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ABSTRACT

The effects of the ether and ethanol extracts from the leaves of Putranjiva
roxburghii Wall. (P. roxburghii) was assessed on nociceptive response using writhing, hot
plate and formalin tests in mice and the antipyretic activity in yeast-induced fever in rats.
Anti-inflammatory activity using carrageenin-induced paw edema in rats, croton oil-
induced ear edema in mice, croton oil-induced anus edema and chronic inflammation
induced in air pouches of rats, were also investigated. It was found that both of the ether
extract and ethano! extract (100, 200 and 400 mg/kg, p.o.) dose dependently produced
significant analgesic activity in acetic acid-induced writhing in mice. Neither the ether
extract nor ethanol extract had significant effects on antinociceptive response in the hot
plate test in mice. At the dose of 400 mg/kg, the extracts significantly suppressed the
licking activity only in the late phase of formalin test in mice and decreased fever induced
by yeast in rats. The extracts possessed moderate inhibitory activity of inflammation in
carrageenin-induced paw edema in rats. Either the ether extract or ethanol extract
inhibited croton oil-induced ear edema after topically applied of mice’'s ear in dose
dependent manner (1.25,2.5 and 5.0 mgl/ear). The extracts suppressed croton oil-
induced anus edema only at the high dose of 800 mg/kg after application of croton oil
onto the recto-anus of rats. In chronic inflammation, both of the extracts also significantly
decreased the fluid in air pouches of rats only at the high dose of 800 mg/kg. These
results suggested that the ether and ethanol extracts of P. roxburghii possess an
analgesic, antipyretic and anti—inflammatory action, which seem to be involved in the

suppression of some peripheral mediators, cell migration and/or plasma exudation.
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CHAPTER 1

INTRODUCTION

Drypetes roxburghii Wall. or Putranjiva roxburghii Wall. (P. roxburghii) is
known in Thai as Ma Kham Kai or Pra Kham Kai in the family Euphorbiaceae (Figure 1).
It is widely grown in Nepal, Bangladesh, India, Indo-China, Myanmar, Sri Lanka and
Thailand (Phuphathanaphong and Chayamarit, 2008). It is a tree of up to 15 m high, with
drooping leaves dioecious; bark thin, grey; young shoots pubescent, twigs glabrescent.
The leaves are distichous; petiole 0.5-1 cm long, pubescent; blade oblong, oblong-elliptic
or elliptic, 4-14 by 2-5 cm subcoriaceous, glabrous, base obliquely cuneate, margin
crenate or serrate, slightly undulate, apex acuminate, acute or obtuse, dark green above,
light green underneath; nerves very thin, irregularly arranged, veins and veinlets
reticulate. The flowers are yellowish green. (Phuphathanaphong and Chayamarit, 2008). It
has been reported to contain two new triterpenoids namely putranjivanonol (a hydroxy
ketone), and putranjic acid (a hydroxy acid), isolated from the trunk bark of P. roxburghii
Wall. (Garg and Mitra, 1968). The isolation of friedelin, putranjivadione, friedelanol and a
new triterpenoid roxburgholone, CayHs,O,, from the bark of P. roxburghii has been
described (Sengupta and Mukherjee, 1968). By a combination of chemical and physical
methods, it was shown that putranjivadione is friedelane-3, 7-dione. The acidic fraction of
the alcoholic extract of the leaf of P. roxburghii Wall. yielded a new triterpene acid,
roxburghonic acid (Garg and Mitra, 1971a). A new biflavonoid named putraflavone was
isolated from the alcoholic extract of the leaf of P. roxburghii (Garg and Mitra, 1971b).

Some activities of P. roxburghii have been reported, the leaf extract of P.
roxburghii significantly induced mitosis-disruptive chromosomal changes in mouse bone
marrow cells (Awasthy et al., 2000). Pollen extract of P. roxburghii exhibited cross-
reactivity with Ricinus communis (Singh et al., 1997). P. roxburghii has been used in Thai
folklore medicine for a long time, its leaf and stem bark are traditionally used for the
treatment of fever, whereas the whote plant is used for the treatment of hemorrhoid,
tuberculosis and fever (HWWNJ% WAz AIUT, 2542) but no pharmacological studies in vivo
have previously been conducted on antinociceptive, antipyretic and anti-inflammatory

actions of this plant. In the present study, a crude ether and ethanol extracts from the




leaves of P. roxburghii Wall. are evaluated for antinociceptive, antipyretic and anti-

inflammatory activities in animal models.

Flowering

branch
|1 cm

Fruiting branch mm

-

Figure 1. Putranjiva roxburghii Wall. (Phuphathanaphong and Chayamarit, 2008).
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" 1. P. roxburghii Wall.

;‘ In Thai folkiore medicine, its leaf and stem bark are traditionally used for
the treatment of fever, whereas the whole plant is used for the treatment of hemorrhoid,
tuberculosis and fever (HUN34 Uaz 8InT, 2542).

The leaf extract of P. roxburghii significantly induced mitosis-disruptive
chromosomal changes in mouse bone marrow cells (Awasthy et al., 2000).

The oil of P. roxburghii exhibited the greatest toxicity. The oil was found to
be fungicidal and thermostable at its minimum inhibitory concentration (MIC) of 400 ppm.
The oil was characterized by the determination of its various physico-chemical properties.
Thus, the oil of P. roxburghii showed potential as a preservative for peanut seeds against

spoilage by fungi and insects during storage (Tripathi and Kumar, 2007).

Chemistry

Figure 2. Chemical structure of putraflavone (Garg and Mitra, 1971).



Figure 3. Chemical structure of roxburghonic acid (Garg and Mitra, 1971).

A new bioflavonoid (Figure 2), named putraflavone, was isolated from
the acidic fraction of the alcoholic extract of the leaf of P. roxburghii Wall. Putraflavone is
indicated to be the biflavonoid, C;,H,,04¢ built up of partially methylated units of apigenin.
The pale yellow compound gave olive green colour with ferric chloride and orange red
with Mg-HCI (Garg and Mitra, 1971).

Two new triterpenoids namely putranjivanonol (a hydroxy ketone), and
putranjic acid (a hydroxy acid), have been isolated from the trunk bark of P. roxburghii
Wall. along with friedelin and putranjivadione and a sterol (Garg and Mitra, 1968).

The acidic fraction of the alcoholic extract of the leaf of P. roxburghii Wall.
yielded a new triterpene acid, roxburghonic acid, CsH,s0;3 (Figure 3), which has been
shown by physico-chemical methods to be 3-keto-friedelan-25-oic acid. Roxburghonic
acid (Garg and Mitra, 1971).

The isolation of friedelin (Figure 4), putranjivadione (Figure 5), friedelanol
and a new triterpenoid roxburgholone, CsHs00,, from the bark of P. roxburghii has been
described. Roxburgholone has been shown to be 30-hydroxyfriedelan-7-one. The
hydroxyketone obtained by sodium borohydride reduction of putranjivadione has been

shown to be 3B-hydroxyfriedelan-7—one (Sengupta and Mukherjee, 1968).
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Figure 4. Chemical structure of friedelin (Merck, 1996).

Friedelin has been identified. (Merck, 1996). Calophyliolide, isolated from
the nut (Rastogi et al, 1998), its EDs, was 140 mg/kg orally and showed anti-inflammatory
and anti-arthritic activities in formaldehyde-induced arthritis and adjuvant arthritis in rats.

LDs, was 2.5 g/kg p.o. It was devoid of ulcerogenic activity up to twice the EDs, dose.
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Figure 5. Chemical structure of putranjivanonol (i), putranjivadione (Il) and putranjivone

(1) (Garg and Mitra, 1971).




2. Diseases
2.1 Pain
Pain is classified into three types: physiological pain (acute pain),

inflammatory pain, and neuropathic pain (Figure 6). Physiological pain has a high-
threshold, is well localized and transient, and has a stimulus-response relationship. Its
fundamental role is to operate a protective system, warning of contact with potentially
damaging stimuli. Noxious stimuli required to elicit this pain are sufficiently different from
those that produce innocuous sensations. This is due to highly specialized peripheral
sensory pathways: the fine myelinated A and unmyelinated C primary afferent fibers for
noxious stimuli and the thick myelinated A fibers for innocuous stimuli (Figure 6). Under
physiological conditions, the innocuous stimulus does not induce pain, but rather relieve
pain (original gate control theory). Tissue injury or inflammation involves the production
and release of a number of chemical mediators including bradykinin, serotonin and PGs,
which can originate locally or from cells that infiltrate the site of inflammation (Figure 7). A
mixture of these agents known as inflammatory ‘soup’ contributes to changes in vascular
permeability, resulting in erythema and edema. The inflammatory ‘soup’ also sensitizes
peripheral nociceptors by initiating a cascade of events that change ionic conductances of
the nociceptor peripheral terminal (Figure 6). Nociceptive projection neurons in the spinal
cord transmit information to a number of regions of the brainstem and dienchephalon,
including the thalamus, periaquaductal gray, parabrachial region, and bulbar reticular
formation as well as to limbic structures via ascending pathways. Noxious inputs to
thalamus are further project to primary and secondary somatosensory cortex (Figure 7)
(Craig and Dostrovsky, 1999). Neuropathic pain is a condition that can result from trauma
to the spinal cord and peripheral nerves or be accompanied with post-herpetic neuralgia
and reflex sympathetic dystrophy. Under such pathological conditions, C fibers become
hypersensitive and induce spontaneous pain and hyperalgesia to noxious stimuli.
Innocuous tactile stimuli mediated by large A fibers generate pain called allodynia. These
pain sensations outlast their biological usefulness. Therefore, there is considerable
interest in the neurochemical mechanisms of hyperalgesia and allodynia in relation to
inflammation and neuropathic pain (Dr;y et al., 1994; Woolf, 1994). As summarized in
Figure 6, various animal models have ‘been developed to elucidate the mechanisms of
these painful states and to evaluate analgesics for exploring effective treatment. Now,

these animal models have been often employed for behavioral analyses of knockout mice



in combination with the evaluation of pro- and antinociceptive agents. To help the

understanding of the results introduced in this article, several animal models are briefly

explained.
Apalferentfber ~ DRG
Innocuous o *
Kook CAéaﬂererﬂﬁber
Pain state Cion o Animal model
Physiological pain : Hot plate test (thermal)
Noxioug thermal By Tail flick test (thermal)
i Randall- Sellito test (mechanical)
stimuli e T Acetic acid writhing test (chemical)
chemical rr-r' Formalin test—1st phase (chemical)
Inflammatory pain vR1 00K, i Formalin test—2nd phase
Noxious thermal stimuli = z=%) ™ ) Injection of carrageenan /
Anoxia CFA into hind paw/ knee

Inflammatory sou - e Wy
(PGE2, PG, bragykinin) i i+ Changeof gene

* expression
Neuropathic pain N " A fier Sciatic nerve injury model
(o) NaN - Cfiber i e
e _ : 1t PG model
Change of gene L Sproutingof St et injyamorl
expression g ' A fibers

Figure 6. Three pain states and animal models (lto et al., 2001).



Somatosensory ppe
cortex Hyperalgesia
2 Preoptic area (POA)-EP,
Hypoalgesia
Ventromedial hypo-
thalamus(VMH}-EP, Periphery
Sensitization of nociceptors
PGE2
low dose - chemical - EP,
Thalamus high dose - thermal - EP,
PGl2- ical - 1P
e -
pinal cord Primary atferent
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PGD2-DP PGs
Allodynia ~e e loWpH
PGE2- EP;
PGF2- FP Site of inflammation

Figure 7. Pain pathways and involvement of PG in nociception (lto et al., 2001).

Types of Pain
Pain can be classified as acute or chronic pain as follows.

1. Acute pain is defined as short-term pain or pain with an easily
identifiable cause. Acute pain is the body's warning of present damage to tissue or
disease. It is often fast and sharp followed by aching pain. Acute pain is centralized in
one area before becoming somewhat spread out. This type of pain responds well to
medications.

2. Chronic pain was originally defined as pain that has lasted 6 months or
longer. It is now defined as pain that persists longer than the normal course of time
associated with a particular type of injury. This constant or intermittent pain has often
outlived its purpose, as it does not help the body to prevent injury. It is often more difficult
to treat than acute pain. Expert care is generally necessary to treat any pain that has
become chronic and coordinated treatment from an interdisciplinary health care team,
including medical physicians, physical ;herapists, and psychologists or psychiatrists, often
beneficial. An anterior cingulectomy, néurosurgery that disconnects the anterior cingulate
gyrus, can be used in extreme cases to treat chronic pain. Post-surgery, the patient will

still feel the sensation of pain, but not the accompanying emotion. There have been some
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theories that in proper treating of acute pain can lead to chronic pain (Dahl and Moiniche,
2004). The experience of physiological pain can be grouped according to the source and
related nociceptors (pain detecting neurons).

3. Neuropathic pain originates from the damage of peripheral or central
nerves and neurons. It is certainly the form of pain most difficult to treat. It is often
accompanied by intense spontaneous pain and by pain evoked by even modest
stimulation. Inflammatory and neuropathic pain may outlast the duration of the primary
cause of pain. They can thus turn into chronic pain syndromes, in which plastic changes
in nociceptive processing have occurred that are no longer readily reversible by

pharmacological treatment (Hanns, 2007).
Drugs used for pain

Morphine

Morphine is an extremely powerful opiate analgesic drug and is the
principal active agent in opium. Like other opiates, morphine acts directly on the central
nervous system (CNS) to relieve pain, and at synapses of the actuate nucleus, in
particular. Side effects include impairment of mental performance, euphoria, drowsiness,
lethargy, and blurred vision. It also decreases hunger, inhibits the cough reflex, and
produces constipation. Morphine is highly addictive when compared to other substances.
Tolerance and physical and psychological dependences develop quickly.

Administration: Morphine may be given parent rally as subcutaneous,
intravenous, or epidural injections. When injected, particularly intravenously, morphine
produces an intense contraction sensation in the muscles and thus produces a powerful
'rush’. The military sometimes issues morphine loaded in an auto injector.

Orally, it comes as an elixir, concentrated solution, powder (for
compounding) or in tablet form. Morphine is rarely supplied in suppository form. Due to its
poor oral bioavailability, oral morphine is only one-sixth to one-third of the potency of
potential morphine. Morphine is available in extended-release capsules for chronic

administration, as well as immediate-release formulations.
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Morphine is used legally:
1. Analgesic in hospital settings for
- Pain after surgery
- Pain associated with trauma
2. In the relief of severe chronic pain
- Cancer pain
- Pain from kidney stones
3. As an adjunct to general anesthesia
4. In epidural anesthesia
5. For palliative care (i.e. to alleviate pain without curing the underlying reason
for it)
6. As an antitussive for severe cough
7. As an antidiarrheal in chronic conditions (e.g., for diarrhea associated with
AIDS)
Contraindications
- Acute pancreatitis (this may be a result of morphine use as well)

- Renal failure (due to accumulation of the morphine-6-glucuronide metabolite)

Mechanism of action

Morphine (Figure 8) is an upload receptor agonist-lts main effect is binding
to and activating the p-upload receptors in the central nervous system. Activation of these
receptors is associated with analgesia, sedation, euphoria, physical dependence and
respiratory depression. Morphine is also a K-upload receptor agonist, with this action

associated with spinal analgesia and mitosis.

Figure 8. Structure of morphine
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2.2 Fever

Fever is a regulated rise in body temperature (Tb) resulting from contact with
infectious or inflammatory stimuli. Aithough there are considerable data indicating\that
moderate fevers are beneficial to the infected host, above a certain temperature (e.g.,
41°C) the elevation in Tb, by itself, may be harmful (Kluger et al., 1975). Many cytokines
are capable of modulating fever and are important for the orchestration of both systemic
and local inflammatory responses. Interleukin (IL)-1B, IL-6, and tumor necrosis factor
(TNF)-0L have been implicated as key mediators of fever using several animal models. iL-
1B, IL-6, IL-8, macrophage inflammatory protein-1 ﬁ interferon (IFN)-Y, and others have
been characterized as endogenous pyrogens, or fever inducers (Kluger, 1991). Many
hormones are also endogenous antipyretics; that is, they reduce fever. These include
melanocyte-stimulating hormone, arginine vasopressin, and glucocorticoids. There is
evidence that TNF-OL may be an endogenous pyrogen under certain circumstances and
an endogenous antipyretic under other conditions.

