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Foreword

The bio-cultural diversity of nature has gifted wide range of resources of thera-
peutically important ethno-medicinal plants. Presently numerous plants and their
molecules have been screened and identified as natural bioactive products, which
not only enrich the therapeutic compendium but also provide rich source of new
pharmaceuticals, cosmetics, agrochemicals and others. The pharmaceutical
industries are working on proving the benefits of various botanicals for our health
and nutraceuticals for another rapidly expanding market. I found that this com-
prehensive treatise on Bombax ceiba Linn. has highlighted on the reported
activities and traditional claims on this plant, which possesses immense potential
as hypotensive, hypoglycemic, hypolipidemic, hepatoprotective, chemopreventive,
antioxidant, fibrinolytic etc. The information presented in this volume will have a
considerable impact on the pharmacological and therapeutic profile of Bombax
ceiba Linn. The examples and evidences presented in this book strongly support
the ethno-medicinal importance, quality parameters as well as the different
screening profiles of this species.

It is thus of great interest to have the present book dealing with the approach
that can be followed in the evaluation of therapeutic efficacy of Bombax ceiba
Linn., which is a timely attempt of Dr. S. K. Verma and Dr. Vartika Jain to write a
book on the ‘‘Pharmacology of Bombax ceiba Linn.’’ I greatly appreciate their
efforts and I am sure this will be very useful for all who works on development of
evidences based on the claim of traditional medicine as well as to all research
workers in the field of natural products.

Pulok K. Mukherjee, M.Pharm, Ph.D, FRSC
Director School of Natural Product Studies

Jadavpur University
Kolkata, India
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Preface

Nature has been kind enough to humans by providing a wide range of plants
having therapeutic potential. Screening of plants for isolation and identification of
the natural bioactive products not only enrich the therapeutic compendium but also
provide a cheaper, effective and safe alternative approach for treating diseases. It is
a combined effort of botanists and clinicians for utilizing these plants for research
and developing new drugs in controlling the growing epidemic of dreadful
diseases such as myocardial infarction, diabetes, cancer, stroke etc. Bombax ceiba
Linn. is one such plant species which possesses immense potential pharmaco-
logical actions. Last decade has revolutionized research on this plant showing its
hypotensive, hypoglycemic, hypolipidemic, hepatoprotective, chemopreventive,
antioxidant and fibrinolysis enhancing properties in various animal and human
studies. This has led us towards the present compilation in order to provide a desk
ready reference on everything which one needs to know about B. ceiba.

The present book entitled ‘‘Pharmacology of Bombax ceiba Linn.’’ is a first
monograph on the plant Bombax ceiba Linn., popularly known as Red Silk Cotton
tree. It is in fact a compendium on this plant species containing total seven
chapters and compiling all about B. ceiba starting from its historical and spiritual
importance, distribution, botanical characterization and ethnobiological uses to
modern phyto-pharmacy.

Bombax ceiba is well mentioned in the oldest written scriptures such as
Rigveda, Mahabharata and Ayurveda along with a special role in many tribal
cultures world wide. This handsome, deciduous tree is a part of tropical and sub-
tropical forest ecosystem. Each part of the plant possesses immense medicinal
value. A variety of chemical constituents including flavanoids, sesquiterpenoids,
napthoquinones, phenols, steroids, carbohydrates and amino acids have been
isolated and many are yet to be discovered. List of the phytoconstituents along
with chemical structures of some important bioactive molecules is also provided in
Chap. 3 for better understanding the chemistry of action. The fragmented research
work done on its various biological activities in animal and human studies has
been compiled in Chap. 4 with appropriate discussion. Further, toxicological
profile of the plant is also discussed. Thorough analysis of its phytochemical
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profile and scientifically validated phyto-pharmacological properties will lead the
way for research of newer phyto-pharmaceutical molecules beneficial for human
health. Therefore, this book will prove a good reference material to go through.

The plant is not only rich in its history, ethnobiology, phytochemistry and
pharmacology, but also possesses immense commercial and ecological impor-
tance. Hence, special chapters on these issues are provided which will be of
interest to ecologists, agriculturists, foresters, industrialists and even to common
people. Furthermore, the book has also incorporated some conservation strategies
along with a case report on the sustainable conservation efforts done to preserve
this plant species which is rapidly declining in many parts of the world due to
ignorance of its importance. All photographs incorporated in the book are original
and captured by authors themselves.

It is hoped that because of its vast scope and multifaceted coverage, the book
will further accelerate the speed of research on this plant in various spheres world
over which will rejuvenate this plant species for the betterment of health of future
generation, a tree of infernal region will become the ornamental tree of gardens,
an important project of research laboratories and a source of novel phyto-phar-
maceutical compound for the treatment of dreadful diseases.

Undoubtedly, there may remain some errors in the text due to ignorance or
misinterpretation of some aspects of the scientific literature. Authors welcome
all critical comments and suggestions in order to improve the quality of future
editions.
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Chapter 1
Introduction

Abstract Bombax ceiba Linn., a tree of ubiquitous occurrence, is characterized
morphologically with sharp thorns, polyadelphous stamens and deciduous calyx;
while anatomically it can be identified with concentric fibrous patches and rosette
crystals of calcium oxalate. It is highly reputed in various traditional medicinal
systems such as Ayurveda, Unani, Siddha and Traditional Chinese and Tibetan
Medicine and considered as very good wound healer, tissue and bone regenerator,
bowel-controller, anti-diarrheal, aphrodisiac, styptic agent and also useful in dis-
eases such as kidney stones, burns and hyperpigmentation.

Keywords Bombacaceae � Silk-cotton tree � Polyadelphy � Microvita � Semal �
Aphrodisiac � Diarrhea

The family Bombacaceae contains about 250 plant species grouped in approxi-
mately 30 genera. All species are arborescent, principally tropical and include
some of the largest trees of the world. The genus Bombax includes 60 tropical
species. The generic name ‘Bombax’ refers to the cotton obtained from the fruits.
In ancient India, the type species Bombax ceiba was known by the generic name
Salmalia which is derived from Sanskrit language and conjures up a world of
tradition and poetry. Earlier it was kept in the family Malvaceae but due to some
important morphological differences such as trunk armed with thorns, polyadel-
phous stamens and pithy or wooly pericarp of fruits, a new family was created and
named as Bombacaceae. In old Indian scriptures, B. ceiba is said to be the tree
under which Pitamaha (The great grandfather-God) rested after the creation of
world (Nicolson 1979; Shetty and Singh 1988; Santapau 1996).
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1.1 Distribution

Bombax ceiba Linn. (syn.:Bombax malabaricum DC.; Salmalia malabarica (DC.)
Schott & Endl.; Gossampinus malabarica (DC.) Merr.) is a lofty, deciduous tree
(Fig. 1.1) and found in Temperate Asia (China to Taiwan), Tropical Asia (India,
Bhutan, Cambodia, Indonesia, Philippines, Srilanka, Thailand, Malaysia, Laos and
Vietnam), Papua New Guinea, Africa (Egypt) and Australia (Queensland,
Northern territory and Western Australia). It is known by different names in dif-
ferent languages, such as Red Silk-Cotton tree, Indian Kapok tree (English),
Shalmali (Sanskrit), Semal, Simal (Hindi), Shimul (Bengali), Bombax de Malabar,
Cotonnier Mapou (French), Mu Mien (Chinese), Algodoeiro domatto, Arvore de
Panha (Portuguese), Arbol capoc (Spanish), Indischer Seidenwolbaum (German)
and Ngui (Thai) etcetera (Wightman and Andrews 1989; Chadha 1972).

It is a strong light-demander and fairly drought-resistant. It grows well in mixed
deciduous, mixed evergreen and alluvial-savannah type of forests and prefers deep
sandy-loam and alluvial soil of valleys. It thrives well in places where rainfall is
75–460 cm or more and well distributed throughout the year with maximum shade
temperature from 34 to 49�C and minimum from 3.5 to 17.5�C (Chadha 1972).
After initial protection from fire during sapling and seedling stages, it resists fire
easily due to thick bark.

1.2 Botanical Characterization and Pharmacognostical Details

Genus Bombax is a member of family Bombacaceae under the order malvales of
subclass dillenidae in magnliopsida. It includes 60 tropical species, among which
B. ceiba is the most important species having 72 sporophytic chromosomes (Baum
and Oginuma 1994). The generic name Bombax is a greek word adopted by
Romans as an exclamation of surprise. Initially Linnaeus used the word Xylon for
this tree which is a variant spelling of classical Bombyx referred for things of silk
or cotton which is true for its cottony seeds and that is why it is better known as
Silk-Cotton Tree (Nicolson 1979).

Bombax ceiba is a large, deciduous tree with a height up to 40 m, buttressed at
base and horizontally spreading branches and armed with characteristic conical
spines all over the stem leading to its name Kantakdruma (thorny tree) in Sanskrit
language. However, these thorns are deciduous after 5–7 years. Roots of young
plants, known as Semal-musli or Semarkanda, are medicinally very important.
Semal is also known in Sanskrit as Panchparni (five-leaved) for its glabrous,
entire, acuminate, elliptic-obovate or lanceolate and long-petiolated, alternate,
palmately compound and generally penta-foliate leaves. Leaflets are glabrous with
a size of 5-23 9 1.5-90 cm and secondary petioles are 2 cm in length. Stipules
are small and caducous.
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In Sanskrit, Raktapushpa (red flowered) and Nirgandhpushpi (flowers without
smell) are its other names for the numerous bright, attractive, crimson red but
odorless, actinomorphic, bisexual and hypogynous flowers which are crowded at
the end of leafless branches. However, occasional specimens of white, pale-yellow
colored flowers separately or among the red colored flowers are also reported
(Santapau 1996; Bachulkar 2010). Pedicel is very short. Thick calyx is irregularly
3–5 lobed or cup shaped 3 cm long, silky on the inside and smooth outside. The
margin is cleft into 3–5 valvate fringes. Corolla has five twisted and thick petals
with a length of 12 cm or more and breadth of 2–3 cm. Polyadelphous androecium
has 5–6 staminal bundles, each having 10–15 reniform stamens, an important
identifying feature of this plant. Style is shortly clavate and little longer than
stamens while stigma is pentafid and ovary is syncarpous, pentalocular with axile
placentation. Another very important character is woody, 5-valved, oblong-ovoid,
minutely apiculate, 10–15 cm long, 3–5 cm thick, dehiscent capsule, brownish-
black when ripe with deciduous calyx and many 6–9 mm. long, obovoid, smooth
and oily black seeds, enveloped in dense white silky hairs inside, produced during
February to April which is its flowering and fruiting season (Davis and Mariamma
1965; Shetty and Singh 1988; Santapau 1996). A gummy exudate is obtained from
the stem bark, called as Mocharas which is light-yellow initially and gradually
becomes dark-brown (Fig. 1.2 a–o).

Fig. 1.1 Bombax ceiba Linn.
in full bloom
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Fig. 1.2 Various parts of B. ceiba. a Young plant. b Spiny stem (Kantakdruma). c Leaf
(Panchparni). d Longitudinally split bud and whole bud. e Flower (Raktapushpa). f Gum
(Mochrasa) exuding from stem. g Gum in shape of Lord Ganesha. h Gum in shape of human
heart. i Flowering branch. j Branches with fruits. k Unripe fruits. l Dehiscing capsules. m Split
capsules. n Silk cotton. o Seeds
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Fig. 1.2 (continued)
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Macro and microscopic characters of root and stem of B. ceiba were typical of a
dicotyledonous plant with distinguishing characters, such as presence of concentric
series of fibrous patches alternating with groups of sieve elements in the secondary

Fig. 1.2 (continued)
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phloem and presence of mucilage canals, tannin cells and cells containing rosette
crystals of calcium oxalate in the ground tissue of root and stem (Mehra and
Karnik 1968).

Macroscopically stem bark was found to be 0.5–1 cm thick, pale-ashy to silvery-
gray externally, brownish internally, rough externally with vertical and transverse
cracks, and mucilaginous on chewing. Powder of the stem bark is reddish-brown with
fragments of cork cells, parenchymatous cells, single or groups of thick-walled, oval
to irregular, stone cells having striations with narrow lumen (13–33 l in diameter),
rosette crystals of calcium oxalate, phloem fibers and numerous reddish-brown
colored masses and tannin cells. Microscopically stem bark shows 10–15 layered,
transversely elongated, radially arranged, thin-walled, cork cells with a few outer
layers having brown-colored contents; thick-walled, oval to irregular stone cells in
singles or in groups throughout the secondary cortex and concentric bands of narrow
lumen and pointed tipped lignified fibers with numerous wavy phloem rays
(The Ayurvedic Pharmacopoeia of India 2001).

Bagchi et al. (1992) have also demonstrated presence of acicular-shaped
raphides (calcium oxalate crystals) distributed throughout secondary cortex,
phloem parenchyma and ray cells of the stem bark. Mucilage canals and tannin
cells were also found to be present in the parenchymatous cells of cortex.
Table 1.1 describes some characters for determination of identity, purity and
strength of stem bark of B. ceiba (The Ayurvedic Pharmacopoeia of India 2001).

1.3 Importance in Traditional Medicinal Systems

Besides various ethno-medicinal uses of B. ceiba, it is also well mentioned in
indigenous systems of medicine such as Ayurveda, Unani, Siddha and Traditional
Chinese and Tibetan medicine (Agnivesha-Charak-Dridhabala 2000; Liu 2009;
Kabir 2002; Gyatso and Hakim 2010). Ayurveda, the Traditional Indian Medicine

Table 1.1 Analysis of stem bark of Bombax ceiba Linn. (The Ayuervedic Pharmacopoeia of
India 2001)

Tests Limits

Foreign matter Not more than 1%
Total ash Not more than 13%
Acid-insoluble ash Not more than 2%
Alcohol-soluble extractive Not more than 2%
Water-soluble extractive Not more than 7%
Constituents Saponins, tannins and gums
TLC of alcoholic extract

(solvent system: Toluene:
Ethyl acetate: 9:1)

One fluorescent zone at Rf 0.59 (blue)
Three violet spots at Rf 0.44, 0.59 and 0.92

(after spray with Vanillin-Sulfuric
acid reagent)

Organoleptic characters: reddish-brown in color
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describes the quality of plants by combining both the pharmcognosy (properties) and
pharmacology (action). These traditional parameters reflect not only the quality but
also efficacy of the plants (Table 1.2). Some of its medicinal uses and formulations as
mentioned in Ayurveda are being described below in few paragraphs:

Powder of root (Semal-musli) with sugar is considered to be a good aphrodisiac.
Root is also considered to possess anti-aging, anabolic and nutritive properties.
Paste of leaves is applied in arthritis and on glandular swellings. Flowers of B.
ceiba with seeds of Papaver somniferum, sugar and milk is prescribed three times
a day to cure piles. Gum (Mochrasa) of the plant is styptic, analgesic, astringent,
virility promoter and considered to be useful in menorrhagia/metrorrhagia, diar-
rhea and dysentery (Bhavmishra 2010; Agnivesha-Charak-Dridhabala 2002). Stem
bark is said to be useful in hemorrhagic disorders, wound healing, removing
pimples/acne and have a cooling effect in burning sensations. It is also used in
hyperpigmentation, wounds, burns and stomatitis as a topical therapeutic agent
(Gupta et al. 2004; Sushruta 2001).

