMP, body cells produce cytokines and chemokines. 

Chemokines function as attractants for other cells, often including phagocytic leukocytes (white 

blood cells). Cytokines are molecular structures that activate the arriving cells to initiate 

phagocytosis or to initiate one of several cascades that help fight the pathogen. 

The first and foremost of the cascades is the complement cascade. The complement cascade is an 

intricate chain of events that involves consecutive activation of a series of proteins (C1 – C9) that 

ultimately leads to the formation of a membrane attack complex (MAC). The MAC is a pore that 

inserts into the cell wall of a bacterium, causing extracellular fluid to rush into the cell, which 

results in cell lysis, or cell disintegration.11 Another effect of the complement system is the 

opsonization of bacteria with complement protein fragments. Opsonization of a pathogen is the 

decoration of the cell surface with proteins or antibodies that allow for easy phagocyte 

recognition and consumption of the marked cell. While it is largely the job of antibodies to 

opsonize pathogens, the complement proteins add to the surface of the cell, making it more 

noticeable to phagocytes. While the complement cascade also enhances the effects of 

inflammation at the target site, the complement cascade can be activated via three pathways 
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depicted in Figure 1, two of which may be activated via innate immunity (the lectin pathway and 

the alternative pathway). 

 

Figure 1. The complement cascade.11 

The goal of the coagulation cascade is to form fibrin, which forms sticky complexes in blood 

vessels capable of blocking off an infected site to prevent spreading of a pathogen or tissue 

damage. The coagulation, or clotting, system is activated by substances released during tissue 

destruction and infection. By strategically walling off the blood vessels, the fibrous network 

keeps microorganisms where phagocytic activity is high, while forming the framework for future 

repair. As seen in Figure 2, the coagulation cascade can be activated intrinsically or extrinsically, 

both pathways converging at factor X.11  
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Figure 2. The coagulation cascade.11 

The plasma kinin cascade results in the formation of bradykinin. Bradykinin is important for 

inducing smooth muscle contractions and increasing vascular permeability. It may also increase 

chemotaxis of leukocytes. Both the coagulation cascade and plasma kinin cascades are elements 

of inflammation.11 

 

Figure 3. The plasma kinin cascade.11 
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Acute inflammation upon injury is often seen as a nuisance to many people because of the 

discomfort, pain, and loss of function that accompany it; however, inflammation ultimately aids 

in the prevention of additional tissue damage and the extermination of pathogens. Inflammation 

is characterized by three main components: vasodilation, vascular permeability, and leukocyte 

emigration from the blood stream.11 Vasodilation is an increase in blood vessel diameter, which 

allows for more blood, nutrients, and leukocytes to arrive at the injury quickly. This causes the 

skin to turn red at the site of infection or injury. Vascular permeability refers to the ability for 

cellular and non-cellular components to move out of the blood stream. In the presence of a 

pathogen in body tissue, the neighboring blood vessels increase in diameter and they become 

more permeable, allowing white blood cells to move from the lumen of the blood vessels to the 

damaged tissue, where they act upon the infection.11 The rapid movement of fluid and cells from 

the blood stream to the tissue also causes edema (swelling) at the infection site. In addition to the 

three main components, the leukocytes flowing through the blood vessels become stickier at the 

site of inflammation, which makes them more prone to stick to vessel walls and squeeze through 

the small openings. 

 

Mast cells play a large role in the mechanisms of inflammation. Found in the interstitium, mast 

cells contain secretory vessels called granules that contain the organic nitrogenous compound, 

histamine. Upon injury, mast cells degranulate and release histamine, a versatile molecule that 

has multiple effects. Histamine acts as a vasodilatory agent and it increases vascular 

permeability, two major components of inflammation. The other molecules released include 
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chemokines for neutrophils called leukotrines, which attract eosinophils, prostaglandins, and 

platelet activating factor.11 

Macrophages and neutrophils are capable of phagocytosis, the engulfment of a bacterium or cells 

and debris. The two leukocytes are called to an infected area by chemokines released by mast 

cells and by damaged body cells. The four steps of phagocytosis include recognition and 

sticking, engulfment, endosome fusion with lysosomes, and destruction by enzymes. The 

phagocytes recognize bacteria that have been opsonized by antibodies or by the complement 

component C3b. The phagocyte binds to the opsonized bacterium via receptors for antibodies or 

C3b, and the cell membrane moves around the bacterium forming an endosome within the 

phagocyte. The endosome fuses with a lysosome full of digestive enzymes and the bacterium is 

destroyed.11 

The adaptive immune system is the third and final line of defense against pathogens. It comes 

into play when the problem cannot be handled solely by the innate immune system and it has 

enormous potential compared to the innate system. While innate immunity must rely on a limited 

number of PRRs (only about 11 different TLRs), the adaptive immune system has the potential 

to respond to over 100,000,000 different foreign structures.9 The two main cell types that make 

up the adaptive immune system are T lymphocytes and B lymphocytes (T cells and B cells), each 

with distinct functions. The adaptive immune response is typically seen later than the innate 

immune response, but the activation of each can occur simultaneously. The time delay in the 

adaptive response corresponds to the time it takes for the dendritic cell or other antigen-
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presenting cell to move to a lymph organ or lymph node and induce lymphocyte proliferation, 

whereas the innate response uses cells that are already present at the site of infection. The B or T 

cells that are activated following antigen presentation make a clone, which is a large number of 

identical cells that produce receptors for the specific antigen.9 The proliferation required to 

generate an adequate B or T cell immune response takes time, so the adaptive response may not 

be seen for hours after initial contact. The adaptive immune system is named for its ability to 

produce an immune response specific to a given pathogen and learn to respond quickly to 

repeated exposure to the same pathogen. In reality, a pathogen will be bombarded with both 

innate and adaptive immune responses, so the separateness conveyed by the description is 

misleading. Both immune responses function together to rid the body of the pathogen and 

prevent further damage. 

