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Inflammation is a biological response to a series of chemical reactions whose major function is
protection from infection and the resolution of tissue damage caused by injury. There are several
mediators released during the process of inflammation. Activation of phospholipase-A, (PLA))
family is a key step in the production of precursors in biosynthesis of inflammatory lipid media-
tors. Platelet activating factor, cyclooxygenase-2, leukotrienes, nerve growth factor, inducible ni-
tric oxide synthase, bradykinins, adhesion molecules, nuclear factor-kB and cytokines are also
important mediators for inflammation. There are several agents, which inhibit the endogenous
mediators that can be used for the treatment of inflammation. Apoptosis is another important
mechanism, where several agents that act by different mechanisms of action can treat the inflam-

mation.

The rapid development in our understanding of the
molecular processes controlling the activation and function
of the cells has opened up a wide variety of new potential
targets for drug intervention. This is particularly true in the
fields of oncology, immunology and inflammation’. Inflam-
mation is a biological response to a series of chemical reac-
tions whose major function is protection of the body from
infection and the resolution of tissue damage caused by in-
jury. During these reactions, toxic materials and cellular de-
bris are removed by means of increased capillary perme-
ability and the migration of leucocytes to the injured area.
As a result of cell injury, an intricate system is activated caus-
ing the release of numerous inflammatory mediators such
as histamine, serotonin, bradykinin, Hageman factor, lyso-
somal enzymes, prostaglandiris, and leukotrienes. These
mediators initiate a three-phase process consisting of: va-
sodilatation, increased vascular permeability, and leukocytic
exudation, all of which occur simultaneously in a multiple
interaction process resulting in the characteristic clinical
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signs of heal, redness, swelling, pain and diminished func-

tion23,

MEDIATORS OF INFLAMMATION
Phospholipase A2 (PLA,):

Activation of the phospholipase A2 (PLA,) family is a
key step in the production of precursors for the biosynthesis
of inflammatory lipid mediators. Inhibition of this enzyme
could result in the suppression of three important classes of
inflammatory lipids prostaglandins, leukotrienes, platelet
activating factor), which offer an attractive therapeutic ap-
proach to the design of novel agents for the treatment of
inflammation and tissue injury. The PLA, family is a series of
enzymes involved in phospholipid catabolism. More than 150
PLA, amino acid sequences are currently available in pro-
tein sequence database. PLA, exist in both extracellular and
intracellular forms. Secretory PLA, are Ca*? dependant en-
zymes (molecular weight 14 kD, regulated by millimolar
amounts of Ca*?), which are classified into two 'groups on
the basis of their primary structures. Secretary non-pancre-
atic PLA, has been implicated in the pathogenesis of par-
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ticular inflammation in rheumatoid arthritis, whereas pan-
creatic PLA, contributes to the tissue damage associated
with acute pancreatitis. The cytosolic PLA, (cPLA,) is an 85.2
kD enzyme with substrate specificity for arachidonic acid
(AA). It is found in most cells and tissues and is regulated
by Ca‘? in the macro molar range. cPLA, plays an important
role in both the rapid and prolonged cellular responses ocC-
curring during inflammatory process®”.

Platelet activating factor (PAF):

Platelet activating factor (PAF), a PLA,~dependant

phospholipid, is an extremely potent mediator of shock and
inflammation. It exerts the biological etfects by activating the
PAF receptor, consequently stimulating protein kinase-C and
increasing intracellular Ca*2. PAF is found in most biological

fluids and is synthesized in most cell types. Micro vascular
permeability is markedly increased by PAF, allowing fluids ,

to leak out of the circulation. In the area of haemodynamic
effects, PAF has negative ionotropic property and lowers
arterial blood pressure. It is a potent platelet aggregator,
leukocyte activator, and it strongly promotes AA metabo-
lism. It has been proposed to play a crucial role in patho-
genesis of rheumatoid arthritis, asthma, endotoxin shock and
acute renal transplant rejection.

