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CHAPTER |
INTRODUCTION

Background and Rationale

Pain is a common problem in the general population, with research showing that in
an adult population between 7-59% (Crombie et al., 1994; Croft et al., 1993; Verhaak et al.,
1998; Elliott et al., 1999) suffer from pain. The impact on health economy is huge as chronic

antiarrhythmics, opioids, loca psicin. Thus far, these agents
primarily have been directed \ SSOC iated with the pain. Although
opioids and nonsteriodal agiifir \ the mainstays of analgesic
therapy, these drugs poss or example, opioids frequently
cause respiratory depressibn, Sedation, 't ation @ ausea while NSAIDs produce
gastrointestinal ulceration, W€ :-‘. ¥ platelet inhibition. Therefore, the

investigation of novel analgesic'and/anti-mfiam agents without those side effects has

The use of mediGMRipIaniS ot their SCEvE COMBons men prevention and treatment
A
of chronic disease is basesho al syslems of medicine from various

ethnic societies. Curcuma longa L., commonly called turmeric is extensively used as

o o L7
traditional medici rﬁﬂWWW1mﬂ Tiﬁonal Indian medicine
claims the use ofglurmeric against bthary disorders, anorexia, coryza, cough, diabetic

wounds, i d1 " g h‘i W medicine uses
turmeric iﬂes Eﬂiﬁmms icterus; etc. ﬂi«cinal properties
have been attributed mainly to the yellow pigment called curcuminiods, with curcumin as a
main component. It has also been known to be safe for human consumption because
turmeric is widely used as spice, food preservative and coloring agent. To search for a

novel analgesic and anti-inflammatory agent, curcumin could therefore be served as a great

candidate.



Purpose of the study
To evaluate the antinociceptive and anti-inflammatory effects of synthetic curcumin
in comparison with the reference drugs. In addition, the possible mechanisms involved were

also investigated.

Hypothesis
Curcumin has antinociceptive and anti-inflammatory effeclts in various animal

models.

Research design
Experimental Research

The knowledge o ) the_sluglies) of Oeiceptive and anti-inflammatory
effects of synthetic curcumir j ad le.lhedevelopm of a new analgesic and/or anti-

inflammatory agent.

Key words
n = ,ru
Curcumin

L
- -

Antinociception { =7
Anti-inflammatory
Hot-plate test

waodl U INUNTNYINT

Acetic amd—ﬂduc&d writhing test,

“ﬂwfﬁ’&ﬁﬂ‘imuﬁﬂﬂmﬁﬂ

nan-induced paw edema



CHAPTER Il
LITERATURE REVIEWS

CURCUMIN

Curcuma longa L. is an herbaceous plant in the family of Zingiberaceae (Figure 1).
The common name is turmeric. It is extensively used as spice, coloring agent and traditional

medicine in India, China and Southeast Asia. Current traditional Indian medicine claims the

use of turmeric against biliary disorde , cough, diabetic wounds, hepatic
edicine uses turmeric in diseases
associated with abdominal paig 1, Aggarwal et al., 2003). Its
medicinal properties have e pigment called curcuminiods
comprising curcumin (cg , desmethoxycurcumin and
bisdesmethoxycumin (Figu ed in 3-5% of turmeric rhizome.
The commercial grade rabmingics ) typically \contain curcumin  70-80%,

demethoxycurcumin  15-25% cumin  2.5-6.5%. (Strimpakos and

Sharma, 2008; Maheshwari et al 0 84 cthiretial, 2005 Sharma et al., 2005)
Curcumin is the major act .+ ingre b fesponsible for the biological activity of
o
turmeric. It was first iso 2led i . Thi 2% rysta af curcumin was obtained in 1910

and Lampe solved its sifTielL
weight of 368.4 g/mol. Th@JP

la'is C.H,,0, with the molecular
1 ,?-@[4-hydmxy-3—methuxyphenyl]-
1,6-heptadiene-3,5 dione wiigh is also knowg,as diferuloylmethane. Curcumin has an

orange-yellow cnlﬂ a‘H Elc%t%(%q @Wuﬂ ﬂnﬁ;f 187°C. It is relatively

insoluble in water q)ut soluble in ethanol, alkali, @tﬂne. acetic as,id and chloroform.
Cun:urnmq W}a Nauﬁlw “mq% %EI E‘im ferulic acid (4-
hydmxy~3-rn thoxycinnamic acid) and feruloylmethane (4-hydroxy-3 methoxycinnamoyl-
methane) (Rahman et al., 2006). Although the exact mechanism of degradation is still not
fully obvious, the idea that an oxidative mechanism may be involved gains ground from
observations that the presence of antioxidants such as ascorbic acid, N-acetyl-L cysteine,
or glutathione completely blocks the degradation of curcumin at pH 7.4. However, the

stability of curcumin increases in an acidic pH condition. Therefore, curcumin could be



stable in the stomach and small intestine because the pH s between 1 and 6, and

degradation of curcumin is extremely slow under these conditions (Rahman et al., 2006).

Figure 1 Curcuma longa L. (Turmeric)



(e}
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Figure 2 Moleculaftructures of cumunainmds (a) Curcumln (b) Deme uxycurcumrn (c)
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Absorption, metabolism, tissue distribution and pharmacokinetics of curcumin

-

Over the past three decades, the absorption, metabolism and tissue distribution of
curcumin has been extensively studied in at least 10 studies which performed in rodents In
an early study. At a dose of 1 g/lkg administered to rats in the diet, about 75% of the dose
was excreted in the feces and negligible amounts appeared in the urine. A few years later, a

study of oral curcumin administered to rats demonstrated 60% absorption of curcumin and

presented evidence for the presence of
A

(Sharma et al., 2005).

Pharmacokinetic mea ; ve /&(hat about 40-85% of ingested

uronide and sulphate conjugates in urine

curcumin is unaltered in the gasi acl, mest of the absorbed curcumin being

melabolized in the intesting 058,/ 2 ver, Cur i undergoes O-conjugation to

O\

hexahydrocurcumin, and hgkahyd uming! in g, mice in vivo and in human

ced to tetrahydrocurcumin,
hepatic cell suspensions. duction are also subject to
glucuronidation. Certain curcughin mstabeites 1 @s letrahydrocurcumin, possess anti-
inflammaltory and antioxidant a@Blivities simik nose of their metabolic progenitor.
However, recent data indicated thal the nftlammatory property was lost when curcumin

is reduced 1o tetrahydroayrouiin, although its sroperty was still intact. It has

been suggested that the, il € in the metabolic disposition
of curcumin, a notion wl'E-n is based predominanlly on @(pen'mants with [’H] labeled
curcumin, Melabolites of odirgumin such asgourcumin glucuronide, curcumin sulfate,

tetrahydmcurcumirﬂau &m&uww E—.ﬂ@ iﬁintesunal and hepatic

microsomes and he%tic cell cytosol frony humans and.gats (Figure 3). 4 4

RINNTUNAIING1A Y
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Biological activities of curcumin

Effect on gastrointestinal system

Stomach: Turmeric powder has beneficial effect on the stomach. It increases mucin
secretion in rabbits and may thus act as gastroprotectant against irritants. However,
controversy exisls regarding antiulcer activity of curcumin. Both antiulcer and ulcerogenic

effects of curcumin have been reported but detailed studies are still lacking. Curcumin has

been shown to protect the stomach,fram ic effects of phenylbutazone in guinea
pigs at 50 mg/kg dose. It also proi 1t . Aryptamine-induced ulceration at 20
mg/kg dose. However, when 0.5% in wasused, il failed to protect against histamine-
100 ma/kg, it produces ulcers in
rats. Though the mechanisgy e gastric acid and/or pepsin
secretion and reduction in gilicis’ ot ent-have Dee gated in the induction of gastric
mdomethacin, ethanol and stress-

\
on-induced acid secretion in rats.

ulcer. Recent studies indicatgt
induced gastric ulcer and
The antiulcer effect is mediated’b Mf -,:i' : reaclive oxygen species by curcumin
(Chattopadhyay et al., 2004; Stnmp : .

Intestine: Curcumin h e ‘_estine also. Antispasmodic

- -
activity of sodium curcurminate was observed 'guinea pig ileum. Antiflatulent
activity was also obsenreﬁn bo 0 ex@ima-nts in rats. Curcumin also
enhances intestinal lipase, gsucrase and ma1 activity (Chattopadhyay et al., 2004;

StnmnamaMSﬂ“‘l'.&zHﬂQVlﬂﬂﬁ‘Wﬂ’]ﬂ‘i

Liver: Cu in and its anapgues have pmtentwe acUy in cultured rat
o LR L LAt o
induced Lclty' Curcumin also protects against diethylnitrosamine and 2-
acetylaminofluorine-induced altered hepatic foci development. Increased bile production
was reported in dogs by both curcumin and essential oil of C. longa (Chattopadhyay et al.,
2004; Strimpakos and Sharma, 2008).

Pancreas: 1-phenyl-1-hydroxy-n-pentane, a synthetic derivative of p-

tolylmethylcarbinol (an ingredient of C. longa) increases plasma secretion and bicarbonate



levels. Curcumin also increases the aclivity of pancreatic lipase, amylase, trypsin and
chymotrypsin (Chattopadhyay et al., 2004; Strimpakos and Sharma, 2008 ).
Effect on cardiovascular system

Curcumin decreases the severity of pathological changes and thus protects from
damage caused by myocardial infarction. Curcumin improves Ca?'-transport and its
slippage from the cardiac muscle sarcoplasmic reticulum, thereby raising the possibility of

pharmacological interventions to correct the defeclive Ca’ homeostasis in the cardiac

muscle. Curcumin has significant h #}mﬂ: effect in hypercholesteremic rats
(Chattopadhyay et al., 2004).
Effect on nervous system

ne Nex O Ef pmtectwe action agalnst
\ .: : \\\‘s:\NF\\ ay et al., 2004).

Curcumin reduces Ensit : JgProtéin’, and “wery low density lipoprotein
significantly in plasma and#lot; ole: erolide N iyer @long with an increase of a-
tocopherol level in rat plas sHgge F" vj [s \ tion between curcumin and a-
tocopherol that may increase : E and decrease cholesterol levels.
Curcumin binds with egg and 2, which in lurn binds divalent metal
ions to offer antioxidant ., ity acid content after ethanol-induced liver
damage is significantly degre ‘f d arachidonic acid level is

increased (Chattopadhyay'e al 2{}[)4]

e EPUE A0 EINTNENDT e e
e R TS "3:;'12‘:“?;

patients who shuwed significant improvement of symptoms after administration of curcumin.
That curcumin stimulates stress-induced expression of stress proteins and may act in a way
similar to indomethacin and salicylate, has recently been reported. Curcumin offers anti-
inflammatory effect through inhibition of NFkB activation. Curcumin has also been shown to
reduce the TNF-a-induced expression of the lissue factor gene in bovine aortic-endothelial

cells by repressing activation of both AP-1 and NFkB. The anti-inflammatory role of curcumin
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is also mediated through downregulation of cyclooxygenase-2 and inducible nitric oxide
synthetase through suppression of NFKB activation. Curcumin also enhances wound-healing
in diabetic rats and mice, and in H,O.-induced damage in human keratinocytes and
fibroblasts (Araujo and Leon, 2001; Chattopadhyay et al., 2004; Jayaprakasha et al., 2005;
Strimpakos and Sharma, 2008).

Antioxidant effect

The antioxidant activity of curcumin was reported as early as 1975. It acts as a

curcumin can significantly inhibit_the ctwe oxygen species (ROS) like
vated macrophages, which
play an important role in inflan . reumin also lawers the production of ROS in vivo.
Its derivatives, demethoxycugelimid &g e 2ME umin also have antioxidant
effect. Curcumin exerts powegll iih DSy _cffe ~ ainst H,0,-induced damage in human
Araujo and Leon, 2001;
pakos and Sharma, 2008).

keratinocytes and fibrobfa:
Chattopadhyay et al., 2004, #8ys
Anticarcinogenic effect -
Curcumin acts as a gefic compound. Among various
mechanisms, induction of apoptosi nt role in its anticarcinogenic effect.
Curcumin also suppressestumot ~pathways. Nitric oxide (NO) and
its derivatives play a major & Mhivits INOS

and COX-2 production by uppressiun of NFkB activation."Curcumin also increases NO
production in NK m stronger tumouricidal
effect. Curcumin ﬂ Mﬁmn?mugh upregulation of
caspase-3. QI m ﬂ{ ne induced
apoptosis cﬁm Il:ﬁcm K mlje Elcwn to prevent
glutathione depletion, thus protecting cells from caspase-3 activation and oligonucleosomal
DNA fragmentation. Curcumin also inhibits proliferation of rat thymocytes. These strongly
imply that cell growth and cell death share a common pathway at some point and that

curcumin affects a common step, presumably involving modulation of AP-1 transcription

factor (Araujo and Leon, 2001; Chattopadhyay et al., 2004; Strimpakos and Sharma, 2008).
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Pro/antimutagenic activity

Curcumin exerts both pro- and antimutagenic effects. At 100 and 200 mg/kg body
wt doses, curcumin has been shown to reduce the number of aberrant cells in
cyclophosphamide-induced chromosomal aberration in Wistar rats. Turmeric also prevents
mutation in urethane (a powerful mutagen) models. Contradictory reports also
exist. Curcumin and turmeric enhance g-radiation-induced chromosome aberration in

Chinese hamster ovary. Curcumin has also been shown to be non-protective against

Anticoagulant activity
Curcumin shows anti C '-e collagen and adrenaline-
induced platelet aggregation @i well ds T q\i oracic aorta (Chattopadhyay
et al., 2004). ;
Antifertility activity
Petroleum ether and : )i, turm@ric thizomes show 100% antifertility
effect in rats when fed orallys I _ o nplétely inhibited by these extracts.
Curcumin inhibits 5a-reductase, - eor ﬁf : osterone to 5Sa-dihydrotestosterone,
y ster.“Clrgumin also inhibits human
sperm motility and has"_the f} of a novel intravaginal

et al., 2004).

Antidiabetic effect ¢ a &

Curcumin %ﬂgtj’lﬂm Zlﬂ:ﬂnﬂaﬂi very low doses. Both
turmeric a in_degr SW | oxan-i iabetes in rat.
diabetes mellitus (Chattopadhyay et al., 2004; Joe et al., 2004).

Antibacterial activity

thereby inhibiting the guetvih of flank organs in ham

contraceptive (Chattopadhya

Both curcumin and the oil fraction suppress growth of several bacleria like
Streptococcus, Staphylococcus, Lactobacillus, etc. The aqueous extract of turmeric

rhizomes has antibacterial effects. Curcumin also prevents growth of Helicobacter pylori
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CagA+ strains in vitro (Araujo and Leon, 2001; Chattopadhyay et al., 2004; Jayaprakasha et
al., 2005).
Antifungal effect

Ether and chloroform extracts and oil of C. longa have antifungal effects. Crude
ethanol extract also possesses antifungal activity. Turmeric oil is also active against
Aspergillus flavus, A. parasiticus, Fusarium moniliforme and Penicillium digitatum
(Chattopadhyay et al., 2004; Jayaprakasha et al., 2005).
Antiprotozoan activity

The ethanol extract ofthe rhizo

ti-Entamoeba histolytica activity.

