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ABSTRACT

Phyllanthus muellerianus has been used in folk medicine for several ailments including
toothache, dysmenorrhea and general body pains. However, there is little scientific data
supporting its use in pain management. This study therefore evaluated the antinociceptive
potential and the acute toxicological profile of the aqueous extract of the aerial parts of
Phyllanthus muellerianus (PME) as well as its dominant secondary metabolite, geraniin.
Acetic acid-induced abdominal writhing and formalin—induced nociception tests were used
to assess the anti-nociceptive effects of PME and geraniin. The involvement of the
opioidergic, adrenergic, muscarinic, adenosinergic, serotonergic and nitric oxide pathways
in anti-nociception were evaluated in vivo by selective antagonism of these pathways in
ICR mice. An isobolographic analysis was performed using geraniin and the conventional
analgesics; morphine and diclofenac. The formalin test was used to determine whether
tolerance develops to the anti-nociceptive activity of PME and geraniin after chronic
administration. The effect of the agents on naloxoneprecipitated morphine withdrawal signs
was also evaluated. The acute toxicological profile of the extract was also assessed after
both single and multiple administrations in mice and rats respectively. Oral administration
of PME (30, 100, 300 mg kg™?) and geraniin (3, 10, 30 mg kg?) produced significant anti-
nociceptive effects in all models used. The anti-nociceptive effects of both the extract and
geraniin were not antagonized by all the antagonists except naloxone which reversed the
anti-nociceptive effects of only geraniin. Also, isobolographic analysis of
geraniin/morphine as well as geraniin/diclofenac combinations indicated synergistic
effects. PME and geraniin did not produce any tolerant effects. PME and geraniin did not
induce withdrawal signs and significantly produced a reduction in the number of jumps of
morphine dependent mice. In the toxicological study, acute administration of high doses of
the extract did not produce any lethality with the Lethal Dose 50 (LDso) of PME estimated
to be above 5000 mg kg . There were also no significant differences found in almost all of
the hematological and serum biochemical parameters as well as organ/body weight ratio.
In conclusion, the aqueous extract of the aerial parts of P. muellerianus and geraniin possess

anti-nociceptive effects justifying the use of the plant in traditional use as an analgesic.
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Chapter 1 INTRODUCTION

1.1 GENERAL INTRODUCTION

The universal role of plants in the treatment of diseases is exemplified by their use in all the
major systems of medicine (Evans, 2005). Current isolation procedures available and
pharmacological testing procedures means that the newly discovered plant drugs are
transformed into medicines in the pure but not in their crude forms. According to the World
Health Organization, large proportions of the population in most developing nations rely

on herbal medicines to maintain good health (WHO, 2008).

The interest in traditional knowledge and its importance is gradually becoming much more
recognized in developmental policies, the media and scientific literature. The government
of Ghana recognized this when in September 2012; clinical herbal medicine practice was
integrated into the main healthcare delivery system by the ministry of health after piloting
of herbal clinics in selected government hospitals nationwide commenced in 2011. The

operation as at 2012 covered about 18 government health facilities nationwide.

As a result of the widespread use and relative effectiveness of medicinal plants, traditional
medicine is now being considered by drug manufacturing companies as a source for the
identification of lead compounds and biologically active agents that can be used in the

preparation of orthodox medicines (Evans, 2005).

Pain is a subjective experience, very difficult to define precisely, although it is experienced by
almost everyone. Phyllanthus muellerianus (Euphorbiaceae), a widely distributed scandent

shrub with numerous stems from the base is used traditionally for various painful conditions



and for fever. The aqueous leaf extract has been shown to possess antiinflammatory activity
(Boakye et al., 2013) and also various species in the Phyllanthus genus have been shown to
possess anti-nociceptive activity (Santos et al.,, 2000). However, the anti-nociceptive
properties of Phyllanthus muellerianus has not been scientifically established. Hence, the need
for this study which seeks to determine if an aqueous extract of the aerial parts of Phyllanthus
muellerianus as well as its main biological constituent, geraniin, exhibit anti-nociceptive

properties in murine models.

1.2 PHYLLANTHUS MUELLERIANUS

Botanical name: Phyllanthus muellerianus (Kuntze) Exell.

Family: Euphorbiaceae

1.2.1 Description

A monoecious, scandent shrub with numerous stems from the base, or small tree up to 7.5
m tall. The leaves are nearly 8 x 4 cm, ovate or ovate-elliptic, with a rounded base and
alternate along the lateral twigs. The flowers are unisexual and are greenish white or
greenish yellow in appearance. Fruits have fleshy pericarps, green at first, later ripening
through pink to reddish-brown or black. Seeds are minutely reticulate and shiny

reddishbrown (Radcliffe-Smith, 1996; Burkill, 2000).



Figure 1.1: The aerial part of Phyllanthus muellerianus (Source: West African Plants: A Photo
Guide)

1.2.2 Ecological and geographical distribution

Phyllanthus muellerianus is distributed widely in tropical and subtropical countries such as
Ghana, Guinea, Sudan, Angola and Tanzania found in Africa (Radcliffe-Smith, 1996) as
well as Brazil and the Carribeans (Calixto et al., 1998). It is commonly found in dry
evergreen forest and thicket as well as high rainfall woodlands and tall grassland

(RadcliffeSmith, 1996).

1.2.3 Traditional uses

1.2.3.1 Non-medicinal uses
The fruits are edible and slightly acidic. In Cameroon, the bark is sometimes added to palm
wine to make it intoxicating. In East Africa, brown dye obtained from the bark is used to

dye mats and fishing lines. The leaves are also used as fodder. In Zambia, the wood is used



for construction work as well as basketry. In Gabon, the plant is used in magic to lift taboos

(Schmelzer and Gurib-Fakim, 2008).

1.2.3.2 Medicinal uses

The use of the species of the genus Phyllanthus in traditional medicine for various ailments
has been ongoing for decades. In Cote d'lvaire, the leaf sap is used as a wash for fevers. In
Zambia, a leaf infusion is also used to bathe the body in feverish conditions while in
Cameroon, a section of the population use the decoction of Phyllanthus muellerianus stem
bark in the management of tetanus (Brusotti et al., 2012). A root decoction is used for the
treatment of gonorrhoea in Cote d‘Ivoire and severe dysentery in Ghana. Freshly ground
leaves are applied to boils and wounds and also used for treatment of menstrual disorders,
fevers and skin eruptions in Sierra Leone, Ghana, Nigeria and Cameroon (Burkill, 2000;
Agyare et al., 2009). In Céte d‘Ivoire and Burkina Faso, twigs are sucked to prevent tooth
ache while in DR Congo, a leaf decoction is used as a mouthwash for dental conditions. In
Gabon, roasted powdered twigs are used to treat dysmenorrhea (Schmelzer and GuribFakim,

2008).

1.2.4 Previous studies on the activities of Phyllanthus muellerianus

The aqueous leaf extract has been shown to exhibit antimicrobial and antioxidant activity
(Boakye and Agyare, 2013) as well as anti-inflammatory activity (Boakye et al., 2013). The
aqueous leaf extract and stem bark exhibit antibacterial activity (Doughari and Sunday,
2008). The antimicrobial properties of Phyllanthus muellerianus stem bark essential oil
have been proven against Clostridium sporogenes, Streptococcus mutans, Streptococcus
pyogenes and Trichophyton rubrum (Brusotti et al., 2012). The aqueous leaf extract has

been shown to increase significantly the synthesis of collagen (Agyare et al., 2011).



Additionally, the leaf extract has been found to possess moderate antiplasmodial activity
and low cytotoxicity in mammalian cell lines. An aqueous leaf extract was found to cause
sedation in young chicks while a chloroform extract has also been shown to exhibit high

antifungal activity against Candida albicans (Schmelzer and Gurib-Fakim, 2008).

1.2.5 Identified chemical constituents

Several organic compounds of interest have been identified such as triterpenoids 22R-
hydroxyfriedel-ene and 1B, 22R-dihydroxyfriedelin (Schmelzer and Gurib-Fakim, 2008).
Geraniin, furosin, corilagin, isoquercitrin, astragalin, rutin, phaselic acid, gallic acid,
methylgallate, caffeic acid, chlorogenic acid, 3, 5-o-dicaffeoylquinic acid have been
isolated from the aerial parts of P. muellerianus (Agyare et al., 2011). Doughari and Sunday
(2008) have reported the secondary metabolites; alkaloids, anthraquinones, flavonoids and
tannins are present in the leaves of P. muellerianus. An initial phytochemical screening of
the leaves and stem bark also showed the presence of tannins and saponins (Schmelzer and

Gurib-Fakim, 2008).

1.3 GERANIIN

Geraniin (Cs1H28027) is a dehydroellagitannin which occurs as two isomers in solution
(Figure 1.2). A pale amorphous compound, it has a molecular weight of 952.64 g mol™ and
density of 2.26 g mL™ (Agyare et al., 2011). Geraniin was first isolated by Okuda et al. in
1977 as the major tannin in Geranium thunbergii, a popular Japanese folk medicine used
in the management of diarrhea (Ishimaru and Shimomura, 1995). It has also been isolated
from many medicinal plants in the tropical and subtropical regions belonging to the

Euphorbiaceae family notably the Phyllanthus and Geranium genus (Luger et al., 1998).



Geraniin has been isolated from the aqueous extract of aerial parts of Phyllanthus muellerianus
(Kuntze) Exell. (Agyare et al., 2011), aqueous leaf extract of Phyllanthus amarus Thonn. and
Schum., (Foo, 1993), ethanolic leaf and stem extract of Phyllanthus sellowianus Muller Arg. (Miguel

et al., 1996) and other plants.

HO OHHO OH HO OHHO OH

Figure 1.2: The chemical structures of the two isomers of geraniin (Adopted from Agyare et al., 2011)

1.3.1 Biological properties of geraniin

Geraniin has been shown to possess strong cellular proliferation effects using primary
dermal fibroblasts and human adult high calcium low temperature (HaCaT) keratinocytes
(Agyare et al., 2011). Geraniin has also been shown to possess antiviral activity (Ishimaru
and Shimomura, 1995). It has been proven to possess high anti- HIV reverse transcriptase
activity and angiotensin-converting enzyme inhibitory activity involved in diabetic
complications (Ueno et al., 1988, Ogata et al., 1992, Unander, 1996) as well as the ability

to inhibit heat shock protein 90 (Hsp 90), an effect which incapacitates the activity of

6



multiple proteins resulting in an attack on cellular oncogenic processes (Vassallo et al.,

2013).

1.4 PAIN

Pain is a complex sensory feeling which is intense and not so favourable. It may differ in
terms of intensity, quality or even duration and usually includes personal experiences,
cognitive and emotional components. As a result, pain management is usually supposed to
be tailored to a particular patient (Woolf, 2004). In our everyday lives, usually pain is
experienced when there is a potential or actual tissue damaging stimuli applied to the body
even though pain has also been reported in patients who suffer from brain or nerve injury
(Rang et al., 2007). The direct correlation between this damaging stimulus and the feeling
of pain causes us to avoid the behaviors and circumstances that might cause the pain
(Schaible, 2006). The sensation of pain is useful when it warns us of immediate or
impending injury and therefore allows for appropriate protective mechanisms to be

initiated.

1.4.1 Classification of pain

Pain can be described as either being acute or chronic. Generally, acute pain has a rapid
onset and most often associated with trauma or acute disease. It is usually self-limiting of
short duration and lasts < 3 to 6 months. It is pain that is transitory or persists only until the
cause has been removed (Skyba et al., 2004). Chronic pain on the other hand, usually lasts
longer than 6 months (Schaible, 2006). Chronic pain arises from deep tissues such as muscle

or joints and it is difficult to localize and hard to treat clinically (Skyba et al., 2004).



Pain may also be classified into two main categories: nociceptive or adaptive and neurogenic or
maladaptive pain (Woolf, 2004, Marchand, 2008). Nociceptive pain can further be subcategorized
into three different types: somatic, visceral and inflammatory pain while neurogenic pain can be

subcategorized into neuropathic and functional pain.

1.4.1.1 Nociceptive pain

Nociceptive pain is generally transitory and as a result of a noxious stimuli (Marchand,
2008). This type of pain usually helps the organism to survive by either protecting it from
hurting itself or helping the healing process if there is already an injury (Woolf, 2004). In
spite of that, in some instances, the pain is still present after healing has occurred. Most of
the time, clinicians are not able to predict as to which patients will develop chronic pain
following this type of pain hence the importance of the early treatment of acute pain in the

prevention of chronic pain.

The recommended treatments for nociceptive pain are the non-steroidal anti-inflammatory
drugs (NSAIDs). Although very powerful in the management of pain and inflammation,
most NSAIDs present with gastrointestinal adverse events, as a result of the decreased
synthesis of mucosal prostaglandins by their inhibition of cyclo-oxygenase (COX) - 1
enzymes (Wolfe et al., 1999). Selective COX-2 inhibitors hardly produce this side effect
but have an increased risk of thrombotic events and as such should only be used when
specifically indicated and after assessing their cardiovascular risk (BNF 61, 2011). Opioids
also have an important place in the treatment of acute pain, as peripheral opioid receptors
are up-regulated following an inflammatory response. However, they may also present with
severe side effects such as euphoria and sedation, respiratory depression, nausea, vomiting

and reduced gastrointestinal motility causing constipation. Physical dependence and



tolerance to opiates may occur to some degree whenever opiates are administered for more

than a few days (Rang et al., 2007).

It is necessary to differentiate somatogenic from viscerogenic nociceptive pain that may
present a comparable clinical picture. Somatogenic pain usually is characterized by
superficial (skin) or deep pain (muscle, fascia, tendon) such as in tissue injury while
viscerogenic pain is characterized by constant or cramping, poorly localized pain as in

cystitis or irritable bowel syndrome (Marchand, 2008).

Inflammatory pain is used to accomplish the goal of healing of an injured tissue after a
lesion. In a situation where in spite of the defense mechanism in place, damage to tissue
occurs, the body directs its ‘resources’ towards aiding the healing of the injured body part
(Woolf, 2004). Inflammation is a natural protective reaction of the organism following an
injury. When this happens, the affected body part is so sensitive that even a non-noxious
stimuli tends to cause pain. Inflammatory substances are released into the periphery by cells
in the area of damaged tissue and since most of these molecules released during
inflammation are pro-nociceptive, the use of NSAIDs will reduce this nociceptive activity.
Inflammatory pain usually diminishes as the injury and inflammatory response wane
(Marchand, 2008). Even though this type of pain is not maladaptive, sometimes, elective
injury is inflicted on purpose such as in surgery. In such situations, the inflammatory pain
has to be managed effectively without removing or severely blunting the defense
mechanism with the aim being to normalize pain sensitivity and not remove it (Woolf,

2004).

1.4.1.2 Neurogenic pain



This results as a direct effect of diseases which affect the somatosensory system. As there
can be a peripheral component as well as a central component with regards to the

mechanism, the treatments that can be used also depend on which pathways are involved.

However, neurogenic pain, even of a peripheral origin, is frequently associated with
sensitization of the central nervous system (CNS) hence pharmacologic approaches aim to
reverse or ameliorate the hyperactivity of the nociceptive neurons. Commonly used agents
include opioids, anticonvulsants (gabapentin and phenytoin), antidepressants (such as
tricyclic antidepressants), and N-Methyl-D-Aspartate (NMDA) receptor antagonists

(Marchand, 2008).

The tricyclic antidepressants act centrally by inhibiting noradrenaline reuptake. Phenytoin
acts on voltage-gated sodium channels. The target for gabapentin is the 028 subunit of the
L-type calcium channel. Ketamine, a dissociative anaesthetic that works by blocking
NMDA receptor channels, has analgesic properties probably directed at the wind-up

phenomenon in the dorsal horn (Rang et al., 2007).

Funtional neurogenic pain is as a result of a dysfunction in the pain modulation mechanisms
rather than the presence of an anatomic lesion within the nervous system. This may occur
as a result of central activation of endogenous excitatory systems that will amplify the
nociceptive signal or by a dysfunction of endogenous inhibitory mechanisms. An example
of such a pain state is fiboromyalgia where there is a deficit of descending endogenous pain

inhibitory mechanisms (Marchand, 2008).

