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Pharmacognostical and phytochemical studies on roots
of Bombax ceiba Linn.

[Estudios farmacogndstico y fitoquimico de las raices de Bombax ceiba Linn.]

Pankaj H. Chaudhary, Pallavi D. Rai, Sharada L. Deore, Somshekhar S. Khadabadi

Department of Pharmacognosy, Government College of Pharmacy, Kathora Naka, Amravati - 444604, Maharashtra, India.

E-mail: pankaj3 chaudhary@rediffmail.com

Abstract

Context: Bombax ceiba Linn. (Bombacaceae) is a well-known plant for
its antihypertensive, antioxidant, antidiabetic, aphrodisiac and uterine
tonicity properties.

Aims: To study pharmacognostical, physicochemical and
phytochemically the roots of this plant.
Methods: Pharmacognostical study included the macroscopic

characters like size, color, surface characteristics, texture, fracture
characteristics and odor of the roots. The intact root as well as powdered
drug were studied under a microscope to analyze the cellular
characteristics of the drug. Physicochemical parameter like extractive
values, loss on drying (LOD), total ash, water-soluble and acid insoluble
ash, foaming index and hemolytic index of Bombax ceiba root powder
were determined as per WHO guidelines. Preliminary phytochemical
screening and qualitative chemical examination studies have been carried
out for the various phytoconstituents. HPTLC have also carried out using
cyclohexane: diethyl ether: ethyl acetate as mobile phase.

Results: Chemical evaluation and TLC studies shown presence of
alkaloids, glycosides, flavonoids, steroids, saponins and tannins. The
microscopic characters have shown presence of cork, cambium, xylem
vessels, stone cells, starch grains, calcium oxalate crystals and phloem
fibers. Microscopy analysis of the powder included the cork cells, fibers,
calcium oxalate crystals and vessel. The presence of steroids was
confirmed in HPTLC fingerprinting studies.

Conclusions: Pharmacognostical and preliminary phytochemical
screening of Bombax ceiba roots will be useful in order to authenticate,
standardize and avoid any adulteration in the raw material. The
diagnostic microscopic characters and physicochemical data will be
helpful in the development of a monograph. The chromatographic finger-
printing profile can be used to standardize extracts and formulations
containing Bombax ceiba roots.

Keywords: Bombax ceiba; HPTLC; microscopy; steroids; thin layer
chromatography.

Resumen

Contexto: Bombax ceiba Linn. (Bombacaceae) es una planta conocida
por sus propiedades anti-hipertensiva, antioxidante, antidiabética,
afrodisiaca y tonica uterina.

Objetivos: Estudiar farmacognostica, fisicoquimica y fitoquimicamente
las raices de esta planta.

Métodos: El estudio farmacogndstico incluyé los caracteres
macroscdpicos como tamario, color, caracteristicas de la superficie,
textura, caracteristicas de fractura y el olor de las raices. La raiz intacta y
la droga en polvo se estudiaron bajo el microscopio para analizar las
caracteristicas celulares de la droga. Los pardmetros fisicoquimicos como
valores extractivos, pérdida por desecaciéon (LOD), cenizas totales, indice
de formacion de espuma soluble en agua y cenizas insolubles en acido, y
el indice hemolitico del polvo de raiz de Bombax ceiba se determinaron
segun directrices de la OMS. Se realizaron estudios de tamizaje
fitoquimico preliminar y examen quimico cualitativo para los distintos
fitoconstituyentes. También se realizo el estudio por HPTLC usando como
fase movil ciclohexano: éter dietilico: acetato de etilo.

Resultados: La evaluacion quimica y los estudios de TLC mostraron
presencia de alcaloides, glucdsidos, flavonoides, esteroides, saponinas y
taninos. Los caracteres microscopicos han demostrado la presencia de
corcho, cambium, vasos del xilema, células pétreas, granos de almidon,
cristales de oxalato de calcio y fibras del floema. El analisis microscopico
del polvo incluyo las células de corcho, fibras, cristales de oxalato de
calcio y vaso. La presencia de esteroides se confirmé en estudios de
huellas por HPTLC.

