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Abstract

Alpinia nigra, a plant of Zingiberaceae family, content many important medicinal
compounds was studied in three experimental models of nociception. The analgesic
activity of crude extracts of acetone-ethanol (1:1) of root, shoot and leaf ware evaluated
by using acetic acid induced writhing method, formalin induced licking test and hot plate
test on Swiss albino mice. In acetic acid induced writhing test, the root extract of Alpinia
nigra at the doses of 200 mg/kg and 400 mg/kg body weight exhibited 58.2% and 62.2 %
inhibition respectively. The shoot extract shows 53.8% inhibition at 200 mg/kg/dose and
60.7% inhibition at 400 mg/kg/dose. Whereas the leaf extract produced 44.0% inhibition
at 200 mg/kg/dose and 50.7% inhibition at 400 mg/kg/dose. Morphine 5 mg/kg/dose
used as positive control and exhibited 76.0% inhibition compare to control. Alpinia
nigra caused a significant dose dependent inhibition of both the early (neurological, 0-5
min) and late (inflammatory, 15-30 min) phase of formalin induced licking. However, its
antinociceptive effects were more pronounced against the late phase of this model of
pain. The calculated licking response inhibitory effect of late phase for root, shoot and
leaf were 89.4%, 84.2% and 90.9% at the dose of 200 mg/kg respectively. For 400
mg/kg/dose, licking response inhibition of root, leaf and shoot was 94.8%, 88.3% and
92.2% respectively in late phase. Morphine at the dose of 5 mg/kg per body weight
exhibit licking response inhibition 99.2% in late phase. In hot plate test root extract at the
dose of 200 mg/kg and 400 mg/kg showed significant increase in the percentage of
tolerance time (pain reaction time). The peak effect was seen at 60 minutes, 77.3% and
46.5% of tolerance for 400 mg/kg/dose and 200 mg/kg/dose respectively as comparable
to 82.1% at 60 minutes obtained from morphine (5 mg/kg/dose). But leaf extract showed
tolerance time 59.1% and 52.2% at 60 minutes for 200 mg/kg and 400 mg/kg
respectively. The results of the present study indicate that Alpinia nigra has significant
analgesic potential, suggesting for the use of this plant for medicinal purposes and may

be employed for further investigations.
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CHAPTER ONE

INTRODUCTION



CHAPTER 1: Introduction

1.1. Introduction

The plants that have therapeutic properties or can introduce beneficial pharmacological
effects on the body of patient are generally regarded as “Medicinal plants”. Medicinal
plants may be defined as a group of plants that possess some special properties or virtues
that qualify them as article of drugs and therapeutic agent and are used for medicinal
purposes (Ghani, 2003).

According to WHO consultative group on medicinal plants, “A medicinal plant is any
plant which, in one or more of its organs contains, substances that can be used for
therapeutic purposes or which, is a precursor for synthesis of useful drugs” (Sofowara,
1982). In our opinion, we should continue recognizing all those plants as medicinal
which have been traditionally used over the years and are still being used for therapeutic
purposes, some with spectacular reputation, until their efficacy is proved otherwise by

scientific analysis and clinical evaluation.

Some generous estimates found that, almost 80% of the present day medicine are
directly or indirectly obtained from plants (Myers, 1982). Surprisingly, this large
quantity of modern drugs comes from less than 15% of the plants which are
known to have been investigated pharmacologically, out of the estimated 500,000
species of higher plants growing on earth (Farnsworth and Morris, 1976). In
developing countries including Bangladesh, about 75% of the populations relay on

traditional medicines for their Primary health care (Matu and Staden, 2003).

According to recorded history of human civilization, man was well aware of the
medicinal properties of many plants growing around him more than 5000 years ago. The
earliest mention of the medicinal use of plants is found in the Rig Veda (4500-1600 BC),
which reported that the Indo-Aryans used the Soma plant as medicinal agent. The
famous Papyrus Ebers recorded the use of many plants as far that as in 1500 BC.
Ayurvedic system of medicine described the use of 127 plants as curative agents as early



as in 1200 BC. The first Chinese Pharmacopoeia containing a list of 135 different
medicinal plants with their uses and method of preparation appeared around 1122 BC.
More than 400 recipes of plant medicines used in Greek system of medicine were
described by Hippocrates around 400 BC. These are the starting materials from which
modern medicine gradually evolved to reach the present state of its development (Ghani,
2003). The “De historia stipium” by Leonhart Fuchs (1542) is concerned with vegetable
drugs and the primary object of the book was to provide reliable illustrated descriptions
by with the plants used in medicine could be correctly identified (Wallis, 1985).

As therapeutic use of plants continued with the progress of civilization and development
of human knowledge, scientists endeavored to isolate different chemical constituents
from plants, put them to biological and pharmacological test and thus have been able
to identify and isolate therapeutically active compounds, which have been used to

prepare modern medicines.

The list of the plant derived medicinal substances occurring in modern medicine is
very long now. About 100 such drugs of defined structures are in common use
today throughout the world and about half of them are accepted as useful drugs

in the industrialized countries (Ghani, 1998).

Plants, as part of their metabolic systems, biosynthesize a wide variety of secondary
metabolites, most of which are biologically active, and can potentially be used to treat
diseases. Bioactive natural products are those chemical compounds produced by living
organisms that exert a biological effect on other organisms. This includes therapeutic
activity for diseases of humans and animals, toxic activity responsible for causing human
and animal disease, and selective, biodegradable toxicity to help combat pests that may
adversely affect our endeavors to feed and otherwise service (e.g. protect cotton crops or
plantations of timber used for construction, etc.) the human population (Colegate &
Moleneux, 2008).

Plant contains compounds having interesting skeletons. Bioactivity guided
phytochemical investigation of medicinal plants may yield newer chemical constituents
of remarkable therapeutic interest. Occasionally, native lore provides clue to plants with

pharmacologic activity. Curare was obtained from a South American plant long used by



natives to prepare arrow poison. Rawolfia serpentina was used for a variety of illnesses;
only in recent years were its tranqulizing properties recognized in Western medicine and

its active principle, reserpine, isolated (Goldstein et al., 1974).

Because of this inherent property of producing bioactive compounds, plants have long
been used traditionally in the treatment of various ailments, and a number of ancient
medicine systems, e.g. the Ayurvedic, the Unani, the traditional Chinese Medicine
(TCM), predominantly rely significantly on the use of these medicinal plants. Plants still
offer a great potentiality for drug search. Homatropine (a synthetic tropane alkaloid
similar to atropine), syrosingopine (a synthetic derivative of reserpine), chloroquine (a
synthetic derivative of quinine), dihydromorphinone, methyldihydromorphinone,
oxymorphine, ethyl morphine and N-allylnormorphine (synthetic derivatives of
morphine) are some of the example of such synthetic drugs which plants have
contributed indirectly. Even in this age of synthetic drugs, there are some naturally
occurring drugs, such as the Digitalis glycosides used in cardiac complications and the
Catharanthus alkaloids used in cancers, which have no synthetic alternatives. In such

cases, plants continue to remain as their principal and only sources (Ghani, 2003).

1.2. Current status of medicinal plants

1.2.1. National status

Medicinal plants constitute an important natural wealth of a country. They play a
significant role in providing primary health care services to rural people. They serve as
important therapeutic agents as well as important raw materials for the manufacture of
traditional and modern medicines. Substantial amounts of foreign exchange can be saved
and earned by commercial production of medicinal plants in a country and by exporting
them to other countries. In this way indigenous medicinal plants play significant roles in
the economy of a country. They constitute a precious natural wealth of a country

and contribute a great deal to its health care programs.

Being naturally gifted by a suitable tropical climate and fertile soil, Bangladesh
possesses a rich flora of tropical plants. About 5000 species of phanerogams and

pteridophytes grow in its forests, jungles, wastelands and road sides as indigenous,



naturalized and cultivated plants. Out of them more than a thousand have been
claimed tom possess medicinal and / or poisonous properties, of which 546 have
recently been enumerated with their medicinal properties and therapeutic uses
(Yusuf et al., 1994). In addition to possessing various medicinal properties, 257 of
this medicinal plants have been identified as efficacious remedies for diarrhoeal
diseases and 47 for diabetes. Medicinal plants and plant derived drugs play a
very important role in the economy of tropical countries. Bangladesh, being one of
them and possessing such a rich flora of medicinal plants, should make serious
efforts to derive maximum economic benefit from these plants by using them as

raw materials for its indigenous drug manufacturing industries (Ghani, 1998).

1.2.2. International status

An enumeration of the WHO from the late 1970s listed 21000 medicinal species
(Penso, 1980). However , in China alone 40941 of 26092 native species are used
as drugs in Chinese traditional medicine (Duke and Ayensu,1985). It is estimated
that the number of plants species used for medicinal purposes in the world is
more than 50000 .