B cells (B lymphocytes) are the cells of the adaptive immune system that produce and secrete 

antibodies, either membrane-bound or free floating molecules that recognize a specific 

pathogenic structure or antigen. An individual B cell is destined to produce antibodies with the 

same antigen specificity for its entire existence, meaning a single B cell cannot produce antibody 

that binds to an epitope of a streptococcus bacterium as well as antibody that binds to an epitope 

of ragweed molecules; it can only produce antibody to one antigen. This characteristic of B cells 

prevents antibody-associated damage to non-target cells and tissue.12 B cells develop from 

hematopoietic stem cells and mature in the bone marrow where B cells go through negative 

selection. Not every B cell that is produced by the human body is released into circulation; the 

DNA in some B cells code for antibody that can bind to self-antigen. If these B cells were 

released into the circulation, there is a chance that they could be activated by self-antigen and 
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proliferate to produce an immune response against the individual’s body. Because this is 

undesirable, B cells that produce antibody that targets self-tissue are killed by apoptosis 

(programmed controlled cell death) in the bone marrow. When a B cell in the periphery or in 

lymphatic tissue interacts with its proper antigen, the antibodies on the surface of the B cell are 

taken inside the cell by endocytosis. The antigen is then partially digested and if the conditions 

are right, then the B cell will go on to differentiate into an antibody-secreting plasma cell.12 

An antigen (Ag) is anything that can be recognized by the adaptive immune system, either 

pathogenic or self, and an antibody (Ab) is a protein that recognizes and binds to antigen. Not all 

antigens automatically cause the immune system to respond with an attack. An antigen that 

elicits an immunological response from the body is called an immunogen, whereas an antigen 

that prevents an immune response is a tolerogen. The only known tolerogens are substances 

synthesized by one’s own body.10 The portion of the antigen that binds with antibody is called an 

epitope, or antigenic determinant, and any single antigen possesses hundreds of different 

epitopes. This allows for multiple different antibodies to bind to the same antigen on different 

epitopes, enhancing the overall immune response. 

 

Antibodies, also known as immunoglobulins (Ig), are synthesized by B lymphocytes (B cells). 

They can be free-floating in blood circulation and secretions or they can be found on the surfaces 

of B cells. Each antibody is made up of at least two heavy chains and two light chains of amino 

acids. Figure 4 depicts a realistic structure of a generic antibody. Labeled in the diagram are 

abbreviations for the variable and crystalline regions. Figure 5 depicts a simpler discrete 

representation of an immunoglobulin similarly labeled. The subscript H and L refer to the heavy 
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and light chains of the antibody. Each chain has a variable region, denoted by V. The variable 

region of one light chain and the variable region of one heavy chain come together to create the 

site of antigen binding. Every antibody has at least two sites of antigen binding, both identical. 

The variable regions in the heavy and light chains are called variable because they differ from 

one antibody to another and make up the part of the antibody that binds to antigen. Antibody 

variable chains (as well as T cell receptors) have hypervariable regions, also called 

complementarity-determining regions (CDR), which contain the amino acids that comprise the 

actual antigen-binding site. The amino acid sequence in the CDR is what determines which 

epitopes the antibody will bind to and it is what makes antibodies produced by one B cell 

different from all other antibodies.13 

 

Figure 4. The structure of an antibody. VH– variable heavy chain, VL– variable light chain , CL– crystalline 
light chain, CH – crystalline heavy chain.13 
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Figure 5. The simplified structure of an antibody depicting the heavy and light chains along with the 
hypervariable regions (CDR). The F(ab)2 region contains the variable regions and part of the crystalline 
regions.13 

There are five different classes of antibodies, classified by the type of heavy chain they possess 

(gamma, alpha, mu, epsilon, and delta). The class of antibody determines its specific function. 

IgM (immunoglobulin with heavy chain mu) is the first class of antibody to be seen in the blood 

following exposure to a pathogen and it is the first antibody that is produced by a maturing B 

cell. The structure of IgM is unique because it is decavalent (see Table 1), meaning it is capable 

of binding an epitope at ten different locations on a single IgM. Despite the implications of its 

structure, a single IgM will usually only bind to antigen at one or two binding sites. IgM excels 

at activating complement upon binding to antigen due to the proximity of the FC regions.14 Two 

FC of either IgG or IgM are required for the classical activation of complement. IgD, the second 

immunoglobulin synthesized by a B cell, is the antibody that remains in the cell membrane of B 

cells. Although there is a small concentration of IgD found in plasma, it’s only known function is 

to act as a B cell receptor. IgG is the most abundant antibody found in the blood and tissue 

fluids. Like IgM, it is particularly good at activating complement. IgG is the only class of 

antibody that can cross the placenta from mother to fetus, thereby contributing to the newborn’s 
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early immune response capabilities. Its half-life is three weeks so its effects in a newborn last 

roughly three to six months after birth. Additionally, phagocytic cells often have receptors for the 

FC region on IgG, giving IgG opsonizing capabilities.14 IgE is a divalent antibody that is found 

binding to the surface of mast cells, which contain histamine. When IgE binds to antigen, it 

causes mast cell degranulation and the release of inflammatory compounds and eosinophil 

chemotactic factors. IgE plays a large role both in allergic reactions and defense against 

parasites. IgA is a unique class of antibody found primarily in secretions, including breast milk 

and mucous. Because it is found in secretions, IgA is synthesized in lymphoid tissue near 

mucous membranes, for example, the gut-associated lymphoid tissue (GALT). IgA is tetravalent 

and has a unique secretory component that protects the antibody from degradation by chemicals 

in secretions.14 
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Table 1: The different classes of antibody and their associated structure and properties.14 

Class Heavy-Chain Structure Properties 

IgM mu (μ) Decavalent 

 

- First Ab produced by B cells 

- Largest Ab structure 

- Excellent at activating complement 

- First Ab produced by the fetus 

IgD delta (δ) Divalent 

 

- Remains on B cell membrane 

IgG gamma (γ) Divalent 

 

- Most abundant Ab in plasma 

- Only Ab to pass the human placenta 

- Second Ab released by B cells 

- Good at activating complement 

- Good at opsonizing bacteria 

IgE epsilon (ε) Divalent 

 

- Binds to mast cells/basophils immediately 

- Involved in type I immunopathology (allergy) 

- Only Ab that fights parasites 

IgA alpha (α) Tetravalent 

 

