CHAPTER |
INTRODUCTION

1. Rationale and Background

Inflammation is a complex phenomenon involving ewous mediators caused
by tissue injuries or cell death eliminations (Beilk Coussens, 2004), It is an
essential process to restore homeostasis (Radaogiia 2010) but the inflammatory
process causes many cellular responses such agliladsn, increased vaso-
permeability, blood flow and increased leukocyt&r@xasation and other homeostasis
changes to protect tissue and eliminate any patisog8ign from inflammation
response are pain (dolor), heat (calor), rednegso(), swelling (tumor), and loss of
function (functio laesa) caused from inflammatorgdiators or pro-inflammatory
cytokines such as prostaglandins (PGs), prostacy€lGl), nitric oxide (NO) and
tumor necrosis factor (TNF) (Kiefer, Dannhardt, 20

Eicosanoids (PGI, PGs, tromboxane A2 (T)XAnd leukotriene) are mostly
derived from the arachidonic acid by the action R synthase in a two-step
conversion via cyclooxygenase enzyme (COX) and iBpesynthase enzyme,
respectively.PGs and PGI have important roles for inducing loé process of
inflammation, such as enhanced vasodilation andeased vaso-permeability
(Mollace et al., 2005).

The cyclooxygenase (COX) enzyme have two isoforr@9X-1, the
constitutive isoform, and COX-2 the inducible iswio Both enzymes have a
molecular weight of 70 to 71 kDa, respectively. GOXs ubiquitous and has clear
physiological functions. Its activation leads, forstance, to the production of
prostacyclin 4 (PGhL) which, when released into blood vessels, produasedilation
and antithrombogenic activity and is cytoprotecti@®©X-2 has low levels of mMRNA
but up-regulation in inflammatory process. COX-2 @gpressed in many cells
(e.g., macrophages, monocytes, fibroblasts, syegtes, etc.) and accounts for the
synthesis of prostanoids involved in pathologigalcgsses (Vane et al., 1998).

NO is a free radical molecule, produced from at@istamacrophages and

endothelial cells which was discovered to be armgotasodilator. High amounts of



NO can react with concomitantly produced superoxzitiens, which thereby generate
highly toxic compounds, such as peroxynitrite arydrbxyl radicals. Nitric oxide
synthases (NOSs) are important enzymes for gengrbi©. There are three isoforms
of nitric oxide synthase enzymes: neuronal nitkitle synthases (nNOS), endothelial
nitric oxide synthases (eNOS) that are constitueveymes, and inducible nitric
oxide synthases (iNOS) that are inducible enzymlest tare induced from
inflammation or viral or bacterial endotoxins (Matk et al., 2005).

Inflammation is a complex process involved immusgstem that can
up-regulate of other proinflammatory cytokines ammokines, immunoglobulins,
as well as increase the expression of many celadaesion molecules (CAMs). The
phagocytosis of bacteria or foreign particles soagted with an increase in oxygen
uptake by neutrophils, during which large amouriteeactive oxygen species (ROS)
are generated, ROS can damage or cause completdign of essential complex
molecules in the cells, including lipid moleculpspteins, and DNA, leading to many
diseases including cancer. Thus if we can inhib# inflammatory process or
inflammatory cytokines, signs and symptoms of mitaation will be decreased, and
inhibition of inflammatory processes will also degse free radical generation (Wu,
Cederbaum, 2003).

Melatonin (N-acetyl-5-methoxytryptamine) is a natural hormoneainy
secreted by the pineal gland in mammals duringddr& phase (Mayo et al., 2005).
The important role of melatonin is circadian anccamnnual rhythm regulation for
physiologic, adjustments of animals to seasonalirenmental changes (Reiter,
1991). In addition to the pineal gland, melatorsraiso produced by the other organ
such as Harderian glands, gut, ovary, testes, b@meow, retina and lens (Menendez-
Pelaez et al., 1987). Melatonin has been repodedd potent antioxidant activity on
survival radical species in botim vivo andin vitro model (Allegra et al., 2003;
Bonnefont-Rousselot, Collin, 2010; Eskiocak et 2007; Fagali, Catala, 2007), and
plays a significant role in modulating of the imnological system (Esquifino et al.,
2004; Radogna et al. 2010). Moreover, melatoninaiss been shown to have anti-
inflammatory (Radogna et al.,, 2010, Crespo et #299) and anti-nociceptive
activities in animal models (Perissin et al., 2004thelmsen et al., 2011). It has been
demonstrated that melatonin decreases the levell@fand PGs and regulates



expression of inducible INOS and COX-2 genes. Hawemelatonin has short half-
life and poor oral bioavailability (Marot et al.998). Therefore, many efforts have
been reported in the past decades to modify itd Eeucture for more favorable
pharmacokinetics properties and also therapeutectsf (Ahmed et al., 201Feeet
al., 2010; Lira-Rocha et al., 2002). The melata@imcture, indoleamine, functions as
an electron donor for antioxidant properties. Thaethyl andN-acetyl residues of
melatonin make melatonin an amphiphilic compounathi{b hydrophilic and
lipophilic) allowing it to permeate into all subltdar compartments.

The indole ring is the core structure which is iegpl for anti-inflammatory
effect of Non-steroidal anti-inflammatory drugs (NIB®s) such as indomethacin
(Olgen et al., 2001). Therefore, in this study, peeformed structural modification of
a core structure at indole rings of melatonin (Fégud.l) and determined the
antinociceptive effects of melatonin derivatives vail flick and writhing test, and
also investigated the anti-inflammatory effectsusyng croton oil induced ear edema

test and cotton pellet induced granuloma method.
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Figure 1.1 Structure of indomethacin and melatonin derivative



2. Objectives of the Study

2.1 To synthesize acetyl melatonin and benzoyhtoain derivatives

2.2 To study the analgesic activities of melatosnd its derivatives in ICR
mice with talil flick test and acetic acid inducedthing tests

2.3 To study the anti-inflammatory activities o€latonin and its derivatives
in ICR mice with croton oil induced ear edema aotdan pellet induced granuloma

methods

3.  Scope and Limitation of the Study

The experiments can be divided into three partshvhre:

3.1 Synthesis of melatonin derivatives; acetylatmlin and benzoyl
melatonin

3.2 Evaluation of the anti-inflammatory effeatsanimal models; acetic acid
induced writhing test, tail flick test, croton ailduced ear edema and cotton pellet

induced granuloma method

4.  Anticipated Outcomes

4.1 Obtain melatonin derivatives that have higirgi-inflammatory effect than
the parent compound.

4.2 Obtain information of the anti-inflammatoryoperties of melatonin and its
derivatives.

4.3 Publish the results in a national or intevai journal.



CHAPTER Il
LITERATURE REVIEWS

1. Melatonin

Melatonin (N-acetyl-5-methoxytryptamine) is a natural hormoneinty
secreted by pineal gland during dark phase in mds(®&iter, 1991a). The structure
of melatonin is shown in Figure 2.1. In generag bhood concentration of melatonin
in mammals varies with age and time of day. Thewhof melatonin circulating in
the blood has been shown to rise and fall durir® dour photoperiod. Melatonin
begins to be produced since 21.00-22.00 PM aneasess until the highest peak of
melatonin occurs during 02.00-04.00 AM (60-70 pg/ralfter that it declines to a
lowest level of around 10 pg/ml (Figure 2.2). Nlearns produce minimal melatonin
but the level increases until 5-6 years old whewilt show the highest peak level
(Piyarat, 2002). After that the melatonin level Iwdlecline until it is unable to
measured in some older people. The amount of nmetatsharply decreases at
teenager period, and may be related to the ongmilmdrty as shown in Figure 2.3.

Many biological activities of melatonin have beeparted (Russel, 2003), the
most important role being circadian and circanmbgithm regulation for physiologic,
adjustments of animals to seasonal environmentahgds and other numerous
physiological processes such as blood pressurelatemy oncogenesis, retinal
physiology, seasonal reproduction, ovarian phygwl@and immune function via
melatonin receptors (Altun, Ugur-Altun, 2007). Alsmelatonin, its metabolites,
and other indole derivatives have been shown gaaVvemgers of free radicals
(Allegra et al., 2003) because of indoleamine nyokds an electron-rich aromatic
ring to increase electron/proton donor propertMsreover, because of its O-methyl
and N-acetyl residues, melatonin is an amphipbkicpound. These properties have
been suggested as the molecular basis for the widetumented antioxidant
protection afforded by melatonin at the levels afious subcellular compartments
(Reiter, 1997).
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Figure 2.1 The structure of melatonin
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Figure 2.3The amount of melatonin secretion in human pin&aidjin various

ages (Piyarat, 2002)

1.1 Biosynthesis of melatonin
Melatonin is primarily synthesized and secretedhgypineal gland in the

human brain. Moreover, melatonin is synthesized sewteted in a circadian manner
with high levels occurring in all species at nigint. nammals, the melatonin rhythm
is generated by an endogenous circadian clockerstiprachiasmatic nucleus (SCN)
of the hypothalamus.