How prominently plant derived drugs still feature in modern medicine can be

accessed from the following facts:

e In the United States, in 1980 alone, the consumer paid 8 billion dollars
for prescriptions drugs in which the active ingredients are still derived from
plants (Sofowora, 1982).

o 47% of some 300 million new prescriptions written by physicians in
America in 1961 contained, as one or more active ingredients, a drug of
natural origin (Farnsworth, 1966).

e More than 47% of all drugs used in Russia are obtained from botanical

sources. (Ampofo, 1979).



1.3. Review of Alpinia nigra
1.3.1. Taxonomic classification of Alpinia nigra (Gaertner) B. L. Burtt:
Kingdom: Plantae
Subkingdom: Tracheobionta
Division: Magnoliophyta
Class: Liliopsida
Subclass: Zingiberidae
Order: Zingiberales
Family: Zingiberaceae

Genus: Alpinia

Species: Alpinia nigra

Synonyms: A. allughas (Retz.) Rosc.
Local name: Jangli Ada, Tara (Chittagong).

Tribal name: Tara (Tanchangya), Kom Hing (Murong).

Other members of genus Alpinia:

Alpinia is the largest genus in the ginger family with about 230 species (Kress et al.,
2005).
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Fig. 1.1. Alpinia nigra plant

1.3.2. Distribution of Alpinia nigra

It is found to south-east Asia including Bhutan, China, India, Thailand, Burma and Sri
Lanka. In India it is found mainly in the hillocks and riversides of northeastern states
such as Assam, Mizoram and Tripura. In Bangladesh it is found by the side of the
streams, canals and low lying areas (Ghani, 2003).



Fig. 1.2. Different parts of Alpinia nigra plant: (a) leave, (b) shoot, (c) root,
(d) flower

1.3.3. Morphology of Alpinia nigra

Alpinia nigra is a biennial herbaceous plant. It is morphologically characterized by the
presence of a rhizome, simple, wide-brim leaves protected by showy bracts, and terminal
inflorescences (Qiao et al., 2001). It has a soft, leafy stem about 1.5-3 m high. Leaves are
sessile or subsessile, elongated and pointed at the end. Its leaves are single cotyledons,
shaped to look like a pike, about 7-9 cm wide and about 20-40 cm long. The fruit is a
berry having many seeds, and the pericarp is thin and green when it is young, becoming
black and brittle when it gets old (Roy et al., 2012).



1.3.4. Traditional uses of Alpinia nigra

The rhizome is used as an aphrodisiac, tonic, diuretic, expectorant, appetizer and
analgesic. The rhizome, cooked or raw, has been traditionally acclaimed as a remedy for
intestinal infections among the Mizo tribes of north-east India. Experimentally the crude
extract was shown to be highly effective against the trematode Fasciolopsis buski (Roy
et al., 2009).

In most tribal communities the root pounded and mixed with rice whisky is applied to
skin for fungal infections, such as ringworm and melasma. The boiled green root is a
potent carminative to reduce flatulence or dyspepsia. A root extract is taken daily for the
treatment of gastric ulcers, and for the treatment of jaundice by the Chakmas. Its use as
an antiinflammatory and analgesic agent has been supported by experiments in mice
(Das and Biswas, 2012). Alcoholic extract of the leaves possess good antifungal and

antibacterial properties (Dutta et al., 2010).



1.4. Aims and objectives

Since Bangladesh is a country of low economic growth, so scientific exploration and
standardization of potential crude drugs is an urgent need to revolutionize our drug
sector. Besides, Bangladesh imports a large quantity of pharmaceutical raw materials
including medicinal plants and semi processed plant products to produce drugs and
medicines. This huge foreign exchange can be saved if the manufacturers utilize the

indigenous medicinal plants or their semi-processed products.

Zingiberaceae a medicinally important, ornamental, monocotyledonous family has
potential members which possess many bioactive compounds against harmful microbes
to deadly diseases like cancer by regulating the different signaling pathway systems.
Several compounds have been discovered and found to deliver diversified biological

efficacy either in vitro or in vivo against a range of diseases.

In the tribe Alpinieae, among which is found the Species Alpinia nigra, is extensively
grown in Bangladesh. It is not only an edible vegetable, but also used in folk remedies to
treat dyspepsia, gastric disease and insect bites. Previous phytochemical investigation
revealed two flavone glycosides, astragalin and kaempferol-3-Oglucuronide, along with
three dihydroxypropyl esters from the seed clusters of this plant (Qiao et al., 2000).
Many pharmacological studies have reported that these compound possess several
biological activities, including, antioxidant, antiprotozoal and Hepatoprotective effects
(Karen et al., 2001). However there remains the opportunity to systematically search for

every possible biological activity.

Thus the present work was designed to fulfill the following objectives:

= Collection and extraction of different parts of Alpinia nigra plant material.
= Investigation of analgesic activity of plant extract by using acetic acid induced

writhing method, formalin induced licking test and hot plate test.

10
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LITERATURE REVIEW



CHAPTER 2: Literature review

2.1. Chemical constituents of Alpinia nigra

The major chemical contents are alkaloids, flavonoids, phenols and terpenoids (Nishat et
al., 2012). The rhizome yields 0.05% essential oil; of which the chief compounds are:
23.0% caryophyllene oxide, 19.9% geraniol, 19.4% eudesmol and 16.5% citronellyl
OAc. Important compounds isolated from the seed cluster are kaempferol-3-O-glucoside
(astragalin,), kaempferol-3-O-glucuronide, heptatriacontanoic acid 2, 3-dihydroxypropyl
ester, heptatriacontanoic acid 1, 3-dihydroxypropyl ester and pentatriacontanoic acid 1,
3-dihydroxypropyl ester (Qiao et al., 2000). In addition, two major volatile oils, B-
pinene and a-pinene have also been isolated from the fruits and rhizomes. From the seed
clusters two bioactive flavone glycosides were isolated, astragalin and kaempferol-3-O-
glucuronide; and kaempferol-3-O-glucuronide were found to be a dominant compound
which was distributed primarily in the pulp (Qiao et al., 2007). The chemical 1,8-cineole
is the major component in the leaf essential oil (25.4%) and rhizome oil (34%). In
addition, B-pinene (15.1%), camphor (15.3%), carotol (7.3%), a-pinene (7.8%) and
camphene (7.0%) were also present in leaf oil, whereas in the rhizome oil a-fenchyl
acetate (13.1%), a-terpineol (9.6%), B-pinene (8.1%) and camphene (7.0%) were the

other main constituents (Kanjila et al., 2010).

Indrayan et al., (2007) collected the essential oil of the rhizome of Alpinia officinarum by
hydrodistillation and analysed by means of GLC and GC-MS in apolar and polar
columns. Forty-nine compounds representing 99.21% of the oil have been identified. The
major constituents of the essential oil of the rhizome are 1,8-cineole (55.39%), A*-carene
(8.96%), B-pinene (4.29%), camphene (2.81%), limonene (2.80%), isocaryophyllene
(2.52%), camphor (2.35%), a-pinene (2.27%), Y-terpinene (2.23%) and Y'-cadinene
(2.17%). The oil shows antibacterial activity against Staphylococcus aureus and Bacillus
subtilis (Gram positive), Escherichia coli, Klebsiella pneumoniae and Salmonella typhi
(Gram negative), and antifungal activity against Candida albicans.

12
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Jian et al., (1998) isolated four diarylheptanoids and three flavonols were from the
rhizomes of Alpinia officinarum and identified as 1, 7-diphenylhept-4-en-3-one,
7-(4"-hydroxy-3"-methoxyphenyl)-1-phenylhept-4-en-3-one, 5-hydroxy-7-(4"-hydroxy-
3-methoxyphenyl)-1-phenyl-3-heptanone, 5-methoxy-7 (4"-hydroxy-3 methoxyphenyl)-
1-phenyl-3-heptanone,  rhamnocitrin,  kaempferol-4'-methylether and galangin
respectively. All of them (except first compound) appear the antioxidative activities in
vitro by microassay for measurement of anti-lipid peroxidation which based on the mode
of formation of microsomal lipid peroxidation induced by Fe**/ cysteine and principle of
TBA reaction.

Akshaya et al., (2010) collected the essential oil of the rhizome of Alpinia speciosa K.
Schum and isolated by hydrodistillation and analyzed by GC and GC/MS. Sixty-six
compounds representing 95.98% of the oil were identified. The major constituents of the
essential oil of the rhizome were terpinen-4-ol (15.4%), 1,8-cineole (11.1%) and T-
cadinol (8.8%). The oil showed antibacterial activity against Micrococcus luteus,
Streptococcus mutans, Bacillus subtilis, Staphylococcus aureus (Gram-positive),
Salmonella typhi and Pseudomonas aeruginosa (Gram-negative) using the well diffusion

method.