Neuropathic pain results from injury to the peripheral nervous system or to the central

nervous system (Woolf, 2004). The resulting pain in these cases may be as a result of a
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noxious stimuli or it may even arise unchallenged from a non-noxious stimuli. Different
pain behaviors are exhibited by patients suffering from this pain condition such as allodynia
where pain is as a result of a non-noxious stimulus or hyperalgesia where the pain felt is

enhanced and of a longer duration from a noxious stimulus (Woolf, 2004).
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1.4.2 Pathophysiology of pain

Understanding the physiology of pain requires an in-depth look at the nociceptive signal
pathway from the periphery to the brain focusing on the integration and modulation of the
pain signal in the CNS. Different types of stimuli may cause nociceptive stimulation which
will lead to the recruitment of peripheral nociceptors that conduct the signal in the primary
somatosensory neuron to the dorsal horn of the spinal cord. The afferent fibers are divided
into three main groups namely: AR fibers, C fibers, and Ad fibers. The AB fibers are large
myelinated fibers that conduct at high speed and usually transmit non-nociceptive signals
(Table 1.1). Nociceptor messages are mainly transmitted by the larger myelinated Ao fibers
and the thin unmyelinated C fibers. The larger the size of the fiber, the higher the speed of
conduction of the stimulus. The Ao fibers are responsible for the sharp localization of pain
while the C fibers, which have a slow conducting velocity, are responsible for a slow and

dull aching pain (Marchand, 2008).

Table 1.1: The characteristics of the nociceptive afferent fibers (Marchand, 2008)

AR fibers Ad Fibers C Fibers
Myelination Yes Yes No
Conduction (ms?) 35-75 5530 05-2
Role Proprioception, Temperature, Nociception
Light touch Nociception (mechanical, thermal
(mechanical, and chemical)
thermal)
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A nociceptive stimulation will initiate a cascade of events. Pro-nociceptive inflammatory
molecules will be released into the periphery from various blood cells (mastocytes,
polymorphonuclear cells and platelets) and may include bradykinins, prostaglandins,
histamine, serotonin, adenosine triphosphate, as well as from immune cells (interleukins,
interferon and tumor necrosis factor). Substance P and calcitonin gene related protein
(CGRP), which act as neurotransmitters in the CNS, are also released into the periphery
and act as pro-inflammatory factors in the periphery, favoring neurogenic inflammation

(Marchand, 2008).

Nociceptor activation produces action potentials that are transmitted by the peripheral
nervous system along fibers to the spinal cord where they will have a first synaptic contact
with secondary neurons that are principally located in the superficial zones of the dorsal
horn of the spinal cord (substantia gelatinosa). Both nociceptive and non-nociceptive
afferents to the spinal cord will also have synaptic contact with an important network of
inhibitory and excitatory interneurones that modulate the nociceptive signal before the
secondary neuron projects to superior centers. The secondary neuron travels to superior
centers by two main pathways: the spinothalamic tract, which sends afferents to the lateral
nuclei of the thalamus, and the spinoreticular tract, which sends afferents to the medial
thalamus and nuclei of the brainstem, including the nucleus raphe magnus (NRM) and the
periaqueductal grey (PAG) area which are involved in descending pain modulation. From
the thalamus, pain signals pass to the cortex and other CNS centres to elicit the conscious

sensation of pain and the emotional response as well as experience (Marchand, 2008).

As pain is a complex phenomenon, the nociceptive signal will be modulated at multiple

levels of the CNS before pain is fully perceived. There are three main levels by which
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modulation can be done. They include spinal mechanisms producing localized analgesia;
descending inhibitory mechanisms from the brainstem producing diffuse inhibition and
superior center effects that will either modulate descending mechanisms or change the

perception of pain by reinterpreting the nociceptive signal (Marchand, 2008).

The gate control theory explains the modulation at the spinal cord and it hypothesizes that,
among other mechanisms, selective activation of non-nociceptive afferent AR fibers will
recruit inhibitory interneurones in the substantia gelatinosa of the posterior spinal cord,
producing a localized analgesia and decreasing pain perception. Again, the PAG area and
the NRM have been identified as important serotoninergic and noradrenergic descending
inhibitory pathways which then recruit enkephalinergic interneurones in the spinal cord to
produce the analgesic response. Activation of certain cortical regions, including the primary
and secondary somatosensory cortices, related to the sensory aspect of pain, and the anterior
cingulate cortex and the insular cortex for the affective component of the pain experience

has been shown to be effective in pain modulation (Marchand, 2008).

1.4.3 Risk factors for developing chronic pain

It has been proposed that three main factors play important parts in determining whether an
individual will develop chronic pain. They include individual disposition, environmental
and psychological factors. It has been postulated that taking note of these factors will help

greatly in the management of patients suffering from this type of pain.

Personal disposition deals with the characteristics of a person either innate or acquired which
influences the tendency of a person to develop chronic pain. The factors: gender and biological
sex, age and the role of endogenous pain modulation responses have to be considered. It is

generally known that women have a higher predisposition to chronic pain syndromes than men.
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Sex hormones may play an important role here and animal studies in rats have supported this
finding. It has been realized that the difference in pain sensitivity between men and women are
seen only after puberty and disappear after menopause or andropause (Marchand, 2008). It is also
widely known that aging increases one’s chances of developing chronic pain and the widely
recognized reason is the progressive musculoskeletal degeneration that is observed with the aged,
however, a new theory is a decline in the efficacy of endogenous pain control systems in the
elderly. Again, genetic predisposition influences the chances of an individual developing chronic
pain and this also applies for response to certain treatments. It is well recognized that different
patients respond differently to individual analgesic medications with regard to both efficacy as

well as side-effect profile hence the need to tailor medications to patients (Marchand, 2008).

It has been realized that external stressors, history of pain or abuse are good forecasters for
developing this type of pain. For instance, it has been shown that individuals born
prematurely are more sensitive to pain later in life and deficits in their pain inhibitory

mechanisms may account for this observation (Marchand, 2008).

Psychological factors such as anxiety and depression are very important predictors for
developing chronic pain and not only that but also they predict the reactions of an individual
to a pain experience, the individual’s ability to cope with the pain as well as the evolution
of the chronic pain symptoms. As a result of this, clinicians are advised to consider the role
of psychological factors when managing individuals with chronic pain

(Marchand, 2008).

1.4.4 Animal models of pain

The important mechanisms that make it possible for an organism to react to a stimulus,

which might endanger its existence, exist throughout the animal kingdom, except perhaps
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in arthropods and particularly in insects (Le Bars et al., 2001). Hence, the possibility of
using rodents as models for the investigation of agents with possible analgesic effects. The
absence of verbal communication in animals is perhaps one of the foremost obstacles to the
evaluation of pain. There are situations where one can specifically tell that an animal is
experiencing pain for instance when it is vocalizing its pain such as squealing or groaning.
However, if an animal is not showing any typical physical signs or behaviors, there is no
way to certify that an animal is not feeling pain. This is so because sometimes immobility

and/or prostration are the only responses accompanying pain (Le Bars et al., 2001).

A common feature in pain research for both humans and animals is the lack of objectivity.
One may not know exactly how rats feel pain, but this is also unknown in higher animals.
In both species, we infer the presence of pain based on behavior (Mogil et al., 2010).
Usually, pain in test animals is detected by the presence of basic motor responses,
neurovegetative reactions with an increase in sympathetic tone (tachycardia, arterial
hypertension, hyperpnea, mydriasis, etc.), and vocalization. Behavioral reactions (escape,
avoidance, aggressiveness, etc.) or changes in behavior are also sometimes noticed (Le Bars
et al., 2001). Humans, however, have the distinct feature of being able to express
themselves hence they are able to describe their experience. Mogil et al. in 2010 reported
that in terms of science, they foresee no instance in the nearest future whereby true advances
in pain research are possible without the usage of animal models. This is because animal
models are important for the investigation of basic physiological mechanisms of pain as
well as their ability to predict the efficacy of analgesics which may eventually lead to

hospital use.
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In animal studies of the mechanisms underlying acute pain, an appropriate stimuli has to be
used to provoke the sensation. These stimuli have to be quantifiable, reproducible and
noninvasive. The four primary stimuli used include electrical, thermal, mechanical and
chemical stimuli. No matter the type of stimuli used, all nociceptive behavioral models

should be specific, sensitive, valid, reliable and reproducible (Le Bars et al., 2001).

1.5 JUSTIFICATION AND OBJECTIVES OF THE STUDY
1.5.1 Justification

Pain is usually a warning signal which provokes protective mechanisms but sometimes, this
warning system becomes faulty and instead the pain becomes chronic and debilitating
(Julius and Basbaum, 2001). According to a fairly recent study, pain is a significant menace
that puts a burden on the population valued at $ 560 - $ 635 billion yearly. In the United
States, millions suffer from this condition yearly and the consequences are seen clearly in
high health care costs, rehabilitation and low work input as well as the emotional and
financial burden on the community (Institute of Medicine of the National Academies

Report, 2011).

Pain is reported in almost all medical conditions and it is most of the time, one of the
prominent aspects of the disease which causes individuals to seek health care (Schim and
Stang, 2004). It is also one of the cardinal markers for inflammation (Tracy, 2006).
Although, people report often with complaints of pain, most often than not, patients return
to their daily lives without their complaints beings resolved and this may be as a result of
the improper usage of current analgesics (Mcmahon and Koltzenburg, 2006; Chen and
Tang, 2011). Insufficient use of existing therapies can be due to the diverse and sometimes

fatal side effects observed with the usage of some of these agents (Mirshafiey et al., 2005,
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Wolfe et al., 1999), such as gastric irritation with Non-Steroidal Anti-Inflammatory Drugs
(NSAIDS), considerable gastrointestinal and renal damage with glucocorticoids and

addiction and respiratory depression with opioids (Rang et al., 2007).

Due to the various adverse effects accompanying the usage of some of these analgesics as
well as the widespread disappointment felt by some patients battling with pain, there is still
the need for the discovery of more effective analgesics with safer toxicological profiles at

therapeutic doses.

Since time immemorial, natural products have contributed greatly in the search for modern
analgesics (Calixto et al., 2005). It is estimated that about 40 % of all medicines on the
market today were derived either directly or indirectly from natural products with about 25
% being from plants. In fact, plants have been used traditionally for various painful
conditions and some plants have even contributed to the development of modern analgesics
such as Papaver somniferum (morphine, codeine), Salix species (salicylic acid) and
Cannabis sativa (tetrahydrocannabinols) (Calixto et al., 2005). This shows the importance
of plants in the search of potential analgesics hence one of the reasons why this study

focused on the use of Phyllanthus muellerianus, a monoecious shrub.

After potential analgesics are discovered, it is important to determine if the combination of
drugs with established analgesic effects leads to better analgesic effects. Combination
therapy has become one of the mainstays of several disease management including pain
management and the combination of analgesics has become a common practice. This has
been a popular practice because the use of these combinations might either lead to better
pain management or even similar efficacies to individual drugs but with better side effect

profiles.
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Again, there is the need for all plant medicines to be evaluated for their safety and toxicity
profile in order to determine the possible adverse effects on functional and physiological
systems including central and peripheral nervous system, cardiovascular system,
respiratory system and renal and gastrointestinal functions. This evaluation plays a key role

in the safety assessment process of a drug (Vogel et al., 2013).

Thus, the need for this study which seeks to investigate and establish the anti-nociceptive
effects of the aqueous extract of the aerial parts of Phyllanthus muellerianus (Kuntze) Exell.

and its main constituent, geraniin as well as determine its toxicological profile in rodents.

1.5.2 Aim and specific objectives

The main aim of this study is to provide pharmacological evidence to justify the traditional
use of the aerial parts of Phyllanthus muellerianus in the management of pain as well as

discover the potential of geraniin serving as a lead compound in the search for analgesics.

Specific objectives would include:

i) To evaluate PME and geraniin for their potential analgesic effects using animal models

of chemical nociception

i) To determine the possible sites and mechanism of action of PME and geraniin in vivo in

mice.

iii) To determine the effect of geraniin on pain when combined with standard analgesics using

isobolographic analysis.

iv) To determine whether PME and geraniin induce dependence or tolerance and their effects

on naloxone — precipitated morphine withdrawal signs.
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V) To evaluate the possible toxicological effects of PME after acute administration as well

as after a 7 day administration schedule.
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Chapter 2 MATERIALS AND METHODS

2.1 PLANT COLLECTION AND EXTRACTION

Fresh matured aerial parts of Phyllanthus muellerianus were identified and collected from
uncultivated fields around KNUST in February, 2015. The plant was authenticated by Mr.
Asare of the Herbal Medicine Department, KNUST. The fresh matured aerial parts of P.
muellerianus were washed in water to completely remove foreign materials and air dried at
room temperature (25 - 28 °C) for seven days. The dried plant sample was then powdered
with a lab mill machine (Christy and Norris, Chelmsford, England). Five hundred grams

(500 g) of the powdered plant material was suspended in 5 L of sterile distilled water and

heated at 90 °C for 15 min. The mixture was centrifuged at 6000 *g for 10 min and the
supernatant lyophilized to obtain the powdered extract. The yield of the extract related to
the dried powdered plant material was 12.08 % "“/w. The extract was then stored at 4 - 8 °C
in the refrigerator in air tight containers. This aqueous extract was subsequently referred to

as PME in this study.

Geraniin (96 %"/w HPLC grade) isolated from the aqueous extract of the aerial parts of
Phyllanthus muellerianus (Kuntze) Exell. was kindly provided by Prof. Andreas Hensel,
Institute of Pharmaceutical Biology and Phytochemistry, University of Muenster,
Muenster, Germany through the help of Dr. Christian Agyare, Department of
Pharmaceutics, Kwame

Nkrumah University of Science and Technology, KNUST, Ghana.
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2.2 ANIMALS

Imprint Controlled Region (ICR) mice (30 + 5 g) and Sprague Dawley rats (180 = 20 g) were
purchased from Noguchi Memorial Institute for Medical Research, University of

Ghana, Legon, Ghana and housed in the vivarium of the Department of Pharmacology,
KNUST. The animals were housed in groups of five in stainless steel cages (34 47 8 cm®).
Mice were fed with the normal mice chow (AGRICARE Ltd, Kumasi, Ghana) while rats
were fed with normal pellet diet. Both species were given water ad libitum and maintained

in a 12-hour light-dark cycle with soft wood shavings as bedding. All procedures and
techniques used in these studies were in accordance with the Guide for the Care and Use of
Laboratory Animals (Institute for Laboratory Animal Research, 2011). All protocols used

were approved by the Departmental Ethics Committee.

2.3 DRUGS AND CHEMICALS

Diclofenac sodium was purchased from Troge Medical GmbH, Hamburg, Germany;
morphine hydrochloride was obtained from BODENE (PTY) Limited Trading, Intramed,
Port Elizabeth, South Africa; formalin, acetic acid and theophylline were purchased from
British Drug Houses, Poole, England; NC-Nitro-L-arginine methyl ester (L-NAME),
yohimbine, D-tubocurarine, glibenclamide, ondansetron, nifedipine, naloxone and atropine
were obtained from Sigma-Aldrich Inc., St. Louis, MO, USA and diazepam from Kilitch

Drugs, India.

2.4 ANTI-NOCICEPTIVE EFFECTS

The anti-nociceptive effects of an aqueous extract of the aerial parts of P. muellerianus, a
herb used in managing pain traditionally, and the major constituent, geraniin were evaluated

in animal models of nociception.
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2.4.1 Acetic acid-induced writhing test

The test was conducted as described by Amresh et al., 2007. Eleven (11) groups of mice (n
= 5) were used and they received vehicle (10 ml kg™ of normal saline, i.p.), PME (10, 30,

100 and 300 mg kg, p.o.), morphine (1, 3 and 10 mg kg%, i.p.) or diclofenac (10, 30 and
100 mg kg™ i.p.) 60 min (p.o.) or 30 min (i.p.) before the intraperitoneal injection of 0.6 %
acetic acid (10 ml kg™). Drugs were prepared such that no animal received more than 0.5
ml either orally or intraperitoneally. Mice were placed individually in a Perspex testing
chamber (1545 ¥5 cm) and with the aid of a mirror inclined at 45° below the floor of the
chamber and a camcorder placed directly opposite the mirror, the response of the mice after
intraperitoneal injection of acetic acid was recorded. The response induced consists of a
contraction of the abdominal muscle, together with a stretching of the hind limbs. The
response of the mice after intraperitoneal injection of acetic acid was recorded for 30 min.
Tracking of the behavior was done using the public domain software JWatcher™, Version
1.0 (University of California, LA, USA, and Macquarie University, Australia) to obtain the
frequency and duration of writhes per 5 min. A nociceptive score was determined for each

5 min time block by multiplying the frequency and duration of writhes.