Curcumin has anti-Leishmania thetic derivatives of curcumin

m and anti-L. major effects of

curcumin have also been regdfied (A jo_end Leo 001 Chattopadhyay et al., 2004,

have anti-L. amazonensis effe

Jayaprakasha et al., 2005)
Antiviral effect

Curcumin has beengho acts as an efficient inhibitor of

Epstein-Barr virus (EBV) keywfaciivat 1l | \.\\ z left frame 1 (BZLF1) protein
transcription in Raji DR-LUC célls JEBV- indue ch as 12-0 tetradecanoylphorbol-13-

stor-beta increase the level of BZLF1

acetate, sodium butyrate and trans oring g

m-RNA at 12-48 h aftertieaiment in these celis =:.=.1;_, ely blocked by curcumin.
. e L)

Most importantly, curcumin-alse -~ odeficiency virus) activity by

inhibiting the HIV-1 integraSe needed for viral replication. I["also inhibits UV light induced
HIV gene expressﬂ. ﬂa 4 : é" mrﬂ the potential for novel
drug development against ﬁlﬂ%&m.ﬁﬁhaﬁapﬁyay et al., 2004; Joe et
al., 2004; J t Qﬁ@ﬁ H ~ o
e PRTRYTS U UR1INAY

Curcumin suppresses bleomycin-induced pulmonary fibrosis in rats. Oral
administration of curcumin at 300 mg/kg dose inhibits bleomycin-induced increase in total
cell counts and biomarkers of inflammatory responses. It also suppresses bleomycin-
induced alveolar macrophage-production of TNF-a, superoxide and nitric oxide. Thus

curcumin acts as a potent antiinflammatory and antifibrotic agent (Chattopadhyay et al.,
2004).
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Wound-healing properties

Curcumin enhances cutaneous wound healing in rals and guinea pigs by increasing
the formation of granulation tissue, biosynthesis of extracellular matrix
proteins, and TGF-f1 in wounds. Curcumin also accelerated wound healing in
streptozotocin-induced diabetic swiss albino rats and genetically diabetic (C57/KsJdb+/
db+) mice by increasing the formation of granulation tissue, faster re-epitheliatization, and

increased collagenization. Systemic treatment with curcumin after local muscle injury leads

Safety and toxicity
Studies of curcumin i af significant toxicity since an

early report in which doses u a y to Sprague-Dawley rats.

Systematic preclinical stu ion Division of the US National

Cancer Institute did not dis ] \ gs or monkeys of doses up to

3.5 g/kg body weight (BW) adfi -,';.n “5p19, 3 moAthsi(Sharma et al.,2005).

Although curcumin a SriC- are T products used in the diet, the doses
administered in clinical trials ; fmally consumed in the diet. This fact
underlines the need for syalemalic < Rty BOctioy ..:-m...‘..“” ....‘.:ﬁ eric is Generally
Recognized As Safe {" , umin has been granted an

acceplable daily intake H Imi of 0.1-3 mgi'kg chylhe Joint FAOMWHO Expert

Committee on Fc:ﬁtili Wrﬁﬂ nt countries, according
to a study from Nepal dﬁry mnsumphan ?:t'urmerlc up fo ‘?g per person per day,
equivalent QT lé/ adverse effects
in humansasm vﬁ qn ?ﬂ mﬂ EEET as 2.0-2.5 g per

day (corresponding to 60-100 mg of curcumin daily), no toxicities or adverse effects have

been reported at the population level. More valuable than such population dietary studies,
which are potentially confounded by multiple variables and interactions, are the systematic
preclinical studies funded by the Prevention Division of the U.S. National Cancer Institute.
These studies did not demonstrate any adverse effects in rats, dogs, or monkeys at doses

of curcumin up to 3.5 g/kg-body weight (BW) administered for up to 90 days. A single report
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of curcumin-induced gastric ulceration in albino rats was reported in 1980, but this finding
has not been replicated in subsequent studies. More recently, no toxicity has been
observed in a preclinical study of the administration of 2% dietary curcumin (1.2 g/kg BW) to
rats for 14 days or in a study of 0.2% dietary curcumin (300 mag/kg BW) administered to
mice for 14 weeks. Furthermore, a two-generation reproductive toxicity study in Wistar rats
found no toxicity, reproductive or otherwise, related to oral curcumin administration (up to 1
g/kg-BW daily) in two successive generations of rats. Contrary to the lack of toxicity with

"\\ ,

hyperplasia of the mucosal epitheliun n the } colon of male and female rals; (b)

udy of turmeric oleoresin reported: (a)

aberrations in cultured Chinegé hafmgtar o alls.\F [l..ldiES with this preparation of
turmeric oleoresin have nol t

2008).

--. 006; Strimpakos and Sharma,

Similar to the conclusiongh \ urcumin in preclinical models,

clinical trials have documented |n1stratiun of curcumin or turmeric,

although it has not been clear 5 of ocst of these studies which

methodologic criteria "'Y USeg-to-asses: # . In a study performed in
India, administration of 1,25.1 e 2 enﬂmlh rheumatoid arthritis daily
for 2-6 weeks did not cause‘an toxicity. In afh’her study of high-dose oral curcumin by

Cheng and cnlleaﬂ uﬁq % HW@!‘W mﬂq curcumin for 3 months

to patients with prem.faswe malignant or hlghnsk pmmallgnant cnndmons had no adverse
. QAR ORI 9 YR o
cancer in which the U.S. National Cancer Institute (NCI) criteia were used to assess
potential toxicity, curcumin was well tolerated at all dose levels up to 3.6 g daily for up to 4
months. Adverse events probably related to curcumin consumption reported by patients in
these studies were mainly gastrointestinal (nausea and diarrhea). Diarrhea (U.S. NCI toxicity
grades 1 and 2, respectively) was experienced by one patient consuming 0.45 g curcumin
daily and by another patient consuming 3.6 g daily, 1 and 4 months into treatment,
respectively.



15

A third patient, consuming 0.9 g of curcumin daily, reported nausea (NCI toxicity grade 2),
which resolved spontaneously despite continuation of treatment. Two abnormalities

were detected in blood tests in this trial, both possibly related to treatment: An increase in
serum alkaline phosphatase level was observed in four patients (two were NCI grade 1, and
two were grade 2); and three other patients had serum lactate dehydrogenase

increases to 1.5 times the upper limit of normal. It is unclear whether these abnormal blood
test results were related to the activity of the malignant disease in these patients

or to treatment toxicity (Strimpakos and'Sha

AULINENINYINS
RIAINIUUNINY A Y
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PAIN

Physiologic pathways

Specialized receptors provide information to the central nervous system (CNS) about
the state of the environment in the vicinity of the organism. Each receptor is specialized to
detect a particular type of stimulus (e.g., touch, temperature, pain, etc.) Those receptors in
the skin and other lissues that sense pain are free nerve endings, while those for

temperature deteclion can be free nerve endings, bulbs of Krouse or Ruffini's corpuscles.

Receptors are distributed with varying den nt tissues. Pain receptors may be
stimulated by mechanical damage, ex &/ﬁrﬂum. or by iritating chemical
substances. While certain pai _ : Asive to only one of the above stimuli,
ors in peripheral tissues (such
\\\\\s ransmitted to the CNS by two
\ 5, The A-delta fibres are large-

: t “first” pain - sharp, prickling,
and injurious. The C fibres ar Ldipinelery 8 :- apducting unmyelinated fibres that

are responsible for “second” pair i Eehing' ane w ral type (Figure 4).

syt

O s cremmems

Unmyelinated
Small diameter
Innocuous temperature, itch - 43°C

{mechanical. thermal, chemical)

Figure 4 Different nociceptors detect different types of pain (Julius and Basbaum, 2001)
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The primary afferent sensory neurons from the periphery then enter the spinal cord
and synapse with neurons in the dorsal horn. The second-order neurons, arising from the
dorsal horn, have long axons that decussate in the anterior commissure commissure and
travel cephalad in the contralateral anterclateral pathway (also known as spinothalamic
tract). Some of the long axons that synapsed with type C neurons do not decussate, but
pass cranially in the ipsilateral anterolateral spinal pathway. The anterolateral spinal

pathway fibres terminate in the thalamus, from which neuronal relays are sent to other CNS

Figure 5 Diagrammatic representation of the four processes involved in the sensory
pathway: transduction, transmission, perception, and modulation (Kelly MRCPI FFARCSI et
al., 2001).
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Each of these processes presents a potential target for analgesic therapy; therefore
their physiology is described in some detail below.

1. Transduction is the process by which noxious stimuli are converted to electrical
signals in the nociceptors. Unlike other sensory receptors, nociceptors are not specialized
from a structural point of view, but rather exist as free nerve endings. Nociceptors readily
respond to different noxious modalities such as thermal, mechanical

or chemical slimuli, but nociceptors do not respond 1o non-noxious stimuli. Also in contrast

to other types of sensory receptors, nogICE

ice ll e
results in continuous or repetitive ;‘\‘k’!/
sgee in

ot adapt-that is, continued stimulation

Sgptor and, in some cases, conlinued

J X ;
twmh the nociceptors respond

stimulation actually resulls in e

(ie, sensitization of nociceptors

Figure 6 Representation of the transduction process and the mediators of inflammatory
processes that lead to peripheral sensitization of nociceptors (Kelly MRCPI FFARCSI et al.,
2001).
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Neurotransmitters that are produced within the cell body-ie, in the dorsal root
ganglia (DRG) are the same at both the central and peripheral ends of the nerve fiber and
are released at both ends, participating in producing the pain signal centrally, as well as in
promoting events that lead to additional pain peripherally. The release of neurotransmitters
from the peripheral terminals of the afferent fibers is actually an “efferent” function of these
afferent neurons. Peripheral release of neurotransmitter substances lead to the classic “axon

reflex”, a reflex that does not require the spinal cord-this reflex leads to peripheral changes

that are well recognized to contribute 1o,

2. Transmission is the sec gessing of noxious signals, in which
information from the periphery then to the cortex. Noxious
information is relayed mainly g H_! afferent nociceptive neurons,

which conduct at different velg

?Eﬂﬂ@-&ﬂﬁ-ﬂﬂ‘i
ammnim UANINYAY

Figure 7 Representahﬂn of the transmission process by primary afferent (A-delta and C)
fibres from periphery to the dorsal homn of the spinal cord. The balance between excitatory
and inhibitory transmitter release determines the intensity of afferent information and the
state of sensitization that occurs following peripheral injury (Kelly MRCPI FFARCSI et al.,
2001).
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3. Modulation is a third and critically important aspect of the processing of noxious
stimuli that occurs-this process represents the changes which occur in the nervous system
in response to a noxious stimulus and allows the noxious signal received at the dorsal horn
of the spinal cord to be selectively inhibited, so that the transmission of the signal to higher
centers is modified. There is an endogenous pain modulation system, consisting of well
defined descending neural tracts that can inhibit rostral transmission of the pain signal.
Activation of this system is thought to involve the release at supraspinal locations of

neurotransmitters, including beta-endarp! ¢ R-endorphin) and enkephalins. These

idgs' that are believed to produce pain
- . 5 - J a n

relief, mainly under situations"ofstress, THIE lsmlaﬂﬂaﬁt to you as a physician

because when you relieve \\;\\‘ 5. you give drugs that mimic the

actions of these endogeno probably the most clinically

il h \ “k
important pain-relieving drugds g@enivs ,n \'\ nt but acts by binding to the

same opioid receptors thal bigit 1€ \ u his reason, the endogenous
: ‘ "."Remember, of course, that it is
)

-! '.1
md
st

opioids are called “"endorpiins’ jor

morphine that mimics the & of G *" fphins e these are the physiological

o i

transmitters involved in the modu r*E'f_:;_,__ 5 Casasola, 2007).

4. Perception is the finz e there is subjective interpretation

by the cortex of the sti "; s _Wﬁﬂ*:’l ally described as involving

2 types of cortical processing. -3 . rtical processing is that in

which the stimulus can be sJassnﬁed as nnxnuus its stimulus intensity decoded, and its

location identified. Wnﬂ;%ﬂ ﬂ%wm lﬁ fFje “experience of pain”,

something that is ofly a human expenence. the cortex uveriays an addmunal aspect to the
1 RO 1T C LRI
the situation @nd the history of such noxious stimuli to the interpretation of the strict sensory
component. Again, the importance of the noxious stimulus in contributing to the experience
of pain is “interpreted” in light of the situation and is much worse in pathological states, such
as those associated with disease where the patient sees the pain as a signal of progression

of the disease (Leon-Casasola,2007).
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MNociceptive pathways

Mociception is a sequential process that includes transduction of noxious stimuli into
electrical signals by peripheral nociceptors, conduction of encoded signals by afferent
neurons to the dorsal horn of the spinal cord, and subsequent transmission and modulation
of the signals at both spinal and supraspinal levels. In its simplest form, the nociceptive
pathway is a 3-neuron chain. The 1* neuron in the chain — the primary afferent neuron — is

responsible for transduction of noxious stimuli.and conduction of signals from the peripheral

tissues to neurons in the dorsal d. The 2™ neuron in the chain — the

projection neuron-receives in neurons and projects to neurons
in the medulla, pons, midbraig _ lamus. These 3™ order, supraspinal
neurons integrate signals fig arEninal ne S oject to the subcortical and cortical
areas where pain is finally g
Four classes of nocigé e cal, thermal, polymodal, and silent, have been
described. Mechanical nocicgptafs fespong C \t ure and have small, myelinated
Ad fibers that conduct impulse . \ . Thermal nociceptors respond to
extreme temperatures and also fiave £ f: ated AS fibers that conduct impulses at a
velocity of 3 to 30 m/s. cuuectwél '
et =

mechano-thermal nociceptors. |

=s of nociceptors are referred to as Ad

spond to noxious mechanical,

thermal, and chemical s ] ‘a-' bers that conduct impulses

|

responsible for the fasl, sharpspain (first painjthat occurs immediately after injury; and

small, unmyelimt@%@yﬂ%@%ﬂ%ﬁ for the prolonged, dull

pain (second pain}%at occurs severalgseconds lates, Silent nocicepiors are activated by

canica RGN FOM AR VR B ot s

only after thay have been activated. These nociceptors also have small, unmyelinated C

at a velocity of less than' 3 m/s. Small,"myelinated Ad ﬁtas carry the nociceptive input

fibers that conduct impulses at a velocity of less than 3 mfs. Sodium channels are
responsible for membrane depolarization and impulse conduction in nociceptive and
nonnociceptive afferent fibers. Nociceptive A8 and C fibers have a type of sodium channel
(tetrodotoxin [TTX]-resistant) that differs from that found in nonnociceptive AS fibers (TTX-

sensitive), and are potential targets for therapeutic intervention (Lemke, 2004).
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Most axons from nociceptive-specific and wide dynamic range neurons cross
midline and communicate with supraspinal centers through 1 of 3 major ascending
nociceptive pathways. The spinothalamic pathway is the major ascending nociceptive
pathway; it is divided into medial and lateral components. The medial component projects to
medial thalamic nuclei and then (via 3 -order neurons) to the limbic system; it is responsible
for transmission of nociceptive input involved with the affective-motivational aspect of pain.