H3C\{/\/Y\/OH

CH3 CH3

Fig. 2.1. Structure of caryophyllene oxide Fig. 2.2. Structure of geraniol
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2.2. Pharmacological properties of Alpinia nigra

2.2.1. Analgesic properties

Das and Qais (2012) found analgesic activity of rhizome extract of Alpinia nirga on
Swiss albino mice in the acetic acid-induced writhing test and radiant heat tail-flick
method. The extract in doses of 200 and 400 mg/kg showed 37.31% (p<0.001) and
42.97% (p<0.001) inhibition of writhing respectively. The crude extract produced
35.75% and 39.98% elongation of tail flicking time 60 minutes after oral doses of 200
and 400 mg/kg body weight respectively.

Arambewelaa et al., (2004) examined the antinociceptive activity of hot water extract
(HWE) and hot ethanol extract (HEE) of Alpinia calcarata rhizomes using rats and three
models of nociception (tail flick, hot plate and formalin tests). Different concentrations
of HWE (100, 250, 500, 750, 1000 mg/kg) and HEE (100, 250, 500, 750, 1000 mg/kg)
were made and orally administrated to rats and the reaction times determined. The results
showed that the extracts have marked dose-dependent antinociceptive activity, when
evaluated in the hot plate and the formalin tests but not in the tail flick test. The
antinociceptive effect was slightly higher in HEE than that of HWE. The antinociceptive

effect was mediated via opioid mechanis

Acharya et al., (2001) evaluated the analgesic effect of extracts of Alpinia galanga (AG)
rhizome in Swiss albino mice in three experimental models of nociception. For the hot-
plate test, mice in the five groups with six in each received three different doses of
ethanolic extracts of dried rhizome of AG suspended in 2% gum acacia orally, morphine
subcutaneously and 2% gum acacia orally, respectively. For the hot-plate test after
naloxone pretreatment, mice in the five groups received naloxone subcutaneously 30 min
prior to the administration of vehicle or drugs. In the writhing test, writhes were induced
by injecting acetic acid intraperitoneally in another 30 mice which were randomly
allocated to five groups of six in each and received three different doses of ethanolic
extracts of dried rhizome of AG suspended in 2% gum acacia, aspirin suspended in 2%
gum acacia and 2% gum acacia orally, respectively. AG treatment significantly increased
the latency period in the hot-plate test at all three doses at 30, 60, 90 and 120 min time
intervals compared with control group (P<0.05 or P< 0.01). Naloxone pretreatment
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significantly reduced the latency period in hot-plate test for both AG and morphine
groups as compared with corresponding groups that did not receive naloxone
pretreatment (P<0. 05 or P<0. 01) . AG at all doses significantly reduced the number of
writhes compared with control group (P<0. 01).

Sulaiman et al., (2010) evaluated the analgesic and anti-inflammatory activities of the
ethanol extract of A. conchigera rhizomes in mice and rats. The analgesic activity was
elucidated using the acetic acid-induced writhing test, hot plate test, and formalin test,
while the anti-inflammatory activity was determined using carrageenan-induced paw
edema. The extract (30, 100, and 300 mg/kg) given intraperitoneally (i.p.) exhibited
antinociceptive and anti-inflammatory activities in all tests used. The range of percentage
of analgesia obtained for all doses of extract in the writhing test was 50-92%, and in the
early and late phases of the formalin test was 25-62% and 63-98%, respectively. In
addition, naloxone (5 mg/kg) given subcutaneously (s.c.) was found to reverse the extract
(300 mg/kg)-induced antinociceptive activity in the writhing, hot plate, and formalin
tests.

2.2.2. Anti-inflammatory properties

Das and Biswas (2012) found the extract of the rhizome of Alpinia nirga obtained
by cold extraction of mixture of equal proportions of petroleum ether, ethyl acetate
and methanol have anti-inflammatory activity. Rhizome of Alpinia nirga in Albino
rats which was assessed by Carrageenin-Induced Paw Edema method. Alpinia nirga
at doses of 200 and 400 mg/kg, caused significant inhibition of paw edema by
27.13% (p<0.001) and 34.97% (p<0.001) respectively, 4 hour after carrageenan

administration.

Lee et al., (2009) tested the anti-inflammatory effects of Alpinia officinarum rhizomes on
acute and chronic arthritis in SD rats. An 80% ethanolic extract showed acute anti-
inflammatory activity that it reduced the edema volume in carrageenan-stimulated
arthritis and inhibited NO generation in LPS-induced RAW 264.7 cells. In addition, this
extract showed chronic anti-rheumatic and analgesic activities by suppressing the

swelling volume, by recovering the paw withdrawal latency, and by inhibiting the
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flexion scores in CFA-induced arthritis. Particularly, this medicine had potent
meaningful effects on the second signal of the left hind paw in the form of an
immunological reaction compared to its effects on the first signal in the right hind paw
after the CFA treatment. This also shows an anti-psychiatric effect through control of the
expression of the c-Fos protein of the brain hippocampus in CFA-stimulated arthritis. On
the other hand, each fraction showed acute anti-inflammatory effects; the action of the

EtOAc fraction may have resulted from the suppression of NO production.

Arawwawalaa et al., (2012) investigated the anti-inflammatory potential of Alpinia
calcarata rhizomes using hot water extract (AWE) and hot ethanolic extract (AEE) by
the carrageenan-induced paw oedema model in rats. All the tested doses of AWE and
AEE (250, 500, 750, and 1000 mg/kg) produced a significant (P < 0.05) inhibition of the
inflammation, most pronounced at 4 h after the injection of carrageenan. The anti-
inflammatory effect induced by 500 mg/kg of AEE was superior than the reference drug,
indomethacin at 4 h. Inhibition of histamine and prostaglandin synthesis is probable
mechanisms by which Alpinia calcarata mediates its anti-inflammatory action.

Ghosh et al., (2011) evaluated the acute and chronic anti-inflammatory activities of root
extract of Alpinia galanga in rodents. An extract of the root of A. galanga was prepared
using absolute alcohol and distillation in a Soxhlet apparatus. The acute anti-
inflammatory effects of this extract were evaluated using carrageenan-, bradykinin-, and
5-HT-induced rat paw edema. The chronic anti-inflammatory effects were evaluated
using formaldehyde-induced rat paw edema. Inhibition of inflammation was seen to be
32.22% in carrageenan-induced, 37.70% in 5-HT-induced, and 35.21% in bradykinin-
induced anti-inflammatory models. In chronic inflammatory model, a progressive
inhibition of 34.73% (3 rd day), 37.50% (5 th day), 38.83% (7 th day), 44.66% (9 th
day), 49.59% (11 th day), and 55.75% (13 th day) was observed with study compound.
The efficacy was comparable with the standard drugs.

Ling et al., (2010) investigated the anti-inflammatory and analgesic effects of essential
oil of fructus Alpiniae zerumbet in mice. The inflammatory models were produced by
xylene, the ear edema and capillary permeability were assayed in mice. The analgesic
effects were evaluated by writhing response induced by acetic acid and hot-plate

procedure in mice. There were significantly analgesic effects of essential oil of fructus
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Alpiniae zerumbet, and it could significantly inhibit ear edema and skin capillary

permeability induced by xylene, there was significant difference compared with control

group.

Rahman et al., (2012) analyzed essential oil isolated from Alpinia calcaratawas by using
GC-MS on a combined GC-MS instrument. For evaluation of the anti-inflammatory
property “carrageenan induced paw edema model” served as acute model. “Acetic
acid induced writhing response model” was used to assess analgesic activity in mice. The
major components of essential oils isolated from Alpinia calcarata were Camphene
(3.86%), Betamyrcene (4.39%), Eucalyptol (14.05%), Linalol (2.48%), Pyrazine
(1.72%), L-camphor (7.90%) and Berneol (5.67%). Intraperitoneal injection of
essential oil isolated from Alpinia calcarata significantly (P<0.05) suppressed the paw
edema induced by carrageenan in two different dose levels studies namely 400
mg/kg and 380 mg/kg. Intraperitoneal injection of essential oil also significantly
attenuated the acetic acid induced writhing response in three different dose levels
studies namely 200 mg/kg (significant at P<0.05), 400 mg/kg (significant at P<0.01)
and 600 mg/kg (significant at P<0.01).

2.2.3. Anti-helmintic properties

Roy et al., (2009) tested ethanolic shoot extract of Alpinia nigra, in vitro to determine its
antihelmintic efficacy in gastrointestinal trematode Fasciolopsis buski, using alterations
in the activity of vital tegumental enzymes viz. acid phosphatase (AcPase), alkaline
phosphatase (AlkPase) and adenosine triphosphatase (ATPase). Live adult F.
buskitreated in vitro with different concentrations of the plant extract showed significant
decline in the visible stain histochemically and enzyme activities. Quantitatively, the
total enzyme activity of AcPase, AlkPase and ATPase was found to be reduced by 45, 41

and 43%, respectively compared to the control.

