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Inflammation is the defense mechanism of body in which immune system fights against
something that may turn out to be harmful. It is the common link between debilitating
conditions such as alzheimers, heart disease, arthritis and cancer. An effective anti-
inflammatory strategy for the management of inflammation might be able to inhibit the
development of inflammation without interfering in normal homeostasis. This review mainly
focuses on the etiology of inflammation and newer molecules to battle the stimulus of

inflammation and also accentuate on diverse studies carried out in the past. Thus, the high
predominance of inflammation obliges the development of new moiety that could be safe and
efficient to confer protection against inflammation is urgently needed.

Introduction

Inflammation is a protective attempt by the organism to
remove the injurious stimuli and to initiate the healing
process [1]. Pain, heat, redness and swelling (z.e. dolor,
calor, rubor and tumor) are the typical characteristics of
the inflammatory process. Inflammation is a dynamic
process and can be classified as either acufe or chronic.
Acute inflammation is the initial response, characterized
by the increased movement of plasma and innate immune
system cells, such as neutrophils and macrophages, from
the blood into the injured tissues. Chronic inflammation is
a progressive change in the type of cells present at the site
of the inflammatory reaction and is characterized by
simultaneous destruction and healing of the injured tissue
[1]. However, inflammation is the body natural defense
mechanism against injury, irritant chemical or pathogens
but uncontrolled inflammation has been also reported to
be associated with the onset of various chronic diseases
such as arthritis, autoimmune disorders, degenerative
joint diseases, atherosclerosis, psoriasis, asthma, diabetes
and even cancer [2].

Numerous mediators contribute to the inflammatory
process; some are released without delay (Z.e., serotonin,
histamine efc.), some are prepared and secreted within a
short time interval (leukotrienes, prostaglandins, platelet-
activating factor efc.), a few entail the de novo synthesis
(interferon, interleukin, growth factors efc.). Both pre and
pro-inflammatory cytokines like interferon (IFN), tumor
necrosis factor (TNF), interleukin 18 (IL-1B8), oxidative
stress promote inflammation by stimulation of gene
expression which depends on the availability of binding
sites for the nuclear factor kappa activated B cells (NF-
KB).

Inflammatory COX pathway (Figure 1)
Cyclooxygenase  (COX), officially = known as
prostaglandin-endoperoxide synthase (PTGS), exists in
two distinct isozymes, COX-1, which is constitutively
expressed; and COX-2, which is inducible [3]. COX is
the functional enzyme that catalyzes the first two steps
namely cyclooxygenation and peroxidation, in the
pathway leading to the formation of prostaglandins and
thromboxane from the substrate arachidonic acid [4].
Prostaglandins can be released by any cell of the body
during tissue, chemical or traumatic injury, and can
induce fever, inflammation and pain. In addition,
Thromboxanes, which are also hormone activators, can
regulate blood vessel tone, platelet aggregation, and clot
formation to increase the inflammatory response [5].
Therefore, arachidonic acid pathway becomes the major
inflammatory pathway because arachidonic acid is
immediately released from traumatized cellular membranes.
Recently, the third isoform of COX enzyme was identified
and named as COX-3 as a splice variant of COX-1, which
retains intron one and have a frame shift mutation [6].

NF-kB inflammatory pathways and cytokines

The NF-kB proteins are localized in the cytoplasm of the
cell and are associated with a family of inhibitory proteins
known as inhibitor of KB (IKB) [7]. It controls transcription
of deoxyribonucleic acid (DNA) along with production of
cytokine that regulates the involvement of genes in
numerous aspects of the inflammatory reaction (Figure 2).
The NF-KB transcription factor induces pro-inflammatory
genes encoding for the production of chemokines, cytokines,
adhesion molecules like vascular cell adhesion molecules-1
(VCAM- 1) and intercellular adhesion molecules-1 (ICAM-
1), inducible nitric oxide synthase (iNOS), metalloproteases
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(MMP-9), including cyclo-oxygenase (both COX-1 &
COX-2). The TNF-a, and especially IL-1b, can also directly
stimulate enzymes known as matrix metalloproteinases,
which break down extracellular collagen matrix, a hallmark
of inflammatory joint disease [8].

Research now indicates that blocking the activation of
NF-kB along with other inflammation mediators is the

major mechanism for reducing inflammation. Moreover,
excessive and long-lasting expression of pro-
inflammatory mediators could be harmful to the host;
since incorrect regulation of NF-kB has been linked to
life threatening diseases such as cancer, septic shock,
autoimmune diseases efc.
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Figure 1. Enzymatic pathway of prostaglandin (PG) formation from arachidonic acid.
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Inflammation associated with Cancer metastasis
Cancer metastasis is a process by which tumor cells
disseminate from the primary tumor through body fluids,
which can settle and grow at a site other than the primary
tumor site. Metastasis is facilitated by four essential steps:
detachment, migration, invasion and adhesion. Metastasis
is regulated by various signaling pathways and is affected
by the surrounding extracellular matrix (ECM). It is now
known that metastasis genes are stress-response genes
that physiologically contribute to inflammation, wound
healing and stress-induced angiogenesis [9]. Moreover,
CDs4 are lymphocyte-homing receptors and play an
important role in lymphocyte homing, inflammation, cell
signaling, adhesion, migration, aggregation and
hyaluronan (HA) decomposition.

In addition, chemokines are peptide signaling cytokines
that act as a chemoattractants to guide the migration of
cells. They are involved in a variety of physiological and
pathological  conditions including lymph node
organogenesis, inflammation, infection, tissue repair,
initiation, and progression of cancer. Additionally, to shift
the microenvironment to a metastasis-promoting state,
cancer cells need to either transform the resident normal
stroma cells to facilitate their growth/invasion or recruit
other metastasis-promoting stromal cells to remodel the
microenvironment. The macrophages within tumor are
referred to as tumor-associated macrophages (TAM),
which upon activation by cancer cells, can release a vast
diversity of growth factors, proteolytic enzymes,
cytokines, and inflammatory mediators [10].

