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Abstract

Inflammation participates importantly in host defenses against infectious agents and injury, but it also
contributes to the pathophysiology of many chronic diseases. Many molecular mechanisms are involved
in the process of inflammation such as Prostaglandins, Platelet activating factors, Leukotrienes, Tumor
necrosis factor alpha (TNFa), Interleukin one beta (7ILif), nuclear factor kappa beta (NFKf) and
oxidative stress. These inflammatory molecules work together in concert to produce inflammation. The
therapeutic targets for resolving inflammation are numerous because the process of inflammation is
multifaceted. Inflammatory mediators, free radical activity and oxidative stress have been found to be
attractive anti-inflammatory targets. The role of these components must be understood in order to
effectively investigate inflammatory mediators as drug targets. This review mainly aims to summarise our
current understanding of the molecular basis of inflammation and therapeutic implications to prevent this
phenomenal activity.
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Introduction

The term inflammation is derived from the Latin word — Inflammare, means burn. Any form of injury
to the human body can elicit a series of chemical changes in the injured area (Park et al., 2013). Earlier it
was believed that inflammation was contemplated as a single disease caused by disturbances of body
fluids. According to the modern concept, inflammation is a healthy process resulting from some
disturbance or disease (Krishnaraju et al., 2009). The cardinal signs of inflammation are heat, redness,
swelling, pain and loss of function (Hsu et al., 2013). Inflammation usually involves a sequence of events
which can be categorized under three phases viz. acute transient phase, delayed sub-acute phase and
chronic proliferate phase (Vadivu and Lakshmi, 2011). In the first phase, inflammatory exudates develop
due to enhanced vascular permeability and leads to local edema (Hong et al., 2009). It is followed by the
migration of leukocytes and phagocytes from blood to vascular tissues which are the second phase, in the
third phase; tissue degradation is followed by fibrosis (Wakefield and Kumar, 2001).

Inflammation results in the liberation of endogenous mediators like histamine, serotonin, bradykinin,
prostaglandins etc. Prostaglandins are ubiquitous substances that indicate and modulate cell and tissue
responses involved in inflammation (Payne, 2000). These mediators even in small quantities can elicit
pain response.

Mediators of inflammation

Many endogenous chemical mediators play a significant role in mediating various reactions of the
inflammatory process like vascular permeability, vasodilation, chemotaxis, cellular migration and tissue
damage. Inflammation is mediated by many inflammatory mediators such as chemokine’s hat include
tumor necrosis factor (TNF)-a, nuclear factor kappa beta (NFK), interferon (IFN)-y, nitric oxide and
interleukins, may originate from different types of cells, plasma or from the damaged tissue itself (Hong
et al., 2009). Most inflammatory mediators are newly synthesized in the injured tissues or by the migrated
immune cells during an inflammatory event (Wakefield and Kumar, 2001). Pathogenic microorganisms
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such as bacteria activate NF-Kf through receptors found on macrophages via several signalling pathways.
The activated macrophages can release TNF-a which is responsible for the up-regulation of the
production of other inflammatory mediators that include prostaglandins, nitric oxide and free radicals
(Franceschelli et al., 2011; Posadas et al., 2003). The presence of large quantities of free radicals creates
conditions that allow the liberation of NFKf and this NFKp is move into the nucleus to promote
transcription of COX-2 and iNOS genes (Zhao et al., 2009). Eventually there is an overproduction of
Cyclooxgenase-2 and inducible nitric oxide synthase, which resulting in inflammation.