The action of pro-inflammatory cytokines on the CNS is, therefore, mainly
modulated by the local production of intermediate molecules such as prostaglandins
(PGs), which, in turn, activate hypothalamic centers responsible for thermoregulation, or
by the cytokine-induced release of leptin from adipocytes. Leptin can freely cross the
blood-brain barrier and directly stimulate hypothalamic thermoregulatory centers (Bishai et
al., 1987). Nevertheless, prostanoids do increase in the brain of febrile cats (Sirko et al.,
1989) and inhibitors of cyclooxygenase 2 (COX-2), one of the enzymes responsible for

PGE, formation, are efficacious in attenuating LPS-induced fever (McCann et al., 2005).

Pathophysiology of fever

The febrile response is a complex physiologic reaction to disease involving
a cytokine-mediated rise in body temperature, generation of acute-phase reactants, and
activation of numerous physiologic, endocrinology, and immunologic systems (Mackowiak
et al., 1997). The temperature of the body is dependent on maintaining a balance
between the production and dissipation of heat. Under normal circumstances, heat is
generated internally during metabofic processes or when external environmental
temperatures exceed those of the body. Heat can also be produced by increased skeletal

muscle activity, such as shivering. Heat loss occurs predominantly from the skin via




13

evaporative losses and also, to some extent, via the lungs. Much like other fundamental
aspects of human biology, core body temperature is regulated closely by intricate control
mechanisms, involving a complex interplay of autonomic, endocrine, and behavioral
responses. The hypothalamus is central to this process, functioning as a thermostat,
controlling thermoregulatory mechanisms that balance heat production with heat loss.
Integral to the process is the heat-sensitive receptors located in the peptic area of the
anterior hypothalamus. These receptors, which are sensitive to elevations in blood
temperature, increase signal output as the temperature rises above a fixed thermal set-
point (37.1°C average) and decrease output when the temperature drops below the set-
point. Similar receptors are in the skin, spinal cord, and abdomen, sending impulses to
the hypothalamus via the spinal cord.
With core body temperature elevations, the sympathetic system is

inhibited, leading to vasodilatation of skin vessels and stimulation of the sweat glands to
facilitate evaporative loss. This process prevails until the body temperature matches the
thermal set point, when heat production matches heat loss. Similarly, when body
temperature is below the thermal set point, a variety of responses is initiated to conserve
and increase production of heat. They include activation of the sympathetic nervous
system to induce vasoconstriction of skin blood vessels; inhibition of sweating; activation
of the shivering center in the posterior hypothalamus, thereby increasing muscle heat
production and secretion of neurotransmitters which increase cell metabolism and,
consequently, heat production. The hypothalamus also affects behavioral influences in
humans, with individuals changing clothes and/or seeking appropriate shelter to maintain
body temperature. In vivo experiments with rabbits revealed that thermoregulation
requires an intact sympathetic nervous system and can be modulated by various

adrenoceptor antagonists (Bencsics et al., 1995; Ohashi and Saigusa, 1997).
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Thermoregulatory substances

The stereotypic nature of the febrile response, regardless of the inciting
event, has led to an improved understanding of the interactions between the immune and
central nervous systems that cause fever. Fever is considered a hallmark of immune
system activation, resulting in a regulated rise in body temperature. The regulation of this
phenomenon is accomplished by the actions of two types of endogenous immune
regulatory proteins called cytokines, some functioning as pyrogens and others acting as
antipyretics (Figure 9) (Shalini and Donna, 2006).

A number of exogenous substances can evoke fever in animal models.
Lipopolysaccharide (LPS), a cell wall product derived from gram-negative bacteria, has
been the most extensively studied exogenous pyrogen, although others such as
superantigens, peptidoglycans, muramyldipeptides (derived from gram-positive and gram
negative bacteria), and viral products have also been investigated. When injected
systemically into experimental animals, exogenous pyrogens have been shown to induce
the production of pro-inflammatory cytokines, such as interleukins 1[3 (iL-1 B) and 6 (IL-6),
interferon  (IF)-0L, and tumor necrosis factor (TNF), which enter the hypothalamic
circulation and stimulate release of local prostaglandins, resetting the hypothalamic
thermal set point. The action of these pyrogenic cytokines may be opposed by other
cytokines (IL-10) and substances such as arginine, vasopressin, melanocyte-stimulating
hormone, and glucocorticoids), all of which have antipyretic properties, thus limiting the
magnitude and duration of fever. TNF has been shown to have pyrogenic and antipyretic
properties, depending upon the experimental conditions. Ultimately, it is the sum of the
interactions of pyrogenic and antipyretic cytokines that is responsible for the height and
duration of a febrile response.

Cytokines are thought to exert their effect on the brain via direct and
indirect mechanisms (Sternberg, 1997). Peripherally produced cytokines reach the central
nervous system (CNS) directly by crossing at leaky areas in the blood-brain barrier (BBB)
via circumventricular vascular organs known as organum vasculosum laminae terminalis,
which are networks of enlarged capillaries surrounding the hypothélamic regulatory
centers (Watkins et al., 1995). in diseaﬂse states such as bacterial infections, the BBB can
be compromised further, leading to ‘an influx of cytokines from the periphery and
accounting for several of the neurologic manifestations associated with sickness behavior,

including fever (Elmquist et al., 1997). Cytokines are also produced locally within the CNS
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(Breder et al., 1988). This local production of cytokines in the CNS may account for the
hyperpyrexia of CNS hemorrhage.

Evidence suggests that cytokines produced peripherally or centrally are
involved directly in the complex autonomic febrile response (Sternberg, 1997; Watkins et
al., 1995; Elmquist et al., 1997; Breder et al., 1988; Woiciechowsky et al., 1998). In the
periphery, IL-1 and TNF induce an increased production of IL-6, the principal endogenous
pyrogen (Luheshi et al., 1997). Among the cytokines measurable in plasma during LPS-
induced fever, circulating levels of IL-6 have shown the best correlation with fever (Roth
et al., 1993). Large amounts of IL-6 have been found to be present in all febrile diseases,
and IL-6 induced by IL-1 or the combination of IL-1 plus TNF, likely accounts for the
clinical fever. Mice without the gene for IL-6 do not develop fever during bacterial infection
(Kozak et al., 1998) whereas IL-10 knockout mice develop exacerbated fever that
correlates with enhanced plasma levels of IL-6 (Leon et al., 1999). Thus, endogenous IL-
6 functions as a pyrogen, whereas IL-10 inhibits the production of IL-6, functioning as an
endogenous antipyretic.

Although it is not fully understood, it is proposed that pro-inflammatory
cytokines stimulate the central production of the inducible enzyme cyclooxygenase (COX)
2 and subsequently, the production of prostaglandins of the E series (Li et al., 2001a).
These prostagiandins activate thermoregulatory neurons of the anterior hypothalamic area
to elevate body temperature. Studies have shown that peripherally produced cytokines
can also communicate with the brain indirectly in several ways, including the stimulation
of terminal fibers of the autonomic nervous system. The vagal route is one of the best-
known ways by which cytokines can influence the brain. Noradrenalin is the principal
neurotransmitter, although several others, such as acetyicholine, endorphins, enkephalins,
substance P, somatostatin, and vasoactive intestinal peptide, have also been implicated

(Vizi, 1998).
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Figure 9. Pathophysiologic mechanism of fever (Shalini and Donna, 2006). Abbreviations:
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Drugs used for fever
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Figure 10. Structure of paracetamol (acetaminophen)

Paracetamol

Paracetamol (Figure 10) is a common analgesic and antipyretic drug that
is used for the relief of fever, headaches, and other minor aches and pains. Paracetamol
is also useful in managing more severe pain, allowing lower dosages of additional non-
steroidal anti-inflammatory drugs (NSAIDs) or opioid analgesics to be used, thereby
minimizing overall side-effects. It is a major ingredient in numerous cold and flu
medications, as well as many prescription analgesics. It is considered safe for human use
in recommended doses, but because of its wide availability, deliberate or accidental

overdoses are fairly common.

Mechanism of action

Paracetamol has long been suspected of having a similar mechanism of
action to aspirin because of the similarity in structure. That is, it has been assumed that
paracetamol acts by reducing production of prostaglandins, which are involved in the pain
and fever processes, by inhibiting the cyclooxygenase (COX) enzyme as aspirin does.

However, there are important differences between the effects of aspirin and
those of paracetamol. Prostaglandins participate in the inflammatory response which is
why aspirin has been known to trigger symptoms in asthmatics, but paracetamol has no
appreciable anti-inflammatory action and hence does not have this side-effect.
Furthermore, the COX enzyme also pl:oduces thromboxanes, which aid in blood clotting.
Aspirin reduces blood clotting, but péNr-acetamol does not. Finally, aspirin and the other
NSAIDs commonly have detrimental effects on the stomach lining, where prostaglandins
serve a protective role, but paracetamol is safe. Indeed, while aspirin acts as an

irreversible inhibitor of COX and directly blocks the enzyme's active site, paracetamol
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indirectly blocks COX, and this blockade is ineffective in the presence of peroxides
(Boutaud et al., 2002). This might explain why paracetamol is effective in the central
nervous system and in endothelial cells but not in platelets and immune cells which ‘have
high levels of peroxides.
~ In 2002, it was reported that paracetamol selectively blocks a variant of

the COX enzyme that was different from known variants COX-1 and COX-2 (Swierkosz et
al., 2002). This enzyme, which is only expressed in the brain and the spinal cord, is now
referred to as COX-3. Its exact mechanism of action is still poorly understood, but future
research may provide further insight into how it works.

A single study has shown that administration of paracetamol increases
the bioavailability of serotonin (5-HT) in rats (Pina et al., 1996) but the mechanism is
unknown and untested in humans. In 2006, it was shown that paracetamol is converted to
N-arachidonoylphenolamine, a compound already known (AM404) as an endogenous
cannabinoid. Such as, it activates the CB1 cannabinoid receptor; a CB (1) receptor

antagonist completely blocks the analgesic action of paracetamol (Bertolini et al., 2006).

2.3 Inflammation
Inflammation is a local reaction of the vascular and supporting elements

of a tissue to injury resulting in the formation of a protein-rich exudates; it is a protective
response of the nonspecific immune system that serves to localize neutralize, or to
destroy an injurious agent in preparation for the process of healing. The cardinal signs of
inflammation are rubor (redness), calor (heat), dolor (pain), tumor (swelling), and functio
laesa (loss of function). Cause of inflammation includes physical agents, chemical agents,
immunological reactions, and infection by pathogenic organism (Wilson, 2003).
Inflammation is divided into acute and chronic patterns. The characteristics of acute
inflammation are the exudation of fluid and plasma proteins (edema) and the emigration
of leukocytes, predominantly neutrophils. Chronic inflammation is considered to be
inflammation of prolonged duration (weeks or months) in which active inflammation, tissue
destruction, and attempts at repair are proceeding simultaneously. Chronic inflammation
includes some of the most common and disabling human diseases, such as rheumatoid

arthritis, atherosclerosis, tuberculosis, and chronic lung diseases (Collins et al., 2001).
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- Type of inflammation

1. Acute inflammation

‘ Acute inflammation is characterized by the rapid influx of
Polymorphonuclear leukocytes (PMNs) into affected tissues. Tissue injury, microbes, and
| surgical trauma all activate the local biosynthesis of arachidonate-derived prostaglandins
| and leukotriene B, (LTB,) through pathways involving cyclooxygenases (COX-1 and COX-
- 2) and lipoxygenases (LOX). Initially, prostaglandins and LTB, control permeability, blood
flow, and vascular dilation needed for leukocyte adhesion, diapedesis, and recruitment
(Figure 11) (Levy et al., 2001). ’
2. Chronic inflammation
Chronic inflammation may progress from acute inflammation if the
injurious agent persists, but more often than not, the response is chronic from the outset.
In contrast to the largely vascular changes of acute inflammation, chronic inflammation is
characterized by infiltration of damaged tissue by mononuclear cells such as
macrophages, lymphocytes, and plasma cells, together with tissue destruction and
attempts at repair. The macrophage is the key player of the chronic inflammatory
response. This is due to the great number of bioactive products it releases. These
mediators form part of the body's powerful defense against invasion and injury. The
downside, however, is that persistent or pathological macrophage activation can result in
continued tissue damage. This underlies a variety of disease processes from rheumatoid

arthritis to atherosclerosis (Mairi et al., 2004).
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Figure 11. Temporal changes in lipid mediators in the progression of acute inflammation.
Host invasion, surgical trauma, and barrier loss all initially stimulate prostaglandins and
initiate early events in acute inflammation. LTB, is a potent chemo attractant that recruits
PMNs, which move by diapedesis from postcapillary venules into the site of inflammation.
During the progression of inflammation, intraluminal platelet-leukocyte transcellular
interactions generate LXA, and LXB,, which are ‘stop signals’ that reduce the further
recruitment of PMNs. As exudates form and pustules are walled off, PGE; and PGD,
signal termination by activating the expression of 15-LOX in neutrophils. This temporal
dissociation and production of lipoxins from arachidonic acid is referred to as ‘class
switching’ of eicosanoids from prostaglandins and leukotrienes to lipoxins, and
accompanies a phenotypic shift in the neutrophils present within exudates. Next, new
families of lipid mediators-resolvins and protectins-are generated from the omega-3
PUFAs eicosapentaenoic acid and docosahexaenoic acid. Aspirin jump-starts resolution
by acetylating COX-2 and subsaque:ntly generating aspirin-triggered 15-epi-lipoxins as
well as aspirin triggered epimers of both resolvins and protectins. As homeostasis is
resumed, apoptotic neutrophils increase the expression of CC-chemokine receptor 5,

which binds chemokines and helps clear the inflammatory milieu. The apoptotic
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neutrophils then undergo nonphlogistic phagocytosis by macrophages. Abbreviations:
ATL, aspirin-triggered lipoxin; COX, cyclooxygenase; LOX, lipoxygenase; LTB.,
leukotriene B,; LXA,, lipoxin A, LXB,, lipoxin B, PGD,, prostaglandin Dj; PGE,,
prostaglandin E,; PMN, polymorphonuclear leukocyte (Yacoubian and Serhan, 2007).

Arachidonic acid metabolism in inflammation

Arachidonic acid released from phospholipids by the action of the enzyme
phospholipase A, can be metabolized by either cyclooxygenase 1 and 2 or by 5-
lipoxygenase. Cyclooxygenases generate prostanoids like prostaglandin 1, (PGl;) and
PGE, that are involved in physiological processes including platelet aggregation and
regulation of gastrointestinal and renal blood flow. However, both PGI, and PGE, are
potent vasodilator agents that contribute to the vascular signs of the inflammatory
reactions. 5-lipoxygenase forms leukotrienes (LT) such as LTB,, a potent chemotaxin,
and LTC,, LTD,, LTE,, which are potent bronchoconstrictor agents.

Prostaglandin H syntheses, This synthetic pathway begins with the
generation of arachidonic acid from membrane phospholipids by the enzyme
phospholipase A. Arachidonic acid then provides the substrate upon which a series of
enzymatically catalyzed reactions occur. The enzyme 12-lipoxygenase converts
arachidonic acid to the unstable intermediates 12-hydroperoxyeicosatetraenoic acid and
12-hydroxyeicosatetraenoic acid, which are further metabolized by 5-lipoxygenase,
resulting in the formation of various leukotrienes. Conversely, metabolism of arachidonic
acid by the enzyme prostaglandin (PG) H synthase results in the formation of
prostaglandins. The cyclooxygenase activity of PGH synthase converts arachidonic acid
to PGG,, which is then metabolized by the peroxidase activity of this enzyme to PGH,.
The modification of PGH, by specific synthases results in the production of PGD,, PGE,,
PGF,q, PGl, (prostacyclin), and thromboxane A, (TXA;) (Smith, 1992). These substances
are important mediators of a variety of cellular functions. PGH synthase, also referred to
as cyclooxygenase (COX), exists in two forms, termed COX-1 and COX-2 (Williams and
DuBois, 1996). COX-1 is a constitutive isoform expressed on the endoplasmic reticular
membrane of all cells, including gastrié, kidney, and vascular cells, as well as in platelets
(Morita et al., 1995), and it results in the formation of a variety of prostaglandins that
mediate normal cellular functions. For example, maintenance of renal blood flow, gastric

mucosal protection, and platelet activation and aggregation are all affected by COX-1-
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catalyzed prostaglandin synthesis (Figure 9) (Smith, 1992). COX-2 is expressed
constitutively in micro vascular endothelial cells, in which it is a source of PGl, under
normal conditions (McAdam et al, 1999); this COX-2-derived PGl, may have an
atheroprotective effect in laboratory animals (Egan et al., 2004). Low levels of COX-2
mRNA and protein have been identified in human platelets; however, COX-2 is not
routinely expressed in most normally functioning cells. Rather, it is induced in the
inflammatory state by growth factors, cytokines, and other inflammatory stimuli and results
in the synthesis of prostaglandins that mediate the inflammatory response (Xie et al.,
1991; Kujubu et al., 1991).