The lateral component projects to lateral thalamic nuclei and then to the somatosensory

50 \ tive input involved with the sensory-
, ».,,::, /

formation in the medulla and

pons, to thalamic nuclei, and i / w\ . cortex. The reticular formation is

critical to the integration of nggite / 4 “- u$ar activity increases cortical
e

activity, while descending retig

cortex; it is responsible for transmi

discriminative aspect of pain.

The spinoreticular pat!

y bicG '- r‘,r activity.
The spinomesencéphal elicular formation and to the
periaqueductal gray matte @r plays a central role in the
integration and modulation ice e 'supraspinal level. Two smaller
ascending pathways are also involveél f.-. ACiCe

The cervicothalamic tract.enginates from ns in the upper 2 cervical segments
and projects to thalarn S =ttt ___:‘-::; iginates from neurons in
dorsal horn and projec in the hypothalamus. The
spinohypothalamic pathway ‘; responsible for transmiss’ron of nociceptive input involved

with cardaovasculﬁﬂlﬂ wrﬁ ﬂﬁ.ﬁ ﬂﬁlﬁ?umuh and it probably

mediates some of tHg autonomic respcnses {changes in heart rate, arlenal blood pressure,

o AW RO TIPS oy aes e
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Spinothalamic Spinoreticular Spinomesencephalic

FF

Figure 8 Ascending flociGEptive -p_a%f& wartz and Jessell, 2000).
Ao A

Tﬂ'
Antinociceptive pathways j 7 a
|

In addition to having’ gscending nociceptive pathways, animals have descending

antinociceptive p@% ﬂt M&}%@ﬂé{.&@ m:%pina} and spinal levels,

Practitioners must hdve a working knowjedge of thesg.normal pain-cqotrol pathways before

oo o0 R AFOPART RSV AN 22 B s

understand ?nany of the principles of perioperative pain management. The descending

%

antinociceptive pathways begin at the supraspinal level and project to neurons in the dorsal
horn of the spinal cord. The periaqueductal gray matter (midbrain), locus ceruleus (pons),
and nucleus raphe-magnus (medulla) are important structures in the modulation of
nociceptive input. The periaqueductal gray matter receives direct input from the thalamus,
hypothalamus, and reticular formation, and indirect input from the cerebral cortex. These

midbrain neurons sendprojections to the nucleus raphe-magnus and then to neurons in the
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dorsal horn. The locus ceruleus sends projections directly to dorsal horn neurons, and it
may also receive input from the periaqueductal gray matter (Lemke, 2004).

Endogenous opioids (B-endorphins, enkephalins, dynorphins), serotonin (5-HT), and
norepinephrine are the main neurotransmitters involved in the descending antinociceptive
pathways. Axons that originate in the nucleus raphe-magnus release serotonin in the dorsal
horn and comprise the “serotonergic” pathway. Similarly, axons that originate in the locus

ceruleus release norepinephrine in the dorsal horn and comprise the “noradrenergic”

%ml release of y-aminobutyric acid

(GABA) (mediated by GAB# tmocucephve receptors) inhibits

// \\

types of opioid receptors (W, wifand 9 - "I tive afferents (1 order

pathway. Supraspinal release ergic” of of

actlivates both antinociceptive g

both antinociceptive pathways

Opioid peptides mod I and supraspinal levels. All 3

neurons) and on dorsal hérn pfojgt 0 receplors are more commaon

in the periaqueductal gray . & ma ;, = . . n:nd peptides not only activate
the descending antinocicepliVe vEEf alsq ibit GABA-mediated inhibition of

these same pathways (disinhibition}t —.,. 2 spi 3 el, ‘opioid peplides act presynaptically
to inhibit release of glutamate f rom primary afferent neurons, and
postsynaptically to inhibi ¢4 OZE co nenrons{vgmke, 2004),
v | N
Norepinephrine and d S0 odulate nociceptive input at
spinal and supraspinal leve s, and they play a central role in modulation of

B '"”“ﬁﬂ'ﬁf"ﬂ"'fl’ﬂwﬁw EJ:TT'I’T"’ o

autoreceptors, an qgose on nnnnﬁradrenerglc neurons (nociceptive afferents) are

called he mm y vT Tr.g ka-cus ceruleus
tonically inhiit the neurons of the noradrenergic pa ease o nurepnnephnne within

the locus ceruleus aclivates postsynaptic autoreceptors, inhibiting the tonically active
inhibitory neurons and activating the noradrenergic pathway (another example of
disinhibition). At the spinal level, norepinephrine activates heteroceptors presynaptically, to
inhibit release of glutamate and neuropeptides from primary afferent neurons, and

postsynaptically, to inhibit (hyperpolarize) projection neurons. Other receptors (GABA,,
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gabapentin, cannabinoid) also appear to play important roles in spinal modulation of

nociceptive input, and they are potential targets for therapeutic intervention {(Lemke, 2004).

ﬂuEJ TE

mm—

AN59830/ 18

Figure 9 Descending antinociceptive pathways (Schwartz and Jessell, 2000).
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INFLAMMATION

Inflammation is an immune response to cellularftissue injury or infection by
pathogens. It is clinically characlerized by features such as redness, warmth, swelling and
pain. The process itself is not considered a disease, but failure to contain it and successfully
resolute it in a timely fashion result in exacerbation of tissue damage and modulation of cell

signaling pathways (Serhan and Savill, 2{1{15]. Tissue injury induced by this trauma results in

Acute inflammation is_gha@cienze - and is of short duration. It is
characterized by the exudal -» oleins; and the migration of
leukocytes, most notably nEutrgphis inte t acute inflammatory response
is believed to be a defense Mecjie bt -u:- . \\ teria, virus and parasites while
still facilitating wound repairs. :

Chronic inflammation is € duration and manifests histological by
the presence of lymphocytes a ing in fibrosis and tissue necrosis.

The persistent chronicys L hent of the degenerative

id 2

diseases such as rheumateic eart disease, Alzheimer, asthma,

acquired immunodeficiency dlsnrder (AIDS), cancer congestive heart failure (CHF),

multiple Sclﬂruslsﬂdu Erlﬂeﬂ ‘j{ﬁ Dﬂqﬂﬁpamsﬂas} gout, 1BD-

inflammatory bowelgdisease, aging an nt r neur enerative CNS depression, all of

e TR T

Mechanistically, inflammatory pathways can be classified into arachidonic acid (AA)-
dependent and AA-independent pathways (Yoon and Baek, 2005). Cyclooxygenase (COX),
lipooxygenase (LOX) and phospholipase A2 (PLAZ2) pathways involve the metabolism of AA
and therefore are considered AA-dependent. On the other
hand, nitric oxide synthase (NOS), NF-kB, peroxisome proliferator activated receptors
(PPAR) and NSAID activated gene-1 (NAG-1) are classified as AA-independent (Figure 13).
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Phospholipases, including PLAZ2, are a family of enzymes that release free fatty acids such
as AA from the phospholipid layers of the plasma membrane (Six and Dennis, 2000). AA is
then metabolized via either the COX pathway to produce prostaglandins (PGs) and
thromboxane AZ or the LOX pathway to produce hydroperoxyeicosateraenoic acids
(HETEs) and leukotrienes (LTs). Products from both pathways have been shown to be key
players in the process of inflammation (Claria and Romano, 2005; Conrad, 1999; Moore and

Weiss, 1985; Samuelsson, 1991; Spokas et al., 1999)

AUEINENTNYINT
BN R 1y

15-hydroperoxyeicosateraencic acid (15-HETE) and the gene product of NSAID activated
gene-1 (NAG-1) are anti-inflammatory mediators. On the other hand, 5-HETE, 12-HETE,
prostaglandin E2 (PGE2) and nitric oxide (NO) are all pro-inflammatory mediators.
Peroxisome proliferators activated receptor g (PPARg) and nuclear factor kappa B (NK-kB)
activates the expression of pro-inflammatory genes. COX: cyclooxygenase, INOS: inducible

nitric oxide synthase (Issa et al., 2006)
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The anti-inflammatory properties of several phytomedicines origin, that contain
substances like phytoestrogens, flavonoids and its derivatives, phytosterol, tocopherol,
ascorbic acid, curcumin, genistein, and others can be the inhibitors of the molecular targets

of pro-inflammatory mediators in inflammatory responses.

Pharmacological methods of pain management

1. Nonopioid Drugs

Non-opioid and multimodal & 1\ \ f extensively in day surgery, where the

key to success is avoiding postoperat .4,; Dain s such as sedation and nausea

(both of which may be precipitaled Sy-epioids). Aveidance of opioids reduces or eliminates

postoperative nausea and vgi abling the lio. be converted rapidly to oral

analgesia and discharged. / / 1Sting dins a major problem in day

surgery. This may be reduceg@'by .': ¥ - h& multimndal techniques (e.g. a
inati ergide ia) ;

combination of paracetamol g@d |
m li
& zz'f, . .1

'\Jﬂ 1

Paracetamol r .r:%f"

tﬂr‘,r drugs (NSAIDs)) (Hebbes
and Lambert, 2007)

o

‘ .d‘ql'

Paracetamol is related to 4Ais—group, a@lthough its mode of action is poorly
understood. Paracetamol_has_begfizshowa dlineaifibabe an effective analgesic in both

acute and chronic pain & ‘l'} x‘ bugh there is an enhanced
effect when used in comt!ﬁau her ﬁtgesiﬂs. The advantages of
paracetamol are that it is dew?d of the classical adversa effects of gastric irritation and renal

impairment assoclﬁ wefﬂsﬂ:ﬂ-ﬁﬁs %’1 ﬁﬁaﬂzqn The mechanism by

which paracetamol ékerts its antinocicept éve effects remalns ccntmvemlat and may well be
multimodal ﬂmﬂ ﬁﬂﬂ iﬁjs ﬂ%qﬁimﬁaﬁ on the central
COX-3 varianf] sparing the peripheral COX- 1 and COX-2. This also explains why it does not
exhibit anti- inflammatory effects, except at very high doses (when the effect may be due to
enzyme homology between COX-1, COX-2 and COX-3) (Hebbes and Lambert, 2007).
Salicylates

The salicylates describe a group of compounds related to salicylic acid and its
precursors. The classical example is aspirin. Whilst aspirin is relatively a nonselective COX-

inhibitor its effects at COX-2 are irreversible. It has antiplatelet effects when given in low
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doses, due to differential inhibition of the procoagulatory thromboxane A,. This property is
common to all NSAIDs and is a contributory factor to gastrointestinal haemorrhage. The
salicylates inhibit COX to varying extents and share a mechanism of action (Hebbes and
Lambert, 2007).

Nonsteroidal Antiinflammatory Drugs (NSAIDs)
Blockade of the proinflammatory mediators by NSAIDs will reduce the inflammatory
response (and subsequent pain). Classioe gir effect is anti inflammatory, analgesic, and

glandin production (Hebbes and
Lambert, 2007). Inhibition of he Froductign tective prostaglandins and the
prothrombotic thromboxa s Ahouo to an increased risk of

gastrointestinal haem e peripheral antiinflammatory

effects, there is evidence {hz ) antincCiceptive mechanism of action

that augments the periph on of central nervous system

(CNS) prostaglandins or exgifatg /ever, a20% to 50% reduction in opioid

ZTElE
pyaor ¥R
consumption with improved giial as been reported using different NSAIDs

ah

following various types of surgey (L&uAg, 2004)

Cyclooxygenase isoenzyme
gnzyme, is found in a range of

COX-1, also refésradio 2 > &
(e Y]
e r iBbstane A, (MacPherson, 2000).

J

Cyclooxygenase-1 appearsto be expressed in many tissues

tissues, an is involved in

and produces prostaglandins,

which regulate normal cejlulal fctionsa(l qm

COX-2, I:Hdﬂﬂmmu t ﬂl;.l mrﬁmmatw sites, such as
synovium, ma ge, a 'aFc | . t of its sti jon is production
of PGs res ﬁ-?j aiﬁﬂiu ﬁﬁﬂﬁﬂsmﬁﬁz increased by
inflammatory stimuli, surgical trauma, endotoxins, interleukin-1, and hypoxia (Leung, 2004).

Cyclooxygenase-2 Inhibitors
The mechanism through which NSAIDs provide analgesia and suppress

inflammation is the inhibition of the enzyme cyclooxygenase, resulting in decreased
prostaglandin synthesis. The suppression of prostaglandin synthesis can also produce

gastric and renal toxicity, as well as impair normal platelet function. Cyclooxygenase exists
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in two isoenzymatic forms, cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2).
COX-2 activity is induced by proinflammatory cytokines that mediate the inflammatory
response and pﬂin signaling transmission. Traditional nonspecific NSAIDs inhibit both COX-
1 and COX-2 activity, and in doing so, not only decrease inflammation and pain, but also
promote Gl tract damage and bleeding. The potential clinical benefit of COX-2 inhibitors is
significant because of the number of patients chronically treated with NSAIDs and the 3- to
10-fold higher risk of Gl injury and death associated with traditional NSAIDs. Two

supported their use in the - 5 pariod with ir efficacy as other NSAIDs, but
with potentially fewer side efi€éC Jeringless the idence of cardiovascular events
such as stroke and myocardjaf inféé'ibn M1, nich associated with the possible
inhibitory effect of these “MediCalitns. on(vasodiltation and" antiaggregatory prostacyclin
production, has recently méise 4 2 e use of these drugs. Further
investigation is needed to

(Leung, 2004).

ations in the obstetric population

Local Anesthetics
Although infiltratin® the Surgi

&li¢ before the incision can be
impractical in emergency @t&tﬁc Urge own its ater'stial benefit of
decreasing postoperative andligesic requiremenissin elective lower abdominal surgery. One

study of obstetric M%ﬁ%%@%l:&g ﬂ ‘iaillraﬁnn of uterine tubes

and mesosalpinx v.mh 0.5% bupivacaine signiﬂcarm enhanced aﬂglgesia both in the

s SRR 7 F e S S b ] comoes

infiltration with sodium chloride (Leung, 2004).

a,- Agonists

Clonidine is an a.- receptor agonist. The a,-receptors are involved in analgesia and
are localed in the CNS, including the primary afferent terminals, the superficial laminae of
the spinal cord, and brainstem nuclei. Clonidine 150 ug injected intrathecally after cesarean

section yields analgesia for 4 to 6 hours. Clonidine also has a synergetic effect. The epidural
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administration of clonidine provides analgesia with a 50% reduction in opioid requirements.
An epidural bolus administration of a combination of fentanyl and clonidine will reduce the
analgesic dose of each component by approximately 60%. Clonidine will also enhance and
prolong the effect of local anesthesia intrathecally. There is also evidence of additional
analgesia when clonidine is added to local anesthesia in peripheral nerve blocks. The use of
higher doses of clonidine as an analgesic is sometimes limited by its sedative properties
(Leung, 2004).