2.2.4. Thrombolytic properties

Mannan et al., (2011) investigated the thrombolytic activity, synergistic activity on

thrombolysis in the aqueous extract of leavs of Alpinia zerumbet, Alpinia nigra and
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Urena sinuata. Aqueous extract of Alpinia zerumbet, Alpinia nigra and Urena
sinuata showed 43.85%, 42.83%, 26.40% thrombolytic activity and also showed
37.14%, 60.00%, 26.83% synergistic activity with streptokinase respectively. On the
other hand streptokinase alone showed 81.20% thrombolytic activity. Among the plant
extracts studied Alpinia nigra showed significant % of synergistic activity (60%) with
compared to other plant extracts. Alpinia nigra extract showed synergistic activity with
streptokinase on thrombolysis. Alpinia zerumbet and Alpinia nigra also showed

reasonable clot lytic property.

2.2.5. Antimicrobial properties

Das et al., (2012) investigated crude methanolic extract of rhizome of Alpinia nigra
for its antibacterial and cytotoxic activities. Antibacterial activity of the extract was
evaluated against various Gram-positive and Gram-negative bacteria using disk diffusion
technique. For cytotoxic activity, brine shrimp lethality bioassay was performed to
estimate LC50 values. The n-hexane, carbon tetrachloride, and dichloromethane soluble
fractions of the crude methanolic extract of Alpinia nigra were subjected to antibacterial
activity and brine shrimp lethality bioassay. The carbon tetrachloride soluble partitionate
of the methanol extract exhibited mild to moderate antibacterial activity and strong

cytotoxicity having LC50 of 0.832 pg/mL

Dutta and Sinha (2010) observed antimicrobial activity of some selected plants viz.; T
amarindus indica L, Emblica officinalis Gaertn. Linn, Alpinia nigra (L) willd,
Azadiracta indica A.Juss, Cynodon dactylon (L) Pers, Dipteris wallichi L, Curcuma
longa L, Chromolena odoratum L, Blechnum orientales, Centella asiatica (L) urban.
Methanol and Acetone extract of these plants were used against E. coli, Staphyllococus
sp, Klebsiella sp, Candida sp, Aspergillus sp, using disc diffusion method. Zone of
inhibition of Acetone extract of Alpinia nigra (10.0 mm) against Candida sp, Azadiracta
indica (10.0 mm) against Aspergillus sp, Apinia nigra (12.5 mm) against E. coli, showed
high antimicrobial activity compared to other plant extracts. For Methanol extract, the
highest zone of inhibition was observed in Azadiracta indica (20.3 mm, 12.9 mm)
against Candida sp and Aspergillus sp, respectively. Whereas Centella asitica (15.0 mm)

showed highest zone of inhibition against E. coli and showed no zone of inhibition
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against Candida sp. For Staphyllococcus sp the zone of inhibition was found average
ranging from (6.0 mm to 9.8 mm) in both Acetone and methanol extract. In case of
Klebsiella sp the highest zone of inhibition was found in case of Alpinia nigra (10.0 mm,
1 1.2 mm) for Methanol and Acetone extract.

2.2.6. Anti diarrheal properties

Chunping et al., (2006) studied the mechanism of Alpiniac Officinarum Rhlizoma (AOR)
extracts on the ileum myoelectric activity of rabbits in vitro. The samples of isolated
ileum segment were prepared, the contraction intensity were measured. Effects of RAO
extracts on the contraction induced by BaCl_2, histamine and actions on 2-component
contraction evoked by ACh in the rabbit ileum were studied. AOR extracts could
significantly inhibit spontaneous constriction of ileum, exert an inhibitory effect on the
contraction induced by BaCl_2, histamine. It also inhibited the inflow of incellular
Ca~2+ induced by ACh. AO Rextracts could restrain the contraction on the rabbit ileum,

this effect could be related to Ca~2+ channel, M-receptor, H-receptor and direct action.

2.2.7. Antiproliferative properties

Omoregie et al., (2013) assessed the potency of the extracts from lesser galangal,
turmeric, and ginger against AML M5 to use the suitable fractions in neutraceuticals.
Aqueous and organic solvent extracts from the leaves and rhizomes of lesser galangal
and turmeric, and from the rhizomes only of ginger were examined for their
antiproliferative activities against THP-1 AMoL cells in vitro. The turmeric leaf and
rhizome extracts and ginger rhizome extracts in methanol also showed distinctive
anticancer activities. The lesser galangal leaf methanol extract was subsequently
separated into 13, and then 18 fractions using reversed-phase high-performance liquid
chromatography. Fractions 9 and 16, respectively, showed the greatest antiproliferative
activities. These results indicate that the use of plant extracts might be a safer approach
to finding a lasting cure for AMoL. Further investigations will be required to establish
the discriminatory tolerance of normal cells to these extracts, and to identify the

compounds in these extracts that possess the antiproliferative activities.
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CHAPTER THREE

MARERIALS AND METHODS



CHAPTER 3: Materials and methods

3.1. Working place

The experiments of the investigations were carried out at the laboratories of the
Department of Pharmacy, BRAC University and Department of Pharmacy, Stamford
University Bangladesh from June, 2013 to May, 2014.

3.2. Plant material

Alpinia nigra (Gaertner) B.L. Burtt. was selected for investigations and roots, shoots and

leaves were used for research purpose.

3.3. Preparation of plant extract for experiments

3.3.1. Collection of the plant
The plant Alpinia nigra was collected from Savar, Dhaka district during last week of
April, 2013.

3.3.2. Identification of the plant
The collected plant was identified by the taxonomist of National Herbarium, Mirpur,
Dhaka, Bangladesh (Accession No. 38367) where a voucher specimen has been

deposited for further reference.

3.3.3. Drying of the plant samples

The roots, shoots and leaves were washed with water and other adulterants were
removed to get fresh sample. Then the collected samples were dried for seven
days under shade at room temperature. Before drying, the samples were cut into small

pieces as necessary.
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3.3.4. Grinding of the dried samples

The dried samples were grounded to coarse powder with a mechanical grinder
(Grinding Mill) and powdered samples were Kkept in clean closed glass containers for
extraction. During grinding of sample, the grinder was thoroughly cleaned to
avoid contamination with any other substance that was grounded previously. The

dried grinded powder was weighed by rough balance.

3.3.5. Extraction of the dried powered samples
In this study cold extraction procedure was employed with the mixture of equal volume
of acetone (500 ml) and ethanol (500 ml).

About 200 g powder of shoots, 200 g powder of leaves and 400 g powder of roots were
taken into separate clean, flat-bottomed glass container and soaked in 500 ml and 1000
ml of 50% mixture of acetone and ethanol respectively. The container with its contents
was sealed and kept for a period of 7 days accompanying occasional shaking and stirring.
The whole mixture then underwent a coarse filtration by a piece of clean, white cotton
material. Then it was filtered through Whatman 41 filter paper. The solvent was
completely removed by rotary evaporator and crude extract was dried in waterbath.
These crude extracts were used for investigations.
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About 200 g powder of shoot, 200 g powder of leave and 400 g
powder of root were taken into separate clean, flat-bottomed glass
container

!

Powdered samples are soaked in 50% mixture of acetone (500 ml)
and ethanol (500 ml)

!

The containers ware sealed and kept for a period of 7 days
accompanying occasional shaking and stirring

!

Filtered piece of clean, white cotton material

!

Filtered through Whatman 41 filter paper

!

The solvent was completely removed by rotary evaporator and
dried in water bath

Fig. 3.1. Schematic representation of procedure for extraction of the dried powered
samples of Alpinia nigra.
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3.4. Pharmacological investigations of Alpinia nigra

3.4.1. Analgesic activity

Pain has been officially defined as an unpleasant sensory and emotional experience
associated with actual or potential tissue damage. Pain acts as a warning signal against

disturbances of the body and has a proactive function (Tripathi, 1999).

Analgesic means a drug that selectively relieves pain by acting in the CNS or on
peripheral pain mechanisms, without significantly altering consciousness. So, analgesic

activity means capacity of a substance to neutralize the pain sensation (Rang, 1991).

Analgesic drugs which are currently in use are either narcotics or non-narcotics which
have proven side and toxic effects. To develop new synthetic compounds in this category
is an expensive venture and again may have problems of side effects. On the contrary,
many medicines of plant origin had been used and are in use successfully since long time

without any serious effects.