2.4.2 Formalin-induced nociception

The formalin test was carried out as described by Dubuisson and Dennis, 1977. Mice were
acclimatized to the Perspex test chambers (15 15 ¥5 cm) for thirty minutes before formalin
injection. Thirteen groups of mice (n = 5) were then pre-treated with vehicle, PME (30 -
300 mg kg, p.o.), geraniin (3 - 30 mg kg*, p.o.), morphine (1 - 10 mg kg?, i.p.) or
diclofenac (10 - 100 mg kg, i.p.) 60 min (p.o.) or 30 min (i.p.) before intraplantar injection

of 10 pl of 5 % formalin. The mice were returned individually into the testing chamber after
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the formalin injection and their nociceptive behaviors captured for 1 h for analysis in the
same way as described previously in the writhing test above. A nociceptive score was
determined for each 5 min time block by measuring the amount of time spent in the
biting/licking of the injected paw. Tracking of the behavior was done using public domain
software JWatcher™, Version 1.0. The average nociceptive score for each time block was
calculated by multiplying the frequency and time spent in biting/licking and data were
expressed as the mean + S.E.M. of scores between 0-10 min (first phase) and 10-60 min

(second phase) after formalin injection.

2.4.3 Assessment of the mechanism of anti-nociception of PME and geraniin in the formalin

test

To determine the possible sites and mechanism of the analgesic activity of PME and
geraniin, the formalin-induced nociception model was used employing various antagonists.
The pathways investigated include the adenosinergic, opioidergic, adrenergic,
serotoninergic, nitric oxide and muscarinic receptors or pathways. The involvement of the
ATP sensitive potassium (K*) channels and voltage gated calcium channels were also
investigated. The doses of drugs were selected on the basis of previous literature data and

in pilot experiments in the laboratory (Woode et al., 2009; Woode and Abotsi, 2011).

2.4.3.1 The opioidergic pathway

Mice were pre-treated with naloxone (a non-selective opioid receptor antagonist; 2 mg kg,
i.p.). Fifteen (15) minutes later, PME (100 mg kg, p.0.), geraniin (10 mg kg, p.o.) or
vehicle (10 ml kg2, p.o.) were administered.

Groups of mice were also pre-treated with vehicle and after 15 min PME (100 mg kg,
p.0.), geraniin (10 mg kg, p.o.) or vehicle (10 ml kg%, p.o.) were administered.

25



Formalin was injected one hour after oral administrations to induce nociception, the
behavior of the mice was recorded for one hour and analysis was done as stated under

section 2.4.2.

2.4.3.2 The nitric oxide pathway

Mice were pre-treated with L-NAME (NC-L-nitro-arginine methyl ester, a NO synthase
inhibitor, 10 mg kg, i.p.) and after 15 min received PME (100 mg kg, p.0.), geraniin (10
mg kg, p.o.) or vehicle (10 ml kg ?, p.o.). Nociception was induced as described under

section 2.4.3.1.

2.4.3.3 The ATP-sensitive potassium channels

Mice were pre-treated with glibenclamide (an ATP-sensitive K* channel inhibitor, 8 mg
kg!, p.0.). 30 min later, PME (100 mg kg, p.0.), geraniin (10 mg kg™, p.o.) or vehicle (10
ml kg !, p.0.) were administered. Nociception was induced as described under section

2.43.1.

2.4.3.4 The adenosinergic pathway

To investigate the role played by the adenosinergic system in the anti-nociception exhibited
by the extract and geraniin, mice were pre-treated with theophylline (5 mg kg, i.p., a
nonselective adenosine receptor antagonist). After 15 min, the mice received PME (100 mg
kg!, p.0.) or geraniin (10 mg kg*, p.o.) or vehicle. Nociception was induced as described

under section 2.4.3.1.

2.4.3.5 The adrenergic pathway
To assess the possible involvement of the a» receptor/system, mice were pre-treated with

yohimbine (an az receptor antagonist 3 mg kg™ p.o.) 30 min before PME (100 mg kg?,
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p.0.), geraniin (10 mg kg?, p.o.) or vehicle administration. Nociception was induced as

described under section 2.4.3.1.

2.4.3.6 The serotoninergic system

To assess the possible involvement of 5-HT3 receptors to the anti-nociceptive effects caused
by the agents, animals were pre-treated with ondansetron (0.5 mg kg2, i.p., a 5-HT3 receptor
antagonist) and after 15 min received PME (100 mg kg™, p.o.), geraniin (10 mg kg*, p.o.)
or vehicle administration. Nociception was induced as described under section

2.4.3.1.

2.4.3.7 The voltage-gated calcium channels pathway
Mice were pre-treated with nifedipine (10 mg kg?, p.o., L-type calcium channel blocker)
and after 30 min received PME (100 mg kg, p.o.), geraniin (10 mg kg, p.0.) or vehicle

administration. Nociception was induced as described under section 2.4.3.1.

2.4.3.8 The cholinergic (muscarinic) system
Mice were pre-treated with atropine (non-selective muscarinic antagonist, 5 mg kg i.p.) 15 min
before PME (100 mg kg2, p.0.), geraniin (10 mg kg, p.0.) or vehicle administration.

Nociception was induced as described under section 2.4.3.1.

2.5 ISOBOLOGRAPHIC ANALYSIS OF GERANIIN/ MORPHINE AND

GERANIIN/DICLOFENAC COMBINATIONS

The formalin test was employed because of its high predictiveness of acute pain and it being
a valid model of clinical pain (Le Bars et al., 2001). The isobolographic analysis was
performed similarly as described by Pinardi et al., 2005, Miranda et al., 2002 and Woode

et al., 2015. The EDses of geraniin, morphine and diclofenac were determined by obtaining
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the dose—response curves for the administration of these agents in the formalin test for
isobolographic analysis. Dose response curves were also obtained and analyzed after the
coadministration of geraniin with morphine or with diclofenac in fixed ratio (1:1)
combinations based on the following fractions /5, /4, /s of their respective EDs for the

formalin test (Miranda et al., 2013).

To obtain the experimental EDso for geraniin/morphine as well as geraniin/diclofenac
coadministration for isobolographic analysis, animals were grouped into thirteen (n=5) for

each drug combination and were treated as follows in the formalin test:
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Table 2.1: Groupings for isobolographic analysis

Groups

Geraniin and Morphine

Geraniin and Diclofenac

V - VIII

IX-XI

X

Morphine 0.14 mg kg ip. (EDso) Diclofenac 14.51 mg kg? i.p.

for phase I analysis

(EDsp) for phase | analysis

Morphine 0.33 mg kg™ i.p. (EDso) Diclofenac 21.30 mg kg™ i.p.

for Phase Il analysis

Geraniin 0.94 mg kg™ p.o. (EDso) for

phase | analysis

Geraniin 1.02 mg kg™ p.o. (EDso) for

phase 11 analysis

[Morphine + Geraniin]: (0.14 +
0.94) mg kg?, (0.14 + 0.94)/2 mg
kg?, (0.14 + 0.94)/4 mg kgt, (0.14
+ 0.94)/8 mg kg* for phase |
analysis

[Morphine + Geraniin]: (0.33 +
1.02) mg kg%, (0.33 + 1.02)/2 mg
kg?, (0.33 + 1.02)/4 mg kg*, (0.33
+ 1.02)/8 mg kg* for phase I
analysis

(EDsp) for phase 11 analysis

[Diclofenac + Geraniin]: (14.51 +
0.94) mg kg%, (14.51 + 0.94)/2 mg
kgl (1451 + 0.94)/4 mg kg?,
(14.51 + 0.94)/8 mg kg™ for phase |
analysis

[Diclofenac + Geraniin]: (21.30 +
1.02) mg kg, (21.30 + 1.02)/2 mg
kg?l, (21.30 + 1.02)/4 mg kg¥,
(21.30 + 1.02)/8 mg kg* for phase

Il analysis

mice were treated with vehicle (10 mice were treated with vehicle (10

ml kg™?)

ml kgt)
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After the different groups received their respective treatments, formalin was administered
and the resultant behavior was recorded for either 10 min for phase | or 60 min for phase I1

analysis ignoring the first 10 min during analysis.

Isobologram (a cartesian plot of pairs of doses that, in combination, yield a specified level
of effect) was then built by connecting the theoretical EDso of morphine or diclofenac
plotted on the ordinate with that of geraniin plotted on the abscissa to obtain the additivity
line. For each drug mixture, the EDso (experimental) and its associated 95 % confidence
intervals were determined by linear regression analysis of the log dose—response curve (and

compared by a ‘t’-test to a theoretical additive EDsp) obtained from the calculation;

Zagd = T (EDso) of morphine + (1-f) (EDso) of geraniin

Where f is the fraction of each component in the mixture and the variance (Var) of Zaia was

calculated as:

Var Zagg = 2 (Var EDso of morphine) + (1-f)? Var EDso of geraniin

From these variances, S.E.M.’s were calculated and resolved according to the ratio of the
individual drugs in the combination. A supra-additive or synergistic effect is defined as the
effect of a drug combination that is higher and statistically different (EDso significantly
lower) than the theoretically calculated equieffect of a drug combination in the same
proportion. If the EDso's are not statistically different, the effect of the combination is
additive and additivity means that each constituent contributes with its own potency to the
total effect. The degree of interaction was calculated using fractional analysis by dividing
the experimental EDso (Zmix) by the theoretical EDsp (Zaga). A value close to 1 was
considered as additive interaction. Values lower than 1 are an indication of the magnitude
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of supra-additive or synergistic interactions (Zmix/Zada < 1), and values higher than 1

correspond to sub-additive or antagonistic interactions (Ameyaw et al., 2015).

2.6 TOLERANCE AND DEPENDENCE STUDIES
2.6.1 Tolerance studies

The formalin test was used to ascertain whether, after chronic treatment, tolerance develops
to the anti-nociceptive activity of PME, geraniin and morphine and if there is
morphineinduced tolerance cross-generalization with the extract or geraniin. Mice were
divided randomly into nine groups (n = 5) and for the first eight days were treated as

follows:

Groups | — IV - Vehicle.

Groups V — VI - PME (200 mg kg™ p.o.) and geraniin (20 mg kg p.o.) respectively.

Groups VII - IX- Morphine 6 mg kg™, i.p.

On Day 9, these groups were treated in the following manner:

Group | — vehicle

Groups Il — IV- PME (100 mg kg™?), geraniin (10 mg kg*) and morphine (3 mg kg™)

Groups V - VI- PME (100 mg kg™) and geraniin (10 mg kg™) respectively

Group VII - Morphine (3 mg kg ™)

To ascertain the possibility of morphine-induced tolerance cross-generalizing with extract or

geraniin, these groups were treated as follows:
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Groups VI — IX — PME (100 mg kg?) and geraniin (10 mg kg™?) respectively
Sixty min after geraniin and PME administration and 30 min after morphine administration,
formalin was injected into the right paw and the behaviors of the mice were recorded for

60 min just as previously described.

2.6.2 Assessment of the ability of PME and geraniin to induce withdrawal
syndromes of dependence

The method as described by Hosseinzadeh and Nourbakhsh, 2003 was used to determine
whether PME or geraniin induces withdrawal signs similar to that produced by morphine

administration. Mice were grouped (n = 5) and received the following drug treatments,

For the first three days,

Group | - morphine (50, 50 and 75 mg kg™ s.c. at 1100, 1400 and 1700 h, respectively)

Group 11 — vehicle (10 ml kg s.c. at 1100, 1400 and 1700 h, respectively)

Group 11l — PME (1500, 1500 and 2250 mg kg* p.o. at 1100, 1400 and 1700 h,

respectively)

Group 1V — geraniin (150, 150 and 225 mg kg p.o. at 1100, 1400 and 1700 h respectively)

On the fourth day, Group | received morphine (50 mg kg?, s.c.), Group Il received vehicle
(10 ml kg%, s.c.), Group I received PME (1500 mg kg™, p.o.) and Group IV received
geraniin (150 mg kg2, p.o.). Two hours later, naloxone (5 mg kg?, s.c.) was administered
to all the animals and mice were immediately placed in a glass cylinder (30 cm high, 20 cm
in diameter). The number of jumping episodes (withdrawal symptoms) was recorded for 30

min.
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2.6.3 Assessment of the effect of PME and geraniin on the withdrawal syndrome of
morphine dependence

To determine whether PME and geraniin can ameliorate withdrawal signs produced by
naloxone precipitated morphine dependence (Hosseinzadeh and Nourbakhsh, 2003), mice
were randomly assigned to 8 groups (I - VIII) and received morphine (50, 50 and 75 mg
kg?s.c. at 1100, 1400 and 1700 h, respectively) for 3 days. On the 4" day, group | received
vehicle (10 ml kg, p.o.), groups Il - IV received PME (30 — 300 mg kg™, p.o.), groups V
— VII received geraniin (3 - 30 mg kg™, p.o0.) and group VIII was treated with diazepam (5
mg kg?, i.p.). Thirty minutes (for i.p.) or one hour (for p.o.) later, all animals received
morphine (50 mg kg, s.c.) and then 2 h later they were all treated with naloxone (5 mg kg
1's.c.) to precipitate morphine withdrawal. The number of jumps was recorded for 30 min

and scored with JWatcher.

2.7 ASSESSMENT OF THE SAFETY AND TOXICITY PROFILE OF PME
2.7.1 Motor co-ordination test

Naive mice were trained on three successive days on the rota-rod (Ugo Basile, model 7600,
Comerio, Varese, Italy) at a speed of 25 rpm. On the test day (day 4), five groups of mice
(n = 5) were administered the extract (30 - 300 mg kg, p.0.), D-tubocurarine (0.1 mg kg?,
i.p.) or vehicle. The animals were then repeatedly tested for their motor co-ordination
performance on the rota-rod (cut off time 120 s) at 0.5, 1, 1.5, 2, 2.5 and 3 h after drug
administration. The maximum time that the animals were able to spend on the rota rod was

recorded (Gareri et al., 2005).
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2.7.2 Acute toxicity

Mice (25 - 30 g) were put into six groups of five mice each. They were fasted for 3 h and
doses of P. muellerianus extract (0.1, 0.3, 1, 3, and 5.0 g kg™) were orally administered.
Distilled water was administered to the control group and the mice were observed for 24 h
after treatment for any toxic effects or death. Mice were also observed for two weeks for

any lethality.

2.7.3 Sub-acute toxicity studies of the extract

To determine whether Phyllanthus muellerianus produced toxic effects after continuous
administration of the extract, male Sprague-Dawley rats, 5 per group, were treated orally
with P. muellerianus (100, 300, 1000 mg kg™) daily, for 7 consecutive days (Bamisaye et
al., 2015). Group A, the control, received 10 ml kg? p.o of distilled water twice daily.
Group B, C and D were also treated with twice daily doses of the extract. The animals were

monitored closely for signs of toxicity by assessing their appearance and behaviour pattern.

2.7.3.1 Preparation of serum and isolation of organs

The rats were sacrificed on the eighth day by cervical dislocation, the jugular vein was cut
for blood to flow freely. Approximately 1.5 ml of blood was collected into vacuum tubes
containing ethylene diamine tetra acetic acid (EDTA) as an anticoagulant for
haematological assay and 3.5 ml of the blood was collected into sample tubes without
anticoagulant for biochemical analysis. The blood without the anticoagulant was allowed
to clot before centrifugation (4000 rpm at 4 °C for 10 min) to obtain serum, which was
collected and stored at -20 °C until assayed for biochemical parameters. After blood

collection, the rats were dissected and the organs (liver, kidney and stomach) removed,
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freed of fat and connective tissue, blotted with clean tissue paper and then weighed on a

balance.

2.7.3.2 Effect of PME on haematological and biochemical parameters

Haematological parameters including haemoglobin (HGB), red blood cells (RBC), white
blood cells (WBC), haematocrit (HCT), platelets (PLT), mean corpuscular volume (MCV),
mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration
(MCHC) were determined by an automatic analyzer (Sysmex KX-21N™ Automated
Hematology Analyzer, Sysmex America, Inc., Lincolnshire, IL, U.S.A.). Biochemical
analyses were performed on serum for the determination of the following parameters:
electrolytes, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), total bilirubin (T-BIL), direct bilirubin (D-BIL), indirect bilirubin
(IBIL), total protein, alboumin, urea and creatinine. All analyses were carried out using an
automated clinical chemistry analyser (Vital Scientific Flexor Junior®, AC Dieren, The

Netherlands).