The process of biosynthesis uses L-tryptophanpeecursor (Reiter,

1991b), which is taken up from the cerebral vessatgl turned into 5-

hydroxytryptophan (5-HTP) when oxidized by tryptapkb-hydroxylase enzyme. In
the next step, 5-hydroxytryptophan is cleaved at ¢arboxylic group via 5-HTP-
decarboxylase enzyme and converted to serotoniny@Bexytryptamine, 5-HT).
Serotonin is subsequently metabolized by the remdtimg step by serotoninN-

acetyltransferase (NAT) td-acetylserotonin. The final step of the synthesithway

is the conversion of N-acetylserotonin to melatonin by hydroxyindole-o-

methyltransferase (HIOMT) as shown in Figure 2.4
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Figure 2.4Biosynthesis pathway of melatonin

1.2 Melatonin receptor

There are three types of melatonin receptometa melatonin receptor
type 1 (MTy), type 2 (MT) and melatonin receptor type 3 (N)Tbut only melatonin
receptors type 1 (M) and type 2 (M3) can be found in humans, while MiE found
only in some animals. Two classes of human melatmteptors, MTand MT,, have
been identified in a wide variety of tissues wittifedent expression profiles as
summary in Table 2.1 (Ekmekcioglu, 2006).

1.2.1 Melatonin receptor type 1

The human MT receptor contains 350 amino acid proteins

presenting a sequence homology of 60% with the&@86o acid MT (Farce et al.,
1998). It is a protein that immerses in the sevansmembrane and binding with G-
protein (Gi) to inhibit adenylatecyclase enzyme chhwill change ATP to be camp.
The MT; receptor has been shown to couple Gi and althdatulghs a high binding
affinity for melatonin, the MT receptor maintains some constitutive activity (Ram
al., 2002).



MT can be tested by radioligand binding by using®3@}{iodomelatonin with
a competitive MT substance. Results have shown that 2-iodomelatwasra higher
affinity to bind at MT, than melatonin, 6-chloromelatonin, N-acetylserotoand
prazosin respectively. The 4g€equilibrium binding concentrations are shown iftsin
of picomolar.

1.2.2 Melatonin receptor type 2
The human MT receptor contains 362 amino acid. Mdan also be
studied by radioligand binding with results for d¢himg in nanomolar concentration
region. The mechanism of action occur by bindingith Gi protein, the same as for
MT,

The binding site of melatonin in MTand MT, are different. In MT, the
methoxy group binds hydrogen bonding with histidir®® and amide side chain will
form hydrogen bond with serine 110 and 114. HoweweMT, receptor, amide side
chain form interaction with asparagine and methgroup form hydrogen bond with

histidine at 208 as shown in Figure 2.5

Figure 2.5 The docking of melatonin on Mnd MT, receptor (Farce et al., 2008)
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Table 2.1The expression of melatonin receptor and its fancti

Location MT1 | MT» Function
Adipocytes v v" | Lowering of GLUT4 mRNA levels and
glucose uptake
Aorta v v' | Vasodilatation?
Breast cancer cell v v | Inhibition of proliferation in ER-positive cells
Central dopaminergic| v - Modulation of dopamine synthesis and
system Release
- Activation of dopamine receptors
Cerebellum v v | Interactions with glutamatergic synapses?
Choriocarcinoma v v' | Antiproliferative effects
Coronary arteries v v' | - Vasodilatation via M¥
- Vasoconstriction via MT
Duodenal enterocyte | v v' | Stimulation of HC@- secretion via neural
stimulation
Gallbladder epithelial| v v" | Modulation of absorptive and/or secretory
processes
Granulosa cell v v" | - Increase in LH receptor mRNA levels
- Decrease in GnRH-(receptor) levels
Hippocampus v v' | - Memory, excitation and inhibition of neuronal
activity
- Enhancement of seizure threshold
Immune system v Different immunostimulatory effects
Myometrium v v" | Modulation of uterine contraction
Retina cell v v | Inhibition of stimulation evoked release of
dopamine
Suprachiasmatic v Modulation (entrainment) of circadian rhythms
nucleus
Skin v v' | Antiproliferative effects on cutaneous
melanoma cells and normal cell
Spermatozoa v v" | Inhibition of sperm motility?
Hypothalamus, v v" | Inhibition of LH-secretion and ovulation
pituitary

(Ekmekcioglu, 2006)
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1.2.3 Structure Activity Relationship (SAR) of themelatonin receptor
According to various studies of melatonin and M€aptor binding (Mor
et al.,, 1998; Rivara et al., 2006; Lira-Rocha et a002), the SAR of melatonin
derivatives for binding affinity with melatonin reggtor can be described as follows
(Figure 2.6).
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Figure 2.6 Size of substation via melatonin receptor binditugles

Ri:

Alkylation at the nuclear nitrogen leads to a diglecrease in affinity
with a small methyl group, and to a more pronourmael with bulkier groups. Which
means that the affinity whem R H > methyl > CHCgHs > GsHs

R:

If CH,CgHs is at position 2, it shows lower affinity.

If R, = Br, I, Cl they show higher affinity.

If R,= methyl it shows slight increase, but for a longbain it shows

decreased affinity.

Rs:

The absence of the 5-methoxy group gave a geneyplid affinity, with
being 1000 times less potent than melatonin.

The introduction of a halogen atom led to a losaffinity, compared to
melatonin.

A methyl group or the bulkier group caused a grelatss of affinity.

Moving the position of methoxy from 5 to anothewspion displayed

significantly decrease in affinity.
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When more than one methoxy group is present,bthding of the 5-
group seems prevalent, such as the 5, 7 dimethewxyative have a higher affinity

than the 7-methoxy derivative.

X:
If replace N with O or S, the result showed dedrepsm affinity.

Acetylaminoethyl side chain

If the 3-acetylaminoethyl side chain is moved frgwsition 3 to 4, it
shows lower in binding affinity.

If change 3-acetylaminoethyl into 3-acetylaminoptogroup lead to a
slight increase affinity.

From this information, important parts of the sture for receptor
binding of melatonin are seen to be the 5-methoylig and the 3-acetylaminoethyl;
the positions of melatonin that it best suitedrfardification are thé-atom position
1 and C-atom position 2.

2. Inflammation

Inflammation is a complex process initiated by salvéactors such as bacterial
infection and chemical injury including other reasathat result in cell injury or
death. The sign of inflammation is pain, rednesslling, heat, and loss of function
that results from dilation of the blood vesselsdleg to an increased blood supply,
and from increased intercellular spaces resulttnghie movement of leukocytes,
protein and fluids into the site of inflammatiomvélewa et al., 2007; Nakamura et al.,
2003). Tissue injury induced by this trauma resintgshe release of inflammatory
mediators including the cytokines and tumor nesrdactor (TNFe), interleukin-1
(IL-1) from leukocytes, monocytes and macrophagss,result also up-regulation of
other pro-inflammatory cytokines and chemokinesmimoglobulins, as well as
increase the expression of many cellular adhesiatecules (CAMSs). In other
settings the phagocytosis of bacteria or foreigtiglas is associated with an increase
in oxygen uptake by neutrophils, during which la@®ounts of reactive oxygen
species (ROS) are produced (Colin, Monteil, 2008 main inflammatory cytokine
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such as nitric oxide (NO), prostaglandins (PG)kdd¢rienes (LK) , tumor necrosis
factor (TNF) (Esch, Stefano, 2002) and vasoactméeas (histamine and serotonin).
Moreover, many diseases also related to inflammatgtokine such as Acquired
Immunodeficiency Syndrome (AIDS), asthma, cancengestive heart failure and
neurological diseases (lwalewa et al., 2007).