Cyclooxygenase (COX) enzymes are membrane bound glycoproteins found in the endoplasmic
reticulum (Gacche et al.,, 2012). Arachidonic acid is converted by cyclooxygenase enzymes to
prostaglandin H2, the precursor molecule for all the eicosanoid molecules that include prostaglandins and
thromboxanes (Bai and Zhu, 2008). There are two main isoforms of COX enzymes that differ mostly in
their pattern of expression. The isoforms share about 60% of their overall sequence and the maximum
homology in the catalytically-important regions. The major differences between the isoforms are in
substrate and inhibitor selectivity, their intracellular locations and the circumstances under which they are
expressed. The substrate and inhibitor selectivity’s are found in the regions where the sequence
differences between the two isoforms are located. COX-1 is constitutively expressed, that is, the enzyme
is found under normal physiological conditions, throughout most of the tissues of the body. Whereas,
COX-2 expression is induced by pro-inflammatory conditions during an innate immune response,
although it is constitutively expressed in the brain and kidneys (Mulabagal et al., 2011). The expression of
COX-2 enzymes is the rate limiting step in the production of the prostaglandins that act as pro-
inflammatory mediators. COX-2 has been found to be overexpressed in prostate cancer cells and
individuals who took non-steroidal anti-inflammatory drugs were found to have a lower incidence of the
disease (Lin et al., 2011). Studies in animal models have shown that pharmacological inhibition or genetic
deletions of COX-2 have led to the suppression of tumor growth (Yan et al., 2006). The inhibition of
COX-2 could affect the production of downstream inflammatory mediators including prostaglandins
(Turini and DuBois, 2002).

Bradykinin

Bradykinin is a low molecular weight vasoactive kinin, formed by nine amino acids. It has short
plasma half-life and executes its action through bradykinin receptor, called B1 (B1R) and B2 (B2R)
receptors. Usually bradykinin induce inflammation induces inflammation by releasing pro-inflammatory
cytokines and/or increasing vascular patency. Bradykinin B2 receptor is constitutively expressed by
peripheral and central tissues, while B1 receptor is induced and regulated according to the evolution of
infection, inflammation or trauma. In the nervous system, for example, B2 receptor is found, in normal
situations, in different types of cells, including sensory neurons and microglial cells, while B1 receptor is
sensitized in microglial cells, astrocytes and neurons after tissue injury. B2 receptors of bradykinin alone
contributes for the acute inflammatory and nociceptive response phase. (Dawes et al., 2013). Bradykinins
induced inflammation by perpetuating cytokines and chemokines inflammatory cascade, as well as to
stimulate histamin release by mast cells. (Moalem et al., 2006).

Adenosine triphosphate

The complex panel of action of adenosine triphosphate (ATP) and its involvement in several
pathophysiologic mechanisms is just recently emerging and generating scientific interest. It executes it
actions through the activation of inotropic (P2X, ion channel) and metabotropic (G protein-bound P2X)
membrane receptors. In fact, ATP is a multifunctional molecule involved in signal transduction by cells,
when it released in the extracellular space after cell destruction, induce inflammation by producing
inflammatory mediators such as BDNF and glial pro-inflammatory cytokines. (Austin et al., 2013).

The activation of P2X7 receptors in immune cells (mast cells, macrophages, T lymphocytes and
microglia) induces fast activation and secretion of interleukin 1B (IL-1B), which resulting in acute
inflammation. (Honore et al., 2009). P2Y12 receptors also activate microglia and contribute to
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inflammation. Inhibition of these receptors by P2X12 antagonists or genetic deletion of gene P2ry12
relieves inflammatory pain in many animal models. So, purinergic system is a promising set of
therapeutic targets to control inflammatory processes.

Tumor necrosis factor

Tumor necrosis factor (TNF) is an important pro inflammatory cytokine and acts by two receptors:
constantly expressed TNFR1 and inducible TNFR2. TNF starts several signalling pathways: activates
nuclear factor (NF)-KB, which induces transcription of pro-inflammatory cytokine coded genes, thus
triggering an inflammatory cascade. (Wei et al., 2007) TNF increases vascular patency in hairless skin
increasing leucocytes infiltration and consequently inflammatory response. These effects support the
theory which suggests that TNFs are peripheral sensitizers. Nervous injuries also trigger increased TNF in
spinal cord dorsal part, which increases NAV 1.3 and NAV 1.8 sodium channels expression, as well as
increases post-synaptic excitatory chain by means of AMPA and NMDA receptors, both susceptible to
inflammatory reaction. (Whitehead et al., 2010). The interference of TNF signalling using neutralizing
antibodies or antagonists of their receptors may attenuate various types of inflammation (Austin et al.,
2013). In the last decade, treatment with anti-TNF (infliximab, etanercept) has positively transformed the
treatment of severe inflammatory diseases, such as rheumatoid arthritis, inflammatory bowel diseases and
psoriasis.