Prostanoids like PGl, and PGE, are powerful vasodilators in their own
right and synergize with other autacoids like histamine and bradykinin. This combined
dilator action on precapillary arterioles that contributes to the redness and increased
blood flow in areas of acute inflammation. These prostanoids also potentiate the effect on
vascular permeability by bradykinin and histamine, contributing to plasma exudation and
the formation of inflammatory edema. PGl, and PGE, do not cause overt pain, but
produce hyperalgesia by sensitizing afferent C fibers. Moreover, PGE, acts on neurones
in the thermoregulatory network of the hypothalamus, causing increase in body
temperature. There is general agreement that this prostaglandin mediates fever induced
by endogenous pyrogens like interleukin 1 (IL-1) (Vane and Botting, 1995).

Especially PGl, and PGE,, have important cytoprotective effects on the
gastrointestinal (Gl) mucosa. Different mechanisms contribute to this protective action:
inhibition of secretion of both acid and pepsin, stimulation of mucus formation and
bicarbonate secretion, and improved mucosal blood flow. Further, PGE; contributes to
normal renal physiology by regulating the vascular tone and the normal blood flow (Katori
and Majima, 2000), while PG, is involved in vascular homeostasis and normal platelet
functions (Vane and Botting, 1995).

Through a 5-hydroperoxy intermediate, 5-LOX enzyme produces the
leukotrienes (LT), so called for their occurrence in leukocytes and a characteristic
conjugated triene structure. The first compound to be formed is LTA4 an unstable
metabolite containing an epoxide mﬂoiety. Derived from LTA, are LTB, by enzymatic
hydrolysis and LTC, by addition of the tripeptide glutathione catalyzed by glutathione-S-
transferase. From LTC,, LTD, and LTE, are produced. The three compounds form the

group of the cysteinyl-leukotrienes (Penrose et al., 1999).
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The biological effects of both prostanoids and leukotrienes are consistent
with the role of mediators of the main phenomena of inflammation such as vascular
changes, increase in body temperature, and leukocyte migration. Importantly, during
inflammatory processes, these mediators are synthesized and released by resident and
migrated cells in concentrations sufficient to cause their biological effects.

LTB, is a powerful chemotactic agent for both neutrophils and
macrophages. On neutrophils, it also causes cell degranulation with release of lysosomal
enzymes and upregulation of the membrane adhesion molecules. On macrophages and
lymphocytes, it stimulates the release of pro inflammatory cytokines. The cysteinyl-
leukotrienes (LTC,, LTD4, and LTE,) are important mediators of bronchial asthma,
causing constriction of bronchial tissue and edema mediated by augmented venular
permeability. LTE, is less potent than LTC,4 and LTD,, but its effect is much longer
lasting. This allergic pulmonary inflammation results from the activation of cells with a full
5-.LOX/LTC, synthase pathway, including monocytes, eosinophils, basophils, and mast

cells (Penrose et al., 1999).

Cyclooxygenase pathway (Figure 12)

The normal process begins with arachidonic acid, a dietary unsaturated
fatty acid obtained from animal fats. This acid is converted by the enzyme
cyclooxygenase to synthesize different prostaglandins. The prostaglandins go on to
stimulate many other regulatory functions and reactionary responses in the body.
Researches (Tannenbaum et al., 1996; Vane, 1996; Emery, 1996) have shown that there
are two types of cyclooxygenase, denoted COX-1 and COX-2. Each type of
cyclooxygenase leads itself to producing different types of prostaglandins.

Different mechanisms stimulate the two types of cyclooxygenase (COX).
COX-1 is stimulated continuously by normal body physiology. The COX-1 enzyme is
constitutive, meaning that its concentration in the body remains stable. It is present in
most tissues and converts arachidonic acid into prostaglandins. These prostaglandins in
turn stimulate normal body functions, such as stomach mucus production and kidney
water excretion, as well as platelet for;nation. The location of the COX-1 enzyme dictates
the function of the prostaglandins releases (Vane, 1996). For example, COX-1 in the
stomach wall produces prostaglandins that stimulate mucous production. In contrast, the

COX-2 enzyme is induced. It is not normally present in cells but its expression can be
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increased dramatically by the action of macrophages, the scavenger cells of the immune
system (Tannenbaum et al., 1996). COX-2's most important role is in inflammation. COX-
2 is involved in producing prostaglandins for an inflammatory response. COX-2 is induced
in various cells by cytokines, hormones, and mitogens and accounts for PG production in
the course of inflammation. The increase in PG biosynthesis in inflamed tissue is
accompanied by a rapid enhancement of COX-2 gene expression, which may prolong
and enhance the biosynthesis of PGs (lto et al., 2001). COX-1 is stimulated continually,
and COX-2 is stimulated only as a part of an immune response.
Since both COX-1 and COX-2 are constitutively expressed in the brain

and enhanced PG synthesis has been reported in various pathological processes, there
has been considerable interest in the role of PGs that are synthesized in the CNS COX-1
was distributed in neurons throughout the brain, but it was more prominent in the
forebrain, where PGs may be involved in complex integrative functions including
modulation of sensory processing (Breder et al., 1992). COX-2 was first identified in rat
CNS as one of mRNAs induced by electrical seizures (Yamagata et al., 1993). The
expression of COX-2 in the normal CNS was restricted to parts of cortex, hippocampus,
hypothalamus, amygdala, and brainstem involved in the processing of nociceptive
sensory input and in the generation of coordinated autonomic, endocrine, and behavioral

response (Yamagata et al., 1993; Breder et al., 1995).

Lipoxygenase pathway

LTs are lipid messengers that play central role in immune responses and
tissue homeostasis (Funk, 2001). Biosynthesis of LTs from AA was initially described in
polymorphonuclear leukocytes and monocytes. First described in 1937 as the slow
reacting substances of anaphylaxis (SRS-A), these lipid mediators are now known as the
cysteinyl LTs (CysLTs), LTC,, LTD, and LTE, (Lewis et al., 1990). Synthesis of LTs can
be divided in two pathways: one to create CysLTs and another to create LTB, (Figure 13).
Some of important properties of 5-LO pathway proteins are summarized. 5-LO is the key
enzyme in LT biosynthesis and is located in the nucleus in some cell types and in the
cytosol of others (Peters-Golden anZi Brock, 2001). 5-LO is 72- to 80-kd monomeric
soluble protein containing one nonheme iron believed necessary for catalysis (Rouzer et
al., 1985). This enzyme possesses an NH2-terminal domain that binds to calcium iron

and is essential for nuclear membrane translocation (Chen and Funk, 2001). Active
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mainly in myeloid cells, such as monocytes, macrophages, B lymphocytes, granulocytes,
mast cells, and DC, 5-LO requires Ca2+ and is stimulated by ATP, phosphatidylcholine,
lipids, and hydroperoxides (Radmark, 2002). Following cellular activation, ' 5-LO
translocates to the nuclear membrane where it is able to interact with an 18-kd
membrane-associated protein referred to as five-lipoxygenase-activating protein (FLAP).
FLAP is an AA-binding protein whose function is to optimally present substrate to 5-LO
(Mancini et al., 1993). The first evidence that the 18-kd protein is absolutely required for
cellular5-LO activity comes from transfection studies in human osteosarcoma cell lines
_(Dixon et al., 1990). In this system, expression of 5-LO alone resulted in no detectable
cellular 5-LO activity following challenge with calcium ionophore A-23187. LT synthesis
only occurred when 5-LO and FLAP were coexpressed in these cells. FLAP is expressed
on T cells (Jakobsson et al., 1992), macrophages, and DC (Harizi et al., 2003), but not on
erythrocytes or endothelial cells.
Cellular activation by immune complexes, bacterial peptides, and other

stimuli elicit a sequence of events that include cytosolic phospholipase A, (CPLAz) and 5-
LO translocation to the nuclear envelope to produce 5- hydroperoxy eicosatetraenoic acid
(5-HPETE) from AA. Subsequently, 5-HPETE is dehydrated to yield the epoxide LTA,, a
pivotal intermediate in the biosynthesis of inflammatory and anaphylactic mediators. LTA,
undergoes transformation by one or more of three possible fates depending on the
cellular context: hydrolysis, conjugation with glutathione, or transcellular metabolism to
generate bioactive lipid mediators (Gronert, 1999). In neutrophils and monocytes, LTA, is
converted predominately to the chemoattractant LTB, by LTA, hydrolase (Radmark et al.,
1984), but in human eosinophils, mast cells, and basophils, LTA, is conjugated with
reduced glutathione by LTC, synthase ‘to form the first of the CysLTs, LTC, (Yoshimoto
et al.,1988). After carrier-mediated cellular export, sequential cleavage of the glutathionyl
side chain of LTC, generates the extracellular metabolites LTD, and LTE,. LTB, may be
degraded by microsomal (U-oxidation and peroxisomal ﬂ-oxidation in myeloid cells and
hepatocytes. Degradation is accompanied by loss of biological activity. It is important to
note that degradative enzymes are increased by the transcription factor peroxisome
proliferator-activated receptor 4 (PPAROC) and this nuclear hormone receptor is in turn
activated by binding with LTB, (Devéhand et al., 1996). This feedback loop limits the

duration of action of LTB,.
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Figure 13. Pathways of LT biosynthesis. Arachidonic acid is liberated from membrane
phospholipids by the action of cytosolic phospholipase A, (cPLA;) and presented to 5-LO
enzyme by FLAP. 5-LO enzyme converts arachidonic acid to an unstable intermediate
termed 5-hydroperoxyeicosatetraenoic acid (5-HPETE). Subsequently, 5-HPETE is
dehydrated to yield the epoxide LTA,, a pivotal intermediate in the biosynthesis of
inflammatory and anaphylactic mediators. Enzymatic hydrolysis of LTA, by LTA4
hydrolase results in the formation of LTB,. Alternatively, LTC, synthase catalyzes the
conjunction of LTA, with glutathione‘tq form LTC,, which may be converted to LTD, and
LTE, by the actions of the transferase and peptidase enzymes, respectively (Harizi and

Gualde, 2004).
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L Drugs used of for inflammation

- Anti-inflammatory drugs

Anti-inflammatory drugs are used to treat rheumatoid disorders, and also
in other inflammatory diseases and injuries. Their anti-inflammatory activity is due to their
ability to inhibit the cyclooxygenase activity of prostaglandin synthase, an enzyme which
mediates the production of prostaglandins from arachadonic acid. These drugs were
developed as an alternative to the corticosteroids and their analogues, which have many

side effects.

Non-Steroidal Anti-inflammatory Drugs (NSAIDS)

NSAIDs are used to treat pain, fever, and inflammation. Traditional
NSAIDs block COX-1 and COX-2 enzymes that the body uses to manufacture
substances called prostaglandins. Since COX-1 prostaglandins are stomach-protective,
blocking this enzyme is associated with gastrointestinal toxicity, a known side effect of
these drugs. Newer NSAIDs, called COX-2 inhibitors block primarily COX-2
prostaglandins associated with pain, fever, and inflammation, and are less risky to the
stomach. However, this is not proven, and some COX-2 inhibitors have been taken off the
market due to excess risk of heart attacks attributable to their use. Drugs in this family

are as follows.

Aspirin

Aspirin (Figure 14) or acetylsalicylic acid is a drug in the family of
salicylates, often used as an analgesic (against minor pains and aches), antipyretic
(against fever), and anti-inflammatory. It has also an anticoagulant (blood-thinning) effect
and is used in long-term low-doses to prevent heart attacks.

Low-dose long-term aspirin irreversibly blocks the formation of
thromboxane A, in platelets, producing an inhibitory effect on platelet aggregaton, and
this blood-thinning property makes it useful for reducing the incidence of heart attacks.
Aspirin produced for this purpose often’ comes in 75 or 81 mg dispersible tablets and is
sometimes called “junior aspirin” or “Baby aspirin.” High doses of aspirin are also given
immediately after an acute heart attack. These doses may also inhibit the synthesis of

prothrombin and may therefore produce a second and different anticoagulant effect.
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Several hundred fatal overdoses of aspirin occur annually, but the vast
majority of its uses are beneficial. Its primary undesirable side effects, especially in
stronger doses, are gastrointestinal distress (including ulcers and stomach bleeding) and
tinnitus. Another side effect, due to its anticoagulant properties, is increased bleeding in
menstruating women. Since there appears to be a connection between aspirin and Reye's
syndrome, aspirin is no longer used to control flu-like symptoms in minors (Macdonald,

2002).

OH

o

PN

CH;
Figure 14. Structure of aspirin

Mechanism of action

The pharmacological effects of aspirin are mediated primarily through its
interference with prostaglandin biosynthesis (Antman et al., 2005). Aspirin’s inhibitory
effect on prostaglandin biosynthesis is mediated by its covalent modification of COX
through the irreversible acetylation of a specific serine moiety (Kujubu et al., 1991; Roth
and Majerus, 1975). Aspirin-induced acetylation of serine 529 of COX-1 results in a
conformational change in the active site of the enzyme, thus preventing it from binding
arachidonic acid. Conversely, aspirin-induced acetylation of serine 516 of COX-2 alters
the function of the enzyme so that it metabolizes arachidonic acid to 15-R-
hydroxyeicosatetraenoic acid (Smith and DeWitt, 1995). In the presence of aspirin, both
COX-1 and COX-2 become incapable of converting arachidonic acid to PGH,, a
necessary precursor of prostaglandin biosynthesis. The inhibiton of COX-2 likely

accounts for the beneficial anti-inflammatory effects of aspirin, whereas inhibition of COX-
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1 accounts for its antithrombotic effect. Inhibition of COX-1 also interferes with production
of the homeostatic prostanoids, thereby potentially resulting in serious toxicities, including
renal failure, gastric mucosal ulceration, and impaired hemostasis. Aspirin does not inhibit
the activity of lipoxygenase; thus, it does not affect the generation of leukotrienes.
Physiologically, aspirin is a relatively weak inhibitor of platelets because it

blocks only thromboxane-dependent platelet activation and aggregation. Several other
stimuli, including shear force, increased plasma catecholamines, thrombin, and ADP, can
activate platelets despite aspirin therapy and likely contribute to thrombosis in acute

coronary syndromes (Folts et al., 1999).

indomethacin

CH; H,COOH

Figure 15. Structure of indomethacin

Indomethacin (INN) or Indomethacin (USAN and former BAN) is a non-
steroidal anti-inflammatory drug commonly used to reduce fever, pain, stiffness, and
swelling. It works by inhibiting the production of prostaglandins, molecules known to
cause these symptoms. It is marketed under many trade names, including Indocin,

Indocid, Indochron E-R, and Indocin-SR.
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Mechanism of action

Indomethacin (Figure 15) is a nonselective inhibitor of cyclooxygenase
(COX) 1 and 2, enzymes that participate in prostaglandin synthesis from arachidonic' acid.
Prostaglandins are hormone-like molecules normally found in the body, where they have
a wide variety of effects, some of which lead to pain, fever, and inflammation.

Prostaglandins also cause uterine contractions in pregnant women.
Indomethacin is an effective tocolytic agent, able to delay premature labor by reducing
uterine contractions through inhibition of PG synthesis in the uterus and possibly through
calcium channel blockade.

Indomethacin has two additional modes of actions with clinical importance:

- It inhibits motility of polymorphonuclear leucocytes, similar to

coichicines.

- It uncouples oxidative phosphorylation in cartilaginous (and hepatic)

mitochondria, like salicylates.