Nuclear facton<B (NF-«B) is one of the main inducible transcription fasto
that regulates expression of pro-inflammatory cytek such as interleukins (IL) and
TNF. In alterations causing inflammation it resulighe an activation of cells, such
as macrophages, which release cytokines (e.g. d)N&s well as ROS. The ROS can
contribute to the appearance of oxidative stressnlynin those cases in which there
is an imbalance with enzymatic (e.g. glutathiongesoxide dismutase, catalyse) and
nonenzymatic (urate, vitamin etc.) antioxidant deés. In situations that cause
oxidative stress, this can be an important stimtdushe activation of NkeB, which
appears in latent form in the cytoplasm of nonskatad cells, forming a complex
with its inhibitors, the #Bs (lkBa and kBp). When the cell is stimulated, NéB
factor is activated by means of the phosphorylato degradation of thecB
proteins and migrates to the nucleus (Figure Zfipulating the expression of its
target genes. The degradation @Bd results in rapid changes in the induction of
NF-xB, whereas the degradation @B is associated with a prolonged activation of
NF-xB. NF«B can stimulate the expression of INOS and COXifh an increase in
the nitric oxide and PGs formation (Gonzalez-Gallegal., 2007).

PGs and related compounds are some of the mostlen¢ autacoids detected
in all of tissue and body fluid except for the tddod cells. They mostly derive from
the 20-carbon fatty acid that is arachidonic agidhie action of the PG synthase in a
two-step conversion (Figure 2.8). First, arachidauid is converted into a cyclic and
unsTable endoperoxide (P@Gby PG endoperoxide synthase (PGHS) or COX,
followed by a peroxidase that cleaves the perotadgeld the endoperoxide (PGH
These unsTable intermediate products of arachidmeiet metabolism are then rapidly
converted to the prostanoids (P&SPGF, PGE, thromboxane A PGL) by specific
isomerase enzymes (Flower, Vane, 1972; Needlenmdumsdn, 1986). In mammals,
there are 2 isoform of COX. COX-1 is ubiquitous ands clear physiological
functions. Its activation leads, for instance, e production of prostacyclin (P£pl
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which, when released into blood vessels, produassdilation and antithrombogenic
activity and is cytoprotective when released byghstric mucosa and maintenance of
kidney function (Whittle et al., 1978). COX-2 oretlother hand, is undetectable in
most normal tissues, but is an inducible enzymer({giat al., 1994), that can increase
on expression becoming abundant in activated maeges and other cells at sites of

inflammation or other pathology and on release@®Efand PGJ.
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PGsare important mediators in acute and chronic perghinflammation.
Level of PGs are relate to expression of COX-2. WR&E and PGJ released,
activating the cAMP and protein kinase A pathwagsHnhibit voltage-dependent
potassium currents, and increase voltage-depergaium inflow in nociceptive
afferents. These events decrease pain threshofte()és, Schaible, 1991).

NO is a free radical molecule, which acting as gepbvasodilator (Vallance et
al., 1989). At the physiological level, NO appetirsnediate endothelium-dependent
relaxation of vascular smooth muscle. NO had h&tell in many disease, such as
inflammatory bowel disease, Crohn’s disease andhélimer's disease (Clancy,
Abramson, 1995) that have high expression of iINO&e role of NO in normal
physiologic homeostasis are regulates blood presand vasodilating stimulated.
However, role of NO also different from each kirfd\®S as follows

1. Endothelial Nitric-Oxide Synthase (eNOS). VdacueNOS is a
calcium/calmodulin-dependent enzyme with a monoenerolecular weight of 133
kDa NO derived from eNOS has numerous effects @ vissel wall, including
vasodilation, inhibition of platelet aggregatiomhibition of the production of
monocyte chemoattractant protein-1 and macrophalgerg stimulating factor
(De Caterina et al., 1995; Nadaud et al., 2000)
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2. Neuronal Nitric-Oxide Synthase (NNOS). The N®&orm present in
the central and peripheral nervous system (nNO®) @&" -calmodulin-dependent
enzyme with a molecular weight of 166 kDa that issent in dimeric form. The
important roles of this NO such as pain, sleepdifeebehavior or thermo-regulation,
and regulation of microcirculation (Szabo, 1996).

3. Inducible Nitric-Oxide Synthase (iNOS). IndueitNOS is active as a
homodimer of approximately 260 kDa, and only theelic forms exhibit catalytic
activity. The expression of iINOS is regulated & kavel of transcription and at the
level of INOS mRNA stability. Compared with congtive NOS isozymes, it is INOS
which is thought to mediate the vast majority ofhaghysiological effects attributed
to NO. Consequently, this isoform is believed toobéundamental importance to the
inflammatory process.

Lipophilicity is a one of important factors for amflammatory drugs. It's very
important for describe permeation property of coombacross biological membrane.
In general lipophilicity is express in lggof the partition of compound in-octanol
and water (LogP). Singh and Roberts (1994) werdysabout effect of nonsteroidal
anti-inflammatory drugs (NSAIDs) that is salicylecid, diethylamine salicylate,
indomethacin, naproxen, diclofenac and piroxicartopical formulation. They found
parabolic relationship between LogP and tissue @atnation that optimum LogP was
3.

3.  Melatonin and anti-inflammatory studies

Melatonin is the main product of the pineal glandhwwell documented
antioxidant and immuno-modulatory effecBeng et al. (2006) studies was shown
melatonin (0.1 and 1 mM) can suppresses the expres$ pro-inflammatory genes
such as COX-2, INOS but not for tryptophan or smrwt (1 mM) in
lipopolysaccharide (LPS) or IFN-activated RAW 264.7 cells. From this result, if we
consider structure of melatonin from Figure 2.9ptophan and serotonin, they have
different at position 3 at indole ring. 3-acetylamethyl moiety of melatonin is a
important part of melatonin for binding MT receptdhis result can suggest that
mechanism of melatonin for suppressed pro-inflamnyagenes may be work though
specific receptor. Moreover, Mayo et al. (2005) avéest the effect of melatonin,
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N(1)-acetyl-N(2)-formyl-5-methoxykynuramine (AFMK) and N1-acetyl-5-
methoxykynuramine (AMK) on the activities of COXdhd inducible nitric oxide
synthase (iNOS), using lipopolysaccharide (LPSivatéd RAW 264.7 macrophages
as a model. The result shown melatonin and boits ofietabolite can prevent COX-2

activation without affect COX-1 protein.
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Figure 2.9 Structure of tryptophan, serotonin and melatonin

There are variousn vitro studies of melatonin on analgesic and anti-
inflammatory activities. Yu et al. (2000) studieffieet of luzindole (a MT melatonin
receptor antagonist) and prazosin (a selectivg M&latonin receptor antagonist) on
melatonin-induced antinociception via tail flicksteon hot water 50 °C. Melatonin
(30, 60, 120 mg/kg) resulted in a dose-dependeimaniception and luzindole (50,
100 mg) administered significantly the antinocioept effect induced by i.p.
melatonin (120 mg/kg), whereas prazosin (50 mghoid Those result suggested that
melatonin-induced antinociception is mediated tglothe MT, or MT, melatonin
receptor. For melatonin derivatives studies, Elmnedget al. (2006) was synthesis
pyrrolo[1,2-a]indole derivatives and pyrido[1,2+&Jole derivatives as shown in
Figure 2.10 of melatonin for studies anti-inflamorgtand anti-nociceptive activities
compare to melatonin. Anti-inflammatory study wdibited the paw edema shown
Compound 2 has the strongest anti-inflammatoryigtwith exceeds of melatonin
followed by compounds 3 and 4. Anti-nociceptivenaélatonin derivatives via acetic
acid-induced writhing and gastric lesions causethdgmethacin shown Compounds
2 and 4 were more potent as anti-nociceptive. Theselts shown that some
derivatives which substitution at position 1 andf2melatonin have potential to

increase anti-inflammatory activity.
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Figure 2.10Melatonin derivatives in EImegeed (2006) studies

The study of melatonin related structure. Chaale{2005) the methyl ester,
ethyl ester, ang-lactone derivatives of indomethacin were syntlegkig-igure 2.10),
the indole core structure anti-inflammatory drutisey studied the inhibition of PGE
and NO production via LPS-Stimulated RAW 264.7celsl found that the methyl
ester derivative of indomethacin (M-IN) had thehHagt potency to inhibit PGEnd
NO. Moreover, M-IN also had higher efficacy for ibiing the expression of INOS
and COX-2 than indomethacin or the other derivativewe consider the structure of
the indomethacin derivative, M-IN is the most sanito melatonin compared to each
others. Thus it is possible to develop melatoninvdéves as anti-inflammatory

agents
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Figure 2.11 Structure of indomethacin and derivatives (Chaal.eR005)