Anti-inflammatory strategies

An effective anti-inflammatory drug should be able to
inhibit the development of inflammation without
interfering in normal homeostasis [1]. In most of the
cases, the genesis of pain is inflammatory, regardless of
the etiology. Moreover, with the elucidation of the role of
pro-inflammatory cytokines such as tumor necrosis factor

(TNF)-a [11], interleukin (IL)-1B, and vascular
endothelial growth factor (VEGF), there is now a clear
understanding of the pathways by which many anti-
inflammatory drugs can alleviate inflammation and
relieve pain [1]. These pro-inflammatory cytokines result
in chemo attractant for neutrophils and help them to stick
to the endothelial cells for migration. They also stimulate
white cell phagocytosis and the production of
inflammatory lipid prostaglandin E2 (PGE>).

Non-steroidal anti-inflammatory drugs (NSAIDs)
At present, NSAIDs have broad clinical importance in
treating pain, fever and inflammation and hence become
the most prescribed drugs as anti-inflammatory agents
[12]. NSAIDs ability to interfere with the production of
prostaglandin during the inflammatory cascade is the
major mechanism cited for the anti-inflammatory success
of these medications [Figure 3] [13]. These agents also
inhibit the NF-kB pathway in endothelial cells to inhibit
leukocyte recruitment [14]. NSAIDs have evolved from
blocking both COX-1 and COX-2 to selectively only
blocking COX-2 in order to inhibit the inflammatory
response and reduce the production of inflammatory PGs
and TX. The major push to develop the selective COX-2
inhibitors, without affecting the COX-1 dependent PGs
has been the recognition of significant complications
associated with the nonselective COX-1 and COX-2
NSAIDs.

Apart from the beneficial anti-inflammatory, antipyretic
and analgesic effects of nonselective NSAIDs, the use of
these agents also associated with various unwanted side
effects such as physiological homeostasis [15], skin
atrophy [16], impaired memory [17], steroid-induced
osteoporosis [18], gastric erosions, which can become
stomach ulcers and in extreme cases can cause severe
haemorrhage, resulting in death [19].
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Selective COX-2 inhibitors coxib’s

The rationale behind the development of these inhibitors
was the discovery of the COX-2 isozyme and the
characterization of its role in production of anti-
inflammatory and analgesic effects by selective inhibition
of COX-2 isoenzyme. By blocking COX-1, which also
normally acts to protect the gastrointestinal mucosa,
nonselective NSAIDs and aspirin can cause significant
gastric tissue damage [20]. Specifically, NSAIDs are
believed to wipe out the entire inflammatory mediated
proliferative phase of healing associated with WBC
actions. In 1999, celecoxib (Celebrex) was the first
selective COX-2 inhibitor approved by the Food and
Drug Administration (FDA) for treatment of arthritis pain
[21]. Rofecoxib (Vioxx) was approved several months
later, followed by valdecoxib (Bextra) [22].

In addition, they also reduce the incidence of
gastrointestinal ulcers and erosions which were seen with
standard NSAIDs therapy [23]. Celebrex, Vioxx, and
Bextra quickly became the mainstay for the treatment of
chronic pain conditions related to inflammation [24].
Thus, it was concluded from numerous researches that
selective COX-2 inhibitors are of great interest as they
may present an alternative therapeutic option in treating

inflammation in cirrhosis with ascites in which renal
function is critically dependent on PGs [25]. The general
acceptance of these drugs was due to the perceived lack
of serious gastrointestinal side effects that had been
associated with the nonselective class of NSAIDs [26].
The structure of currently used NSAIDs and coxibs is
provided in Figure 4.

However, selective COX-2 inhibitors are also found to be
associated with life-threatening side effects. On
September 30, 2004, Merck Research Laboratories
announced the global withdrawal of rofecoxib (Vioxx),
its primary selective COX-2 inhibiting NSAID [27]. In
addition, by inhibiting COX-2 that blocks production of
prostacyclin (PGI,) there is unopposed thromboxane
which will increase the clotting risk as PGI, prevents
formation of platelet clotting. Therefore, inhibiting PGI,
led to the increased risk of thrombotic cardiovascular and
cerebrovascular events [28-29]. Moreover, NSAIDs are
also associated with undesirable effects on kidney
function [30]. As a result, using NSAIDs during
dehydration or preexisting chronic renal disease can
stimulate the renin—angiotensin system, which may cause
acute renal failure through inhibition of prostaglandin
synthesis [30].
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Glucocorticoids (GCs)

Glucocorticoids (GCs) potentiate as well as regulate the
renal response of diuretics especially in patients with
heart failure having refractory diuretics resistance with
large doses of loop diuretics [31-32]. The primary anti-
inflammatory mechanism of these potent agents is the
synthesis  of lipocortin- 1, which  suppresses
phospholipase ~ A,, thereby blocking eicosanoid
production and resulting into the inhibition of various
leukocyte inflammatory events like epithelial adhesion,
emigration, chemotaxis, phagocytosis, respiratory burst
due to inhibition of COX/PGE isomerase (7.e. COX-1 and
COX-2) [33].