These additional effects account as well for the analgesic and the anti-
inflammatory properties. Indomethacin readily crosses the placenta, and can reduce fetal
urine production to treat polyhydramnios. It does so by reducing renal blood flow and
increasing renal vascular resistance, possibly by enhancing the effects of vasopressin on

the fetal kidneys.

2.4 Hemorrhoids

Hemorrhoids are mentioned in ancient medical writings of every culture,
including Babylonian, Hindu, Greek, Egyptian, and Hebrew. The word “hemorrhoid” is
derived from the Greek “haema” = blood, and “rhoos” = flowing, and was originally used
by Hippocrates to describe the flow of blood from the veins of the anus.

Hemorrhoids are normal anatomic features of the human anal canal,
forming pads that bulge into the lumen. The anorectal area has a mucosal lining, a
framework composed of blood vessels, smooth muscle and supporting tissues, av well as
an anchoring connective tissue system that secures the hemorrhoidal tissues to the
internal sphincters. This hemorrhoidal wsystem is reported to cushion the anal canal during
defecation (Abcarian et al., 1994). ’

The anal canal sub mucosa is discontinuous and composed of three

complexes located at the right posterior, right anterior and left lateral anal wall (Cocchiara,
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1991: Pfenninger, 1995; Hodes, 1996). These three areas are often referred to as the
anal canal cushions. Their distribution is important because the discontinuous
arrangement allows the anal canal to distend, when signaled by the pressure receptors,
during a bowel movement. In addition, these cushions have a rich vascular system, both
arterial and venous (Pfenninger, 1995).

The dentate, pectinate or anorectal line is the point where squamous
epithelium of the outer anal skin transitions to a mucosal glandular epithelium. This is
significant to note because pain fibers generally cease at the dentate line. As a result,
hemorrhoidal disorders above the dentate line rarely cause discomfort and those below
the line usually cause pain (Pfenninger, 1995; Hodes, 1996).

Also important to the anatomy of the anorectal area are the encircling
muscles. The internal and external sphincters control the passage of fecal material into
and out of the anal canal. The involuntary muscle responsible for the control of defecation
is the internal sphincter. Feces are passed into the canal via autonomic stimulation. On
the other hand, the external sphincter is under voluntary control and remains closed to
prohibit the passage of fecal materials out of the rectum (Hodes, 1996; Wuest and
Gossel, 1992).

Hemorrhoid disease is present when there are alterations to this normal
anatomy, causing blood vessels that lie beneath the anal mucosa and perianal skin to
dilate. In addition, the muscular and connective tissue supports may become damaged,
resulting in the downward displacement of hemorrhoidal cushions. These events then

lead to symptomatology and possible complications of hemorrhoids.

Anatomy of hemorrhoids

The arteries supplying blood to the anal canal descend into the canal from
the rectum above and form a rich network of arteries that communicate with each other
around the anal canal. Because of this rich network of arteries, hemorrhoidal blood
vessels have a ready supply of arterial blood. This explains why bleeding from
hemorrhoids is bright red (arterial blood) rather than dark red (venous blood), and why
bleeding from hemorrhoids occasionall; can be severe. The blood vessels that supply the
hemorrhoidal vessels pass through the supporting tissue of the hemorrhoidal cushions.
The anal veins drain blood away from the anal canal and the hemorrhoids. These veins

drain in two directions. The first direction is upwards into the rectum, and the second is
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downwards beneath the skin surrounding the anus. The dentate line is a line within the

anal canal that denotes the transition from anal skin (anoderm) to the lining of the rectum.

Classification of Hemorrhoids
Hemorrhoids are classified by their point of origin: internal, external, and

internal- external.

Internal Hemorrhoids

Internal hemorrhoids originate above the pectinate or dentate line in the
anal canal and are covered by a mucous membrane. The internal hemorrhoids become
symptomatic when the anal lining and connective tissues become loose and weakened
and the vascular system becomes engorged. A grading system has been defined for
internal hemorrhoids to assist with the selection of a treatment plan. The grade of the
hemorrhoid depends on the extent of descent into the anal canal and out of the anus.
First degree internal hemorrhoids are enlarged; however, they never prolapse and rarely
produce symptomatology. Second degree internal hemorrhoids prolapse with defecation
but they return to their original position spontaneously. Neither first nor second degree
hemorrhoids can be visualized during an external examination but require the use of a
proctoscope. On the other hand, third degree internal hemorrhoids prolapse with each
bowel movement and even with physical exertion. These specific hemorrhoids require
manual replacement back to their point of origin. Fourth degree internal hemorrhoids are
permanently prolapsed despite attempts to reintroduce them to their original position
(Abcarian et al., 1994; Cocchiara, 1991; Pfenninger, 1995; Hodes, 1996). They are
especially at risk for thrombosis, severe pain and bleeding.

Internal hemorrhoids are classified by history and not by physical
examination. They are graded as follows:

Grade | internal hemorrhoids project into the anal canal with minimal
bleeding or may be asymptomatic, but they do not prolapse.

Grade |l hemorrhoids pfotrude beyond the anal verge with straining or
defecating and reduce spontaneously \)s;hen straining ceases.

Grade Il hemorrhoids p;otrude either spontaneously or with straining
and will require manual reduction.

Grade IV hemorrhoids chronically prolepses and, if they are reducible,
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they fall out again. Irreducible, strangulated hemorrhoids are a surgical emergency.

External Hemorrhoids

External hemorrhoids are swollen areas of skin and blood vessels around
the anus (below the dentate line) (Hodes, 1996).They are lined with squamous epithelium
that is highly innervated and sensitive. These particular hemorrhoids are also at risk for

thrombosis.

Internal-External: When internal and external hemorrhoids occur simultaneously, they

are referred to as mixed hemorrhoids (Pfenninger, 1995; Hodes, 1996).

Epidemiology/Etiology

Hemorrhoid disease is a common disorder of the anorectal area. It has
been estimated that hemorrhoids affect over 10 million individuals in the United States
(Abcarian et al., 1994; Hodes, 1996). Reports suggest that one-half of all Americans over
the age of 50 have suffered from hemorrhoids (Hodes, 1996; Wuest and Gossel, 1992;
Sause, 1995). The exact cause of hemorrhoids has not been determined. However,
several factors appear to contribute to their etiology. Patients with a low dietary fiber
intake may be at. risk for developing hemorrhoids (Abcarian et al., 1994; Hodes, 1996;
Wuest and Gossel, 1992). Typically, these patients’ stool is hard with very little bulk or
moisture, thereby increasing the risk of straining during a bowel movement. These results
in elevated pressure in the rectal vascular system which could lead to hemorrhoidal
disorders (Wuest and Gossel, 1992). Pregnancy is another factor linked to hemorrhoids.
Due to the in utero placement of the fetus, pregnant women have increased pressure in
the anorectal area which may result in internal hemorrhoids (Abcarian et al., 1994; Hodes,
1996: Wuest and Gossel, 1992). In addition, labor may aggravate the condition,
prolonging symptoms after the birth process.

Another population at risk for hemorrhoids is those individuais whose
occupations require heavy lifting or Prolonged standing (Cocchiara, 1991, Wuest and
Gossel, 1992). Heavy liting may put additional strain on both the muscles and venous
system in the anorectal area, making ’hemorrhoidal development a possibility. Prolonged
standing may cause blood to pool in the rectal vascular system, especially since there are

no venous valves in this area, thus predisposing workers to hemorrhoidal problems.
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Decreased physical activity may also contribute to hemorrhoid
development. Less active individuals may experience a decline in muscle tone of the
anorectal area, thereby making the patient prone to weak hemorrhoidal cushions. 'Other
patients at risk for the development of hemorrhoids are those who overuse stimulant
laxatives. These individuals are at risk of chronically straining the anal sphincters during

defecation, which may result in symptoms (Wuest and Gossel, 1992).

Signs and Symptoms

Signs and symptoms of hemorrhoid disease are the result of vascular
congestion that occurs when veins become engorged secondary to obstructed blood flow.
In addition, collagen and elastin that support the anorectal region weaken, causing
hemorrhoidal cushions to lose their support and become displaced.

Bleeding: One of the most common symptoms of hemorrhoids is bleeding
from the rectal area before, during and after defecation. The anal mucosa becomes
eroded, releasing a bright red blood usually evident to the patient via blood-tinted toilet
bowl water, stool or toilet tissue. The blood may result from external or internal
hemorrhoids (Abcarian et al., 1994; Cocchiara, 1991; Hodes, 1996).

Itching: Itching may result secondary to mild inflammation usually
associated with prolapsed internal hemorrhoids that secrete a mucous discharge. Further
irritation and itching can occur when dyes and perfumes in fabrics and toilet tissue come
into contact with the already sensitive area.

Inflammation and Swelling: Inflammation and swelling may result from
trauma imposed on the anorectal area due to engorged hemorrhoidal tissues. Inflamed
tissues may cause pain, especially to a patient with external hemorrhoids. Standing for
prolonged periods of time or defecation may intensify the pain. As expected, those with
uncomplicated internal hemorrhoids should not feel pain secondary to an absence of pain
receptors above the dentate line.

Seepage: Seepage of fecal matter or mucus may occur if persister:t
swelling or inflammation in the anorectal area prevents the anal sphincter from closing
properly. '

Protrusion and Prolaps:ed: A frequent sign of uncomplicated internal or
external hemorrhoids is protrusion, a projection of tissue outside the anal canal. The

protrusion may be evident following a bowel movement, prolonged standing or physical
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exertion. Unless the protrusion becomes thromboses, infected, or ulcerated, it is painless.
A prolapsed hemorrhoid is an internal hemorrhoid that protrudes beyond the dentate line
and is seen at the anal orifice (Hodes, 1996).

Thrombosis: When hemorrhoids remain persistently prolapsed, patients
are at risk for thrombosis. This is a lump or clot that may cause severe pain in the rectal
area for approximately a week (Cocchiara, 1991; Hodes, 1996). The lump slowly
disappears; however, a skin tag remains evident. If, by chance, the thrombus hemorrhoid
does not heal, then gangrene as well as ulceration may ensue, leading to further

complications of the anorectal area.

Drugs used for hemorrhoid

Anti-hemorrhoid drugs are medicines that reduce the swelling and relieve
the discomfort of hemorrhoids (swellings in the area around the anus).

Daflon 500 mg is a unique micronized purified flavonoid fraction (MPFF)
containing 90 % diosmin and 10 % flavonoids expressed as hesperidin. Indications,
treatment of venous disease, i.e., chronic venous disease and hemorrhoidal disease
(HD). The efficacy of Daflon 500 is accounted for by its specific action on the principal
elements of venous disease. Daflon 500 is phlebotonic: It reinforces venous tone by
prolonging the activity of parietal noradrenalin. Thus, Daflon 500 decreases venous
capacitance, venous distensibility and venous emptying time. Daflon 500 protects the
microcirculation by fighting the microcirculation-damaging process; it combats venous
inflammation by decreasing leukocyte activation, and as a consequence, by inhibiting the
release of inflammatory mediators, principally free radicals and prostaglandins. Thus,
Daflon 500 normalizes capillary permeability and strengthens capillary resistance. Daflon
500 acts on the lymphatic system: It improves lymphatic drainage by increasing lymph
flow and lymph oncotic pressure. This action on the lymphatic system associated with a
phlebotonic and vasculoprotective effect, explains the activity of Daflon 500 on chronic
venous insufficiency associated edema.

Siduol consists of dl-alpha-tocopheryl calcium succinate (vitamin E) 25 mg,
lysozyme chloride 10 mg, rutin 100 mgt vitamin K1 12 mg, pluronic 20 mg. Indications, for
treatment of internal and external herﬁorrhoids, anal fissures and associates subjective

symptoms
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Objective: To evaluate the antinociceptive, antipyretic and anti-inflammatory activities of

the ether and ethanol extracts from the leaves of P. roxburghii Wall. in animal models.

y




CHAPTER 2
MATERIALS AND METHODS

Plant material ’

The air dried leaf of P. roxburgbii Wall. (Euphorbiaceae) was collected
and purchased from herbal drugstores in Songkhla Province, Thailand. The plant material
was identified by direct comparison with herbarium specimen at Department of
Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Prince
of Songkla University. Voucher specimens (number: SS 2549-001) of the plant material
were deposited in the same place. The air dried leaf was pulverized and stored in air

tight, light protect container.

Preparation of the extracts from the leaves of Putranjiva roxburghii Wall. (Garg and
Mitra, 1971)

The air dried leaves of P. roxburghii (1.2 kg) were macerated with 95%
ethanol at room temperature, filtered and evaporated to give a syrupy mass. The marc
was remacerated with ethanol four times, filtered and evaporated. All syrup masses were
mixed to give 350 g ethanol extract (29% yield). The ethanol extract was further
exhaustively extracted with ether and the ethereal solution thus obtained was separated
into acidic and neutral fractions by washing with 0.5% NaOH solution. The alkali soluble
fraction on acidification extracts with ether and evaporated to give a syrupy mass of 84 g
ether extract (24% yield). These ethanol extract and ether extract were dissolved in
cosolvent (propylene glycol: tween 80: water 4:1:4) (Reanmongkol et al., 2002) and used
as the test extracts. All doses were expressed in terms of mg of crude extract/ kg body
weight. The ether extracts containing flavonoids after evaporation of the solvent. The
crude mixture of flavonoids and other compounds was subjected to silica ge! column
chromatography. The elution was commenced with CHCl;-MeOH and CHCl; to give
putraflavone and roxburghonic acid éﬂnd then collected and analyzed by TLC. The ether

extract compounds were examined by TLC using with several solvent systems of different

polarities (2%, 5%, 10%, 50% MeOH-CHCI; and 100% CHCl;) as the mobile phase. The
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flavonoid type components were visualized first under UV-light and then by spraying the

TLC plate with spraying agent and heat.

Animals

Animals used in this study were male Swiss albino mice weighing 25-35 g
and male Wistar rats weighing 150-200 g. The rats were handled for 5-10 min daily for
several days before experiments. All animals were obtained from the Animal House,
Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla, Thailand. The
animals were housed for at least one week in the laboratory animal room prior to testing.
Food and water were given ad libitum unless otherwise specified. All experimental
protocols were approved by the Animal Ethic Committee, Prince of Songkla University,
Thailand (No 0521.11/166). When the experiments were finished, all of experimental

animals were terminated by cervical dislocation.

Chemicals and Instruments

The following drugs were used: morphine sulfate, Brewer's yeast,
carrageenin, croton oil (Sigma Chem. Co., St. Louis, U.S.A), aspirin, tween 80 (Srichand
United Dispensary Co., Ltd., Bangkok, Thailand), sodium chloride (Carlo Erba, Germany),
acetic acid (AR grade, J.T, Baker Inc., Phillipsburg U.S.A), propylene glycol, indomethacin
(Vidhyasom Co., Ltd., Bangkok, Thailand), diethyl ether, chloroform, ethanol (Labscan
Asia Co., Ltd), acetone (Fluka Biochemika).

Plethysmometer (Ugo Basile, Italy), Hot plate analgesia meter (Harvard
Apparatus Ltd., U.K.) and Digital thermometer (SK-1250 MC, Sato Keiryoki Mfg. Co,, Ltd,,
Japan) were used.

Test agents administration

Group Name group Details
1 Cosolvent propylene glycol:tween 80:distilled water = 4:1:4
2,3 Standard drug Aspirin: 200 mg/kg

Indomethacin: 1.00 mg/ear
Morphine sulfate: 10 mg/kg
4,56 Ether extract r 100, 200, 400 mg/kg, respectively.
7.8,9 Ethanol extract 100, 200, 400 mg/kg, respectively.
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Methods

Acute toxicity ~
The ether and ethanol extracts of P. roxburghii at the dose of 2 g/kg

(OECD Test Guideline 401,1987) was orally administered to a group of both male and

female mice (each sex consists of 10 mice). Behavior parameters were observed during a

period of 8 hours and 7 days after the extracts administration such as convulsion,

hyperactivity, sedation, grooming, and loss of righting reflex, increased or decreased

respiration. Food and water were given ad libitum.