Prostaglandins

Prostaglandins are bioactive derivatives of unsaturated fatty acids that are involved in the mediation of
clotting, anti-clotting, pain, fever, inflammation and anti-inflammation (Payne, 2000). Prostaglandins are
produced by the isomerization of prostaglandin H2 by respective prostaglandin synthases (Figure 1) and
modulate cellular and tissue responses involved in inflammation. The process begins when phospholipase
A2 (PA2) is activated to break down membrane phospholipids to arachidonic acid. Arachidonic acid is
the first precursor molecule in the production of the prostaglandins. The COX-1 and - 2 act on
arachidonic acid in two steps to produce prostaglandin H2. The first step involves the cyclooxygenase of
arachidonic acid which produces an arachidonic acid radical which is then acted on the by the peroxidase
segment of the enzyme to produce prostaglandin H2 (PGH2). PGH2 then diffuses to the different
prostaglandin H2 isomerizes in the cell to produce the functional terminal prostaglandins. The terminal
prostaglandins produced have various functions. However, there are three prostaglandins that are known
to be proinflammatory, prostaglandin D2 (PGD2), prostaglandin E2 (PGE2) and prostaglandin F2a
(PGF2a) (Ricciotti and Fitzgerald, 2011). Prostaglandin D2 and prostaglandin F are responsible for
vasodilation and permeability of vessels. However, prostaglandin E2 (PGE2) is particularly important due
to the roles it plays in inflammation. Prostaglandin E2 is a product of microsomal prostaglandin E
synthase-2, an enzyme that is mostly expressed during an inflammatory event.
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Figurel. Pathway of synthesis of prostaglandins

PGE2 has pleiotropic roles in inflammation that are known to be vasodilation, stimulation of the
central nervous system for the conduction of pain and its pyrogenetic effect on the hypothalamus. PGE2
is involved in the activation of T cells that recruit more immune cells to the site of inflammation during
an infection or autoimmune response (Takanishi and Rosenberg, 2013). The COX-2 induction of
expression by PGE2 leads to a positive feedback mechanism that allows more PGE2 to be produced by
the macrophages and the effector cells (Hernandez et al., 2011). If the induction and production cycle is
not properly regulated and or terminated the large quantities of PGE2 produced can exacerbate the
inflammatory response. PGE2 and its metabolite PGF2a have another physiological role in the gonads as
well that plays a part in disease, particularly in females. The prostaglandins were first isolated from
human seminal vesicles, scientists believed the lipid derived molecules were localized in the prostate,
hence the name prostaglandin (Zhuang et al., 2003). The prostaglandins were later discovered in other
locations and organs such as the uterus. The prostaglandins, PGE2 and PGFa, were found to play an
important role in the uterus. PGE2 and PGFa are highly expressed during pregnancy, labour and the
menstrual cycle (Sales and Jabbour, 2003). PGE2 is responsible for muscle contraction and relaxation to
allow menstrual flow. The over-expression of the bioactive fatty acids can lead to a condition known as
dysmenorrhea. Dysmenorrhea is a pain disorder of the uterus that can result from the overproduction of
PGE2 and PGFa within the uterine muscles (Arif Zaidi et al., 2012). As mentioned previously PGE2
mediates pain by activating the neurons that transmit pain signals and overproduction of the
prostaglandins leads to uterine muscle cramping due to oxygen deprivation. The role of PGE2 in diseases
such as cancer and dysmenorrhea, therefore, should not be underestimated. PGE2 has been shown to
modulate the production of other inflammatory mediators. Milano et al., (1995) speculated that PGE2
production influences the production of the free radical, nitric oxide (NO) in a murine macrophage cell
line.
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Inducible nitric oxide synthase