3.4.2. Test for analgesic activity

The study of analgesic activity of the extract was performed in animal models for both
central and peripheral mechanism of pain. For the screening of analgesic activity against
peripheral mechanism of pain acetic acid induced writhing test and formalin induced paw
lick tests were considered. On the other hand, to evaluate the analgesic activity against

centrally mediated pain the hot-plate test was used.
Three models using albino mice were employed to study the analgesic effects:
1. Acetic acid induced writhing response (Koster et al., 1959)

2. Formalin-induced nociception test (Santos etal., 1997)
3. Hot-plate test (Eddy et al., 1953).
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3.4.3. Experimental animal

For the experiment Swiss albino mice of 3-4 weeks of age, weighing between 20-25 gm,
were collected from the Animal Research Branch of the International Center for
Diarrheal Disease and Research, Bangladesh (ICDDR, B). Soft wood shavings were used
as bedding of cages. Animals were maintained under standard environmental conditions
(temperature: 24.0+£1.0 °C, relative humidity: 55-65% and 12 hrs light/12 hrs dark cycle).
Husk and excreta were removed from the cages every day. Pellets of mice foods,
provided by ICDDR, B were given to the mice with water, ad libitam. The newly bought
mice were given a week rest to get over the food and water restrictions incurred during
transit and to get themselves adapted with the new environment of the laboratory, before

being employed in any experiment (Hasan et al., 2009).
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Fig. 3.2. Swiss albino Mice.
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3.4.3.1. Identification of animals during experiment

Each test group consists of six Swiss albino mice and hence it is difficult to identify and
observe at a time six mice receiving same treatment. Thus it was important to identify
individual animal of a group during the treatment. To denote individual animal, they

were marked or coded I, 11, 11, 111, 1111 and none (for no. six) on their tails.

Fig. 3.3. Identification mark of mice.

3.4.4. Preparation of the test materials

3.4.4.1. Preparation of sample and standard

The sample was prepared by dissolving the extract of root, shoot and leaf of Alpinia
nigra in normal saline with the help of small amount of Tween-80 (a suspending agent)
for two doses (200 mg/kg body weight and 400 mg/kg body weight). 90 mg of the
extract were measured and triturated by the addition of small amount of Tween-80. After
proper mixing of extract and suspending agent, normal saline was slowly added. The
final volume of the suspension was made up to 9 ml. To stabilize the suspension, it was
stirred well by vortex mixture. From this solution 0.5 ml for 200 mg/kg dose and 1 ml for

400 mg/kg dose were used.
Morphine 10 mg/ml Carpuject was used as positive control. For the preparation of

Morphine at the dose of 5 mg/kg body weight, 1 ml was taken and a suspension of 8 ml

was made with normal saline. From this solution 0.1 ml was used per dose.
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Fig. 3.4. Preparation of the solution of plant extract with the help of vortex

apparatus.

3.4.4.2. Drugs and chemicals

Table 3.1. List of drugs and chemicals used for the analgesic activity test.

. Drugs and
Serial No. Chemicals Purpose Source
1 Tween 80 Suspendlng agent & Sigma Aldrich
Vehicle
2 Saline Vehicle Opso saline
. Positive Control ACE Surgical Supply

3 Morphine (Standard) Company

4 Formalin Writhing inducer Sigma Aldrich

5 Acetic acid Writhing inducer Sigma Aldrich
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3.4.5. Analgesic activity test by acetic acid induced writhing test
3.4.5.1. Mechanism of writhing test

Acetic acid is a pain stimulus. Intraperitoneal administration of acetic acid (0.7%) causes
localized inflammation. Such pain stimulus causes the release of free arachidonic acid

from tissue phospholipids by the action of phospholipase A, and other acyl hydrolases.

There are three major pathways in the synthesis of the eicosanoids from arachidonic acid.
All the eicosanoids with ring structures, which is the prostaglandins, thromboxanes and
prostacyclines, are synthesized via the cyclooxygenase pathway. The released
prostaglandins, mainly prostacyclines (PGIl,) and prostaglandin-E have been reported to
be responsible for pain sensation by exciting the Ad-fibers. Activity in the A &-fibers

cause a sensation of sharp well localized pain (Rang et al., 1993).

Morphine used as the positive control in this method, acts by inhibition of prostaglandin
synthesis. Any agent that lowers the number of writhing will demonstrate analgesia by

inhibition of prostaglandin synthesis.

3.4.5.2. Experimental design of acetic acid induced writhing test

The acetic acid induced writhing method is an analgesic behavioral observation
assessment method that demonstrates a noxious stimulation in mice. The test consists of
injecting the 0.7% acetic acid solution intraperitoneally and then observing the animal
for specific contraction of body referred as ‘writhing” (Koster et al., 1959; Vogel and
Vogel, 1997; Ahmed et al., 2001). The animals were divided into control, positive
control and test groups with six mice in each group. The animals of test groups received
test samples at the doses of 200 and 400 mg/kg body weight. Positive control group
received standard drug morphine at the dose of 5 mg/kg body weight and vehicle control
group was treated with 1% Tween 80. Test samples and vehicle were administered orally
30 min before intraperitoneal administration of 0.7% acetic acid but morphine was
administered 15 min before injection of acetic acid. After an interval of 5 min, the mice
were observed for specific contraction of body referred to as ‘writhing’ for the next 10
min (Meera et al., 2008).
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Oral administration of test sample at specified doses (200 and 400
mg/kQ) to respective group and control (1% Tween-80 solution in
normal saline) by means of a long needle with a ball-shaped end

!

Intra-peritoneal administration of morphine (5 mg/kg)

!

After 30 minutes, acetic acid (0.7%) was administered intra-
peritoneally to each of the animals of all the groups

!

The 30 minutes interval between the oral administration of test
materials and intra-peritoneal administration of acetic acid was
given to assure proper absorption of the administered samples

!

Five minutes after the administration of acetic acid, number of
squirms or writhing were counted for each mouse for ten minutes

Fig. 3.5. Schematic representation of procedure for screening of analgesic property
on mice by acetic acid induced method for Alpinia nigra extract.
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Table 3.2. Experiment profile to assess the effect of crude extract of different parts
of Alpinia nigra in acetic acid induced writhing test.

Animal Group Treatment Al\rll?r.nzfls Dose A dr?i(;]ui;iroaftion
Control 1:@::;\/:?263&? 6 10 ml/kg P.O.
Poiistgﬁ;lorr&;rol Morphine 6 5 mg/kg I.P.
Group I '_‘:)I;Erfi’;“nagrgf 6 200 mg/kg P.O.
Group II '_‘:)I;Erfi’;“nagrgf 6 400 mg/kg P.O.
Group LI Szfgitn?;t;?;:f 6 200 mg/kg P.O.
Group IV Szfgitn?;‘t;?;:f 6 400 mg/kg P.O.
Group V 'ﬁ%‘:ﬁl’gﬁgg 6 200 mg/kg P.O.
Group VI Leaf extract of 6 400 mg/kg P.O.

Alpinia nigra
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Fig. 3.6. Oral administration of test sample.

Fig. 3.7. Intraperitoneal administration of acetic acid.
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3.4.6. Analgesic activity test by formalin induced licking test

The formalin test in mice is a valid and reliable model of nociception and is sensitive for
various classes of analgesic drugs. The procedure used was essentially the same as that
described by Santos et al., 1997 and Santos et al., 1999. The animals were divided into
control, positive control and test groups with six mice in each group. Mice were orally
pretreated with test sample (200, 400 mg/kg, p.o.) and the control group received vehicle
(1% Tween-80 solution in normal saline) 60 min prior the nociceptive agent. Morphine
(5 mg/kg) was used as the reference drug and administered 15 min before the nociceptive
agent. The noxious stimulus is an injection of dilute formalin (1%) under the skin of the
dorsal surface of the right hind paw. The response involves moderate, continuous pain
generated by injured tissue. In this way it differs from most traditional tests of
nociception which rely upon brief stimuli of threshold intensity. The response to
formalin shows an early and a late phase and the amount of time the animals spend
licking the injected paw. Two distinct periods of high licking activity can be identified.
Animal’s received 20 ul of a 2.5% formalin solution made up in distilled water, injected
intraplantarly in the ventral surface of the right hind paw. Animals were observed
from 0 to 5 min (neurogenic phase) and 15-30 min (inflammatory phase) and the time
spent licking the injected paw was recorded and considered as indicative of

nociception.
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3.4.6.1. Experimental design of formalin induced licking test

Oral administration of test sample at specified doses to respective group,
control (1% Tween-80 solution in normal saline) by means of a
long needle with a ball-shaped end

!

Intra-peritoneal administration of morphine (5 mg/kg)

!

After 60 minutes formalin (1%) was administered intraplantarly in
the ventral surface of the right hind paw to each of the animals of
all the groups

!

The 60 minutes interval between the oral administration of test
materials and intra-peritoneal administration of formaline was
given to assure proper absorption of the administered samples

!