Conclusiones: El tamizaje farmacognéstico y fitoquimico preliminar de
las raices de Bombax ceiba sera util para autenticar, estandarizar y evitar
cualquier adulteracién en la materia prima. Los caracteres microscopicos
de diagndstico y los datos fisicoquimicos seran utiles en el desarrollo de
una monografia. El perfil cromatografico de huellas (fingerprinting) puede
utilizarse para estandarizar extractos y formulaciones que contengan
raices de Bombax ceiba.

Palabras Clave: Bombax ceiba; cromatografia capa delgada; esteroides;
HPTLC; microscopia.
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INTRODUCTION

Ayurvedic system of medicine is a traditional
system of medicine, native to the Indian
subcontinent and practiced in other parts of the
world as a form of alternative medicine. In
Sanskrit, the word Ayurveda consists of the words
ayus, meaning "life", and Veda, meaning "related
to knowledge" or "science". Evolving throughout
its history, Ayurveda remains an influential
system of medicine in South Asia. Over the past
centuries, ayurvedic  practitioners, called
"Ayurvedacharyas,” have identified a number of
medicinal preparations and surgical procedures
for curing various ailments and diseases (CRPA,
2002).

However, there is a need to transform
Ayurveda into a dynamic, scientifically validated
and evidence-based system which takes its roots
from rich knowledge base of oral tradition and
scriptures. The major hurdle in the wider
acceptability of Ayurveda and its products is the
lack of proper standardization techniques and its
unpreparedness to accept global challenges
(Wagner and Farnsworth, 1994). The World Health
Organization (WHO) also has emphasized the
need to ensure the quality of the medicinal plant
products (Hamberger et al., 1991).

Standardization of herbal drugs is very much
important to establish their products in the
global markets. Standardization starting from
production of quality materials, analysis of raw
materials for authentication, presence of foreign
matter, organoleptic evaluation, microscopic
examination, extractive values, chromatographic
profiles, pesticides residue, presence of heavy
metals, etc., is necessary for standardization of
drugs. Similarly, the standardization methods of
medicinal plants and its extracts have great
importance in the fields of cosmetics and
nutraceuticals, which are emerging as the two
most important segments in the global markets
(Masood, 1997).

The present study has been performed on
Bombax ceiba Linn or Bombax malabaricum D.C.
or Salmalia malabarica (DC.) Schott & Endl is
belonging to family Bombacaceae (The Wealth of
India, 2003). The therapeutic effects have been
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reported in roots, gums, stem bark, flowers,
seeds, prickles and young fruits. The family
Bombacaceae consists of 22 genera and 150
species. Genera Bombax consists of 60 species,
Ceiba 15 species, Durio 15 species, Salmalia 10
species and Adansonia 10 species (Rajendra, 2007).
This tropical tree has a straight tall trunk and its
leaves are deciduous in winter. Red flowers with
five petals appear in the spring before the new
foliage. It produces a capsule which, when ripe,
contains white fibers like cotton. Its trunk bears
spikes to deter attacks by animals (Kirtikar and Basu,
1994).

Reports have shown the presence of glycosides
and tannins in roots, stem and leaf. In the stem
some alkaloids and in roots, proteins are
identified. The stem bark and root contains
mangiferin, lupeol and B-sitosterol (Fig. 1). The
root bark has 3 naphthalene derivatives related to
gossypol (toxic principle of cotton seed) and
called as 'semigossypol'. Flowers contain [-
sitosterol, traces of essential oil, kaempferol and
quercetin. On hydrolysis gums yields arabinose,
galactose, galacturonic acid and rhamnose (NIsC,
2001).