Cyclooxygenase-2 (COX-2):

The 1990s has been a new dawn in inflammation re-
search, with several studies demonstrating increasing COX
activity of cells after exposure to endotoxins, inflammatory
cytokines, growth factors, hormones and tumor promoters.
This gave rise to the new concept that there might be a con-
stitutive COX activity, further referred to as COX-1 and an
inducible one, further referred to as COX-2. Because of the
substantial risks involved with the long-term use of NSAIDs,
there is an increasing demand for the development of newer
agents with better pharmacological protile i.e., to improve
NSAID tolerability, particularly gastric tolerability. The dis-
covery of COX isoenzymes has given rise to a better under-
standing of the inhibition of COX by classical NSAIDs and
offers the prospect of devising new and potentially safer
drugs®. The main reason for labeling COX-1 and COX-2 as
physiological and pathological respectively is because pro-
inflammatory cytokines like INF-y, TNF-a, IL-1p and IL-1,
induce COX-2 in macrophages or endothelial cells. Thus,
COX-2 is the main isoform associated with inflammation,
however, there is constitutive expression of either/both the
isoforms in specific tissues®.
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Leukotrienes (LTs):

Leukotrienes (LTs)' are potent pro-inflammatory agents
involved in the pathophysiology of various inflammatory dis-

‘eases such as asthma, psoriasis, rheumatoid arthritis,

chronic bronchitis, ulcerative colitis and inflammatory bowel
disease. Therefore many leukotriene compounds have been
developed which selectively block either LT receptor sites
or enzymes related to their biosynthesis. The first step in
the generation of leukotrienes is catalyzed by the calcium
and ATP-dependant enzyme 5-lipoxygenase (5-LO). This is
one of a family of LO enzymes that metabolize AA to
hydroperoxy-eicosatetraenoic acids (HPETEs). Each en-
zyme catalyses the insertion of an oxygen moiety at a spe-
cific position in the AA backbone, 5-LO forms 5-HPETE, the
precursor of the LTs.

When cells are activated, cytosolic 5-LO is translocated
to the nuclear membrane. A nuclear membrane protein, 5-
LO activating protein (FLAP), is required before 5-LO can
synthesize 5-HPETE from AA. The rearrangement of 5-
HPETE to form the unstable LTA, is the rate-limiting step in
the synthesis of LTs. This step is catalyzed by LTA, synthase.
LTA, is then converted to either LTB, or LTC,. LTC, is ac-
tively transported out of cells, rapidly metabolized to LTD,,
and then to LTE, (fig. 1). LTC,, LTD, and LTE, are referred to
as the cysteinyl (cys) leukotrienes because ot their chemi-
cal structure. LTE, is either excreted in the urine or metabo-
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Fig. 1: The main pathways for the formation of
leukotrienes and the sites of action of the current groups
(brackets) that can attenuate responses Normal: main
pathway, Bold: enzymes, Halic bracket: drug groups.
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lized to a variety of biologically less active or inactive me-
tabolites including LTF,°.

Nerve growth factor:

Recent discoveries have shown that nerve growth fac-
tor (NGF) plays a role in inflammation via mast cells, and a
novel class of lipid amides has been identified that exhibits
a very interesting anti-inflammatory action''. A new lipid
amide acting on the peripheral cannabinoid receptors (CB,
receptors) may offer all the beneficial effects of cannabis
without unwanted side effects? (fig. 2). There was a local
feed back mechanism that negatively modulated mast cell
behavior during inflammatory processes. Veneto et al. coined
the term acronym ALIA (autacoid local inflammatory antago-
nism) to describe this sequence of events. They were able
to show that these same mast cells express the peripheral
CB, subtype of cannabinoid receptors, which exhibits differ-
ential sensitivity to the anandamide and to the lipid N-
acylethanolamine derivative N-(2-hydroxy ethyl)
hexadecanamide. The later has been demonstrated in pe-
ripheral tissue, and suggested that, this compound may be
the endogenous ligand for CB, receptor, acting as a local
autacoids, down-regulating mast cell activation and inflam-
mation'3.

(- ve) ’

ANTAGONIST PATHWAYS

MAST CELL

AGONIST PATHWAYS

(+ ve)

IMMUNOGENIC STIMULI

NEUROGENIC STIMULI

TISSUE REACTIVITY

* ALIA: Autocoid Local Inflammatory Antagonism

Fig. 2: Nature’s way for the physiological modulation of
mast cells in the inflammatory process.