In addition, GCs bind with the glucocorticoid receptor
(GR) and the activated GR regulates gene expression and
produce anti-inflammatory effects as a result of both
transactivation and transrepression process [34]. In
transactivation process, the activated GR complex
dimerizes, translocates into the nucleus and binds to
specific sequence of DNA. This GR/DNA complex
recruits the other proteins which transcribe downstream
DNA into mRNA and finally to protein. Whereas in
transrepression process, the activated monomeric GR
attached to other transcription factors such as nuclear
factor kappa B (NF-kB) and activator protein-1 (AP-1),
[35] thus repressing the expression of pro-inflammatory
proteins in the cortisol and preventing these from up
regulating the expression of the target genes. These target
genes encode proteins such as COX, Nitric oxide (NO)

JIPBS, Vol 4 (4), 117-126, 2017

intercellular
other pro-

synthetase, phospholipase A,, TNF 3,
adhesion molecule-1 (ICAM-1), and
inflammatory proteins [36].

Literature survey on animal studies reveals that the side
effect of GCs includes diabetogenic activity,
osteoporosis, skin atrophy [36-37], impaired memory and
attention deficits [38]. Moreover, they also cause
immune-suppression, decreasing the function and/or
numbers of neutrophils, lymphocytes (including both B
cells and T cells), monocytes, macrophages, and the
anatomical barrier function of the skin [39].

However Selective glucocorticoid receptor agonists
(SEGRA), a newer class of anti-inflammatory drugs were
introduced in 2000s and evaluated for anti-inflammatory
activity. Research concludes that a SEGRA is able to
transrepress without transactivation and therefore shows
many of the desirable therapeutic anti-inflammatory
effects with minimum undesired side effects [40]. Animal
studies show that the topical administration of SEGRA
inhibits peroxidase activity, skin atrophy and oedema
[37]. Since November 2010, many SEGRA like BOL-
303242-X and ZK 245186 [41] are under clinical studies.
Apart from this, several inflammatory diseases of the eye
are also treated with SEGRA because corticoids can
promote glaucoma, cataract and eye infections [42].
Hence, SEGRA today proves to be a newer approach for
researchers/scientists. Figure 5a and 5b represents the
structure of currently used GCs and SEGRA respectively.
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Immune selective anti-inflammatory derivatives
(ImSAIDs)

The IMULAN BioTherapeutics, LLC present the new
class peptides having anti-inflammatory activity that are
not related to GCs or NSAIDs known as immune
selective anti-inflammatory derivatives (ImSAIDs). These
agents alter the activation as well as migration of
inflammatory cells responsible for inflammatory response
[43]. Literature survey reveals that cervical sympathetic
trunk-submandibular gland (CST-SMG) axis lead to the
discovery of a seven amino acid peptide, known as
submandibular gland peptide-T (SGP-T) [44]. However,
SGP-T is an isolate submandibular gland, plays a key role
in modulating the CSTSMG axis, and subsequently
controlling the inflammation process [45]. In addition,
one SGP-T tripeptide i.e. phe-glu-gly (FEG) and its D-
isomeric form (feG) [46] are known to alter leukocyte
adhesion involving actions on aM[32 integrin, and inhibit
the binding of CD16b (FCyRIII) antibody to human
neutrophils [47]. In addition, several ImSAIDs also
reduce nuclear expression of NF-kB [48].

Natural anti-inflammatory agents

The history of the analgesic and anti-inflammatory
substances started with the use of decocted salicylate
containing plants by ancient Greek and Roman
physicians. Later, it was identified that salicin can be the
active component of willow bark which on metabolism
converts into salicylates, as a substance for reducing pain,
inflammation and fever. One hundred and fifty years ago,
Felix Hoffman from the Bayer Company acetylated
salicylic acid and created aspirin, being the world’s most
used therapeutic agent [49] that inhibits the
cyclooxygenase (COX) enzymes COX-1 and COX-2.
Because of significant side effect profiles of steroidal and
NSAIDs medications, there is a greater interest in natural
compounds, such as dietary supplement and herbal
remedies, which have been used for centuries to reduce
pain and inflammation [50]. In contrast, numerous plant
herbs and particularly plant food supplements receive
great potential by European consumers as they can
deliver significant health benefits at relatively lower cost.
Many of these natural compounds produce significant
anti-inflammatory activity by inhibiting COX or nuclear
factor-kB (NF-kB) inflammatory pathways.

Anti-inflammatory Biologics: TNF inhibitors

Today biologics serve as new class of anti-inflammatory
drugs, which are genetically engineered proteins derived
from human genes [51]. They are designed to inhibit the
pro-inflammatory cytokines like TNF and interleukin.
Several inflammatory diseases, including rheumatoid
arthritis, asthma, atherosclerosis, crohn’s disease and

psoriasis are either being treated with these agents or are
under clinical investigation with these drugs [52]. These
drugs not only provide relief from pain, but also helpful
in blocking the important endogenous inflammatory
mediators and hence possess good analgesic and anti-
inflammatory potential. Earlier disease modifying anti-
rheumatic drugs (DMARDs) like methotrexate,
penicillamine and azathioprine have been commonly used
in the treatment of rheumatoid arthritis [52].

Now-a-days, there are a number of biologics approved to
treat rheumatoid arthritis, which includes abatarcept [53],
actemra, adalimumab [54], anakinra [54], cimzia,
etanercept [55], infliximab [56], orencia, rituximab [57]
and simponi. In addition, biologics are the monoclonal
antibodies (MAbs) employed against the pro-
inflammatory mediators of inflammation, notably TNF-q,
interleukins IL-1 and IL-6 [58]. Biologics may be used
alone or given in conjunction with other DMARDs e.g.
methotrexate, leflunomide, hydroxychloroquine and
sulfasalazine to potentiate the beneficial anti-
inflammatory action without any side effects [59].
Moreover, biologics are also found to be useful over
corticosteroids in the treatment of sight-threatening
disease endogenous uveitis [60]. Therefore biological
DMARDs bring more beneficial for patients in various
respects but due to inhibition of the immune system these
agents are also associated with serious adverse effects.
FDA has warned about the risk of infection from two
bacterial pathogens namely, Legionella and Listeria
species. The people who consume TNF inhibitors are at
the high risk for developing serious infections which may
lead to hospitalization due to bacterial, mycobacterial,
fungal, viral, parasitic, and other opportunistic pathogenic
infection [61]. However, long term use of TNF inhibitors
leads to serious adverse effect like lymphoma, congestive
heart failure, demyelinating disease, a lupuslike
syndrome, and induction of auto-antibodies, injection site
reactions, and systemic side effects [62].