It has been claimed in Ayurveda that Bombax
ceiba possesses proven medicinal properties and
is the ingredient of many formulations. The roots
are sweet, cooling, stimulant, restorative,
astringent, alternative, aphrodisiac, demulcent,
emetic and tonic. It is used in the treatment of
diarrhea, dysentery, menorrhagia, styptic and for
wounds. The gum is cooling, astringent,
stimulant, aphrodisiac, tonic and demulcent in
nature. It is useful in dysentery, hemoptysis, and
pulmonary tuberculosis, influenza, burning
sensation, menorrhagia and enteritis. Bark is
mucilaginous, demulcent, emetic and tonic.
Flowers are astringent and good for skin troubles
and hemorrhoids. Seeds are useful in treating
gonorrhea and chronic cystitis. A paste made out
of prickles is good for restoring skin color
especially on the face. Young fruits are useful in
calculus affections, chronic inflammations and
ulceration of bladder and kidney (Kirtikar and Basu,
1994; NISC, 2001).
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Numbers of reports are available on
pharmacognostic and phytochemical studies of
stem (Rai Chaudhuri, 1971; Shantha et al., 2009) and leaf
(Mehra and Karnick, 1968; Gopal and Gupta, 1972; Faizi and
Ali, 1999; Puckhaber and Stipanovic, 2001; Versiani, 2007) of
Bombax ceiba Linn. but no work has been
reported till date on the pharmacognostic studies
of Bombax ceiba roots. Although the presence of
certain secondary metabolites in Bombax ceiba
has been reported, no study depicting the com-
plete phytochemical screening has been reported
yet. Thus, in the present study an attempt has
been made to perform the pharmacognostic
studies and proximate analysis of Bombax ceiba
roots. The preliminary phytochemical screening
of the roots was also be done by extraction in
different extracts and then performing chemical
tests and TLC studies of the same.

MATERIALS AND METHODS

Plant material

Roots of Bombax ceiba were collected from
Govt. Vidharbha Institute of Science & Humani-
ties localities, Amravati (Maharashtra). The plant
was identified and authenticated by Dr. Vishal R.

http://jppres.com/jppres
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Figure 1. Chemical structure of (A) lupeol, (B) B-sitosterol,
(C) mangiferin present in B. ceiba.

Marathe of Department of Botany, Shri Shivaji
Science College, Amravati, and a voucher sample
(Code: SSC-DOB07062011) was deposited at the
Herbarium of the this Department. The vegetable
drug was dried in the shade at room temperature.
Dried roots were powdered in grinder and
powder material was kept in an airtight container
for further study.

Macroscopic evaluation

The size, color, surface characteristics, texture,
fracture characteristics and odor of the roots
were studied (Khandelwal, 2004).

Microscopic evaluation

The intact root, as well as powdered drug, was
studied under a microscope to analyze the
cellular characteristics of the drug.

Study of transverse section

The roots were taken in a test tube and 5%
potassium hydroxide in methanol was added so
that the sample remained submerged. The
samples were boiled for few minutes. Transverse
sections of the drugs were taken in a watch glass
containing water with the help of a brush. The
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sections were then transferred to a watch glass
containing phloroglucinol-hydrochloric acid (1:1)
and allowed to stain for 2-3 minutes. The sections
were again transferred to watch glasses
containing water, so as the excess stain was
washed away. The sections were then placed on
clean glass micro-slides, with the help of a brush.
Few drops of water were added, and a clean
cover-slip was placed on the slide. The slides
were mounted for study on the microscope
(Khandelwal, 2004). The transverse sections were
also stained using iodine, methylene blue, Sudan
red to identify the starch, mucilage, and fats and
fixed oils.

Study of powder characteristics

The microscopic structures of powdered drugs
were also studied using the slides prepared by
above method using powdered drugs in place of
sections (Khandelwal, 2004). The fiber length of the
root powder was also determined using the
reported methods (Khandelwal,  2004). The
representative photos of sections were taken with
the help of Digital Olympus microscope.