Antinociceptive activities

1. Writhing test

Writhing behavior was tested, in which 0.6% acetic acid solution (10 mi/kg
body weight) was injected intraperitoneally and the number of writhings and stretchings
was counted over a 20 min period as previously reported (Koster et al., 1959; Hendershot
& Forsaith, 1959). The ether and ethanol extracts of P. roxburghii (100, 200 and 400
mg/kg), a reference analgesic drug aspirin (200 mg/kg), or cosolvent were orally
administered 30 min before acetic acid. Ten mice were used for each group in this test:
Group 1: Control group : Cosolvent (propylene glycol : tween 80 : distilled water = 4:1:4)
Group 2: Aspirin (200 mg/kg, p.o.)
Group 3: Ether extract of P. roxburghii leaves (100 mg/kg, p.o.)
Group 4: Ether extract of P. roxburghii leaves (200 mg/kg, p.o.)
Group 5: Ether extract of P. roxburghii leaves (400 mg/kg, p.o.)
Group 6: Ethanol extract of P. roxburghii leaves (100 mg/kg, p.o.)
Group 7: Ethanol extract of P. roxburghii leaves (200 mg/kg, p.o.)
Group 8: Ethanol extract of P. roxburghii leaves (400 mg/kg, p.o.)

30 min

< . Number of writhes (20 min)

Drug (p.o.) 0.6% Acetic acid
(10 ml/kg, i.p.)
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2. Hot plate test

The hot plate test was carried out according to the method described by
Woolfe & MacDonald (1944). Mice were placed On a hot plate maintained at 55 °C * 1
°C. Latency of nociceptive response such as licking of a hind limb or jumping was
measured. Starting thirty minutes after oral administration of the test agents except
morphine (15 min after administration), the nociceptive response was measured every 156
min over a 60 min period. Morphine sulfate was injected subcutaneously. The cut-off time
was 45 sec. Only the mice that showed nociceptive responses within 15 sec were used
for the experiment. Ten mice were used for each group in this test:
Group 1: Control group: Cosolvent (propylene glycol : tween 80 : distilled water = 4:1:4)
Group 2: Aspirin (200 mg/kg, p.o.)
Group 3: Morphine sulfate (10 mg/kg, s.c.)
Group 4: Ether extract of P. roxburghii leaves (100 mg/kg, p.o.)
Group 5: Ether extract of P. roxburghii leaves (200 mg/kg, p.o.)
Group 6: Ether extract of P. roxburghii leaves (400 mg/kg, p.o.)
Group 7: Ethanol extract of P. roxburghii leaves (100 mg/kg, p.o.)
Group 8: Ethanol extract of P. roxburghii leaves (200 mg/kg, p.o.)
Group 9: Ethanol extract of P. roxburghii leaves (400 mg/kg, p.o.)

Latency of nociceptive response (sec.)
+— 30 mn —m»

l¢— 15 min—»] | l | l

0 15 30 45 60 min

Drug (p.o.) Morphine sulphate
(10 mg/kg, s.c)
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3. Formalin test

Thirty minutes after oral administration of the ether and ethanol extracts of
P. roxburghii (100, 200 and 400 mg/kg), aspirin (200 mg/kg) or cosolvent except
morphine (15 min after administration), 20 pl of 2.5% formalin in saline was
injected subcutaneously to a hind paw of the mice. Morphine sulfate was injected
subcutaneously. The time spent for licking the injected paw was recorded and the data
were expressed as total licking time in the early phase (0-5 min) and the late phase (15-
30 min) after formalin injection (Hunskaar et al, 1985). Ten mice were used for each
group in this test:
Group 1: Control group: Cosolvent (propylene glycol : tween 80 : distilled water = 4:1:4)
Group 2: Aspirin (200 mg/kg, p.o.)
Group 3: Morphine sulfate (10 mg/kg, s.c.)
Group 4: Ether extract of P. roxburghii leaves (100 mg/kg, p.o.)
Group 5: Ether extract of P. roxburghii leaves (200 mg/kg, p.o.)
Group 6: Ether extract of P. roxburghii leaves (400 mg/kg, p.o.)
Group 7: Ethanol extract of P. roxburghii leaves (100 mg/kg, p.o.)
Group 8: Ethanol extract of P. roxburghii leaves (200 mg/kg, p.o.)
Group 9: Ethanol extract of P. roxburghii leaves (400 ;ng/kg, p.o.)

Early phase Late phase

<+——— 30 min — b 0-5min  —ple—— 15-30 min —

15 min 15 min

Drug Morphine suiphate 2.5% Formalin
(p.0.) (10 mg/kg, s.c) (20 ui, s.c.)
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Antipyretic activity
Yeast-induced fever /

Antipyretic activity of drug was measured by slightly modifying the method
described by Adams et al. (1968). Male Wistar rats were fasted overnight with water ad
libitum before the experiments. Pyrexia was induced by subcutaneously injecting 20%
(w/v) brewer's yeast suspension (10 ml/kg) into the animals’ dorsum region. Seventeen
hours after the injection, the rectal temperature of each rat was measured using a digital
thermometer (SK-1250 MC, Sato Keiryoki Mfg. Co., Ltd., Japan). Only rats that showed
an increase in temperature of at least 0.7 °C were used for the experiments. The ether
and ethanol extracts of P. roxburghii (100, 200 and 400 mg/kg), aspirin (200 mg/kg, p.o.)
or cosolvent vehicle were administered orally and the temperature was measured at 1, 2,
3, 4 and 5 hr after drug administration. Six rats were used for each group in this test:
Group 1: Control group: Cosolvent (propylene glycol : tween 80 : distilled water = 4:1:4)
Group 2: Aspirin (200 mg/kg, p.0.)

Group 3: Ether extract of P. roxburghii leaves (100 mg/kg, p.o.)
Group 4: Ether extract of P. roxburghii leaves (200 mg/kg, p.o.)
Group 5: Ether extract of P. roxburghii leaves (400 mg/kg, p.o.)
Group 6: Ethanol extract of P. roxburghii leaves (100 mg/kg, p.o.)
Group 7: Ethanol extract of P. roxburghii leaves (200 mg/kg, p.o.)
Group 8: Ethanol extract of P. roxburghii leaves (400 mg/kg, p.o.)

<«—— 17 h ——>30min| l l l | l

20% Yeast in NSS  Drug (p.o.)
- (10 ml/kg, s.c.)
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Anti-inflammatory activities

1. Carrageenin-induced paw edema

According to the meihod described by Winter et al. (1962), the initial right
hind paw volume of the rats was measured using a plethysmometer (Ugo Basile, Italy)
and then 0.1 mi of 1% (w/v) carrageenin was subcutaneously injected into the subplantar
region of the right hind paw. The volume of right hind paw was measured at 1, 2, 3, 4,
and 5 h after carrageenin injection and the edema volume were determined. Cosolvent,
the ether and ethanol extracts of P. roxburghii (100, 200 and 400 mg/kg), or aspirin (200
mg/kg, p.o.) was orally administered 30 min before carrageenin injection. Six rats were
used for each group in this test:
Group 1: Control group: Cosolvent (propylene glycol : tween 80 : distilled water = 4:1:4)
Group 2: Aspirin (200 mg/kg, p.0.)
Group 3: Ether extract of P. roxburghii leaves (100 mg/kg, p.o.)
Group 4: Ether extract of P. roxburghii leaves (200 mg/kg, p.o.)
Group 5: Ether extract of P. roxburghii leaves (400 mg/kg, p.o.)
Group 6: Ethanol extract of P. roxburghii leaves (100 mg/kg, p.o.)
Group 7: Ethanol extract of P. roxburghii leaves (200 mg/kg, p.o.)
Group 8: Ethanol extract of P. roxburghii leaves (400 mg/kg, p.o.)

 30min __ ~ l | ‘

Drug (p.o.) 1% Carrageenin
“ (0.1 ml, s.c.)
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2. Croton oil-induced mouse ear edema

Edema was induced according to the method described by Tubaro et
al. (1985). Cutaneous inﬂammati;n was induced by application of 10 pl of an acetone
solution containing the irritant (5% croton oil) to the inner surface of the right ear of the
mice. The left ear received an equal volume of acetone. The ether and ethanol extracts of
P. roxburghii (1.25, 2.5 and 5.0 mg/ear) were applied topically to the right ear about 60
min before the croton oil. The left ear received the vehicle. As a reference, indomethacin
(1 mglear) was used. Four hours after the application of the irritant agent, the mice were
sacrificed and a plug (7-mm @) was removed from both the treated and untreated ears.
The edematous response was measured as the weight difference between the two plugs.
Group 1: Control group: acetone
Group 2: Indomethacin (1.00 mg/ear)
Group 3: Ether extract of P. roxburghii leaves (1.25 mg/ear)
Group 4: Ether extract of P. roxburghii leaves (2.5 mg/ear)
Group 5: Ether extract of P. roxburghii leaves (5 mg/ear.)
Group 6: Ethanol extract of P. roxburghii leaves (1.25 mg/ear.)
Group 7: Ethanol extract of P. roxburghii leaves (2.5 mglear.)

Group 8: Ethanol extract of P. roxburghii leaves (5 mg/ear.)

4 h

y

*

<4———— 60 min

h A

Drug (10 pl), 5% Croton oil (10 pl)
Topically applied
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3. Croton oil-induced anus edema

A hemorrhoid model was prepared by means of application of croton oil
onto the recto-anus of rats. Cotton swab soaked with the inducer, which consisted 'of 6%
croton oil in diethyl ether, was inserted into the anus. The following condition was found
to be optimal for preparing the model: cotton swab containing 0.2 mi of the inducer
solution was applied to the anus of rats for 10 sec. Cosolvent, the ether and ethanol
extracts of P. roxburghii (100, 200, 400 and 800 mg/kg), or aspirin was orally
administered after croton oil onto the recto-anus of rats (1 hour), the croton oil-induced
anus edema of rats was measured by slightly modifying the method described by (Nishiki
et al., 1988). The rats were orally administered once daily throughout the experimental
period of 3 days. On the 4 days, rats were sacrificed by cervical dislocation. The size of
rats anus was measurement by vernier caliper.
Group 1: Control group: Cosolvent (propylene glycol : tween 80 : distilled water = 4:1:4)
Group 2: Aspirin (200 mg/kg, p.o.)
Group 3: Ether extract of P. roxburghii leaves (100 mg/kg, p.o.)
Group 4: Ether extract of P. roxburghii leaves (200 mg/kg, p.o.)
Group 5: Ether extract of P. roxburghii leaves (400 mg/kg, p.o.)
Group 6: Ether extract of P. roxburghii leaves (800 mg/kg, p.o.)
Group 7: Ethanol extract of P. roxburghii leaves (100 mg/kg, p.o.)
Group 8: Ethanol extract of P. roxburghii leaves (200 mg/kg, p.o.)
Group 9: Ethanol extract of P. roxburghii leaves (400 mg/kg, p.o.)
Group 10: Ethanol extract of P. roxburghii leaves (800 mg/kg, p.o.)

3 days

- 1h e

ly

6% Croton oil Drug (p.o.) daily, 3 days
(0.2 mil) (10 sec)
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4. Chronic inflammation induced in air pouches of rats

To produce a chronic inflammatory process, 0.5 ml of 1% croton oil was
injected into an air pouch formed on the back of adult rats by subcutaneous injection of
25 mi of air. The rats were then orally administrated (p.o., n=6) daily for 7 days with the
ether and ethanol extracts of P. roxburghii (100, 200 , 400 and 800 mg/kg), cosolvent
vehicle, or indomethacin (1.5 mg/kg). After 8 days the animals were sacrificed by cervical
dislocation and the volume of exudates in the air pouch was measured (Selye, 1953).
Group 1: Control group: Cosolvent (propylene glycol : tween 80 : distilled water = 4:1:4)
Group 2: Indomethacin (1.5 mg/kg, p.o.)
Group 3: Ether extract of P. roxburghii leaves (100 mg/kg, p.o.)
Group 4: Ether extract of P. roxburghii leaves (200 mg/kg, p.o.)
Group 5: Ether extract of P. roxburghii leaves (400 mg/kg, p.o.)
Group 6: Ether extract of P. roxburghii leaves (800 mg/kg, p.o.)
Group 7: Ethanol extract of P. roxburghii leaves (100 mg/kg, p.o.)
Group 8: Ethanol extract of P. roxburghii leaves (200 mg/kg, p.o.)
Group 9: Ethanol extract of P. roxburghii leaves (400 mg/kg, p.o.)
Group 10: Ethanol extract of P. roxburghii leaves (800 mg/kg, p.o.)

¢ 30 min > 7 days >
1% Croton oil Drug (p.o.) daily, 7 days
(0.5 mi)

Statistical analysis
Data were expressed as mean + SEM and were analyzed statistically by
one-way ANOVA procedures, followed by using Bonferroni's test. A differe \ce was

considered at p<0.05.




CHAPTER 3
RESULTS

The extracts from the leaves of P. roxburghii Wall.

The air dried leaves of P. roxburghii (1.2 Kg) are macerated with 95%
ethano! at room temperature, then filtered and evaporated to give a syrupy mass. The
marc was remacerated with ethanol four times, filtered and evaporated. All syrup masses
were mixed to give 350 g of ethanol extract (29% yield). The ethanol extract was
exhaustively extracted with ether and evaporated to give a syrupy mass 84 g of ether
extract (24% yields). The ethanol and ether extracts gave orange red colour with shinoda
test Mg-HCI (Malec and Pomilio, 2003). The percent yield of the extracts from dried

leaves of P. roxburghii was shown in Table 1.

Table 1. The weight and percent yield of the extracts from dried leaves of P. roxburghii

(1.2 kg).
Extract Weight (g) % yield
Ether extract 84 24
Ethanol extract 350 29
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Thin-layer Chromatography (TLC) of the extracts from P. roxburghii Wall. leaves

The TLC chromatogram of the ether extract in various solvent systems

under alcoholic-H,SO, and heat detection were shown as the following (Figure 16).

e 4L 8¢ SL c’? ﬁﬁé‘*
(A) 2% MeOH/CHCl,

i We oL ne e ﬁ\:
(D) 50% MeOH/CHCl,

« B &

TR
(B) 5% MeOH/CHCl;

(E) 100% CHCl,

sl

DT ROU TR NRCIURNEY TN AR BRRARARA S

Ko e ke

(C) 10%MeOH/CHCl,

Figure 16. The TLC chromatogram of the ether extract in various solvent systems
(A) 2% MeOH/CHCI3, (B) 5% MeOH/CHCI;, (C) 10% MeOH/CHCI,,
(D) 50% MeOH/CHCI; and (E) 100% CHCI,.
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Acute toxicity

The ether and ethanol extracts of P. roxburghii leaves which were orally
administered at the dose 2 g/kg to mice (10 males and 10 females) did not change in the
behavioral responses during the observation period. No mortality was observed up to 7

days of monitoring.

Antinociceptive Activities

1.  Writhing test

The results of acetic acid-induced writhing responses in mice of the ether
and ethanol extracts of P. roxburghii are presented in Figure 17. The ether and ethanol
extracts at doses of 100, 200 and 400 mg/kg dependently suppressed the writhing
response in mice. Aspirin at the dose of 200 mg/kg elicited significant (p<0.01) inhibitory
effect on the writhing response induced by acetic acid, compared with the control group.

The ether extract at concentration of 100, 200 and 400 mg/kg exhibited
marked writhing inhibition by 42.01%, 51.52%, and 60.62%, respectively; The ethanol
extract also inhibited writhing response by 24.58%, 34.13%, and 63.96%, respectively.
Aspirin (200 mg/kg), reference drug, suppressed acetic acid-induced pain by 68.97%;

compared with the control group (Table 2).
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Table 2. Effect of the ether extract, ethanol extract of P. roxburghii leaves and

aspirin on the number of writhing induced by 0.6% acetic acid in mice.

Drug Dose (mg/kg, p.o.) Number of writhing  Inhibition (%)
Cosolvent - 38.09+1.3 0
Aspirin 200 11.82+1.4* 68.97
Ether extract 100 22.09+1.5* 42.01

200 18.45¢1.4" 51.52

400 15.00+2.4* 60.62
Ethanol extract 100 28.73+2.1* 24.58

200 25.09+1.9* 34.13

400 13.73+1.6* 63.96

Each value represents as mean + SEM (n=10).

The ether and ethanol extracts of P roxburghii were orally administered thirty minutes
before 0.6% acetic acid injection. Number of writhings and stretchings was counted over
a 20 min period after injection of 0.6% acetic acid.