Nitric oxide (NO) is act as a neurotransmitter, involved in vascular homeostasis and maintain host
defense. There are three isoforms of the nitric oxide synthase, which include endothelial NOS (eNOS)
and neuronal NOS (nNOS), constitutively expressed and responsible for low levels of NO production. On
the other hand, inducible NOS (iNOS), is calcium-independent, not expressed under normal physiological
conditions, but can be induced by an immune reaction to injury. Nitric oxide activates protein kinase
pathways such as the mitogen activating protein kinase (MAPK) involved in inflammation making it a
key enzyme in the inflammatory response (Lee et al., 2011). MAPK are involved in the cascade
responsible for induction of expression of inflammatory cytokines. NO from eNOS and nNOS is released
from the cell that produced it and diffuses into its target cells through the lipid membranes where the
radical binds to guanylate cyclase. The guanylate cyclase produces large quantities of the messenger
cyclic guanidine monophosphate (cCGMP) that effects muscle contraction and inhibits platelet aggregation
(Jerca et al., 2002). NO produced by iNOS is in large quantities that can be cytotoxic to any invading
pathogens while acting on effector cells to inhibit platelet aggregation and effect muscle contraction.
Unregulated production of NO by iNOS during or after an inflammatory event can lead to an excess of
the signalling radical circulating the site of injury (Cheenpracha et al., 2010). Excessive production of the
radical NO has been associated with diseases such as rheumatoid arthritis, diabetes and hypertension. The
enzyme iNOS, produces up to 1000 times more NO than its constitutive isoforms, eNOS and nNOS, for a
relatively extended period of time (Park et al., 2013). The increased NO production by iNOS could relate
to other mediators such as prostaglandin whose overproduction are associated with development of
disease. A link between the production of NO and the prostaglandins has been established as well that
shows that NO is involved in increasing COX-2 activity. NO has been shown to nitrosylate the cysteine
residues of COX-2 thereby enhancing its catalytic activity (Kim et al., 2005). The enhanced COX-2
activity could increase the amount of PGH2 available for the production of PGE2. Therefore, the
improper regulation of the expression of iINOS and NO production can create the chronic
microenvironments that are ideal for disease pathogenesis and progression of inflammatory conditions.
Aside from being an effector molecule in inflammation, NO is a highly reactive free radical. The radical
state means the molecule has a lone electron that allows it to react with other molecules in order to reach
the octet state to be stable. NO radical is usually short-lived as it is converted to the more stable form of
nitrites by nitric oxide reductase in the cell. However, if the turnover of the enzyme is lower than the
generation of the radical it can lead to protein, lipid and deoxyribose nucleic acid (DNA) damage. The
damage to the biomolecules is as a result of the abstraction of an electron by the radical. Due to this
activity, NO is classified as part of a group of non-biological molecules that are generated by the body
during cellular respiration and bioprocesses called reactive oxygen species (Halliwell, 2001).