Physicochemical evaluation

Physicochemical parameter like extractive
values, loss on drying (LOD), total ash, water-
soluble and acid insoluble ash, foaming index and
hemolytic index of Bombax ceiba root powder
were determined as per WHO guidelines (WHO,

1999).

Qualitative phytochemical evaluation
Extraction

The coarse powder of shade-dried plant were
successively extracted with petroleum ether,
chloroform, methanol, water:ethanol (30:70) and
water. The extracts obtained were concentrated
and dried under vacuum.

Chemical tests

All plant extracts were subjected to chemical
tests for the presence of following phytochemical
classes like carbohydrates, alkaloids, anthraqui-
nones, saponin glycosides, phytosterols, pheno-
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lics, tannins, flavonoids, proteins and amino acids
using reported methods (WHO, 1999).

Thin layer chromatographic studies

The hydro-alcoholic extract obtained was
subjected to thin layer chromatographic studies
using reported methods to determine the
presence of various phyto-constituents (Stahl,
2000). The results were compared with the results
obtained in the qualitative tests. The mobile
phases and detecting reagents of different classes
of compounds were used (Wagner and Bladt, 2003).

High-performance thin layer chromatography

A Camag microlitre sample (Hamilton,
Bonaduz, Switzerland) syringe was used for a
sample application on pre-coated silica gel
aluminium plate 60F-254 (5 cm x 10 cm with 0.2
mm thickness (E. Merck, Darmstadt, Germany)
using a Camag Linomat-V (Switzerland). Samples
were then separated using solvent systems cyclo-
hexane:diethyl ether:ethyl acetate of different
compositions. Densitometric scanning was
performed on Camag TLC scanner III in the
reflectance-absorbance mode for all measure-
ments and operated by CATS software (Vi.4.3
Camag). The plate was scanned at 254 and 366
nm before and after sparing. The detecting
reagent used was anisaldehyde sulphuric acid
reagent (Wagner and Bladt, 2003). Reference standard
lupeol was also applied on pre-coated HPTLC
plates, and its presence in Bombax ceiba root
extracts was confirmed.

The samples were prepared by dissolving 500
mg hydro-alcoholic extract of Bombax ceiba root
powder in 5 mL distilled water.

All the studies were performed three times.

RESULTS AND DISCUSSION

The morphological studies of roots of Bombax
ceiba show the shape of the root is more or less
cylindrical, slightly tapering. Color of the
unpeeled root is yellowish brown to dark brown
while a peeled root is pale yellow with a rough
surface. All the organoleptic features studied
have been summarized in Table 1.
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Table 1. Organoleptic features of Bombax ceiba roots.

Features Observations

Shape Cylindrical
Width 1-5 cm
Length 20-50 cm

Color Peeled-pale  yellow, unpeeled-
yellowish brown to dark brown.

Odor Faint and characteristic

Taste Characteristic, free from bitterness.

In transverse section (Fig. 2), roots are
characterized by the presence of thick brownish
continuous eight to ten layers of tubular cells.
Outer layers contain reddish brown amorphous
cells, and inner layers show thick-walled cells.
Single flattened layer of endodermis were
converted with distinct medullary rays of
multiseriate parenchymatous cells. The phloem
was presence of thick walled oval shape cells of
lignified parenchymatous sheath. Cambium was
observed by double walled polygonal cells of
xylem in horizontal tracks. Crystals of calcium
oxalate also present with simple or compound
starch grains. Small circular pith was seen with
dark brown colored outer covering with
intercellular spaces at center. Table 2 shows the
results of micro-chemical tests on transverse
sections of Bombax ceiba.

Powder analysis of Bombax ceiba root
observed that polygonal cells of parenchyma
pitted type of vessels, unicellular, bunches of
fibers with yellow thick mass of tissues along with
mesh-like structure. Fig. 3 shows the presence of
the cork cells, fibers, calcium oxalate crystals and
vascular bundles.