2. Opioids
Opioid receplors are
centrally and peripherally.

in the sensory neurons both
these receptlors reduces the

excitability of afferent nerve receptors acl as presynaptic

“-v-.

receptors. In the dorsal CII"I via interneurons (Leung,

2004; Rang et al, 2003).
Oral Opioids
Oral opioids remain thie t'modality for postpartum patients.

Oral opiocids are also frequentl ntal’ analgesics for patients who have

received neuraxial upmlds S %‘éﬁ,#\ ofal “@pioids such as hydrocodone with

—the tse'y ‘i puprofen with hydrocodone
B 1;
or oxycodone has providéd.a acy Oral opioid analgesic has its

acetaminophen are the g

Biepigainls

' c:lurs such as slow gastri:: erfiptying after lower abdominal

surgery and/or Wﬁﬂﬂ?ﬁmﬂ'ﬁm the potential usage

limitations. For example,

of oral opioids (L

Pmm:;iﬂq ﬁcm ; mmfm nﬂ lﬁ %.Ls the patient to

litrate her analgesic requirement against the side effects of opioids, such as sedation. The
use of PCA also eliminates delay that may occur because of the screening and workload
requirements of the nursing staff. Morphine is by far the most commonly used opioid for
PCA because of its rapid onsel of analgesic action and intermediate duration of action. In
opioid-naive patients, the use of basal rale opioid infusion in the initial PCA setting should

be cautioned because of the risk of respiratory depression. In
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addition, the use of basal rate morphine infusion has not shown to be effective in decreasing
resting pain, but is associated with a reduction in movement-associated pain scores. On the
other hand, the use of basal rate in hydromorphone PCA showed significant reduction of
pain visual analog scores with both rest and movement. Although one study showed that
there is no significant difference in pain scores and side effects of PCA using morphine,
fentanyl, or meperidine, the reports of seizures

that are associated with the use of meperidine has made the medication a less desirable

drug of choice. Morphine PCA should alse avaided in patients with renal failure because
of the increased risk of accumylation o etabolite, morphine-6-glucuronide

(Leung, 2004).

Tramadol 7 _
Tramadol, a synthelic 0) amino \\ nul group, is a centrally acting

analgesic with weak opiol i@ noradrenergic and serotonergic

neurotransmission. Thes of action appear to act

synergistically. Tramadol al emergencies, and in both

trauma and obstetric pain. \-\ an shown in Europe to provide
effective analgesia after both | [ fofthe treatment of
postoperative pain. Currently the gilable in the United States in oral
preparation. The most .- mon adverse events are Aausas ariivyomiting. In contrast

to drugs such as morpl < : respiratory depression is

rarely observed during tra doses. It is also associated

with significantly L i 'I..J' o i Although the onset of
tramadol may be sﬁmgﬁﬂﬂ]ﬂzmﬁ:ME studies have generally
shown tha iSO, i . 'WI' ive pain, with a
better sidgﬂzlﬁ ﬂm mgn f ﬂnl a IDs allows the

tramadol dose to be reduced and results in a lower incidence of adverse effects. Because

adol administration at equipote

of the lack of long-term controlled studies in pregnant women that show a risk to the fetus,
tramadol is currently under the Federal Drug Administration (FDA) Pregnancy Classification
Category C, interpreted as “risk cannot be ruled out”. Although the validity of the current
FDA Pregnancy Drug Classification is controversial, a trial of Category A analgesics (safe for
pregnancy) is preferred for postpartum pain before the use of tramadol (Leung, 2004).
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ANIMAL MODELS

C I ) ivi )
1. Short-Duration Stimuli Tests (Acute Phasic Pain)

Acute tests, such as hot-plate, tail-flick and paw-pressure tests, require a high-

intensity stimulus (such as thermal, mechanical, or chemical) and do not test a preinjured

animal. The response measured (1) is immediate (or within seconds), (2) uses the AO- and

nociceptive-specific and/or wide dynam \“
*-?.—.,.:-:‘

inal dorsal horn, the cells of which are

eurons. In addition, the response

2003).
A. Teslt based on the use

In test involving th is stimulated. These test do
not involve visceral or the animal withdraws itself
quickly from the stimulus, a art althis scenario takes place. The
source of nociceptive stimul r? & \\ arget (e.g., radiant heat from a
lamp) or can be in direct contac

1) The Tail-flick test

001).

a. The tail-flick test using r= . i }

The tail-flick test SoiAn.

o

plified version of the method

used on human subjecls ‘jl ardy et al. (1940). The applinmnn of thermal radiation to the

tail of an animal sﬁﬁ 1.of th brief vigorous movement. It is the
reaction time of I:Eu m:ﬂfhw ﬂr;iﬂgﬁ'tail-ﬂick latency"). This
is achieved by starting a timer_at the sdfne time as 1§ application ofithe heat source. By
IR (aV IS Falm AT 1L ok TV A
emission canqbe controlled in such a way that one can empirically predetermine the time
until the withdrawal of the tail. This is usually between 2 and 10 s (most commonly between
2 and 4 s), although it can be much longer. A photoelectric cell stops the timer and switches
off the lamp at the moment the tail is withdrawn. A lengthening of the reaction time is

interpreted as an analgesic action. It is advisable not to prolong the exposure to radiant heat
beyond 10 to 20 s, otherwise the skin may be burned. The advantages of this method are its
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simplicity and the small interanimal variability in reaction time measurements under a given
set of controlled conditions (Bars et al., 2001).

One can demonstrate that the tail-flick is spinal reflex in thal, at least in its shorter
latency form, it persists after section or cold block of upper parts of the spinal cord. As with
all reflexes, it is subject to control by supraspinal structures. Details of the spinal pathways
implicated in this reflex can be found elsewhere. It is triggered by C fibers when it is elicited
by heat delivered by a CO, laser (Bars et al., 2001).

The tail-flick reflex may not alw: pprgly spinal, notably when the heating slope

\\/

is slower and there is an increa 2,in (he sffcelinder these conditions, the tail-flick
can disappear in the spinal anime e ail-flick is not a purely spinal reflex
but is a more complicated one iz stures (Bars et al., 2001).
From a pharmacologi "\\- nsensus that this test is truly

efficient only for revealing sics (but not of opioid partial

agonists). In this context, it'is @leguale.fof prédigting thei Igesfc effects in humans. For
morphine itself, it is not difficu ) ' e-fesp0ONSe curves for intravenous doses
between 1 and 10 mg/kg (BarS eli@l., H ;

As far as opioid partial agor h--,é"—.'.'; ' 2d, Some have been shown to increase
the tail-flick reaction time : e applied. It is probable that this
pharmacological obse Y i .
structures are involved whean tr

v "E‘. ed fact that supraspinal
- sﬁn (Bars et al., 2001).
b. The tail-flick test using :mm.;rsmn of the tail.

The use ufﬁrﬁﬂ dqhﬁﬂa ﬁ mw ﬁﬁinﬁﬂﬁa test described above.

The most obvious difference is that the area of stimuiatmn is far greater Immersion of an

animal's lﬂiWr , m ﬂ sometimes the
recoiling of the whole body. This test is actually quite different from the previous one insofar

as immersion of the tail in a hot liquid increase its temperature very quickly and in a more or
less linear fashion. The main interest in this response- which arguably has not been
exploited sufficiently- lies in the possibility of applying different temperatures. Thus, lower
temperatures can be used to seek evidence for the effects of minor analgesics. This also

applies to hsfng a bath in which the temperature increases slowly (Bars et al., 2001).



35

2) The Paw Withdrawal Test

In principle, this test is entirely comparable to the test of D'Amour and Smith but
offers the advantage that it does not involve the preeminent organ of thermoregulation in
rats and mice, i.e., the tail. One can improve the test by minimizing variations in the baseline
temperature of the skin. With the aim of studying hyperalgesic phenomena resulting from
inflammation, Hargreaves et al. (1988) had an inspired idea for supplementing the model of
Randall and Selitto: radiant heat was applied to a paw that had already been inflamed by a

subcutaneous injection of carrageenin: Fe i& purpose, inflammation can also be

produced by exposure to ultraviclet rays. One in these test is that heat is applied

s freet g animal. However, there is a
ecomes adaclor since the background level of

' \\‘\X\-& et al., 2001).

3) The Hot Plate test ' \\

IC ypen-ended cylindrical space

d Dy a'thermode or a boiling liquid. A

ehavioral components that can be

paw-licking and jumping. Both are

considered to be supraspinally integr Bars et al., 2001).

As far as ;,;1 es are concerned the-pawdicking behavior is affected

a1l .:l ;f
only by opioids. On the of5e :

3e IS increased equally by less

powerful analgesics such as acetylsalicylic acid or paraCetamol, especially when the
temperature of lhaﬂa i ‘n ‘ i ‘fwm isi ased in a progressive
and linear fashion, wmﬂ;?m ;ﬂ;/ in. The Ql ity and sensitivity of the
test can W ! r‘ ionAi i i :ﬁfﬂauﬁm regardless
of whether i i @Sﬂjpmnmn 'ﬂm re=~ The behavior is

relatively stereotyped in the mouse but is more complex in the rat, which sniffs, licks its
forepaws, licks its hind paws, straightens up, stamps its feet, starts and stops washing itself,
among other things. These behaviors have been labeled “chaotic defensive movements”

(Bars et al., 2001).



36

4) Test Using Cold Stimuli

Cold is very rarely used to lest acute pain. On the other hand, it is more common to
test cold allodynia in animal models of neuropathies. The techniques are directly inspired by
those that use heat by contact: immersion of the tail or a limb, or placing the animal on a

cold surface (Bars et al., 2001).

B. Test based on the use of mechanical stimuli

the tail. Tests using constant pregsu Ve abandoned progressively for those
applying gradually increasing préssures. Thg m ' meter is the threshold (weight

in grams) for the appearane

2 pressure increases, one can
see successively the refle plex movement whereby the

animal tries to release its e "= and finally a vocal reaction. If
i\\ \

the first of these reactions 4 | ' ? -. Spe! ex, the last two clearly involve
f rﬁ' a \ \

supraspinal structures. Thigl tyj lgn has a certain number of
1A \

disadvantages: 1) it is somelime %ﬁ mes 5 2 intensity of the stimulus with

precision; 2) repelition of the ~' oduce a diminution or conversely

an increase in the sensitivity of H"IE =Ly e body-in the latler case, this carries

the risk that the tissues maybe alle W inflammatory reaction. that could call into question
e '}

the validity of repeated .,.:,Q ialively high pressures-which

explains the weak sensiti l

I':;‘::::"{::mﬂﬁ“ﬂ 30 1ieh L1 00
e I B SR IR

The inflammation was induced beforehand by a subcutaneous injection into the area to be

of the method and the relatively small number of substances

stimulated of substances such as croton oil, beer yeast, or carrageenin, the last of these
being the most commonly used today. Even though it was found that the sensitivity of the
method was improved, it was to the detriment of its specificity because, a priori, two
different pharmacological effects-analgesic and anti-inflammatory-could be confused (Bars
et al., 2001).
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2. Long-Duration Stimuli Tests (Tonic Pain)

These tests use an irritant, foreign chemical agent as the nociceptive stimulus. They
differ from most other pain tests in that (1) they do not measure a threshold response; (2)
they quantitatively measure the resulting behavior after the stimulus, which varies in potency
with time; and (3) they are not models of chronic pain, since the duration of the behaviors is
short, usually minutes or tens of minutes. Hence, long-duration stimuli tests are considered

models of tonic pain. They are usually based on intradermal or intraperitoneal injections of

the agent (Eaton, 2003). ' ,//,

Intradermal Injection (The formalin

.the most commonly used agent
for intradermal paw injectic ents less commonly used are
hypertonic saline, Freund acetic acid, capsaicin, or bee
sting.

A 0.5 to 15 percentfs 18.5%) injected into the dorsal
or plantar surface of the biphasic painful response of
increasing and decreasing ini the injection. Typical responses
include the paw being lifted, li ~-_._~_T-1§1 an, these responses are considered
nociceptive, since formalin predo g@t 5 @ ity in C fibers, and not in Ad afferents.
The initial phase of the ; sponse, which lasts 3 to-5 min S Bt nably due to direct chemical
s foll ’ l‘gi g which animals display little

ptiun The second phase of this response starts about 15 to
20 min after the fo m with both number and
frequency of nocic quzﬂﬁﬂ ﬂ);lnl . The intensities of these
nociceptiv m rﬁl and the second
phase Invmjﬁﬁm mﬂﬁ ﬂmﬁ! mena OCCur.

These inflammatory phenomena are possibly a result of central processes triggered by the

stimulation of nociceptors;

behavior suggestive of notl

neuronal activation during the first phase (Eaton, 2003).
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1) Intraperitoneal Injections of Irritants (Writhing Test)

Intraperitoneal injection of agents (originally phenylbenzoquinone) that are irritating
o serous membranes provokes a stereotypical behavior in rodents that is characterized by
abdominal contrictions, whole body movements, contortions of the abdominal muscles, and
reduced motor aclivity and incoordination. In this test, commonly called the “writhing test"
the behaviors are considered reflexive, and are evidence of peritoneovisceral or visceral

pain associated with visceral chemorecepti ton, 2003). The most utilized screening

assay for nonnarcotic analgesic "agents Is mma] constriction assay in mice

analgesic on the behavior: multiple modifications in the

nature of the chemical i perature, and volume of the
injectant, and other modi sasurements of behaviors, the
test lacks specificity, becauge alllmajor and minor analgesics, as
\ . Even with poor specificity of
action, the writhing test can pre 2 doses for agents that can be used in
human (Eaton, 2003). In this test nﬂﬁf_— and peripheral analgesics are detected. The
test, therefore, has been A Berecommending as a simple
screening method. Howevez it ha ther drugs such as clonidine and

i :
haloperidol also show a pra unced activity in this test. BeCause of the lack of specificity,

S » ':ﬂm T ﬂ:m“?:::.;ii; oy
I inenat

The method for measuring analgesic activity is based on the principle that
inflammation increase the sensitivity to pain and that this sensitivity is susceptible to
modification by analgesics. Inflammation decreases the pain reaction threshold and this low
pain reaction threshold is readily elevated by non-narcotic analgesics of the salicylate-
amidopyrine type as well as by the narcotic analgesics. Brewers yeast has been used as an

inducer for inflammation which increases pain afler pressure.
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The mean applied force is determined for each time interval tested. The percentage
increase in pain threshold is calculated by subtracting the applied force of the vehicle
control from the applied force of the drug group which is divided by the applied force of the
vehicle control in order to give the percentage of increase in pain threshold of the drug
group (Vogel, 2002). The applied force is continuously monitored by an indicator moving
along a linear scale calibrated in grams x 10 with a pointer riveted to slide, e.g., 11.5=115
grams. The scale can be multiplied by 2 or 3 by placing on the slide one or two discs,

vocalization).