- Found in secretions 

- Synthesized in lymphoid tissue near mucous 

membranes 

- Can activate complement 
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T cells are the second class of lymphocytes associated with the adaptive immune system. T cells 

are similar to B cells in the sense that they synthesize receptors for antigen, however T cells 

differ in that they do not secrete their receptors like B cells do. The T cells must be present at the 

site of antigen interaction to initiate the immune response. Like B cells, T cells are descendants 

of hematopoietic stem cells, which reside in the bone marrow. Pre-T cells leave the bone marrow 

and migrate to the thymus, located just above the heart. At the thymus, the T cells mature and are 

positively and negatively selected for, similar to the B cell selection process, but more rigorously 

and tightly regulated. Fewer than 2% of the pre T-cells that enter the thymus leave as mature T 

cells that enter the circulation.15 

T cells function by binding to surface glycoprotein structures called major histocompatibility 

complexes (MHC) that are capable of presenting different antigens to T cells, either an antigen 

the cell consumed in the case of antigen presenting cells or an antigen the cell made. The two 

classes of MHC are defined by the aforementioned criteria: MHC I is found on all nucleated cells 

and platelets and it presents to T cells what it has been making; MHC II is found only on antigen 

presenting cells and it presents what it has consumed. The purpose of MHC structures and this 

method of antigen presentation are to make the T cell response specific to an individual. A T cell 

can only generate an immune response to an antigen presented by a genetically identical cell, 

determined by the MHC.15 

 

During maturation of the T cells in the thymus T cells are screened. By testing the affinity of the 

T cell receptor to MHC structures presenting self-peptide, the body is able to determine which T 
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cells are suitable to enter circulation. If the maturing T cell binds strongly to MHC and self-

peptide, then the T cell is signaled to die by apoptosis. If a T cell capable of binding MHC and 

self-peptide were released into circulation, it would instigate immune responses to an 

individual’s own cells; this would be called autoimmunity. On the other hand, if a T cell does not 

bind to MHC presenting self-peptide at all, then it would not initiate any immune response in the 

periphery. These cells do not receive any signal in the thymus and therefore cannot fully mature. 

They die via apoptosis in a day or two. The T cells that are positively selected bind to MHC 

presenting self-peptide in the thymus with a low but real affinity. These T cells are signaled to 

mature and leave the thymus. This is based on the notion that a low affinity for MHC presenting 

self-peptide may yield high affinity to MHC presenting foreign antigen.15 There are six known 

types of T cells, which fall into two categories: T helper cells and killer T cells. T helper cells 

recognize and bind to MHC II while killer T cells bind to MHC I. 

T helper cells (Th) consist of five of the six types of known T cells. Th cells call in and/or 

stimulate other cells of the immune system by secreting lymphokines, which are short-range 

chemical signals (cytokines) that affect the behavior of another cell.15 Th cells have CD4 on the 

cell surface, making them distinct from killer T cells, which have CD8. 

 

Th1 cells, after encountering their specific antigen, primarily release interferon gamma (IFNγ), a 

strong chemokine/cytokine for macrophages. Macrophages are called in to the site of antigen 

binding and are then classically activated by IFNγ. These classically activated macrophages 

(M1) are also known as angry macrophages because they tend to eat everything in their 

proximity, which can include the target antigen along with the individual’s body tissue. 
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Depending on where the pathogenic antigen is in the body, tissue damage can be visible. 

Because IFNγ is a strong chemokine, a single Th1 cell can call in 1000 macrophages.15 Th1 cells 

also secrete interleukin-2 (IL-2) and TNF-β, which activate cytotoxic T lymphocytes and natural 

killer cells.17 

 

Th17 cells secrete the IL-17 family of cytokines, potent inflammatory agents, especially at 

mucosal sites. Th17 cells and their lymphokines have been associated with several inflammatory 

autoimmune diseases, including rheumatoid arthritis and multiple sclerosis. IL-17 stimulates 

several immune cells, including neutrophils at the site of inflammation, as well as other cells, 

like epithelial cells and endothelial cells.17 

 

Th2 cells synthesize and release IL-4 and IL-13 after interacting with their antigen. These 

interleukins are also chemotactic for macrophages, however when the macrophages arrive at the 

site of antigen binding, they are alternatively activated. Alternatively activated macrophages 

(M2) clean up debris and help with the healing process.15 

 

Follicular helper T cells (Tfh), the most recently defined class of Th cells, help B cells switch the 

class of antibody they produce. Tfh cells migrate to the cortex of the lymph node where follicles 

containing B cells are found. The mechanism for inducing class switching is unknown, but there 

is evidence that Tfh cells are derived from Th1 and Th2 cells. Th1-like Tfh cells induce the 

production of IgG, whereas Th2-like Tfh cells cause B cells to produce IgE antibody.15 
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Lastly, regulatory T cells (Treg), suppress the activation and function of other Th cells. Treg 

cells produce TGFβ and IL-10, which help balance the Th response based on concentrations of 

cytokines released. 

CTLs are a special kind of T cell that specialize in monitoring how well an individual’s body 

cells are functioning. CTLs have T cell receptors that bind to foreign antigen presented on MHC 

class I, which is the major histocompatibility complex expressed by all nucleated cells and 

platelets. CTLs are therefore good at identifying virus-infected cells because they assess whether 

or not the cell has been producing irregular proteins due to the viral infection. If the CTL binds 

to the antigen presented by MHC I, then it gives the target cell a lethal hit, which causes the 

target cell to die via apoptosis. Apoptosis can be induced through one of two mechanisms; the 

first of which is Fas mediated. Fas is a monomer that is expressed by infected cells. CTLs 

express the Fas ligand (FasL) and when FasL bids to Fas, a cascade within the infected cell 

causes the cell to die. In the second mechanism to induce apoptosis, CTLs release lytic granules 

containing perforins and granzymes. Perforins form small pores in the infected target cell which 

allow the granzymes to enter the cell. Upon entering the infected cell, the granzymes activate a 

similar cascade to the Fas-FasL mechanism that induces apoptosis.15 
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Table 2: The different T cell types and their functions.15 

T Cell Type Cytokines 

Released 

Function 

Th1 IFNγ, IL-2, TNF-

β 

Recruit and classically activate macrophages – angry 

Activate CTL and natural killer cells 

Th2 IL-4, IL-13 Recruit and alternatively activate macrophages – 

healing/cleaning 

Th17 IL-17 Cause inflammation (potent) 

Tfh  Help B cells switch class type 

Treg TGF-β, IL-10 Balance T helper response 

CTL – CD8 

receptor 

 Induce apoptosis in infected or damaged cells 

T cell receptors bind to antigen presented on MHC similarly to how antibody binds to antigen 

using a group of complementarity determining regions, however T cell receptors must always 

bind to MHC presenting antigen and can never bind to free-floating antigen. Unlike antibody, T 

cell receptors bind with the help of a complex of molecules called CD3 (cluster of 

designation/differentiation), which exist to make the binding stronger and enhance the interaction 

and response. CD4 and CD8 are also present on select T cell surfaces to help with binding. 