4.  Anti-inflammatory models

Inflammation was characterized two thousand yeas by Celsus using the
four Latin words: rubor, calor, tumor and dolorflimmation has different phases:
the first phase is caused by an increase of vaspaltaneability resulting in exudation
of fluid from the blood into the interstitial spadte second one by infiltration of
leukocytes from the blood into the tissues andthivel one by granuloma formation.
Accordingly, anti-inflammatory tests have to beided into those measuring acute
inflammation, subacute inflammation and chronicareprocesses. In some cases, the
screening is directed to test compounds for logaplieation. Predominantly,
however, many these studies are aimed to find newgsdagainst diseases such as
polyarthritis and other rheumatic diseases. Sirte dtiology of polyarthritis is
considered to be largely immunological, specialtstesave been developed to
investigate various immunological and allergy fasto

For in vitro studies, an array of physiological substances uwtacaids are
involved in the process of inflammation and repdihese include histamine,
serotonin,bradykinin, substance P, the group of eicosandlus,platelet-activating
factor (PAF) as well as cytokines and lymphokindseir discovery makes the use of
in vitro studies possible. The influence of non-steroidalaflammatory agents on
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the eicosanoid pathway has given rise to numertudies. In vivo studies of the
inflammatory process involves a series of evenéd tan be elicited by numerous
stimuli. The response is accompanied by the clingtggns of erythema, edema,
hyperalgesia and pain. Inflammatory responses oikctinree distinct phases, each
apparently mediated by different mechanisms. Anteacor transient phase is
characterized by local vasodilatation and increasgllary permeability. A subacute
phase is characterized by infiltration of leukosyéad phagocytic cells and a chronic
proliferative phase, in which tissue degeneratioah fibrosis occur.

Methods for testing acute and subacute inflammatoe UV-erythema in
guinea pigs, vascular permeability, oxazolone-ieduear edema in mice, croton-oil
ear edema in rats and mice, paw edema in ratso(gmodifications and various
irritants), pleurisy tests, granuloma pouch techaig(various modificationsand
various irritants). The proliferative phase is me&ad by methods for testing
granuloma formation, such as cotton wool granulogiass rod granuloma, PVC
sponge granuloma.

For analgesic activity, the differentiation betweeentral and peripheral
analgesic drugs is nowadays of more or less hestoxialue. Most of the so called
peripheral analgesics possess anti-inflammatorypestiees and in some cases also
antipyretic activity besides analgesia. For manyheim the mode of action has been
elucidated as an inhibition of cyclooxygenase ire tprostaglandin pathway.
Nevertheless, new peripheral analgesics have tedied not only for theim vitro
activity on cyclooxygenase but also for th@ivivo activity.

Pain is a symptom of many diseases requiring rtreat with analgesics.
Medicines are divided into two types of analgesiogd: central and peripheral
analgesic drugs. Several methods are availabléefting central analgesic activity,
such as Haffner’s tail clip method in mice, taitkl or other radiant heat methods, tail
immersion tests, hot plate methods in mice or ees;trical stimulation (grid shock,
stimulation of tooth pulp or tail), monkey shockdtion, formalin test in rats. For
in vivo studies of peripheral analgesic activity, the nemshmonly used methods are
the writhing tests in mice and the Randall-Seliést in rats. All of the limitation of
anti-inflammatory and analgesic models are sumredrin Table 2.2 and Table 2.3
respectively (Vogel, 2007).
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Table 2.2 Limitation ofin vivo studies anti-inflammatory models

Method

Critical assessment or Limitation

Acute Inflammatory

Ultraviolet erythema in guine

pigs

Vascular permeability

Inhibition of leukocyte
adhesion to rat mesenteric

venules

Oxazolone-induced ear eden

croton-oil ear edema in rats

and mice

na

aThe test has the advantage of simplicity but nee
straining of the investigators. Attempts to use
reflection photometers in order to eliminate
subjective scoring were unsuccessful.
Corticosteroids after systemic application areeat
ineffective in this test, however, can be evaluate
after topical administration. The test is not
particularly useful to study the duration of theian

inflammatory effect

Compounds with sympathomimetic activity have
effect this test cann’t be regarded as a primary

screening test for anti-inflammatory products.

The method is suiTable for both steroidal and
nonsteroidal compounds as well as for the

evaluation of various topical formulations.

The method is useful for evaluation of anti-
inflammatory topical steroids especially in the
modification when thymus weight is determined
simultaneously. The method also can be used fg

topically applied nonsteroidal antiphlogistics.

.

an
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Table 2.2 Limitation ofin vivo studies anti-inflammatory models (Cont.)

Method

Critical assessment or Limitation

Paw edema

Granuloma pouch

technique

The paw edema method has been used by many
investigators and has been proven to be suiTable fo
screening purposes as well as for more in depth
evaluations. Dependent on the irritant steroiddl an
nonsteroidal anti-inflammatory drugs, antihistarosni
and also, to a lesser degree, serotonin antag@mests
active in the paw edema tests. Since so many difter
irritants have been used by the various investrgdte
results are often difficult to compare.

The method has been very useful to estimate the
potency of anti-inflammatory corticosteroids boftea
local and after systemic application. By injectmfra
depot-preparation and induction of the granuloma
pouch after various time intervals up to 4 weels th

duration of action can also be determined.

Chronic Inflammation

Cotton wool granuloma

Sponge implantation

technique

The method has been useful for evaluation of slafoi
and nonsteroidal anti-inflammatory drugs. For testi
corticosteroids, the test can be performed in

adrenalectomized rats.

The sponge implantation technique has been praver
be a versatile method which was used and modifyed

many investigators.

Nt
b

(Vogel HG, 2007)
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Table 2.3Limitation ofin vivo studies analgesic models

Method

Critical assessment or Limitation

Central Analgesic Activity

Haffner’s tail clip method

Radiant heat method

Hot plate method

Tail immersion test

Electrical stimulation of the

tail

The test does not need any sophisticated equipn
but a skilled, preferably “blind”, observer.
Peripheral analgesics of the salicylate type ate n
detected by this test.

The radiant heat test on the tail of mice is very

effective to estimate the efficacy and potency of
central acting analgesic drugs. Compounds like
acetylsalicylic acid and phenyl-acetic acids show

only slight effects.

The hot plate test has suiTable for evaluation of
centrally but not of peripherally acting analgesics
Mice as well as rats have been used. The methg

has the drawback that sedatives and muscle

nent

relaxants or psychotomimetics cause false positives

The test is useful to differentiate central opioid

likeanalgesics from peripheral analgesics.

The test is useful to differentiate central opioid

likeanalgesics from peripheral analgesics.
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Table 2.3 Limitation ofin vivo studies analgesic models (Cont.)

Method

Critical assessment or Limitation

Tail immersion test

Tooth pulp stimulation

Formalin test in rats

Peripheral
Activity

Analgesic

Writhing tests

The effect of central analgesics can be clearly
demonstrated, however also the activity of
peripheral analgesics given at higher doses can

detected.

Central analgesics, , have been found to be very
active in this test. Compared with other tests for
central analgesic activity, like the hot plate iest
mice. In addition, non-opiate analgesics like

be

ketamine and peripheral analgesics like pyrazolone

derivatives gave a positive response.

The formalin test identifies mainly centrally a&iv

drugs, whereas peripherally acting analgesics are

almost ineffective. Therefore, the formalin testym
allow a dissociation between inflammatory and
non-inflammatory pain, a rough classification of
analgesics according to their site and their

mechanism of action.

In this test both central and peripheral analgesic
are detected. The test recommended as a simpl¢
screening method. However, it has to be mentio
that other drugs such as clonidine and haloperid
also show a pronounced activity in this test.

Because of the lack of specificity.

U)

D

hed
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Table 2.3 Limitation ofin vivo studies analgesic models (Cont.)

Method Critical assessment or Limitation

Peripheral Analgesic

Activity The method originally described by Randall and
Pain in inflamed tissue Selitto has been used by many investigators and has
(Randall-Selitto Test) been proven to detect central analgesics as well as

peripheral analgesics. Peripherally acting anatgesi
such as the nonsteroidal anti-inflammatory drugs
increase only the threshold of the inflamed paw,
whereas opiate analgesics increase also the
threshold of the intact paw.