The method uﬁgina :

many investigators and has bgen [ / 0 \\\i\ algasics as well as peripheral

analgesics. Peripherally aclingg@nalogsics Sugl \,\\ teroidal anti-inflammatory drugs

increase only the threshold"of Jfie dnilamed ¢ hereas, oplate analgesics increase also

the threshold of the intact pz

ml .'. | ARLRRE=LA N 1':*[\ J
1) Oxazolone-induced ear edema in i

The oxazolone-induced ear edema model as firs! ribed by Evans (1971) in

VY M

MtS the quantitative evaluation

compuund following topical

e W ANYLINEIN D s e e
oy b a1 bloN (1)

The method is suitable for both steroidal and non-steroidal compounds as well as for

mice is a model of dela

of the topical and sysle anti-inflammatory activity of &

the evaluation of various topical formulations (Vogel, 2002).
2) Paw edema

One of the cardinal signs of inflammation is the presence of edema. It is not
surprising, then, that edema tests are among the moat prominent models used to assess the

efficacy of drugs for treating inflammatory disease such as arthritis (Lombardino,1985).
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Among the many methods used for screening of anti-inflammatory drugs, one of the
most commonly employed techniques is based upon the ability of such agents to inhibit the
edema produced in the hind paw of the rat after injection of a phlogistic agent. Many
phlogistic agents (irritants) have been used, such as brewer's yeast, formaldehyde, dextran,
egg albumin, kaolin, sulfate polysaccharides like carrageenin or naphthoylheparamine.

The effect can be measured in several ways. The hind limb can be dissecled at the
talocrural joint and weighed. Usually, the volume of the injected paw is measured before

animal. Effectively treated a U ogel, 2002). Maintenance of a

N
N

POl \\,\ amount of paw swelling and
SAIDs \ sdse with decreasing temperature

s =

the degree of inhibition

(Lombardino,1985). The treated animals and control

groups is calculated for ea \a\ svaluated. The differences at the
various time intervals give so iyt ation \ anti-inflammatory effect. A dose-

\
response curve is run for active 5 can be determined (Vogel, 2002).

3) Cotton wool granuloma ST
=l e T g W

The method has bgen described first by Meieret-al:}(4850) who showed that foreign
A
body granulomas were “Bio oOLTE implantation of pellets of

-1I several days, histological giafit cells and undifferentiated
connective tissue R i m amount of newly formed
connective tissuaa\ﬂﬁﬂm ri TII after removal. More
intensive i 4 ﬁ gﬁtﬁzlim have been
immmtﬂMﬂimzl aﬁ;a of | group as well

as of the test group is calculated. The percent change of granuloma weight relative to

compressed cotton.

vehicle control group is determined (Vogel, 2002).



CHAPTER IlI
MATERIALS AND METHODS

ANIMALS

Male ICR mice weighing 18-25 g, male Wistar rats weighing 130-175 g and male
Sprague Dawley rats weighing 100-150 g (National Laboratory Animal Center, Mahidol
University, Salaya, Nakormprathom) were served as experimental subjects. The animals

were housed in the animal facility of the. \ Pharmaceutical Sciences, Chulalongkorn
University under the standard .‘x- | Caflge (2512°C), 12 hr/12 hr light/dark
cycles and had accessed 10 .slahé - dmpany. Thailand) and tap water

ad libitum. The animals were

H\ ty for 3-5 days before starting
the experiments. At the enc 5 were sacrificed with carbon

dioxide. The number of anima| \ \ \ ypically six to ten per group.

The study protocol was agproyed B fihe L?'i* luipnal \Animal"Care and Use Committee of
T A .
Faculty of Pharmaceutical Sglenges _h@ g vﬁt ,\: (Appendix H).
[ e

PREPARATION OF CURCUMIN® 2 o
Pure, synthetic curcumin _,,r;.. i Assistant Professor Dr Pornchai

Rojsitthisak, Department o Pharmaceutic: I Chemis culty! ‘J Pharmaceutical Sciences,

Banc X
J

I
" e BUEINN TWEID T, s v 0

sodium chiunde suTuhun Curcumin wad’ suspended 4m.0.5% ca Eihybellulnse The

- mmmf.u.um obvdhbiEh 1

sulphate (10 mg!kg Thai FDA) and indomethacin (10 mg/kg, Sigma Chemical Co., USA)

Chulalongkorn University;

route. Morphine

were used as standard analgesic drugs. Naloxone (5 mg/kg, Sigma Chemical Co., USA),
Carrageenan (1% in 0.9% sodium chloride solution (S0 pl/ rat), Sigma Chemical Co., USA)
and acetic acid (0.6% in 0.9% sodium chloride solution (10 ml/kg), Merck, Germany).
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EXPERIMENTAL METHODS

Hot-plate Analgesic Testing

The male ICR mice weighing 18-25 g were used (N=10 per group). Analgesic
testing was determined using the hot-plate method. The surface of the hot plate (measuring
28x28 cm) was set at 5520.5 °C and was surrounded by a clear Plexiglas wall cylinder, 20

cm in diameter and 30 cm in height to confine the animal to the heated surface during

lesting. On the day of tesling, anim \\“ : assigned to one of eight trealment
groups and underwent 3 pre-drug -:-.,_.,;_- et _
Only those animals which had a preleatment hot .’-1-'-1&1;_:,_;1 time of less than 45 sec were

utilized in these studies. Mig bﬁ\\\\T
VNN

ot-plate spaced 5-10 min apart.

arious doses of treatments and
retested. Each mouse was plate vation of 5 cm and the latency
to the licking of a rear paw o 18 surface of the metal plate was
used as the end point and rg€or, , Vith) & jopwatch, is behavior was not observed
within 45 sec the animal was r -l a score of 45 for its paw-lick
latency and returned to its cage (the masinum lne lowed for an animal to remain on the
surface of the plate during testing was 4. : average of the last two trials served as
o~ —

the baseline pre-drug pawlick

Immediately, aft h i’- — ‘4:& te, the drug administration
took place with vehicle [1%%9 3 & {@ mg/kg) intraperitoneally (i.p.)
or 0.5% CMC and various dqges of curcumin (25,400 mg/kg) orally (p.o.). All animals were

placed on the hm-ﬂteu &k’as%ﬂﬁ %ﬁ wgq ﬂ @ 120 and 240 min after

drug admun:stratmanhe time-course QI hot-plate Ia&ency are exp%sed as the mean
e QARIR TR HIIVRBA Y

%MPE = - x 100
(cut-off time) - predrug latency

Note: Cut-off time for hot-plate test = 45 sec
Thus, ED,, were computed and dose-and time response curve was generated.

Dose-effect curves for the hot-plate assays was derived by computing the area under the
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corresponding 0-240 min time-course -%MPE curves; area were calculated using the

trapezoidal rule (Tallarida and Murray, 1987).

Analysis of the mechanism of antinociceptive action of curcumin

The possible participation of the opicid system in the antinociceptive effect of
curcumin was invesligated using the model of mouse hot-plate test. Animals were

pretreated with naloxone (5 mg/kg, i.p.) 10 min before curcumin (200 mg/kg, p.o.)

administration (Miranda et al., 2001). \:“‘ V//
Ny

E—
-"—-’ | ‘-""".

\

%

S

ol FRHY

O (Al 08

Figure 11 Hot-plate Analgesiometer



Tail-flick Analgesic Testing

These studies employed the tail-flick assay described by D'Amour and Smith in
1941, with minor modifications. Male ICR mice, weighing 18-25 g were used (N=10 per
group). Mice were placed in individual Plexiglas restrainers with an opening to allow the tail
to protrude. Each tail rested in a shallow groove housing a light sensitive sensor. A beam of
radiant heat (24-V, high amperage 150-watt light bulb situated 8 cm above the tail) was

aimed at the middle of the marked dorsal pogtion of the distal part of each subject’s tail that

Waek ifk, maker pen in order to absorb the
cal in (about 4 cm from the tip). The
T ——

device (Harvard Tail-flick Anglgesa fieter) automaticaliy. tegorded (in 0.1 sec) the latency

l."‘ e to heat, at which point the

has been blackened length 1 cm

maximum amount of heat and

N\

| test was set at 4.0 sec to
ﬁ\ inte ‘.~., was sel so tha! the baseline

Sity, 3.7 A). The intensity was not

between the onset of the light"De /
light beam was terminateg ? /: l
minimize the potential for thg
tail-flick latencies were apprg¥
changed for any animal within LB ~i~" failing to respond within 1.5
sec were excluded from testing. § albanimals were tested for 3 pre-drug
_1he average score of the last two trials

served as the baseline ‘?

Immediately, aftet i 5K tbst, the drug administration
took place with vehicle [1@1!&9] and morp Sulphate {ﬂmgfkg] intraperitoneally (i.p.)
or 0.5% CMC and various doSessof curcumin (25400 mg/kg) orally (p.o.). Tail-flick latencies

were recorded at ﬂ MEQ ﬁl@ m §Dwnﬁh;qn§ﬂministraﬁon. The time-

course of tail-flick Ia?(]ency are expressed as the megq percent maxigum possible effect

(%MPE) achvcfﬁ ﬂt@lﬁﬂgﬁrmu w f] '3 ﬂ EI 4-] ﬁ E]

%MPE = - x 100
(cut-off time) - predrug latency

Mote: Cut-off time for tail-flick test = 4 sec



Thus, ED,, were computed and dose- and time response curve was generated.
Dose-effect curves for the tail-flick assays was derived by compuling the area under the
corresponding 0-240 min time-course -%MPE curves; area were calculated using the

trapezoidal rule (Tallarida and Murray, 1987).
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Acetic acldﬂnl:luned““l'l 14 r;‘tia“ I |I E [ 1 *_'J | r | 0
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2] tNr ﬁ@a @sic tesling was
| $RY @

rédﬁ”v:r:tﬁmg mp*'th{}d Glésf*n ed b‘,r “Koster et al.

*

e TRITI TN
determlned Ltsmg the acehf: d-indt
1959, On the day of testing, animals were randomly assigned to one of eight treatment
groups. Mice were then administered various doses of treatments one hour before
intraperitoneal administration of 0.6% acetic acid {10 ml/kg, i.p.} which used to induce the
constriction response.

The drug administration took place with indomethacin (10 mg/kg) or various doses of

curcumin (25-400 mg/ka | or vehicle (10 mifkg) p.o one hour befare the 0.6% acetic acid (10
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mi/kg, i.p.). Each animal was placed in transparent observational cage. The number of
writhes (abdominal constriction) were observed and counted for 30 min after acetic acid
administration (Nguemfo et al., 2007). Antinociceptive aclivity is reported as percentage of
inhibition of writhing response compared with the vehicle control group. The percentage of

inhibition of writhing response was calculated using the following formula:

% inhibition of writhing response =  Wr (control) - Wr (test) x100

Wr (contral)

i l'rf
Note: Wr = mean writhing responsg /
/_._/‘.-/I'H

e —

Figure 13 Writhing response

Randall-Selitto Test

Male Wistar rats weighing 130-175 g were used (N=8 per group). For this assay,
hind paw withdrawal thresholds (PWTs) to a noxious mechanical stimulus were determined
using an analgesymeter as described by Hargreaves et al. in 1988. The analgesymeter was

fitted with a single weight such that the maximum pressure exerted on the paw was 500 g.
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The pressure on the paw was increased at a constant rate of 32 gfsec. The application of
force was stopped when the rat started to struggle (vigorous attempt to withdraw the paw).
Cut-off was set at 500 g and endpoint was taken as complete paw withdrawal. PWTs were
determined at the withdrawal response. Animals failing to react to a 500 g force were given
scores corresponding to the full scale. The animals was held during this test but not
restrained. On the day of testing, all animals underwent 3 pre-drug paw pressure baseline
trial conducted at 10-15 min intervals. The score from the last two trials served as the

baseline measure for each animal. An|r1<::':(79 pretreated orally with indomethacin (10

mg/kg, p.o.), vehicle or various dos&sﬂf 400 ma/kg, p.o.) one hour before an
intraplantar injection of 1% cam {5&&1!} Iq:m,bmd paw. Rats were then tested
for mechanical hyperalgesna‘!ﬂﬁ"-’ Sl ﬂqué-h??tm'\mipermd The paw withdrawal

thresholds (PWTs) were e

infifbitier of hyperalgesia, according to

the following formula: -
&
% inhibition of hy, - PWTs (sample) x100

Figure 14 Analgesymeter
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Carrageenan-induced paw edema Testing

The anti-inflammatory activity of curcumin was determined using carrageenan-
induced paw edema test in hind paws of rats as described by Winter et al. in 1962. Male
Sprague-Dawley rats (N=6 per group), 100-150 g, were fasted overnight before the
experiment with free access to water. The animals were treated orally with indomethacin (10
mag/kg), vehicle control (0.9% NSS or 0.5% CMC 10 mi/kg) or various doses of curcumin

(25-400 mg/kg). One hour later, the rats were challenged by subcutaneous injection of 50 pl
W: e of the left hind paw (Amanlou et al,,
BRI @el of the lateral malleolus. The paw

—

e —
volume was measured at 1 W inf@cti
= '! 1

u@enan andat1,2 3,4, 5and 6
hr after injection using plethys ‘ ; ed as a mean increase in paw

of 1% solution of carrageenan into the RIA

2005). The rat's paw was marked

volume in relation to control. 1

following formula:

Mote: Ve = edema volume i

Figure 15 Plethysmometer
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Rota-rod test
To rule out the possibility of motor impairment or sedation from oral administration of
curcumin, mice were tested for their ability to perform a rota-rod test after administration of
curcumin at dose of 200 mg/kg compared to vehicle controls (N=10). Mice were placed on
a horizontal rod (3.5 cm diameter) rotating at a speed of 16.5 revolutions per minute. The
mice that were capable of remaining on the top for 60 sec or more, in three successive trials
were selected for the study (Chattopadhyay et al., 2003). Each group of the animals was
then placed on the rod at an interval m{ i 45, 60, 90, 120 and 240 min after oral
wlr! Ed as the time (seconds) in which

administration of curcumin. The rasuils

animals remained on the rota- mﬂ"*h&cui GfUImEMS 60 sec (Otuki et al., 2001).