While all T cells have CD3, only Th cells possess CD4 and only CTLs possess CD8. Often the T 

cell type is referred to by the clusters of designation present on the cell surface; for example, 

killer T cells (CTL) can be referred to simply as CD8 T cells. 
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Arthritis is directly defined as the inflammation of one joint or multiple joints. It is a general 

term that covers many conditions that involve joint inflammation as a component or symptom, 

including osteoarthritis, rheumatoid arthritis, seronegative spondyloarthropathies, crystalline 

deposition diseases, and septic arthritis. The discussion will be focused on treatments for 

osteoarthritis and rheumatoid arthritis. The inflammation involved with osteoarthritis is the 

consequence of the ends of bones at a joint wearing down due to a loss of articular cartilage. The 

effects are most often seen in weight-bearing joints such as the knees and hips.23 In rheumatoid 

arthritis, on the other hand, inflammation is more of a cause than an effect. Instead of the 

inflammation resulting from tissue damage, the inflammation in rheumatoid arthritis is caused by 

an autoimmune response to an individual’s own joint tissue. The direct cause of rheumatoid 

arthritis is not known, but the cytokines involved in the pathogenesis of the disease are linked to 

chronic inflammation of the synovium and autoimmunity.34 The synovium, or synovial 

membrane, is the tissue found in joints that secretes synovial fluid, which keeps the joints 

lubricated allowing for smooth movement. The inflammation and immunopathology associated 

with rheumatoid arthritis lead to swelling, pain, and stiffness in weight-bearing and small joints, 

even if the joints are not being used regularly.23 
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Figure 6. A visual comparison of osteoarthritis and rheumatoid arthritis.55 

Merriam-Webster’s Dictionary defines Osteoarthritis (OA) as arthritis marked by degeneration 

of the cartilage and bone of joints. OA is the most common form of arthritis, affecting the knees 

of roughly 6% of U.S. adults over 30 and the hips of 4%.22 It is a form of arthritis not directly 

caused by an immune response, but rather the gradual loss of hyaline articular cartilage and the 

associated changes in the bone underneath. The changes in the bone structure can include the 

development of outgrowths, osteophytes, and increased thickness of subchondral bone, which is 

bone just beneath the articular cartilage at joints.26 Despite it’s technical classification as non-

inflammatory, OA has prominent inflammatory symptoms due to the loss of cartilage and 

resulting cell damage to the bone and surrounding tissue, which cause a great deal of pain and 

discomfort to the patient. In a person with healthy joints, the articular cartilage is constantly 

remodeled through a balance of anabolic and catabolic processes of the chondrocytes. The 

chondrocytes are the only cells found in cartilage and their function is to maintain the 

cartilaginous matrix made of collagen and proteoglycans (PG) by synthesizing matrix 

components and breaking them down using proteinases. In patients with OA, however, the 

metabolic activity of the chondrocytes is shifted more towards catabolism than anabolism, 
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resulting in more destruction of the extracellular matrix components than rebuilding.26 The 

consequence is a progressive destruction of articular cartilage and exposure of underlying bone 

tissue. 

 

Figure 7. A normal joint compared to a joint with osteoarthritis.56 

One area of research interest is in what causes the chondrocytes to favor catabolic metabolism 

rather than anabolic metabolism. The classical signs of inflammation are absent in OA; however, 

there is evidence that inflammatory components are involved, including the cytokines 

interleukin-1 (IL-1) and tumor necrosis factor-α (TNF-α), which are able to act on chondrocytes 

and fibroblasts.26 These factors have been linked with the promotion of proteolytic enzyme 

synthesis in addition to the synthesis of other catabolic and anti-anabolic substances. In order to 

break down matrix components, chondrocytes synthesize and secrete proteinases into the 

extracellular space, called matrix metalloproteinases (MMPs). In OA joints, the synovial fluid 

has been shown to contain higher concentrations of MMPs than in healthy joints.26 IL-1 mainly 

drives the process of cartilage destruction in OA, whereas the onset of inflammation is instigated 

largely by TNF-α.26 

 

Insulin-like growth factor-I (IGF-I) is mainly responsible for the stimulation of proteoglycan 

(PG) biosynthesis, which is a key component in the cartilaginous matrix. Contrary to 
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expectations, the concentration of IGF-I is significantly higher in patients with osteoarthritis than 

healthy individuals. Furthermore, the chondrocytes in patients with OA express more IGF-I 

receptors than chondrocytes of a healthy person. With both components upregulated, it would 

seem as though the extracellular matrix should be increasing in size, however the IGF-I receptors 

have been shown to be hyposensitive to IGF-I.26 With the lack of IGF-I stimulation to 

chondrocytes, the catabolic-anabolic metabolism is thrown off balance. Transforming growth 

factor-β (TGF-β) is a cytokine widely distributed throughout the body that typically promotes 

growth and anabolism. In patients with OA, TGF-β is seen in greater concentrations in the 

synovial fluid of afflicted joints; however, similar to IGF-I, the effects of TGF-β seem to be 

reduced. Specifically, the greater concentration of TGF-β typically results in greater production 

of collagen and PG, but in OA patients, it seems to have a less dramatic effect. It is possible that 

the increase in TGF-β concentration has an effect on the underlying bone tissue as well, resulting 

in the pathological changes associated with OA, such as the formation of osteophytes.26 

Rheumatoid arthritis (RA) is an inflammatory condition caused by an autoimmune response at 

the joints. Unlike osteoarthritis, this condition is a direct result of an immune response, rather 

than the gradual degradation of joints, so it is often diagnosed in patients at a much younger age. 

RA is less common than OA, with an estimate of about 0.6% of U.S. adults suffering from the 

condition.27 The antibodies responsible for the autoimmunity were first classified as rheumatoid 

factor, which is IgM produced by an individual that targets and attacks the FC portion of his or 

her own IgG antibodies.16 Alternately, antibodies can be produced that target cyclic citrullinated 

peptides, which results in the same symptoms that rheumatoid factor yields.34 Cytokines play a 

large role in the development of rheumatoid arthritis and are prime targets for many modern 
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treatments on the market and currently under investigation. Two key players seen in RA (and 

also mentioned as players in OA) are IL-1 and TNF. Once inflamed due to the autoimmune 

response involving cytokines, “the synovium invades adjacent cartilage and promotes articular 

destruction, which is mediated by the activity of osteoclasts, chondrocytes and synovial 

fibroblasts.”34 Osteoclasts are bone cells that are responsible for the destruction and breakdown 

of bone tissue; they play a huge role in remodeling the bones during development and growth. 