* p<0.01, significantly different, compared with the control (cosolvent) group (Bonferroni's

test).
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Figure 17. Effect of the ether extract, ethanol extracts of P. roxburghii leaves and

aspirin the number of writhing induced by 0.6% acetic acid in mice.
*p<0.01, significantly different, compared with the control (cosolvent) group

(Bonferroni's test).
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2. Hot plate test
Neither the ether nor ethanol extracts showed significant effects,
compared with the control group, whereas morphine at a dose of 10 mg/kg
significantly increased the pain latency in heat-induced pain in mice. Aspirin (200

mg/kg) also had no effect in this test (Table 3).
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Table 3. Effect of the ether and ethanol extracts of P. roxburghii leaves, aspirin and

morphine on nociceptive response induced by heat in mice.

Drug Dose (mg/kg, p.o.) Latency of nociceptive response (sec)
0 min 15 min 30 min 45 min 60 min
Cosolvent - 19.9440.7 17.66:0.8 19.9331.0 2522+0.9 19.10%1.7
Aspirin 200 23.05¢1.0 21.11:0.9 21.14£05 20.21:0.7 21.55+0.8
Morphine sulphate (s.c) 10 39.03+1.7* 43.1821.4* 45.27:0.1" 45.1410.1" 45.20:0.4*
Ether extract 100 18.71£1.0 17.98x1.0 21.03+1.1 22.76+£0.6 21.4310.8
200 18.94+08  18.32+1.0 21.70#0.9  20.25%1.0 20.41x05
400 20.8610.6  19.46:x1.0 23.90#09  20.10£0.8 20.141.2
Ethanol extract 100 1824109  15.57+0.8 16.70£1.0  15.87+1.4 18.0610.6
200 18.66+0.8 1572209 1744109  18.11+1.2 18.69+1.5
400 20.84+1.0 18.79:09 21.701.7 20.52+2.1 21.06+1.7

Each value represents as mean + SEM (n=10).

Latency of nociceptive response was initially measured after oral administration of ether

and ethanol extracts of P. roxburghii, aspirin or morphine injection (s.c.). The nociceptive

response was measured every 15 min over a 60 min period.

* p<0.01, significantly different, compared with the control group (Bonferroni's test).
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3. Formalin test
| In the early phase, no significant inhibition of licking activity was observed
in mice after oral administration of ether and ethanol extracts of P. roxburghii at the 'doses
* of 100, 200 and 400 mg/kg and aspirin (200 mg/kg), compared with the control group.
In the late phase, the ether and ethanol extracts of P. roxburghii at the
dose 400 mg/kg markedly decreased the licking time in mice. Aspirin at a dose of 200
mg/kg could also intensively inhibit the licking response by 58.19% in this phase.
Morphine (10 mg/kg) reduced the licking time in both early and late phases of the
formalin test in mice (Figure 18). |
The percentage inhibition of licking activity was 57.67% and 50.31%
observed during late phase respectively at 400 mg/kg ether and ethanol extracts of P.

roxburghii, compared with control group (Table 4).
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Table 4. Effect of the ether extract and ethanol extract of P. roxburghii leaves, aspirin

and morphine on nociceptive response by formalin-induced paw licking in mice.

Drug Dose (mg/kg, p.o.) Licking of the hind paw (sec)
Early phase Inhibition (%) Late phase Inhibition (%)
(0-5 min) (15-30 min)
Cosolvent - 78.931+4.1 0 74.80£11.9 0
Aspirin 200 74.6915.7 5.38 31.2814.6* 58.19
Morphine Sulphate (s.c) 10 33.59+2.7* 57.45 3.56¢1.2* 95.25
Ether extract 100 82.2419.1 -4.19 59.84+9.3 20.00
200 86.4416.0 -9.57 55.4016.5 2594
400 73.3345.6 71 31.7114.5* 57.67
Ethanol extract 100 74.5913.3 5.5 51.15¢2.9 31.62
200 68.5512.2 13.16 49.05£3.7 34.43
400 68.7612.4 12.89 37.171.3* 50.31

Each value represents as mean + SEM (n=10).

Thirty minutes after test drug administration (p.o.), 2.5 % formalin was injected s.c. to
mice hind paw.

Fifteen minutes after morphine administration (s.c.), 2.5 % formalin was injected s.c. to
mice hind paw.

* p<0.01, significantly different, compared with the control group (Bonferroni’s test).
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Effect of the ether and ethanol extracts of P. roxburghii leaves, aspirin and
morphine on nociceptive response by formalin-induced paw licking in mice.

*p<0.01, significantly different compared with the control group (Bonferroni's

test).
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Antipyretic activity

Yeast-induced fever

Subcutaneous injection of yeast caused rise in rectal temperature of rats.
The ether and ethanol extracts of P. roxburghii at the dose of 400 mg/kg caused
significant lowering rectal temperature in hyperthermia rats. A similar result was observed
with aspirin at the dose of 200 mg/kg as shown in Figure 19, 20 and Table 5. A
significant antipyretic effect of the ethanol extract at doses of 100 and 200 mg/kg
observed at the fourth and fifth hour after extract administration, compared with control

group and the normal temperature of rats at 36 °C.
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Table 5. Effect of the ether and ethanol extracts of P. roxburghii leaves and aspirin on

brewer’s yeast-induced fever in rats.

Drug Dose (mg/kg, p.0.) Average rectal temperature (°C)

0 1h 2h 3h 4h 5h
Cosolvent - 37.2+0.2 37.1%0.1 36.5¢0.1 36.4+0.1 36.5¢0.1 36.810.2
Aspirin 200 37.3:0.3  35.7+0.2** 35.410.1** 35.3+ 0.2** 35.1+0.1** 35.0¢0.5**
Ether extract 100 37.8+0.1 36.9+0.1 36.7t0.1 36.410.1 359+0.2 35.910.4

200 37.5¢0.2 36.4+0.1 36.4:0.2 36.0£0.2 35.8+0.2 35.910.2
400 37.110.2  36.2:0.1* 35.610.7** 35.6+0.1* 35.310.2** 35.2+0.2*
Ethanol extract 100 37.2¢0.3 36.6£0.2 36.4+0.5 36.0£0.1 35.9+0.1 35.9+0.2
200 37.0¢0.1  36.320.1 35.9+0.3 35.7¢0.1 35.840.2 35.8+0.3
400 37.3£0.1  35.8£0.4"™ 35.41+0.2** 35.410.2** 35.310.1* 35.3+0.1"

Each value represents as mean + SEM (n=6).
Rectal temperature was measured after yeast injection 17 h.

* p<0.05, ** p<0.01, signiﬁcéntly different, compared with the control group (Bonferroni’s

test).
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® Cosolvent, ) Aspirin: 200 mg/kg, y Ether extract: 100 mg/kg,
/ Ether extract: 200 mg/kg, g Ether extract: 400 mg/kg

Figure 19. Effect of the ether extract of P. roxburghii leaves and aspirin on brewer’s
yeast-induced fever in rats.

*p<0.05, ** p<0.01, significantly different, compared with the control group

(Bonferroni’s test).
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Figure 20. Effect of the ethanol extracts of P. roxburghii leaves and aspirin on

brewer’s yeast-induced fever in rats.

*p<0.05, ** p<0.01, significantly different, compared with the control group

(Bonferroni’s test).
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Anti-inflammatory activity

1. Carrageenin-induced paw edema

The effect of third solvent fractions of ethanol and ether extracts of the
dried leaves of P. roxburghii on carrageenin-induced acute inflammation, measured by the
increased paw volume of the rats at different time periods (0, 1, 2, 3, 4, 5 h) is presented
in Table 6.

The inhibitory activity on carrageenin-induced hind paw edema in rats
caused by oral administration of P. roxburghii extracts, at various assessment times after
carrageenin injection is shown in Figure 21 and 22. Aspirin at the dose of 200 mg/kg
exhibited significantly edema inhibition. The ethanol extract at the dose of 400 mg/kg also
possessed significant inhibitory effect on carrageenin-induced paw edema at all recorded
times. A significant anti-edema effect of the ethanol extract at the dose of 200 mg/kg was
observed at the second, third, fourth and fifth hour after carrageenin injection. The ethanol
extract at the dose of 100 mg/kg significantly inhibited on carrageenin-induced paw
edema at the fourth and fifth hour. The present study shows that ether extract from the |
leaves of P. roxburghii at the dose of 400 mg/kg significantly inhibited the edema
formation at the third, fourth and fifth hour after carrageenin injection. A marked inhibition

of edema formation was at the fourth hour with the doses of 100 and 200 mg/kg.
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Table 6. Effect of the ether extract and ethanol extract of P. roxburghii leaves and

aspirin on carrageenin-induced paw edema in rats.

Drug Dose (mg/kg, p.o.) Paw volume (ml)
0 1h 2h 3h 4 h 5 h
Cosolvent - 58+0.3 7.0¢0.3 75402 89+04 88101 8.6202
Aspirin 200 52402 5.8£0.3* 6.0£0.2* 6.7+0.2** 6.8£0.5" 6.410.2"
Ether extract 100 6.110.2 6.6202 6.91t02 7.6+0.2 80104 7.9+03
200 6.1¢0.4 6.7+0.1 71402 7.2403 79104 7.4:03
400 5.6+0.4 6.1:0.1 6.4+0.1 6.9+0.2* 7.0£0.2** 6.810.1*
Ethanol extract 100 55104 6.1:0.2 6.5:03 7.2¢02 7.9402 7.4106
200 54104 6.0:0.1 6.1:0.1** 6.8:0.1** 7.2¢0.2* 7.110.2*
400 53+0.1 5.9%0.1* 6.1t0.1** 6.7£0.2" 6.610.1*" 6.5+0.1*"

Each value represents as mean + SEM (n=6).

Oral administration of ether and ethanol extracts of P. roxburghii thirty minutes before 1%
carrageenin (s.c.) injection, the volume of right hind paw was measured at 1, 2, 3, 4, and
5 h after 1% carrageenin injection.

* p<0.05, ** p<0.01, significantly different compared with the control group (Bonferroni's

test).

.
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Figure 21. Effect of the ether extract of P. roxburghii leaves and aspirin on

carrageenin-induced paw edema in rats.

*p<0.05, ** p<0.01, significantly different compared with the control group

(Bonferroni’s test).
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Figure 22. Effect of the ethanol extracts of P. roxburghii leaves and aspirin on

carrageenin-induced paw edema in rats.

*p<0.05, ** p<0.01, significantly different compared with the control group

(Bonferroni’s test).
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3. Croton oil-induced mouse ear edema.

The results demonstrated topical anti-inflammatory activity of the ether
and ethanol extracts of P. roxburghii. The results of croton oil-induced mouse ear edema
were presented in Table 7 and Figure 23, topical application of the ether extract (5.0
mg/ear) significantly inhibited ear edema in mice by 42 % and the ethanol extract (2.5,
5.0 mglear) significantly inhibited the ear edema formation by 28% and 51%, respectively,

compared with control group.
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Table 7. Effect of the ether and ethanol extracts of P. roxburghii leaves and indomethacin

on croton oil-induced mouse ear edema.

Drug Dose (mg/ear) Weight (mg) Inhibition (%)

Control - 13.84+0.44 0
Indomethacin 1.00 6.07+0.38 57
Ether extract 1.256 ' 12.68+0.94 9
2.50 11.2610.90 19
5.00 8.0810.54* 42
Ethanol extract 1.25 : 12.61£0.63 9
2.50 10.011£0.40" 28
5.00 6.80+0.53" 51

Each value represents as mean + SEM (n=10).
Test extract or drugs were topically applied 60 min before croton oil application.

* p<0.01, significantly different, compared with the control group (Bonferroni's test).
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Figure 23. Effect of the ether extract and ethanol extract of P. roxburghii leaves and
aspirin on croton oil-induced mouse ear edema.
*p<0.01, significantly different, compared with the control group (Bonferroni’s

test).
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3. Croton oil-induced anus edema

The ether extract and ethanol extract of P. roxburghii at doses 800 mg /kg
showed inhibitory effect on the edema formation of the rat's anus induced by croton oil
(Figure 24). Aspirin at the dose of 200 mg/kg significantly decreased the size of anus in
rats induced by croton oil, compared with control group (Table 8) and the normal size of

anus in rats is 30 mm.
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Table 8. Effect of the ether and ethanol extracts of P. roxburghii leaves and aspirin on
croton oil-induced anus edema in rats.
Drug Dose (mg/kg, p.o.) Size of anus (mm) % Inhibition
Cosolvent - 46.50+1.0 0
Aspirin 200 39.50+0.7* 15.0
Ether extract 100 45.17+1.5 2.8
200 44.67+1.3 3.9
400 43.20+1.3 7.0
800 36.50+0.9" 21.5
Ethanol extract 100 46.67+1.5 -0.3
200 44.17+1.6 5.0
400 42.00+1.2 9.6
800 36.00+1.0* 225

Each value represents as mean + SEM (n=6).

Cotton swab soaked with the inducer, which consisted of 6% croton oil in diethyl ether,

was inserted into the anus, orally administered of ether and ethanol extracts of P.

roxburghii after croton oil application 1 hour. The rats were orally administered once daily

throughout the experimental period of 3 days. The sizes of anus were measured with

vernier caliper.

* p<0.01, significantly different compared with the control group (Bonferroni's test).
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Figure 24. Effect of the ether and ethanol extracts of P. roxburghii leaves and aspirin
on croton oil-induced anus edema in rats.
*p<0.01, significantly different compared with the control group (Bonferroni's

test).
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4. Chronic inflammation induced in air pouches of rats

Effects of the ether extract and ethanol extract of P. roxburghii (100, 200
And 400 mg/kg, p.o.) were also studied using chronic model of inflammation. P. roxburghii
extracts at all doses used did not decrease the volume of exudates in air-pouches of rats
compared with the control group (Table 9) but the extracts at the dose 800 mg/kg and
indomethacin, a reference drug at a dose of 1.5 mg/kg significantly decreased the

volume of exudates in air-pouches of rats (Figure 25).
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Table 9. Effect of the ether and ethanol extracts of P. roxburghii leaves and

indomethacin on chronic inflammation induced in air pouches of rats.

Drug Dose (mg/kg) Fluid in pouch (ml) % Inhibition
Cosolvent - 6.13%0.1 0
Indomethacin 1.5 3.45+0.1%* 43.7
Ether extract 100 5.88+0.7 4.0
200 5.86+0:1 44
400 5.83+0.1 4.8
800 5.06+0.2* 17.4
Ethanol extract 100 5.93+0.2 3.2
200 5.90+0.1 3.7
400 5.83+0.1 4.8
800 4.90+0.1* 20.0

Each value represents as mean + SEM (n=6).

The volume of exudates in the air pouch after 0.5 ml croton oil injection into an air pouch
formed on the back of rats.

*p<0.05, ** p<0.01, significantly different compared with the control group (Bonferroni's

test).
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Figure 25. Effect of the ether and ethanol extracts of P. roxburghii leaves and

indomethacin on chronic inflammation induced in air pouches of rats.

*n<0.05, **p<0.01, significantly different compared with the control group

(Bonferroni's test).



CHAPTER 4

DISCUSSION

In the present study, anti-inflammatory, antinociceptive and antipyretic
effects of ether and ethanol extracts of P. roxburghii were assessed in animal models.
The results of P. roxburghii extracts exhibited significant effect against pain in the three
antinociceptive models in mice: writhing, hot plate and formalin tests. The extracts
decreased fever induced by yeast in rats and also suppressed acute and chronic
inflammations in carrageenin-induced paw edema in rats, croton oil-induced ear edema
and anus edema in mice, and granuloma pouch in rats.

In acute toxicity, no motality was observed in mice. Thus P. roxburghii
extracts are relatively safe.

The pain in abdominal writhes induced by acetic acid is an analgesic
screening test (Gupta and Verma, 1991), the writhing test allows us to identify central and
peripheral analgesic compounds involuntary muscle twitches of the abdomen may be of
interest because of their similarity with some of those known in visceral disorders (Le
Bars et al.,, 2001b). In acetic acid-induced abdominal writhing which is the visceral pain
model, the inflammatory response releases arachidonic acid via cyclooxygenase, and
prostaglandin biosynthesis plays a role in the nociceptive mechanism (Franzotti et al.,
2002), since acetic acid indirectly induced the release of endogenous mediators
stimulated the nociceptive neurons that were sensitive to non-steroidal anti-inflammatory
drugs (NSAIDs) (Sa'nchez-Mateo et al.,, 2006). In the present study, the P. roxburghii
extracts significantly exhibited analgesic effect and this effect may be due to inhibition of
the synthesis of the arachidonic acid metabolites. The ether extract and ethanol extract of
P. roxburghii exhibited protective action against nociception in writhing test similarly to
aspirin. These results suggest that the ether extract and the ethanol extract possess
antinociceptive activities.