Reactive oxygen species and oxidative stress

Reactive oxygen species (ROS) are atoms or group of atoms that has one or more unpaired electrons or
molecular species that are capable of generating free radicals (Kunwar and Priyadarsini, 2011).
Inflammation generates large quantities of reactive oxidative species (ROS) that when overproduced and
not eliminated can lead to damage at the site of inflammation which can lead to recruitment of more
immune cells. ROS come from both normal metabolism and external sources (Lai et al., 2011). The
oxidants are produced by the body for physiological function, such as NO which is required for
neurotransmission or as by-products of cellular processes such as superoxide produced by nicotinamide
adenosine diphosphate (NADP) oxidase during the electron transport chain (Hamilton et al., 2004). Free
radicals can be generated during an inflammatory response called the respiratory burst. The respiratory
burst is when immune cells such as phagocytes and macrophages release noxious molecules such NO,
hypochlorous and hydroxyl radicals in order to kill harmful bacteria and viruses (Biller- Takahashi et al.,
2013). The free radical species can come from the external environment as well in form of smoke,
ultraviolet radiation, pesticides and air-pollution (Masoko and Eloff, 2007). ROS produced are usually
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guenched by the enzymatic and non-enzymatic reactions in the body. For instance, the superoxide and
hydrogen peroxide radicals are broken down to water and oxygen by the enzymatic actions of superoxide
dismutase and catalase respectively. Glutathione (GSH) and selenium are some of the non-enzymatic
mechanisms that conjugate to the radicals or quench ROS by donating an electron. However, these
mechanisms can be overwhelmed or ineffective, particularly in chronic inflammatory conditions where
there the free radicals can be perpetually generated (Patel et al., 2010). High levels of oxidation may
result in oxidative stress which is an imbalance between production of ROS and the capacity of the
normal detoxification systems to remove the radicals (Bulbul et al., 2011). Oxidative stress is usually
harmful to the cells due to the high reactivity of the radical species that cause it. ROS and reactive
nitrogen species are free radicals, which mean the molecules have a lone electron in the outer shell. The
lone electron makes radicals highly reactive as they seek stability by abstracting an electron from nearby
molecules (Das Sarma et al., 2010). The reactivity and instability of ROS give them ability to react with
each other as they seek stability but can instead produce even more potent free radical species. An
example of the result of two radicals reacting is peroxynitrite which is produced by the combination of
superoxide and nitric oxide as shown in Figure 2. Peroxynitrite is highly reactive with lipid and protein
molecules which can lead to the formation of lipid peroxides that can chain react to produce more ROS
(Sakat et al., 2010). Other ROS and reactive nitrogen species that are inclusive of the hydroxyl,
hypochlorous, superoxide or nitric oxide radicals are able to abstract electrons from DNA, lipids and
proteins. The removal of the electrons from functional biomolecules can result in loss of structure which
can disrupt the proper function of the cells. ROS can facilitate the formation of DNA adducts and protein
cross linkages especially in transmembrane proteins as the biomolecules seek stability themselves. In
conditions of oxidative stress, the probability of adducts, cross linkages and lipid peroxides forming is
increased exponentially and could be the cause of disease (Khansari et al., 2009).
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Figure 2. Reactive oxygen species and their role in the induction of disease

Source: Rang and dale's pharmacology, 81" edition.
Oxidative stress is considered one of the major factors in the induction of many chronic and
degenerative diseases such as cancer, Alzheimer’s and cardiovascular diseases. The excess ROS produced
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that cannot be neutralized create a microenvironment that facilitates normal cells to transform and
transformed cells to metastasise to other parts of the body (Pala and Gurkan, 2008). Free radicals have
been implicated in the lesions which could be responsible for the memory loss associated with
Alzheimer’s disease (Das Sarma et al., 2010). The role ROS play in atherosclerosis is that the interaction
of the radicals with the proteins and lipids that make the endothelia of the vessels allows plaques to form.
The plaques attract immune cells and platelets that attempt to repair the lesion which could result in
obstruction of the blood vessels (Lobo et al., 2010).