Semal has been described among top ten drugs used as styptic, bowel regulator
and tissue regenerator in Ayurveda. Pedicel/petiole of the plant or gum is used as
enema in ulcerative colitis and dysentery (Agnivesha-Charak-Dridhabala 2000,
2002). Mochrasa of the plant is widely used in various Ayurvedic formulations for
tissue regeneration, wound healing and anti-dysenteric effects (Vagbhatta 1993).
Ayurveda describes the therapeutic doses of its various parts as follows: 5–10 g
(Stem-bark, Root); 1–3 g (Fruit); 10–20 g (Flower) and 1–2 g of Gum (Agnivesha-
Charak-Dridhabala 2000, 2002; The Ayurvedic Pharmacopoeia of India 2001).

A traditional formulation ‘Shalmali ghrita’ prepared with flowers of B. ceiba is
used as Pramehagna to cure polyurea, spermatorrhoea, leucorrhoea and menor-
rhagia (Sharma 2001). In painful micturition, a preparation called Trinetra rasa is
given with a decoction in milk made of juice of Cynodon dactylon, liquorice root,
gum of B. malabaricum and Tribulus terrestris. Prepared tin, mercury and sulfur is
taken in equal parts, rubbed in an iron mortar and soaked seven times, respectively
in the above-mentioned herb juices. Then it is roasted in covered crucible and
again soaked in the above-mentioned fluid medicines and pills of four-grain are

Table 1.2 Ayurvedic standards of Shalmali (Bhavmishra 2010; Sharma 2001)

Parameter Standard

Rasa (taste) Madhur (sweet), Kashaya (astringent)
Guna (properties) Laghu (light), Snigdha (unctuous), Picchila (sticky)
Virya (potency) Sheeta (cooling)
Vipaka (post-

digestive effect)
Madhura (sweet)

Karma (action) Shothahara (anti-inflammatory), Kaphavardhaka (expectorant),
Vedanasthapana (analgesic), Dahaprashamana (refrigerant),
Grahi (astringent), Vrishya (virility promoter), Rasayani
(lymphatics), Kashahar (thirst controller), Raktarodha (hemostatic)
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prepared. In diabetes, Vanga bhasma with honey, turmeric and juice of root of
B. malabaricum is used (Nadkarni 1994). As a part of a traditional mixture, gum of
the plant has also shown to cure giardiasis and has shown anti-motility,
anti-diarrheal and anti-ulcer activities (Singh and Chaturvedi 1981; Bafna and
Bodhankar 2003). Gum and flowers of B. ceiba have also been evaluated clinically
in excessive bleeding per vaginum and showed significant decrease in blood loss
along with improvement in menstrual cycle (Sinha et al. 2008).

In Unani medicine, seeds of B. ceiba are described as astringent and styptic,
stem bark as diuretic, demulcent, tonic, aphrodisiac and used in uterus/vagina
prolapse and impotency. Gum of the plant is a part of traditional Unani compound
medicine Mughalliz Mani i.e. to make semen viscous; Mumsik Mani (Avaricious)
i.e. to retain seminal discharge. Root powder is used in Muallid Mani to increase
semen production and count (Kabir 2002). Flower powder has been shown to be
effective in Asrigdara (dysfunctional uterine bleeding) and Sailan-ur-Reham
(vaginal discharge) in various clinical studies as mentioned in Unani medicine
(Prabha 1992; Fatima et al. 2000; Usmanghani 2011).

Bombax ceiba (Muminahua) is also an important ingredient of traditional
Chinese formulations to strengthen spleen, promote digestion and eliminate food
retention in intestines (Liu 2009). In traditional Tibetan medicine, flowers of
B. ceiba are used to treat disorders of lung, heart and liver and pharmacologically
found to possess cardiotonic, antibacterial and hepatoprotective activities (Gyatso
and Hakim 2010). In Thai medicine, Jubliang is used for preparing herbal bev-
erage. It is a mixture of eight herbs namely, B. ceiba, Chrysanthemum morifolium,
Imperata cylindrica, Lophatherum gracile, Nelumbo nucifera, Oroxylum indicum,
Pragmites communis and Prunella vulgaris and has shown to possess strong in
vitro antioxidant and antimutagenic activity (Kruawan and Kangsadalampai 2006).

Many of these medicinal properties have been critically evaluated in various
pharmacological studies proving thereby the ancient wisdom imparted to these
indigenous medical systems.
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Chapter 2
Ethno-biology

Abstract Silk-cotton tree, at all the places of world where it is found in
abundance, is an integral part of many socio-cultural religious ceremonies, rites,
rituals, traditions, customs and festivals of native communities. It is an ancient tree
species found in moist evergreen and deciduous forests of many continents.
Almost every part of this tree is employed as medicine to treat various ailments of
both humans and animals. It is in fact a tree with occult power and immense
therapeutic potential. Many magico-religious beliefs associated with this tree have
in fact been proved as a boon in disguise in its preservation on this planet earth.

Keywords Holi �Loogaroo �God tree �Mu Mien �Hot Qi � Impotence � Santeria �
Black magic � Shalmali

2.1 Introduction

Bombax ceiba Linn. is an ancient tree of infernal region and has gained a
reputation of ‘Occult tree’ in various communities worldwide. The tree has been
well mentioned in the oldest documented written scripture of ‘Rigveda’ and also
mentioned in Mahabharata and the holy Guru Granth Sahib (Online document 1
2007; Dixit 1991).In the Jain scripture ‘Uttaraadhyayan Sutra’; to describe the
aspects of soul, the legendary Shalmali tree is mentioned to signify the hellish state
of our worldly existence; full of pain and misery (Online document 2 2011).

One of the oldest trees of B. ceiba (Gao tree) is present at Mo Pagoda, Nghi
Duong Hamlet, Ngu Phuc Commune, Vietnam. This tree is 727 years old and
recently in March, 2011, it has been denoted as the first Vietnam Heritage Tree by
local people and Vietnam Association for Conservation of Nature and Environment
(VACNE), so that people can take special care of it. This tree was planted by
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Princess Quynh Tran in 1284 at Mo Pagoda where she used to go to worship
Lord Buddha. She planted the tree to get the immense shadow provided by the tree
where villagers and farmers can come and take rest for some time (Sinh 2011). Even
the beautiful crimson-red flowers of the tree have been characterized as a flower
emblem of Kaohsiung and Guangzhou cities, China (Online document 1 2007).

It is a part of food, medicine, folktales, customs and festivals in various indi-
genous communities of the world. As a food, tuberous tap roots and tender bark of
young plants of B. ceiba are eaten during scarcity and otherwise also (Chadha 1972;
Brock 1988). Tender leaves, flower buds, fleshy calyx and gum is also eaten raw
(Arora 1997; Santapau 1996) or as a cooked vegetable (Angami et al. 2006).
Flowers are made into a conserve by boiling with poppy seeds and sugar in goat’s
milk. Dried and powdered flowers are made into bread with or without corn
(Chadha 1972) and dried stamens are also used as vegetable and as a curry powder
in Thailand (Online document 3 2011). This chapter will deal with its ethno-
biological importance particularly its medicinal uses, socio-cultural importance and
associated magico-religious beliefs.

2.2 Medicinal Uses

Bombax ceiba has been deeply rooted in the minds of indigenous populations all
over India and natives of South-East Asia. The plant is very popular for its use in
seminal weakness in man and genital infections and inflammation in females. It is an
important part of traditional five flowered herbal tree used to alleviate symptoms of
‘Hot Qi’ in Hongkong (Kong et al. 2006). Root, stem xylem and bark of B. ceiba with
other herbs are important constituents of a Taiwanese folk medicine ‘Mu-Mien’
which is used as an anti-inflammatory and analgesic for the treatment of diarrhea,
dysentery, hepatitis, liver cirrhosis, contused wound and scrofulosis (Lin et al.
1992). Garo tribe inhabiting North-East India; uses it in conjunction with other
plants to treat jaundice (Rao and Negi 1980). Almost all parts of the plant are used for
the management of general debility, weight loss, spermatorrhoea, premature ejac-
ulation and sexual weakness in man and leucorrhoea and menstrual disorders in
female. However, a wide range of ethnomedicinal uses has been described in the
literature which is summarized in Table 2.1. Some of these ethno-medicinal
recommendations have paved a way for development of herbal pharmaceutical
combinations (Online document 5 2011) and still waiting for many more to come.

2.3 Socio-Cultural Importance

Plants are an integral part of human life and culture. Bombax ceiba is one such
plant species which is also a part of many social and cultural events of many
indigenous communities all over the world. There are many myths, legends,
folktales, songs, customs and traditions associated with this large deciduous tree.
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Table 2.1 Ethnomedicinal uses of various parts of Bombax ceiba Linn.

Plant part Diseases References

Root and bark Diarrhea, dysentery, boils,
burns

Jain (1991)

Diabetes Sarkar (1986), Maheshwari (2000),
Rahman et al. (2008)

Impotence Sarkar (1986), Bhogaonkar and
Kadam (2006)

Aphrodisiac, Scorpion bite,
Sex tonic

Oudhia (2003), Aswal (1996)

Snake bite Singh and Pandey (1998)
Hyperpyrexia Behera et al. (2006)
Guinea Worm Joshi (1989)
Liver complaints Jain (1989)
Urinary troubles Baruah and Sarma (1984),

Mahato (2005),
Guiley (2006)

Common cold Namhata and Mukarjee (1989)
Brain tonic Saghir et al. (2001)
Gonorrhea Dixit (1991), Singh et al. (1994)
Syphilis Chandra (1995)
Bed Wetting, Leucorrhoea Ghosh and Sensarma (1997)
Spermatorrhoea Aminuddin and Girach (1991)

Stem and bark Dysentery due to bacterial,
viral, protozoal or digestive
disturbance

Reddy and Vatsavaya (2000)

Boil Shome et al. (1996)
Heartburn Singh and Pandey (1998)
Heart tonic Oudhia (2003)
Leucorrhoea Nadankunjidan (2005)
Kidney stone Katewa and Jain (2006)
Spermatorrhoea, Weakness Khandelwal (1997)
Headache Girach (1995)
Acne Saxena and Vyas (1981)
Diabetes Behera et al. (2006)
Infertility Guiley (2006)
Blood vomiting Kulip (2003)
Body wash and swellings Franco and Narsimhan (2009)
Snake bite, scorpion, centipede

and spider stings
Bakshi et al. (1999)

Dislocated bones of animals Sikarwar (1996)
Conjunctivitis Jain et al. (2010)
Easy delivery of animals Borthakur et al. (1996)

Gum Asthma Jain (1991)
Giardiasis Oudhia (2003)
Bleeding Piles Saradeshmukh and Nadkarni (1993)
Diarrhea, dysentery Singh and Pandey (1998)
Menorrhagia and Leukorrhea Singh et al. (1994)
Scabies Bakshi et al. (1999)
Gonorrhea Caius (2003)
Kidney troubles and tuberculosis Jain et al. (2010)
Dental Caries Chetty and Rao (1989)

(continued)
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Due to the presence of sharp, conical thorns all over the trunk it is called as
‘Kantakdruma’ in Sanskrit language. These thorns protect the plant from grazing
animals and easy debarking. However, tribal communities of Rajasthan use this

Table 2.1 (continued)

Plant part Diseases References

Leaf Glandular swellings Dixit (1991)
Rheumatism Chelvan (1998)
Antidysenteric, Haematinic Pandey et al. (1998)
Anemia Bakshi et al. (1999), Guiley (2006)
Body pain Samuel et al. (2010)
Snake bite Silja et al. (2008)
Menorrhagia, Leucorrhoea Tiwari and Majumdar (1996)

Flower Hematuria Khandelwal (1997)
Anemia Jain (1991)
Leucorrhoea Saini (1996), Khandelwal (1997)
Hemorrhoids Dixit (1991)
Sexual diseases: Hydrocoele,

Gonorrhea, Menstrual
disorders, Leucorrhoea

Jain et al. (2004)

Boils and sores Manishi et al. (2005)
Complete female sterilization Tiwari et al. (1982)
Menorrhagia Negi et al. (1993)
Splenomegaly, Internal bleeding,

Cancer
Oudhia (2003)

Colitis Badhe and Pandey (1990)
Premature ejaculation Maheshwari et al. (1986)
Snake bite Tiwari and Majumdar (1996)
Permanent Sterilization Vedavathy et al. (1991), Bhuyan (1994)
Diuretic, laxative Shah and Gopal (1982)
Stomach pain and Chicken pox Varghese (1996)
Cancer Online document 4 (2006)
Conjunctivitis Jain et al. (2010)
Urinary complaints of animals Katewa and Jain (2006)

Fruit Anti-fertility agent Singh and Ali (1996)
Uterus protrusion Khandelwal (1997)
Leucorrhoea Tiwari and Majumdar (1996)

Fruit and
Heartwood

Antidiabetic Khan and Singh (1996)
Antidiarrheal Pandey et al. (1998)
Snake bite Badhe and Pandey (1990)

Seed Chicken Pox, Small pox Saxena et al. (1981)
Abortion Mitra and Mukherjee (2009)
Spermatorrhoea Khan and Khan (2005)
Dysentery Kunwar et al. (2009)

Cotton Fresh burns and boils Oudhia (2003)
Piles Sarkar (1986)

Thorn Skin troubles, Acne Sarkar (1986)
Headache Bakshi et al. (1999)
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tree as a shelter for young children of hens. They keep the animals in a natural
sitting device made up of Bamboo mostly; known as ‘Koiza’ and hang it on the top
or in middle of the Semal tree. Due to the sharp pointed thorns, cats cannot climb
on the tree and hence, the animals are easily saved (Sharma 2007).