(Vogel HG, 2007)
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CHAPTER Il
RESEARCH METHODOLOGY

1 Materials and reagents
1.1 Materials and reagents

Chemicals used for melatonin derivatives synthesere melatonin
(Shanghai Chemical Co. Ltd.,, PR China), acetic dnbg, benzoyl chloride,
4-dimethylaminopyridine (DMAP) from Sigma-AldricltJ(S.A.), pyridine, hexane,
dichloromethane, methanol, ethyl acetate (Flukgada and silica gel GE0049
(0.06 - 0.2 mm).

Chemicals for animal models were aspirin, crotol Tramadol and
predisolone from Sigma (USA), ethyl ether from RChbscan (Thailand) and

pentobarbital from Ceva Animal Health (Thailand)

1.2 Instruments
Equipments and instruments used were rotary esspo autopipettes
(10, 100 and 1000 ul), pH meter, vortex mixer, garge, small animal surgical

instruments, and digital vernier caliper.

2. Methods
2.1 Synthesis of melatonin derivatives
2.1.1 Acetyl melatonin

Melatonin (232 mg, 1 mmol) and DMAP (122 mg, d.)ewere
placed in a round bottom flask, then pyridine 2adtled and stirred on a magnetic
stirrer until a clear solution appeared. Afterwardsetic anhydride (0.5 ml) was
slowly added and the mixture stirred at room terappee for 24 hours. TLC was used
to check the reaction at 1, 2, 4, 6 and 24 hoursn&ke sure the reaction was
completed. Then the solution was evaporated bgry@vaporator at 45 °C to acquire
a crude extract of 293 mg and this crude extracs warified by column

chromatography (column diameter 2 cm, silica ged)l%sing various elutions of a
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gradient of hexane-ethyl acetate 8:2 to 0:10. Tlhier¢ gave a yellowish powder
product (122 mg, 44% vyield).

2.1.2 Benzoyl melatonin
Melatonin (232 mg, 1 mmol) and DMAP (122 mg, d.)ewere

placed in a round bottom flask, then pyridine 2 adbed and stirred on magnetic
stirrer until a clear solution appeared. Afterwatmenzoyl chloride (0.3 ml) was
slowly added and stirred at room temperature foh@drs. TLC was used to check
the reaction at 1, 2, 4, 6 and 24 hours to make the reaction was completed. Then
the solution was evaporated by rotary evaporatdbatC, to acquire a crude extract
of 613 mg and this crude extract was purified bjucm chromatography (column
diameter 2 cm, silica gel 15g) by using varioudiehs of a gradient of hexane-ethyl
acetate 10:0 to 0:10. The eluent gave a yellowrgktalline product (75 mg, 35%
yield).

2.2 Anti-inflammatory activities in animal model
2.2.1 Preparation of animal study

Antinociceptive and anti-inflammatory activity sigperformed on
four-weeks old male ICR mice weighing 20-30g oltdirirom National Laboratory
Animal Center, Mahidol University, Thailand. Theiraal were acclimatized in the
laboratory in a ventilated room at the ambient terajure of 25 °C on a control light-
dark cycle (12:12 hour) for at least one week ptorthe experiments. For all
experiments each animal was used only once. Athefexperiments divided mice

into 11 groups as summary in Table 3.1.

2.2.2 Preparation of samples
Melatonin and derivative doses of 1, 2.5 and #nmhgvere prepared
as suspensions in 15% tween, except for crotomdiced ear edema test that used

acetone as vehicle.
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Group Compound (dose)
(n=16) Tail flick test Acetic acid induced Cotton oil induced
writhing test ear edema
1 15 % Tween - 15 % Tween - Acetone -
Negative control Negative control Negative control
2 Tramadol (50 mg/kg) Aspirin (300 mg/kg) - | Aspirin (600 pg/ear) -
- Positive control Positive control
Positive control
3 Melatonin (10 mg/kg Melatonin (10 mg/kg) Melaitog10 pg/ear)
4 Melatonin (25 mg/kg Melatonin (25 mg/kg) Melatoii25 pg/ear)
5 Melatonin (50 mg/kg Melatonin (50 mg/kg) Melatoi}50 pg/ear)
6 Acetyl melatonin Acetyl melatonin Acetyl melatonin
(20 mg/kg) (10 mg/kg) (10 pg/ear)
7 Acetyl melatonin Acetyl melatonin Acetyl melatonin
(25 mg/kg) (25 mg/kg) (25 pg/ear)
8 Acetyl melatonin Acetyl melatonin Acetyl melatonin
(50 mg/kg) (50 mg/kg) (50 pglear)
9 Benzoyl melatonin Benzoyl melatonin Benzoyl melatonin
(20 mg/kg) (10 mg/kg) (10 pg/ear)
10 Benzoyl melatonin Benzoyl melatonin Benzoyl melatonin
(25 mg/kg) (25 mg/kg) (25 pglear)
11 Benzoyl melatonin Benzoyl melatonin Benzoyl melatonin
(50 mg/kg) (50 mg/kg) (50 pg/ear)

2.2.3 Tail flick test

Melatonin and derivatives dose at 50 mg/kg, vehifhegative
control) or tramadol 50 mg/kg (positive control)re@iven subcutaneous (s.c.). Then
every 10 minutes until 1 hour, mice were placedhwilie distal part of the tail
(5.5 cm) in a beaker, containing hot water mairgdiat the temperature of 50+1 °C.

The time was recorded for mice to withdraw theil ilmm the water. If the mice
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could tolerance more than 10 seconds, the mice wemeved from the water
immediately and 10 seconds was recorded as thdt.reShe appropriate time for
peak effectiveness of melatonin and derivatives was determined. The dose
dependent study used melatonin and derivatives #0s25, 50 mg/kg respectively
and control group same as described above buaihi@idk time was measured at 30

and 60 minutes after the samples were administered.

2.2.4 Acetic acid induced writhing test
Melatonin and derivatives at doses of 10, 25mgkg respectively,
or vehicle (negative control) or aspirin 300 mg(gsitive control) were given s.c.
before i.p. injection of 0.7% acetic acid (10 mlykg mice. The interval between
sample and acetic acid administration was 0.5 drodr. The number of writhes
(constriction of abdomen, twisting of trunk andengion of hind legs) was counted
after 5 minutes after acetic acid injected, andaibservation periods were 20 minutes

for each sample.

2.2.5 Croton oil induced ear edema test
10 ul of melatonin and derivatives at concentrationd,02.5 and 5
mg/ml in acetone respectively, or vehicle (negatwemtrol) or aspirin 60 mg/ml
(positive control) were applied to the outer suefa€ the right ear of mice for 1 hour
before treatment of the inner surface of the riggat with 10ul of freshly prepared
croton oil (2.5% in acetone). Measurement of tinckness of right ear after croton
oil was apply for 3 hours compared to the left gamtrol) was made by digital

caliper vernier.

2.2.6 Cotton pellet induced granuloma test
Mice were anesthetized with pentobarbital sodinmg)/kg at route
I.p., the abdomen shaved and washed with 70% dlc@terile cotton pallets
weighing 10+0.5mg were implanted subcutaneouslyha ventral abdominal area.
On the following day mice were treated with melatoand derivatives doses 10, 25,
50 mg/kg respectively, vehicle (negative contral)poednisolone 5 mg/kg (positive
control) in s.c. route administered. After 7 daysh@rapy, mice were sacrificed with
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ether. The cotton pellets along with the surrougdinflammatory tissue were
carefully dissected from the surrounding tissuee pellets were dried overnight at

60°C before weighing.