Inhibition of inflammatory mediators

Inflammation, acute or chronic, could be resolved by inhibiting inflammatory mediators, quenching of
radicals and prevention of oxidation stress. Inhibition can be reversible or irreversible depending on the
pathway, molecule or process being targeted. Inhibition can target expression or production of the
mediator or its activity directly. In order to inhibit inflammation at the level of expression of the
mediators, NFKB would be an attractive target since it is responsible for the up-regulation of the
expression of the inducible enzyme systems. Preventing or down-regulating NFKp translocation to the
nucleus would result in less COX-2 and iNOS expression which could reduce or eliminate the
inflammatory response (Lee et al., 2011). Modulating expression of the inducible enzyme systems by
inhibiting NFKp translocation would probably down-regulate inflammation in chronic conditions such as
rheumatoid arthritis and atherosclerosis. The potential of inhibiting the translocation of NFKf for anti-
inflammatory effect would probably prevent the adverse effects associated with inhibiting constitutive
forms of the enzymes. Wu et al., (2013) showed that the Gynura bicolor extract inhibited the dissociation
of NFKP from its inhibitor IKB. The inhibition of translocation of NFKf led to a lower expression of
iNOS and COX-2. However, despite the potential of targeting translocation of NFKB as an anti-
inflammatory mechanism, inhibiting the process might have far-reaching consequences due to the
ubiquitous nature of the nuclear factor. Although, targeting inflammatory mediators has been a means of
therapy for inflammatory conditions, inhibiting the cyclooxygenases is the current medical intervention in
inflammatory conditions. Most inflammatory drugs inhibit both isoforms despite COX-2 being the
enzyme that is directly involved in inflammatory events (Simmons et al., 2004). COX-1 being the
constitutive form is essential for normal physiological function as it is responsible for the production of
prostaglandins, thromboxanes and leukotrienes that are not pro-inflammatory. Thromboxanes and
Prostacyclins are important to physiology even when there is no inflammatory response. For example,
thromboxanes are involved in the clotting of blood and Prostacyclins are anti-inflammatory, therefore,
inhibition of COX-1 might actually retard resolution of injury (Rao, 2010). On the other hand, COX-2
inhibition would be desirable in the therapy of inflammation and to prevent the aetiology of disease due to
chronic inflammation. COX- 2 has been found in large concentrations at tumor sites in gastric, pancreatic
and oesophageal cancers. The selective inhibition of COX-2 activity would be ideal as it is induced when
the inflammatory response is activated. As the conversion of arachidonic acid by COX-2 is considered the
rate limiting step in the production of prostaglandins, inhibition of the enzyme would have an impact on
the overall inflammatory response. Inhibiting the enzyme has an influence on the production of
prostaglandin E2, which is heavily implicated in development of cancer (Marnett, 2009). Regulation of
prostaglandin production in the tissues is important for both maintenance of function and prevention of
disease. PGE2 is implicated in the aetiology of cancer by creating a suitable microenvironment for the
development of disease. The prostaglandin has been found to be overexpressed at tumor sites (Lawlor et
al.,, 2010). PGE2 promotes the inhibition of apoptosis. Metastasis of transformed cells and cell
proliferation are influenced by the prostaglandin as well. PGE2 induces angiogenesis, the development of
new blood vessels that carry nutrients and oxygen to the neoplasm. All these factors are hallmarks of
carcinogenesis and account for why PGE2 is implicated in the aetiology of diseases such as cancer (Lam
et al., 2004). Therefore, inhibition of prostaglandin E2 production would be most beneficial for the
prevention of cancer. Microsomal prostaglandin E2 synthase is a possible target for the resolution of
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inflammation. Inhibition of PGE2 could influence the regulation of other mediators in the response. PGE2
has been shown to influence the induction of COX-2 and iNOS expression in immune cells during an
inflammatory event (Milano et al., 1995). The inhibition of nitric oxide production might another possible
target. iNOS produces larger proportions of NO in a shorter period of time compared to the constitutive
forms of the enzyme. NO radical has a dual role in the immune response, first as an inflammatory effector
molecule that activates other pathways and then as a free radical species that can be toxic to pathogens.
Both roles allow NO to be important in terms of chronic inflammation. A novel anti-inflammatory that
would target iNOS specifically would probably significantly reduce occurrence of chronic inflammation
and oxidative stress. The ideal target for iNOS inhibition would probably be its expression after activation
of the immune system to discontinue the downstream effects of the NO radical. Prevention of oxidative
stress might have an anti-inflammatory effect or prevent the commencement of chronic inflammation
which may lead to disease. Antioxidants could an effective way to eliminate the free radicals that cause
oxidative stress (Kumar et al., 2010). Antioxidants are molecules that are required in small quantities to
prevent or delay the oxidation of an oxidisable substance (Charles, 2013). Oxidative stress usually comes
about when the endogenous antioxidant systems are overwhelmed by reactive oxygen species and free
radical generation within the cell. Therefore, antioxidants from external sources are required to restore the
oxidative balance. Exogenous antioxidant compounds are beneficial in biological systems which have
insufficient amounts of endogenous antioxidants. The removal of inflammatory signalling molecules such
as NO might result in the down-regulation of the inflammatory response. Studies have found that there
are interactions between antioxidant agents and inflammatory mediators involved in inflammatory
processes (Pegg, 2009). An example of how all the inflammatory mediators and their effects play a role in
the aetiology of disease is the development and progression of rheumatoid arthritis. The prevention of
oxidative stress or increasing the antioxidant capacity within the cells could result in the alleviation of
inflammation, if not its prevention.