It is also a part of natural masticator used by aboriginals. Sharp conical thorns
of the tree are made blunt with stone and chewed fondly by tribal communities of
Rajasthan. Its taste is said to resemble the nuts of Areca catechu (Joshi 1995).
They also chew the thorns along with stem bark of Cordia gharaf to redden their
lips and tongue at the occasion of festival and marriage (Singh and Pandey 1998).

Stamens of the plant are used to play with and to have fun in tribal communities
in Rajasthan, India. The game is known as ‘Tug of war’. Out of its numerous
polyadelphous stamens, one group of stamen is selected and the opposed reniform
anthers are interlocked in one another and stamen is pulled from both the players
(Fig. 2.1). One who is left with the intact filament and anther is chosen as winner
(Joshi 1995).

In ancient Bengal, India, soft Silk-cotton obtained from the fruits of Semal tree
was used to prepare the dazzling red Saris (6 m long piece of cloth wore by Indian
women) for young brides to wear at the time of their wedding. These Saris were
not so durable but used to make bride very attractive during the wedding (Sarkar 1991).

Many multipurpose plant species become very popular among tribal commu-
nities either due to their material benefits, recreational opportunities or simply due
to their beauty. These popular plant species are commonly sung by tribal com-
munities in the form of folk songs. Bombax ceiba is also one such popular mul-
tipurpose tree species, merged in life and culture of tribal communities so much so
that they identify themselves with Semal. In Udaipur, India, one of the major tribe
known as ‘Garasia’ sing a song ‘‘Hemlo ropalo re’’ in Mewari language meaning
‘‘O plant the hemlo’’ (Semal i.e. B. ceiba). In this song, moon and clouds has been
given the status of its father and mother respectively and generally village-chief
and his wife are assigned the role of its brother and sister-in-law and then a request

Fig. 2.1 Tug-of-war
between stamens
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is made to plant this tree and take care of it by considering it as one’s own relative.
A song is also sung to praise the dense shade of this large tree by Garasia tribe as
they enjoy its shade very much (Joshi 1995).

During the months of March–April, when the tree is almost leafless yet
embellished with bright red flowers, a ‘Neja’ competition is organized by the tribal
communities of Rajasthan, India. A bamboo basket is hung on one longest and
largest Semal tree of the forest. Now the people are encouraged to procure the
basket and whosoever does it in less time is declared as winner. However, this is in
fact a blood shedding competition as the sharp thorns on its trunk do not make the
way to basket an easy one (Jain 2009).

Bombax ceiba is an important part of festival Holika-dahan/Holi of India. Holi
is known as ‘festival of colors’ and celebrated every year in spring season, when
people enjoy harvesting their crops. It is that time of year when there is natural
fragrance and color spread in the environment due to blooming of many flora.
It is also blooming time of B. ceiba tree and its crimson-red flowers are also used
to prepare eco-friendly color to play with. However, the preceding day of Holi
festival is celebrated as Holika-dahan where a pole of debarked stem or branch of
B. ceiba is used as a Holi-danda and burnt. This tradition is mainly present in
states of northern India such as Rajasthan, Madhya Pradesh and Uttar Pradesh,
where the tree is found abundantly (Jain et al. 2009). However, from East to
West, the use of sacred cotton tree (Semal) in Holi is a must in India
(Crooke 1914).

Bhil, Garasia and Damor tribes residing particularly in southern Rajasthan
consider this tree as a mythological character ‘Prahlad’, who was an ardent
devotee of Lord Vishnu, and survived in fire in spite of a killing attempt made by
his wicked aunt ‘Holika’ as per orders of his father King Hirankashipu. This is
enacted every year where the debarked stem of Semal is covered with dry grass
and erected for burning. The burning of Holika is celebrated as Holi or Holika-
Dahan. The same scene is enacted every year to remind people that those who love
God shall be saved, and those who torture the devotees of God shall be reduced to
ashes. The concept behind using this particular tree as Prahlad might be its fire
resistant property due to which it does not burn so easily and thus survive for a
long period in fire as Prahlad survived in the tale (Jain et al. 2009).

However, there also exist some different trends in different tribes residing in
different districts of South Rajasthan, India but use of Semal tree is a must. In Bhil
tribe, before cutting a B. ceiba pole, a coconut is tied on the bough, liquor trickled
and vermillion is applied and tree is cut in such manner so as to have a head and
two arms and generally the pole is removed from the burning pile. This traditional
two armed Holi is an important part of Udaipur, India (Figs. 2.2a, b).

In some Bhil villages of Banswara, India; Bamboo representing as Prahlad is
tied in a red cloth and planted along with Semal which is considered as the wicked
aunt Holika. Kathodi tribe residing in Udaipur, plant five poles of five different
plant species for Holika-dahan and Semal is also one of them. They keep length
of each pole to the level of a person’s head and before planting the pole, a coin
and Areca catechu nut is placed at the spot and all the poles are allowed to be burnt
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(Joshi 1995). However, this tradition has made a great impact on eco-system, par-
ticularly in Udaipur district with a significant reduction in number of Semal trees
(Jain et al. 2007) and has become a point of discussion recently (Jain et al. 2009).

2.4 Magico-Religious Beliefs

These beliefs are associated with auspiciousness or bad luck causing elements
present among the indigenous communities. Bombax ceiba is a part of many
mythological stories of traditional folk such as Indian, Caribbean, French and
African population. These all reflect its ubiquitous occurrence and deep rooted
magico-religious beliefs of the people. Some of these are indirect projections of
mentality showing concern for its sustainable use and conservation while some are
seriously damaging its existence in nature.

The two contrasting beliefs come across while searching literature on B. ceiba.
One thought considers it to be a tree of Devils. On the other hand, it has also got
reputation of spiritual sacred tree; known as ‘Dev Vriksa’ in Sanskrit language and
the whole plant is worshipped (Jain and Borthakur 1980). Both the concepts are
quite well prevalent throughout world in many indigenous communities.

It is told to be a tree of infernal region. In Sanskrit language, the tree is also
called as ‘Yamadruma’ which means that it is ‘tree of Yama’-the lord of death.
The thorny appearance of the tree resembles the weapon of Yama as depicted
in the mythological scriptures and thus people are afraid of cutting this tree

Fig. 2.2 Traditionally decorated two armed Holi. a Rural Holi; b Royal Holi
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(Warrier et al. 1994). The tree is also known as Devil’s tree/Jumbies tree in
Grenada, Caribbean islands. Silk-cotton tree is considered to be a place where
Vampires, known as Loogaroo keep their skins safely. Loogaroo are generally old
women who make a pact with devil to learn some magic and in turn provide them
fresh blood. They roam in the city in search of fresh blood in the night and as the
morning starts, they again go to the tree and wear their skins back (Summer 2003).

Nagualism was a mysterious and powerful cult practiced by Mexican and Central
American tribes. The nagualistic rites were highly symbolic, and the symbols had
clearly defined meanings. One of the symbol still venerated as a survival of ancient
cult is that of a tree species— B. ceiba. The conventionalized form of this tree
strongly resembles a cross, and this came to be the ideogram of ‘‘life’’ (Brinton 1894).

Santeria is an animistic religion of West African and Caribbean origin, influenced
by Roman Catholic Christianity. Santeros also consider B. ceiba tree as sacred and
worship it as a female saint. Devotees do not cross the tree’s shadow without per-
mission. The tree helps them in casting of spells and to harm the victims. Santeros
also perform black magic and to become masters (Mayombero) in this, a great effort
is required where the supplicant must sleep under this tree for seven days and then
takes a new suit of clothes and bury that in a previously selected grave. After
becoming Mayombero, he receives crown of its leaves and prepare his own nganga,
the cauldron with all his magical portions and powers (Guiley 2006).

The Luo are a sub group of Yi ethnic group residing in border areas of Yunnan,
Guangxi and Vietnam. In this group, after death of a person, there is a tradition of
sitting together and narration of many stories and myths revealing Luo values and
traditional customs to the living audience. The Red Silk-Cotton tree is the name of
a folktale of Luo group which starts with this handsome tree and is an another
example showing the immense importance of this tree among native communities
(Mair and Bender 2011).

Another prevalent myth also infusing fear in the minds is that if a healthy
person visualizes this tree even in dreams, he will become ill and if an ill person
sees it in dreams; he will be dying soon (Mahatma 1968). In Dungarpur district of
Udaipur division, India, it is considered as inauspicious, due to hooting of owls
that make their home on it (Joshi 1995).

Bhil tribe inhabitant of South Rajasthan, India has another superstitious fear in
their minds which is associated with the silk-cotton obtained from fruits of
B. ceiba. According to them, mattresses and pillows filled with its plumed seeds
will cause paralysis of the user and so they do not use its cotton (Singh and Pandey
1998). This myth is in fact protecting its natural dispersal source- the seeds, which
are embedded in the silk-cotton. Wood of this tree is not used as a fuel source by
the tribal communities of Rajasthan as they believe that it will bring bad luck to
them (Arora 1997). One of the oldest scripture-Brahamavaivarta Purana prohibits
use of this plant for brushing the teeth (Bakshi 1999). However, all these inaus-
picious tales associated with this plant has led indirectly for its survival and
preservation in nature for a long time.

It is one of the preferred species for Honey bees for keeping their hives. Many
bee hives can be seen on a single huge Semal tree. These hives are a good source
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of honey—a major non-wood forest product. Every year during summer season,
tribal communities of southern Rajasthan perform a Goat sacrifice ceremony
before removing the bee hives from the tree to please the honey bees so that they
will again come on the same Semal tree next year. The meat of Goat is served as a
‘Prasada’ (sacred food) among the tribal communities (Sharma 2007). It is one of
the sacred trees to the Austro-Asiatic Godabas and Bondos of Orissa, India who
celebrate megalithic ceremonies in front of this tree where the buffaloes and
bovines are tied to the branches of the tree and sacrificed, menhirs erected and
Semal trees are planted (Brighenti 2001).

Trees were considered as hypaethral i.e. roofless temples in Vedic religion. Bombax
ceiba has also been considered as God tree since vedic times. The tree is mentioned in
the oldest scriptures; Rigveda, Mahabharata and Guru Granth Sahib (Online docu-
ment 1 2007; Dixit 1991). It is considered to be a part of ‘Panchwati’ where five
spiritual trees were planted together to attract positive microvita (Sarkar 1991) to help
in practicing psycho-spiritual meditation in ancient times. Vishnu Dharmottar Puran,
recommend B. ceiba for plantation in sacred groves. Bhavishya Puran describes that
this tree should be ritually invoked before plantation (Agarwal 2010).

Vedic religion believes that every individual is born on certain constellation
which is regarded as protector of that individual. These constellations are asso-
ciated with specific trees called as ‘Nakshatra trees’ which are worshipped and
treated as equivalent to God. There are total 27 constellations and B. ceiba is said
to be nakshatra tree of people born in 18th constellation—‘Jyestha’. People borne
in ‘Jyestha’ constellation are advised to plant B. ceiba and they cannot use the tree
for medicine (Sane and Ghate 2006).

Bombax ceiba is called to be home of ‘Yakshis’; the female tree spirits. These
Yakshis are worshipped by women for gift of children and thus Semal tree is
indirectly conserved for a long time (Gupta 1995). Sacred groves are groups of
some auspicious plants located near the worship places of tribal communities.
Bombax ceiba is also a part of sacred grove called as ‘Maad Bavasi’ in Bosa
village in Rajasthan, India. This is a worship place of Garasia tribe and thus no
part of this tree is allowed to be cut or used for any purpose to avert the wrath of
Maad Bavasi. Hence, sacred grooves are important places helping in conservation
of plant species. Not only this, but the beautiful, odorless bright red and large
flowers of Semal are also offered to local god and goddesses (deities) by tribal
communities and thus the tree is considered as sacred one. Semal is also consid-
ered as a tree totem by ‘Semlia’ clan of Bhil tribe dwelling in Rajasthan and hence
respected, worshipped and protected (Joshi 1995).

2.5 Ethno-conservation

Many plants are part of ethno-conservation practices and B. ceiba is not an
exception. Community-based ethno-conservation mechanism of plants is prevalent
among Meetei community in Manipur, India. Khuman clans of Meetei community do
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not use or consume B. ceiba in any form and thus by employing simple environmental
ethics in consumption or harvesting, conserve the tree (Singh et al. 2006).

In the states of Madhya Pradesh and Chattisgarh, India, tribal communities use
various strategies to protect Semal tree using their environment friendly ethno-
conservation approaches. For example, usually Mondays are preferred days to
collect roots of the plant and mostly roots spreading in north direction are collected
and in this way they balance the collection frequency and thus avoid unnecessary
harm and exploitation of the plant. Moreover, root, leaves and other plant parts are
not collected simultaneously and for collection of every part, a specific worship
procedure is performed. The most useful strategy for medicine collection includes
clock wise selection of different patch in a group of Semal trees which helps in
sustainable conservation. These rules are stringent upon traders from other areas
too (Oudhia 2003).

In a nutshell, wherever this tree species is present, it has affected the human
sentiments attached to their magico-religious beliefs and influenced the socio-
cultural customs. It has nourished human beings and animals by providing food;
infused health and generated psycho-spiritual vibrations for mental power. In fact,
it has proved itself as the benevolent colleague of humanity.
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Chapter 3
Phytochemical Studies

Abstract Many chemical compounds have been isolated from different parts of
B. ceiba worldwide. These belong mostly to phenolics, flavonoids, sesquiterpe-
noids, steroids, naphthoquinones and neolignans. Totally 16 compounds have been
isolated from root, 8 from root bark, 3 from stem bark, 3 from heart wood, 2 from
leaves, 78 from flowers, 19 from seeds and 11 from gum. Several of these com-
pounds are novel and isolated for the first time. Compounds isolated from this
plant possess very important biological activities including immunomodulatory,
cytotoxic, antineoplastic, anti-inflammatory, hypotensive, hypolipidemic, antihy-
perglycemic and antioxidant.

Keywords Sesquiterpenoids �Napthoquinone � Phenolics � Lupeol �Mangiferin �
Anti-HIV

3.1 Introduction

Chemical studies on B. ceiba were started in 1935 by T.P. Ghose when he
chemically analyzed its young roots for the first time. Since then, many com-
pounds have been isolated from its various parts out of which the novel ones are
Shamimicin, Bombamalosides, Bombamalones, Bombasin, Bombasin 4-O-glu-
coside and Bombalin which have been isolated first time from any plant species.
A list of the compounds isolated from various parts of the plant have been pre-
sented in Table 3.1. Chemical structures of some of the compounds isolated from
B. ceiba are also provided in Fig. 3.1.