November - December 2003

Although anandamide and N-(2-hydroxy ethyl)
hexadecanamide bind to the CB,receptors, only the later is
able to down-regulate mast cell activation in vitro's. This etha-
nol amide and its close derivatives are potent antiinflamma-

"tory agents acting specifically on the mast cells. The proto-

type of these aliamides is the putative endogenous ligand
for the CB, receptors, N-(2-hydroxy ethyl) hexadecanamide,
given the code LG 2110/1 by research group, was able to
produce a variety of effects following oral administration. If
the clinical trials support the efficacy of LG 2110/1, and re-
lated aliamides, it will offer the possibility of obtaining all the
beneficial effects previously attributed to cannabis such as
analgesic, anticonvulsants, antiasthmatic, hallucinogenic
and antihypértensives.

Inducible nitric oxide synthase (iNOS):

An important property pertinent to the role of nitric ox-
ide (NO) in inflammation is its ability to activate COX, result-
ing in larger production of proinflammatory PGs. This dis-
covery led to the demonstration that the dual inhibition of
the release of proinflammatory NO and PG contributes to
the antiinflammatory property of NOS inhibitors. NO is syn-
thesized in mammalian systems from L-arginine by a family
of enzymes known collectively as nitric oxide synthases
(NOSs; EC 1.14: 13.39). With regard to regulation, the NOS
enzymes fall into two distinct categories: constitutively ex-
pressed isoforms ecNOS and ncNOS, which are regulated
primarily by Ca? and calmodulin and a cytokine-inducible
isoform (iNOS), which is regulated primarily at the level of
de novo protein synthesis.

- The distinct properties of each of the NOS isoforms have
important implications, since as summarized in fig. 3, it is
the magnitude, duration and the cellular sites of the NO pro-
duction which determine the overall physiological or patho-
physiological effects of NO. In view of the critical importance
of NO produced by constitutive enzymes in a variety of physi-
ological processes, a major emphasis in inflammatory re-
search is the development of potent and selective inhibitors
of the iNOS isoforms. Selective inhibition of INOS offers the
potential advantage of blocking the synthesis of a major
cytotoxic agent namely NO, and ultimately reduces the tis-
sue damage during chronic inflammatory diseases,
unfaltering the beneficial effects of NO'S,

NO and lnflammation:_

The potential for the production of sustained, high lev-
els of NO from the iINOS isoforms, as well as an increased
understanding of the cytotoxic and/or cytostatic action of
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Fig. 3: Biosynthetic pathways of Nitric oxide and its ef-
fects.

NO, has led many investigations to examine the role of NO
in a variety of pathophysiological conditions’. Excessive
production of NO plays a pathogenic role in both acute and
chronic models of inflammation'’. As indicated previously,
NO is a potent vasodilator and its involvement during an
inflammatory response may be related to its ability to in-
crease vascular permeébility and edema through changes
in local blood flow. Like COX, NOS has both constitutive
and inducible isoforms, synthesis of iNOS is triggered by
those cytokines that also induce COX-2, and this may ex-
plain why iINOS and COX-2 are often expressed together in
a variety of pathological states. iNOS and COX-2 induction
is blocked by potent anti-inflammatory steroids, including
dexamethasone, and this property of steroids explains their
potent antiinflammatory effects's.

Bradykinin:

The kinins, particularly bradykinin (BK), are important
mediators involved in both the initiation and progression of
an inflammatory response. The pro-inflammatory effects of
BK are brought about by its interaction with specific G-pro-
tein coupled receptors. At present, there are two clearly
defined and cloned kinin receptors; B, and B,'. B, receptors
are constitutively present on many cell types involved with
the inflammatory response; endotheljal cell, mast cells®® and
sensory neurons?'. The natural endogenous ligand for these
receptors is BK, with Lys-BK in most cases possessing a
lower affinity for the receptors. In contrast, B, receptors are
not normally expressed in basal conditions but are indeed
in situation of stress, such as shock and inflammation. The
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classical, natural ligand for this receptor is des-Arg BK
{DABK) a cleavage product of the activity of carboxypepti-
dases on BK. (although the endogenous B, receptor ligands
have no effect at B, receptors BK and Lys-BK bind to human
B, receptors)'s.

Activation of B, receptors produces a range of pro-in-
flammatory effects that include edema, pain and promotion
of blood-borne leukocyte trafficking. There is support for the
concept that not only all B, receptors up-regulated by spe-
cific inflammatory stimuli, but there is also an increase in
the levels of DABK produced. This elevation could be due to
an increase in the activity of CPM, an enzyme involved in
the synthesis of DABK%.