The hot plate test has been found to be suitable for evaluation of centrally
acting analgesics (Gupta et al., 2005). In the present study, morphine, centrally acting
analgesic drug, produced an inhibitory effect on the nociceptive response in this test,

while the ether extract and the ethanol extract of P. roxburghii did not show
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antinociceptive effects in this test. Hence, suggested that the apparent antinociceptive
action of the P. roxburghii extracts may be mediated through peripheral but not central
mechanism.

Formalin injection into the mice hind paw results in biphasic pain-related
behaviors (such as licking, flinching and biting of the injured paw) that seems to involve
two distinct mechanisms. The first phase (acute pain) appears immediately following
formalin injection lasting only few minutes and is believed to be driven by primary afferent
nociceptor activity (Shibata et al., 1989). The formalin test was conducted to confirm and
study the possible analgesic mechanism of action of the ether extract and ethanol extract
of P. roxburghii. The test consists of two distinct phases those possibly reflecting different
types of pain mechanisms. The first phase starts immediately after injection of formalin
and lasts about 5 min. This is due to direct chemical peripheral stimulation of nociceptors
that seems to be caused predominantly by C fiber activation (Heapy et al., 1987). In this
phase, first response is evoked by the direct formalin stimulation of the nerve endings
followed by substance P release which may play a role through cooperation with
bradykinin in this phase. The second phase (tonic pain) starts approximately 15-20 min
after formalin injection and lasts for 20-40 min. Inflammation in the late phase is due to
the release of peripheral mediators like serotonin, histamine, bradykinin, prostaglandins
and at least to some degree, the sensitization of central nociceptive neurons (Tjolsen et
al., 1992). In this second phase various mediators operate in a sequence to produce an
inflammatory response and has been correlated with the elevated production of
prostaglandin (PG), induction of cyclo-oxygenase (COX) and release of nitric oxide (NO)
(Hama and Menzaghi, 2001; Le Bars et al., 2001b). The formalin test is sensitive to non-
steroidal anti-inflammatory drugs and other mild analgesics. It is now well accepted that
the anti-nociceptive efficacy of NSAIDs not only depends upon the inhibition of PG
synthesis at the site of injury but also on the prevention of a nociception-induced PG,
especially PGE, release in the spinal cord (Ferreira et al., 1973). Drugs that act primarily
on the central nervous system inhibit both phases, while peripherally acting druas inhibit
the late phase (Hunsnkaar and Hole, 1987). Central analgesic drugs such as morphine
inhibited both phases equally, while ;)eripherally acting drugs such as NSAIDs aspirin
suppressed mainly in the late phase.' Our results showed that the ether and ethanol
extracts of P. roxburghii exerted significant inhibitory effect on nociceptive response of the

late phase but not in the early phase. These results suggested that the inhibitory effect of
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the extracts from P. roxburghii on nociceptive response of the late phase may due to
involve in the suppression of the release of peripheral mediators e.g., serotonin,
histamine, bradykinin, nitric oxide and/or prostaglandins. '

Increased body temperature and pain are known as the main symptoms of
the body against an inflammatory stimulation. Hence, a drug possessing anti-inflammatory
activity may also exhibit antipyretic and analgesic properties. Antipyretic activity is
commonly mentioned as a characteristic of drugs or compounds which have an inhibitory
effect on prostaglandin biosynthesis (Vane, 1987). Fever may be resuit of infection or one
of the sequelae of tissue damage, inflammation, graft rejection, or other disease states.
The yeast induced fever in rats was employed to investigate the antipyretic activity of P.
roxburghii extracts. Doses of the ether and ethanol extracts of the plant in the effective
antinociceptive dose range were used. It was found that the ether and ethanol extracts at
dose of 400 mg/kg showed a significant decrease in rectal temperature similar to aspirin.
The ether extract of P. roxburghii at the doses of 100, 200 and 400 mg/kg showed
significant decrease in yeast-induced fever. Antipyretics are drugs, which reduced the
elevated body temperature. Regulation of body temperature requires a delicate balance
between production and loss of heat, and the hypothalamus regulates the set point at
which body temperature is maintained (Burke et al., 2006). This result seems to support
the view that the ether and ethanol extracts of P. roxburghii may have some influence on
prostaglandin biosynthesis, because prostaglandin is believed to be a regulator of body
temperature (Milton, 1982).

Inflammation is a local reaction of the vascular and supporting elements of
a tissue to injury resulting in the formation of a protein-rich exudates; it is a protective
response of the nonspecific immune system that serves to localize neutralize, or to
destroy an injurious agent in preparation for the process of healing. The cardinal signs of
inflammation are rubor (redness), calor (heat), dolor (pain), tumor (swelling), and functio
laesa (loss of function). Cause of inflammation includes physical agents, chemical agents,
immunological reactions, and infection by pathogenic organism (Wilson et al, 2003).
Inflammation is divided into acute and chronic patterns. The characteristics of acute
inflammation are the exudation of ﬂL;id and plasma proteins (edema) and the emigration
of leukocytes, predominantly neutréphils. Chronic inflammation is considered to be
inflammation of prolonged duration (weeks or months) in which active inflammation, tissue

destruction, and attempts at repair are proceeding simultaneously (Collins et al., 2001).
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Carrageenin-induced rat paw edema is a suitable test for evaluating
anti-inflammatory drugs and has frequently been used to assess the anti-edematous
effect of natural products, since the relative potency estimates obtained from most drugs
tend to reflect clinical experience (Winter et al., 1962). The local injection of carrageenin-
induced inflammatory process in the rat involves was divided into three phase by several
mediators released in ordinate sequence (Di Rosa, 1972). An initial phase, during the first
1.5 h, is caused by the release of histamine and serotonin, a second phase is mediated
by bradykinin from 1.5 to 2.5 h and finally, a third phase, the mediator of which is
suspected to be prostaglandins occurs from 2.5 to 6 h after carrageenin injection. This
third phase appears to be the most interesting compared with the two earlier phases.
Thus, the maximal vascular response as determined with leukocyte migration to the
inflamed area, also reaches its maximum level in this third phase (Vinegar et al., 1969). It
is well established that prostaglandins, by virtue of their activity as modulators of
inflammatory responses, have a major role in the inflammatory mechanism. The
carrageenin-induced hind paw edema in rat is known to be sensitive to cyclooxygenase
inhibitors, but not to lipoxygenase inhibitors, and has been used to evaluate the effect of
non-steroidal anti-inflammatory agents which primarily inhibit the cyclooxygenase involved
in prostaglandins synthesis. It has been demonstrated that the suppression of
carrageenin-induced hind paw edema after the third hour correlates reasonably with
therapeutic doses of most clinically effective anti-inflammatory agents (Di Rosa, 1972).
The inflammation induced by carrageenin involves cell migration, plasma exudation and
production of mediators, such as NO, prostaglandin E, (PGE,), IL-1B, IL-6 and TNF-(L
(Salvemini et al., 1996; Loram et al., 2007). Oral pretreatment of animal with P. roxburghii
extracts resulted in a significant inhibition of carrageenin-evoked hind paw edema in
second and third phase. These results suggested that the anti-inflammatory activity of the
ether and ethanol extracts may involve in the inhibition of bradykinin and/or prostaglandin
synthesis, cell migration and/or plasma exudation.

The croton oil-induced ear edema test has a good predictive vaiue for
screening topical anti-inflammatory agents, which has certain advantages for natural
product testing. First, the responsé is focal, and involves the skin of the ear, thus, the
topical application avoids drug metabolism and excretion. Secondly, this modei uses very
small amounts of drugs (Jacobs et al, 1985). The mechanism of croton oil-induced

inflammation involves an increase in phospholipase A2 activity (Kondoh et al., 1985;
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McColl et al., 1986), which in turn leads to the release of arachidonic acid and
subsequent biosynthesis of leukotrienes and prostaglandins (Ashendel and Boutwell,
1979; Furstenberger and Marks, 1980). Arachidonic acid metabolites have béen firmly
shown to act as mediators of the inflammatory response via cyclooxygenase and
lipooxygenase activity, and have therefore been a target for the development of
therapeutic agents (Inoue et al., 1989). In the present study, the ether and ethanol
extracts of P. roxburghii significantly inhibited the mice ear edema induced by croton oil.
As the important mediators involved in croton oil-induced mouse ear edema are
prostaglandins, histamine and serotonin, and the lipoxygenase pathway also an important
role (Chen et al., 1994). It is possible that the extracts may inhibit some of these
mediators.

The ether and ethanol extracts of P. roxburghii decreased the size of
anus only at the high dose of 800 mg/kg in croton oil-induced anus edema in rats. The
characteristics of acute inflammation are the exudation of fluid and plasma proteins
(edema) and the emigration of leukocytes, predominantly neutrophils (Collins et al., 2001),
suggested that the ether and ethanol extracts of P. roxburghii  decreased edema and
inflammatory mediators involved e.g., prostaglandins, histamine, serotonin and the
emigration of leukocytes to the inflamed area.

Granuloma pouch technique was modified using croton oil as irritant. An
aseptic inflammation resulting in large volume of hemorrhaged exudates is elicited which
resembles the subacute type of inflammation. Instead of croton oil can be used as an
irritant. Therefore, croton oil-induced granuloma pouch offer a model for exudative type of
inflammation. Though, the chemical mediators of this type of response are unknown
(Warren, 1972), protein synthesis is necessary for the formation of granuloma. This
includes a diverse leukocyte infiltrate of macrophages, neutrophils, eosinophils, and mast
cells often in association with lymphocytes (Levy et al., 2001). In the control animal, the
pouch was filled by a large amount of hemorrhagic exudates, which accumulated under
considerable pressure and hastened the absorption of air. Indomethacin inhibited the
inflammatory response under these{conditions. Our results showed that the ether and
ethanol extracts of P. roxburghii at doses of 1 00, 200 and 400 mg/kg did not decrease
the volume of fluid exudates on ch;onic inflammation, but the extracts decreased the
volume of inflammatory exudates induced in chronic inflammation induced in air pouches

of rats only at the high dose of 800 mg/kg. These results suggested that P. roxburghii
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extracts had potential inhibitory action on exudate formation and decreased the volume of
inflammatory exudates and leukocyte infiltrate of macrophages, neutrophils, eosinophils,
and mast cells often in association with lymphocytes.

The ether extract was subjected to column chromatography using
chloroform: methanol, then collected and subjected to shinoda test for flavonoids which
was followed by TLC using chloroform: methanol (2%, 5%, 10%, 50% and 100%
Chloroform), solvent system. The visualization of spots was carried out by spraying with
FeCl;: KsFeCNg (1% aqueous solution 1:1) (Markham, 1975). The ether extract is given
positive response for the flavonoids by producing pink color to shinoda test. TLC using
the same solvent system and spraying reagent as mentioned earlier confirmed the
presence of flavonoids by producing a green color spot (Bhujbal et al., 2008). The
developed on the TLC, the spots showed pink colorization by spraying 10% H,SO,
solution and heating which indicated the presence of triterpenoids in the extract (Kim et
al., 2005).

The phytochemical study of P. roxburghii has been reported. The acidic
fraction of the alcoholic extracts of the leaf of P. roxburghii yielded a new triterpene acid,
roxburghonic acid (Garg and Mitra, 1971a) and a new biflavonoid named putraflavone
was isolated from the alcoholic extract of the leaf of P. roxburghii (Garg and Mitra,
1971b). Thus, these compounds may involve in the activity of P. roxburghii extracts. In the
present study, P. roxburghii extracts possess antipyretic and anti-inflammatory activities
on anus edema which support the traditional uses for the treatment of fever and
hemorrhoid in Thai folklore medicine (ﬁuﬂi’u URS BINT, 2542).

Based on these results, we concluded that the ether and ethanol extracts
of P. roxburghii leaves possessed antinociceptive, antipyretic and anti-inflammatory
activities. These results suggested that the anti-inflammatory action of P. roxburghii
extracts seem to be involved in the suppression of some peripheral mediators, cell
migration and/or plasma exudation. However, further studies are needed to clarify the

mechanism of action of P. roxburghii extracts.
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Summary

1. The ether and ethanol extracts of P. roxburghii at doses of 100, 200
and 400 mg/kg significantly decreased the number of writhings and stretchings induced
by acetic acid in mice.

2. Neither the ether nor ethanol extracts had significant effect in the hot
plate test.

3. Both ether and ethanol extracts significantly suppressed licking activity
only in the late phase at the dose of 400 mg/kg in mice.

4. Either the ether or ethanol extracts decreased fever induced by yeast in
rats at the same dose range.

5. The extracts possessed moderate inhibitory activity of inflammation in
carrageenin-induced paw edema in rats.

6. The ether extract (5.0 mg/ear) and the ethanol extract (2.5, 5.0 mg/ear)
significantly inhibited the mouse ear edema induced by croton oil.

7. The ether and ethanol extracts only at the high dose of 800 mg/kg
exhibited anti-inflammatory activity in the croton oil-induced anus edema in rats.

8. The ether and ethanol extracts of P. roxburghii only at the high dose of
800 mg/kg decreased the volume of inflammatory exudates in chronic inflammation
induced in air pouch of rats.

9. These results suggested that the anti-inflammatory action of P.
roxburghii extracts seem to be involved in the suppression of some peripheral mediators,

cell migration and/or plasma exudation.
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APPENDIX-A

ANTINOCICEPTIVE, ANTIPYRETIC AND ANTI-INFLAMMATORY
EFFECTS OF THE ETHANOL EXTRACT FROM PUTRANJIVA
ROXBURGHII WALL LEAVES IN EXPERIMENTAL
ANIMALS

Tassanee Noppapani, Wantana Reanmongkoli and Sanan Subhadhirasakul:

1. Department of Clinical Pharmacy, Prince of Songkla University, Hat Yai, Songkhia 90112 Thailand.
2. Department of Pharmacognosy and Pharmaceutical Sciences, Prince of Songkla University, Hat Yai,
Songkhla 90112 Thailand.

Introduction

Drypetes roxburghii Wall or Putranjiva roxburghii Wall (P. roxburghii ) is
known in Thai as Ma Kham Kai or Pra Kham Kai in the family Euphorbiaceae. It
has been reported triterpenoids namely putranjivanonol (a hydroxy ketone), putranjic
acid (a hydroxy acid) (Garg & Mitra, 1968), friedelin, putranjivadione, friedelanol
and roxburgholone, isolated from the bark of P. roxburghii (Sengupta & Mukherjee,
1968). The alcoholic extract of the leaf of P. roxburghii Wall, yielded a new triterpene
acid, roxburghonic acid, and new biflavonoid named putraflavone (Garg & Mitra,
1971).

Some pharmacological activities of P. roxburghii have been reported. The leaf
extract of P. roxburghii significantly induced mitosis-disruptive chromosomal changes
in bone marrow cells in rats (Awasthy et al., 2000). In Thai folklore medicine, its leaf
and stem bark are traditionally used for the treatment of fever, whole of plant used for
the treatment of hemorrhoid, tuberculosis and fever. (Boonyaprapat &
Chokechaicharoenporn, 1999). Although P. roxburghii has been used for a long time
but no pharmacological studies in vivo have previously been conducted on
antinociceptive, antipyretic and anti-inflammatory action of this plant. In the present
study, a crude ethanolic extract from the leaves of P. roxburghii Wall was evaluated for
antinociceptive, antipyretic and anti-inflammatory activities in animal models.

Objective
To evaluate the antinociceptive, antipyretic and anti-inflammatory activities of

the ethanolic extract from the leaves of Putranjiva roxburghii Wall in animal models.

Methodology

Plant material

The air dried leaf of P. roxburghii Wall. (Euphorbiaceae) was collected and
purchased from herbal drugstores in Songkhla, Thailand. The plant material was
identified by direct comparison with herbarium speciment at Department of
Pharmacognosy and Pharmace Prince of Songkla University. Voucher specimens of the
plant material was deposited in the same place. The air dried leaf was pulverized and
stored in air tight container. ’
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Preparation of the alcoholic extract from the leaves of P. roxburghii Wall.