V. Jain and S. K. Verma, Pharmacology of Bombax ceiba Linn.,
SpringerBriefs in Pharmacology and Toxicology,
DOI: 10.1007/978-3-642-27904-1_3, � The Author(s) 2012
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3.2 Root

Chemical analysis of barkless, white pulpy roots of two-year old plants has
revealed to contain 71.2% starch, 8.2% sugars (arabinose and galactose), 1.2%
proteins, 0.4% tannins, 0.1% nontannins, 0.9% fat, 2.1% mineral matter, 2.0%
cellulose, 7.5% moisture, 6.0% pectic substances, 0.3% phosphatide-cephalin and
mucilage. Younger roots contain more sugars, starch and pectic substances than
older roots, but contain less oil, coloring matter and cellulose (Ghose 1935). Roots
also possess higher content of calcium (93 mg/100 g) as shown by Ghate et al.
(1988). In a preliminary phytochemical study, roots have shown presence of
flavonoids, tannins, saponins, steroids, cardiac-glycosides, phenols besides car-
bohydrates and amino acids. Total phenolic content of dried root powder was
4.86% and total tannin content was 1.72% (Jain et al. 2011). Detailed chemical
investigations led to isolation of various naphthoquinones, sesquiterpenoids and
phenolic compounds in the roots (Tables 3.1, 3.2).

Isohemigossylic acid lactone 2-methyl ether [2] has shown antifungal activity
by inhibiting conidia growth of Verticillium dahliae fungal strain V76 in a
turbimetric bioassay. It had an inhibitory effect on conidia over the range of
0.5–30.0 lg/ml and ED50 value obtained was 7.8 ± 2.3 lg/ml (Puckhaber and
Stipanovic 2001). 2-O-methylisohemigossylic acid lactone, a sesquiterpene, dis-
played strong growth inhibitory effect against human promyelotic leukemia HL-60
cells (Hibasami et al. 2004). 7-hydroxy cadalene [5] has shown strong antibacterial
potential against Bacillus subtilis (MIC-0.59 lg/ml). However, it was found to be
less active (IC50 [ 5 lg/ml) against MCF-7 (breast adenocarcinoma), KB (human
oral cancer), HeLa (human cervical cancer) and HT-29 (colon cancer) cell lines in
sulforhodamine B assay (Boonsri et al. 2008).

Daucosterol, a b-sitosterol glycoside, has shown immunomodulatory activity
against disseminated candidiasis caused by Candida albicans (Lee et al. 2007).
Hesperidin is an antioxidant and anti-allergic compound (Balakrishnan and Menon
2007; Jeong et al. 2011). It also inhibits bone loss in ovariectomized mice (Chiba
et al. 2003) and significantly increases HDL and lowers cholesterol, LDL-C and
triglycerides levels in rats (Monforte et al. 1995). Oleanolic acid is another
interesting molecule present in the root which possesses many biological activities,
for example hepatoprotective, antihyperlipidemic, anti-inflammatory, antitumor
(Liu 1995), cardioprotective (Martínez-González et al. 2008), antioxidant, anti-
glycative (Balanehru and Nagarajan 1991; Yin and Chan 2007), antibacterial and
antiparasitic (Szakiel et al. 2008).

Some novel sesquiterpenoids (Bombamalones A-D, Bombamaloside, Iso-
hemigossypol-1-methyl ester, Bombaxquinone B and Lacinilene) present in the
root were screened for cytotoxicity assay against HGC-27 human gastrointestinal
cancer cell line using a 3-(4,5-dimethylthiazol-2-yl)-2,5-dipehnyl-2H-tetrazolium
bromide (MTT) with Paclitaxel as a positive control. However, all were found to
be inactive. Bombamalone B [10-hydroxy-3,5,5,10-tetramethylbenzofuro(4,3-
fg)chromene-1,2(5H,10H)-dione] was also checked for its activity against A549
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lung carcinoma, MCF-7 breast carcinoma and HeLa cervical human cancer cell
lines and was found to be inactive (Zhang et al. 2007).

b-sitosterol isolated from both root and root bark possess antihyperglycemic
(Ivorra et al. 1988), analgesic, antihelminthic, antimutagenic (Villaseñor et al.
2002), angiogenic (Choi et al. 2002) and chemopreventive (Baskar et al. 2010)
activities. It significantly inhibits vascular adhesion molecule 1 and intracellular
adhesion molecule 1 expression in TNF alpha-stimulated HAEC as well as the
binding of U937 cells to TNF-alpha-stimulated HAEC and attenuates the phos-
phorylation of nuclear factor-kB p65 (Loizou et al. 2010) and decreases choles-
terol synthesis at the level of HMG-CoA reductase gene expression (Field et al.
1997). Lupeol [3], a pentacylic triterpene has demonstrated anti-inflammatory,
antiarthritic, antiangiogenic, hepatoprotective, hypotensive, cardioprotective and
antileukemia activities (You et al. 2003; Wal et al. 2011).

3.3 Stem Bark

Stem-bark possesses 9.92% total water extractive, 3.01% tannins and 6.91%
nontannin (Chadha 1972). Shamimicin, a flavanoid isolated from stembark was
screened for its hypotensive activity in animal model; however, it did not reduce
mean arterial blood pressure significantly at the dose of 15 mg/kg (Saleem et al.
2003).

3.4 Leaf

Leaves are reported to contain condensed type of tannins (Chadha 1972). How-
ever, studies on chemistry of its leaves are limited. Mangiferin [8], a flavanoid has
been isolated from leaves which was earlier misinterpreted as a novel compound
Shamimin (Faizi and Ali 1999) and later correctly interpreted by Shahat et al.
(2003) to be Mangiferin. Mangiferin has demonstrated significant hypoglycemic,
hypotensive, hypolipidemic, anti-HIV-1, analgesic, antioxidant and antimicrobial
activities (Saleem et al. 1999; Dar et al. 2005; Muruganandan et al. 2005; Stoilova
et al. 2008; Wang et al. 2011). Recently, in a preliminary phytochemical screening,
Hossain et al. (2011) have demonstrated presence of steroids, carbohydrates,
tannins, triterpenoids, deoxysugar, flavonoids and coumarin glycosides in metha-
nolic extract of leaves.
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3.5 Flower

Bhatnagar (1965) studied the chemical composition of flowers and calyx of B.
ceiba (Table 3.3). It has demonstrated that protein and phosphorus content, and
ether extract of raw calyces compare favorably with those of the common vege-
tables such as carrots, radishes, turnips, pumpkin and cabbages.

Detailed chemical studies of flowers have shown that they contain various types
of flavonoids (Table 3.2) of which Apigenin, Quercetin and Kaempferol are well
known for their beneficial biological activities.

Apigenin [21] possesses antineoplastic, antispasmolytic, antihypertensive
activities (Nagarathnam and Cushman 1991; Rajnarayana et al. 2001). It is an
effective proteasome inhibitor in cultured breast cancer cells and in breast cancer
xenografts. Furthermore, it induces apoptotic cell death in human breast cancer
cells and exhibits anticancer activities in tumors (Chen et al. 2007). Apigenin also
inhibits glucosyltransferases and phosphodiesterase activity (Rajnarayana et al.
2001; De Sanchez et al. 1996; Koo et al. 2002). Kaempferol has shown in vitro
fibrinolytic activity (Rajput et al. 2011) and exerts a potent inhibitory effect on in
vitro bone resorption (Lorget et al. 2003) along with estrogenic activity (Zoechling
et al. 2009). It is a potent chemopreventive agent against skin cancer through its
inhibitory interaction with Src (Lee et al. 2010). Kaempferol-3-O-rutinoside has
shown strong in vitro alpha-glucosidase inhibitory activity as compared to refer-
ence antidiabetic drug, acarbose (Habtemariam 2011).

Quercetin possesses immunomodulatory, hypoglycemic, antioxidant, antiulcer,
anti-inflammatory, antibacterial, antiviral, positive ionotropic (Okoko and Or-
uambo 2009; Itoigawa et al. 1999; Igarashi and Ohmuna 1995; McAnlis et al.
1997; Rajnarayana et al. 2001; Izzo et al. 1994; Robak and Glyglewski 1988;
Fuhrman et al. 1995) and inhibitory activity on in vitro bone resorption, aldose
reductase, tyrosine kinase, Na+/K+ATPase, H+ATPase, aryl hydroxylase and
epoxide hydroxylase (Wattel et al. 2003; Lorget et al. 2003; Rajnarayana et al.
2001).

Cosmetin [18] possesses anti-HIV, antioxidant, reflux oesophagitis and gastritis
inhibiting activities (Tang et al. 1994; Min et al. 2005). Vitexin is reported to

Table 3.3 Chemical composition of flower buds and calyces on fresh water basis (Bhatnagar
1965)

Composition Flower buds Calyces

Moisture (%) 85.66 85.14
Carbohydrates (%) 11.95 13.87
Crude protein (%) 1.38 1.56
Mineral matter (%) 1.09 1.00
Ether extract (%) 0.44 0.51
Calcium (mg/100 g) 92.25 95.0
Phosphorus (mg/100 g) 49 41
Magnesium (mg/100 g) 54.24 64
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possess antiplasmodial, antitrypanosomal and antileishmanicidal activities
(Lagnika et al. 2009). Vicenin-2 [15] has shown antioxidant, anticancer, antihe-
patotoxic, anti-inflammatory and antitrypanosidal activities (Velozo et al. 2009;
Hoffmann-Bohm et al. 1992; Grael et al. 2005; Marrassini et al. 2011; Nagapra-
shantha et al. 2011). Saponarin [17] possesses antioxidant, hypoglycemic and
hepatoprotective properties (Sengupta et al. 2009; Vitcheva et al. 2011). Linarin
[16] possesses sedative, sleep-enhancing, acetylcholinesterase and NO inhibitory
activities (Fernández et al. 2004; Fan et al. 2008; Shinha et al. 2002). Xanthom-
icrol [20] possesses spasmolytic and cytotoxic activities (Jahaniani et al. 2005;
Meckes et al. 2002). Cyanidin-3-glucoside (C3G) enhanced neurite outgrowth by
promoting p-Glycogen Synthase Kinase 3b(Ser9) and reversed ethanol-mediated
activation of GSK3b and inhibition of neurite outgrowth as well as the expression
of NF proteins. C3G also blocked ethanol-induced intracellular accumulation of
reactive oxygen species (Chen et al. 2009).

Taraxerol has reported to have analgesic (Biswas et al. 2009), antibacterial and
cytotoxic (Online document 1) activities. Alpha- and Beta-amyrin possess anal-
gesic, anti-inflammatory, antinociceptive, sedative, anxiolytic and platelet aggre-
gation inhibition activities (Aragão 2004; Aragao et al. 2008). Alpha-amyrin also
possesses antihyperglycemic (Singh et al. 2009) and beta-amyrin possesses anti-
depressant activity (Subarnas et al. 1993).

Hentriacontane has been reported to ameliorate the expression of inflammatory
mediators (TNF-a, IL-6, PGE(2), COX-2 and iNOS) and the activation of NF-jb
and caspase-1 in LPS-stimulated peritoneal macrophages (Kim et al. 2011b). It has
been reported to reduce the virulence of experimentally induced Plasmodium
vinckei and can be developed as a new antimalarial compound (Deharo et al.
1992).

Gallic acid is reported to possess antianxiety (Dhingra et al. 2011),
anti-inflammatory (Kroes et al. 1992), analgesic (Krogh et al. 2000) and antian-
giogenic (Liu et al. 2006) activities. It is a histone acetyltransferase inhibitor, and
suppresses b-amyloid neurotoxicity by inhibiting microglial-mediated neuroin-
flammation (Kim et al. 2011a).

Bombasin, Bombasin 4-O-glucoside (9-norneolignans) and a novel D-glucon-
olactone derivative Bombalin were found to be inactive (IC50 [ 50 M) against
HGC-27 gastrointestinal and HeLa cervical human cancer cell lines (Wu et al.
2008).

3.6 Seed

Seeds of B. ceiba (Indian Kapok) yield pale-yellow colored oil (22.3% yield)
which deposits stearin on standing. The oil from its seeds possesses higher amount
of saturated fatty acids than those of true Kapok (Ceiba pentandra) oil. It contains
1.2% myristic, 23.6% palmitic, 64.9% oleic, 7.5% linoleic and 2.8% arachidic
acids. Oil has shown an iodine value of 78.0 which is quite lower than of true
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Kapok oil (117.9). Specific gravity of oil at 15� C is 0.9208 with an acid value of
9.3, Saponification value of 193.3 and Reichert-Meissl value of 0.5. Chemical
analysis of its seed meal has shown that it has 11.40% moisture, 36.50% protein,
0.80% fat, 24.70% carbohydrates, 19.90% crude fiber, 24.70% mineral matter and
a nutritive ratio of 1:0.7 (Chadha 1972).

n-hexacosanol, a cyclohexenonic long chain saturated fatty alcohol, exerts
neurotrophic properties on central neurons and stimulates phagocytosis in mac-
rophages (Borg 1991). It has also shown an inhibitory effect on insulin secretion
stimulated by glucose in vivo and in vitro in the rat (Damgé et al. 1995). In another
animal study, n-hexacosanol (8 mg/kg, i.p.) improved diabetes-induced nitric
oxide synthase alterations in the kidney, resulting in the amelioration of diabetic
nephropathy (Okada et al. 2008). It has therapeutic effects on hypercontractility in
the diabetic ileum by ameliorating over expression of muscarinic M2 and M3

receptors mRNAs as shown in an animal study (Shinbori et al. 2006).

3.7 Gum

Stem bark exudes a dark-brown colored gum known as Mocharus/Semal-gum from
the natural wounds, caused by decay or by insects, or as a result of some functional
disease. It is almost insoluble in water but absorbs it and swells like true gum
tragacanth. Purified gum possesses 8.9% mineral matter and a considerable
amount of catechol tannin. Complete hydrolysis of gum has revealed that it
contains a mixture of various sugars and gallic and tannic acids (Bose and Dutta
1963a, b).
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Chapter 4
Pharmacological Investigations
and Toxicity Studies

Abstract Red Silk-Cotton tree has been scrutinized for its pharmacology in
various parts of the world. Different parts of Bombax ceiba has shown to possess
many biological properties predominantly antioxidant, antimicrobial, anti-
inflammatory, analgesic, anabolic, hepatoprotective, hypotensive and hypoglyce-
mic activities. It has proved to be safe in various toxicity studies. However, it still
needs extensive scientific exploration.