Cytokines are involved in each phase of the disease and provide potential targets for treatment of 

the condition. 

 

Figure 8. A visualization of a joint with rheumatoid arthritis.57 

Traditional treatments for arthritis include of a variety of drugs ranging from simple analgesics to 

highly specified biologic response modifiers, which are designed to target various protein 

molecules that take part in the inflammation response. In severe cases, treatment of arthritis can 

involve surgical procedures that result in joint replacement or joint fusion. In a joint replacement 

operation, the damaged joint is removed and an artificial functional joint replaces it. A joint 

fusion operation consists of removing the ends of the bones at the joint and allowing the bones to 
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heal together forming a rigid structure in place of the usable joint. Fusion operations are done on 

small joints, such as fingers and wrists.33 

A prominent class of drugs used to treat arthritis is analgesics, drugs that reduce pain, but do not 

have an effect on inflammation. Physicians may recommend these as a first-line treatment option 

because of their minimal adverse effects. A common analgesic used to treat arthritis is the weak 

opioid Tramadol. It reduces pain by reducing neuronal reuptake of serotonin and 

norepinephrine.48 Tramadol is effective in reducing pain and has less severe side effects than 

other medications; however, inflammatory symptoms are not reduced. Tramadol used in 

combination with inflammation reducing drugs may be a viable option. Other opioids are used to 

treat arthritis pain, but patients who chronically take opioids are at risk for developing a 

dependence on the medication and can be subject to side effects, including nausea, constipation, 

and somnolence.48 

Nonsteroidal anti-inflammatory drugs (NSAIDs) are prevalent in the suppression of 

inflammation and pain in both OA and RA. They function by inhibiting the enzyme 

cyclooxygenase (COX). Cyclooxygenase has two isoforms targeted by different NSAIDs, COX-

1 and COX-2, which play important roles in inflammation.46 Figure 9 shows the roles of COX-1 

and COX-2 in the synthesis of prostaglandins, key regulators of inflammation.  



28 

 

Figure 9. The synthesis of various prostaglandins depicted in their respective pathways.41 

NSAIDs are widely available as over-the-counter medications and prescriptions; examples 

include ibuprofen, naproxen, diclofenac, and celecoxib.48 While these drugs have been shown to 

be effective in suppressing inflammatory symptoms and pain, they have been linked to adverse 

gastrointestinal (GI) complications, such as stomach ulcers and intestinal bleeding, as well as 

cardiovascular complications (with an increased risk with age).48 The COX-1 inhibitors are 

linked to the GI complications and the COX-2 inhibitors are linked to cardiovascular issues.29 

Ibuprofen and naproxen are non-selective COX inhibitors so they suppress COX-1 and COX-2 

to reduce inflammation, but other drugs, such as celecoxib, are designed to selectively inhibit 

COX-2 so the users do not exhibit the adverse GI effects of COX-1 inhibitors. Because of the 

deleterious side effects associated with NSAIDs, they should be used at low dosages and for 
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short amounts of time; it is not healthy to take NSAIDs chronically to suppress inflammatory 

symptoms in a patient with RA or OA. 

Paracetamol, also known as acetaminophen, is an over the counter or prescription drug that is 

widely distributed. Because it is commonly used and familiar to many patients, acetaminophen is 

often wrongly believed to have no adverse effects; however at high doses, the drug is associated 

with hepatoxicity.48 Paracetamol is often used as an early approach to pain management, but it is 

not a suitable medication for people with chronic pain, such as that seen in arthritis. 

 

Figure 10. A diagram showing the cytokines responsible for the stimulation and differentiation of osteoclasts. 
The sytokines depicted above provide potential targets for treating the symptoms of RA and preventing bone 
resorption by osteoclasts.34 

Several traditional treatments of RA involve targeting TNF and preventing the development of 

osteoclasts. These medications are called biologic response modifiers. As seen in Figure 10, 
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TNF, released by helper T cells, plays a role in activating osteoclasts and causing bone 

destruction and remodeling.34 If TNF is prevented from activating osteoclasts by an antibody or 

other mechanism, then the pathway theoretically would be halted and the symptoms of RA 

reduced. The biologic agents are molecules that can attach to the cytokine TNF and render it 

inactive. As seen in the figure however, there are several other cytokines involved in the 

stimulation of osteoclasts, including IL-17 and IL-7. These pathways may be capable of 

circumventing TNF if the need arises. Clinical studies also suggest IL-6 and IL-15 may play a 

role in circumventing the TNF pathway.34 

The idea of using magnetism and metals to heal, known as metallotherapy, has existed for many 

generations, first seen in the late eighteenth century as a method of symptom alleviation for 

rheumatoid arthritis.42 The basis for this form of treatment is difficult to elucidate in present-day 

literature, but it is apparent that the idea has been around for a long time and has gained recent 

popularity in patients searching for alternative treatments. The discovery of copper in the blood 

in 1830 brought about beliefs that rheumatism may be linked to a copper deficiency, which lead 

to the application of copper devices applied to the afflicted joints.42 In 2013, a randomized, 

controlled, double-blind clinical trial was conducted and the results showed that a magnetized 

wristband had no effect on pain compared to a placebo and compared to a copper wristband.42 

That is not to say that the study claimed the wristbands were detrimental to the patient. 
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A more commonly sought after alternative therapy for arthritis is acupuncture. The practice of 

acupuncture began over 2500 years ago as an ancient medical technique of traditional China. It 

originated as a spiritual treatment that involved unblocking the path of vital energy through the 

body, but today studies have shown that acupuncture analgesia works via peripheral stimulation 

of the nervous system and mobilization of central neuropeptides.7 There is debate over the 

effectiveness of acupuncture as a legitimate medical practice and studies have been conducted to 

prove both sides of the debate. In a study designed to test the efficacy of acupuncture on induced 

arthritis in dogs, the skin temperature of the dogs’ knee was measured using thermography. The 

results indicated a significantly lower skin temperature in the acupuncture group by the end of 

the four-week trial.47 
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The nervous system is the control center of the human body; it is what allows people to carry out 

complex actions, like coordinating the movement of limbs while running a marathon or solving 

challenging math problems. The nervous system is comprised of countless specialized cells 

called neurons, which carry chemical and electrical signals to and from all parts of the human 

body, constantly relaying signals to other neurons (see Figure 11). A vital structure that many 

neurons use to maintain the electrical signals traveling down their axons is the myelin sheath. In 

Figure 11, the myelin sheaths are shown in blue, coating the axon at even intervals. The myelin 

sheaths propagate the electrical signals down the axon rapidly and more effectively than 

demyelinated axons. And although neurons are found both demyelinated and myelinated in the 

body, serious problems can arise if the myelination deteriorates on neurons previously coated. 