Resolvins and Protectins

Natural products such as omega-3 essential fatty acids
(EFAs) do have strong scientific support to be considered
as an alternative and/or complementary agent to NSAIDs.
The derivatives of omega-3 fatty acids; eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) are
collectively known as resolvins and protectins [63].
Curtis et al., explain the therapeutic use of fish oil (in the
form of cod liver oil), an omega-3 EFA, for the treatment
of muscular, skeletal, and discogenic diseases [64]. In
addition, literature review has shown that the omega-3
polyunsaturated fatty acids are some of the most effective
natural anti-inflammatory agents available [65].
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Table 1. Herbs with active constituents having anti-inflammatory activity.

Plant Family Active Ingredient Mechanism of action References
Curcuma longa Zingiberaceae Curcumin Inhibit NF-kB pathway [67]
Camellia sinensis Theaceae Catechins and Inhibit IL-1 induced proteoglycan [68]
epigallocatechin-3 galate release
Cinnamomum Lauraceae Capsaicin Defunctionalization of nociceptor [69]
camphora fibres
Pinus maritime Pinaceae Pycnogenol, catechin and Inhibits TNF-0—induced NF-kB [70]
taxifolin activation
Boswellia serrata Burseraceae Frankincense Inhibit the leukotriene biosynthesis by  [71]
inhibiting 5-LOX.
Polygonum Polygonaceae Resveratrol Specific inhibitor of TNF-a- and IL- [72]
cuspidatum Ib-induced NF-kB activation.
Uncaria Rubiaceae Polyphenols flavonoids, Prevent the activation of the [73]
tomentosa proanthocyanidins, and transcriptional factor NF-kB and it
tannins. directly inhibits TNF-a production
Capsicum annum Solanaceae Capsaicin Inhibits NF-kB pathway [74]
Aiphanes aculeate = Arecaceae Aiphanol and COX inhibitor [75]
Willd. Isorhapontigenin
Dracaena loureiri Asparagaceae Stilbene analogs COX inhibitor [76]
Piper methysticum  Piperaceae Dihydrokawain, yangonin ~ COX inhibitor [77]
Forst and flavokawain B
Ceiba pentandra Malvaceae Flavonoids COX inhibitor [78]
Grifola frondosa Meripilaceae Ergosterol and fatty acids COX inhibitor [79]
Agrocybe aegerita  Strophariaceae Ergosterol and fatty acids COX inhibitor [80]
Ocimum sanctum Lamiaceae Eugenol, cirsilineol, COX inhibitor [81]
Linn. cirsimaritin, isothymonin,
apigenin and rosmarinic
acid
Hypericum Hypericaceae Hyperforin COX inhibitor [82]
perforatum
Cornus kousa Cornaceae Kaempferol, myricetin, COX inhibitor [83]
cornin and stenophyllin
Stereocaulon Stereocaulonaceae  9-cis-octa-decenamide COX inhibitor [84]
alpinum Laur.
Houttuynia Saururaceae Fatty acids COX inhibitor [85]
cordata
Aralia Araliaceae Kaurenoic acid COX inhibitor [86]
continentalis
Dystaenia Umbelliferae Coumarins, -sitosterol COX inhibitor [87]
takeshimana and dacusterol
Cannabis sativa Cannabaceae Canniprene, olivetolic acid COX inhibitor [88]
Evodia rutaecarpa  Rutaceae Evodiamine, rutaecarpine COX inhibitor [89]
and goshuyuamide 11
Nigella sativa Ranunculaceae Thymoquinone and COX inhibitor [90]
thymohydroquinone
Zingiber Zingiberaceae Phenylbutenoids COX inhibitor [91]
cassumunar
Cymbidium Orchidaceae Gigantol COX inhibitor [92]
goeringii
Perilla nankinensis Lamiaceae Luteolin diglucuronide, COX inhibitor [93]

apigenin diglucuronide,
and semi-pure luteolin
diglucuronide

However, with the discovery that vascular inflammation
is the underlying cause of coronary artery disease, fish
and fish oil supplements are now recommended by the
American Heart Association (AHA) for the prevention of

this disease [64-65]. The active ingredients in fish oil,
EPA and DHA, enhance the conversion of COX to
prostaglandin Es, which competitively inhibits the effects
of the arachidonic acid conversion to prostaglandin E». In
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addition, prostaglandin E; also inhibits the synthesis of
pro-inflammatory cytokines (TNF-a and IL-1b). Clinical
trial studies on 250 patients suffering from cervical and
lumbar disc disease, revealed that 59% could substitute
fish oil supplements as a natural anti-inflammatory agent
as substitute of NSAIDs. Therefore, Now-a-days, it has
been established that administration of lipoxins, resolvins
and protectins in animal models can be helpful in the
recovery process of inflammation without compromising
host defenses by causing immune suppression. From a
nutritional point of view, dietary supplement of the
precursor omega-3 fatty acids when taken together with
aspirin, may ameliorate the numerous clinical symptoms
of inflammatory disorders and regulate the time course of
resolution via production of resolvins and protectins [66].
Some of the official used natural compounds to treat
inflammation are given in Table 1.