Keywords Antioxidant�Antimicrobial�Antitumor�Anabolic�Hepatoprotective�
Hypotensive � Hypoglycemic

4.1 Introduction

In the last decade, Bombax ceiba has attracted scientific attention that resulted in
exploration of many novel chemical compounds as well as validation of its
traditional uses in many diseases of man. Animal experimental studies have shown
that B. ceiba has important pharmacological activities without much toxicity.
Moreover, human studies have further strengthened its therapeutic role as an
anabolic, antihyperglycemic, hypolipidemic and fibrinolysis-enhancing agent. The
following discussion will restrict to its important pharmacological activities with
passing comments on its other effects.

V. Jain and S. K. Verma, Pharmacology of Bombax ceiba Linn.,
SpringerBriefs in Pharmacology and Toxicology,
DOI: 10.1007/978-3-642-27904-1_4, � The Author(s) 2012
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4.2 Antioxidant Activity

Methanolic extract of whole plant material of B. ceiba showed DPPH radical
scavenging activity with an IC50 of 68 lg/ml among 26 folk herbal medicinal plant
extracts popularly used in Taiwan. Bombax ceiba did show the higher scavenging
activity then that of Ginkgo biloba leaf extract (IC50 930 lg/ml) used as reference.
It also exhibited significant protection on W 9 174 supercoiled DNA against
strand cleavage induced by UV irradiated H2O2. The magnitude of inhibition of
open circular DNA formation with B. ceiba was 0.35 which is quite comparable to
that of catechin 0.38, used as a reference control (Shyur et al. 2005). This effective
prevention of hydroxyl radical-induced DNA damage by B. ceiba needs further
attention.

Dar et al. (2005) studied mangiferin, a xanthone isolated from methanolic
extract of fresh leaves of B. ceiba and tested it (1) and its acetyl (1a), cinnamoyl (1b)
and methyl (2) derivatives along with the methanolic extract (BCL) and the filtrate
(BCM) for antioxidant activity in DPPH free radical scavenging assay, Deoxy-
ribose degradation assay and non-enzymatic lipid peroxidation in liposomes.
Methanolic extract along with mangiferin showed DPPH scavenging activity where
mangiferin has shown IC50 value of 5.8 ± 0.96 lg/ml which was quite comparable
to IC50 of Rutin (5.56 ± 0.33 lg/ml). Mangiferin appears to be a better antioxidant
compound than 1a and 1b which bears no 6,7-dihydroxylated structure (Catechol
moiety). However, methyl derivative of mangiferin (2) was devoid of DPPH radical
scavenging activity even at concentration of 200 lg/ml suggesting that the presence
of methoxy group abolishes the antioxidant activity. Furthermore, mangiferin could
not significantly protect against either deoxyribose damage or lipid peroxidation.

Surveswaran et al. (2007) have studied 133 Indian medicinal plants for their
antioxidant activity using three in vitro assays (ABTS, DPPH and FRAP).
Eighty percent methanolic extract of gum (Mochrasa) of B. ceiba was evalu-
ated for its total phenolic contents and antioxidant activity. Total phenolic
content of the gum was found to be 5.89 GAE/100 g dry weight. Gum has
shown 55.38 mmol TEAC/100 g dry weight in ABTS assay and 80.12 mmol
TEAC/100 g DW in DPPH assay, whereas FRAP assay has shown value of
9.06 lmol TEAC/100 g DW.

Lately, Vieira et al. (2009) have reported antioxidant activity of defatted
methanolic extract of flowers of B. ceiba. The EC50 (lg/ml) obtained for DPPH
radical was 87 and for lipid peroxidation of rat liver microsomes and soy bean
phosphatidylcholine liposomes induced by ascorbyl radicals were 141 and 105,
respectively and by peroxynitrite were 115 and 77, respectively. The extract also
inhibited myeloperoxidase activity and kinetics of this enzyme inhibition gave K0.5

value of 264 lg/ml. Cytotoxicity of the extract was also monitored through the
mitochondrial activity in the Vero cell line. Extract started to show toxicity toward
cells at 750 lg/ml which was a much higher concentration than those which
showed antioxidant activity.
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Yu et al. (2011) assessed the antioxidant activities of water, 50% ethanol, 80%
acetone extracts from flowers of Bombax malabaricum on DPPH radical scav-
enging, ORAC, reducing power and inhibition on phosphatidylcholine liposome
peroxidation. All extracts showed remarkable antioxidant capacity compared with
ascorbic/gallic acid.

Recently, Jain et al. (2011a) have assessed antioxidant activity of B. ceiba root
using DPPH radical scavenging and reducing power assay. Methanolic extract of
root showed high amounts of phenolics (30.9% w/w) and tannins (15.45% w/w) and a
very good DPPH scavenging activity (EC50 15.07 lg/ml) in a dose-dependent
manner as well as dose-dependent reduction ability (Fe3+ to Fe2+ transformation)
with a maximum absorbance of 1.11 at a concentration of 500 lg of extract. Fur-
thermore, acute study in human healthy volunteers showed a significant (p \ 0.05)
rise in total antioxidant status at the end of 4 h after administration of 3 g root powder
(Fig. 4.1).

4.3 Antimicrobial Activity

The plant is endowed with strong capacity to fight against microorganisms such as
bacteria, fungi and viral attacks. Each part possesses antimicrobial activity as has
been demonstrated in various in vitro experimental studies. The research can be
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Fig. 4.1 Acute effect of 3 g Bombax ceiba root powder administration on total antioxidant status
in ten healthy volunteers (Jain et al. 2011a)
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traced back to 1968 when Dhar et al. demonstrated antiviral activity of 50%
ethanolic extract of B. ceiba flowers at a maximum tolerated dose of 250 mg/kg
body weight against Ranikhet disease virus.

Antimicrobial research work then took a pause of 20 years when in 1991
Mishra et al. reported the effect of water extract of leaves of B. ceiba against fungi.
They observed that water extract of leaves of B. ceiba demonstrated 90.4%
mycelial inhibition against Epidermophyton floccosum, 80.4% against Tricophyton
mentagrophytes and 75.25% against Microsporum gypseum.

In 1999, Faizi and Ali reported antibacterial and antifungal activity of this plant.
Shamimin, isolated from ethanolic extract of its fresh leaves at a concentration of
100 lg, showed zone of inhibition (8–12 mm) against three Gram-positive
(Listeria monocytogenes, Bacillus subtilis and Streptococcus pyogenes) and five
Gram-negative (Shigella sonnei, Salmonella typhi, Enterobacter cloacae,
Pseudomonas aeruginosa and Shigella flexneri) bacteria. Furthermore, at a similar
concentration, it inhibited growth of Candida albicans among the five fungi in an
in vitro antifungal assay.

Interestingly, leaves and bark of B. ceiba were also tested against multi-drug
resistant S. typhi strains MTCC 531 and B 330. Methanolic and aqueous extract of
bark at a concentration of 50 mg/ml showed strong antimicrobial activity
(C5–9 mm diameter of zone of inhibition) against S. typhi strain MTCC 531.
Methanolic extract of bark showed C9–15 mm diameter of zone of inhibition
while aqueous extract showed C5–9 mm diameter of zone of inhibition against
S. typhi strain B 330. Minimum inhibitory concentration (MIC) of methanolic bark
extract assessed was found to be 256 lg/ml against both the strains used. Meth-
anolic extract of leaves, on the other hand, showed C5–9 mm diameter of zone of
inhibition against only strain MTCC 530 and aqueous extract was completely
ineffective (Rani and Khullar 2004).

Wang and Huang (2005) while screening 50 Taiwanese folk medicinal plants
against ten strains of Helicobacter pylori observed that ethanolic extract (95%) of
B. ceiba root has shown anti-H. pylori activity against all the strains. MIC values
were ranging from 1.28 to 5.12 mg/ml.

Not only the plant part, such as flower, leaves, stem bark and root showed
antimicrobial activity, but also the fungal endophytes isolated from leaves and
stem have shown anti-Mycobacterium tuberculosis activity using microplate
Alamar blue assay and anti-Herpes Simplex Virus activity in Vero cell assay.
However, no antimalarial activity was observed (Wiyakrutta et al. 2004).

It is interesting to note that as far as antimicrobial activity is concerned, brunt of
work is on flower, leaves and stem bark. However, there are very few studies on
root. Recently, the methanolic extract of root in five concentrations (50, 25, 12.5,
6.25 and 3.12 mg/ml) has shown a significant dose-dependent antibacterial
potential in in vitro agar well diffusion assay. Zone of inhibition (mm diameter)
obtained at the highest concentration of methanolic extract (50 mg/ml) for Gram-
positive bacteria Staphylococcus aureus, B. subtilis and Gram-negative bacteria
Escherichia coli and Klebsiella pneumoniae was 17.0, 16.0, 17.16 and 17.10,
respectively (Jain et al. 2011b).

54 4 Pharmacological Investigations and Toxicity Studies



Methanol, n-hexane, chloroform and carbon tetrachloride extracts of B. ceiba
root were tested against 13 bacteria and three fungi. The zone of inhibition pro-
duced was found to be 10–14, 7–13, 9–15 and 13–20 mm, respectively at a
concentration of 200 lg/disc against nine bacterial strains and two fungal strains.
The significant activity was found with methanolic extract against S. typhi and
Pseudomonas, hexane extract against Sarcina lutea and Pseudomonas and chlo-
roform extract against Vibrio mimicus. The carbon tetrachloride extract showed
prominent ([15 mm) activity against almost all bacterial strains tested. As far as
antifungal activity against the three fungi is concerned, the chloroform and carbon
tetrachloride extract showed profound activity against Aspergillus niger and C.
albicans, respectively (Islam et al. 2011).

4.4 Anthelmintic Activity

Methanolic extract of B. malabaricum leaves was evaluated for its anthelmintic
activity against a live trematode Parmphistomum explanatum at different doses by
comparing with albendazole. All parasites died with the doses selected (10, 25, 50
and 100 mg/ml) within a short period of time (\45 min). At the dose of 100 mg/ml,
it showed maximum efficacy, by paralyzing and killing trematodes in 18.50 ± 0.62
and 22.17 ± 0.48 min, respectively. Interestingly, it proved more powerful than
albendazole which required more time for paralysis (73.17 ± 1.45 min) or death
(82.33 ± 1.38 min) with a level of significance of p \ 0.001 (Hossain et al. 2011a).

4.5 Larvicidal Activity

Powdered leaves and methanolic extract of B. malabaricum were evaluated for
their larvicidal activity against first, second, third and fourth in-star larval forms of
filarial vector Culex quinquefasciatus. At all the concentrations of powdered
leaves there was a significant (p \ 0.01) larval mortality. The mortality was higher
in 50 ppm dose of methanolic extract (Hossain et al. 2011b).

4.6 Anti-inflammatory Activity

Lin et al. (1992) have studied effect of stem bark, stem xylem and root of
B. malabaricum against carrageenan-induced edema in male wistar rats
(150–180 g). Control group received normal saline. Other group received indo-
methacin (10 mg/kg) and test group was treated with aqueous extract 10 mg/kg
body weight subcutaneously, followed 1 h after 0.05 ml of carrageenan (1% w/v
in saline) into rats left hind paw. Indomethacin showed 51% reduction in edema
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inhibition after 5 h. Root and stem xylem were proved to be better than the
indomethacin by significantly (p \ 0.01) reducing edema inhibition after 5 h by 79
and 74%, respectively while bark showed 46% inhibition rate.

Ethyl acetate soluble fraction of alcoholic extract from flowers of B. ceiba had
shown anti-inflammatory activity. At the dose of 200–500 mg/kg i.p. it markedly
inhibited hind paw edema induced by injection of fresh egg white or carrageenan
in rats or mouse (Xu et al. 1993).

Oral administration of 70% methanolic extract of flowers in a dose of 25 and
50 mg/100 g body weight reduced carrageenan-induced rat hind paw edema by
22.9 and 37% after 4 h (Said et al. 2011).

Dar et al. (2005) have observed that different extracts and mangiferin, isolated
from fresh leaves of B. ceiba at 100 mg/kg failed to exhibit detectable anti-
inflammatory activity when subjected to carrageenan-induced rat paw edema.

Aqueous extract of B. malabaricum gum (270 mg/kg) significantly reduced the
ulcer score and myeloperoxidase activity in indomethacin and iodoacetamide-
induced colitis in Sprague-Dawley rats. In a dose of 500 mg/kg, it also signifi-
cantly reduced the ulcer score and myeloperoxidase activity in acetic acid-induced
colitis in Swiss albino mice. These two extracts i.e. 270 mg/kg in rats and
500 mg/kg in mice were found to be comparable with prednisolone (10 mg/kg)
and 5-aminosalicylic acid (100 mg/kg). Aqueous extract reduced edema of the
intestinal tissue, provided ulcer protection and lowered myeloperoxidase activity
in a dose dependent manner (Jagtap et al. 2011).

4.7 Analgesic Effect

Gum of the plant was reported to have analgesic activity as tested by rat-tail hot
wire technique in a preliminary study (Gupta et al. 1981).

Dar et al. (2005) demonstrated that methanolic extract of B. ceiba leaves, its
fractions and mangiferin induced a significant and dose-dependent analgesic
effect in acetic acid writhing and hot plate test in mice. On further elucidating
the mechanism of analgesia, it was observed that acetic acid-induced pain was
antagonized in the presence of morphine (65%) and mangiferin (70%); however
using naloxone, the corresponding effect was only 19 and 28%, respectively
suggesting the involvement of opioid pathway. Interestingly, naloxone reversed
around 38% nociceptive effect of mangiferin but the effect induced by metha-
nolic extract of its leaves and fractions remains unchanged in the presence of
naloxone indicating that their analgesic effect was independent of opioid
receptors.

Said et al. (2011) have demonstrated that administration of 25 and 50 mg/100 g
body weight of 70% methanolic extract of flowers delayed the mean reaction time
on hot plate by 56.5 and 66.2% after 1 h, respectively in mice. In the same doses,
70% methanolic extract reduced the acetic acid-induced writhing score by 27.3
and 47.6% respectively in mice indicating its peripheral analgesic effect.
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4.8 Antipyretic Activity

The antipyretic activity of methanolic extract of B. malabaricum leaves has been
reported for the first time by Hossain et al. (2011c). The methanolic extract showed
significant antipyretic activity in the doses of 200 mg/kg (p \ 0.05) and 400 mg/kg
(p \ 0.01) in Baker’s yeast-induced pyrexia and was higher than control. The
maximum antipyretic activity for the extract occurred at 6 h while that of paracet-
amol, the reference standard, occurred at 3 h.