MANNIUIBIN A



DATA TREATMENT AND STATISTICAL ANALYSE

Statistical analyses were performed on the dose-response curves by analysis of
variance (ANOVA). Post hoc analyses were performed using Fisher's LSD test (SPSS

version 13.0 for windows). The minimum level of statistical significance was set at p<0.05.

AULINENINYINS
ARIAATAUNINGIAY



CHAPTER IV
RESULTS

MOUSE HOT-PLATE TEST
To demonstrate the validity of the hot-plate analgesic lesting following drug
administration, mice received morphine sulphate (MO; 10 mg/kg) intraperitoneal (i.p.) and

were tested during the subsequent 240 . As expected MO significantly (p<0.01)
Igesm of 144141725 %MPE-min

increased hot-plate latency pro
compared with that of normal s %MPE—mm. Figure 17)
Initial studies utilizing™he 1 iamine the efficacy of curcumin
in producing analgesia. carboxymethylcellulose (CMC)
or various doses of curcu Curcumin doses of 25 mg/kg or
higher significantly (p<0.08 en compared to the vehicle
group (Figure 18).

When the log of curcughin dose Slotted ve area of analgesia (%MPE-min), a
linear correlation was observed MWhen-git 1 rcumin (25, 50, 100, 200 and 400
mg/kg) were plotted a linear cnrral-_ f- g 4 equal to 0.3512 was observed, while
the plotting of only l gvealed a significant linear

correlation coefficient of 6! ated from the log dose and

ﬁﬁfﬂﬂ’iﬁﬁiﬁiﬁfﬁiﬂ"ﬁ:
TR RNASND, SAUUAN DA e e

then admmlstered NSS (10 ml/kg, i.p.), naloxone (NAL; 5 mg/kg, i.p.), a short-acting opioid

%MPE line and was equ :'! e analgesic peak effects of
curcumin (25, 50,

oral administration

receptor antagonist, 0.5% CMC (10 ml/kg, p.o.), curcumin (200 mg/kg, p.o.) or the
combination of naloxone and curcumin (5200 mg/kg). Naloxone alone failed to produce
significant response when compared to vehicle control. Curcumin 200 mg/kg produced
significant (p<0.05) response when compared to vehicle control. The inclusion of naloxone

with curcumin significantly (p<0.05) attenuated the analgesic response due to curcumin
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indicating that opioid receptors are involved in the analgesic response produced by
curcumin (Figure 23). Individual time courses of the responses are shown in Figure 24.

[}
¢
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Mouse Hot-plate Test

Area of analgesia (%MPE-min)

Figure 17  Area of anﬂesia . m ﬂ-240mninutes after intraperitoneal
administration of 0.9% normalfsatine solution (NSS) and morphine sulphate (MO; 10 mg/kg).

SN L1101} 1 T
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Mouse Hot-plate Test

15000 -

10000 -

'''''''''
o

Area of analgesia (%MPE-min)

-10000 -

Figure 18 Area of analgﬂﬂ (%eMPE-mi

:: :m{ ﬁ:ﬁﬁ‘ﬂﬂiﬁy‘j (ﬁ%’- (25-400 mg/kg). N=10
QRAIN TN INY 1A

om 0-240 rmn s after oral administration of



Mouse Hot-plate Test

10000

Area of analgesia (%MPE-min)

1000

I;:d

¥

Figure 19 Linear regression.nf ‘ﬁarea of analgasy%MPE-min] from 0-240 minutes after oral

administration of ﬁﬁmﬂm wrﬁ' ﬁms he regression equation

was Y = 921.1299*'%x) + 1270.8080, r* 703512

ammﬂimumwmaﬂ




Mouse Hot-plate Test

Area of analgesia (%MPE-min)

1000

I;:d

Figure 20 Linear msiunﬁma of anal WPE -min) from 0-240 minutes after oral

adminitation of N&QM&IG Bl ol dis isgrussion scisoncr

was Y = 1963.3221* n{x] -2806.2717, r'= 0.8003. o

ammmmumwmaﬂ
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Estimation of EDm of Curcumin

100

%MPE

40 A

20 4

10 1000

. %
]

Figure 21 Linearr ‘fahﬂ - Hm'tﬂ\ﬂ\:n peak antinociceptive
response were qu oral aMn various doses of curcumin (25-200
mg/kg) usi meﬁj - I‘ i - fiom the log dose
and %MPE lipe as Y= 10. mﬁﬂﬁmuz ?Iiﬂjtﬁ}frﬂ mg/kg.



Mouse Hot-plate Test

A Curcumin 285 mghy B Cureurn 50 mghyg

ﬂﬂﬂﬂﬂﬂﬂ
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L » 45 L] L] 120 D
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Figure 22 Individual time courses of the response (%MPE versus time (min)) after oral
administration of various doses of curcumin. A; Curcumin 25 mg/kg, B; Curcumin 50 mg/kg,
C; Curcumin 100 mg/kg, D; Curcumin 200 mg/kg, E; Curcumin 400 mg/kg. N=10 for all
groups.
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Mouse Hot-plate test

Area of analgesia (%MPE-min)
g

C(200) + NAL

Y]

A

Figure 23 Area of aniljjsif (S&MPE-min) from0-240 minutes after administration of 0.5%

carboxymelhybellﬂ

it P k). skl b g 9, creume

200 mg/kg, p.0.) and the combination oféhaloxone angsgcurcumin (5/208mgfkg). N=10 for all

groups. %w Mﬁﬂ'fﬁmum‘-}:’gm %l?tﬂs&lﬁmw different

compared to naloxone; "p<<0.05 significantly different compared to naloxone+curcumin.
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Mouse Hot-plate Test

A 05% CME B

AULINENINYINS
roeen MDA AIAANEINY

administration of 0.5% carboxymethylcellulose (CMC, p.o.), curcumin 200 mg/kg (p.o.),

naloxone 5 mg/kg (i.p.) and the combination of naloxone and curcumin (5/200 mg/kg). N=10
for all groups. A; Curcumin 25 mg/kg, B; Curcumin 50 mag/kg, C; Curcumin 100 mg/kg, D;
Curcumin 200 mg/kg, E; Curcumin 400 mg/kg. N=10 for all groups.
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MOUSE TAIL-FLICK TEST

To demonstrate the validity of the tail-flick analgesic testing following drug
administration, mice received morphine sulfate (MO; 10 mg/kg) i.p. and were tested during
the subsequent 240 min period. As expected MO significantly (p<0.01) increased tail-flick
latency producing an area of analgesia of 15372+ 2149 %MPE-min compared with that of
normal saline solution (NSS) (-161+ -222 %MPE-min; Figure 25).

(25, 50, 100, 200, 400 mg/kg)=iikdoses ircuminsaiied to produce analgesic response
when compared to the vehicle gied
are shown in Figure 27.

ime courses of the responses

7
]
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Figure 25 Area of an&e
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Mouse Tail-flick Test
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) 4%minutes after intraperitoneal

administration of 0.9% nnnnai.salme solution {NES) and morphine sulphate (MO; 10 mg/kg).
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Mouse Tail-flick Test
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Area of analgesia (%MPE-min)
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Figl..ll'ﬂ 26 Area of anai gsia {%MPE-min) from 0-2

esia { 08 after oral administration of

v )
0.5% carboxymethyicell -L_'!-i ' carCumin (25-400 mg/kg). N=10
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Mouse Tail-flick Test

A Curoumen 25 mgfg B, Curoumn 50 mofg
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Figure 27 Individual time courses of the response (%MPE versus time (min)) after oral
administration of various doses of curcumin. A; Curcumin 25 mg/kg, B; Curcumin 50 mg/kg,
C; Curcumin 100 mg/kg, D; Curcumin 200 mg/kg, E; Curcumin 400 mg/kg. N=10 for all
groups.



ACETIC ACID-INDUCED WRITHING IN MICE

To demonstrate the validity of the acetic aid-induced writhing method following drug
administration, mice received indomethacin (IND; 10 mg/kg) orally and were tested during
the subsequent 30 min period. As expected IND significantly (p<0.01) decreased writhing
response by 90.74% producing a mean number of writhes of 3.3310.80 compared with that
of NSS (36+3.99; Figure 28).

Studies then utilized the acetic acid

ithing method in mice to examine the
efficacy of curcumin in producing.a administered orally CMC or various
doses of curcumin (25, 50, 100772003200 mg/kg). CUFEOMIin doses of 200 and 400 mg/kg
significantly (p<0.05) decreasg : juced by acetic acid by 74.07%
and 56.67%, respectively v (Figure 29). IND showed the

highest analgesia response cafnpdrgt (6"ai test'groups.(Figure 30).

When the log of ¢ an writhing response, a linear
correlation coefficient (r*) €qual t 612w Dse -:\ Figure 31). Linear correlation
coefficient (') of percentage’ of iRhibitit if amithing @sponse after oral administration of

,r.r
curcumin (25-400 mg/kg) equal to 0+

:..,,_—-
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ammﬂimummmaa



Acetic acid-induced writhing in mice

60

Mean writhing response
S

Figure 28 Mean m 'ﬁ f uilﬁ fi i normal saline solution
(NSS) and indnmeﬂﬁ mgj ﬁr 3 1 significantly different
compared to NSS.
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Acetic acid-induced writhes in mice

60
50 -
2
c 40 A
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g 30 -
5 -55.67%
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Figure 29 Mean writhing respqase after oral administration of 0.5% carboxy-methylcellulose

(CMC) and varimﬂdwq mrﬂ mw}fm ﬁr all groups. *p< 0.05

significantly d:ﬁeren?"campared to CMCyg¢
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Acetic acid-induced writhing in mice

Mean writhing response
<]

10 -

Figure 30 Mean writhing respopse after oral administration of 0.5% carboxymethylcellulose

0, omarf®] BERH A S B H P 5o 25400 el s

for all groups. p{{mﬁ significantly diffegent compared.lo CMC.
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Acetic acid-induced writhing in mice

50

Mean writhing response

Figure 31 Linear re mn ‘f&an writhin v%iunse after oral admmlstratmn of curcumin

(25-400 mg/kg). N unmm

Y = -6.5643"Ln(x) + 55 5962, ° = 0.5812¢
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Acetic acid-induced writhes in mice
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Figure 32 Linear regreSgic of fw ithing response after oral

; ; LY ; F
administration of curcu ”_ 3 dhe regression equation was

Y = 14.5885°Ln(x) - 23.55 r2 0.5813.€0,, = 155.77 mg
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Randall-Selitto Test

To determine the antinociceptive effect of curcumin in carrageenan induced paw
inflammation, the Randall-Selitto paw pressure technique was used. Two hours after the
carrageenan injection into the plantar surface of rat's left hind paw, the left hind paw was
red and swollen. In order to deronstrate the validity of the Randall-Selitto test following drug
administration, rats received oral administration of indomethacin (IND; 10 mg/kg, p.o.) 60

min prior to injection of carrageenan. Rats were then lested for mechanical hyperalgesia

during the subsequent 240 min peria gignificantly (p<0.01) increased mean paw
withdrawal threshold (PWT) ce * and 120 min after carrageenan
administration (Figure 33). L —

Studies then utilized the RELdSI-Zelitio tes @mine the antinociceptive effect of
curcumin, rats were adminisigeéd of: G or varigus '“"x: of curcumin (25-400 mg/kg)
60 min before carrageenan agfiniEL@lion 1nd fested for mechanical hyperalgesia at 15, 30,
45, 60, 90, 120, and 240*Mmir Bfigr gamradeefamiadmini . Only curcumin 200 ma/kg
significantly (p<0.05) incredSedfPWT whe ared Bhicle control al all time lested

except for 45 min. PercentaQe of infilatiar f, hyp Bsia after oral administration of

-10.81%, 47.06%, 41.67%, 34.00%7 and49.99% ively (Figure 34).

When the log ofCercumin dose-was-pPioiied Vaiss: : paw withdrawal threshold
at 2 hr after carrageenan 1| [yl _ s Es observed.
a linear correlation coefficient

When all five doses of -::urcu.rpln (25-400 mgﬂ(g] was plott

() equal to mﬁ‘ ﬁﬁﬁwﬁﬂﬁwmﬂﬁenmge of inhibition of

hyperalgesia after gl administration uf various duses of curcumin [25-400 mg/kg) at 2 hr

Y TR T YT T T Taey oo v

35&36).
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RANDALL-SELITTO Test

] mss
§ o : 67.35%  56.86%
. 7 &
7 i
g/ B B
0 _

QU 90, 120, and 240 min after

oral admm.stranaﬁ‘ mﬁnﬁﬂ ﬁ Wrﬁ] ﬂﬁmacm (IND; 10 mg/kg).

N=8 for all groups.4hhibition is repaneﬁ as percent compared to the veh:cle control. **p<

. “"““"&W“”Fﬂﬂ‘ﬂﬁﬂfﬂ 1IN Y

Figure 33 Mean paw w1thdrawal threshold (g) at 15, 30, 45
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RANDALL-SELITTO Test
250
. cvC
SN curcumin 25 mghg
200 A E=3 curcum=n 50 mghg
B curcumn 100 mpig
I curcumin 200 mghg
kB )
£ 1o 115
8t
e
50 - : g
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Figure 34 Mean paw withdrawal threshold (PWT,) at 15, 30, 45, 60, 90, 120, and 240 min

aer ra cminis b i 4IRS SN F ISR} Frrous doses o

curcumin (25-400 myrkg). N=8 for all grqups. Inhibitiuﬂ's reported as Went compared to
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T Randall-Selitto test

100

70 -

Mean PWT (g)

10 1000

I;‘

] |
Figure 35 Linear i w i | r oral administration of
curcumin (25-400 ﬁﬁi‘l h mmﬁ= 8 for all groups. The
regression equation was Y = 5.4101 'ﬁj + 443355,
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Randall-Selitto test
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CARRAGEENAN-INDUCED PAW EDEMA TEST

To demonstrate the validity of the carrageenan-induced paw edema test following
drug administration, rats received oral administration of indomethacin (IND; 10 mg/kg) one
hour before injection of carrageenan into the plantar surface of rat's left hind paw and were
tested during the subsequent 6 hr period. As expected IND significantly (p<0.01)

decreased paw edema at 2 hr and 3 hr after carrageenan administration compared with that

W tage of inhibition of edema of 46.87%
and 65.71%, respectively (Table ""“---.\\

r2heers |@ edema test lo examine the

ation. F ere administered orally CMC or

of normal saline solution (NSS), produging

Studies then utilized “theves
efficacy of curcumin in producig
various doses of curcumin ik 2 houl lore carrageenan administration.