Thus, during inflammation it is apparent that both ago-
nist and receptors are up-regulated. These lines of evidence
suggest that B, receptor activation might be functionally in-
volved in mediating the cardinal signs of inflammation. For
inflammatory pain, the sensory neurons might be the site of
expression because this is essentially neurogenic in nature
and sensitive to agents that modify sensory C-fiber activity.
These fibers contain pro-inflammatory peptides Substance-
P (SP) and calcitonin-gene related peptide (CGRP)®. There
is evidence however that B, receptor activation by DABK
results in the release of hyperalgesic prostanoids®.

Adhesion molecules:

Cell-to-cell interactions and the adhesion of cells to
extra cellular matrix components have a key role in impor-
tant physiological phenomena as well as in the pathogen-
esis of diverse conditions such as tumor cell metastasis,
graft rejection, ischemia/reperfusion injury and immune
mediated hypersensitivity. Inflammation is a phenomenon
that involves the accumulation of leukocytes in a given tis-
sue leading to varying degrees of cell damage, extra cellu-
lar matrix disruption and organ dysfunction. The migration
of leukocytes towards inflammatory foci and the interactions
of inflammatory cells at these sites are mediated by cell
adhesion molecules (CAM). Although inflammation is pri-
marily a defense mechanism, this phenomenon frequently
becomes undesirable condition that requires therapy?>?’.
Adhesion molecules involved in inflammation belong mainly
to the families of selectins, integrins and the immunoglobin
[lg] gene super family.

Selectins:

This family comprises of 3 members that are L, P and
E-selectins. L-selectins (CD62L) are expressed by leuko-
cytes. There are lectin-like molecules that mediate leuko-
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cyte rolling under conditions that induce cell activation; the
basal expression of P- and E-selectin is increased where as
that of L-selectin is down regulated?®. P-selectins (CD62P)
are expressed on the surface of activated endothelial cells
and platelets. It is stored in weibel-palade in EC and in &-
granules in platelets. During inflammation EC P-selectin pro-
motes the aggregation of leukocytes with platelets to form
thrombin?®, ’

Integrins:

' Integrins that are involved in leukocyte-EC interactions
~and the inflammatory phenomena belong mainly to the 1
and B2 subfamilies. The a4pB1 integrins have an important
role in leukocyte-EC interactions; where as other p1 integrins
are primarily involved in the adhesion of leukocytes to extra
cellular matrix components (laminin, collagen, vitronectin
and fibronectin). It is expressed by lymphocytes, monocytes,
and eosinophils®. The B2 integrin subfamily comprises the
a1p2 (leukocyte function associated antigen-1 (LFA-1) or
CD11a/CD18), aM22 heterodimers. LFA-1 is expressed by
all leukocytes and interacts with ICAM-1,2 and 3. «X22 binds
to fibrinogen and the component fragment-1C3b, whereas
aDB2 mainly interacts with ICAM-3. The (3 integrins (GPIIb/
llla) and V23 are expressed by platelets and are involved
in important phenomenon (platelet aggregation EC-platelet
adhesion) that also occurs in inflammatory conditions®'.

An adhesion molecule that belongs to the 1g gene su-
per family possesses one or more domains homologous to
those found in immunoglobins. Members of this super fam-
ily are expressed by EC (e.g.: MadCAM-1) vascular cell ad-
hesion-1 and -2 (ICAM-1 and 2 or CD54 and -CD102 re-
spectively) and platelet endothelial cell adhesion molecule-
| (PECAM-1 or CD31). There are additional intercellular ad-
hesion molecules that also participate in the inflammatqry
phenomenon. Cadherins are calcium-dependant adhesion
proteins that mainly interact homotypically by themselves.
Cadherins found at intercellular endothelial junctions seems
to have a key role in the extravasations of inflammatory
cells®.

Nuclear factor-kB (NF?kB):

NF-kB was first identified as a regulator.of the expres-
sion of the kappa light chain gene in murine B lymphocytes.
The activated form of NF-kB is a heterodimer, which usually
consist of two proteins, a P, (also called relA) subunit and
a P,, subunit. Other subunits, such as rel, relB, v-rel, and
P., may also be part of activated NF-kB, and it is likely that
the ditferent forms of NF-kB may activate different sets of
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target genes3®. Many stimuli activate NF-kB, including
cytokines, activators of protein kinase-C, viruses, and oxi-
dants. Several signal transduction pathways may be involved,
but all these stimuli act by means of protein kinase that phos-
phorylate (and thus degrade) kB. The activation of NF-kB
therefore leads to a coordinated increase in the expression
of many genes whose products mediate inflammatory and
immune response. For example, the coordinated stimulation
of expression of the genes of E-selectin, IL-8 & TNF-«a re-
sults in the recruitment and activation of neutrophils®.