  

 

Figure 11. A neuron is depicted, showing its various structural components.58 
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Multiple Sclerosis (MS) is an inflammatory disease that is not completely understood; however, 

one theory is that it is an autoimmune disease in which the patient suffers from the degradation 

of the myelin sheath coating their neuronal axons in the brain and spinal cord due to T cell 

recognition of myelin protein peptides.49 According to the World Health Organization, as of 

2008, between 2 and 2.5 million people are affected by MS around the world. The average age of 

MS onset is about 30 years and roughly 50% of patients diagnosed with MS die due to 

complications with the disease. Those that do not die usually suffer from severe disabilities that 

may take years to develop.37 It is unusual for T cells to have access to the central nervous system 

because the blood-brain barrier (BBB) separates the brain and spinal cord from the blood, 

containing the immune cells. If the BBB is disrupted due to injury or infection, T cells may cross 

into the brain and bind to the myelin sheaths, leading to an inflammatory response. At the onset 

of the disease, inflammation is transient and the myelin sheaths often heal and reform, but are not 

durable; this leads to episodic neurological dysfunction (relapse/attack) followed by temporary 

recovery. As the condition progresses, the damage to the myelin sheaths becomes more 

permanent and the neuronal axons are damaged, resulting in serious neurological problems.18 

Because MS can affect the myelin on neurons from any part of the brain or spinal cord, the 

symptoms of MS vary widely. Initial neurologic symptoms seen in the onset of MS can include 

fatigue, optic neuritis, vertigo, and sensory loss, especially in the legs. In addition to those, the 

most common symptoms that occur at any point of the disease are cognitive changes, deep 

tendon reflexes, weakness in the legs, and muscle spasms.37 

 

There are four categories of MS characterized by the progression of the disease and the recovery 

between attacks. See Table 3 for the four types. The types do not necessarily represent the 
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progression of the disease; rather they are different presentations of MS on a case-by-case basis. 

The one exception is that secondary progressive MS (SPMS) follows relapse-remitting MS 

(RRMS). 

Table 3: The types of MS 37 

Relapse-Remitting 

MS (RRMS) 

Clearly defined acute attacks, followed by full or partial recovery to pre-

existing condition before the attack; no disease progression between 

attacks 

Primary Progressive 

MS (PPMS) 

Disease progression from onset; with or without temporary plateaus or 

minor improvements; acute attacks not present 

Secondary 

Progressive MS 

(SPMS) 

Disease progression following RRMS; with or without occasional 

relapses, minor remissions, and plateaus 

Progressive 

Relapsing MS 

(PRMS) 

Disease progression from onset; clear acute attacks, followed by full or 

partial recovery 

 

There is no cure for multiple sclerosis; however, there are several treatment options for reducing 

inflammatory and clinical symptoms and delaying the progression of the disease. 

Interferons are naturally occurring cytokines in the body with a wide range of anti-inflammatory 

(and inflammatory) effects. IFNβ is one class of IFNs and it has many effects at multiple levels 

of cellular function, which result in the downregulation of inflammatory cytokines and an 

increase in anti-inflammatory agents.30 The effects of IFNβ may reduce the movement of 

inflammatory immune cells across the blood-brain barrier and increase nerve growth factor 
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production, allowing for increased neuronal survival and repair.30 The clinical manifestations of 

the effects of IFNβ include a delay in the conversion to clinically definite MS after the 

appearance of neurological symptoms, reduced MRI lesion activity, reduced brain atrophy, and 

reduced relapses.30, 37 Several adverse effects are associated with IFNβ injections and can present 

as flu-like symptoms, menstrual disorders, or increased spasticity. Additional side effects may be 

capillary leak syndrome, anaphylactic shock, insomnia, headache, alopecia, and depression.50 

Glatiramer acetate, also referred to as copolymer 1 or Cop 1, is a unique drug that is a synthetic 

polypeptide with amino acids analogous to the myelin basic protein (MBP), a protein tightly 

integrated with the myelin sheaths of axons. This copolymer was originally designed to induce 

MS-like symptoms in laboratory animals for the research purposes, but instead the drug showed 

unexpected amelioratory effects.2 In RRMS, GA has been shown to reduce the rate of relapses 

and affect the onset of disability.2, 37 The exact mechanisms of GA are unknown, but it is 

theorized that the copolymer acts as a competitive substrate for the immune cells, resulting in 

reduced binding to the myelin sheaths. There is significant evidence that the administration of 

GA results in a shift from an inflammatory Th1 cell mediated response to an anti-inflammatory 

Th2 response, seen in the circulating cytokines present in treated patients. Specifically, dendritic 

cells and monocytes produce less TNF-α and IL-12, but produce more TNF-β and IL-10.2 

Mitoxantrone is a synthetic compound that was originally designed to treat adult acute myeloid 

leukemia in the 1980s. In 2000 the FDA approved mitoxantrone for the treatment of worsening 

RRMS, SPMS, and PRMS.21 The drug has a wide range of effects on the immune system. It 

suppresses the proliferation of T cells, B cells, and macrophages. It impairs antigen presentation, 
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decreases the synthesis and release of proinflammatory cytokines, and it inhibits macrophage-

mediated myelin degradation.21 Mitoxantrone is a topoisomerase II inhibitor, which causes DNA 

replication and transcription problems in the nucleus of many cells, potentially resulting in 

apoptosis.5 With such a broad range of activity, this drug has several adverse effects including 

nausea, alopecia, blue discoloration of urine, urinary tract infection, amenorrhea, cardiac 

toxicity, and toxic leukemia.8 

Due to the lack of a cure and limited treatment options with risks of adverse effects, many 

patients turn to alternative medicine hoping to reduce MS symptoms. There are many alternative 

options for MS patients including acupuncture, dietary supplements, marijuana, cooling methods, 

and several others. The focus of this section will be on two of the more interesting treatments: 

bee sting therapy and self-infection with hookworms (helminths). 