Curcumin 25 mg/kg decreagéo ﬁtl',f (p<0.05) at 4 hr, while

curcumin doses of 50 antd 10 volume significantly (p<0.05)

.. A

compared to vehicle controffat 3fhr, gfn rrageenan i tration. Curcumin 200 mg/kg

decreased the paw volume sinififantiy(b<0.06) ha, pared 1o the vehicle group at 2

and 3 hr while curcumin 400 mg/kg & ’fff; £ ; of! edema significantly (p<0.05) at 2, 3,
A TR

and 5 hr after carrageenan administration: Curcus 2s of 200 and 400 mg/kg showed a

maximum inhibition of" ,,-;“*-* mi i 53.85%, 08.577e, pentively at 2 hr after

carrageenan administratio tion from 1-6 hr after oral

administration of 0.5% carbuiymathyﬂcelluiose (CMC) and various doses of curcumin (25-

womara e QA4 8544 89 T B 1) 5

When the lodléf curcumin dose was plotted versus percentage c-f inhibition at 2 hr

A WA TR

curcumin (25450, 100, 200 and 400 mg/kg) were plotted a linear correlation coefficient (r)
equal to 0.5800 (Figure 37).
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Table 1 Change of edema volume (ml) of oral administration of 0.9% normal saline solution

(NSS) and indomethacin (IND; 10 mg/kg) from 1-6 hr after carrageenan administration. N=6

for all groups. Inhibition is reported as percent compared to the vehicle control. *p<0.05

significantly different compared to NSS.

Paw edema + S.E.M.(% Inhibition)

Locaiol 1hr 2 hr 3hr 4 hr Shr 6 hr
NSS 0.09+0.04 0.33+0.05 | 0.33+0.03 | 0.27+0.04
Indomethacin | 0.11+0.05 0.21+0.07 | 0.22+0.04 | 0.27+0.08

10 mg/kg (33.33%) (0%)

Table 2 Change of edems

% '\\

of 0.5%

. on is reported as percent

y different compared to CMC.

(25-400 mg/kg) from 1-6 hr

— 7
-

L

yvi(%6Inhibition)

oot _ = d hr Shr G hr
0.5% CMC 0.210. D} 0.39+0.04 ﬂ 43:!1 04 | 0.43+0.03 | 0.46+0.05 | 0.26x0.05
Curcumin ﬂs w oﬁm ?w ﬁ ﬁms- 0.33:0.02 | 0.20£0.05
25mgkg  [Ul19.05%) | (33.33%) | (23:25%) | (34.88%) | (28.26%) | (23.08%)
e L ot £ Lo r-mic e
sur:ﬂ (47.62%) | (28.21%) ﬂ; 25%) | (9.30%) E(!z,m%} (15.38%)
Curcumin | 0.13:0.06 | 0.30:0.05 | 0.41£0.07 | 0.41:0.04 | 0.3240.06 | 0.26+0.06
100mgkg | (38.09%) | (23.08%) | (4.65%) | (4.65%) | (30.43%) | (0%)
Curcumin 0.15+£0.05 | 0.18+0.06* | 0.26+0.04* | 0.32+40.08 | 0.34+40.04 | 0.2520.05
200mgrkg | (28.57%) | (53.85%) | (39.53%) | (25.58%) | (26.09%) | (3.85%)
Curcumin 0.1£0.03 | 0.16£0.05* | 0.27£0.04* | 0.31:0.05 | 0.310.05° | 0.26+0.04
400 mg/kg (52.38%) | (58.97%) | (37.21%) | (27.91%) | (3261%) | (0%)
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Carrageenan-induced paw edema in rats
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ROTA-ROD TEST

In order to measure the effect of curcumin on motor performance, mice were then
treated p.o. with curcumin dose of 200 mg/kg and tested on rota-rod for 60 sec. The rota-
rod performance of mice was observed at 15, 30, 45, 60, 90, 120 and 240 min after
curcumin administration. Data showed that curcumin at the dose tested did not significantly

produce motor impairment (Figure 38).
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Figure 38 Rota-rod performance at 15, 30, 45, 60, 90, 120 and 240 minutes after oral
administration of 0.5% carboxymethylcellulose and curcumin 200 mg/kg. N=10 for all

groups.



CHAPTER V
DISCUSSION AND CONCLUSION

These studies have demonsirated the antinociceptive and anti-inflammatory effects
of curcumin in various animal models. Antinociceptive aclivity was assessed ultilizing
thermal (hot-plate and tail-flick test), mechanical (Randall-Selitto test) and chemical (acetic

acid-induced writhing test) models. Anti-inflammatory effect was assessed in acute

Initial attempts to investigate. I e ana &m curcumin utilized the standard
mouse hot-plate test (Woolfe 2 """l: analgesic activity testing
model which measures two bai g paw licking and jumping. Both
are considered to be suprg #s. . This model usually employs
morphine as a reference duig. tent analgesic effect on the
response in this model indicaling”™ ises '?  of this st (Figure 17). Curcumin was

administered orally by suspendific &% T

J""'

ralion was chosen in order to

imitate the normal human cofisugipti
.eﬁ"' e
curcumin was observed during 24 =asiis

e analgesic action of all doses of
qure 18). Significant linear correlation

between the log dose of gurcur anging from 25 Dy :* g and the response (%MPE-

min) in the mouse hot-pl Hy_ Stwas not obsery uwaver. it is noted that the

sa

response tend to decline ﬂhe ighe s gﬂ herefore, after excluding the

dose at 400 mg/kg, the linegr grrelation was ,Eptained with = 0.8003 (Figure 19&20).

Subsequently, the ﬁ % ’}ﬁﬂz Héﬂgﬁ wﬁ ’}ﬂ % ED,, was found 1o be

133.10 mg/kg [Flgu 21). Considering Jhe dose fmrn 25-200 mgfkg&)he antinociceptive
o BTV ARG P 1 v
peak responde of the higher doses of curcumin (Figure 22). This phenomenon may partly
due to the erratic absorption from the gastrointestinal tract and poor systemic bioavailability
(~1%) after oral dosing of curcumin in rodents (Yang et al., 2007).

Naloxone, a short acting opioid antagonists, was utilized to investigate the
involvement of opioid receptors in the analgesic effects of curcumin. The results showed the

involvement of opioid receptors in analgesia produced by curcumin (Figure 23).
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Studies were then undertaken to investigate the effectiveness of curcumin utilizing
the mouse tail-flick technique, another central analgesic activity testing model that measures
spinal reflex. MO administered i.p. produced significant analgesic response as expected
(Figure 25). Curcumin all doses tested had no analgesic effect in this model (Figure 26). The
results obtained from hot-plate and tail-flick tests suggested that curcumin had an effect on
supraspinally integrated responses but not on spinally nociceptive reflex.

In order to measure an analgesic effect of curcumin against chemical stimuli, an

hos test is commonly used for measuring
peripheral analgesic activity ar@l-considere éﬂel of visceral inflammatory pain.

Writhing responses consist of Conlae 8 ='-r-*.‘ulﬂ_ twisting and turning of the trunk,

and extension of the hind.difbsr(aveddeen and | Indomethacin (IND), a
nonsteroidal anti-inflammatasf dpdt s \\ e drug. Oral administration of
IND (10 mg/kg) produced sighifigan : \ e con pared to NSS treated controls

(Figure 28). Curcumin dosg 260 4 4 JAC produced significant analgesic

\ owever, curcumin showed less
peripheral analgesic efficacy tha W ; L \Bar Correlation between the log dose
of curcumin ranging from 25 to 40 0 g ean writhing response was found with

: AT
¢ = 0.5812. The plot between Yinhibitior mnse and the log dose of curcumin

gave the ED,, value of 1 (77 mgikg (Figure 31& ')
Additionally, an a@gesn géirﬂ mechanical stimuli was also
investigated using the Randill'-aelitto test. Ran@l-ﬁelim test is utilized to measure pain in

inflamed tissue Eﬂ Rapfiderel ¥4 B Jn{Peralodéh fobin| fidde] 1t has been used to

distinguish belweer’-hnalgasic drugs aqing in the CE and analgesivrugs acting locally
at the sit@fﬁﬁﬂaﬂ ﬂ@w w ﬁ.é}ﬂs&}ﬁtﬂ lﬂne non-narcotic
analgesics (Svendsen and Hau, 1994). Oral administration of IND (10 mg/kg) produced
significant analgesic responses only at 90 and 120 min after carrageenan administration
compared to NSS treated controls (Figure 33). The maximum percentage of inhibition of
hyperalgesia found at 30 min after carrageenan administration was 67.35%. From all tested
doses (25-400 mg/kg) only curcumin dose of 200 mg/kg increased mean paw withdrawal
threshold (PWTs) during the time intervals tested up to 4 hr after carrageenan

administration, except at the 45 min (Figure 34). The maximum percentage of inhibition of
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hyperalgesia of 59.09% was found at 240 min after carrageenan administration. The
maximum inhibition of hyperalgesia results indicated that curcumin was less efficient in
reducing hyperalgesia compared to IND. However, curcumin had longer duration of action
in comparison with IND. The results obtained from both the acetic acid-induced writhing test
in mice and the Randall-Selitto test clearly demonstrated that curcumin could reduce
inflammatory pain induced by carrageenan by peripheral inhibition.

In order to evaluate the possible non-specific muscle relaxant or sedative effects of

curcumin, treated mice were tested on the folarad, Animals were orally administered with

vehicle or curcumin (200 mg/ka) 60 min be *urcumin has no significant effect on
. .-J
the rota-rod performance compared™io vek wm finding confirmed that the

antinociceptive effect caused mids\unrelated Yothe impairment of motor response.
Carrageenan-inducedgPay géma-is a suilable experimental animal mcdel to
evaluate the anti-edematous#ffe€! /1| ed 10 be hasn: the first phase (1 hr)
involves the release of sefotog i histdmine @nd sace g Phase (over 1 hr) is mediated
by prostaglandins, cyclooxygen@safroducis, e . \ Uity between the two phases is
83 al,, 2006). In this study, IND

(10mg/kg) significantly reduced palw -ede % and 3 hr (second phase) after

carrageenan administration (Tabie srili-eder effect of IND at the second phase
could be explained by 15 V ct et 1D 1S 2 Ei" inhibitor, resulting in the
reduction of prostaglanding. This en Wml the previous study that IND

strongly inhibited the seoonq, phase without aﬁecung the development of the first phase

(Vinegar et al., aﬂ uﬁWWﬂ@ﬂﬁmmn of edema at 2 hr

or more, suggestindgiihat curcumin F"'DdgFe an anu-edemalnus effect at the second phase.
me e RRR P SRR N AR e e
exhibits anti-inflammatory effect by inhibition of cyclooxygenase enzyme (Goel et al., 2001;
Kim et al.,2003; Strimpakos and Sharma, 2008), and hence, reduces prostaglandins. It
could be concluded that the anti-inflammatory effect of curcumin involves in the reduction of
prostaglandin through the inhibition of cyclooxgenase enzyme.

In conclusion, this present study has demonstrated that curcumin exerts a
pronounced antinociception when assessed in thermal, chemical and mechanical models of

nociception in rodents. Curcumin has both central and peripheral analgesic activities. The
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analgesic mechanism is most likely involved with the opicid pathway. In addition, curcumin
also has anti-inflammatory effect assessed with carrageenan-induced paw edema model.
The anti-inflammatory mechanism is possibly due to the inhibition of prostaglandin synthesis

by cyclooxygenase pathway.
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FUTURE RESEARCH
The future research could comprise of several objectives as listed below
(1) To investigate the antipyretic effect of various doses of curcumin.
(2) To investigate the potential use of curcumin in combination with other analgesics or
nonsteroidal anti-inflammatory drugs.
(3) To investigate other routes of administration that might be more appropriate for the
use of curcumin and possibly enhance the analgesic or anti-inflammatory effects of

curcumin.

(4) To better understand the mechat

// f\‘i:
\\\

\\ Clues to help understand the

is involved in producing its
analgesic and anti-infla
(5) To observe other opioid antag
effects.

hE mechanism of curcumin

(6) To test side effects and
These and other

mechanism underlying the effects of curcumin and further

in

Jiaidind < b

SN,

support the use of such comptu
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Table 3

Curcumin

(ma/ko) 15 min 30 min
25 23.66+2.37 25.99+2.35
50 23.814£2.32 24,72+1.32
100 27.14+0.91 28.52+1.56
200 29.30+1.76 27.76+1.68
400 26.06+2.50 24,35%+3.08,

N
/BN

EI

90 min 120 min 240 min

28.65+1.98 24,63+1.54 23.86+2.63
27.59+2.61 29.00+3.27 24,03+2.18
26.84%1.47 27.94+1.38 24.6411.65
35.14+2.36 31.98+2.67 26.85+2.34
21.28+1.83 25.13£3.12 23.4112.71

ﬂUEJ’JVIEJVI?WEJ’]ﬂ?
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95

of the various doses of curcumin (25-400 mg/kg).

Table 4 40 Fin aft
N=10 for all groups. Data presented as my \
Curcumin Area of analgesia

(ma/kg) 15 min 30 min 45 min ﬁl.w: 120 min 240 min (%MPE-min)
25 7.46+10.14 19.77+17.88 28.20+12.13 T .29 11.7315.52 7.38+11.77 3347.25+1160.9
50 12.47£10.37 15.08+7.29 | 48.95%+11.82 10.39 | 34.67+£13.96 13.6049.04 | 5703.98+1814.85
100 20.70+4.22 25.9417.90 31.2617.01 5 9.6316.29 24.8746.10 9.41+8.11 5074.29+851.21
200 30.3648.12 21.98+7.39 28. 421  45.00£10.05 18.87+10.78 | 8093.39+1205.61
400 32.2947.45 25.97110.54 34.4 E 25.88+11.73 | 20.15+11.09 | 5344.941+1580.56
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Table 5

Latency (sec) in Mouse Tail-flick test from 02

N=10 for all groups. Data presented as meag

Curcumin

(ma/k) 15 min 30 min
25 0.87+0.03 0.98+0.06
50 1.15+0.08 1.1640.16
100 1.07+0.04 1.10+0.06 _
200 1.0610.04 1.11+0.06%
400 1.41£0.22 1.19+0.10

>, Z/_a

QISIration of the various doses of curcumin (25-400 mg/kg).

. 90 min 120 min 240 min
1.01+0.06 0.90+0.03 0.91+£0.04
1.19+0.21 1.16+0.12 1.10+0.12
0.994+0.03 0.96+0.05 0.9310.04

0.9410.04 0.89+0.02
1.07+0.05 1.09+0.05 1.1640.13

ﬂUEJ’J‘VIEJVI?WEJ’]ﬂ‘a’
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Table 6 %MPE-Time in Mouse Tail-flick tesl from 0-2484Ri0 2
N=10 for all groups. Data presented as mV
Curcumin
(moka) 15 min 30 min 45 min,
25 0.87£1.33 4.43+1.69 0.96+1
50 3.83%1.92 4.56+4.81 5.98+4.9
100 2.50+0.99 3.45+2.14 0.16+1.04
200 2.54+1.77 4.31%1.72 235809
400 14.1247.15 6.8313.66 8.4

AU INENTNEINS

&M

98

of the various doses of curcumin (25-400 mg/kg).