Cytokines:

Cytokines constitute a family of proteins selected from
a variety of cell types during the host response to infection
and injury that coordinately regulate both haemopoiesis and
the protective immune and inflammatory responses. These
pleiotropic molecules regulate the production, differentiation
and function of effector cells which mediate multiple pro-
cesses, including the recognition of self verses non-self, the
targeted removal of foreign pathogens, the killing of tumor
cells and an effective wound healing process-3. The vari-
ous cytokines involved in inflammatory condition are IL-2,
3, 4, 5, 6, 8, GM-CST, MCP-1, RANTES, MIP-1a, TNF-«,
and. Steroids inhibit the transcription of several
proinflammatory cytokines and cytokine receptor genes, and
in addition, can inhibit the function of transcription factors
including AP-1 and NF-kB, through which many
proinflammatory cytokines exert their effects¥”. However, the
adverse systemic side effect profile, and the resistance of
some patients to steroid therapy limit their use.

Apoptosis and inflammation:

Following tissue injury, inflammatory cells invade the
lesion, then fibroblasts migrate, proliferate and synthesize
extra cellular matrix component participating in the forma-
tion of granulation tissue. As they would close and evolve
into a sear, there is an important decrease in cellularity and
in particular myofibroblasts disappear. This cellular loss is
brought about by apoptosis. In chronic inflammatory condi-
tions like RA, T-cells migrate into the synovial cells in RA
patients undergo extensive DNA fragmentation. However,
these cells fail to complete apoptosis thus permitting chronic
proliferative arthritis to continue unabated. Since apoptosis
can be induced by several mechanisms, many attractive
approaches could serve as potential therapeutic strate-
giesaa,sg. ’

NOVEL THERAPEUTIC AGENTS IN TREATING INFLAM-

MATION
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PLA, Inhibitors:

The natural compounds that inhibit the PLA, are ste-
roids like lipocortin-1, manoalide, BMS-181162, scalaradial,
aristolochic acid, YM-265671, YM-267334, thielocin A beta,
thielocin beta,, whereas the synthetic compounds which in-
cludes 3-acrylic acid derivatives and dehydroabietylamine
derivatives such as WAY-121520%42,

AntiPAF:

Itis elucidated that PAF antagonists such as rocepafant,
apafant, lexipafant, and bepafant can reach significance in
the therapy of critically ill patients. The natural compounds
include terpenes (ginkolides A, B, C, M and J), lignans
(kadsurenone), gliotoxins (PR-900452, PR-49175) and the
synthetic compounds include the compounds structurally
related to PAF (CV-3988, SR-27417, ONO-6240, RO-
193704), whereas compounds unrelated to PAF includes
thiazoles (RP-48740, RP-52629) triazolobenzodiazepines
(apafant [WEB-2086), rocepafant [BN-50730}), flumazenil
(TCV-309)*.

Cyclooxygenase-2 inhibitors:

There are several categories of compounds that inhibit
COX-2, thatinclude diclofenac, indomethacin, naproxen, and
ibuprofen, those that selectively inhibit the enzyme such as
nimesulide, meloxicam, celecoxib, rofecoxib, and those that
are highly selective include etodolac, DFU, and
L7453374%4.

Antileukotrienes:

The compounds that act as antileukotriens include LT

receptor antagonists and 5-LO inhibitors, which are repre-
sented in the Table-14.1045,

NOS Inhibitors:

L-NMMA, L-NAME (non selective), L-NIO (irreversible),
L-NOARG (slowly dissociating), L-NIL, amino guanidine
(AG), 7-propyl-homoiminopiperidinium chloride (selec-
tive)*7:48,

B, receptor inhibitors:

The first BK receptor antagonists produced were pep-
tidic in nature, easily prone to enzyme attack and therefore
had short half-lives*. Among the best of the peptidic an-
tagonists is B9958 a compound highly selective for the hu-
man B, receptor. To date there are no nonpeptidic B, recep-
tor antagonists.