In bee sting therapy (bee venom therapy, BVT), bee stings are administered to specific body 

parts by placing live bees on the skin using tweezers. The idea behind this treatment is that 

honeybee venom contains anti-inflammatory substances, such as melittin and adolapin.51 It also 

contains apamin, which is a polypeptide capable of crossing the BBB and blocking the calcium-

activated potassium channels on neurons. These channels are responsible for the after-

hyperpolarization phase of the neuron following an action potential and regulate. The blocking of 

this channel results in a hyperexcitable state of the neuron.36 This could potentially counteract 

the deficit caused by the demyelination of the neuronal axons. The vast majority of scientific 

research about BVT shows that the therapy does not reduce symptoms of MS.6, 51 The major 

issues associated with BVT are anaphylaxis (not common), along with visual dysfunction and 
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optical neuritis resulting from periorbital stings.51 According to Wesselius et al (2005), 

researchers who conducted a quality clinical trial, “Patients with MS should be advised to refrain 

from bee venom therapy unless better evidence to justify its use becomes available.” 51 

Helminths are worm-like invertebrates that are capable of parasitizing humans and other 

vertebrate species. Roundworms (nematodes) and tapeworms (cestodes) are two prominent 

parasites known to infect humans.4 The basis for intentionally infecting a multiple sclerosis 

patient with a helminth parasite is that the presence of the parasite causes a shift in the immune 

system from an inflammatory Th1 response to an anti-inflammatory Th2 response.19 The animal 

models tested for the efficacy of this treatment have been moderately successful in showing a 

causal relationship between helminth infections and reduced severity of autoimmune diseases. 

Additionally, the exposure to nonviable helminth ova or parasite-secreted products in the 

absence of a live parasite has shown to reduce incidence and severity of the disease.19 While 

these results seem promising, there are numerous other factors that must be considered before 

treatment of this nature becomes viable and safe. In the limited clinical research conducted, 

problematic side effects arose, including diarrhea, abdominal pain, and skin rashes.19 Working 

with a live organism as a treatment undeniably comes with a certain degree of unpredictability, 

adding another level of risk. Helminth infection therapy is a novel treatment with very limited 

research and should be approached with great caution. The results of the preliminary research are 

encouraging and more thought should go into the mechanisms of this treatment, but until then, 

helminth self-infection therapy is not a trusted treatment option for MS.  
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Obesity is defined as a body mass index (BMI) greater than 30 and is characterized by excessive 

amounts of body fat. A person’s body mass index is a number calculated using a one’s weight 

and height. Figure 12 depicts a table with the classification guidelines of overweight and obese 

based on an individual’s BMI. 

 

Figure 12. The different classifications of obesity as defined by the World Health Organization using BMI.59  

Because a person’s weight and height are the only characteristics used to calculate BMI, it is not 

always a reliable method to diagnose obesity. For example, a bodybuilder potentially has a very 

high BMI (in the overweight or obese category), but may have little fat tissue. Even though the 

bodybuilder falls in the obese category based on his or her BMI, the bodybuilder is not obese 

because the body weight is due to muscle, not fat. While there are few exceptions, the parameters 

seen in the figure apply to the vast majority of individuals. 

 

The United States has one of the highest rates of obesity in the world, with a prevalence of 

34.9% in adults. Therefore, there are 78.6 million adults in the US alone suffering from obesity.38 

The statistics are astounding for an almost completely preventable debilitating disease such as 

obesity. While many factors come into play during the onset and progression of the disease, the 
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most simplified explanation of the cause of obesity is the consumption of more calories than an 

individual burns through exercise and daily activities.33 It may be largely in part due to inactivity 

and unhealthy eating habits. The cause of obesity is rarely traced to another disorder, but it is not 

uncommon for individuals with Prader-Willi syndrome or Cushing's syndrome to develop 

obesity.33 Prader-Willi syndrome is a genetic disorder that has a wide range of developmental 

effects, including excessive hunger and Cushing’s syndrome is a disease characterized by 

prolonged exposure to cortisol. 

Obesity is not only a cosmetic concern; it comes with increased risks for numerous other 

diseases, including hypertension, insulin resistance and type 2 diabetes, as well as heart 

disease.24 Metabolic syndrome is a condition closely related to obesity that commonly precedes 

type 2 diabetes and cardiovascular disease.1 

Obesity was not always known to have an inflammatory component and it wasn’t until 1995 that 

the first discovery was made revealing inflammation in obese tissues in a mouse model, as 

evidenced by elevated TNF-α.24 The increase in the inflammatory cytokine was found in adipose 

tissue and adipocytes themselves. Later studies provided evidence to support the claim and found 

an array of additional inflammatory cytokines in obese tissue. It was also uncovered that, in 

addition to adipose tissue, several other tissues in the body became inflamed due to obesity, 

including liver, pancreas, brain, and muscle.24 
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The mechanisms of inflammation onset are not fully understood, but three key intracellular 

contributors have been identified to play a role in the induction of inflammation in obese tissue: 

c-jun N-terminal kinase (JNK), inhibitor of κ kinase (IKK), and protein kinase R (PKR).24 

Inflammation due to obesity is unique in the sense that it is reportedly caused by excess nutrients 

and energy and does not exhibit that same markers of classical inflammation such as redness, 

swelling, heat, and pain.24 The nutrient-induced inflammation is low-grade and widespread so 

the signs of acute inflammation are not there. 

Table 4: Obesity Induced Inflammation.24 

The Four Hallmarks of Obesity-Induced Inflammation 

1) It is a metabolic, nutrient-induced inflammatory response orchestrated by metabolic cells. 

2) It is a low-grade and local expression of inflammatory mediators, induced by IKK and JNK. 

3) It alters the composition of immune cells to favor a proinflammatory tissue environment. 

4) It involves chronic maintenance of the inflammatory state without apparent resolution. 

Because obesity can be caused by and worsened by general inactivity, unhealthy eating habits, 

and lack of sleep, modifications to an individual’s lifestyle are critical in combating the disease. 