4.9 Anti-angiogenic and Antimutagenic Activities

Lupeol, isolated from methanolic extract of stem bark of B. ceiba, exhibited sig-
nificant antiangiogenic activity on in vitro tube formation of human umbilical venous
endothelial cells (HUVEC) with inhibition rate of more than 80% at 50 lg/ml and
40–60% inhibition at a concentration of 30 lg/ml. In contrary, it did not affect the
growth of tumor cell lines viz. SK-MEL-2 (human melanoma), A549 (human lung
carcinoma) and B16-F10 (murine melanoma) meaning thereby, that it does not have
significant cytotoxicity (ED50 [ 30 lg/ml) in SRB assay (You et al. 2003).

Nam et al. (2003) have screened 58 Vietnamese medicinal plants for the in vitro
angiogenesis inhibitory activity using HUVEC. Out of 58, seven plants exhibited
strong to moderate inhibitory activity on tube-like formation induced by HUVEC
in the in vitro angiogenesis assay. Methanolic extract of B. ceiba stem (3 lg/ml)
did not show inhibitory activity in the in vitro angiogenesis assay, on the other
hand, stem and leaves of Ceiba pentandra—the White Silk-Cotton tree (Family-
Bombacaceae) showed strong antiangiogenic activity.

Methanolic extract of B. ceiba has also exhibited some antimutagenicity against
the heterocyclic amine Trp-P-1 using Salmonella typhimurium strain TA98 among
108 edible Thai plant species evaluated (Nakahara et al. 2002). Lupeol isolated
from Mokumen (B. ceiba) has induced apoptosis on DNA human promyelotic
HL-60 leukemic cells (Aratanechemuge et al. 2004). Qi et al. (2008) have also
shown significant antitumor activity of roots of B. ceiba on ascites sarcoma-180
(S-180) and U14-transplanted mice in a dose-dependent manner.

Chen et al. (2009) have also studied effect of flavonoids isolated from B. ceiba
flowers on inhibition of fatty acid synthase (FAS) enzyme. FAS has been found to be
overexpressed in various types of cancers. Pharmacological inhibition of FAS can
repress cancer cell proliferation and thus FAS is an excellent drug target for cancer
therapy. However MIC with B. ceiba flavonoid was obtained as 247.98 lg/ml
which was quite high as compared to flavanoids isolated from other plants.

Petroleum ether, chloroform, ethyl acetate, butanol and 70% methanolic extract
of flowers were evaluated for their antitumor activity. All the extracts significantly
inhibited Epstein Barr Virus, early antigen induced by TPA in Raji cells and ethyl
acetate extract exhibited the maximum inhibition response (Said et al. 2011).

4.8 Antipyretic Activity 57



4.10 Hepatoprotective Activity

Aqueous extract of B. malabaricum bark (concentrated into 1 g/ml) has been
evaluated for its effect on CCL4-induced hepatotoxicity in male wistar albino rats.
Control group received 3 ml/kg olive oil intraperitoneally while other group
received CCL4/Olive oil (1:1 V/V) subcutaneously in same dose. Test group
received aqueous extract (1 g/kg of body weight) intraperitoneally. There was a
significant (p \ 0.0001) reduction of 51% in CCL4-induced AST and 71%
reduction in ALT in rats administered aqueous extract. It also demonstrated a
significant hepatoprotective effect on CCL4-induced liver fatty degeneration, dif-
fused sinusoid enlargement and cell necrosis as compared to other groups
(Chiu et al. 1992).

Lin et al. (1992) have evaluated aqueous extract of stem bark, stem xylem and
roots of B. malabaricum for their effect on CCL4-induced hepatotoxicity in male
wistar rats. A significant (p \ 0.01) decrease in CCL4-induced AST and ALT
enzyme levels was obtained in test group showing that bark and root of the plant
has the best protective capacity against CCL4-induced hepatotoxicity which was
also shown histopathologically. Surprisingly, treatment with all three extracts of
stem bark, stem xylem and roots of C. pentandra were not effective in protecting
liver against CCL4-induced hepatic damage.

Dar et al. (2005) have evaluated mangiferin, methanolic extract of B. ceiba
leaves and its fraction on CCL4-induced liver injury test in Wistar rats. Admin-
istration of CCL4 significantly raised serum AST and ALT levels in control group.
Pretreatment of animals with methanolic extract and its fraction did not cause any
change in the enzyme levels whereas, after treatment with mangiferin (0.1,1 and
10 mg/kg), both the enzymes showed dose-dependent decline of about 34, 47 and
62%, respectively which were significantly lower than CCL4-treated animals. It
appears that hepatoprotective activity of mangiferin is more likely to be mediated
due to its inherent free radical scavenging action.

Methanolic extract of flowers of B. ceiba in a dose of 150, 300 and 450 mg/kg
i.p. was investigated against hepatotoxicity produced by combination of two
antitubercular drugs, isoniazid and rifampicin in rats. At all the doses, there was a
significant decrease in AST, ALT, ALP and total Bilirubin levels along with an
increase in total protein levels. It also significantly decreased the level of TBARS
and elevated the level of GSH. Histology of the liver section of the animals treated
with methanolic extract also improved the hepatotoxicity caused by antitubercular
drugs (Ravi et al. 2010).

Recently, Said et al. (2011) have shown that oral administration of 70%
methanolic extract of flowers of B. ceiba in the doses of 250 and 500 mg/kg body
weight significantly reduced paracetamol-induced hepatic enzyme levels in rats.
At these concentrations, the extract reduced ALT levels by 26.4 and 27.8% and
AST levels was reduced by 13.7 and 17.0%, respectively showing a significant
hepatoprotective nature of its flowers.
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4.11 Hypotensive Activity

Saleem et al. (1999) had first time evaluated hypotensive activity of methanolic and
aqueous extract of B. ceiba leaves in Sprague-Dawley rats. Methanolic extract and
residue fraction of methanolic extract reduced arterial blood pressure by 45–55%
at a dose of 70 mg/kg and the effect lasted for 1 h. Aqueous extract also dropped
blood pressure by 51% at a dose of 30 mg/kg and the effect lasted for 2–4 min.
Novel compound Shamimin, isolated from its leaves (Faizi and Ali 1999), also
showed significant potency as a hypotensive agent at doses of 15, 3 and 1 mg/kg
with 81, 67 and 51% fall in blood pressure. At lower doses (1 and 3 mg/kg) the effect
was brief and returned to normal within 1 min while effect lasted for 2–4 min at the
dose of 15 mg/kg. The effect of all these extracts was nullified by prior treatment
with atropine. However, later Shahat et al. (2003) reported that Shamimin isolated
from the leaves is in fact mangiferin.

Saleem et al. (2003) had also first time evaluated B. ceiba stem bark, flowers
and fruit pulp for hypotensive activity in Sprague-Dawley rats. I.V. administration
of petroleum ether fraction of stem bark (BCBP) at a dose of 10 mg/kg reduced
mean arterial blood pressure (MABP) by 58% while lupeol at a dose of 5 and
15 mg/kg reduced MABP by 44 and 52%, respectively. Methanolic extract of
defatted stem bark (BCBM) reduced MABP by 30 and 51% at doses of 10 and
30 mg/kg, respectively. Soluble filtrate (BCBMM) obtained from fraction BCBM
was found to have more hypotensive activity. It reduced MABP by 31 and 65% at
the doses of 3 and 15 mg/kg respectively and the effect lasted for 4 min. Sham-
imicin isolated from BCBMM, however, did not reduce MABP significantly at the
dose of 15 mg/kg. Methanolic extract of fresh flowers and fruit pulp were found as
the most active hypotensive agents showing more than 50% reduction in MABP at
a dose of 30 mg/kg and the effect lasted for 1–3 min. The most active fraction of
stem bark (BCBMM) when administered orally (200 mg/kg/d) for 5 days to
Sprague-Dawley rats, also significantly (p \ 0.01) reduced MABP by 13.2%. This
low percentage of hypotension as compared to intravenous administration indi-
cates that active ingredient of BCBMM has low absorbance in blood either due to
its very hydrophilic nature or biotransformation.

4.12 Hypoglycemic Activity

Fifty percent ethanolic extract of B. ceiba stem bark exhibited hypoglycemic
activity in albino rats at a maximum tolerated dose of 50 mg/Kg body weight.
Similarly 50% ethanolic extract of B. ceiba flowers also exhibited hypoglycemic
activity at maximum tolerated dose of 250 mg/Kg (Dhar et al. 1968).

Hypoglycemic effect of Shamimin (mangiferin) isolated from methanolic extract of
B. ceiba leaves was also evaluated in Sprague-Dawley rats. Intraperitoneal adminis-
tration of Shamimin produced significant reduction in fasting blood sugar (15%)
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at a dose of 500 mg/Kg after 1 h of administration which further reduced blood
glucose by 26.6% at the end of 6 h. At a dose of 50 mg/kg it did not produce significant
change in blood sugar levels. However, after 24 h all the animals, who were admin-
istered with 500 mg/kg of Shamimin died (Saleem et al. 1999).

Root powder of B. ceiba has been evaluated by Verma et al. (2008) for its
hypoglycemic activity for the first time in type 2 diabetic individuals in a single-
blinded, placebo-controlled study. Group I constituted type 2 diabetics uncon-
trolled on OHA, while group II were also type 2 diabetics, not receiving any
antidiabetic drug and were uncontrolled on dietary restrictions and exercise
program. In group I, OHA was supplemented with 1.5 g of B. ceiba root powder
while in group II, 3 g root powder was given as sole therapy in two divided doses
for 8 weeks. There was significant (p \ 0.02) reduction in the fasting blood glu-
cose levels in both the groups at the end of 8 weeks of B. ceiba administration.
However, the antihyperglycemic effect was more pronounced when it was sup-
plemented to conventional oral hypoglycemic regimen, than when it was the sole
therapeutic agent (30% in Group I versus 19% in Group II). It was tolerated well
without any adverse reaction and drug interaction (Fig. 4.2).

4.13 Fibrinolysis-Enhancing Activity

An acute dose-dependent response of B. ceiba root powder on fibrinolytic
activity (FA) has been observed in healthy human volunteers (Verma et al.
2006). There was progressive rise in FA from 0.75 to 10 g doses while 1.5 g was
found to be the minimum effective dose (Fig. 4.3). Furthermore, long-term
administration of root powder in a dose of 1.5 g for 1 month has also exhibited a
significant (p \ 0.05) increase in FA by 33% and reduction in fibrinogen level.
Enhancement in FA was also observed in type 2 diabetic and ischemic heart
disease individuals after administration of 3 g B. ceiba root powder for 12 weeks
(Jain 2009).

4.14 Androgenic and Anabolic Activity

Young roots of B. ceiba also known as Semal-musli are used traditionally in Indian
subcontinent as aphrodisiac. Its juice is considered nutritive, restorative and sexual
stimulant. Bhargava et al. (2011) studied lyophilized aqueous extract of roots on
sexual behavior, spermatogenesis and anabolic effects in male albino rats in
presence of female rats. A gain in body weight was achieved. There was significant
(p \ 0.05) improvement in mount, intromission and ejaculation frequencies.
Seminal fructose content and epididymal sperm counts were also significantly
improved. Penile erection index was also higher compared to control group.
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Recently, anabolic effect of B. ceiba root powder in a patient of involuntary
weight loss without any detectable cause has been demonstrated by Verma et al.
(2011). Administration of 1.5 g B. ceiba root powder with milk for 24 weeks led to
a progressive weight gain and attainment of 51 kg with achievement of normal
body mass index of 19.9 kg/m2 at the end of 6 months (Fig. 4.4). Moreover, along
with the weight gain, there was 147% rise in FA and marked improvement in the
total antioxidant status without any undesirable side effects (Fig. 4.5).

4.15 Other Biological Activities

Flowers of B. ceiba are a part of herbal remedy (Five-flower tea) used to alleviate
symptoms of Hot Qi in children by Chinese parents. Out of 1,060 Chinese parents
interviewed, 57.6% used the five flower tea as a remedy for the symptoms of
Hot Qi such as eye discharge, sore throat, halitosis, constipation and irritability
(Kong et al. 2006).
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The seed extract exhibited hemolytic activity against human ABO red blood cells
(Chowdhuri and Chatterjee 1973). Leaves of the seedlings exhibited cholinesterase
enzyme activity (Gupta and Gupta 1997). The water, ethanolic and acetone extracts
of bark exhibited angiotensin converting enzyme (ACE) inhibitory activity in vitro
(Somanadham et al. 1999).

The aqueous extract of its seeds has moderate oxytocic activity on rat, guinea
pig and rabbit’s uterine strips (Misra et al. 1968). It is partly direct and mainly
indirect stimulant to guinea pig ileum and myocardiac stimulant to frog’s heart in
situ (Misra and Mishra 1966). The ethanolic extract of seeds showed spasmolytic
activity on isolated strips of rabbit jejunum and dog ileum in situ and abolished the
spasm induced by acetylcholine but had no effect on histamine and barium
chloride-induced spasms. It also stimulated respiration of dogs (Sharma and
Mishra 1969). The fruit extract exhibited mild activity on the non-gravid adult
female albino rats (Dhawan and Saxena 1958).

Aqueous extract of flowers of B. ceiba has also demonstrated cardioprotective
effect against adriamycin-induced myocardial infarction in rats along with
significant free radical scavenging activity (Patel et al. 2011). Moreover, it has
been observed that root powder of this plant also modifies significantly many of
the coronary risk factors such as atherogenic lipids, fibrinogen and oxidative stress
in patients with ischemic heart disease (Jain 2009).
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4.16 Toxicity Studies

All the parts of the plant have been used for centuries by traditional people for
various ailments without any significant adverse effects and toxicity. Recently,
higher doses for acute study and 3 g root powder administration for 12 weeks have
not resulted in any untoward effect (Jain 2009). However, isolated components
from leaves and stem have been evaluated for acute toxicity in animals.