A significant advance came with the generation of the
stable peptidic B, receptor selective antagonist, HOE 140
(icatibant)*® and more recently the development of non-pep-
tide blockers. The non-peptidic antagonist to be desgribed
was WIN 64338, shown to be an effective antagonist in
guinea pig tissues but with little activity in human tissues®".

Antiadhesion therapy:

As stated above the cell-to-cell interaction that takes
place in the inflammatory phenomenon is mediated by CAM.
Therefore the blockade of expression and/or function of CAM
may be a potential target for inhibiting the inflammatory re-
sponse. Blockade of the activity of pro-inflammatory
cytokines is another (indirect) approach to the anti-adhe-

TABLE 1: ANTILEUKOTRIENES ACTING BY LT RECEPTOR ANTAGONISM AND 5-LO INHIBITION.

LT receptor antagonists 5-LO inhibitors
BLT (LTB,) LT, (LTD,) Cys LT, (LTC))
Ly 293111 Montelukast BAY49773 Zileuton
SC 53228 Iralukast nonselective at CysLT, & CysLT, Bay-X-1005
SB 209247 Pobilukast BW-755C
CP 105696 Zairlukast Guiflapon
CGS 25019C Pranlukast MK 896
Verleukast Pinprost
Tomelukast lonapalene
Cinalukast R-65151
ZD 2138
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sion therapy in inflammatory conditions. The neutratization
of cytokines and TNF-a with monoclonal antibodies, or the
pharmacological inhibition of the synthesis of the later
cytokine, has a noticeable antiinflammatory effect®2*2,

Several integrins interact with RGD (Arg-Gly-Asp) mo-
tifs, whereas VLA-4 interacts with the fibronectin fragment
CS-l and the LDV (Leu-Asp-Val) motifs. This provides a ra-
tional basis for the development of reagent that specifically
blocks the formation of integrins. AntiCAM Mab and pep-
tides that contain integrin binding motifs (e.g.: RGD or LDV
sequences) or soluble counter-receptors ot CAM, are able
to effectively interfere with the function of these mol-
ecules™s5, AN 100226M, a MADb to a4 integrin has been
shown to reverse the clinical and histologic signs of experi-
mental allergic encephalomyelitis (EAE) by blocking this in-
teraction®. A significant advance in this field has been the
generation or isolation of synthetic and natural substances
that bind to integrins and block their function. On the other
hand, soluble carbohydrates, that specifically reacts with
selectins, e.q.: sulfatide, fucoidins or sialyl Le are also able
to block the function of these CAMY.

Leumedins are novel compounds with anti-inflamma-
tory properties that inhibit the adhesion of neutrophil medi-
ated by Mac-1%%.A new approach that emerged in recent
years is to inhibit CAM expression. Antisense therapy for
the blockade of both cell adhesion molecules and pro-in-
flammatory cytokine may be a significant advance in the
treatment of inflammatory conditions. However, several is-
sues require clarification before these can enter wide clini-
cal use. These include toxicity, site-specific delivery, in vivo
stability and clearance of metabolites. The second genera-
tion of synthetic antisense oligonucleotides should facilitate
this therapeutic approach®° Another interesting approach
to anti-adhesion therapy is the use of synthetic double-
stranded DNA molecules possessing specific consensus
sequence that compete for the binding of transcription fac-
tors necessary for gene expression. Lately, gene expres-
sion can also be selectively blocked with triplex forming
oligoneucleotides®'.

NF-kB inhibitors:

Glucocorticoids are effective inhibitors of the NF-kB,
the activation that may account for most of their anti-inflam-
matory actions, but they have endocrine and metabolic side
effects when given systemically. These side effects may not
occur with more specific NF-kB inhibitors. There may be a
direct protein-protein interaction®' between glucocorticoid
receptor and AP-1 and between the receptor and NF-kB and
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present it from binding to kB sites on genes that have a role
in inflammatory process®.

Antioxidants that inhibit the activation of NF-kB repre-
sent a class of compounds that has not yet been extensively
investigated. In view of the fact that currently available anti-
oxidants, such as vitamin-C and E and acetylcysteine are
relatively week, more potent and long lasting antioxidants
are needed®. Some naturally occurring inhibitors of NF-kB
have been identified; gliotoxin derived from aspergillin, is a
potent and relatively specific inhibitors>. The anti-inflamma-
tory cytokine 1L-10 also inhibits the action of NF-kB, through
an effect on IkBa®.