2.7.3.3 Effect of extract on body and organ weights
Body weights (in grams) of the rats were taken on days 0 and 8. The relative organ weights (ROW)

of each organ was calculated as follows:

Absolute Organ Weight (g)
ROW = = = X 100
Rat body weight on sacrifice day (g)

2.7.3.4 Histopathological examination
Portions of the tissue from liver, kidney and stomach were used for histopathological
examination. Tissues were fixed in 10 % neutral buffered formalin (pH 7.2) and dehydrated

through a series of ethanol solutions, embedded in paraffin and routinely processed for
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histological analysis. Sections of 2 um thickness were cut and stained with
haematoxylineosin for examination. The stained tissues were observed with a Leica

microscope (Leica DMD 108, Germany).

2.8 STATISTICS

In all experiments, a sample size of n =5 were used. All data are presented as mean +
S.E.M. The time-course curves were subjected to two-way (treatment x time) repeated
measures analysis of variance (ANOV A) followed by Dunnett’s multiple comparisons test.
Total anti-nociceptive effect for each treatment was calculated in arbitrary unit as the area
under the curve (AUC). Differences in total anti-nociceptive effect were analyzed using
one-way ANOVA followed by Tukey’s multiple comparisons test with drug treatment as a
between subject factor for data which were normally distributed. For data which were not
normally distributed, differences in total anti-nociceptive effect were analyzed using

Kruskal-Wallis test followed by Dunn’s multiple comparison test. To determine the

percentage inhibition for each treatment, the following equation was used

(AUCcontrol — AUCtreatment)
=100 %%
AUCcontrol

0g Inhibition =

Doses for 50 % of the maximal effect (EDso) for each drug were determined by using an
iterative computer least squares method, with the following nonlinear regression (three
parameter logistic) equation

= a+(b—a)
- (1+ lﬂ':LngEﬂm—x}j
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Where X is the logarithm of dose and Y is the response. Y starts at a (the bottom) and goes
to b (the top) with a sigmoid shape. The fitted midpoints (EDsos) of the curves were

compared statistically using F test.

Isobolographic calculations were performed with the program Pharm Tools Pro (version
1.27, the McCary Group Inc.). Results are presented as mean + S.E.M. or as EDx values
with 95 % confidence limits. The statistical analyses of the isobolograms were performed
according to Tallarida (Tallarida, 2006) and the statistical difference between experimental
and theoretical values was assessed by the Student’s ‘t’ test for independent means. Levels
of significance were represented with * and f. P < 0.05 was considered statistically

significant
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Chapter 3

RESULTS

3.1 ANTI-NOCICEPTIVE EFFECTS
3.1.1 Acetic acid-induced writhing test

PME, morphine and diclofenac significantly reduced the writhing in the mice as shown by
the time-course curve (Figure 3.1a, ¢ and e). Two-way ANOVA (treatment x time) revealed
a significant (PME: F4 20 = 1.397, P < 0.0001; morphine: Fs, 15 = 6.519, P < 0.0001 and
diclofenac: F3, 15 = 5.221, P < 0.0001) effect of drug treatments on the acetic acid-induced
abdominal constrictions. PME (10 — 300 mg kg?) significantly (P = 0.0156) reduced the
number of abdominal writhes over 30 min with the highest dose of 300 mg kg™ giving an
increase in total anti-nociceptive effect of 86.67 % compared to the control (Figure 3.1b).
Morphine and diclofenac also produced a significant and dose-dependent (P = 0.0095; P =
0.0036 respectively)( Fig. 3.1d, f) increase in total anti-nociceptive effects with the highest
doses of 10 mg kg™ and 100 mg kg producing significant increases of 92 % and 94.1 %
respectively in total anti-nociceptive effect. Morphine (EDso: 0.11 mg kg™) was however
the most potent of the three agents used, followed by diclofenac (EDso: 4.24 mg kg™?) and

then PME (EDso: 22.60 mg kg™) (Fig. 3.5a and Table 3.1).
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Figure 0.1: Effects of PME (10 — 300 mg kg?) (a,b), morphine ( 1 - 10 mg kg?) (c, d) and diclofenac
(10 — 100 mg kg™ (e, f) on acetic acid-induced writhing. Data points are group means + S.E.M.
Significantly different from control: * P <0.05, ** P <0.01, *** P < 0.001. Two-way ANOVA
followed by Bonferroni posthoc test and differences in AUCs analysed by Kruskal-Wallis test

followed by Dunn’s multiple comparison test.
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3.1.2 Formalin-induced nociception

Injection of formalin produced a biphasic nociception response as shown in Figs. 3.2 - 3.4.
Administration of PME (30 — 300 mg kg), geraniin (3 - 30 mg kg™), diclofenac (10 - 100
mg kg) and morphine (1 — 10 mg kg?) to the mice significantly attenuated the nociception
induced by formalin as shown by the time-course curves (Fig. 3.2). Two-way ANOVA
(treatment x time) revealed a significant (PME: Fzs, 204 = 3.427, P < 0.0001; geraniin: Fsg,
204

= 2.962, P < 0.0001; morphine: Fsg, 204 = 3.352, P < 0.0001; diclofenac: Fss, 204 = 2.897, P
< 0.0001) effect of drug treatments on the formalin induced nociception. PME dose
dependently and significantly suppressed paw licking time in both the first phase (P =
0.0032) and second phase (F3, 15 = 29.79, P < 0.0001) (Fig. 3.3b and 3.4b). However, the
highest increase in anti-nociception of 99.68 % as compared to the control was observed in
the second phase at a dose of 300 mg kg™ (Fig. 3.4b). Geraniin also significantly and dose
dependently suppressed paw licking time in both the first phase (P = 0.0041) and second
phase (P = 0.0046) (Fig. 3.3a and 3.4a). Percentage increases in anti-nociceptive effects of
98.45 % and 99.24 % as compared to the control were observed in the first and second

phases respectively at a dose of 30 mg kg™ (Fig. 3.3a and 3.4a).

In a similar manner, morphine administration resulted in a significant reduction of response
time in the early (P = 0.0059) and the late (F3 13 = 26.76, P < 0.0001) phases of
formalininduced licking with maximal inhibitions of 99.02 % and 99.88 % of the first and
second phase respectively (Figure 3.3c and 3.4c). Diclofenac also significantly suppressed

paw licking time in both the first phase (P = 0.0012) and second phase (F3, 15 = 22.66, P <
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0.0001) (Fig. 3.3d and 3.4d). Percentage increases in anti-nociceptive effects of 99.86 %
and 99.87 % as compared to the control were observed in the first and second phases
respectively at a dose of 100 mg kg™ (Fig. 3.3d and 3.4d). In both phases, morphine was
however the most potent, followed by geraniin, PME and then diclofenac (Fig. 3.5b, 3.5¢c

and Table 3.1).
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Figure 0.2: The time-course effects of geraniin (3 — 30 mg kg*), PME (30 - 300 mg kg™), morphine (1

- 10 mg kg*) and diclofenac (10 — 100 mg kg™) on formalin-induced nociception in mice. ** P <0.01,
*** P <0.001 (Two-way ANOVA followed by Bonferroni posthoc test).
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Figure 0.5: Dose-response effects of PME (30 - 300 mg kg?), geraniin (3 — 30 mg kg*) morphine (1 -
10 mg kg™t) and diclofenac (10 — 100 mg kg™) in the acetic acid-induced writhing and

formalininduced nociception models. Data points represents mean £ S.E.M. (n = 5).

Table 3.1: The potencies of the various agents used in the models of nociception

Drugs EDsos (mg kg?)
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Acetic acid-induced writhing

Formalin-induced ociception

n
Phase | Phase II
Morphine 0.11 0.14 0.33
Diclofenac 4.24 14.51 21.30
PME 22.60 10.13 4.05
Geraniin folakela 0.94 1.02

****. Geraniin was not used in the acetic acid-induced writhing test.

3.1.3 Mechanism of Action

The effect of naloxone, glibenclamide, L-NAME, yohimbine, atropine, theophylline,

ondansetron and nifedipine on the anti-nociceptive effects of the extract (Fig. 3.6a) and

geraniin (Fig. 3.6b) were investigated. All the antagonists except naloxone did not affect

significantly the anti-nociceptive activity of PME and geraniin. Naloxone reduced the

antinociceptive effect of geraniin in the second phase by 55.42 % (Fig. 3.6b) but such a

significant reversal of anti-nociceptive effect was not observed in the first phase.
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Figure 0.6: Effect of different antagonists on the anti-nociceptive effect of (a) PME (100 mg kg™) and
(b) geraniin (10 mg kg™) for phase | and phase I1 of formalin-induced nociception. Each column
represents the mean £ S.E.M. ** P <0.01, *** P <0.001, + P < 0.05 compared to respective controls.
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3.2 ISOBOLOGRAPHIC ANALYSIS
3.2.1 Isobolographic analysis of geraniin and morphine

Geraniin, morphine and the fractions of geraniin and morphine combinations inhibited both
phases in the formalin-induced nociception model (Fig. 3.7a). However the inflammatory
pain inhibitions of both morphine and geraniin were higher than the neurogenic pain
inhibition. Geraniin significantly inhibited neurogenic pain by 91.30 = 9.76 % for phase |
and 99.86 £ 0.29 % for phase Il respectively (Fig. 3.7b and c). Morphine also inhibited
neurogenic pain by 87.63 = 7.84 % for phase | and 98.21 £ 2.79 % for phase Il respectively
(Fig. 3.7b and c). All the combinations significantly inhibited the biting and licking
behavior induced in the mice after formalin injection with the highest change in response
to the control being observed for Zmix/8 in the second phase (Fig. 3.7c). Morphine was

however more potent than geraniin in both phases (Table 3.2).

Table 3.2: Potencies of morphine and geraniin for both phases of formalin-induced nociception.

Drugs Phase | EDso (mg kg™?) Phase 11 EDso (mg kg™)
Morphine 0.14 £0.10 0.33 £0.19
Geraniin 0.94 +£0.60 1.02 £0.67
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Figure 0.7: The time-course and total anti-nociceptive effects of geraniin, morphine and fractions of

their combination on formalin-induced nociception. Each point represents the mean + S E.M, * P <
0.05, ** P £0.01, *** P <0.001 compared to respective controls (Two-way ANOVA followed by

Dunnett’s multiple comparisons test; One-way ANOVA followed by Dunnett’s multiple comparisons

test).

3.2.1.1 Isobologram of geraniin and morphine

The experimental EDso (Zmix) obtained by non-linear regressional analysis for phase | (Fig.

3.8a) was 0.022 + 5.01 x 10° mg kg™t and 0.0027 + 1.89 x 10 mg kg™ for phase 11 (Fig.
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3.8b) indicating synergism of the anti-nociceptive effect of the combination as comparing
the experimental EDso to the theoretical EDsp using the Student’s ‘t’ test for independent
means, revealed significantly smaller values for the experimental EDsos (p < 0.05 for phase

I and p < 0.01 for phase I1).

This synergistic effect was confirmed further by the calculation of the interaction index by
fractional analysis for both phases and also graphically represented as Zmix’s lying below

the line of additivity (Fig. 3.8 c and d respectively) of the isobologram.

Table 3.3: Theoretical and experimental potencies of geraniin and morphine for both phases of
formalin-induced nociception with their computed interaction indices.

Combinations geraniin/ morphine geraniin/morphine
Phase | Phase 11
Theoretical EDso (Mg kg?) 0.54 +0.19 0.68 +0.14

Experimental EDso (mg kg)  0.0220 +5.01x10%*  0.0027 +1.89 x 10%**

Interaction Index 0.040 0.004

Drugs ratio 6.71:1 3.09:1

*P < 0.05 compared experimental EDs to theoretical EDsp. Values are expressed as mean + S.E.M.

a. Phase | b. Phase 11
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Figure 0.8: Dose-response curves for geraniin and morphine and fractions of their combination for
(a) phase | and (b) phase 11 of formalin-induced nociception respectively. Isobolograms for the
combination of morphine and geraniin in (c) phase I and (d) phase Il of formalin-induced

nociception in mice found below the curves. Filled circles (@) are the theoretical EDso's £ S.E.M. and

open circles (0), the experimental EDso's + S.E.M.
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3.2.2 Isobolographic analysis of geraniin/diclofenac combination

Geraniin, diclofenac and the fractions of geraniin and diclofenac combinations inhibited
both neurogenic and inflammatory pain in the formalin test (Fig. 3.9a). However the
inflammatory pain inhibitions by both diclofenac and geraniin were higher than the
neurogenic pain inhibitions. Geraniin significantly inhibited neurogenic pain by 91.30 +
9.76 % for phase | and 99.86 + 0.29 % for phase 11 respectively (Fig. 3.9b and c).
Diclofenac also inhibited neurogenic pain by 93.17 £ 5.79 % for phase | and 98.21 + 2.79
% for phase Il respectively (Fig. 3.9b and c). Again, all the combinations significantly
inhibited the biting and licking behavior induced in the mice after formalin injection with
even the lowest combinations of the doses showing significant anti-nociceptive effects (p
< 0.001) in both phases (Fig. 3.9b, ¢). Geraniin was however more potent than diclofenac

in both phases (Table 3.4).

Table 3.4: Potencies of diclofenac and geraniin for both phases of formalin-induced nociception.

Drugs Phase | EDso (mg kg™) Phase 11 EDso (mg kg™)
Diclofenac 1451 +10.03 21.30 £15.17
Geraniin 0.94 £0.60 1.02 £0.60
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Figure 0.9: The time-course and total anti-nociceptive effects of geraniin, diclofenac and fractions of
their combination on formalin-induced nociception. Each point represents the mean + S.E.M, *P <
0.05, ** P £0.01, *** P < 0.001 compared to respective controls (Two-way ANOVA followed by

Dunnett’s multiple comparisons test; One-way ANOVA followed by Dunnet’s multiple comparisons

test).
3.2.2.1 Isobologram of geraniin and diclofenac

The theoretical additive EDso (Zadd) Was computed as 7.73 + 2.00 mg kg™ for phase | (Fig. 3.10c)

and 11.16 + 3.08 mg kg for phase Il (Fig. 3.10d) and (Table 3.5).
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The experimental EDso (Zmix) obtained by non-linear regressional analysis for phase | (Fig.
3.10a) was 0.13 + 0.044 mg kg™ and 0.019 + 0.016 mg kg for phase Il (Fig. 3.10b)
indicating a synergistic anti-nociceptive effect of the combination as comparing the
experimental EDso to the theoretical EDsp using the Student’s ‘t’ test for independent
means, revealed significant smaller values for the experimental EDses ( p < 0.01 for phase

Il for both phases).

This synergistic interaction was confirmed by the calculation of the interaction index by
fractional analysis for phase | and phase Il and also graphically displayed as Zmix’s lying

below the line of additivity (Fig. 3.10c and d respectively) of the isobologram.

Table 3.5: Theoretical and experimental potencies of geraniin and diclofenac for both phases of
formalin-induced nociception with their computed interaction indices.

Combinations geraniin/diclofenac geraniin/diclofenac
Phase | Phase 11

Theoretical EDso (mg kg™?) 7.73 £2.00 11.16 +3.08

Experimental EDso (mg kg?) 0.130 *0.044** 0.019 +0.016**

Interaction Index 0.017 0.002

Drugs ratio 1:0.065 1:0.048

* P <0.05 compared experimental EDsg to theoretical EDso. Values are expressed as mean + S.E.M.

a. Phase | b. Phase 11
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Figure 0.10: Dose-response curves for geraniin and diclofenac and fractions of their combination for
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3.3 TOLERANCE AND DEPENDENCE STUDIES
3.3.1 Tolerance Studies

Morphine (3 mg kg, i.p.) significantly reduced (F2,12 = 51.15, P < 0.0001 Phase I; F212 =
82.99, P < 0.0001 Phase 1) the nociceptive responses in the neurogenic and inflammatory
phases of formalin-induced nociception in mice which were treated with vehicle from day
1 - 8. However, the same dose of morphine administered on day 9 in mice treated with
morphine from day 1 - 8 did not show a similar effect suggesting the incident of tolerance
(Figs. 3.11c, 3.12). In contrast, oral administration of PME (100 mg kg™) showed a
comparable anti-nociceptive activity ( Fz 16 = 52.78, P < 0.0001 Phase I; F315 = 151.7, P <
0.0001 Phase I1) in mice given chronic treatment of either PME (200 mg kg, p.o.) or
vehicle, indicating lack of tolerance development. Furthermore, PME (100 mg kg™, p.o.)
still demonstrated anti-nociceptive activity in mice chronically treated with morphine (6
mg kg?, i.p.), indicating that no cross-tolerance exists with morphine (Figs. 3.11a, 3.12).
Again, oral administration of geraniin (10 mg kg™) showed a comparable anti-nociceptive
activity ( Fs.16=53.72, P < 0.0001 Phase I; F314 = 137.2, P <0.0001 Phase I1) in mice given
chronic treatment of either geraniin (20 mg kg, p.o.) or vehicle, indicating lack of tolerance
development. Furthermore, geraniin (10 mg kg, p.o.) still demonstrated anti-nociceptive
activity in mice chronically treated with morphine (6 mg kg*, i.p.), indicating that no

crosstolerance exists with morphine (Figs. 3.11b, 3.12).
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Figure 0.11: The time-course effects of (a) PME (100 mg kg™), (b) geraniin (10 mg kg™) and (c)
morphine (3 mg kg?) challenge on formalin-induced nociception in mice chronically treated with
vehicle, PME (200 mg kg™), geraniin (20 mg kg™) or morphine (6 mg kg™) for 8 days. Each point
represents the mean £ S.E.M. * P <0.05, ** P <0.01, *** P <0.001 compared to respective controls

(Two-way ANOVA followed by Dunnett’s multiple comparisons test).
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Figure 0.12: The total anti-nociceptive effects of PME (100 mg kg™), geraniin (10 mg kg?) and
morphine (3 mg kg™) challenge on formalin-induced nociception in mice chronically treated with
vehicle, PME (200 mg kg™), geraniin (20 mg kg™) or morphine (6 mg kg™) for 8 days. Each column
represent the mean = S.E.M. *** P <0.001 compared to respective controls, 1 P < 0.01 compared to

individual treatments (One-way ANOVA followed by Tukey’s multiple comparisons test).