Aqueous, methanolic and residue fraction of methanolic extract along with
Shamimin isolated from B. ceiba leaves were evaluated for acute toxicity in NMR-1
mice. Aqueous and methanolic extract were orally administered daily for 7 days
and also subjected to tissue analysis. Mice showed a high tolerance to all the test
substances and no mortality was observed even at a high dose of 1 g/kg. There was
no change observed in general behavior and other physiological activities of the
animals; however, residue fraction of methanolic extract caused diuresis, palpebral
ptosis and a decrease in motor activity. Autopsy results showed no apparent change
in lungs, heart, liver, spleen and kidneys except for changes in the weight of some
organs (Saleem et al. 1999).
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Saleem et al. (2003) have further studied acute toxicology of most active hypo-
tensive fraction of methanolic extract of defatted stem bark of B. ceiba in NMR-1
mice by oral administration in two sets of animals. One received 100 mg/kg/day and
other 1000 mg/kg/day for 7 days. At a dose of 100 mg/kg/day it caused expiry of
two male and one female mice and male mice showed 17% loss in body weight while
7% weight loss was observed in female mice. At 1000 mg/kg/day, all the animals
were expired and it proved to be a lethal dose (LD100). Histopathology of heart,
kidney and liver showed damaging effect of fraction of methanolic extract of stem
bark. Interestingly, oral administration of BCBMM at a dose of 200 mg/kg/day did
not show any mortality in Sprague-Dawley rats.

Dar et al. (2005) have studied effect of mangiferin on strychnine-induced
lethality in NMR-1 mice. Control group received 10% DMSO (10 ml/kg orally)
followed after 1 h by oral administration of strychnine (1 mg/kg). Group two was
treated similarly except that mangiferin (10 mg/kg; orally) was given instead of
DMSO. At the sublethal dose of strychnine, no mortality was observed in
mangiferin treated mice showing that mangiferin is not an inhibitor of microsomal
drug metabolizing enzyme.

Acute toxicity of aqueous extract of B. ceiba flowers through oral and I.V. route
was also assessed in rats and mice. It was found that the magnitude and integrity of
the toxic symptoms was highly dose-dependent. The LD50 for oral route in rats
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Fig. 4.5 Remarkable improvement in total antioxidant status after administration of B. ceiba
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was 6768.730 mg/kg and for I.V. route it was 889.496 and 467.84 mg/kg in rats
and mice, respectively (Rehman et al. 2006). Recently, Said et al. (2011) have
shown that oral administration of 70% methanolic extract of flowers up to 5 g/kg
body weight induced no obvious toxic effects in mice and all animals remained
alive after 24 h.

Singh et al. (2001) studied extracts of pollen and seed fibers of B. ceiba in type-1
allergic patients. Pollen extract has markedly showed positive skin sensitivity in
5.6% nasobronchial allergy patients out of total 105 patients. Old and new Silk-
Cotton fiber extract elicited positive skin sensitivity in 12.4 and 6.6% of total
patients, respectively. Pollen extract showed 15 allergenic proteins on immunoblot
out of which proteins of 50, 42, 35, 30, 20 and 14 kDa molecular weight were
detected as major IgE binding proteins.

4.17 Conclusion

Silk-cotton tree is a plant full of health-promoting phytopharmaceuticals, of
extreme importance with medicinal properties and a strong ethnobotanical back-
ground. Ethnomedicine-based research has revealed it to be a plant having anti-
hyperglycemic, antihyperlipidaemic, antimicrobial, antihypertensive, antioxidant,
fibrinolysis-enhancing and anabolic potential. Further researches are needed to
explore these pharmacological activities for newer drug development.
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Chapter 5
Commercial Importance

Abstract Commercially, floss, wood and seed oil of Red Silk-Cotton tree are
important. Timber is mainly used in matchstick production, vermin-proof floss for
stuffing upholstery and life-saving appliances and seed oil is utilized as edible oil
and for soap-making.

Keywords Indian kapok � Timber � Kapok-oil � Silk-cotton � Indian cotton-wood

5.1 Introduction

Silk-cotton tree, the name clearly depicts the soft silk (Fig. 2.2m–o) obtained
from its fruits which is used widely for various purposes. Logs of B. ceiba are very
important for matchstick industries as well as for fishermen. This requires a
constant supply of logs and thus puts this plant species under great pressure (Baral
et al. 2005). Leaves and young twigs are lopped as fodder. Gum (Fig. 2.2f–h) of
the tree, mixed with ashes and castor oil, is used as cement for caulking iron
pans for boiling sugar (Chadha 1972). Audu-Peter et al. (2009) has shown that the
gum isolated from the calyx of B. ceiba possesses interesting physico-chemical
properties and can be used for pharmaceutical purposes.

5.2 Floss

Fruits of B. ceiba are a good source of silk-cotton which comprises the Indian
Kapok of commerce. The weight of 100 dry fruits is about 2 kg of which floss is
600 g and seeds are 500 g. These brownish-yellow fibers originate from the inner
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side of the capsule and are light, buoyant, elastic, resilient and water-repellent in
nature. It loses only 10% of its buoyancy after remaining in water for 30 days and
after fully drying, it regains the buoyancy and resilience. Length of fibers ranges
from 17.78 to 27.94 mm and diameter varies between 0.01524 and 0.03392 mm.
It contains 61–64% cellulose, 2.7% ash and less than 25% pentosan. A full bearing
B. ceiba tree produces 4.5–6.0 kg of clean floss free from seeds, whereas true
kapok tree produces about 2 kg. For obtaining better quality floss, semi-ripe fruits
are collected directly from trees and sun-dried for 4–6 days. Floss is then scooped
out and further sun-dried for 10–12 days. It is cleaned and ginned by means of
power-driven machines and recovery of ginned floss ranges between 35 and 40%
(by weight) of the unginned floss (Chadha 1972; Ghose 1942).

Inner stem bark of B. ceiba also yields a fiber suitable for cordage and making
twine (Brock 1988). Kapok, the fiber isolated from its fruits is used to fill mat-
tresses, life preservers and sleeping bags, is an important non-wood forest product
(Online document 1 2006). Floss is used for stuffing life-belts, life-saving appli-
ances, sleeping bags, mattresses, cushions, pillows, upholstery, wadded cloth quilts
etc. Floss can be dry sterilized at 110oC without any loss of its properties, so it is
an excellent material for making padded surgical dressings. Waxy coating of floss
makes it vermin-proof and suitable for stuffing cushions, pillows and upholstery.
Floss is also used as an insulating material for refrigerators, soundproof covers and
walls and it is superior to cotton wool as packing material for fragile goods.
Nowadays it is spun into yarns and used for manufacture of plushes and laces
(Chadha 1972; Pandey 2005).

5.3 Wood

Wood of B. ceiba is usually white or pale-pink and turns pale-yellowish brown on
exposure, often streaked with sapstain or decay. It is straight-grained, even and
coarse textured, and very light and soft. Timber is air or kiln seasoned and ster-
ilized for 2 h at 55�C and 100% relative humidity. Timber of this plant is most
widely used in match industry and good for boxes as well as splints. Indian
cottonwood requires a 40–50-year rotation to grow large enough to produce
quality veneer, which exacerbates the supply problem in match industry due to its
declining status in various states of India (Tandon JC 2011).

It is also used for planking ceilings, canoes, catamarans, shingles, toys, pencils,
pen-holders, veneers, scabbards, coffins, well curbs, brush-handles, picture frames,
ladles (Chatu), as cushions for mine-props, inside partition of opium-chests, paper
pulp (Jain et al. 2009; Choudhary et al. 2008; Pandey 2005) and wooden sculp-
tures, didgeridoos and artifact production (Griffiths et al. 2003; Whitehead et al.
2006) etc. The wood is widely used for preparation of canoes and catamarans;
however, it is rapidly destroyed by marine borers. Tarakanadha et al. (2006) have
shown that copper biocides such as ammoniacal copper zinc arsenate and chro-
mated copper arsenate provide protection to its wood from marine borers.
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Plant is known as Bulamana among aboriginals of Mannigrada community,
northern territory, Australia and they use its timber widely for arts and crafts
industry (Whitehead et al. 2006). Kathodi tribe of Rajasthan make use of its wood
for preparing musical instruments such as a membranophonic Dholak and
Tambura (Joshi 1995); while Bhil tribe use its wood to make spoons for their
kitchen (Singh and Pandey 1998).

Preferably, wood is used for loose or slack cooperages, which are used for dry
goods such as cement. Timber of the plant is strong, elastic, durable and free from
defects and that is why it is the most recommended species for ship and boat building
(Pandey 2005). Plywood made from this wood is weaker than commercial plywoods;
but still it is used for making tea-boxes, fruit-crates and packing cases. Fine shavings
of the wood are known as wood-wool which is used as a good packing material and
for making cement-bounded wood-wool boards (Chadha 1972).

5.4 Oil

Oil isolated from its seeds is comparable to true Kapok and can be used for edible
purposes as a substitute for cotton-seed oil, for soap-making and as an illuminant.
Oil cake is richer in protein than that of true Kapok and cottonseed cakes and is an
excellent cattle feed as it contains very little or no gossypol, the toxic principle of
cotton-seed (Chadha 1972).
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Chapter 6
Ecological Importance and Need
of Conservation

Abstract Silk-Cotton tree is in fact a boon to environment by providing shelter
and food to animals, reducing pollution, cooling homes, attracting positive
microvita and thus plays an important role in balancing ecosystem. However, few
traditions and commercial overexploitation is leading to an untimely demise of this
multipurpose tree species in various parts of the world. Results of some conser-
vation strategies applied in Udaipur, India have also been discussed.

Keywords Holi � Agroforestry � Vermi-compost � Pollution � SMRIM � Ex situ
conservation

6.1 Bombax ceiba: A Multipurpose Tree Species

Bombax ceiba is not only useful medicinally and economically but is also an
equally important plant species for ecosystem. It is considered as a reforestation
pioneer plant species and survives easily in low rainfall and well-drained condi-
tions. It also coppices well in the early stages of growth. Plants can be raised by
direct seed sowing, entire transplanting and stump-planting methods. Seeds are
embedded in soft, silk cotton and usually there are 25,300–38,500 seeds in 1 kg of
floss. Light weight of floss helps in easy dispersal of seeds through blowing wind.
Propagation is also done with branch-cuttings, but the survival rate is poor in this
method (Chadha 1972).

The plant is well known for its beautiful crimson red flowers, which are used to
make natural color for Holi—the festival of colors in India. Water extract of this
flowers has been found to be useful as a natural acid–base indicator safer than
synthetic indicators. Thus, this eco-friendly natural indicator can be used to minimize
chemical pollution as well as to provide safety to users (Soltan and Sirry 2002).

V. Jain and S. K. Verma, Pharmacology of Bombax ceiba Linn.,
SpringerBriefs in Pharmacology and Toxicology,
DOI: 10.1007/978-3-642-27904-1_6, � The Author(s) 2012

73



Silk-Cotton tree is also known for its fire resistance and soil binding property
(Chadha 1972; D’Silva 2001). Recently, it has been shown that good quality of
vermicompost can be prepared from its dry leaves and flowers. Dry leaves took
8 months to convert in vermicompost while flowers took only 3.5 months.
Vermicompost developed from leaves and flowers contained total (%) N 1.4, 1.2;
P 0.6, 0.55; K 2.1, 1.77; Na 2.3, 1.4; Ca 4.25, 0.45 and S 1.4, 0.9, respectively
(Sannigrahi 2009). It has been demonstrated that this plant possesses moderate
SO2 absorption efficacy and therefore, can be recommended for roadside planta-
tions in polluted urban areas (Farooq et al. 1988).

In silvi-pastoral system of Agroforestry, protein-rich multipurpose trees are
planted around farmlands and rangelands for cut and carry fodder production to
meet the feed requirements of livestock during the fodder deficit period in winter
(Fig. 6.1). Bombax ceiba is the most preferred fodder species due to its high
protein content and considered as an important multipurpose tree for providing
food, fodder, fuel, timber and soil protection (Chundawat and Gautam 1993).

The Red Indian Kapok tree is an important medicinal plant species which has been
shown to be useful for reclamation of wastelands and mine spoils (Dadhwal and
Singh 1993). This multipurpose tree species can be used for social forestry schemes
and for planting in barren areas to improve the soil and to gain economic benefits,
species propagation and soil conservation. It is a large ornamental tree, acts as a
living fence and can be widely planted for urban greening (Online document 1 2011).

Trees provide shade and insulate the home from heat loss or gain and thus, can
be used around the home for passive energy conservation. This passive energy
saving landscaping concept for climate control is known as enviroscaping. The
energy-conserving impact of a particular tree species depends on whether it keeps
its leaves during the winter and the shape of a tree and density of its foliage.
Medium shade density, large spreading nature and high drought tolerance makes
Silk-Cotton Tree one of the most suitable tree species for passive energy con-
servation around the homes as studied in South Florida (Broschat et al. 2007).

Fig. 6.1 A tribal lady
collecting dry flowers of
Bombax ceiba for cattle feed
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Bright crimson red flowers appear in very large numbers on the tree from January to
March and make the whole tree a mass of brilliant color. To enhance its beauty, many
mynas and rosy pastors chat lively along with bass of crows and twittering of sparrows
and other small birds who visit the tree in search of nectar (Santapau 1996) and
therefore, this tree merits consideration as a keystone resource (Raju et al. 2005). Being
predominantly an ornithophilous plant species, it is also designated as ‘Little bird’s
cafeteria’. It serves as a nesting site for Rock bees, Red-Weaver Ants and birds such as
Coppersmith Barbets, Indian Gray Hornbills, Vultures and Greater Adjutant Storks. Its
nectar-rich flowers are used as a source of food by many animals such as Hanuman
Langurs, Peacocks, Squirrels, Blue bull, Indian Crested Porcupine, House Crow,
Sunbirds, Red-Vented Bulbul, House sparrow, Common Myna, Black Drongo, Par-
akeets, Indian Roller Bird, Dysdercus bugs and Glenea cantor. (Fig. 6.2a–g). Not only
this, but also the nectar present in its flowers also possess microscopic mycoflora.
Mushtaq et al. (2006) have isolated total 16 fungal species belonging to ten genera from
the nectar. These were Bullera megalospora, Candida rhagii, C. sake, C. valdiviana,
Debaryomyces hansenii, Fibulobasidium inconspicuum, Filobasidiella neoformans,

Fig. 6.2 a–g Dependence of
various animal species on
Bombax ceiba
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Pichia castillae, P. dryadoides, P. lynferdii, P. mississippiensis, P. ohmeri,
Pseudozyma antarctica, Stephanoascus ciferrii, Williopsis californica and Zygoascus
helinicus. Thus, B. ceiba is an excellent example of ‘Umbrella tree species’ and should
be recommended for plantation in tropical forests, protected areas as well as
home gardens to further support lives of many animal species that are dependent on it
(Bhatt and Kumar 2001; Jain et al. 2011; Kohno and Buithi 2005; Liu et al. 2007;
Lu et al. 2011).