However, herbal medications are becoming increasingly
popular because of their relatively few side effects.
Nevertheless, there are also certain problems associated
with these dietary supplements, and their use requires
knowledge of their biological action, and potential
interactions with other nutraceuticals or prescribed
medications. It is important for healthcare practitioners to
learn about these scientific studies to counsel patients
who are taking various dietary supplements, herbs
minerals and vitamins for both disease treatment and
prevention.

Newer anti-inflammatory Drugs

Today a number of compounds have been synthesized
and being tested clinically such as SC58125, 1.475.337
and flusolide (CGP28258). These new generation COX-2
inhibitors were found to possess more than 1,000 times
selectivity for COX-2. It is, however, evident that such
high degree of selectivity will not offer any advantage
over the conventional NSAIDs, unless full information
about their side effects is known. Early results show that
these compounds do not have significant gastro or
nephrotoxicity even in the larger doses. Presently, adverse
reactions because of selective COX-2 inhibition are being
studied, and whether these agents are real advancement or
not, only time will tell; but early results show promise.
Proper clarification of these issues is important because
these drugs are now being used increasingly instead of the
conventional NSAIDs in spite of being many times
expensive.

Conclusion

The human body’s natural response to injury results in
inflammation characterized by pain, swelling and
erythema. In order to reduce pain and swelling, a variety
of anti-inflammatory agents can be effectively employed,
which mainly includes non steroidal anti-inflammatory
drugs (NSAIDs), steroidal anti-inflammatory agents

(glucocorticoids), pharmaceutical biologics and many
more. Although the use of synthetic anti-inflammatory
agents often very effective, but long term use of these
agents leads to various undesirable side effects like
gastric ulceration, infrequently, myocardial infarction and
stroke.

Nowadays, interest with plant based anti-inflammatory
medicine is revived due to the increasing awareness of the
health risks linked with the reckless use of current
allopathic medicines. Unfortunately, India is still behind
to mark its footprints in international business of herbal
industry because lack of scientific approach in herbal
drugs. Therefore, exploration of the more effective,
potent, less toxic therapeutic agents to treat as well as
reduce the signs and symptoms of acute and chronic
inflammatory diseases is still a challenge for the
pharmaceutical chemists. However, ongoing experiments
and clinical trials should be continued to guide and
provide their scientifically based effectiveness to reduce
inflammation and promote wellness. It is hoped that this
review article can serve as a lead for readers who are
interested to work on inflammation and its treatment.

References

1. Dhingra AK, Chopra B, Dass R and Mittal SK: An update on anti-
inflammatory compounds: a review. Anti-Inflammatory & Anti-Allergy
Agents in Medicinal Chemistry 2015; 14(2): 81-97.

2.  Dellagli M, Lorenzo C, Bade M, Sangiovanni E, Dima L, Bosisio E,
Restani P: Critical Reviews in Food Science and Nutrition 2013; 53: 403-
413.

3. Xie W, Chipman JG and Robertson DL et al.: Expression of a mitogen-
responsive gene encoding prostaglandin synthase is regulated by mRNA
splicing. Proc Natl Acad Sci USA 1991; 88: 2692-2696.

4. Dhingra AK, Chopra B, Dass R, Mittal SK: A review on COX and their
inhibitors: Present and future. IPP 2014; 2(4), 470-485.

5. Rehman Q, Sack KE: When to try COX-2-specific inhibitors: Safer than
standard NSAIDS in some situations. Postgrad Med 1999; 106: 95-106.

6. Chandrasekharan NV, Dai H and Roos KL et al:. COX-3, a
cyclooxygenase-1 variant inhibited by acetaminophen and other
analgesic/antipyretic drugs: Cloning, structure, and expression. Proc Natl
Acad Sci USA 2002; 99(21): 13926-13931.

7. Wang C, Chung M, Lichtenstein A, Balk E, Kupelnick B, Devine D, et al.
Effects of omega-3 fatty acids on cardiovascular disease. Evid Rep
Technol Assess (Summ) 2004; 94: 1-8.

8. Miller MJ, Ahmed S, Bobrowski P, Haqqi TM: The chondroprotective
actions of a natural product are associated with the activation of IGF-1
production by human chondrocytes despite the presence of IL-1b. BMC
Complement Altern Med. 2006; 6: 13.

9. Weber GF: Why does cancer therapy lack effective anti-metastasis drugs?
Cancer Lett 2013; 328: 207-211.

10. Alizadeh AM, Shiri S and Farsinejad S: Metastasis review: from bench to
bedside. Tumour Biol 2014; 35: 8483-8523

11.  Ghosh S, May MJ and Kopp EB: NF-k B and Rel proteins: Evolutionarily
conserved mediators of immune responses. Annu Rev Immunol 1998; 16:
225-60.

12.  Flower RJ, Moncada S and Vane JR: Analgesic, antipyretics and anti-
inflammatory agents: drugs employed in the treatment of gout. In: The
Pharmacological Basis of Therapeutics; Goodman LS, Gillman AG, Rall
W and Murad F: Ed.; Macmillan: New York, 1992; 674-715.

13. Talalay P and Talalay P: The importance of using scientific principles in
the development of medicinal agents from plants. Acad Med. 2001; 76:
238-47.

14. Tilley SL, Coffman TM and Koller BH: Mixed messages: Modulation of
inflammation in immune responses by prostaglandins and
thromboxanes. J Clin Invest 2001; 108: 15-23.

124



15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ashwani Kumar Dhingra ef al., JIPBS, Vol 4 (4), 117-126, 2017

Dellagli M, Lorenzo C, Bade M, Sangiovanni E, Dima L, Bosisio E and
Restani P: Critical Reviews in Food Science and Nutrition 2013; 53: 403-
413.

Schacke H, Schottelius A, Docke WD, Strehlke P, Jaroch S, Schmees N,
Rehwinkel H, Hennekes H and Asadullah K: Proc. Natl. Acad. Sci. USA.
2004; 101(1): 227-232.