It may be unwise to block the activation of NF-kB for
prolong periods, because the factor plays a very crucial role
in the immune response and other defensive responses. The
target disruption (a knockout) of the P, compound of the
NF-kB is lethal because of the associated developmental
abnormalities, whereas the lack of the P, component re-
sults in immune deficiencies and increased susceptibility to
infections”.68,

Anticytokine therapy:

In considering strategies for the discovery of novel
anticytokine therapies the paracrine/autocrine nature of
cytokine action affords various opportunities for interven-
tion of multiple cellular and molecular levels (fig. 4). One
means of inhibition of cytokine action is by decreasing their
production, since many cytokines are upregulated at the tran-
scriptional, translational and post-translational levels. Pro-
duction of IL-1 and TNF-« from LPS, stimulated monocytes
can be inhibited at the translational level by a series of anti-
inflammatory compounds, the pyridinyl imidazoles®.

There are also opportunities for inhibiting these
proinflammatory cytokines at the post-translational level,
since both IL-1 and TNF-« are translated as precursor pro-
teins that are sequentially cleaved by proteinases or con-
verting enzymes prior to secretion from the cell as mature,
biologically active cytokines”"".

Protein antagonists:

One of the first such antagonist was the mutation of a

“single critical residue of murine IL-2, where substitution of

the polar Gly with the acidic Asp functionality resulted in a
protein that was a week partial agonist but was capable of
antagonizing 1L-2 activity. Furthermore substitution of the
aromatic residue Tyr with an acidic Asp in IL-4 resulted in a
antagonist of IL-4 activity with picomolar potency.
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Fig. 4: Potential cellular and molecular levels for inhibi-
tion of cytokine action.

The eosinophilopoietic cytokines IL-3, IL-5, and GM-
CST bind to receptors composed of a ligand specific a-chain
and a common f-chain. Reversal of this at position Glu in
GM-CST results in an antagonist protein and substitution of
Glu residue of IL-5 with the polar but unchanged residue
Glu similarly results in an IL-5 antagonist. The predicted third
helix of IL-6 and the loop linking it to the fourth have been
shown experimentally responsible for signaling, since spe-
cific mutation in this region have produced protein that can
antagonize IL-6 action. IL-8 a member of the cytokine family
(a-sub class), where the truncation of the ECR tripeptide at
the aminoterminals, which is essential for the receptor bind-
ing and activation results in a mutant protein that exhibits
week antagonistic activity towards IL-8. Monocyte
chemoattractant protein-1 (MCP-1) is a member of the b-
subclass, where either deletion of the first eight residues or
an internal deletion of the residues 2-9 results in protein
capable of antagonizing the monocyte chemo attractant prop-
erties of MCP-1. The most potent cytokine antagonist de-
scribed to date is that created by the production of the re-
combinant E coli-expressed form of RANTES, where the ini-
tiating methionine molecule is not removed and the protein
albeit correctly folded, exhibits no agonist activity. However,
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it is able to bind to the RANTES receptor CCCKR-1 without
signaling and antagonize the responses elicited by both
RANTES and macrophage inflammatory protein-1a (MCP-
1a) with nanomolar potency. ’

ANTITNF-a THERAPY
Various approaches against TNF-a includes
TNF-a converting enzyme (TACE) inhibitors:

TACE has been found to be a specific Zn containing
metal proteinase that cleaves peptide chains between ala-
nine and valine residues. Metalloproteinase inhibitors
nonspecifically inhibit the release of TNF-a, inhibits the shed-
ding of TNF-a receptor protein p55 and p75, and receptors
for IL-6, IL-1 and IL-2 from cell surfaces. Examples of TACE
inhibitors include matrix metalloproteinase (MMP) inhibitors
like marimastat, barimastat, TAPI (TNF-a processing inhibi-
tor), BB-1101, BB-2284, BB-3241, BB2275, RO-31-9790,
CBS-27023A, 5B-20358.