3.3.2 Assessment of the ability of PME and geraniin to induce withdrawal
syndromes of dependence

Withdrawal signs notably jumping, writhing and diarrhea were observed after naloxone was
administered to the morphine treated animals. However, these effects were not observed in

the PME, geraniin or vehicle treated animals. The incidence of jumping episodes were
quantified and used to assess the extent of withdrawal (Fig. 3.13). Two — way analysis of
variance revealed a significant incidence (Fs 16=17.21, P < 0.0001) (Fig. 3.13a); P =

0.0077 (Fig. 3.13b) of jumping episodes for morphine compared to the vehicle treated

animals. There was however no significant difference between the number of jumps for the PME,

geraniin and vehicle treated animals as depicted in the area under the curve graph.
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Figure 0.13: Effect of PME, geraniin, vehicle and morphine in inducing withdrawal signs in mice
depicted as a) a time course curve b) an area under the curve graph respectively. Data represented

as mean £ S.E.M. ** P <0.01, *** P <0.001 compared to the control.

3.3.3 Assessment of the effect of PME and geraniin on the withdrawal syndrome of
morphine dependence

Administration of PME and geraniin after naloxone significantly suppressed (Fs 13 =
121.70, P < 0.0001 and F4,15 = 62.34, P < 0.0001 respectively) the jumping behaviour in
mice dependent on morphine (Fig. 3.14a; 3.15a). PME and geraniin at the highest doses
used blocked the morphine-dependent withdrawal effect by 96.22 % and 97.90 %,
respectively (Figure 3.14b; 3.15b). The i.p. administration of diazepam (30 min before the

final dose of morphine) also significantly reduced the jumping reaction by 97.90 % (Figure

3.14; 3.15).
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Figure 0.14: Effect of PME, diazepam (DZP) and vehicle on the naloxone-precipitated withdrawal
syndrome of morphine dependence in mice depicted as a) the time course curve b) area under the

curve respectively. Data represented as mean = S.E.M. *** P <(0.001 compared to the vehicle treated

group.
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Figure 0.15: Effect of geraniin, diazepam (DZP) and vehicle on the naloxone-precipitated withdrawal
syndrome of morphine dependence in mice depicted as a) the time course curve b) area under the
curve respectively. Data represented as mean + S.E.M. ** P <0.01, *** P <0.001 compared to the

vehicle treated group.
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3.4 TOXICITY AND SAFETY
3.4.1 Motor co-ordination test

PME (30 - 1000 mg kg™) at all doses used did not cause any significant change in the time
spent on the rota rod as shown in Fig. 3.16a and b. The non-depolarising neuromuscular
blocker D-Tubocurarine (D-TC, 0.1 mg kg™) however caused a significant reduction in the

time spent on the rota rod (Fig. 3.16a and b).

b.
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Figure 0.16: Effects of PME (30 - 1000 mg kg™), D-Tubocurarine (D-TC, 0.1 mg kg™) and vehicle on
time spent on rods shown as a) time course curves and b) area under the curve. Time course curve
analysed by a two way ANOVA followed by Dunnett’s multiple comparison test while AUC was
analysed by Kruskal-Wallis test followed by Dunn’s multiple comparison test. ** P < 0.01, *** P <
0.001.

3.4.2 Acute toxicity

There was no lethality recorded during this study. During observation, the animals treated
with the doses of 100 - 300 mg kg™ (NOAEL) did not exhibit any toxic signs (Table 3.6).
However at 1000, 3000 and 5000 mg kg, the mice displayed increased defecation and

reduced grip strength as compared to untreated controls.
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Table 3.6: Observations in the acute toxicity test after oral administration of PME in mice

Mortality
Dose (mg kg?) DIT Latency Toxicity Signs
(min)
0 0/5 < None
100 0/5 - None
300 0/5 - None
1000 0/5 - Increased defecation
3000 0/5 - Aggression, hyperactivity, increased defecation
5000 0/5 - Reduced activity, increased defecation, reduced

grip strength

3.4.3 Sub-acute toxicity

No lethality was also recorded among the rats used for the 7 day study period. There were
no significant changes noted in behaviour, activity, posture, or external appearance in all

rats that received the extract.

3.4.3.1 Effect of extract on haematological parameters
There were generally no significant differences noted between vehicle and extracted treated groups

for the parameters measured (Table 3.7).

3.4.3.2 Effect of extract on serum clinical biochemistry parameters
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There were no statistically significant differences between vehicle and extracted treated
groups for the biochemical parameters measured except for a decrease in the level of
creatinine (Fzg=6.2680; P < 0.05) and an increase in the level of urea (Fsg=8.3090; P <

0.01)(Table 3.8) but these effects were not dose dependent.
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Table 3.7: Haematological values of rats treated with PME and vehicle for 7 days.

PME (mg kg™?)

Parameters 0 100 300 1000 F P value
WBC (x10%/uL) 12.57+2.19 5.67+1.56 8.50+0.51 12.50+4.02  Fsg=19040  0.2075
RBC (x10%/uL) 6.53+0.93 7.7620.57 7.42+0.10 7.92+0.57 Fag=1.0210  0.4329

HGB (g/dL) 12.80+0.64 12.67+0.97 12.33+0.09 13.3020.59  Fs5=03784  0.7713

HCT (%) 48.27+2.94 49.13+1.54 48.47+0.87 52.27+2.23  F35=08247  0.5162
MCV (fL) 76.03+7.33 63.77+3.61 65.33+1.14 66.20:1.85  F,,=17280  0.2383
MCH (pg) 20.83+4.39 16.3320.10 16.63+0.15 16.87+052  F,=ggp11 04733
MCHC (g/dL) 26.90+3.40 25.73+1.48 25.43+0.29 25431026 . -g1e85  0.9146
Platelets (x 10%/uL) ~ 394.00+10530  68250£128.50  703.00£96.00 ~ 450.00:24.76 [ _5g769  0.1185
LYM % 64.27+21.43 85.10+4.86 88.27+4.25 86.33t393 ' o0 04505
MXD % 3.60+0.58 2.35+0.35 2.87+0.84 3.63+0.78 Fo-0pae0 06098
NEUT % 11.25+1.95 10.50+2.82 8.87+3.42 1003£315 U7 o0 09502
RDW SD 41.80 +4.25 45.43+2.03 42.17+1.48 39.13+1.21 ST 0.4290
RDW CV 15.37+1.84 21.87+3.42 17.17+0.38 15.47+0.96 Fag = 1.0310 0.1534
PDW (fL) 10.90+1.55 8.50+0.10 9.00£0.45 0.80£0.29 28723060 4 o5gg
MPV (fL) 8.40+1.11 7.07+0.13 7.300.32 7.60£0.15 Fas=16210 4456
P LCR (%) 8.75+0.85 8.23+0.77 9.17+1.30 11.13+1.39 F3z=0.9886 0.3682
Fag= 1.2300

Values are presented as mean = S.E.M. (n = 3). *P < 0.05 compared to vehicle-treated group (one-way ANOVA followed by Dunnett’s multiple comparison test).



Table 3.8 : Clinical biochemistry values of rats treated with PME and vehicle for 7 days

PME (mg kg™)

Parameters 0 100 300 1000 F P value
Albumin (g/L) 28.27+1.44 28.70+2.17 31.47+2.15 36.50+3.01 Fas= 2.8100 0.1078
Total Protein (g/L) 54.40+3.25 57.43+9.19 63.70+3.99 69.07+0.85 Fss=1.5350 0.2786
ALP (U/L) 590.70+93.76 705.0+58.76 679.70+75.07 504.00+73.08 Fas= 1.4410 0.3012
ALT (U/L) 137.30+12.60 143.30+17.34 148.00+12.58 119.00+14.01 Fus= 0.7945 0.5305
AST (U/L) 230.30+44.37 243.30+37.81 233.30+£35.53 304.70+11.67 Fag = 1.0180 0.4340
GGT (U/L) 6.47+4.90 4.73+2.42 10.10+3.01 3.20+2.39 Fas= 0.7886 0.5333
T-BIL (umol/L) 3.00£1.00 2.67+0.67 2.33+0.33 3.00+0.00 Fas= 0.2619 0.8510
D-BIL (umol/L) 1.67+0.33 1.33+0.33 1.00+0.00 2.33+0.88 Fss= 1.2960 0.3406
I-BIL (umol/L) 1.10+1.95 1.07+0.56 1.20+0.06 1.0540.37 Fas = 00217 0.9953
Globulins (g/L) 26.09+1.95 28.74+7.17 32.27+2.10 32.56+2.95 Fas= 0.5577 0.6575
Creatinine (umol/L) 37.43+0.95 28.23+2.02** 34.83%£2.03 33.00+0.70 Fas= 6.2680 0.0170
Urea (mmol/L) 6.98+0.56 7.92+1.46 7.52+1.10 13.32+0.73 ** Fuo= 83000 0.0077
Uric acid (umol/L) 705.70+161.40 1161+415.00 827.00+61.13 1984+929.90 Y 0.3557
Sodium (mmol/L) 123.40+11.70 134.20+£3.52 136.00+4.19 136.80+0.62 &7 0.4723
Potassium (mmol/L) 6.60:£0.94 6.96+0.92 7.17+0.24 8.02:+0.82 7 0.6450
Chloride (mmol/L) 86.27+8.79 92.53+3.44 96.13+2.60 93.83+0.98 Fss= 05791 0.5589

Fsg=0.7369
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3.4.3.3 Effect of extract on body and organ weights of rats

In general, there was an increase in body weight over the course of this study for all the rats.
The percentage changes in body weights were slightly higher in the extract treated groups
(100, 300 and 1000 mg kg™) as compared to the control treated group but these differences
were not statistically significant (P > 0.05) (Fig. 3.17). There was also no statistically
significant differences in relative organ weights (ROW, %) between treated and control
groups (Fig. 3.18).
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Figure 0.17: Effect of oral administration of PME on the body weight of rats in the sub-acute toxicity test.
Data are expressed as mean = S.E.M. (n=5). Treated groups were compared to their respective controls

before drug administration using the Student’s ‘t’ test for independent means.
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Figure 0.18: Effect of oral administration of PME on the relative organ weights (ROW) of: (a) liver, (b)

kidney and (c) stomach. Data are expressed as mean + S.E.M. Treated groups were compared to

controls using a one-way ANOVA followed by Dunnett’s multiple comparison test.

3.4.3.4 Histopathological analysis

The photomicrographs obtained from sections of the liver, kidney and stomach of rats that

were treated with vehicle and PME (100 — 1000 mg kg?) for the 7-day study period are

shown in Plates 3.1 — 3.3.

The results revealed no significant PME-related changes for the kidney, liver and stomach.

No significant alterations were also observed in the organs of the control animals.
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Comparison of liver morphological structure in extract-treated rats to controls (Plate 3.1)
showed no remarkable abnormalities. The micrograph showed normal hepatocytes
radiating around the sinusoids. This arrangement shows normal configuration within

normal limits.

Damage to the kidneys are usually determined by examining the glomeruli (to determine
the cellularity), tubules (for dilatation) and the vessels. The kidney samples showed
glomeruli exhibiting round configuration with intact capsule and normal cellularity. The

tubules were normal and intestitium had normal vasculature (Plate 3.2).

All stomach samples showed the fundic gastric mucosa with normal glands. Samples
obtained from animals treated with 1000 mg kg* of the extract showed gastric pits

infiltrated by neutrophil polymorphs but this was within normal limits (Plate 3.3).
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Plate 0.1: Photomicrograph of the liver sections in (A) vehicle treated rats, rats treated with (B) 100
mg kg™, (C) 300 mg kg™ and (D) 1000 mg kg™ of PME (H & E stain, x200). All the micrographs
showed normal hepatocytes (green arrow) radiating around the sinusoids (black arrow). Blood from
the sinusoids drain into the central vein (white arrow). Arrow head represents degenerating red
blood cells,
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Plate 0.2: Photomicrograph of the kidney sections in (A) vehicle treated rats, rats treated with (B)
100 mg kg?, (C) 300 mg kg* and (D) 1000 mg kg™ of PME (H & E stain, x200). All the kidney
samples showed glomeruli (white arrows) exhibiting round configuration with intact capsule and
normal cellularity as well as normal tubules (black arrows).
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Plate 0.3: Photomicrograph of the gastric mucosa in (A) vehicle treated rats, rats treated with (B) 100
mg kg™, (C) 300 mg kg™ and (D) 1000 mg kg™ of PME (H & E stain, x200). All stomach samples
showed the fundic gastric mucosa with normal glands. Gastric pits are represented by the white

arrows while parietal cells are shown by the black arrows.

Chapter 4

DISCUSSION

This study aimed at establishing the anti-nociceptive properties of the aqueous extract of
the aerial parts of Phyllanthus muellerianus using chemical models of nociception. The
acetic acid-induced writhing test is a very sensitive model as it allows for evidence to be

obtained for all major and minor analgesics (Le Bars et al., 2001). Abdominal writhing, a
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reflexive response due to the contraction of the dorso-abdominal muscles, was observed
upon the intraperitoneal injection of acetic acid. This effect is due to increased level of
prostanoids; particularly PGE2, PGF,, bradykinin, serotonin and lipoxygenase products
which are released in response to activation of chemosensitive nociceptors (Bhattacharya
etal., 2014). The nociceptive activity of acetic acid has also been attributed to the reduction
in pH as well as the release of cytokines like TNF-a, IL-1p, IL-8 by macrophages and mast
cells present in the peritoneum (Ribeiro et al., 2000). Diclofenac, an NSAID can reduce the
frequency as well as the duration of writhing in this model by inhibiting cyclooxygenase,
thereby disrupting the mechanism of transduction in primary afferent nociceptors by
inhibiting the production and/or release of inflammatory mediators (Panthong et al., 2007).
The anti-nociceptive effects of morphine in this model appear to be mediated both centrally
and peripherally by the activation of opioid receptors (Smith et al., 1982). From the results
obtained from the acetic acid-induced writhing model, the anti-nociceptive effects of the
extract could be due to an interaction with some of the mediators released such as
prostaglandins or cytokines like IL-1p, IL-8 or TNF-a as geraniin has been shown to inhibit
TNF-a (Fujiki et al., 2003). The action could also be through a novel mechanism yet to be

elucidated.