Keenan PA, Jacobson MW, Soleymani RM, Mayes MD, Stress ME and
Yaldoo DT: Neurology 1996; 47(6): 1396-1402.

Gennari C: Br. J. Rheumatol. 1993; 32(2): 11-14.

Sheng Y, Pero RW, Amiri A and Bryngelsson C: Induction of apoptosis
and inhibition of proliferation in human tumor cells treated with extracts
of Uncaria tomentosa. Anticancer Res. 1998; 18: 3363-8.
Jachak SM: Cyclooxygenase inhibitory natural products:
status. Curr Med Chem. 2006; 13: 659-78.

Clemett D and Goa KL. Celecoxib: A review of its use in osteoarthritis,
rheumatoid arthritis and acute pain. Drugs 2000; 59: 957-80.

Ehrich EW, Dallob A, De Lepeleire I, Van Hecken A, Riendeau D, Yuan
W, et al.: Characterization of rofecoxib as a cyclooxygenase- 2 isoform
inhibitor and demonstration of analgesia in the dental pain model. Clin
Pharmacol Ther. 1999; 65: 336-47.

Feldman M and McMahon AT: Do cyclooxygenase-2 inhibitors provide
benefits similar to those of traditional nonsteroidal anti-inflammatory
drugs, with less gastrointestinal toxicity? Ann. Intern. Med. 2000; 132:
134-143.

Marienfeld R, Neumann M, Chuvpilo S, Escher C, Kneitz B, Avots A, et
al: Cyclosporin A interferes with the inducible degradation of NF-k B
inhibitors, but not with the processing of pl05/NF-k B1 in T cells. Eur J
Immunol. 1997; 27: 1601-9.

Lopez-Parra M, Claria J, Planaguma A, Titos E, Masferrer JL, Woerner
BM, Koki AT, Jimenez W, Altuna R, Arroyo V, Rivera F and Rodes J:
Cyclooxygenase- 1 derived prostaglandins are involved in the
maintenance of renal function in rats with cirrhosis and ascites. Brit. J.
Pharm. 2002; 135: 891-900.

Graham DJ: COX-2 Inhibitors, Other NSAIDs, and Cardiovascular Risk:
The Seduction of Common Sense. JAMA 2006; 296: 1653-6.

Hegmann T: A tale of two coxibs. JAAPA 2005; 18: 14-27.

Maroon JC: The Longevity Factor: How Resveratrol and Red Wine
Activates Genes for a Longer and Healthier Life. New York: Simon and
Schuster; 2009.

Zwillich T: Group calls for 2 arthritis drug bans, public citizen says
Celebrex, Bextra share Vioxx’s problems. Available
from: http:/arthritis.webmd.com/news/20050124/group-calls-2-arthritis-
drug-bans) [Last accessed on 2010 Aug 62]

Farquhar B and Kenney WL: Anti-inflammatory drugs, kidney function,
and exercise. Sports Science Exchange 1997; 67(11): Article 4.

Zhang H, Liu C, Ji Z, Liu G, Zhao Q, Ao YG, Wang L, Deng B, Zhen Y,
Tian L, Ji L and Liu K: Prednisone adding to usual care treatment for
refractory decompensated congestive heart failure. Int. Heart J. 2008;
49(5): 587-595.

Massari F, Mastropasqua F, lacoviello M, Nuzzolese V, Torres D and
Parrinello G: The glucocorticoid in acute decompensated heart failure: Dr
Jekyll or Mr Hyde?. Am. J. Emerg. Med. 2012; 30(3): 5-10.
Goppelt-Struebe M, Wolter D and Resch K: Glucocorticoids inhibit
prostaglandin synthesis not only at the level of phospholipase A2 but also
at the level of cyclo-oxygenase/PGE isomerase. Br. J. Pharmacol. 1989;
98(4): 1287-1295.

Rhen T and Cidlowski JA: Anti-inflammatory action of glucocorticoids-
new mechanisms for old drugs. N. Engl. J. Med. 2005; 353(16): 1711-
1723.

Klein NC, Go CH and Cunha BA: Infections associated with steroid use.
Infect. Dis. Clin. North Am. 2001; 15(2): 423-432.

Heinemann A and Schuligoi R: Glucocorticoide — potent und umstritten
[Glucocorticoids - potent and controversial].  Osterreichische
Apothekerzeitung (in German) 2008; 62(23):

Schacke H, Schottelius A, Docke WD, Strehlke P, Jaroch S, Schmees N,
Rehwinkel H, Hennekes H and Asadullah K: Dissociation of
transactivation from transrepression by a selective glucocorticoid receptor
agonist leads to separation of therapeutic effects from side effects. Proc.
Natl. Acad. Sci. USA. 2004: 101(1): 227-232.

Keenan PA, Jacobson MW, Soleymani RM, Mayes MD, Stress ME and
Yaldoo DT: The effect on memory of chronic prednisone treatment in
patients with systemic disease. Neurology 1996; 47(6): 1396-1402.

Klein NC, Go CH and Cunha BA: Infections associated with steroid use.
Infect. Dis. Clin. North Am. 2001; 15(2): 423-432.

Newton R and Holden NS: Separating transrepression and transactivation:
a distressing divorce for the glucocorticoid receptor? Mol. Pharmacol.
2007; 72(4): 799-809.

Current

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Cavet ME, Harrington KL, Ward KW and Zhang JZ: Mapracorat, a novel
selective glucocorticoid receptor agonist, inhibits hyperosmolar-induced
cytokine release and MAPK pathways in human corneal epithelial cells.
Mol. Vis. 2010; 16: 1791-1800.

Renfro L and Snow JS: Ocular effects of topical and systemic steroids.
Dermatol. Clin., 1992; 10(3): 505-512.