The fiber length was also determined and
found to be 2.7 x 33.75 um. This value can be used
as an identifying characteristic for Bombax ceiba
roots.

The proximate analysis revealed that
extraction values in petroleum ether 9.6%,
alcohol 19.2% and water 16.8% were observed.
Loss on drying of Bombax ceiba roots powder was
found to be 6.8%. Percentages of total ash, water-
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soluble ash and acid insoluble ash were found to
be 4.8, 4.4 and 0.5%, respectively. The phytoche-
mical evaluation showed the presence of
saponins, thus foaming index and hemolytic
index were determined and found to be 142.9 and
500.0, respectively.

Successive solvent extraction values in various
organic solvents were observed as with petroleum
ether 1.1%, chloroform 2.2%, methanol 5.3% and
water 15.0% in percentage yield.

The qualitative phytochemical evaluation by
chemical tests of all the extracts obtained after
successive extraction showed the presence of
alkaloids, glycosides, flavonoids, saponins and
tannins. Result is summarized in Table 3. TLC
studies of the crude hydroalcoholic extract also
showed the presence of similar constituents as
shown in Table 4.

HPTLC fingerprinting studies was performed
on the hydro-alcoholic extract of Bombax ceiba
roots. The results obtained are depicted in Fig. 4.
The presence of steroids was confirmed by use of
detecting agent, anisaldehyde-sulphuric acid.
Table 5 shows the comparative Rf values
observed. The presence of lupeol in the hydro-
alcoholic extracts was confirmed by HPTLC at Rf
value ~ 0.26 (Fig. 5).

Through screening of the literature on B. ceiba
shows that it is a traditional plant by
ethnobotanical way. The crude extract and
aqueous extracts of stem bark, root and leaf of B.
ceiba have be screened for some pharmacological
activities like hepatoprotective, antiangiogenic,
analgesic and antioxidant, hypoglycemic,
antimicrobial activity and cholinesterase activity
(Versiani, 2007). Other parts of plants such as gum,
seed and seed oil which are well documents to
possess valuable medicinal properties are not
explored for their biological potential (Versiani,
2007). In future study the isolated principle from
B. ceiba needs to be evaluated in animal model
and clinic trial to understand the molecular
mechanism of action, in search of lead molecules
from natural resources.
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Cork cambium
Cortex

4 Phloem

Parenchymatus Zone
Xylem

Stone cells
Phloem

Xylem vessel

Medullary ray

Starch grain

Figure 2: Transverse section of Bombax ceiba roots. Cork with eight to ten layers of tabular cells. Phelloderm: One to three layers of
radially arranged parenchymatous cells containing stone cells. Phloem fibers: Thickened walls, Lignified parenchymatous sheath.

Medullary rays: Distinct, multiseriate parenchymatous cells. Xylem fibers: Thickened walls, parenchymatous sheath containing
starch grains and calcium oxalate crystals. Pith: Parenchymatous cells with intercellular spaces.

Table 2. Micro-chemical tests performed on transverse section (TS) of Bombax ceiba roots

Test Observation

Inference

TS + phlouroglucinol + conc. HCI Pink colour observed

TS + iodine Blue coloured granules

TS + methylene blue Blue colored bundle of cells absent

TS + methyl red Distinguished cork cells and cork
cambium

Sudan red III Red coloured droplet absent

Without staining Identified cells

Fibres present
Starch granules present
Mucilage absent

Differentiate Cork, cork
cambium

Fixed oil, fats absent

Stone cells, calcium
oxalate crystal present
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Figure 3: Microscopy of powdered Bombax ceiba Linn. roots. (A) Cork cell: Brownish, thin-walled, wavy cells are
present. (B) Fibres: Occur in groups and be associated with the vessels. (C) Calcium Oxalate crystal: Minute prism
shaped crystal present as cell content and scattered. (D) Vessels: Fragments of lignified reticulately thickened,
annual and spiral vessels.