2.2.7 Statistical analysis
All of experimental data were expressed as thans8E. Analysis
of variance (ANOVA) was used to analyze group ddfees via software SigmaStat
for Windows version 3.11. A probabilityP] level lower than 0.05 indicated

significance.
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CHAPTER IV
RESULTS AND DISCUSSION

1. Chemistry

The acetyl melatonin and benzoyl melatonin werepamed by acylation
reaction between melatonin with acetic anhydridd@mzoyl chloride, respectively.
This reaction was used DMAP as catalyst and pyidas solvent. The reaction
mixture was stirred under room temperature for @dré. The predicted mechanisms
of reaction are shown in Figure 4.1 and Figure ARer reaction completed, the
crude extracts of the reaction were purified byuomh chromatography and the results

are shown in Table 4.1

HsC.__O HsC.__0O
o O Ny Y \(
PI . Q ND)
HsC~ O~ “CHs = S
HSC/N\CH3

Acetic anhydride DMAP

Acetyl melatonin Melatonin

Figure 4.1 Reaction of acetyl melatonin synthesis



Benzoyl chloride

Benzoyl melatonin

Melatonin

Figure 4.2 Reaction of benzoyl melatonin synthesis

Table 4.1 Condition for synthesis melatonin derivatives
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Compounds
Condition Acetyl melatonin Benzoyl melatonin

Melatonin (mmol) 1.0 1.0

Acid chloride (mmol) 5.0 3.0

Pyridine (ml) 2.0 2.0

DMAP (mmol) 0.5 0.5
Temperature Room temperature Room temperature
Reaction time (hour) 24 24

Product weight (mg) 122 75

Yield (%) 44 35
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2. Structure elucidation
2.1 Acetyl melatonin structure elucidation

Acetyl melatonin was dissolved with CR3Gbr structure elucidation by
'H-NMR and**C-NMR. The'H-NMR spectrum of the product shows an extra methyl
group at chemical shift 2.52 as singlet patternt sumggests to methyl on the acetyl
moiety, the chemical shifts of H-2 and H-7 have dbeld shifted from 6.98 to 7.20
ppm and 7.24 to 8.26 ppm from the electron withdngweffect of the amide
functional group. Moreover, tH€C-NMR spectrum shows two extra peaks of carbon
at chemical shift 23.33 and 168.04 ppm that suggewsthyl and carbonyl groups
respectively. In addition, the quaternary carbat th located near N-atom position 1
also downfield shifted from 127.65 to 131.55 pprhisTresult from NMR confirms
the success of acetylation on melatonin, andsthand 6c of acetyl melatonin are
summarized in Table 4.2 and 4.3, respectively. [Rhepectrum also shows a peak of
N-H stretch of amine or amide (3304 &nC=H stretch of double bond in indole ring
(3071 cm'), C-H stretch of alkenes (2927 dnand C=0 stretch of amides group
(1694 cm). The melting point of acetyl melatonin is 67-69 and close range of

temperature indicates the good purity of the complou

2.2 Benzoyl melatonin structure elucidation

The benzoyl melatonin product structure was cordid via'H-NMR and
13C-NMR using CDGlas solvent. The five extra proton signals at chehshift 7.28
to 7.45 ppm suggest to the protons on the benzmylpy In addition, thé*C-NMR
spectrum shows five extra carbon signals. The bret is a quaternary carbon at
chemical shift 173.59 that is the carbonyl carbod thhe other carbons on the benzene
ring show at 132.01, 128.50, 128.15 and 127.74 apsummarized in Table 4.3. The
dy andoc of acetyl melatonin are summarized in Table 4@ 413, respectively. The
IR spectrum also shows peaks of N-H stretch of ansinamide (3333 cil), C=H
stretch of double bond in indole ring (3031 BmMC-H stretch of alkenes (2927 &n
and C=0 stretch of amides group (1696 ¥nmMelting point of benzoyl melatonin
was 187-189 °C.
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Table 4.2 Summary*H —-NMR of melatonin, acetyl melatonin and benzoyl

melatonin in CDd

13

12

: s 8 H ., R= H Melatonin
H4CQO. :1 |32/\ 9,1N0\[O]/CH3
6 - 1b ’l\ll o
R R= )i-\CZI3 Acetyl melatonin
(0]
2.3
R= )i'\©4' Benzoyl melatonin
5
Position Melatonin 'H NMR our data
reference (ppm, pattern, coupling constant)
(Pavlat et al., Melatonin Acetyl Benzoyl melatonin
1999) melatonin
1 7.89 8.16 s - -
2 6.74 6.98 s 7.2S 6.77-6.81 m
4 6.77 7.01d, 2.2 HZ 6.96 d,2.2 Hp 6.89d, 2.2 Hr
6 6.61 6.85 dd, 8.8 and6.92 dd,8.9 and 6.77-6.81 m
2.3 Hz 2.4 Hz
7 7.00 7.24 d, 8.8 HZ 8.26 7.18d, 9.5 Hz
8 2.68 2.921,6.7 Hz 2.861,6.9 HZ 3.02t,7.4
9 3.31 3.56q9,6.5Hz2 3.57q,6.6 Hz 4.051, 7.4 Hz
10 5.50 5.62s 576 s 7.94 s
12 1.66 1.91s 1.94s 2.18s
13 3.60 3.84s 3.83s 3.73s
2’ - - 2.92s -
3 - - - 7.28-7.36 m
4 - - - 7.28-7.36 m
5’ - - - 7.45m
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Table 4.3 Summary**C —=NMR of melatonin, acetyl melatonin and benzoyl
melatonin in CDJ

Position| Melatonin 13C NMR from our data
reference (ppm)
(Pavlat et al., Melatonin Acetyl Benzoyl
1999) melatonin melatonin
2 123.19 122.90 123.17 123.41
3 112.96 112.90 117.50 112.06
4 112.77 112.48 113.49 111.79
5 154.40 154.04 156.51 154.17
6 112.40 112.29 119.41 112.06
7 100.77 100.52 101.82 100.27
8 25.63 25.15 25.28 24.89
9 40.10 39.82 38.94 47.01
11 170.52 170.28 170.46 174.54
12 23.67 23.30 23.62 26.11
13 56.28 55.77 55.71 55.80
la 131.91 131.65 131.55 131.33
1b 128.07 127.65 130.78 135.45
1 - - 168.04 173.59
2' - - 23.33 127.74
3 - - - 128.50
4 - - - 128.15
5 - - - 132.01

3.  Effect of melatonin and derivatives on tail fick latency

Painful stimuli consist of direct stimulation ofettefferent sensory nerves or
stimulation of pain receptors by various means sagcheat or pressure, and are also
elicited by inflammation. Progress has been madeluoidating the role of various
endogenous substances such as prostaglandins g@tidepein the inflammatory
process. To determine analgesic activity uravivo study, the tail flick or tall
immersion method has been used for selective op@tgounds or central nervous
system analgesic compounds. The time for tail ftefkects the analgesic activity and
this test is useful to differentiate central opidide analgesics from peripheral
analgesics. Therefore we measured duration ofiicil for different time intervals as
shown in Figure 4.3. Tramadol, an opioids derivativas the positive control of this
study that has increase time for tail flick of mitce6-10 second compare to vehicle.

The effect of melatonin 50 mg/kg s.c. on analgestwity increased until 30 minutes
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after administration and highest effect for inceedail flick latency was up t6.4
secong (Figure 4.3). After that the activity decreasedrg 10 minute, and this result
have related to half-life of melatoniMarot et al. 1998 For s.c. acetyl melatonin, 50
mg/kg effect was highest at 30 minute the same elatonin and peak time was 5.7
seconds, then slightly decreasing after compourtdkén 30 minutes. Benzoyl
melatonin s.c. 50 mg/kg had high potency, earlyebasd prolonged activity compare
to melatonin and acetyl melatonin, with peak efficat 50 minutes when tail flick
latency was 7.8 seconds, as shown in Table 4.4.

This tail flick study to determine analgesic aityivof melatonin and its
derivatives at 30 and 60 minutes after the compaouasl administrated by S.C. route
show that melatonin, acetyl melatonin and benzaslonin have increased tail flick
latency time in a dose-dependent manner at baB0 aihd 60 minutes, but the activity
of melatonin and acetyl melatonin at 60 minutesehdecreased from 30 minutes after
compound administrated. The activity of benzoyl at@mhin was constant between 30
to 60 minutes after compound administrated as showfigure 4.4, suggesting
benzoyl melatonin has longer half-life and prol@uging compared to melatonin and
acetyl melatonin. However, this result shown the¢td melatonin and benzoyl
melatonin also have the same CNS analgesic ac#sityelatonin.