Phosphodiesterase (PDE) type-IV inhibitors:

Enhancement of intracellular cyclic AMP (CAMP) level
has long been associated with anti-inflammatory and anti-
allergic activity. The recognition of the cyclic neucleotide PDE
isozymes has generated considerable interest in the possi-
bility of selective inhibitors of inflammation. PDE type-IV is
the predominant cAMP-specific PDE in inflammatory cells.
PDE inhibition increases intracellular cAMP concentrations
there by inhibit the release of TNF-a and related infiltration
of cells as well as the production of ILs. Examples include
rolipram, piclamistat, isobutylxanthine, RU-20-1724, SB-
207499, SKGF-95654 and CDP-8407273,

Thalidomide:

Thalidomide, once known for its marked teratogenecity,
is being viewed at with renewed interest because of its abil-
ity to down-regulate TNF-o It has been successfully used in
the treatment of rheumatoid arthritis, systemic lupus
erethematosus and Crohn’s disease™7®,

TNF-a inhibitors:

The severity of the disease in experimental encephalo-
myelitis (EAE) to be reduced by treatment with TNF-a in-
hibitor pentoxyfylline. A similar result was also seen in the
animal model for SLE with pentoxyfylline-78,

Monoclonal antibodies:

Antibodies (Abs) to TNF-a have beén found to reduce
disease activity in Crohn's disease. Antibodies to TNF-a have
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also shown to prevent death in animal models of specific
shock and cerebral malaria. Examples of TNF-a Antibodies
include anti-TNF-a, CD-006 and CA-27°.

Soluble TNF-a receptors:

Soluble TNF-a receptors bind both membrane bound
and soluble TNF-a. Clinical results with these agents in RA
and allergic inflammation are promising. Examples include
soluble P7 TNF-a receptor, human IgG fusion protein (STNF-
o RFC), PEG linked P35 (PEG-sTNF-RI) and RO-45-208
(Tenefuse)®. ’

THERAPEUTIC AGENTS FOR APOPTOSIS

FAS mimetics:

FAS is a cell surface protein expressed on the T-cells
when it encounters an antigen. They also temporarily make
another surface molecule called FAS ligand. In activated T-
cells FAS bind FAS ligand, thereby signaling the cell to un-
dergo apoptosis.

Anti FAS/APO-1 Antibody:

Monocional antibodies against FAS or APO-1 (apoptosis
inducing protein-1) react with cell surface molecule, APO-1
and trigger signals inducing apoptosis.

Cytokine growth factor analogs:

Drugs inhibiting the synthesis or receptor binding of
cytokine/growth factors can trigger passive apoptosis.
Integrin inhibitors:

Integrins are primarily responsible for adhesion to ex-
tracellular matrices. Extracellular matrix interaction blockers
like integrin inhibitor drugs anchorage and induce apoptosis.

Poly (ADP) ribose polymerase activators:

Activation of poly (ADP) ribose polymerase results in
consumption of NAD in course of polymer formation leading
to decline in ADP levels resulting in breakdown of glycoly-
sis, ultimately leading to cell death.

Lamin and actin blockers:

Lamin and Actin are proteins involved in chromatin con-
densation and maintaining cell membrane architecture.
Drugs that block these would however induce apoptosis in-
discriminately.

Topoisomerase inhibitors:

These stabilize enzyme DNA complex leading to the
production of single or double strand breaks that ultimately
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precipitate cell death.

Nucleoside analogues:

These also induce DNA strand breaks although their
mechanism of action may additionally involve cellular sig-
naling network. This has been shown by purine nucleoside
analogue in chronic lymphocyte leukaemia (CLL) cells.

Antiapoptosis gene inhibitors:

Bcl-2, Bcl-Xc, Bel-Xp Bel-W, Be-ab1, V-ab1 are ex-
amples for genes that inhibit apoptosis. Inhibition of expres-
sion of these genes would facilitate the induction of
apoptosis®. The discovery of new methods of selectively in-
ducing apoptosis may lead to entirely new therapies for
chronic inflammatory diseases.

CONCLUSIONS

Although substantial progress has been made over the
last decade concerning the relationship between variety of
inflammatory mediators and inflammation, a great deal re-
mains to be learned about these complex physiological sys-
tems. The remarkably diverse actions and interrelationships
of these mediators with an intricate process such as inflam-
mation have resulted in slow and tedious progress toward
understanding of these systems. Nevertheless, great re-
search accomplishments have been made in this area dur-
ing recent years. Certainly the future will unfold many effec-
tive therapeutic applications for inflammatory mediators and
their inhibitors.
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