The air dried leaves of P. roxburghii were macerated with 95% ethanol at room
temperature, then filtered and evaporated to give a syrupy mass. This ethanol extract
was dissolved in cosolvent (propylene glycol: tween 80: water 4:1:4) and used as the
test extract . All doses were expressed in terms of mg of crude extract/ kg body weight.

Animals

Animals used in this study were male Swiss albino mice weighing 25-35 g and
male Wister rats weighing 150-200 g. The rats were handled for 5-10 min daily for
several days before experiments. All animals were obtained from the Animal House,
Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla, Thailand. The
animals were housed for at least one week in the laboratory animal room prior to
testing. Food and water were given ad libitum unless otherwise specified. All
experimental protocols were approved by the Institutional Committee for Ethicals use
of animals, Prince of Songkla University, Thailand.

Antinociceptive Activities

1. Writhing test

Writhing behavior was tested, in which 0.6% acetic acid solution (10 ml/kg
body weight) was injected intraperitoneally and the number of writhings and stretchings
was counted over a 20 min period as previously reported (Koster et al.,
1959; Hendershot & Forsaith, 1959). The ethanol extract of P. roxburghii (100, 200
and 400 mg/kg), a reference analgesic drug aspirin (200 mg/kg), or cosolvent was orally
administered 30 min before acetic acid. Ten mice were used for each group in
this test.

2. Hot plate test

The hot plate test was carried out according to the method described by Woolfe
and MacDonald (1944). Mice were placed on a hot plate maintained at 55 °C + 1 °C.
Latency of nociceptive response such as licking of a hind limb or jumping was
measured. Starting thirty minutes after oral administration of the test agents except
morphine (15 min after administration), the nociceptive response was measured every
15 min over a 60 min period. Morphine sulfate was injected subcutaneously. The cut—
off time was 45 sec. Only the mice that showed nociceptive responses within 15 sec
were used for the experiment. Ten mice were used for each group in this test.

3. Formalin test

Thirty minutes after oral administration of the P. roxburghii extract (100, 200
and 400 mg/kg), aspirin (200 mg/kg) or cosolvent except morphine (15 min after
administration), 20 pl of 2.5% formalin in saline was injected subcutaneously to a
hindpaw of the mice. Morphine sulfate was injected subcutaneously. The time spent for
licking the injected paw was recorded and the data were expressed as total licking time
in the early phase (0-5 min) and the late phase (15-30 min) after formalin injection
(Hunskaar et al., 1985). Ten mice were used for each group in this test.
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Antipyretic activity

Yeast-induced fever

Antipyretic activity of drug was measured by slightly modifying the method
described by Adams et al. (1968). Male Wistar rats were fasted overnight with water ad
libitum before the experiments. Pyrexia was induced by subcutaneously injecting 20%
(w/v) brewer’s yeast suspension (10 ml/kg) into the animals’ dorsum region. Seventeen
hours after the injection, the rectal temperature of each rat was measured using a digital
thermometer (SK-1250 MC, Sato Keiryoki Mfg. Co., Ltd., Japan). Only rats that
showed an increase in temperature of at least 0.7 °C were used for the experiments. The
P. roxburghii extract (100, 200 and 400 mg/kg, p.o.), aspirin (200 mg/kg, p.o.) or
cosolvent vehicle was administered orally and the temperature was measured at 1, 2, 3,
4 and 5 hr after drug administration. Six rats were used for each group in this test.

Anti-inflammatory activity

Carrageenin-induced paw edema

According to the method described by Winnter et al. (1962), the initial right
hind paw volume of the rats was measured using a plethysmometer (Ugo Basile) and
then 0.1 ml of 1% (w/v) carrageenin was subcutaneously injected into the subplantar
region of the right hind paw. The volume of right hind paw was measured at 1, 2, 3, 4,
and 5 hr after carrageenin injection, and the edema volume was determined. Cosolvent,
P. roxburghii extract (100, 200 and 400 mg/kg, p.o.), or aspirin (200 mg/kg, p.o.) was
orally administered 30 min before carrageenin injection. Six rats were used for each
group in this test.

Statistical analysis
Data were expressed as mean + SEM and were analyzed statistically by oneway
ANOVA procedures, followed by using Bonferroni’s test. A difference was considered
at p<0.05
Result

Antinociceptive activities

1. Writhing test

The results of acetic acid-induced writhing responses in mice indicate the
analgesic activity of the ethanol extract of P. roxburghii are presented in Fig 1. The
ethanol extract dose (100, 200 and 400 mg/kg) dependently suppressed the writhing
response in mice. Aspirin at the dose of 200 mg/kg body weight elicited significant
(p<0.05) inhibitory effect on the writhing response induced by acetic acid when
compared with control.

2. Hot plate test

Morphine at a dose of 10 mg/kg significantly increased the pain latency.
whereas the ethanol extract of P. roxburghii (100, 200 and 400 mg/kg, p.o.) did not
show significant effects compared to the control group. (Table 1.)

3. Formalin test )

In the early phase, there were no significant inhibition of licking activity at the
doses of 100, 200 and 400 mg/kg of P. roxburghii extract and aspirin compared to the
control group.
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In the late phase aspirin at a dose of 200 mg/kg body weight could intensively
inhibit the licking response. P. roxburghii extract at the dose of 400 mg/kg body weight
markedly decreased the licking time in this phase. Morphine (10 mg/kg) reduced the
licking time in both early and late phases of the formalin test in mice (Fig 2).

Antipyretic activity

Yeast-induced fever
Subcutaneous injection of yeast caused rise in rectal temperature of rats. P. roxburghii
extract at the dose of 400 mg/kg significantly reduced the rectal temperature of the
animals similarly to aspirin (Table 2). A significant antipyretic effect of P. roxburghii
extract at doses of 100 and 200 mg/kg observed at the fourth and fifth hour after extract
administration (P<0.05).

Anti-inflammatory activity

Carrageenin-induced paw edema

The inhibitory activity on carrageenin-induced hind paw edema in rats caused
by the oral administration of P. roxburghii extract, at various assessment times atter
carrageenin injection is shown in Table 3. Aspirin at the dose of 200 mg/kg body
weight exhibited significant edema inhibition. P. roxburghii extract at the dose 0f 400
mg/kg body weight also possessed significant inhibitory effect on carrageenin-induced
paw edema at all recorded times. A significant anti-edema effect of P. roxburghii
extract at the dose of 200 mg/kg was observed at the second, third, fourth and fifth hour
after carrageenin injection. P. roxburghii extract at the dose of 100 mg/kg significantly
inhibit effect on carrageenin-induced paw edema at the fourth and fifth hour (P<0.05).

40 0O Cosolvent

H

35 - 5 [ Aspirin

30 - g @ P. roxburghs

f writhing response

NO,

\

D < 4 o T |
0 200 100 200 400 mgkg

Fig 1 Analagesic effects of the ethanol extract of P. roxburghii Wall leaves
and aspirin on acetic acid-induced writhing response in mice.
Each value represents as mean +.SEM (n=10). * p<0.05 as compared with the
control (cosolvent) group (Bonferroni’s test).

R ch Ko s . :
9" National Grad Research Conference 14-15 March 2008, Graduate School. Burapha University



.
- o

sl s yumouona L ITuss AV N ASI 9 TUi 1415 Ay 2551 duaiainede w0 Ino oy 101

Table 1 Effect of the ethanol extract of P. roxburghii Wall leaves, aspirin and
morphine on nociceptive response induced by heat in mice.

Drug Dose Latency of nociceptive response (sec)
(mg/kg.p.o.)

0 min 15 min 30 min 45 min 60 min
Cosolvent - 19.94x0.7 17.66=0.8 19.93£1.0 23 32E09
19 A-E1ET
Aspirin 200 2305180 21.11+0.9 21.14£0.5 20: 20077
21.5+0.8
Morphine 10 39.03£1.7* 43.18+1.4* 45.27+0.1* 45.14+0.0*

45.2+0.4*
Sulphate (s.c.)

P. roxburghii 100 18.24+0.9 155708 16.70x=1.0 15.87+1.4
18.0£1.6

200 18.66+0.8 15572109 17.44=0.9 18.11x1.2
18.6x£1.5

400 20.84£1.0 18.79+0.9 217017 20.52+ 2.1
210

Each value represents as mean = SEM (n=10)
* p<().05,significantly different compared with the control (cosolvent) group
(Bonferroni’s test).

Early phase

O LB S e

a0 - 5 0O Cosolvent

M= E 2 Aspin
g 60 - @ Morphme
Z 50 P. roxburghu
= 40 -
=
i 0

20 -

10 4

04 _

@ 1200 10 100 200 400 mgkg

Fig 2 Effects of the ethanol extract of P. roxburghii Wall leaves, aspirin and
morphine on nociceptive response by formalin-induced paw licking in the early
phase and late phase in mice. Each value represents as mean £ SEM (n=10) *
p<0.05 as compared with the control (cosolvent) group (Bonferroni’s test).
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Fig 2 (Continued)

Table 2 Effect of the ethanol extract of P. roxburghii Wall leaves and aspirin on
brewer’s yeast-induced fever in rats.

Drug Dose Average rectal temperature(°C)
(mg'kg.p.o)
0 1 hr 2 v 3hr 4 hr 5 hr

Cosolvent = 7202 3B 365301 364801 - 306.5%0.4
36.8+0.2
Aspirin 200 T30 IR0 SeAmD 1% 35.320.2% - 3515017
3500
P. roxbuwrghii 100 37.2+0.3 36.6£0.2 36.4+0.2 36.0£0.1 35.7£0.1*
35.6+0.2*

200 37.040.1 363+0.1 35.940.1 35.740.1 35.640.2*
S5i&E0I3

400 37.340.1 35.8+0.4* 35.4%0.1* 35.4202* 35.320.1*

-

Each value represents as mean + SEM (n=6)

Rectal temperature measured after yeast injection 17 h

* p<0.03, significantly different compared with the control (cosolvent) group
(Bonferroni’s test).

R = 5 o 3 - "
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Table 3 Effect of the ethanol extract of P. roxburghii Wall leaves and aspirin on
carrageenin-induced paw edema in rats.

Drug Dose Paw volume (ml)
(mg/kg.p.o)
0 lhr 2hr 3hr 4hr Shr

Cosolvent - 5.8+£0.3 7.0+0.3 7.5£0.2 8.3x0.4
8.8+0.1 8.6x0.2
Aspirin 200 5.2+0.2 5.8+£0.3* 6.0=0.2% 6.7+£0.2%*
6.8+£0.4% 6.4=0.2*
P. roxburghii 100 5.5+0.3 6.1£0.2 6.520.3 7.2+0.2
7.2=0.3%  7.0£0.3*

200 5.4+0.1 6.0=0.1 6.1=0.1* 6.8£0.1*
7.2+0.2%  7.1+x0.2%

400 5.3+0.1 5.9+0.1% 6.1+0.1* 6.71£0.2%

6.6+0.1* 6.5x0.1%

Each value represents as mean + SEM (n=6)
* p<0.05, significantly different compared with the control (cosolvent) group
(Bonferroni’s test).

Discussion

In acetic acid-induced abdominal writhing which is the visceral pain model, the
processor releases arachidonic acid via cyclooxygenase, and prostaglandin biosynthesis
plays a role in the nociceptive mechanism (Franzotti et al., 2002). However, it is known
that constriction induced by acetic acid was considered to be a non-selective anti-
nociceptive model, since acetic acid indirectly induced the release of endogenous
mediators stimulated the nociceptive neurons that were sensitive to non-steroidal anti-
inflammatory drugs (NSAIDs) (Sa’'nchez-Mateo et al., 2006). In the present study, the
P. roxburghii extract significantly exhibited analgesic effect and this effect may be due
to inhibition of the synthesis of the arachidonic acid metabolite. The ethanol extract of
P. roxburghii exhibited protective action against nociception in writhing test similarly
to aspirin. These results suggest that the ethanol extract apparently possess
antinociceptive activities.

The hot plate test has been found to be suitable for evaluation of centrally acting
analgesics (Gupta et al., 2005). In the present study. Morphine, centrally acting
analgesic drug, produced an inhibitory effect on the nociceptive response in this test,
while the ethanol extract of P. roxburghii did not show antinociceptive effects in this
test. Hence, but may be it is suggested that the apparent antinociceptive action of the P.
roxburghii extract may be mediated through peripheral but not central mechanism.

In the formalin test, there is a distinctive biphasic nociceptive response termed
as early and late phases. Drugs that act primarily on the central nervous system inhibit
both phases, while peripherally acting drugs inhibit the late phase (Hunsnkaar & Hole,
1987). Inflammation in the late phase is due to the release of peripheral mediators like
serotonin, histamine, bradykinin, prostaglandins and at least to some degree, the
sensitization of central nociceptive neurons. The peripheral inflammatory processes are
involved in the late phase and are blocked by non
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steroidal anti-inflammatory drugs (NSAIDs) while the first phase seems to be
unaffected (Tjolsen et al., 1992). Central analgesic drugs, such as morphine, inhibited
equally in both phases, while peripherally acting drugs, such as NSIDs, aspirin
suppressed mainly in the late phase. Our results showed that the P. roxburghii extract
exerted significant inhibitory effect on nociceptive response of the late phase but not in
early phase. Inhibition of only the late phase of the formalin test is a typical
characteristic of cyclooxygenase inhibitors, suggesting a peripheral analgesic activity of
P. roxburghii extract.

The P. roxburghii extract significantly inhibited the writhing and licking activity
of the late phase in formalin test response in mice, as compared to the reference
peripheral acting drugs such as aspirin which block prostaglandin via cyclooxygenase
in peripheral tissues, could probably be due to the blockade of the effect or the release
of endogenous substances that excite pain nerve endings.

Antipyretic activity is commonly mentioned as a characteristic of drugs or
compounds which have an inhibitory effect on prostaglandin biosynthesis (Vane,

1987). Fever may be result of infection or one of the sequelae of tissue damage,
inflammation, graft rejection, or other disease state. The yeast induced fever in rats

was employed to investigate the antipyretic activity of P. roxburghii extract. It was
found that P. roxburghii extract at dose 400 mg/kg showed a significant decrease in
rectal temperature similar to aspirin. Antipyretic are drugs, which reduced the elevated
body temperature. Regulation of body temperature requires a delicate balance between
production and loss of heat, and the hypothalamus regulates the set point at which body
temperature is maintained (Goodman & Gilman, 1996). This result seems to support the
view that P. roxburghii extract may have some influence on prostaglandin biosynthesis,
because prostaglandin is believed to be a regulator of body temperature (Milton, 1982).

Carrageenin-induced rat paw edema is a suitable test for evaluating anti-
inflammatory drugs and has frequently been used to assess the anti-edematous effect
of natural products. The carrageenin-induced hind paw edema in rat is know to be
sensitive to cyclooxygenase inhibitors, but not to lipoxygenase inhibitors. (Di Rosa,
1972). Oral pretreatment of animal with P. roxburghii extract resulted in a significant
inhibition of carrageenin-evoked hind paw edema. Therefore, it is suggested that the
action mechanism of P. roxburghii extract may be related to prostaglandin synthesis
inhibition. The mechanism of action of P. roxburghii extract is similar to aspirin,
namely inhibition of prostaglandin synthesis.

Conclusion
Based on these results, we concluded that the ethanol extract of possessed
antinociceptive, antipyretic and anti-inflammatory activities. Which its mechanism of
action seems to be involved in inhibition of prostaglandin synthesis.
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APPENDIX-C
Extraction procedure

Leaves of P. roxburghii Wall.

l macerated

95% Ethanol

filtered and evaporated
v
Ethanol extract

extracted with ether
v
Ether solution

washing

Acidic fractions

l

Extraction with ether

|

Ether solution

l Evaporated

. Ether extract
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Isolation of the ether extract

Ether extract

v

Chromatographed over silics gel column

v
Eluting with CHCI; and CHCl;-MeOH

|

Thin-layer Chromatography (TLC)

|

2% MeOH/CHCl;

|

5 % MeOH/CHCI;

|

10%, MeOH/CHCl,

|

50% MeOH/CHCI;

|

100% CHCls
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