The response to formalin shows an early (0 to 5 min) and a late
phase (15-30 min) and the amount of time the animals spend
licking the injected paw

Fig. 3.8. Schematic representation of procedure for screening of analgesic property
on mice by formalin induced licking test for Alpinia nigra extract.
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Table 3.3. Experiment profile to assess the effect of crude extract of different parts
of Alpinia nigra in formalin induced licking test.

Animal Group Treatment Al\rll?r.nzfls Dose A dr?i(;]ui;iroaftion
Control 1:@::;\/:?263&? 6 10 ml/kg P.O.
Poiistgﬁ;‘org';rol Morphine 6 5 mg/kg I.P.
Group I '_‘:)I;Erfi’;“nagrgf 6 200 mg/kg P.O.
Group II '_‘:)I;Erfi’;“nagrgf 6 400 mg/kg P.O.
Group LI Szfgitn?;t;?;:f 6 200 mg/kg P.O.
Group IV Szfgitn?;‘t;?;:f 6 400 mg/kg P.O.
Group V 'ﬁ%‘:ﬁl’gﬁgg 6 200 mg/kg P.O.
Group VI Leaf extract of 6 400 mg/kg P.O.

Alpinia nigra
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3.4.7. Analgesic activity test by hot plate test

The hot plate test is a test of the pain response in animals which measure the response
latencies based on the procedure described by Eddy and Leimbach in 1953. It is used in
basic pain research and in testing the effectiveness of analgesics by observing the
reaction to pain caused by heat. The test is a behavioral model of nociception where
behaviors such as jumping and hind paw-licking are elicited following a noxious thermal
stimulus. Licking is a rapid response to painful thermal stimuli that is a direct indicator
of nociceptive threshold. Jumping represents a more elaborated response, with a latency,
and encompasses an emotional component of escaping (Espejo et al., 1993). In these
experiments, the hot plate chamber temperature was maintained at 50+£0.5°C. The
reaction time was recorded for animals pretreated with vehicle (1% Tween-80 solution in
normal saline) at 10 ml/kg, 30 min before as control and test sample (200, 400 mg/kg,
p.0.). Morphine (5 mg/kg) was used as a positive control group. After placing the
animals into the hot plate chamber, when animal licked its backed paw or jumped off to
avoid thermal pain, the time of latency period was calculated. The latent period of
response was taken as the index of antinociception and was determined as pretreatment,
30, 60, 90, 120 min after the administration of test drugs and standard. In order to

minimize the damage on the animal paws, the cut-off time was taken as 25 seconds.
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3.4.7.1. Experimental design of hot plate test

Oral administration of test sample at specified doses to respective group,
control (1% Tween-80 solution in normal saline) by means of a
long needle with a ball-shaped end

!

Intra-peritoneal administration of Morphine (5 mg/kg)

!

After 30 minutes, animals were placed into the hot plate chamber
and the time of latency period between the zero point, when the
animal was placed on the hot plate surface, and the time when
animal licked its backed paw or jumped off to avoid thermal pain

!

The latent period of response was taken as the index of
antinociception and was determined as pretreatment, 30, 60, 90,
120 min after the administration of test drugs and standard

!

In order to minimize the damage on the animal paws, the cut-off
time was taken as 25 sec

Fig. 3.9. Schematic representation of procedure for screening of analgesic property
on mice by hot plate test for Alpinia nigra extract.
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Table 3.4. Experiment profile to assess the effect of crude extract of different parts
of Alpinia nigra in Hot Plate Test.

Animal Group Treatment Al\rll?r.nzfls Dose A dr?i(;]ui;iroaftion
Control 1:@::;\/:?263&? 6 10 ml/kg P.O.
Poiistgﬁ;‘org';rol Morphine 6 5 mg/kg I.P.
Group I '_‘:)I;Erfi’;“nagrgf 6 200 mg/kg P.O.
Group II '_‘:)I;Erfi’;“nagrgf 6 400 mg/kg P.O.
Group 11 'ﬁ%‘:ﬁl’gﬁ‘;‘: 6 200 mg/kg P.O.
Group IV Leaf extract of 6 400 mg/kg P.O.

Alpinia nigra
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CHAPTER FOUR

RESULTS



CHAPTER 4: Results

4.1. Investigation of analgesic activity by acetic acid induced writhing
test

Table 4.1. Effect of root extract of mixture of equal proportions of acetone and
ethanol of Alpinia nigra on acetic acid induced writhing.

Writhing Count % of % of
Group Mean SD SEM Writhing Inhibition

M1 M2 M3 M4 M5 M6

ControlGroup 45 44 59 38 39 45 450 751 3.07 100.00 0.00

Positive Control 9 13 11 14 8 10 10.8 232 0.95 24.00 76.00
Group-1 22 14 12 26 21 18 188 523 214 41.78 58.22
Group-2 19 14 11 21 18 19 170 374 153 37.78 62.22

Control: 1% tween 80 in saline Group-1: Root Extract (200 mg/kg)

Positive Control: Morphine (5 mg/kg) Group-2: Root Extract (400 mg/kg)

% of Inhibition of Writhing
20.00 76.00
70.00 6222
58.22
60.00
5 5000
5 40.00
£
r: 30.00
=X 20.00 H Groups
10.00 0.00
0.00
Control: Positive Group-1: Group-2:
1% tween 80 Control: Root Extract  Root Extract
in saline Morphine (200 mg/kg) (400 mg/kg)
(5 mg/kg)
Different Groups

Fig. 4.1. Graphical presentation of the effect of root extract (acetone-ethanol, 1:1) of
Alpinia nigra on mice by acetic acid induced writhing test.
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Table 4.2. Effect of shoot extract of mixture of equal proportions of acetone and

ethanol of Alpinia nigra on acetic acid induced writhing.

Writhing Count % of % of
Group Mean SD SEM Writhing Inhibition
M1 M2 M3 M4 M5 M6
Control Group 45 44 59 38 39 45 450 751 3.07 100.00 0.00
Positive Control 9 13 11 14 8 10 108 232 0.95 24.00 76.00
Group-1 19 22 16 14 26 28 208 553 226 46.22 53.78
Group-2 15 18 13 22 17 21 177 344 141 39.33 60.67

Control: 1% tween 80 in saline Group-1: Shoot Extract (200 mg/kg)
Positive Control: Morphine (5 mg/kg) Group-2: Shoot Extract (400 mg/kg)

% of Inhibition of Writhing
80.00 76.00
70.00
60.67
60.00
5
£ 50.00
=
-E 40.00
3 30.00
20.00 m Groups
10.00
0.00
0.00
Control: Positive Control: Group-1: Group-2:
1% tween 80 Morphine shoot Extract shoot Extract
in saline (5 mg/kg) (200 mg/kg) (400 mg/kg)
Different Groups

Fig. 4.2. Graphical presentation of the effect of shoot extract (acetone-ethanol, 1:1) of

Alpinia nigra on mice by acetic acid induced writhing test.
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Table 4.3. Effect of leaf extract of mixture of equal proportions of acetone and
ethanol of Alpinia nigra on acetic acid induced writhing.

Writhing Count % of % of
Group Mean SD SEM Writhing Inhibition

M1 M2 M3 M4 M5 M6

ControlGroup 45 44 59 38 39 45 450 751 3.07 100.00 0.

Positive Control 9 13 11 14 8 10 108 232 0.95 24.00 76.00

Group-1 18 28 26 19 31 29 252 542 221 56.00 44.00

Group-2 21 24 23 14 18 33 222 643 263 49.33 50.67

Control: 1% tween 80 in saline Group-1: Leaf Extract (200 mg/kg)
Positive Control: Morphine (5 mg/kg) Group-2: Leaf Extract (400 mg/kg)

% of Inhibition of Writhing
80.00 76.00
70.00
60.00
5 50.67
= 50.00
S
-E 40.00
3 30.00
20.00 m Groups
10.00
0.00
0.00
Control: Positive Control: Group-1: Group-2:
1% tween 80 Morphine Leaf Extract Leaf Extract
in saline (5 mg/kg) (200 mg/kg) (400 mg/kg)
Different Groups

Fig. 4.3. Graphical presentation of the effect of leaf extract (acetone-ethanol, 1:1) of
Alpinia nigra on mice by acetic acid induced writhing test.
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Fig. 4.4. Acetic acid induced writhing in mice (half writhing)

Fig. 4.5. Acetic acid induced writhing in mice (full writhing)
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4.2. Investigation of analgesic activity by formalin induced licking test

Table 4.4, Effect of root extract of mixture of equal proportions of acetone and
ethanol of Alpinia nigra on formalin induced licking.