Even though the acetic acid-induced writhing model is very sensitive, it lacks specificity
(Le Bars et al., 2001). However, as the extract also showed anti-nociceptive effect in the
formalin model, the positive results from the acetic acid-induced writhing model can be
said to be truly an analgesic effect. The results from the formalin-induced nociception test
demonstrated that PME and geraniin, in a dose-dependent manner, significantly decreased
the duration of licking and biting in the neurogenic (first phase) as well as inflammatory
(second phase) pain responses of the formalin-induced nociception model, with the effect

in the second phase being more notable as compared to the first phase for PME. The
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formalin test, a tonic model of continuous pain, is a convenient model, particularly for the
screening of new potential analgesic agents, since the nociception evoked is associated with
inflammatory, neurogenic and central components (Ellis et al., 1998). Again, this test was
used to determine the anti-nociceptive properties of PME and geraniin as it is accepted to
be the most predictive of acute pain and a more authentic model for clinical pain (Dubuisson
and Dennis, 1977; Tjolsen et al., 1992). The initial phase which is transient is caused by the
activation of the transient receptor potential ankyrin subtype 1 receptors (TRPA 1), a
member of the Transient Receptor Potential family of cation channels that is highly
expressed by a subset of C-fiber nociceptors, by formalin (McNamara et al., 2007) while
the longer subsequent phase is associated with the combination of an inflammatory reaction
in the peripheral tissue. This reaction causes a release of nociceptive mediators which
subsequently cause sensitization of the central neurons leading to changes in central
processing of pain (Santa-Cecilia et al., 2011). While it is a well-known fact that
centrallyacting drugs such as morphine inhibit nociception in both phases equally
(Hunskaar and Hole, 1987) some studies have also shown that diclofenac can also inhibit
the neurogenic and inflammatory phases of the formalin-evoked nociception (Asomoza-

Espinosa et al., 2001; Santos et al., 1998) as was observed in this study.

Taken together the ability of PME and geraniin to produce anti-nociceptive effects in the
acetic acid-induced abdominal writhing test and in both phases of the formalin-induced paw
licking test showed that the two agents may be acting both centrally and peripherally. It
also denotes that the extract possesses activity against both neurogenic and inflammatory

pain.

Various receptors and pathways have been identified to be involved in pain modulation. In

an attempt to determine the possible site(s) and mechanism of action of PME and geraniin,
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several antagonists were chosen based on their interaction in the nociceptive pathway.
LNAME, a NO synthase inhibitor, was used to activate the nitric oxide- cyclic GMP
pathway at peripheral and/or central levels of the nociceptive pathway. The analgesic effect
from this activation has been explained in literature to be dependent on an intracellular
signaling pathway involving the activation of protein kinase G and the subsequent opening
of K™ channels which stabilizes membrane potentials and reduces neuronal excitability with
release of neurotransmitters which can sensitize the nociceptors (Cury et al., 2011). To
verify the involvement of spinal 5-HT3 receptors in the anti-nociceptive effects of PME and
geraniin, ondansetron was used to antagonize the 5-HTz receptors. These receptors have
been shown to mediate anti-nociception, possibly via GABA release (Alhaider et al., 1991;
Millan, 2002). The role of L-type calcium channels in helping with the release of
neurotransmitters from sensory neurons in the spinal cord has been well studied and thus
the role of nifedipine, an antagonist at these receptor sites may modulate analgesia (Dogrul
et al, 2001). Activation of ATP sensitive potassium channels have been shown to modulate
the electrical activity of the dorsal horn neurons by reducing neuronal excitability with a
subsequent decrease in the release of neurotransmitters such as Substance P and CGRP (Xia
et al., 2014). Using glibenclamide, a Katp channel antagonist, was therefore prudent to
check the involvement of this pathway in the observed anti-nociceptive effects of PME and
geraniin. Activation of adenosine A1 receptors in the periphery as well as within the spinal
cord has been shown to mediate pain suppression hence the choice to use theophylline
which is an adenosine A1 and A antagonist (Sawynok, 1998). M1 — Ma receptors have been
implicated in mediating the analgesic effects of muscarinic agonists at both spinal and
supraspinal levels (Ghelardini et al., 2000). Peripheral activation of M2 receptors is also
likely to contribute to analgesia via reduced CGRP release (Bernadini et al., 2002; Wess et

al., 2003). Based on the importance of alpha-2 receptors in peripheral, spinal and
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supraspinal pain modulation, yohimbine was used to assess the influence of alpha-2
receptors on the observed anti-nociceptive effects of PME and geraniin. In the spinal cord,
noradrenaline released from descending pathways suppresses pain by inhibitory action on
azxa-adrenoceptors on central terminals of primary afferent nociceptors (presynaptic
inhibition) (Pertovaara, 2006). The endogenous opioid system is greatly associated with the
central regulation of pain, as well as in the action of opioid-derived analgesics (Sakurada et
al., 2005) as activation of these receptors inhibits the release of neurotransmitters that are
involved in nociceptive transmission. This was illustrated in the present study when the
anti-nociceptive effect of geraniin was reversed by the non-selective opioid receptor
antagonist, naloxone. All the other agents did not significantly reverse the effects of either
PME or geraniin while naloxone did not have a significant effect on the activity of PME.
This results is not so surprising as previous studies on other species of Phyllanthus have
shown that the anti-nociceptive action of the extract are unrelated to the interaction with
opioid, serotonin or L-arginine-nitric oxide pathways (Calixto et al., 2000). A possible
reason why naloxone may not have had a significant effect on the anti-nociceptive effect of
the extract is that, the extract is known to have several components apart from geraniin such
as furosin, corilagin, gallic acid and caffeic acid (Agyare et al., 2011) which may also play
a part in the analgesic activity of PME but may not mediate their effects through the
pathway investigated. For instance, it has been demonstrated that the anti-nociceptive
response caused by gallic acid ethyl ester depends on the activation of Gi/o protein sensitive
to pertussis toxin and involves both small- or large-conductance Ca?*-activated K* channels
and ATP-sensitive K* channels mechanisms (Calixto et al., 2000). Hence, the mechanism
of action of the PME could not have been determined as it may have numerous sites of

action due to its various constituents or even through a novel mechanism
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Administration of geraniin/morphine and geraniin/diclofenac combinations produced
antinociceptive effects in the formalin-induced nociception test which were greater than
that achieved for the individual drugs separately. The formalin test was used because of
previously stated reasons about its usefulness and validity (Tjolsen et al., 1992, Ellis et al.,
1998). The co-administration of geraniin and morphine resulted in a synergistic effect in
the neurogenic as well as the inflammatory phase of the formalin-induced nociception test.
However, the interaction was more effective in the inflammatory phase rather than the
neurogenic phase. From the initial studies done, it was realized that one of the mechanisms
by which geraniin exerts its anti-nociceptive effect is via the opioidergic pathway while the
muscarinic, serotoninergic, adrenergic and nitric oxide pathway did not show any
significant contribution. However, this pathway may not be the only pathway through
which geraniin exerts its effect as a synergistic effect instead of an additive effect depicts

that not only the opioidergic pathway is involved in the anti-nociceptive effect of geraniin.

One reason why the interaction could have been more effective in the inflammatory phase
rather than the neurogenic phase could be that a lot more mechanisms may be involved in
the alleviation of the inflammatory pain in the second phase of the formalin test. Morphine
and geraniin may also share a major of the common mechanisms needed to alleviate
neurogenic pain rather than the inflammatory pain. Even though, the exact mechanism of
the interaction has not been elucidated, this study has proven that there is a lot of merit in
administering the two agents together in smaller amounts, and this could possibly lead to a

better side effect profile.

Diclofenac is a non-steroidal anti-inflammatory agent which is known to act by the
inhibition of cyclo-oxygenase enzymes and thus the inhibition of prostaglandin synthesis

(Santa-Cecilia et al., 2011). The co-administration of diclofenac and geraniin also resulted
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in a synergistic effect in both phases with a greater effect seen in the inflammatory phase.
This could be as a result of geraniin and diclofenac having different but efficient
mechanisms of inhibiting the release and/or effect of nociceptive mediators such as
serotonin and histamine which subsequently cause sensitization of the central neurons

leading to changes in central processing of pain (Santa-Cecilia et al., 2011).

The usefulness of opioid analgesics in clinical settings is often impeded by the development
of tolerance that requires increase in dose irrespective of the disease advancement (Chen et
al., 2008). Tolerance produced by sustained morphine treatment has been associated with
regulation of Transient Receptor Potential Vanilloid 1 (TRPV1) receptor, which is induced
by chronic morphine application via Mitogen Activated Protein Kinases (MAPK) signaling
pathways (Chen et al., 2008). The mitogen-activated protein kinases (MAPKSs) which
include extracellular signal-regulated kinases 1 and 2 (ERK1/2), c-Jun amino-terminal
kinases 1 to 3 (JNK1 to -3), p38 (o, B, vy, and 6), and ERKS5 families are protein
Serine/Threonine Kinases that regulate diverse cellular processes by relaying extracellular
signals to intracellular responses (Cargnello and Roux, 2011). Results from this study have
shown that, unlike morphine and other centrally acting analgesics, geraniin and PME, at
doses tested; do not induce tolerance after chronic administration in the formalin test of
nociception. Moreover, in animals that showed significant tolerance to the analgesic effects
of morphine, PME and geraniin were still able to exhibit analgesic effects. These observed
effects of the agents could be due to interactions or blockade of the TRPV1 receptor or the

MAPK signaling pathway.

Development of physical dependence which is manifested by a unique withdrawal
syndrome with diverse behavioral and physiological signs is also a limiting factor to the

usefulness of most of the opioid analgesics including morphine (Suzuki et al., 1996).
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Withdrawal is usually observed following sudden cessation of morphine administration or
induced by administering an opioid antagonist (Iliya et al., 2015). Several withdrawal
behaviors have been reported in rodents including jumping, exploratory rearing, body
shakes, ptosis, weight loss and diarrhea (Suzuki et al., 1996). However, jumping has been
considered the most responsive and dependable measure of withdrawal intensity and thus
routinely used to assess the extent of morphine withdrawal (Kest et al., 2001). Again,
jumping is widely used as jumps are easily counted and the frequency of jumps increases

when dependence increases (Alemy et al., 2012).

Physical dependence signs associated with opioid withdrawal have been attributed to a rebound
hyperactivity of both the dopaminergic and adrenergic systems in the CNS

(Tabatabai et al., 2014). Benzodiazepines, via GABAA receptors, have been shown to have a
suppressive effect on the dependence of morphine (Suzuki et al., 1996) and this was illustrated
in this study when diazepam at a dose of 5 mg kg significantly reduced the jumping episodes in
morphine-dependent mice. Proposed reasons for the effectiveness of benzodiazepine in
suppressing the development of physical dependence on morphine include their continuous
activation of benzodiazepine binding sites during chronic morphine treatment and the inhibition

of the increase in Ca* level which results from chronic morphine treatment (Suzuki et al., 1996).

In this study, both PME and geraniin showed inhibitory effect against withdrawal signs of
morphine dependence. With geraniin being a polyphenolic compound, these results are in
agreement with previous reports citing the inhibitory effects of polyphenolic compounds
on naloxone precipitated morphine withdrawal (Capasso et al., 1998, Ghannadi et al.,
2012). Even though, the extent of its inhibitory effect was equivalent to that of diazepam at
the highest dose, the mechanism of action cannot be emphatically stated to be via the same

pathway as diazepam.
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Some oxidant species including nitric oxide (NO), superoxide anions and malondialdehyde
(MDA) have been implicated in the development of opiate abstinence symptoms
(Zarrindast et al., 2003, Pinelli et al., 2008). As such, some agents with significant
antioxidant activity have proven effective in reducing opioid withdrawal signs (Tabatabai
et al., 2014). Both PME and geraniin have been reported previously as very potent
antioxidants with the ability to reduce malondialdehyde levels (Boakye and Agyare, 2013)
which could also contribute to the effectiveness of the agents in attenuating

naloxoneprecipitated morphine withdrawal signs in mice.

In assessing the toxicity profile of PME, its effect on motor co-ordination was determined.
The rota-rod test was used to determine if PME altered motor performance in mice. This
was done because it has been found that some drugs such as adrenergic blockers,
antihistamines, muscle relaxants, monoamine oxidase inhibitors and neuroleptics which do
not necessarily have analgesic activity test positive for the acetic acid writhing test based
on their ability to inhibit contraction of the dorso-abdominal muscles (Le Bars et al., 2001).
However, the mice did not seem to have altered motor co-ordination after the administration

of the PME.

From the acute toxicity study, adverse effects were not observed with mice treated with low
oral doses of PME. However, with higher doses of the extracts, defecation, aggression,
reduced activity and reduced grip strength were observed although these effects were all
reverted within 24 h after PME was given. These effects suggest that the extract may have
an effect on the nervous system both the peripheral nervous system and the central nervous
system. The LDso of PME can be estimated to be above 5000 mg kg™ from the results
obtained. This indicates that PME is relatively non-toxic based on the recommendations of

the Organisation for Economic Co-operation and Development (OECD) for chemical
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labelling and classification of acute systemic toxicity based on oral LDso values.

Even though, acute toxicity studies provide relevant data, they have limited clinical
application as toxic effects of drugs do not only occur with the administration of single
large doses and also the cumulative toxic effects at very low doses occur in only multiple
dose administration (Hemalatha and Hari, 2014). Hence, the need to carry out a sub-acute

toxicity study.

Daily cage side observations were made after the administration of the extract to determine
any signs of toxicity such as changes in posture or locomotion, increased defecation,
presence of secretions from the body orifices, alopecia or pallor in the eyes. Increased
defecation was the only observation which was noted in the group of rats which received
1000 mg kg™ of PME but this effect was reverted within 24 h. Generally, body weight
changes are an index of adverse effects, after exposure to toxic substances as usually
surviving animals should not lose more than 10 % of the initial body weight (Feres et al.,
2006, Hemalatha and Hari, 2014). High increases in body weight may be due to drugs which
stimulate appetite in the animals or even agents which affect the lipid profile of the animals
probably causing fat deposition while decrease in weight could also be due to the anorexic
effect of certain drugs. From the results obtained, since no significant differences in the
body weight between the extract-treated groups and the control group were observed, the

effect observed cannot be said to be drug related.

The Society of Toxicologic Pathology suggests that organ weights be included routinely in
toxicity studies for multi-dose drugs administered in durations from 7 days to 1 year (Sellers
et al., 2007) and this is because organ weight changes are often as a result of treatments
administered. Generally, an increase in relative organ weights is likened to inflammation

while a decrease is attributed to cellular constriction (Moore and Dalley, 1999). In this
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study, there were no significant differences in the relative organ weights between the
animals treated with vehicle and those that were treated with the various doses of PME

suggesting that PME had no effect on organ weight.

Blood acts as a pathological reflector of the status of exposed animals to toxicant and other
conditions (Etim et al., 2014) hence it is very important to conduct haematological analyses
which deal with the study of the number and morphology of the cellular elements of the blood in
toxicological studies. All the extract treated animals did not show any significant variations in
the hematological parameters. According to Olson et al., 2000, blood parameters analysis is very
important in assessing the risk of a drug causing toxicity as it has a higher predictive value for
toxicity in humans (91 %). Being a transport medium, the blood carries many drugs and
xenobiotics, as a result, the blood components such as red blood cells are forced to initially high
amounts of the xenobiotic which may be toxic. However, in the present investigation, PME did
not have any significant effect on the hematological parameters measured, suggesting the non-

toxic nature of the PME on blood and its components.

For the biochemical analysis, among the parameters evaluated, AST, ALT, ALP, GGT,
albumin and bilirubin are considered liver function markers, the analysis of which is
important since it has been shown that phytotherapeutic products may cause damage to the
liver (Feres et al., 2006). The AST, ALT, and alkaline phosphatase tests are used often to
differentiate between hepatocellular and cholestatic disease. However, as there were not
any significant changes in the levels of these enzymes, it can be said that PME did not cause
hepatocellular injury or obstructive disease and this finding correlates positively with the
histopathological analysis of the liver as there were no cellular lesions and no significant

damage to the liver observed.

82



The fact that the total bilirubin, albumin, globulin and total protein levels were not altered
by the extract suggest that the secretory function of the liver was not impaired (Ashafa et
al., 2009). In this study, there were no significant differences in the extract treated groups
as compared to the control which suggests that the function and integrity of the liver may

not have been compromised by the PME extract.

Creatinine and urea determinations are vital as these are indicators of kidney function. A
slight increase in urea level at the dose of 1000 mg kg™ and a decrease in creatinine level
at the dose of 100 mg kg™ were observed in this study. Even though these parameters are
indicative of the function of the kidney, a significant clinical correlation cannot be made
using these values alone. Again, histopathological assessment revealed no significant
changes in the kidney ultrastructure. This implies that the changes in serum levels of
creatinine and urea were not significant enough to affect kidney function and can be

considered as clinically unimportant.

Urea, a by-product of protein catabolism, is one of the most abundant nitrogenous wastes
produced in the body by the liver. One of the possible reasons as to an increase in urea
could be that there is an increase in protein metabolism. Other reasons could be a decrease
in its renal excretion, high protein diet, intestinal haemorrhage, dehydration, severe
haemorrhage, shock, etc. (Adedapo et al., 2009). However, in this case, none of the reasons

can be specifically attributed to the increase in urea levels.