Unfortunately, decline in number of B. ceiba trees had shown a great impact on
many animals surviving on it in various parts of the world. A study on population
status and breeding ecology of Gyps bengalensis (White-rumped Vulture) in Rampur
valley, Nepal, has shown that 86% nests of G. bengalensis were built on B. ceiba
trees. Commercial logging of B. ceiba trees in Nepal has limited its nest-site avail-
ability leading to drastic reduction in population of White-rumped Vultures which
are nature’s best scavengers (Baral et al. 2005). Similarly, decline in population of an
endangered bird Leptoptilos dubius (Greater Adjutant Stork) has also been observed
in Assam, India which is due to continuous reduction in the availability of its nesting
sites in general and overexploitation of B. ceiba in particular as it is the most preferred
nesting site of Greater Adjutant Stork (Singha et al. 2002).

In Maradavally forest area of Western Ghats, India, B. ceiba has been the main
shelter tree for honeybee colonies. But overexploitation of this plant species has
put it into an endangered species and also resulted in reduction of honeybee
populations which are the main pollinating agents. The loss of pollinators has
further induced reduction in the seed set of B. ceiba. Therefore, depletion of such
keystone resource species within a forest area can cause a deleterious impact on
the whole ecosystem (Ramkrishnappa and Krell 2006).

6.2 The Need of Conservation

The plant is being exploited largely for medicinal and commercial purposes but
traditional burning of this tree in Holika-dahan, which is an important festival of
North India, is jeopardizing its survival in the tribal-dominated Udaipur district of
Rajasthan, India (Verma et al. 2006; Sharma 2006; Jain et al. 2007). Commercial
overexploitation has also raised questions on its survival in Nepal and Australia
(Baral et al. 2005; Whitehead et al. 2006).

Various ethnoconservation practices, in the form of traditions, customs, myths
and folk-tales, have made survival of B. ceiba on the earth for so many years. The
in situ conservation practices of indigenous communities can be considered as the
traditional ecological heritage, which conserves the population of varied plant
species in its habitat; the best method of conservation. Now there is a need to
revive these beneficial traditions of conservation to protect many endemic and
endangered plant species as well as to protect the habitat for future generations.
The present case study deals with status of B. ceiba and various conservation
efforts made to protect this multipurpose tree species in Udaipur, India.
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6.2.1 Case Study

Udaipur district is situated between 24�3404800 north latitude and 73�4004800 east
longitude. It is particularly a tribal-dominated division, where Meena, Bhil, Gar-
asia, Damor and Kathodi are the main inhabiting tribes. Among the various
customs and traditions related to B. ceiba, the one which is the most dangerous and
widely prevalent even in urban masses of Udaipur city is the use of this tree as a
pole for Holika-dahan (Jain et al. 2007, 2009). Due to this particular prevalent
tradition of cutting and burning Semal tree in huge quantities in a single day, every
year, the plant is now available sparingly in few patches at Kewara ki Naal, Desuri
ki Naal, Chirwa valley and Hawala village in the vicinity of Udaipur city. Our
continuous survey since last 5 years (2006–2011) has shown many illegal tree
felling events in nearby forest areas of the Udaipur city just before Holi festival.
Many trees were badly mutilated and some cut logs were lying in such position, so
that they can be easily transported in the night for selling in urban areas (Fig. 6.3).

Enquiry from the local tribes and people who were openly selling the tree at
various places in and around the city and from elderly people of the community in
different areas of the city, involved in Holi burning events, gave us an astonishing
fact about the number of trees which were sacrificed for this festival (Fig. 6.4).
In the year 2007, around 2,000–2,500 trees or twigs of Semal tree were cut for
Holika-dahan and sold in the city at the rates of Rs. 200–300 per Holi-pole. The
cost of Holi-poles depending on the length and breadth of the plant was increased
up to Rs. 500 per pole in the year 2009–2010. However, in the year 2011, the cost
was significantly decreased to Rs. 150 and even there was a significant reduction
observed in the number of Semal trees brought for selling.

Besides this, another devastating tradition of burning the longest Holi of the city
is jeopardizing survival of this plant. From the year 2007 onwards till 2011, a
54–55 ft long Semal tree, brought from nearby forest area, at the cost of around
Rs. 3,000–4,000 is being burnt at Subhash Chawk, Mullatalai, Udaipur without
any concern about the sacrifice of such a large tree (Fig. 6.5).

Tradition of cutting and burning Semal trees from last many years has led to
reduction of B. ceiba to such an extent that tribals are now cutting other plant
species and selling them in the name of Semal tree. It shows how an irrational
traditional practice can become so devastating and it is obvious that loss of even
one part of flora or fauna of food chain can disturb the ecosystem drastically.

6.2.2 Conservation Efforts

Looking to the grave situation of B. ceiba in Udaipur district, a strategy was
prepared as ‘Semal Conservation Mission’ under Society for Microvita Research
and Integrated Medicine (SMRIM), Udaipur to combat with this social evil leading
to untimely death of such an important plant species. It included both in situ and
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ex situ conservation efforts. For this, the first step was to create awareness among
masses and to involve them in both in situ and ex situ conservation programs.

6.2.3 Awareness Campaign

An intensive awareness program was initiated since 2006 and is still continuing.
It included publication about the grave situation of B. ceiba in Udaipur in various
national and international journals, magazines and newspapers along with pam-
phlet distribution among masses with an urge to conserve the plant for future
(Verma et al. 2006; Jain et al. 2007, 2009; Verma and Jain 2008a, b; Jain and
Verma 2008; Jain 2009, 2010a, b, c, 2011a).

Fig. 6.3 a–f Badly mutilated
trees of B. ceiba to be used
for burning in Holika-dahan
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Another important effort in the direction of awareness was direct interactions
with various rural and urban communities (both young and old generations) in the
form of group meetings, table talks, workshops and lecture deliveries (Jain 2011b).
After 5 years of intensive efforts, support was provided by a renowned local
newspaper ‘Rajasthan Patrika’ in 2011, who agreed to collaborate in our Semal
Conservation Mission program. It helped us to materialize our newly proposed
concept of burning an iron pole as a Holi-danda instead of B. ceiba or any other
plant species (Verma 2011).

6.2.4 In Situ Conservation

Results of Semal conservation mission became clearly evident in 2011. With the
involvement of forest officials, who were initially not supporting the mission in
name of conserving the tradition, also became active and did not allow any kind of
illegal felling of Semal trees in the forests. This really helped the mission as there

Fig. 6.4 a–f Author
interacting with the sellers of
debarked stems of B. ceiba in
Udaipur, India on the
occasion of Holi festival
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were very few Holi-dandas seen in the market in 2011 as compared to 2007 and
that too were sold at much reduced cost.

To reduce the burden on forests and for real protection of Semal trees in the
wild, an innovative idea was proposed by the authors Verma and Jain (2008b).
It was suggested that an iron pole wrapped with dried grass and hay material
instead of the wooden pole of B. ceiba can also be used for burning in Holi where
the grass will be burnt to ashes while iron pole will remain unharmed, just as the
Prahlad survived in the fire in the mythological story. So, there will be no need to
sacrifice B. ceiba or any other tree on this occasion.

This idea was ultimately materialized in March 2011 and we were quite
successful infusing this idea into minds of urban masses. Members of SMRIM,
Udaipur prepared Iron-Holi poles and provided it to local people as per demand
(Fig. 6.6). Members of SMRIM burnt this eco-friendly Holi covered in fire-proof
cotton at Arvind Nagar, Sunderwas and well organized this event by showing the
people importance of such beneficial medicinal plant (Figs. 6.7, 6.8). Many edu-
cated communities came forward and adopted this Iron-pole concept keeping
behind all dogmatic thinking which were perpetuating till then. Forest officials also
burnt an iron Holi at all their forest divisions showing the importance of Semal tree
to tribal communities. This was a real reward that came from local people in
direction of Semal conservation.

The awareness attempts also led us to another success in reducing the numbers
of Holi burning events. For this, group meetings were conducted with influential
persons of various communities and the positive result was that all of them agreed

Fig. 6.5 Burning of longest
Holi of Udaipur. a Attempts
to raise the longest Holi.
b Decorated longest Holi
ready for burning. c Silk
cotton tree in flames and
fumes of tradition
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Fig. 6.6 Iron poles as an alternate to Semal for burning Holi
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Fig. 6.7 SMRIM members preparing Holi by covering iron pole with hay material
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to burn a Group-Holi and thus avoided unnecessary cutting of Semal trees in large
quantities. They also agreed to plant five Semal saplings every year for every tree
cut during Holika-dahan. This was a rewarding step toward Semal conservation
strategies after such rigorous 5 years continuous efforts which proved fruitful at
the end.

6.2.5 Ex Situ Conservation

It is the most desirable objective with medicinal plants. It is more to offer than
systematic storage of germplasm in botanical gardens, field gene banks and seed
collections. For this, seeds of the plant are being collected every year in the month
of April since 2007 from wild by SMRIM and are being sown in favorable
environmental conditions at SMRIM’s nursery, Tekri-Madri Road, Udaipur
(Fig. 6.9a–c).

Till July 2011, around 600 saplings have been recovered and about 500 have
already been transplanted in and around Udaipur city. The places where Semal

Fig. 6.8 Burning of iron
pole as Holi
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Fig. 6.9 a–b Saplings of Bombax ceiba. c Propagation of Semal in nursery managed by SMRIM.
d–g Plantation of Semal at various places in Udaipur, India
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plants have been transplanted are as follows: Neemuch Mata Hill, Doodh Talai
Lake area, Chitrakoot Nagar, RNT Medical College, Gulab Bagh Zoo, Sajjangarh
Wildlife Sanctuary, University College of Science, College of Law, Mohanlal
Sukhadia University, Sukhadia Samadhi Garden, Manohar Vatika, Sunderwas,
Rameshwar Park, Sector no. 4, Hiranmagari, Moti Magri garden and museum
compound near Fatehsagar lake, J. C. Bose Hostel, Rajasthan College of Agri-
culture, Physiotherapy, Homeopathy and Lokmanya Tilak B.Ed. College, Janardan
Rai Nagar Vidyapeeth University, Dabok, Khaddeshwar Mahadev temple near
Airport, Amrakh Mahadev temple, near Chirwa valley, District Collector’s resi-
dence at Court circle, Rajiv Gandhi Garden, Adinda Parshwanath Temple, College
of Technology and Engineering, Maharana Pratap University of Agriculture
Campus, Udaipur and in various Primary and Middle schools at Bhinder munic-
ipality area (Fig. 6.9d–g). It is worth noting here that there was not a single plant
of Semal present at all these places except at the Botanical garden, University
College of Science, Mohanlal Sukhadia University.

Till date Semal plant has been conserved and propagated only by nature and to
some extent by the indigenous communities in form of various ethnoconservation
practices. Due to such intensive awareness program running for past 5 years, many
intellectuals came forward and allowed to plant Semal in their own houses and are
really taking care of them properly. Propagation by developing the plants from
seeds and transplanting them on such a large scale in Udaipur is a historical step
which will surely revitalize the importance of this medicinal plant species as well
as prove a milestone in the direction of Semal conservation. Efforts are being
continued for its propagation and preservation both in situ and ex situ.

6.2.6 Conclusion

These large-scale ex situ conservation efforts for a tree of ethnomedicinal value
and spiritual importance is a rewarding step in the history of Udaipur which will
surely prove to be a clarion call to nature lovers, environmentalists and the general
public to come forward and help in conservation of this plant species so that it may
be saved from an untimely demise. Re-establishment of ethnoconservation prac-
tices and traditions, which are not causing harm to the environment, is the dire
need of time (see Chap. 2). Similar approaches can be made in other countries also
to save this plant species while simultaneously utilizing it on a sustainable basis.
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Chapter 7
Future Research

Abstract Bombax ceiba Linn is historically, psycho-spiritually, commercially,
ecologically and medicinally important plant species. Phytochemically it is enri-
ched with flavonoids, phenolics and sesquiterpenoids. Fragmented research work
has been done in various parts of the world to validate its ethno-medicinal prop-
erties and the results are outstanding. However, it still needs detailed exploration
of its beneficial biological potential against hyperlipidemia, hyperglycemia and
atherosclerosis.

Keywords Antiviral � Hypotensive � Hypoglycemic � Anti-inflammatory �
Atherosclerosis

Bombax ceiba, the Indian Red Kapok tree is an important multipurpose tree
species and has been proved to be a nature’s boon for human welfare. The flowers
are beautiful bright red and full of energy, the stem bark is resistant to fire;
protecting the plant and the forest; the floss from the seeds is used for stuffing,
timber is used for match and art industries, the gum is used for female health and
the root for treating diabetes and male sexual disorders. It have a very high
reputation in ethnomedicine and traditional medicinal systems which has been
scientifically proved in various experimental studies. However, extensive research
should be carried out in the following directions:

• Every part of the plant has been subjected for phytochemical analysis resulting
in isolation of some novel compounds such as Bombamaloside, Bombamalones,
Bombasin, Bombalin and Shamimicin. However, further research should go
with a pace to isolate the active components with the proved biological activities
such as antiviral, antimutagenic, hypoglycemic, hypolipidemic, androgenic and
anabolic.

• It has shown some potential against free radicals, lipids, COX pathway and
coagulation parameters. Future research should be aimed toward detailed
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exploration of its action on prevention/regression of experimentally induced
atherosclerosis.

• Large-scale, placebo-controlled, double-blind, multi-centered, cross-over stud-
ies with a large number of patients for long duration should be carried out to
establish its hypolipidemic, hypoglycemic, antioxidant, anabolic and fibrinolysis-
enhancing activities.

• Incorporation of hypoglycemic and hypolipidemic components from root,
hypotensives from leaves/flowers and antioxidants from flowers/root may pave
way for production of a ‘Herbal Polypill’ which may prove useful for the
presently prevailing epidemics of coronary heart disease and diabetes.

• Extracts prepared from its various parts should be standardized with the help of
chromatography and spectroscopic techniques for quality assurance and control.

• Looking to its immense therapeutic potential and important role in ecosystem,
its declining population is a serious threat to humanity. Therefore, there is an
urgent need to develop ex situ conservation techniques such as tissue culture and
micropropagation to propagate this plant species in short time.

In a nutshell, Bombax ceiba is a plant having a long life span and providing
ecological benefits. There is a need for further research to assess its bio-medicinal
values. Moreover, the plant is used for so many purposes that countries such as
India, Nepal and Australia have started facing the increased rate of harvesting,
which may threaten future sustainability of the plant. Therefore, there is urgent
need to develop large-scale in situ and ex situ conservation techniques and their
implementation for preserving this important plant species.
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