Yu et al. (2000), who studied antinociceptive efffef melatonin via tail flick
test in male Sprague-Dawley rats, also showedrteatonin has a dose dependent
response at 30, 60 and 120 mg/kg respectively, patk time of melatonin is 30
minute. This study also showed melatonin-inducetinaciception via tail flick
model is probably mediated through the M&ceptor subtype by using MT receptor
antagonist (luzindole) and MTantagonist (prazosin) and shown that luzindole
significantly reduced the antinociceptive effeatuced by i.p. melatonin. Compared
to our result, we did not prove that antinociceptdf melatonin derivatives mediated
through MT receptors the same as melatonin or bot, another study of many
derivatives of melatonin including benzoyl melatoralso shown that benzoyl
melatonin bound to MT receptor but at lower afffnihan melatonin (Lira-Rocha et
al., 2002).
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Table 4.4 Analgesic activity of the melatonin and derivative tail flick model with

varies time s.c. after compound administration @fer each group)

Group Drug/ Dose Tail flick latency (s) at varies time after
compound | (mg/kg) compound administrated (min.)
(Mean + SE)

10 20 30 40 50 60

1 Tween - 3.1+ | 29+ | 28+ | 2.8+ | 3.2+ | 3.3t

15% 0.4 0.2 0.1 0.2 0.1 0.1

2 Tramadol 50 54+ 82+ | 7.8t | 8.0+ | 9.0+ | 9.3¢

0.5~ | 0.6* | 0.4* | 0.6* | 0.5 | 0.4*

3 Melatonin 50 3.7t| 47+ | 6.4+ | 5.8+ | 5.3+ | 4.8+

0.2 0.2 0.3* | 0.2 | 0.3* | 0.1*

4 Acetyl 50 3.9+ | 53+ | 57+ | 54+ | 53% 5.0

melatonin 0.2 0.3* | 0.5* 0.2* | 0.4* 0.2*

5 Benzoyl 50 59+ | 6.9+ | 6.7+ | 6.6+ | 7.8t | 7.7t

melatonin 05* | 0.3* | 04* | 0.4 | 04* | 04~

* = P<0.05 when compared to control group (15% tween).
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Figure 4.3 Time-course effect of melatonin (MLT), acetyl ntelan (AcO) and
benzoyl melatonin (Bn) derivatives on tail flickdunced by warm water
50°C. Mice were treated by subcutaneous route nvélatonin and its
derivatives (50 mg/kg), Tramadol (50 mg/kg) or wéhi The result was
shown a duratiobefore mice withdrawal or immersed tag means + SE

(n = 6 for each group).
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Figure 4.4 Effect of melatonin (MLT) and its acetyl (AcO), eyl (Bn) derivatives
on tail flick latency time. Mice were treated bybsutaneous route with
melatonin and its derivatives (10-50 mg/kg), Traola(bO mg/kg) or
vehicle at 30 or 60 min prior to experiment. Theute was shown
durationbefore mice withdrawal or immersed faiblues are expressed as
the means + SE, * £<0.05 when compared to vehicle treatment. (n = 6

for each group)

4.  Effect of melatonin and derivatives on acetic ad-induced writhing

For the acetic acid induced writhing test, aceitd-induced represents pain
sensation by triggering localized inflammatory @sge. Such pain stimulus leads to
the release of free arachidonic acid from the @sphospholipid (Kaushik et al.,
2012) In this experiment, we induced pain by injectionaofirritant compound
(acetic acid) into the peritoneum. The animals tredth a characteristic stretching
behavior which is called writhing. Aspirin, the jioge control, can reduce writhing in
mice about 80% both at 30 and 60 minutes for comg@goadministrated before
induced writhing as shown in Table 4.5. Melatoraoetyl melatonin and benzoyl
melatonin at the s.c. concentrations of 10, 25 %hdng/kg significantly reduced the
number of abdominal writhes induced by i.p. injestiof acetic acid in mice at 30
minutes in a dose dependent manner, and all of thera comparably potency, This
result was same at 60 minutes for compound intaker®é induced writhing by acetic
acid, but at low dose (10 mg/kg), no significantiition of writhing was seen, 60
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minutes, the number for writhing of melatonin, gtetnelatonin and benzoyl

melatonin at 25 and 50 mg/kg was close to count30amminutes after compound
administrated (Figure 4.5), and not shown significahen compare result between
30 and 60 minutes after compound administratethaws in table 4.5.

There was another study of acetic acid inducedhimg test on melatonin
derivatives in Swiss albino mice. Derivatives stanes were fused with the pyrrolo
and pyrido ring alN-atom position 1 and C-atom position 2 as describethapter 2
(Elmegeed et al., 2007). Many pyrrolo derivativesl lgreater effects for inhibiting
writhing than melatonin. If we consider the struetuthose structures are similar to
our acetyl and benzoyl derivatives because if wenajng at C-atom position 2, side

chain of N-atom position it will show as an amideisture.
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Figure 4.5 Effect of melatonin (MLT), acetyl melatonin (AcO)enzoyl melatonin
(Bn) and aspirin (ASA) on acetic acid induced writh Mice were
treated by subcutaneous route with melatonin andietrivatives (10-50
mg/kg), aspirin (300 mg/kg) or vehicle at 30 orr6h prior to acetic acid
injection. The result shows the total number ofabdn writhing. Values
are expressed as the means + SE,P<6.05 when compared to vehicle

treatment (n = 6 for each group).
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Table 4.5 Summary results of analgesic activities of melst@md derivatives in

mice
Group Increase of tail flick duration %lInhibition of writhing
Mean + SE Mean + SE
30 minutes 60 minutes 30 minute 60 minute
after after after after
compound compound compound | compound
intake intake intake intake
Positive control 6.7+ 0.3* 6.8+0.2* 76.7 +3.9%f 8234~
Melatonin 10 1.8+0.2 0.5+0.5*f 28.1+8.4* 12.0+£12.8F
mg/kg
Melatonin 25 2.1+0.3 0.8+ 0.8* 45.8 +7.4* 49.345.6*
mg/kg
Melatonin 50 2.3+0.4* 0.9+0.3*f 49.0+4.3* 54.7+8.8*
mg/kg
Acetyl melatonin 1.9+ 0.3* 1.0+0.1* 40.6 +7.1*| 32.0+£11.0%
10 mg/kg
Acetyl melatonin 3.7+0.4* 2.8+0.6* 479 16.0* 42.7+9.6*
25 mg/kg
Acetyl melatonin | 5.0+ 0.3* 2.320.4*F 65.0+£13.8* 50.7+10.17
50 mg/kg
Benzoyl melatonin|  1.7+0.2* 2.6£0.5* 34.7 +4.3* 24.0£7.0*
10 mg/kg
Benzoyl melatonin| 2.8+0.3* 2.7+ 0.4* 38.5+6.0* 36.0+5.8*
25 mg/kg
Benzoyl melatonin|  3.6+0.2* 3.4+0.3* 47.5+2.1* 68.0+12.8%
50 mg/kg

* = P<0.05 when compared to vehicle treatment.

Tt =P<0.05when compared effect to 30 minutes of same dose
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5.  Effect of melatonin and derivatives on croton ibinduced ear edema

The inflammatory process involves a series of evémat can be elicited by
numerous stimuli, e.g., infectious agents, ischemiaigen-antibody interactions,
chemical, thermal or mechanical injury. Croton indluced ear edema model is a
model that chosen for testing activity of localianlammatory effects and used for
testing acute and sub-acute inflammation. Crotonl @bntains 12-o0-
tetracanoilphorbol-13-acetate (TPA) and other pblodsters as main irritant agents.
TPA is able to activate protein kinase C (PKC), ahhiactivates other enzymatic
cascades in turn, such as mitogen activated prok@émases (MAPK), and
phospholipase A(PLA,), leading to release of platelet activation fagi®AF) and
arachidonic acid (Patel et al. 201Eyom experiment, we applied melatonin and each
derivative for 1 hour, and after that croton waplia for another 3 hours. The
results are summarized in table 4.6. Aspirin (6@Cepr), the positive control showed
inhibition of ear edema after application of cromih(about 35% compare to vehicle
treatment). Melatonin, acetyl melatonin and benzmglatonin have significant
ability to inhibit thickness of the ear after agpliion of croton oil (2.5%v/v) at all of
dose, and in as a dose dependent manner. Benztatbma have highest potency in
this model (Figure 4.6). Previous study about optimpartition coefficients (log P)
on anti-inflammatory drugs after topical applicatishowed that optimum values of
logP should be near 3 (Singh, Roberts, 1994). Gk logP from Marvin View
Version 5.12.2 showed log P of melatonin is 1.1&ety@ melatonin is 0.47 and
benzoyl melatonin is 2.31, by this effect, benzoylatonin should show greater
penetration into skin than melatonin or acetyl d#ives. However, acetyl melatonin
has lower logP than melatonin but the activity quie similar. This result may be

related to others mechanism of anti-inflammatiotransport across the skin.
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Figure 4.6 Effect of melatonin (MLT) and its acetyl (AcO), mayl (Bn) derivatives
on croton oil induce ear edema. Melatonin andd#ésivatives (10-50
pLg/ear) or aspirin (600 pg/ear) was applied togtel hr before croton
oil. The result shown is relative %inhibition adrethickness. Values are
expressed as the  means = SE, P<6.05 when compared to vehicle

treatment. (n =6 for each group)
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Table 4.6Summary results of croton oil induced ear edemaeiatonin and

derivatives in mice

Group % Inhibition ear edema
(MeantSE)
(n=6)
Aspirin 600 mg/kg 35.7+6.3*
Melatonin 10 mg/kg 39.3 £3.8*
Melatonin 25 mg/kg 51.8 +4.4*
Melatonin 50 mg/kg 57.1 £7.1*
Acetyl melatonin 10 mg/kg 53.6 £1.7*
Acetyl melatonin 25 mg/kg 60.7+6.9*
Acetyl melatonin 50 mg/kg 64.3 +2.4*
Benzoyl melatonin 10 mg/kg 57.1 £2.4*
Benzoyl melatonin 25 mg/kg 80.4 +1.5*
Benzoyl melatonin 50 mg/kg 83.9 *1.5*

* = P<0.05 when compared to vehicle treatment.