Creatinine is produced by the catabolism of creatine phosphate. “Serum creatinine is usually
used to detect damage to the kidney or impairment in the function of the kidney (Nankivell,
2001). The decrease in creatinine levels here cannot however be related directly to the
function of the kidney. It could be as a result of a reduction of creatinine production. The

levels of creatinine may vary as its production may not be due to just a product of muscle
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mass but affected by function and composition of the muscle as well as the activity, diet
and health status of the organism involved. Generally, decreased values are noticed with
glomerulonephritis, congestive heart failure, polycystic kidney disease and dehydration
(Gowda et al., 2010) but the results obtained does not suggest any of the abovementioned

reasons.

PME treated rats did not show any significant difference in all the other biochemical
parameters investigated against the normal control group suggesting that PME does not
have any effects on the electrolytes. Also, histopathological analysis of the stomach did not
reveal any mucosal lesions or damage. All the parameters observed were without any

significant changes which suggest that PME may not have any gastric toxicity properties.

84



Chapter 5 CONCLUSION

This study has provided pharmacological data to support the use of the aerial parts of
Phyllanthus muellerianus in painful conditions. Furthermore, it has illustrated that the
analgesic effect of the aerial parts was due to the presence of geraniin, the most dominant

constituent in the aqueous extract. The findings from the study include

the aqueous extract and geraniin possess both peripheral and central

antinociceptive effects in the animal models of chemical nociception:

 the effect of geraniin may be mediated through the opioidergic pathway.

» geraniin/morphine and geraniin/diclofenac combination produced synergism

for both combinations when an isobolographic analysis was performed.

« PME and geraniin do not have any tolerant effects, do not induce withdrawal
signs of dependence and also alleviates the signs associated with naloxone-

precipitated morphine withdrawal.

» the aqueous extract of the aerial parts of Phyllanthus muellerianus is safe in
rodents and more importantly, it does not affect the integrity of the stomach and

the kidneys like some of the conventional analgesics.
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Chapter 6

RECOMMENDATIONS

6.1 RECOMMENDATIONS FOR FURTHER WORK

The following are recommendations for further research work on the extract and geraniin

) The effect of the extract and geraniin in other models of pain such as neuropathic
pain models as well as the mechanism of action of both agents should be further evaluated
by using other antagonists and algesic agents such as bradykinin, glutamate, epinephrine

and capsaicin.

i) Radioligand binding studies of geraniin and the extract could also be done to

determine the exact receptors involved in the anti-nociceptive effects of these two agents.

iii) The other major components of the extract should be isolated and their

antinociceptive activity evaluated individually and in combinations.

iv) The toxicological profile of the extract should be evaluated after chronic
administration to determine the possible reproductive, genetic and carcinogenic adverse

effects of the extract.

6.2 GENERAL RECOMMENDATIONS

This work sought to give scientific credence to back the usage of the plant, Phyllanthus
muellerianus, in the traditional setting for various painful conditions. From the results
obtained, the plant has been proven to show analgesic properties in rodents but the data
cannot be directly extrapolated to humans so care should still be taken with the usage

of the plant.

85



REFERENCES

Adedapo, AA, Mogbojuri, OM, Emikpe, BO (2009) Safety evaluations of the aqueous
extract of the leaves of Moringa oleifera in rats. J Med Plant Res. 3(8): 586-591.

Agyare, C, Asase, A, Lechtenberg, M, Niehues, M, Deters, A and Hensel, A (2009) An
ethnopharmacological survey and in vitro confirmation of ethnopharmacological use of
medicinal plants used for wound healing in Bosomtwi-Atwima-Kwanwoma area,
Ghana. J Ethnopharmacol 125(3): 393 - 403.

Agyare, C, Lechtenberg, M, Deters, A, Petereit, F, Hensel, A (2011) Ellagitannins from
Phyllanthus muellerianus (Kuntze) Exell. Geraniin and furosin stimulate cellular
activity, differentiation and collagen synthesis of human skin keratinocytes and dermal
fibroblasts. Phytomedicine 18(7): 617 — 24

Alemy, Sh, Karami, M, Hossini, E, Ebrahimzadeh, MA, Shahbi, MN (2012)
Antinociceptive activity and effect of methanol extract of Salvia limbata on withdrawal

syndrome in mice. Eur Rev Med Pharmacol Sci.16: 38 - 42.

Alhaider, AA, Lei, SZ, Wilcox, GL (1991). Spinal 5-HTs receptor-mediated
antinociception: Possible release of GABA. J. Neurosci 11(7): 1881 - 1888.

Ameyaw, EO, Woode, E, Kyei, S, Biney, RP, Boampong, JN (2015) Anti-nociceptive
synergism of pregabalin and xylopic acid co-administration in paclitaxel-induced

neuropathy:lsobolographic analysis. Pharmacogn. J 7(6): 363 — 368.

Amresh, G, Singh, PN, Rao Ch, V (2007) Anti-nociceptive and anti-arthritic activity of
Cissampelos pareira roots. J Ethnopharmacol 111(3): 531 - 536.

Ashafa, AOT, Yakubu, MT, Grierson, DS, Afolayan, AJ (2009) Toxicological
evaluation of the aqueous extract of Felicia muricata Thunb. leaves in Wistar rats. Afr
J Biotechnol. 8(6): 949-954.

Asomoza-Espinosa, R, Alonso-Lo6pez, R, Mixcoatl-Zecuatl, T, Aguirre-Bafiuelos, P,
Torres-Lopez, JE, Granados-Soto, V (2001) Sildenafil increases diclofenac

antinociception in the formalin test. Eur J Pharmacol, 418(3): 195 — 200.

87



86

Bamisaye, FA, Oloyede, OB, Yakubu, MT (2015) Toxicological implications of
aqueous extract of Phyllanthus muellerianus leaves in albino rats. J. Biol. Chem.
Research 32(2): 953 — 965.

Bernardini, N, Roza, C, Sauer, SK, Gomeza, J, Wess, J, Reeh, PW (2002). Muscarinic
m. receptors on peripheral nerve endings: A molecular target of anti-nociception. J.
Neurosci 22(12): RC229.

Bhattacharya, A, Agrawal, D, Sahu, PK, Kumar, S, Mishra, SS, Patnaik, S (2014)
Analgesic effect of ethanolic leaf extract of Moringa oleifera on albino mice. Indian J
Pain 28: 89 - 94.

Boakye, YB, Agyare, C (2013) Antimicrobial and antioxidant activities of geraniin and
aqueous leaf extract of Phyllanthus muellerianus (Kuntze) Exell. Planta Med 79: 1161
- 1162.

Boakye, YD, Agyare, C, Abotsi, WK (2013) Anti-inflammatory activity of geraniin and

aqueous leaf extract of Phyllanthus muellerianus (Kuntze) Exell. Planta Med 79: 1142.

Brusotti, G, Cesari, I, Gilardoni, G, Tosi, S, Grisoli, P, Picco, AM, Caccialanza, G
(2012) Chemical composition and antimicrobial activity of Phyllanthus muellerianus
(Kuntze) Exell essential oil. J Ethnopharmacol 142(3): 657 - 662.

Burkill, HM (2000) The useful plants of West Tropical Africa. Vol. 2, 5 Royal Botanic

Gardens, Kew.

Calixto, JB, Santos, ARS, Filho, VC, Yunes, RA (1998) A Review of the plants of the
genus Phyllanthus: Their chemistry, pharmacology and therapeutic potential. Med. Res.
Rev 18(4): 225 — 258

Calixto, JB, Beirith, A, Ferreira, J, Santos, ARS, Filho, VC and Yunes, RA (2000)
Review article: Naturally occurring anti-nociceptive substances from plants. Phytother.
Res. 14: 401 — 418

Calixto, JB, Campos, MM, Santos, ARS (2005) Botanical analgesics and
antiinflammatory drugs, in Ethnopharmacology section, Biological, Physiological and
Health Sciences, Encyclopedia of Life Support Systems (EOLSS), Developed under the
Auspices of the UNESCO, EOLSS Publishers, Oxford, UK, (http://www.eolss.net )



http://www.eolss.net/
http://www.eolss.net/

Capasso, A, Piacente, S, Pizza, C, Sorrentino, L (1998) Flavonoids reduce morphine
withdrawal in vitro. J Pharm Pharmacol. 50: 561 — 564.

Cargnello, M, and Roux, PP (2011) Activation and Function of the MAPKSs and Their
Substrates, the MAPK-Activated Protein Kinases. Microbiol Mol Biol Rev 75(1): 50 —
83.

Chen, CH, Tang, ST (2011) Meta-analysis of cultural differences in Western and Asian
patient-perceived barriers to managing cancer pain. Palliat. Medicine 35(3): 125 - 133.

Chen, Y, Geis, C, Sommer, C (2008) Activation of TRPV1 contributes to morphine
tolerance: Involvement of the mitogen-activated protein kinase signaling pathway. J
Neurosci. 28(22): 5836 - 5845.

Cury, Y, Picolo, G, Gutierrez, VP, Ferreira, SH (2011). Pain and analgesia: The dual
effect of nitric oxide in the nociceptive system. Nitric Oxide 25(3): 243 - 254.

Dogrul, A, Yesilyurt, O, Isimer, A, Guzeldemir, ME (2001). L-type and T-type calcium
channel blockade potentiate the analgesic effects of morphine and selective u opioid
agonist, but not to selective 6 and k agonist at the level of the spinal cord in mice. Pain
93: 61 - 68.

Doughari, JH, Sunday, D (2008) Antibacterial activity of Phyllanthus muellerianus.
Pharm. Biol 46(6): 400 - 405.

Dubuisson, D, Dennis, SG (1977) The formalin test: A quantitative study of the
analgesic effects of morphine, meperidine, and brain stem stimulation in rats and cats.
Pain 4(2): 161 - 174.

Ellis, A, Benson, N, Machin, I, Corradini, L. (1998) The rat formalin test: Can it predict
neuropathic pain treatments? Proceedings of the Measuring Behavior (Maastricht, The
Netherlands), 324 - 325.

Etim, NN, Williams, ME, Akpabio, U, Offiong, EEA (2014) Haematological
Parameters and Factors Affecting Their Values. J. Agric. Res.2 (1): 37-47

Evans, WC (2005) Trease and Evans Pharmacognosy. Fifteenth Edition, Elsevier,

India.

89



Feres, CA, Madalosso, RC, Rocha, OA, Leite, JP, Guimaraes, TM, Toledo, VP,
Tagliati, CA (2006) Acute and chronic toxicological studies of Dimorphandra mollis
in experimental animals. J Ethnopharmacol 108: 450-6.

Foo, LY (1993) Amarulone, a novel cyclic hydrolysable tannin from Phyllanthus
amarus. Nat. Prod. Res 3(1): 45 - 52.

Fujiki, H, Suganuma, M, Kurusu, M, Okabe, S, Imayoshi, Y, Taniguchi, S, Yoshida, T.
(2003). New TNF-a releasing inhibitors as cancer preventive agents from traditional

herbal medicine and combination cancer prevention study with EGCG and sulindac or
tamoxifen. Mutat Res-Fund Mol M 523: 119 - 125.

Gareri, P, Condorelli, D, Belluardo, N, Citraro, R, Barresi, V, Trovato-Salinato, A,
Mudo, G, Ibbadu, GF, Russo, E, De Sarro, G (2005) Anti-absence effects of
carbenoxolone in two genetic animal models of absence epilepsy (wag/rij rats and Ih/Ih
mice). Neuropharmacology 49: 551 - 563.

Ghannadi, A, Hajhashemi, V, Abrishami, R. (2012) Effects of the Persian Carum
copticum fruit extracts on morphine withdrawal syndrome in mice. Res Pharm Sci. 7(3):
126 — 130.

Ghelardini, C, Galeotti, N, Bartolini, A. (2000). Loss of muscarinic anti-nociception by
antisense inhibition of m(1) receptors. Br. J. Pharmacol. 129(8): 1633 — 1640.

Gowda, S, Desai, PB, Kulkarni, SS, Hull, VV, Math, AAK, Vernekar, SN (2010)
Markers of renal function tests. N Am J Med Sci. 2(4): 170-173.

Hosseinzadeh, H, Nourbakhsh, M (2003) Effect of Rosmarinus officinalis L. aerial parts

extract on morphine withdrawal syndrome in mice. Phytother. Res 17: 938 — 941.

Hemalatha, S, Hari, R (2014) Acute and Subacute Toxicity Studies of the Saponin Rich
Butanol Extracts of Tribulus terrestris Fruits in Wistar Rats. Int. J. Pharm. Sci. Rev.
Res 27(2):52: 307-313.

Hunskaar, S, Hole, K (1987) The formalin test in mice: dissociation between

inflammatory and non-inflammatory pain. Pain 30: 103 — 114.

90



Iliya, H, Boakye-Gyasi, E, Annan, K, Ekuadzi, E, Woode, E (2015) Analgesic activity
and effect of Maerua angolensis stem bark extract and fractions on morphine
dependence in mice. Pharma Innovation. 4(2): 62 - 68.

Institute for Laboratory Animal Research (2011) Guide for the care and use of
Laboratory animals. Eighth edition, The National Academies Press, Washington.

Institute of Medicine Report from the Committee on Advancing Pain Research, Care
and Education: Relieving Pain in America, A Blueprint for Transforming Prevention
Care, Education and Research. The National Academies Press, 2011.
http://books.nap.edu/openbook.php?record_id=13172&page=1 (Accessed September
5, 2015).

Ishimaru, K, Shimomura, K (1995) Geranium thunbergii: In Vitro Culture and the
Production of Geraniin and Other Tannins- Medicinal and Aromatic Plants VIII.
(Y.P.S. Bajaj, ed.), Springer—Verlag Berlin Heidelberg, Germany. Chapter XII.

Julius, D, Basbaum, Al (2001) Molecular mechanisms of nociception, Insight J 413.

Kest, B, Palmese, CA, Hopkins, E, Adler, M, Juni, A (2001) Assessment of acute and
chronic morphine dependence in male and female mice. Pharmacol Biochem Behav 70:
149-156

Le Bars, D, Gozariu, M, Cadden, SW (2001) Animal models of nociception. Pharmacol
Rev 53(4): 597 - 652.

Luger, P, Weber, M, Kashino, S, Amakura, Y, Yoshida, T, Okuda, T, Dauter, Z (1998)
Structure of the tannin, geraniin based on conventional X-ray data at 295 K and on
synchrotron data at 293 and 120 K. Acta Crystallographica Section B: Structural
Science 54(5): 687 - 694.

Marchand, S (2008) The Physiology of Pain Mechanisms: From the Periphery to the
Brain. Rheum Dis Clin N Am 34: 285 — 309.

Mcmahon, SB, Koltzenburg, M (2006). Wall and Melzack's textbook of pain.
Elsevier/Churchill Livingstone, Edinburgh, 5th Edition. 442 - 501.

91


http://books.nap.edu/openbook.php?record_id=13172&page=1
http://books.nap.edu/openbook.php?record_id=13172&page=1

McNamara, CR, Mandel-Brehm, J, Bautista, DM, Siemens, J, Deranian, KL, Zhao, M,
Hayward, NJ, Chong, JA, Julius, D, Fanger, CM, (2007) TRPAL mediates formalin-
induced pain. Proc. Natl Acad. Sci. 104: 13525 — 13530.

Miguel, OG, Calixto JB, Santos, ARS., Messana, |, Ferrari, F, Cechinel Filho, V,
Pizzolatti, MG, Yunes, RA (1996) Chemical and preliminary analgesic evaluation of
geraniin and furosin isolated from Phyllanthus sellowianus. Planta Med 62: 146 — 149.

Millan, M (2002). Descending control of pain. Prog. Neurobiol. 66(6): 355 - 474

Miranda, H, Sierralta, F, Pinardi, G (2002) Neostigmine interactions with non-steroidal
anti-inflammatory drugs. Br J Pharmacol 135: 1591 — 1597.

Miranda, HF, Noriega, V, Zepeda, RJ, Sierralta, F, Prieto, JC (2013) Systemic
synergism between codeine and morphine in three pain models in mice. Pharmacol Rep
65: 80 - 88.

Mirshafiey, A, Cuzzocrea, S, Rehm, BH, Matsuo, H (2005) M2000: A revolution in
Pharmacology. Med Sci Monit 11(8): PI53 - 63.