Bao F, John SM, Chen Y, Mathison RD and Weaver LC: The tripeptide
phenylalanine-(D) glutamate-(D) glycine modulates leukocyte infiltration
and oxidative damage in rat injured spinal cord. Neuroscience 2006;
140(3): 1011-1022.

Mathison RD, Malkinson T, Cooper KE and Davison JS: Submandibular
glands: novel structures participating in thermoregulatory responses. Can.
J. Physiol. Pharmacol. 1997; 75(5): 407-413.

Mathison R, Davison JS and Befus AD: Neuroendocrine regulation of
inflammation and tissue repair by submandibular gland factors. Immunol.
Today 1994; 15(11): 527-532.

Dery RE, Mathison R, Davison J and Befus AD: Inhibition of allergic
inflammation by C-terminal peptides of the prohormone submandibular
rat 1 (SMR-1). Int. Arch. Allergy. Immunol. 2001; 124(1-3): 201-204.
Mathison RD, Christie E and Davison JS: The tripeptide feG inhibits
leukocyte adhesion. J. Inflamm. 2008; 5(6): 1-10.

Marcus D: Willow bark extract, a useful alternative for the treatment of
osteoarthritis: Comment on the editorial by Marcus and Suarez-Almazor
(Reply) Arthritis Rheum. 2003; 48: 279-80.

Charles AD: Anti inflammatory Agents: Present and Future. Cell. 2010;
140: 935-950.

Reynolds JF, Noakes TD, Schwellnus MP, Windt A and Bowerbank P:
Non-steroidal anti-inflammatory drugs fail to enhance healing of acute
hamstring injuries treated with physiotherapy. S Afr Med J. 1995; 85:
517-22.

Barton JL: Patient preferences and satisfaction in the reatment of
rheumatoid arthritis with biologic therapy. Patient Prefer. Adher. 2009; 3:
335-344.

Senolt L, Vencovsky J, Pavelka K, Ospelt C and Gay S: Prospective new
biological therapies for rheumatoid arthritis. Autoimmun. Rev. 2009; 9:
102-107.

[53] Genant HK, Peterfy CG and Westhovens R: Abatacept inhibits
progression of structural damage in rheumatoid arthritis: results from the
long-term extension of the AIM trial. Ann. Rheum. Dis. 2008; 67: 1084-
1089.

Scottish Intercollegiate Guidelines Network. Management of Early
Rheumatoid Arthritis. SIGN Publication No. 48. Edinburgh: SIGN, 2000.
Goffe B and Cather JC: Etanercept: An overview. J. Am. Dermatol. 2003;
49(25): S105-111.

Maini RN and Feldman M: How does infliximab work in rheumatoid
arthritis? Arthritis Res. 2002; 4(2): S22-8.

Edwards JC, Szczepanski L, Szechinski J, Filipowicz-Sosnowska A,
Emery P, Close DR, Stevens RM and Shaw T: Efficacy of B-cell targeted
therapy with rituximab in patients with rheumatoid arthritis. N. Engl. J.
Med. 2004; 350: 2572-81.

Koenders MI, Joosten LAB and Van den Berg WB: Potential new targets
in arthritis therapy: interleukin (IL)-17 and its relation to tumour necrosis
factor and IL-1 in experimental arthritis. Ann. Rheum. Dis. 2006; 65(3):
29-33.

Pincus T, O’Dell JR and Kremer JM: Combination therapy with disease-
modifying antirheumatic drugs in rheumatoid arthritis: a preventive
strategy. Ann. Intern. Med. 1999; 131: 768-74.

Heiligenhaus A, Thurau S, Hennig M, Grajewski RS and Wildner G:
Anti-inflammatory treatment of uveitis with biologicals: new treatment
options that reflect pathogenetic knowledge of the disease. Graefes. Arch.
Clin. Exp. Ophthalmol. 2010; 248(11): 1531-51.
http://www.drugs.com/fda/tumor-necrosis-factoralpha-tnf-alpha-blockers-
label-change-boxedwarning-updated-risk-infection-13023.html

Scheinfeld NA: Comprehensive review and evaluation of the side effects
of the tumor necrosis factor blockers etanercept, infliximab and
adalimumab. J. Dermatolog. Treat. 2004; 15(5): 280-94.

Niemoller TD and Bazan NG: Docosahexaenoic acid neurolipidomics.
Prostaglandins Other Lipid Mediat., 2010; 91: 85-89.

Curtis CL, Harwood JL, Dent CM and Caterson B: Biological basis for
the benefit of nutraceutical supplementation in arthritis. Drug Discov
Today. 2004; 9: 165-72.

Peng Q, Wei Z and Lau BH: Pycnogenol inhibits tumor necrosis factor-a -
induced nuclear factor kappa B activation and adhesion molecule
expression in human vascular endothelial cells. Cell Mol Life Sci. 2000,
57: 834-41.

125


http://arthritis.webmd.com/news/20050124/group-calls-2-arthritis-drug-bans
http://arthritis.webmd.com/news/20050124/group-calls-2-arthritis-drug-bans

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

Ashwani Kumar Dhingra ef al., JIPBS, Vol 4 (4), 117-126, 2017

Beutler B, Milsark IW and Cerami AC: Passive immunization against
cachectin/tumor necrosis factor protects mice from lethal effect of
endotoxin. Science 1985;229(4716): 869-71.

Yang CS and Wang ZY: Tea and cancer: A review.J Natl Cancer
Inst 1993; 85: 1038-49.

Tijburg LB, Mattern T, Foltz JD, Weisgerber UM and Katan MB: Tea
flavonoids in cardiovascular diseases: A review. Crit Rev Food Sci
Nutr. 1997; 37: 771-85.