Licking Count
Group

% of % of
Mean SD SEM Licking Inhibition

M1 M2 M3 M4 M5 M6

Barly 100 112 115 118 121 117 117.2 331 1.35 100.00 0.00

Control phase
Group Late
ohase 99 94 97 96 97 95 963 175 071 100.00 0.00
Early
40 41 39 41 37 39 395 152 0.62 3371 66.29
. phase
Positive
Control Late
e L 2 1 0 0 1 08 075 031 083 99.17
Barly 6o 69 52 57 61 71 620 7.16 292 5291 47.09
phase ' ) ) ) '
Group-1
Late
ohase 8 10 8 9 12 14 102 240 098 10.60 89.40
Early g6 62 65 51 58 59 585 485 1.98 49.91 50.08
phase ' ) ) ) '
Group-2
Late
4 8 5 3 6 4 50 179 073 519 94.81

phase

Control: 1% tween 80 in saline
Positive Control: Morphine (5 mg/kg)

45

Group-1: Root Extract (200 mg/kg)
Group-2: Root Extract (400 mg/kg)



% of Inhibition of Licking

120.00
99.17
100.00
5
= 80.00
=
2
£
S 6000
=
M Early phase
40.00 M Late phase
20.00
0.00 0.00
0.00
Control: Positive Control: Group-1: Group-2:
1% tween 80 Morphine Root Extract Root Extract
in saline (5 mg/kg) (200 mg/kg) (400 mg/kg)

Different Groups

Fig. 4.6. Graphical presentation of the effect of root extract (acetone-ethanol, 1:1) of
Alpinia nigra on mice by formalin induced licking test.
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Table 4.5. Effect of shoot extract of mixture of equal proportions of acetone and

ethanol of Alpinia nigra on formalin induced licking.

Licking Count % of % of
Group Mean SD SEM Licking Inhibition
M1 M2 M3 M4 M5 M6
Early 120 112 115 118 121 117 117.2 3.31 1.35 100.00 0.00
phase
Control
Group
late 9 94 97 96 97 95 963 175 0.71 100.00 0.00
phase
Early 40 41 39 41 37 39 395 152 0.62 3371 66.29
Positive phase
Control
Late 1 2 1 0 0 1 08 075 031 0.83 99.17
phase
Eﬁrly 74 82 89 79 77 83 807 524 214 68.85 31.15
phase
Group-1
late 14 16 9 19 21 12 152 445 182 15.78 84.22
phase
Er?”y 62 72 78 69 61 75 695 6.89 281 59.30 40.70
phase
Group-2
late 9 8 12 6 15 18 113 455 1.86 11.73 88.26
phase

Control: 1% tween 80 in saline

Positive Control: Morphine (5 mg/kg)
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Group-1: Shoot Extract (200 mg/kg)
Group-2: Shoot Extract (400 mg/kg)



120.00

100.00

80.00

60.00

% of Inhibition

40.00

20.00

0.00

% of Inhibition of Licking

99.17

0.00 0.00
Control: Positive Control: Group-1:
1% tween 80 Morphine Shoot Extract
in saline (5 mg/kg) (200 mg/kg)

Different Groups

Group-2:
Shoot Extract

(400 mg/kg)

M Early phase
M Late phase

Fig. 4.7. Graphical presentation of the effect of shoot extract (acetone-ethanol, 1:1) of
Alpinia nigra on mice by formalin induced licking test.
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Table 4.6. Effect of leaf extract of mixture of equal proportions of acetone and
ethanol of Alpinia nigra on formalin induced licking test.

Licking Counting % of % of
Group Mean SD SEM Licking Inhibition
M1 M2 M3 M4 M5 M6
Barly 100 112 115 118 121 117 1172 331 135 100.00 0.00
phase
Control
Group lat
pr"j‘a‘;e 99 94 97 9 97 95 963 175 0.71 100.00 0.00
Barly 40 41 39 41 37 39 395 152 062 3371 66.29
phase ' ' ' ) '
Positive
Control Late
ohase 1 2 1 0 0 1 08 075 031 083 99.17
EBarly 63 69 58 61 64 72 645 517 211 5503 45.97
phase ' ' ' ) )
Group-1
late
ohase 7 9 10 8 11 13 97 216 088 1007 90.93
Barly 56 61 64 50 61 63 595 509 208 50.76 49.23
ohase . . . . .
Group-2
late
ohase 8 9 7 5 10 6 75 187 076 7.78 92.22

Control: 1% tween 80 in saline

Positive Control: Morphine (5 mg/kg)
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Group-1: Leaf Extract (200 mg/kg)
Group-2: Leaf Extract (400 mg/kg)



% of Inhibition of Licking

120.00
99.17
100.00
§ 8000
d
=
=
£
5 60.00
X
M Early phase
40.00
M Late phase
20.00
0.000.00
0.00
Control: Positive Group-1: Group-2:
1% tween 80 Control: Leaf Extract  Leaf Extract
in saline Morphine (200 mg/kg) (400 mg/kg)

(5 mg/kg)
Different Groups

Fig. 4.8. Graphical presentation of the effect of leaf extract (acetone-ethanol, 1:1) of
Alpinia nigra on mice by formalin induced licking test.
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4.3. Investigation of analgesic activity by hot plate test

Table 4.7. Effect of root extract of mixture of equal proportions of acetone and

ethanol of Alpinia nigra on hot plate test.

. . L % of
Tolerance Time (pain reaction time)
in second tolerance
Group Time Mean SD SEM time
M1 M2 M3 M4 M5 M6
Omin 1238 557 935 8.02 1469 1033 10.06 322 1.31 0.00
30min 930 7.23 14.09 848 10.36 1230 10.29 253 1.03 0.00
Control i 299 122 0.0
Group 60omin 14.69 13.45 827 1137 6.83 10.37 10.83 2. . .

90min 1533 816 1174 823 565 885 9.66 339 1.38 0.00
120min  14.85 10.39 11.02 12.89 7.97 9.99 1119 240 0.98 0.00
omin 934 1456 15.04 840 745 1198 11.13 322 1.32 10.66
30min  19.83 18.04 20.21 14.38 18.83 16.45 17.96 2.21 0.90 74.45
POSTV 6omin 16.66 22.96 18.37 24.34 1655 10.46 1072 326 133  82.12
90min 1551 10.31 11.82 20.00 13.40 19.83 15.15 4.08 1.66 56.78
120min  20.00 12.99 17.46 20.00 16.87 14.81 17.02 2.80 1.14 52.18
omin 10.14 1160 6.98 7.84 934 16.40 10.38 3.37 1.38 3.25
30min 1520 1340 8.10 10.80 21.30 16.10 14.15 457 1.87 37.47
Group-1 60min 11.10 16.20 18.14 9.45 23.20 17.10 15.87 4.99 2.04 46.49
90min 10.23 14.30 18.40 19.20 856 9.12 13.30 4.72 193 37.70
120min 16.23 7.81 19.60 11.23 16.18 17.40 14.74 437 1.78 31.80
Omin 10.10 13.19 1590 925 7.14 757 1053 341 1.39 4.66
30min  18.90 12.10 16.02 21.30 1440 13.12 1597 354 1.44 55.18
Group-2 60min 16.40 18.10 26.70 19.70 14.20 20.10 19.20 4.27 1.75 77.29
90min 10.40 1460 16.70 2250 8.10 21.30 1560 5.75 2.35 61.49
120min  9.10 13.00 18.74 21.30 14.60 18.40 1586 4.47 1.82 41.77

Control: 1% tween 80 in saline Group-1: Root Extract (200 mg/kg)

Positive Control: Morphine (5 mg/kg)
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(400 mg/kg)

Fig. 4.9. Graphical presentation of the effect of root extract (acetone-ethanol, 1:1) of
Alpinia nigra on mice by hot plate test.
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Table 4.8. Effect of leaf extract of mixture of equal proportions of acetone and
ethanol of Alpinia nigra on hot plate test.

. . L % of
Tolerance Time (pain reaction time) |
. in second to erance
Group Time Mean SD SEM time

ML M2 M3 M4 M5 M6

Omin 1238 557 935 8.02 1469 10.33 10.06 3.22 1.31 0.00

30min 930 7.23 14.09 848 10.36 1230 10.29 253 1.03 0.00
Control . 2 0.00
Group 60min 14.69 13.45 8.27 1137 6.83 10.37 10.83 299 1.2 .