Mogil, JS, Davis, KD, Derbyshire, SW (2010) The necessity of animal models in pain
research. Pain151: 12 — 17.

Moore KL, Dalley AF (1999). Clinically Oriented Anatomy (4th Edition). Lippincot
Williams and Williams, a Woller Klumner Corporation, Philadelphia, p. 263

Nankivell, BJ (2001) Creatinine clearance and the assessment of renal function. Aust
Prescr 24:15-7

Ogata, T, Higuchi, H, Mochida, S, Matsumoto, H, Kato, A, Endo, T, Kaji, A, Kaji, H
(1992) HIV-1 reverse transcriptase inhibitor from Phyllanthus niruri. AIDS Res Hum
Retroviruses 8: 1937 - 1944.

Olson, H, Betton, G, Robinson, D, Thomas, K, Monro, A, Kolaja, G, Lilly, P, Sanders,
J, Sipes, G, Bracken, W, Dorato, M, Deun, KV, Smith, P, Berger, B, Heller, A (2000)
Concordance of toxicity of pharmaceuticals in humans and in animals. Regul. Toxicol.
Pharmacol. 32:56-67.

92



Panthong, A, Norkaew, P, Kanjanapothi, D, Taesotikul, T, Anantachoke, N, Reutrakul,
V (2007) Anti-inflammatory, analgesic and antipyretic activities of the extract of
gamboge from Garcinia hanburyi Hook f. J Ethnopharmacol 111(2): 335 - 340.

Pertovaara, A (2006). Noradrenergic pain modulation. Prog Neurobiol 80(2): 53 - 83

Pinardi, G, Prieto, J, Miranda, H (2005) Analgesic synergism between intrathecal
morphine and cyclooxygenase-2 inhibitors in mice. Pharmacol Biochem Behav. 82(1):
120 - 124.

Pinelli, A, Cighetti, G, Trivulzio, S (2008) Plasma malondialdehyde levels and opiate
withdrawal signs observed in rats treated with morphine plus naloxone: effects of
alipoic acid administration. Fundam Clin Pharmacol. 22: 439-445.

Radcliffe-Smith, A (1996) Phyllanthus muellerianus Kuntze Exell [family
EUPHORBIACEAE]. Volume 9, Part 4, Royal Botanic Gardens, Kew.

Rang, HP, Dale, MM, Ritter, JM, Flower, RJ, (2007) Rang and Dale’s Pharmacology,
Sixth Edition, 1600 John F. Kennedy Boulevard, Philadelphia, USA, Pages 588 - 610.

Ribeiro, RA, Vale, ML, Thomazzi, SM, Paschoalato, AB, Poole S, Ferreira, SH, Cunha,
FQ (2000) Involvement of resident macrophages and mast cells in the writhing
nociceptive response induced by zymosan and acetic acid in mice. Eur J Pharmacol.
387:111 - 8.

Royal Pharmaceutical Society (2011) British National Formulary. Pharmaceutical
Press, London, UK, 61: 629-631.

Sakurada, T, Komatsu, T, Sakurada, S, (2005) Mechanisms of nociception evoked by
intrathecal high-dose morphine. Neurotoxicology 26: 801 — 809.

Santa-Cecilia, FV, Freitas, LAS, Vilela, FC, Veloso, CQ, da Rocha, C, Moreira, MEC,
Dias, FD, Giusti-Paiva, A, H. dos Santos, M, (2011) Anti-nociceptive and
antiinflammatory properties of 7-epiclusianone, a prenylated benzophenone from
Garcinia brasiliensis. Eur. J. Pharmacol.670: 280 — 285.

Santos, ARS, Vedana, EMA, De Freitas, GAG (1998) Anti-nociceptive effect of
meloxicam in neurogenic and inflammatory nociceptive models in mice Inflamm. Res
47(7): 302 - 307

93



Santos, ARS, De Campos, ROP , Miguel, OG, Filho, VC, Siani, AC, Yunes, RA,
Calixto, JB (2000) Anti-nociceptive properties of extracts of new species of plants of
the genus Phyllanthus (Euphorbiaceae). J Ethnopharmacol 72: 229 — 238.

Sawynok, J (1998). Adenosine receptor activation and nociception. Eur J Pharmacol
347(1): 1 - 11.

Schaible, HG (2006) Peripheral and Central Mechanisms of Pain Generation. HEP 177:
3-28.

Schim, JD, Stang, P (2004) Overview of pain management. Pain Pract 4 Suppl 1: S4 -
18.

Schmelzer, GH, Gurib-Fakim, A (2008) Plant Resources of Tropical Africa 11(1).
Medicinal plants 1. PROTA Foundation, Wageningen, Netherlands/Backhuys
Publishers, Leiden, Netherlands/ CTA, Wageningen, Netherlands. 791: 427 - 430.

Sellers, RS, Morton, D, Michael, B, Roome, N, Johnson, JK, Yano, BL, Perry, R,
Schafer, K (2007) Society of toxicologic pathology position paper: Organ weight

recommendations for toxicology studies. Toxicol. Pathol. 35: 751-755

Skyba, DA, Radhakrishnan, R, Sluka, KA (2004) Characterization of a Method for
Measuring Primary Hyperalgesia of Deep Somatic Tissue The Jol of Pain 6(1): 41 - 47

Smith, TW, Buchan, P, Parsons, DN, Wilkinson, S, (1982) Peripheral anti-nociceptive
effects of N-methyl morphine. Life Sci. 31: 1205 - 1208.

Suzuki, T, Tsuda, M, Narita, M, Funada, M, Mizoguchi, H, Misawa, M (1996)
Diazepam pretreatment suppresses morphine withdrawal signs in the mouse. Life Sci
58: 349-357.

Tabatabai, SM, Dashti, S, Doosti, F, Hosseinzadeh, H (2014) Phytotherapy of opioid
dependence and withdrawal syndrome: A review. Phytother Res 28:811-830.

Tallarida, RJ (2006) An overview of drug combination analysis with isobolograms. J
Pharmacol Exp Ther 319(1): 1 - 7.

94



Tjolsen, A, Berge, OG, Hunskaar, S, Rosland, JH, Hole, K (1992) The formalin test: an
evaluation of the method. Pain 51: 5 - 17.

Tracy, RP (2006) The five cardinal signs of inflammation: Calor, Dolor, Rubor, Tumor
... and Penuria (Apologies to Aulus Cornelius Celsus, De medicina, c. A.D. 25). J
Gerontol A Biol Sci Med Sci. 61(10):1051 - 2.

Ueno, H, Horie, S, Nishi, Y, Shogawa, H, Kawasakim, M, Suzuki, S, Hayashi, T,
Arisawa, M, Shimizu, M, Yoshizakim, M, Morita, N, Berganza, LH, Ferro, E,
Basualdo, 1 (1988) Chemical and pharmaceutical studies on medicinal plants in

Paraguay. Geraniin, an angiotensin-converting enzyme inhibitor from “papaparaimi”,
Phyllanthus niruri. J. Nat. Prod. 51: 357 - 359.

Unander, DW (1996) Phyllanthus species: in vitro culture and production of secondary
metabolites. In Biotechnology in agriculture and forestry (Y.P.S. Bajaj, ed.), Volume
.37 Springer-Verlag, Berlin, p. 304 - 318.

Vassallo, A, Vaccaro, MC, De Tommasi, N, Dal Piaz, F, Leone, A (2013) Identification
of the Plant Compound Geraniin as a Novel Hsp90 Inhibitor. PloS one, 8(9): e74266.

Vogel, HG, Maas, J, Hock, FJ, Mayer, D (2013) Drug Discovery and Evaluation: Safety
and Pharmacokinetic Assays. Second Edition, Springer-Verlag Berlin Heidelberg, page
3.

WHO, Media Centre-Traditional Medicine, 2008.
Walum, E (1998) Acute oral toxicity. Environ Health Perspect 106(2): 497.

Wess, J, Duttaroy, A, Gomeza, J, Zhang, W, Yamada, M, Felder, CC, Bernardini, N,
Reeh, PW (2003). Muscarinic receptor subtypes mediating central and peripheral
antinociception studied with muscarinic receptor knockout mice: A review. Life Sci
72(1819): 2047 — 2054.

Wolfe, MM, Lichtenstein, DR, Singh, G (1999) Gastrointestinal toxicity of nonsteroidal
anti-inflammatory drugs. N Engl J Med 340(24): 1888 - 1899.

95



Woode, E, Abotsi, WK (2011) Anti-nociceptive effect of an ethanolic extract of the
aerial parts of Hilleria latifolia (Lam.) H. Walt. (Phytolaccaceae). J. Pharm. Bioallied
Sci 3: 384 — 396

Woode, E, Ameyaw, EO, Abotsi, WK, Boakye - Gyasi, E (2015) An isobolographic
analysis of the anti-nociceptive effect of xylopic acid in combination with morphine or
diclofenac. J Basic Clin Pharma; 6:103-8.

Woode, E, Poku, RA, Ainooson, GK, Boakye — Gyasi, E, Abotsi, WKM, Mensah, TL,
Amoh-Barimah, AK (2009) An evaluation of the anti-inflammatory, antipyretic and
anti-nociceptive effects of Ficus exasperata (\Vahl) leaf extract. J. Pharmacol. Toxicol.
4:138-151.

Woolf, CJ (2004) Pain: moving from symptom control toward mechanism-specific
pharmacologic management. Ann Intern Med 140(6): 441 - 451.

Xia, H, Zhang, D, Yang, S, Wang, Y, Xu, L, Wu, J, Ren, J, Yao, W, Fan, L, Zhang, C,
Tian, Y, Pan, H, Wang, X (2014). Role of ATP-sensitive potassium channels in

modulating nociception in rat model of bone cancer pain. Brain Res. 1554: 29 — 35.

Zarrindast, MR, Gholami, A, Sahraei, H, Haeri-Rohani, A (2003) Role of nitric oxide
in the acquisition and expression of apomorphine- or morphine-induced locomotor
sensitization. Eur J Pharmacol 482: 205-213.

APPENDIX
DRUG PREPARATION AND ADMINISTRATION

The extract and geraniin concentrations were prepared by dissolving in sterile distilled
water. Drug concentrations were prepared so that the required dose was equivalent to
the body weight of each rat. Also, drug concentrations were given in volumes not

exceeding a total volume of 0.5 mL for all administrations.
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DETAILED OBSERVATIONS IN THE IRWIN’S TEST

Dose (mg kg ™) 0 100 300

Time (min) 0-15 [ 15 |30 |60 |120 | 180 | 1440 [0-15 [15[30 [60 |[120 | 180 ig 0-15 [ 15 [30 [60 | 120 | 180 1440
Death 0 o |0 |0 (0 (O |O |O O B0 menf0-£1. 0 0 0|0 0 |0 |0 |0 |O 0
Convulsions 0 o |0 |0 (0 (O |O |O 0|0 |0 |O 0 0|0 0 |0 |0 |0 |O 0
Tremor 0 0o |0 |0 (0 (O |O |O 0|0 |0 |O 0 0|0 0O (0|0 |0 |O 0
Straub tail 0 0 (0 |0 |O 0 0 0 0|0 |0 0 0 0 |0 0 0 |0 |0 0 0
Activity # 0 (0 |0 |O 0 0 # 0|0 |0 0 0 0 | # 0 0 |0 |0 0 0
Jumps 0 0 |0 [0 (O 0 0 0 0|0 |0 0 0 0 |0 0 0 |0 |0 0 0
Muscle tone # 0 |0 [0 (O 0 0 # 0|0 |O 0 0 0 |# 0 0 |0 |0 0 0
Reactivity to touch | # 0 (0 |0 |0 |O 0 # AR R RN 0 0 |# 0O [0 |0 (0O |O 0
Aggression 0 0 |0 [0 (O 0 0 0 Dl bl 0 0 0 0 |0 0 0 |0 |0 0 0
Fore paw threading | O 0 (0 |0 |0 |O 0 0 0/0 (0O |O 0 0|0 0O [0 |0 (0O |O 0
Head twitch 0 0 |0 |0 (O 0 0 0 0|0 |0 0 0 0 |0 0 0 |0 |0 0 0
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Head movements

Chewing

Sniffing

Scratching

Catalepsy

Akinesia

Abnormal gait

(rolling)

Abnormal gait (tip

toe)

Motor
incoordination

Loss of balance

Loss of righting

reflex
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Loss of corneal

reflex

Fear

Abdominal muscle

tone

Writhing

Analgesia

Ptosis

Exophthalmia

Piloerection

Salivation

Urination

Lacrimation

Defecation

Respiration

Limb tone
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Provoked biting

response

Loss of grip strength
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Finger approach 0 0 0
response
Dose (mg kg?) 1000 3000 5000
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Time (min)

0-15

15

30

60

120

180

1440

0-15

15

30

60

120

180

1440

0-15

15

30

60

120

180

1440

Death 0 0O |0 |0 |0 |0 |O 0 0 (0 |0 [0 0 |0 0 0|0 |0 |0 (0 |O
Convulsions 0 0O |0 |0 |0 |O |O 0 0 (0|0 |0 |O |O 0 0|0 |0 |0 (0 |O
Tremor 0 0O |0 |0 |0 |O |O 0 0 (0 |0 |0 |O |O 0 0|0 |0 |0 (0 |O
Straub tail 0 0O |0 |0 |0 |O |O 0 0 (0 [0 |0 |O |O 0 0|0 |0 |0 (0O |O
Activity # - |0 |0 |0 |O |O it 0 ([0 [0 |0 |O |O # |- 10 |0 |O |O |O
Jumps 0 o (0 |0 |0 (O |O 0 + (0 |0 |O |0 |O 0 0|0 |0 |0 (0O |O
Muscle tone # 0O |0 |0 |0 |O |O it 0 (0 [0 |0 |O |O # |00 |0 |O |O |O
Reactivity to touch # (-0 TO™==g®. | 0 [T # O 0% | QuetOE10 [0 # +]/0 (0 |0 |0 |O
Aggression 0 0 0 -0, |8 0 0 + |0 |0 |O 0 |0 0 0|0 |0 |0 0 0
Fore paw threading 0 0O (0 |0 |0 |0 |0 0 0 |0 |0 O |O |O 0 0|0 |0 |0 |O |O
Head twitch 0 0 0 Qe 0 0 0 D | 0™ 6&0 0 |0 0 0|0 |0 |0 0 0
Head movements 0 0O (0 (0 |0 |O |O 0 0 |0 |0 (O |O |O 0 0|0 |0 |0 |O |O
Chewing 0 0 0 0 (0 0 |0 0 0 |0 (O |0 (O 0 0 00 |0 |0 |O 0
Sniffing 0 0 0 0 (0O 0 |0 0 0 |0 (0O (0O (O 0 0 00 |0 |0 |O 0
Scratching 0 0 0 0 |0 0 |0 0 0 |0 (0 [0 (O 0 0 00 |0 |0 |O 0
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Catalepsy

Akinesia

Abnormal gait (rolling)

Abnormal gait (tip toe)

Motor incoordination

Loss of balance

Loss of righting reflex

Loss of corneal reflex

Fear

Abdominal muscle tone

Writhing

Analgesia

Ptosis

Exophthalmia

Piloerection

Salivation

Urination
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Lacrimation # 0O |0 |0 |0 (O 1O # 0 |0 [0 |0 (O |O # |0]0 |0 |0 |O |O
Defecation # o |+ |+ |0 |0 |O # 0O |+ [+ [0 |O |O # 0O+ (+ |0 |O |O
Respiration 0 0O |0 (0|0 |0 |O 0 0|0 |0 |0 |O |O 0 (0|0 |0 |O (O |O
Limb tone # 0O |0 (0|0 |0 |O # 0 |0 |0 |0 |O |O # (0|0 |0 |0 |O |O
Provoked biting response | # o |0 (0|0 (O (O # 0 |0 |O O (O |O # 0|0 |0 |0 |O |O
Grip strength # o |0 (0|0 (O (O # 0 |0 |0 (O (O |O # 0|0 |0 |- - 0
Finger approach response | # o |0 (0|0 (O (O # 0 |0 |0 [O |O |O # 0|0 |0 |0 |O |O

PME was administered at 100. 300, 1000, 3000 and 5000 mg kg™, p.o. Data is presented as the number of animals showing symptoms during the test. Observations were
performed at 15, 30, 60, 120, 180 min and 1440 min after administration. The symptoms that did not necessitate handling were also observed up to 15 min immediately

following administration. # Parameters not measured. + = slight increase, - = slight decrease, # = Parameters not measured
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