Morrison BW, Christensen S, Yuan W, Brown J, Amlani S and
Seidenberg B: Analgesic efficacy of the cyclooxygenase-2- specific
inhibitor rofecoxib in post-dental surgery pain: A randomized, controlled
trial. Clin Ther. 1999; 21: 943-53.

Grimm T, Chovanova Z, Muchova J, Sumegova K, Liptdkova A,
Durackova Z, et al.: Inhibition of NF-kB activation and MMP-9 secretion
by plasma of human volunteers after ingestion of maritime pine bark
extract (Pycnogenol) J Inflamm. 2006; 3: 1.

Safayhi H, Mack T, Sabieraj J, Anazodo MI, Subramanian LR and
Ammon HP: Boswellic acids: Novel, specific, nonredox inhibitors of 5-
lipoxygenase. J Pharmacol Exp Ther. 1992; 261: 1143-6.

Elmali N, Baysal O, Harma A, Esenkaya I and Mizrak B: Effects of
resveratrol in inflammatory arthritis. Inflammation. 2007; 30: 1-6.

[73] Sandoval M, Charbonnet RM, Okuhama NN, Roberts J, Krenova Z,
Trentacosti AM, et al.: Cat’s claw inhibits TNF- aproduction and
scavenges free radicals: Role in cytoprotection. Free Radic Biol
Med. 2000; 29: 71-8.

Caterina MJ and Julius D: The vanilloid receptor: A molecular gateway to
the pain pathway. Annu Rev Neurosci. 2001; 24: 487-517.

Vane JR, Bakhle YS and Botting RM: Cyclooxygenases 1 and 2. Annu.
Rev. Pharmacol. Toxicol. 1998; 38: 97-120.

Ohki S, Ogino N, Yamamoto S and Hayaishi O: Prostaglandin
hydroperoxidase, an integral part of prostaglandin endoperoxide
synthetase from bovine vesicular gland microsomes. J Biol Chem 1979;
254: 829-836.

Smith WL and Song I: The enzymology of prostaglandin endoperoxide H
synthases-1 and -2. Prostaglandins Other Lipid Mediat 2002; 68(69): 115-
28.

Kujubu DA, Fletcher BS, Varnum BC, Lim RW and Herschman HR:
TIS10, a phorbol ester tumor promoter-inducible mRNA from Swiss 3T3
cells, encodes a novel prostaglandin synthase/cyclooxygenase homologue.
J Biol Chem 1991; 266: 12866-12872.

Xie W, Chipman JG, Robertson DL, Erikson RL and Simmons DL:
Expression of a mitogen-responsive gene encoding prostaglandin synthase

80.

81.

82.

83.

84.

85.

86.

87.

88.

90.

91.

92.

93.

is regulated by mRNA splicing. Proc Natl Acad Sci USA. 1991; 88: 2692-
2696.

O'Banion MK, Sadowski HB, Winn V and Young DA: A serum- and
glucocorticoid-regulated 4-kilobase mRNA encodes a cyclooxygenase-
related protein. J Biol Chem 1991; 266: 23261- 23267.

[81] Morita I, Schindler M, Regier MK, Otto JC, Hori T, DeWitt DL, et
al.: Different intracellular locations for prostaglandin endoperoxide H
synthase-1 and -2. J Biol Chem 1995; 270: 10902- 10908.

Jones DA, Carlton DP, McIntyre TM, Zimmerman GA and Prescott SM:
Molecular cloning of human prostaglandin endoperoxide synthase type 11
and demonstration of expression in response to cytokines. J Biol Chem
1993; 268: 9049-9054.

Tanabe T and Tohnai N: Cyclooxygenase isozymes and their gene
structures and expression. Prostaglandins Other Lipid Mediat 2002; 68-
69: 95-114.

Chandrasekharan NV, Dai H, Roos KL, Evanson NK, Tomsik J, Elton TS
and Simmons DL: COX-3, a cyclooxygenase-1 variant inhibited by
acetaminophen and other analgesic/antipyretic drugs: Cloning, structure,
and expression". Proc. Natl. Acad. Sci. U.S.A. 2002; 99(21): 13926-31.
Ferrero-Miliani L, Nielsen OH, Andersen PS and Girardin SE: Chronic
inflammation: Importance of NOD2 and NALP3 in interleukin-1beta
generation. Clin. Exp. Immunol. 2007; 147: 227-235.

Charles A: Dinarello. Anti inflammatory Agents: Present and Future. Cell
2010; 140: 935-950.

Sneader W: The discovery of aspirin: A reappraisal. BMJ (Clinical
research ed.) 2000; 321(7276): 1591-1594.

Schror K: Acetylsalicylic acid. Wiley 2009; ISBN 978-3-527-32109-4.
Warner TD, Warner TD and Mitchell JA: Cyclooxygenase-3 (COX-3):
filling in the gaps toward a COX continuum?". Proc Natl Acad Sci USA
2002; 99(21): 13371-3.

Burke A, Smyth E and FitzGerald GA: 26: Analgesic Antipyretic and
Antiinflammatory Agents". Goodman and Gilman's the pharmacological
basis of therapeutics (11 ed.). New York: McGraw-Hill. 2006; pp. 671—
716. ISBN 978-0-07-142280-2.

Vane JR: Inhibition of prostaglandin synthesis as a mechanism of action
for aspirin-like drugs. Nat New Biology 1991; 231: 232-235.

Ferreira SH, Moncada S and Vane JR: Indomethacin and aspirin abolish
prostaglandin release from the spleen. Nat New Biology 1971; 231: 237-
239.

Smith JB and Willis AL: Aspirin selectively inhibits prostaglandin
production in human platelets. Nat New Biology 1971; 231: 235-237.

126


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1119266
http://books.google.com/?id=gw6yR6qZe5wC&lpg=PR11
http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/978-3-527-32109-4