Increased physical activity is crucial in the treatment of obesity and maintaining weight loss. It is 

recommended that people who are overweight or obese get at least 150 minutes of moderate-

intensity physical activity a week to prevent further weight gain and about 300 minutes to 

achieve significant weight loss.33 A healthy diet goes hand-in-hand with exercise. It is important 

that the diet is not a quick fix with rapid weight loss, but rather a long-term plan. Drastic crash 

diets are often unrealistic and do not keep excess weight off in the long run.33 



41 

There are several prescription drugs available to aid in weight loss, all of which should be taken 

in addition to moderate exercise and a healthy diet. Orlistat is a weight-loss medication designed 

to inhibit pancreatic and gastric lipases that break down fats and oils, thus reducing the 

absorption of free fatty acids and glycerides.25 Because the fats and oils remain undigested in the 

GI tract prominent side effects of taking Orlistat are loose, oily stools, abdominal pain, and 

nausea.20 It is recommended to consume little fats and oils to reduce the adverse effects. 

 

Lorcaserin is another weight-loss drug, with a different mechanism than orlistat. Lorcaserin is an 

agonist highly selective for a subtype of 5-HT receptors that regulate appetite. It has a low 

affinity for the other 5-HT receptor subtypes, which are thought to play a role in adverse 

cardiovascular effects.28 It works by suppressing appetite and may aid in weight loss when 

combined with exercise and diet. Nausea, vomiting, headache, and dizziness are reportedly 

adverse effects of lorcaserin, however, it is generally well tolerated.28 

 

The drug combination of phentermine and topiramate is another medication used for weight loss. 

Phentermine hydrochloride is an amine that mimics a neurotransmitter in the hypothalamus and 

induces increased release of norepinephrine with no detectable effect on serotonin.3 Topiramate 

is a derivative of fructose with a sulphamate functionality, originally approved by the FDA as an 

epilepsy medication in 1996. It was later deemed an effective weight loss medication with the 

proposed mechanism of increased energy expenditure, decreased energetic efficiency, and 

decreased caloric intake.3 Using the drugs in combination allows for greater weight loss effects, 

while reducing the risk of adverse reactions of each individual drug. Adverse effects of taking 
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this drug combination include paresthesia (tingling and pricking sensation of skin), dry mouth, 

constipation, and insomnia.3 

There are a variety of surgical procedures designed to help very obese patients lose weight 

through several mechanisms, centered on the idea of restricting absorption of nutrients. These 

methods, however, are only used when obese patients fail to lose weight through lifestyle and 

dietary efforts and usually after weight loss medications are considered. One of the most 

common procedures done in the US is gastric bypass. In this procedure, a small portion at the top 

of the stomach is walled off from the rest of the stomach. The small intestine is cut and then 

reattached to the stomach at the small top portion, thereby greatly reducing the stomach size.33 

 

Figure 13. Gastric bypass surgery.60 

Another commonly used procedure is laparoscopic gastric banding. In this procedure a restrictive 

adjustable band is placed around the upper portion of the stomach and tightened. The small 

pouch made in the stomach by this band acts a food reservoir and slowly allows food to pass into 

the rest of the stomach. See Figure 14 for a diagram of the results of this procedure. This band 
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limits the amount of food consumed because it makes the patient feel full after small amounts of 

food. Weight loss operations like this are intended for patients who have been severely obese for 

five years or more and have not been able to lose weight through diet and exercise. There are 

several issues that arise with a gastric band procedure, including gastritis, infection, or erosion of 

the stomach where the gastric band is placed. It also becomes a problem if the band slips out of 

place.43 Weight loss operations should be viewed as a last resort to treating obesity due to the 

associated risks. 

 

Figure 14. Laparoscopic gastric banding surgery.61 

Turmeric is a plant in the ginger family native to India. In Southeast Asia, turmeric has a variety 

of uses, not only as a principle spice, but also as a component in religious ceremonies (Prasad & 

Aggarwal, 2011). Because turmeric has a history of medical uses, with the earliest recorded uses 

dated to about 3000 BC, it has been studied in detail. More than 100 components of turmeric 

have been isolated over the course of history, one of which is curcumin, a yellow-pigmented 

diferuloylmethane.1 
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Figure 15. Curcumin chemical structure. 62 

Curcumin has been studied extensively, including several clinical human trials, and it has shown 

a variety of beneficial outcomes. It has been shown to possess inhibitory effects towards low 

levels of inflammation, through differing mechanisms. Curcumin can downregulate the 

expression of TNF in various tissues, which would normally lead to an immune response. It has 

also been shown to suppress the activation of a receptor family (NF- κB) associated with a 

variety of inflammatory agents, as well as disrupt the downstream effects.1 A full list of effects 

can be found in the article written by Aggarwal (2010). Most studies, both preclinical and 

clinical, suggest that curcumin has beneficial effects against the inflammatory components of 

obesity and metabolic syndrome. The spice is safe in moderation and would be appropriate to use 

in a modified diet supplementary to other obesity treatments. 

VBLOC therapy is a relatively new treatment for obesity that involves the interruption of neural 

signals between the stomach and the brain. The vagus nerve is the target of this blocking device 

due to its multiple functions involving energy metabolism and food intake.45 The goal of the 

VBLOC device is to block the vagal nerve in a low-risk, intermittent, and reversible way to help 

control hunger sensations. Its design allows it to interrupt neural traffic in the intra-abdominal 

vagal trunks, thereby reducing gastric contractions and pancreatic exocrine secretions. VBLOC 

therapy has been shown in clinical trials to be an effective method of weight loss, as well as a 

treatment for type 2 diabetes and high blood pressure.45 There were minimal adverse effects of 

VBLOC therapy in a study conducted by Shikora et al.,45 but with any new treatment, there 
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simply isn’t enough research to conclude its absolute safety. The surgery is minimally invasive, 

but there are always risks in surgical treatments. After more research has been conducted on the 

safety of VBLOC therapy and it is proven to be safe and effective, it may be a prominent 

treatment in obesity. 

With current technology and the abundance of information available to the public, there are 

countless treatment options available for people suffering from arthritis, multiple sclerosis, or 

obesity. Whether the treatments are based on anecdotal evidence or scientific research makes 

little difference to popular internet search engines and the average searcher will come across a 

wide variety of sources. A critical eye must be used when searching for treatment options and 

they should be brought to the attention of a physician before relying on them to treat a condition 

safely. In the case of the treatments described, it is best to play it safe and rely on the 

medications that have scientific research supporting their efficacy. Alternative treatments with 

little research backing their efficacy may be used to supplement a prescribed treatment if and 

only if the alternative treatment is proven to be safe. 
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