6. Effect of melatonin and derivativeson cotton pellet induced granuloma

The effect of melatonin and derivatives on cottefighs induced granuloma is
summarized in Table 4.7. Prednisolone 5 mg/kg tlsitipe control showed
significant reduction in the amount of granulomaniation (26.9%) compared to
vehicle treated group. For melatonin and derivativihe result showed that the
reduction in granuloma formation wasn'’t significaviten treated with melatonin 10
mg/kg and 25 mg/kg, acetyl melatonin 10 mg/kg ardogl melatonin 10 mg/kg and
25 mg/kg but at higher doses all of them showedifsignce for inhibiting
granuloma formation dose- dependently as showngar€ 4.7. Acetyl melatonin and
benzoyl melatonin had higher potency for inhibitigganuloma formation than
melatonin.

Bianchine and Eade (1967) study the effect of 8rayytryptamine (serotonin)
that is precursor of melatonin on the cotton pefiduced granuloma in the rat. Their
results showed that serotonin 10 mg/kg can incrésseveight of granuloma formed

after 7 days of therapy. This result showed seintoan enhances the inflammatory
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reponse. Comparing to our result of melatonin aexvdtives that can be inhibited
granuloma formation, the difference between melat@md serotonin is 5-methoxy
and n-acetyl position in structure which import&amtMT receptor binding. Suggest
that melatonin receptor have role for anti-inflantiora

The cotton pellet-induced granuloma thst has hesed as a model to evaluate
the chronic anti-inflammatory effects. Lipid perd&j phospholipase A2 and increase
of TNF-u that predict to promote immune cells in exudatengtoma. Compounds
that decrease weight of dry granuloma are suggdstetbcreased the amount of
phospholipase A2 and accumulated of immune cedligliffsie 1987). Compare to our
result that melatonin and derivatives showed efiedhhibited granuloma formation
but not for serotonin that is melatonin precur3drat mean 5-methoxy ardracetyl
functional group of melatonin is important role &orti-inflammation effect.

In cotton pellet induced granuloma study, the poyeof benzoyl melatonin is
quite similar to acetyl melatonin, suggesting theme more complex mechanisms than
inhibited production of inflammatory cytokine forhe cotton pellet induced

granuloma.
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Figure 4.7 Effect of melatonin (MLT) and its acetyl (AcO), mayl (Bn) derivatives

and prednisolone (Pred) on granuloma tissue foaomath mice. Mice
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were treated by subcutaneous route with melatonthies derivatives
(10-50 mg/kg), prednisolone (5 mg/kg) or vehicldlyddor 7 days.
Result shows as a granuloma weight. Values areesgpd as the means

*+ SE, * = P<0.05 when compared to vehicle treatment
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Table 4.9 Summary result of chronic anti-inflammatory aciest of melatonin and

derivatives in mice

Group % Inhibition of granulation
(MeantSE)
(n=6)
Prednisolone 5 mg/kg 26.9+2.2*
Melatonin 10 mg/kg 2.4+ 6.5
Melatonin 25 mg/kg 8.8t 4.6
Melatonin 50 mg/kg 18.1+3.5*
Acetyl melatonin 10 mg/kg 2.9+ 2.8
Acetyl melatonin 25 mg/kg 17.5 +3.0*
Acetyl melatonin 50 mg/kg 24.8 +3.3*
Benzoyl melatonin 10 mg/kg 5.0+ 1.8
Benzoyl melatonin 25 mg/kg 8.4+ 3.2
Benzoyl melatonin 50 mg/kg 23.8 £7.5*
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CHAPTER V
CONCLUSIONS AND SUGGESTION

Our research involved synthesis of melatonin @tes via N-acetylation and
N-benzoylation reaction of melatonin to obtain gcetelatonin and benzoyl
melatonin with 30-40 %yield. The data from struetetucidation by IR showed that
our melatonin derivatives have a carbonyl functigraup, and from NMR spectrum
also showed extra hydrogens and a carbon atom ddcatyl or benzoyl group,
proving the successful of synthesized.

Considering the melatonin derivatives structuiescetyl substitution andl-
benzoyl substitution have more efficacy than melstan ours studies; changing
property atN-atom in the indole ring from amine to amide appdarhave benefits to
anti-inflammation. The larger substitution groupnboyl, had more efficacy than the
smaller acetyl group, but cytotoxicity also incre@ds The main change of
physiochemical property of melatonin derivativegisreasing of lipophilicity (logP),
and this effect undoubtedly increased permeahititthe compound into target cells
(Cross et al., 2005).

In analgesic activity studies, melatonin and denxes gave positive result in
the tail flick test that is used for screening gealcs acting in the CNS. Melatonin
and acetyl melatonin had high analgesic effec@Jaminutes after administrated but
the efficacy decreased when compound intake aflemButes, probably related to
the half-life of melatonin. The activity of benzaylelatonin was constant at 30 and
60 minutes after administrated. MTeceptor agonists like melatonin can have
analgesic effects in the CNS (Yu et al., 2000), and results showed that acetyl
melatonin and benzoyl melatonin also had analgestivity in the CNS. The
predicted analgesic mechanism of melatonin dexigatis mediated via the MT
receptor as same as melatonin. In mouse writhingetsp melatonin and derivatives
had an analgesic effect at both 30 and 60 mindtes tast compound administration
before induced writhing by acetic acid, and the ihpagent compound in this model

was benzoyl melatonin followed by acetyl melatoaimmd melatonin, respectively.
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Benzoyl melatonin also the most potency in loaati-enflammation activity
from croton oil induced ear edema, but melatonith acetyl melatonin seem to be of
equal activity. The mechanism of croton oils inducaflammation is contact
dermatitis and induced by stimulated COX-2 activitpwever for local topical anti-
inflammation drugs, partial coefficient or logP we$ are important and the optimized
logP for topical application is 3, close to theccddited logP of benzoyl melatonin.
Furthermore, in a chronic anti-inflammatory modsliton pellet induced granuloma,
benzoyl melatonin and acetyl melatonin both hadhdrgctivities than melatonin and
this model indicates that these compounds may hibiirthe function of PLA and
aggregation of immune cells.

These results show that melatonin and derivathege analgesic and anti-
inflammatory activities. Almost all experiments sheal that the benzoyl derivative
had highest efficacy compared to the others follow acetyl melatonin and
melatonin, respectively. These results suggest tieatv synthesized melatonin
derivative, acetyl melatonin and benzoyl melatohave anti-inflammatory effect
more potent than their parent compound, melatoamg their anti-inflammatory
mechanism may be partially associated with bloclahgro-inflammatory mediator
release.

Further studies should investigate the effectletteon donating and electron
withdrawing substitution such as nitro-benzoyl n@ahn or methoxy-benzoyl
melatonin at vary positions o- (ortho), m- (me&)d p- (para) substitution to obtain
SAR data from acyl derivatives of melatonin. Howetkere need to confirm another
mechanisms of action, such as MT-receptor binding, effect on NReB expression,
INOS and COX-2 expression. This would require meawent or modeling of
binding to melatonin receptors and COX-2 enzyme] direct measurement of
expression of COX-2, NkB and i-NOSin vitro andin vivo. Pharmacokinetics and
toxicity of our melatonin derivatives also needsisideration for the potential to

develop melatonin derivatives as novel drugs.