Current treatment for inflammation and oxidative stress

Of all the therapeutic agents in the world, NSAID are the most widely used compounds. However, the
available NSAID drugs have reduced efficacy against inflammatory conditions due to adverse effects and
relatively high potency. All these effects are observed due to the primary effect of these compounds in
inhibiting prostaglandin synthesis. Current treatment of inflammatory diseases involves mainly
interrupting the synthesis or action of critical mediators that drive the host’s response to injury (Tung et
al., 2008). Steroidal anti-inflammatories inhibit basal physiological function such as leukotriene
inhibition. The non-steroidal drugs induce gastrointestinal bleeding and improper clotting of blood (Burk
et al., 2010). The selective COX-2 inhibitors such as celecoxib and rofecoxib are possible solution for
devoid of these characteristics (Kaur et al., 2010). They selectively inhibit the expression and activity of
COX-2 could result in the reduction of the inflammatory response without affecting the constitutive
COX-1 (Miguel, 2010). However, they induce cardio-, nephro and hepatotoxic effects due to the
inhibition of the production of the baseline concentration of COX-2 that is required for normal
physiological function (Kaur et al., 2010). Two synthetic COX-2 inhibitors, rofecoxib and valdecoxib,
have been withdrawn from the market by the Food and Drug Administration (FDA) due to cardiovascular
complications and skin reactions (McDaid et al., 2010). The selective inhibitors developed could play
another role of quenching free radicals that attenuate chronic inflammation. In fact, aspirin has been
shown to possess antioxidant activity and this has been speculated to another mechanism of action besides
the inhibition of COX enzymes. The antioxidant activity of an anti-inflammatory drug could imply that
the reverse could be true and an antioxidant supplement could serve a dual role as an anti-inflammatory.
Although presently, there are no antioxidants in use clinically for the treatment of inflammation the strong
link between oxidative stress and inflammation might imply that antioxidant supplements might play a
role in alleviating or preventing inflammatory conditions. Studies have been shown that vitamin E, a
known antioxidant, was able to inhibit COX-2 (Akkol al., 2012). Examples of currently available
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antioxidants are the synthetic compounds, butylated hydroxytoluene (BHT) and butylated hydroxyanisole
(BHA). The antioxidants are used as food additives and supplements to prevent and or remove oxidative
species. However, despite being effective as antioxidants, the two compounds have been found have
adverse effects that include carcinogenesis, liver and kidney toxicity. Long term regular long-term use of
low dose NSAIDs has been associated with a significant reduction in the incidence of colon cancers by
approximately 40% (Lam et al., 2004). Therefore, the ultimate goal would be to obtain anti-inflammatory
agents that are effective with minimal to no adverse effects when administered over a long-term period.
The agents would have the dual role of treating inflammation and preventing development of chronic and
degenerative diseases. Plants have been considered to be sources of the new anti-inflammatory agents due
to their extensive use in folk medicine globally to treat various ailments (Boukhatem et al., 2013).

Currently, clinical trials have not revealed effective treatments to prevent the development of chronic
inflammation. NSAIDs, a mainstay for many forms of inflammation, provides only limited relief and does
so at the risk of other complications. It is, therefore, important to find alternative treatments. Many of the
mechanisms discussed here have been studied as potential avenues of inflammatory treatment, but the
clinical trials have produced mixed results. When studying inflammatory mechanisms and developing
treatments on the basis of preclinical studies, it is important to keep in mind issues of validity and
reliability.
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