Area of analgesia
120 min 240 min
(%MPE-min)

1.8540.95 2.19+1.06 582.12+123.84
37 4.3943.20 2.32+2.97 884.97+715.13
.84 -1.1841.58 -2.21+1.44 -124.95+218.90
-1.3110.84 -3.04+1.01 -135.854124.18
3.5611.95 6.00+4.30 1348.824564.74
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Table 7 Dose-response and Time-course effects of ¢
—
Treatment
(mg/kg) 1 2
CMC 10 mlkg 0.1740.17 9.83+1.76
Curcumin 25 1.00£1.00 7.33+2.80
Curcumin 50 1.3310.49 7.00+2.61
Curcumin 100 1.00+0.26 8.17£1.11
Curcumin 200 0+0 2.1740.83
Curcumin 400 0.17+0.07 3.331+1.36

Iy

acetic

100

&ed writhes in mice. Data presented as meantS.E.M.
\

= 5 Total
7.331£0.80 9.00£1.37 45,00£2.03
5.3310.84 4.6711.36 33.1746.33
4.83£1.17 5.6713.48 29.831+11.93
5.6711.05 3.3310.71 32.6713.05
2.00+1.09 1.50+0.95 11.6715.62
4.004+1.63 2.1710.88 19.50+7.96
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mi Tstae various doses of curcumin (25-400 mg/kg).
E—

102

Table 8 Paw withdrawal threshold (g) from 0-240 min
N=8 for all groups. Data presented as meagdS«EM, . %= pefcentage dhnkilbition of hyperalgesia.
Haaimant 15 min 30 min Eﬁ\\w\ 90 min 120 min 240 min
(mglko) =2 AN\ N
CMC | 91.25#11.72 | 77.509.21 g1gog |, 647518 “'» 60.0043.78 | 6250:7.50 | 55.00+9.45
10 mikg , ik )3 \\\\ '

Curcumin | 87.50+4.91 | 71.25$5.49 766420\ | 7625565 | 58754350 | 61.25£1043
25 (-4.11%) (-8.06%) (-29.73 = | (27.08%) (-6.00%) (11.36%)
Curcumin | 88.75:6.39 | 86.2545.32 72504590 | 66.2546.25 | 68.75+10.25

50 (-2.74%) (11.29%) = 2420.83%) (6.00%) (25.00%)
Curcumin | 80.004500 | 88.7543.50 Iﬂ 500£7.79 | 68754639 | 58.75+10.60
100 (-12.33%) (14.52%) 4.05%) (33.33%) (25.00) (10.00%) (6.82%)
Curcumin 137.549.77* 1U3.T5:I:12.5ﬂ u “ﬂ 4 ﬂi] 49 26* 83.7549.05* 87.5+11.91*
200 (50.68%) (33.87%) 4 %F:Esm ﬁm QT?%} (34.00%) (59.09%)
Curcumin | 91.254639 | 80 i ﬂ a‘-’j | zm 68.7545.15 | 72.5047.00
400 (0%) :a.n}l Iﬁ@zﬁjj mi m‘ﬂ;’ )| (10.00%) (31.82%)

col
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Table 9

Effect of 0.5%CMC on paw volume in Carrag

\

‘;\ N %
\‘\i\\ “| NO.5 | NO.6 | average
R Inhibition
Paw volume before carageenan injection 2/, 1.20 1.29 -
. T WY
n Paw volume (mi) | "ImE 7\\\\\ 147 114 _
Volume of edema (ml) ﬁ l A% W“ 0.22 0.19 0.25
, Paw volume (ml) 1% 1% 1.37 1.21
hr .
Volume of edema (mil) 0.42 0.26 0.5
ah Paw volume (mi) 1.39 1.3 1.46 1.23
r =
Volume of edema (ml) 0.51 0.28 0.49
- Paw volume (ml) 1.3 1.37
r -
Volume of edema (ml) 0.36 0.42 0.45
- Paw volume (ml) 1.3 1.4
r =
Volume of edema [rﬁ_u_gg 0.45 0.39
- Paw volume (ml) q .24 1.18
r - -
.34 0.23 0.34

‘ 1

q
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Table 10

Effect of indomethacin 10 mg/kg (p.o.) on paw Vol

C rra F“:EL ced paw edema in rats.

\Z\\
E’\\i\ No.5

%
NO.6 | average | .
Paw volume before carrageenan injection 0 \\\\ 63 0.90 0.94 . -
. Paw volume (ml) m\\\ 0.82 1.01
Volume of edema (mi) 8.1 ».3][\\ 008| o0o07| o011] 1228
N Paw volume (mi) = 106| 118] 112
Volume of edema (m) 0.20 0.08 0.26 0.18 017| %
- Paw volume (ml) 1.04 1.09
Volume of edema (ml) 0.14 0.15 012 %%
. Paw volume (mi) 1.04 1.07
Volume of edema (ml) 0.14 0.13 0.21| 3750
- Paw volume (ml) ﬂ_ ? .09 1.22
Volume of edema (mi} ; 019| o028| o022 328
6 hr = Aﬁﬁﬁ =
\ 048 | 027 | 244
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Table 11 - Effect of curcumin 25 mg/kg (p.o.) on paw val

W

%
| "y NO. 5 NO.6 | average —
Paw volume before carrageenan injection 1. 0964 )8 . 1.20 1.29 - -
s Paw volume (ml) B: D. ; = ! 091 0.93 0.85 20.31
Volume of edema (ml) ' (81200 % 108 102 1.07
. Paw volume (mi) 0. Hor | 12|  o01s| o017
Volume of edema (ml) 1.28 . 1 1.28 147 0.94 116 | 31.90
- Paw volume (ml) 0.31 'r 61— 0.37 0.24 0.09
Volume of edema (m)) | . 1 106 |/ 35 L 122 1.09 123 | 2187
- Paw volume (mi) ' 0.29 0.24
Volume of edema (mi) 5 i : 1.26 1.24 118 | 34.88
Paw volume (mi) 08| o10| o3| o 033 039
o Volume of edema ( 1‘% 1.15 123 | 2747
. Paw volume (mi) iﬂi H H.:u’- 0.30
104 | © 104 124 |[&x 100 1, 1.00 110 | 2287

\fulumaufadl‘_;rm mi) , )

901



Table 12 - Effect of curcumin 50 mg/kg (p.o.) on paw @ge@d paw edema in rats,
, E

%
NO. 5 NO. 6 ave
i Inhibition
Paw volume before carrageenan injection 0 7L 0.89 0.89 -
o Paw volume (ml) 1.08°1 0.95 1.08
r - -
Volume of edema (ml) .ﬁ;;;: 4 0.06 0.19 1.07 | 46.87
SE Paw volume (mi) 1 47 87 1.26 1.36
Volume of edema (ml) .07, 4 08 0.37 0.47 1.16 | 28.88
N Paw volume (ml) 1.05 £ 1.29 1.25 1.22
r
Volume of edema (mi) .50.1 0.36 0.33 1.23 | 22866
Paw volume (ml) 1.31
4 hr
Volume of edema (ml) 0.42 118 | 10.08
Paw volume (ml) 1.30
5 hr
Volume of edema {Iﬁj 1] 1) B2 0.41 123 | 3187
Paw volume (ml) o L, 10 1.14
6 hr 1|
Volume of edema amli 008 ofe 0.14 0.39 080'| 025 1.10 | 13.07
9
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Table 13

Effect of curcumin 100 mg/kg (p.o.) on paw vl arrag ed paw edema in rats.
NO. 5 NO. 6 average »
' ' o Inhibition
Paw volume before carrageenan injection 01 0.92 0.96 .
. Paw volume (ml) 1. 095 1.04 1.04
1hr ;
Volume of edema (ml) ' 003104 0. 7 0.12 0.08 0.13 | 39.06
, Paw volume (ml) 1 =9 25 1.20 117
hr , -
Volume of edema (mil) 0. 4 ; === 0.32 0.28 021 030 2328
- Paw volume (ml) 121 | =88t 1.47 1.41 1.43
i
Volume of edema (ml) 3 0.49 0.47 0.41 3.12
Paw volume (ml) 1.33 1.46
4 hr
Volume of edema (mi) m 0. 0% 0.41 0.50 0.41 543
Paw volume (ml) 1.15 1.16 1. 1.34 1.24
5hr &
Volume of edema (rpl) : 0.42 0.28 0.32 | 30.04
Paw volume (mi) q 1.15 1.36
6 hr ;
Volume of Wﬁ'& 0.43 0! 0. h| ﬁd 0.40 026 | -2.61

q
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Table 14

Effect of curcumin 200 mg/kg (p.o.) on paw

‘ ve@ed paw edema in rats.

arr

— ——i"%
NO.5 | NO.6 | average 3
: — M Inhibition
Paw volume before carrageenan injection | 0/9sd / Jdled ga| 105| 100 .
i Paw volume (ml) 18 Fa. 7 : . 1.17 1.20
Volume of edema (mi) 08 |[f 02214 0, 0.12 0.11 0.15| 3125
e Paw volume (mi) . 37 0 28| 116] 133
Volume of edema (m) 0 @, - 039 0.11 0.24 0.18 | 53.45
Paw volume (ml) 134 | =381 108 125 148
s Volume of edema (mi) ' 1 0.2 0.39 026 | 39.84
i Paw volume (mi) 1.25 1.43
Volume of edema (ml) 0. ‘ 0.20 0.34 032 | 2442
- Paw volume (ml) ﬂﬁ 1.35 n.l .24 | 1.33 1.38 1.34
Volume of edema (rm %mw | ﬁ' 0.33 0.25 0.34 | 26.01
Paw volume (mi) qg 1.31 1. 18] 120 1.38
o Volume ufgug d‘ﬂ‘ﬁq—" ‘. J_Haﬂz ,ﬁ ,‘_aq;ﬂ 020| 025| 196
ab J |

7.
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Table 15

Effect of curcumin 400 mg/kg (p.o.) on paw v

paw edema in rats.

1 %
14 _ NO.5 | NO.8 | average
. 2 Inhibition
Paw volume before carrageenan injection 0 9| 113 0.96 -
v EAR
- Paw volume (ml) 1.9 1.19 1.11
Volume of edema (ml) @‘: 16 0.06 0.15 0.10 | 53.12
=i
T Paw volume (mi) 0. o5 A= 1.15 1.39 1.25
Volume of edema (mi) -0.01 0.18 0.26 0.29 0.16 | 58.19
o Paw volume (mi) i 27 152 1.16
Volume of edema (ml) 0.39 0.20 027 | 3594
o Paw volume (mi) m| » 1.8 1.59| 123
Volume of edema (ml) 0.45 &23 0.18 0.46 0.27 031 2829
. Paw volume (ml) ) ﬁtsa 1.25
r .
Volume of edema ( 0.40 0.41 0.18 0.17 040 | 029 031 3223
- E ' J 1.36
0.40 025| -2.18
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Table 16

Latency (sec) in Mouse Hot-plate test from 0-2
carboxymethylcellulose (10 mi/kg, p.o.), cug
N=10 for all groups. Data presented as m

—d

112

er 2 dnﬁuf NSS (10 ml/kg, i.p.), naloxone (5 mg/kg, i.p.), 0.5%

e combination of naloxone and curcumin (5/200 mg/kg).

I\\\\t

Treatment & I -
15 min 30 n 45 gl 90 min 120 min 240 min
(mglkg) -
NSS 23.03+1.48 | 19.31+1.6 ‘VF..# "XQ‘: 20.7140.88 | 22.89+1.03 | 22.20+1.30
Naloxone
23474165 | 22.65+1.804 23.00+1.76 | 22.80+1.21 | 21.04+2.28
5 mg/kg =——
CMC Y
233341.73 | 20.4gRERZ T IRSSTEE T REG 24094099 | 2150+1.39 | 21.96+1.86
10 mifkg ‘Qd
Curcumin ! I/
24484142 | 27108212 | 30624129 | 28341225 | 30398220 | 31.45£262 | 20198326
200 mg/kg - a vl |
+ 2573204 | 23.89+1.53 | 22854137 | 2274+231 | @8.0242.79 | 24614179 | 19.0041.93
Curcumin walaﬁ j quqw ’i \.
4

cli
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L/' Ié' NSS (10 ml/kg, i.p.), naloxone (5 mg/kg, i.p.), 0.5%

Table 17 . %MPE-Time in Mouse Hot-plate test from 0-246
carboxymethylcellulose (10 mi/kg, p.o.), cu combination of naloxone and curcumin (5/200 mg/kg).
N=10 for all groups. Data presented as N
Treatment Area of analgesia
15 min 30 min 120 min 240 min
(mglkg) (%MPE-min)
NSS
4.94+7.78 -12.42+11.18 4.8015.16 1.21+£8.26 124.25+1193.60
10 ml/kg
CMC
3.0516.76 -11.89+8.71 -6.6617.52 -5.55210.74 | -1498.42+£1432.05
10 ml’kg
Naloxone
-4.3419.53 -9.79+12.00 -9.78+10.44 | -13.75149.33 | -2443.36+1988.18
5 mg/kg E
Curcumi - ~
1.44+13.82 19.53+£10.05 32.7017.87 _ | 24.25+10.8G, | 28.55+13.74 | 35.90+13.62 | 31.07%£15.32 | 6763.75+£1597.94
200 mg/kg ~ALELY 3N 010N 101N o
Naloxone o LJ ¢ i
+ 10.62+8.41 2.5916.03 -3 49+6.32 -5.19114.72 -2:81£13.64 &§.98+7.48 -20.1449.39 -807.39+£1705.93
Curcumin

ammnmw 98

ELL
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Table 18

Rota-rod latency of 0.5% carboxymethylcellulose 10 mi/kg, p.o.

115

No. 15 min | 30min | 45min | 60min | 90min | 120min | 240min
1 60 60 60 60 60 60 60
2 60 60 57 60 60 60
3 60 60 60 60 49 60 60
4 53 60 60 44 45 60 60
5 60 60 47 60
6 60 60 60 60
7 60 ) 52 58
8 60 60 60
9 60 60 60
10 60 39 48

AVG 59.3 55.8 58.6

Table 19 Rota-rod latenc -_-'-zy'fﬁ_h _‘ 2 3 p.O.

No. 120min | 240min

60 60

60

60

60

60

60

60

60

60

10 0

average | 58.8 55.2 59.1 55.7 56.5 58.8 60.0
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