90min 15.33 8.16 11.74 823 565 885 966 339 1.38 0.00

120min 1485 10.39 11.02 1289 797 999 1119 240 0.98 0.00

Omin 934 1456 1504 840 745 1198 1113 322 1.32 10.66
30min  19.83 18.04 20.21 14.38 18.83 16.45 1796 221 0.90 74.45
E%Sri:ir\t/ﬁ 60min 16.66 2296 18.37 24.34 16.55 1946 19.72 326 1.33 82.12

90min 1551 10.31 11.82 20.00 1340 19.83 1515 4.08 1.66 56.78

120min  20.00 12.99 1746 20.00 16.87 1481 17.02 280 1.14 52.18

Omin 1110 1230 6.12 814 956 1450 1029 3.00 1.22 2.29
30min  13.17 18.19 854 1131 1934 1870 1488 450 184 44.51
Group-1 60min 11.45 1750 19.60 10.20 21.60 18.56 16.49 4.61 1.88 52.22
90min 1134 1345 1845 1656 7.89 9.87 1293 4.03 1.65 33.82

120min  16.23 7.81 19.60 11.23 16.18 17.40 14.74 437 1.78 31.80

Omin 1240 1319 1590 925 7.14 757 1091 348 142 8.47
30min  17.60 12.10 16.02 21.30 14.40 13.12 1576 3.36 1.37 53.08
Group-2 60min  16.40 18.10 2150 19.70 1420 1345 17.23 3.14 1.28 59.05
90min 10.10 14.60 16.70 1387 8.10 21.30 1411 471 192 46.08

120min  11.80 9.76 18.74 17.67 14.60 18.45 1517 3.76 154 35.63

Control: 1% tween 80 in saline Group-1: Leaf Extract (200mg/kg)
Positive Control: Morphine (5 mg/kg) Group-2: Leaf Extract (400mg/kg)
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Fig. 4.10. Graphical presentation of the effect of leaf extract (acetone-ethanol, 1:1) of
Alpinia nigra on mice by hot plate test.
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Fig. 4.11. Mice is placing on hot plate

Fig. 4.12. Mice on hot plate
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CHAPTER FIVE

DISCUSSION



CHAPTER 5: Discussion

5.1. Discussion

Nociception is the mechanism where noxious peripheral stimuli are transmitted to the
central nervous system and is a component of pain. There are two components of pain
either or both of which may be involved in pathological pain states. They include; the
peripheral nociceptive afferent neuron which is activated by noxious stimuli and the
central mechanism by which the afferent input generates a pain sensation (Rang et al.,
2003). The stimulus may be thermal (Tail immersion and hot plate test), electrical (Paw,
tail or dental pulp stimulation), mechanical (tail and paw pressure tests) or chemical

(acetic acid writhing or formalin test) (George et al., 2009).

In this study, acetic acid induced writhing test, formalin Induced licking test and hot
plate methods were used to elucidate central and peripheral anti-nociceptive effects.

5.2. Acetic acid induced writhing test

Acetic acid induced writhing response is a sensitive procedure to evaluate peripherally
acting analgesics. Taber et al., (1969) earlier observed that certain chemicals have the
ability to induce writhing response in laboratory animals. Writhing reflex or abdominal
constrictions was produced in this study by intraperitoneal injection of 0.7% glacial
acetic acid in mice. This model represents pain sensation by triggering localized
inflammatory response which is thought to be mediated by peripheral mast cell (Ronaldo
et al., 2000), acid sensing ion channels (Voilley, 2004) and the prostaglandin pathway
(Hossain et al., 2006)

The crude extract of mixture of equal proportions of acetone and ethanol of different
parts of Alpinia nigra displayed dose dependent analgesic activity against acetic acid
induced writhing test on Swiss albino mice. The Root extract of Alpinia nigra at the
doses of 200 mg/kg and 400 mg/kg body weight exhibited 58.2% and 62.2 % inhibition
respectively. The shoot extract shows result like root extract 53.8% inhibition at the dose

of 200 mg/kg and 60.7% inhibition at 400 mg/kg/dose. The leaf extract shows lower
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result then root extract and shoot extract, 44.0% inhibition at 200 mg/kg/dose and 50.7%
inhibition at 400 mg/kg/dose. Morphine 5 mg/kg used as positive control and exhibited
76.0% inhibition compared to control. The abdominal constriction in writhing is related
to the sensitization on antinoceptive receptors to prostaglandins. Here pain is generated
indirectly via endogenous mediators like prostaglandins which in turn cause the
stimulation of peripheral nociceptive neurons. The neuronal fibres are known to be
sensitive to both narcotics and non-steroidal anti-inflammatory drugs (Collier, et al.,
1968 and Onansanwo and Elegbe, 2006). The extract produced analgesic effect which
may be due to the inhibition of synthesis of prostaglandin. Alpinia nigra contains

alkaloid which may be responsible for the analgesic activity (Nishat et al., 2012).

5.3. Formalin induced licking test

Formalin test is a pain model which assesses the animal responds to moderate continuous
pain generated by injured tissue (Ttjolsen et al., 1992). The effect of drugs on licking in
early and late phase represent antinociceptive action on sensory receptor stimulation and
anti-inflammatory action respectively (Dubuission and Dennies, 1977; Hunskaar and
Hole, 1987). Drugs which acts centrally inhibit both phase of pain in this model while
peripherally acting drugs only inhibit the late phase (Santos et al., 1997)

The experimental result presented in table 4.4, table 4.5, and table 4.6. represents the oral
administration of extract of mixture of acetone and ethanol (1:1) of different parts of
Alpinia nigra caused a significant dose (200 mg/kg and 400 mg/kg) dependent inhibition
of both the early (neurological, 0-5 min) and late (inflammatory, 15-30 min) phase of
formalin induced licking. However, its antinociceptive effects were more pronounced
against the second phase of this model of pain. The calculated licking response inhibitory
effect of late phase for root, shoot and leaf were 89.4%, 84.2% and 90.9% at the dose of
200 mg/kg respectively. For 400 mg/kg dose, licking response inhibition of root, leaf and
shoot was 94.8%, 88.3% and 92.2% respectively in late phase. The root extract in early
phase at the dose of 200 mg/kg and 400 mg/kg body weight was found to have licking
response inhibitory effect 47.1% and 50.1%. The shoot extract shows 31.2% and 40.7%
inhibition of licking. The leaf extract at the dose of 200 mg/kg and 400 mg/kg body
weight was found to have licking response inhibitory effect 46.0% and 49.2%
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respectively. Morphin used as standard, administrated intra-peritonealy at the dose of 5
mg/kg per body weight exhibit licking response inhibitory effect 66.3% and 99.2% in

early and late phase respectively.

5.4. Hot plate test

The hot plate model has been used for the study of centrally acting analgesia
(antinociception) (Woolfe and MacDonald, 1994). Here the nociceptors seem to be
sensitized by sensory nerves and the involvements of endogenous substances such as
prostaglandins (PGs) are minimized (Bachlav et al., 2009). In the hot plate models, the
tolerance to thermal stimulus manifested by increase in the pain reaction time indicates

the level of antinociception induced by extract or drug (Ramadran and Basinath, 1986).

In this study, crude extract of mixture of equal proportions of acetone and ethanol of root
and leaf of Alpinia nigra was compared to the control group in hot plate models. The
effect of the extract was comparable to the reference drug morphine (5 mg/kg) which
exhibit percentage of tolerance time (pain reaction time) 82.1% at 60 minutes. Root
extract at the dose of 200 mg/kg and 400 mg/kg showed significant increase in the
percentage of tolerance time. The peak effect was seen at 60 minutes, 77.3% and 46.5%
of tolerance for 400 mg/kg and 200 mg/kg respectively. But leaf extract showed lower
percentage of tolerance time, 59.1% and 52.2% at 60 minutes for 400 mg/kg and 200
mg/kg respectively. The highest antinociceptive effect (4.7% - 0 min, 55.2% - 30 min,
77.3% - 60 min, 61.5% - 90 min and 41.8% - 120 min,) was observed in the 400 mg/kg
root extract treated group which lasted for whole study period. According to Vogel
and Vogel (1997), increase in stress tolerance capacity of animals in hot plate
model indicates the possible involvement of higher center. The above assertions suggest
that the activity of Alpinia nigra in increasing the pain reaction time in these models

may have been mediated through central nervous system.
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5.5. Conclusion

Based on the result of present study, it can be concluded that the crude extract of mixture
of equal proportions of acetone and ethanol of root, shoot and leaf of Alpinia nigra
possesses remarkable analgesic effect. Various phytochemicals have been proved as
evident for the analgesic activity of Alpinia nigra. These compounds may be responsible
for the bioactivities. Since the extract is reported to contain a myriad array of
compounds, it is difficult to ascribe these observed activities to any specific group of
compounds. Hence, further studies are suggested to be undertaken to pinpoint of the

exact compound(s) and to better understand the mechanism of such actions scientifically.
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Appendix

1. Arithmetic Mean (X ) = =2

n

Where, £X = Summation of Observed Value
n = No. of Observation

Y2
2. Standard Deviation (SD) = 1/20(%)()

Where, X = individual Value

X = Mean Value
n = No. of Observation

3. Standard Error Mean (SEM) = sb

Jn

Where, SD = Std. Deviation
n = No. of Observation

4. Percentage of licking or writhing = Test x100%
Control
5. Percentage of Inhibition (licking or writhing) = Test —Control x100%

Control
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