Table 3. Preliminary phytochemical screening of Bombax ceiba root extracts.

Name of chemical test Petroleum Chloroform Methanol Water
ether extract  extract extract extract

Carbohydrates - - + +
Protein and amino acid - - + +

Fat and oils + - - -
Steroid + + - _
Glycosides

Cardiac glycosides - - - -
Anthraquinone glycosides - - + +
Saponin glycosides - - + +
Flavonoids glycosides - - + +
Alkaloids - - ¥ +
Tannins and phenolic - - + +

compounds

Table 4. TLC profile for hydro-alcoholic extract of Bombax ceiba roots powder.
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Groups Mobile Phase Detection Rf Value

Anthraglycosides Ethyl acetate: methanol: Borntrdger reagent Absent
water (100:13.5:10)

Bitter Principles Ethyl acetate: methanol: Vanillin-Sulphuric 0.62
water (77:15:8) acid reagent

Alkaloids Toluene: ethyl Dragendorff 0.78
acetate:diethylamine reagent
(70:20:10)

Flavonoids Ethyl acetate: formic acid: ~ Aluminium 0.91
glacial acetic acid: water chloride reagent
(100:11:11:26)

Saponins Chloroform: glacial acetic ~ Vanillin-sulphuric  0.42
acid: methanol: water acid reagent
(64:32:12:8)

Essential oils Toluene: ethyl acetate Vanillin-sulphuric  Absent
(93:7) acid reagent

Coumarins Diethyl ether: toluene UV 365nm Absent
(11) saturated with 10%
acetic acid

Steroid Cyclohexane: diethyl Anisaldehyde- 0.3, 0.85, 0.88
ether:  ethyl acetate sulphuricacid
(4:6:2.5)

=
MFP1

o8

MP 3

MFP2

Figure 4: HPTLC fingerprinting profile of hydroalcoholic extracts of

Bombax ceiba root powder.

MP 1 (Mobile Phase 1): Cyclohexane: diethyl ether: ethyl acetate (4:3:2.5)
MP 2 (Mobile Phase 2): Cyclohexane: diethyl ether: ethyl acetate (4:4:2.5)
MP 3 (Mobile Phase 3): Cyclohexane: diethyl ether: ethyl acetate (4:6:2.5)

Table 5. HPTLC fingerprinting results of hydro-alcoholic extract of Bombax ceiba root powder.
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Spot Rf values at 254 nm before spraying Rf values at 366 nm before spraying
No- “\p, MP 2 MP 3 MP1 MP > MP 3
o1 0.05 0.05 0.05 0.05 0.05 0.05
02 0.09 0.09 0.24 0.36 0.12 0.10
03 0.34 0.21 0.36 0.60 0.35 0.24
04 0.48 0.38 0.67 0.62 0.39 0.37
05 0.60 0.54 0.76 0.70 0.97 0.67
06 0.62 -- 0.86 0.75 -- 0.87
07 0.72 -- -- 0.82 -- 0.94
08 0.75 -- -- 0.85 -- -
09 0.82 -- -- 0.93 -- -
Spot Rf values at 254 nm after spraying Rf values at 366 nm after spraying

No- Tvps MP > MP 3 MP 1 MP 2 MP 3
o1 0.12 0.21 0.10 o.11 0.10 0.10
02 0.20 0.36 018 0.34 0.15 0.14
03 0.27 0.42 0.26 0.45 0.20 0.16
04 0.30 0.50 0.31 0.50 0.27 0.19
05 0.36 0.67 0.36 0.59 0.30 0.22
06 0.40 0.70 0.40 0.61 0.35 0.25
o7 0.45 0.80 0.44 0.63 0.40 0.29
08 0.53 0.86 0.52 0.67 0.43 0.31
09 0.61 0.90 0.57 0.70 0.59 0.34
10 0.66 0.96 0.62 0.75 0.70 0.37
1 0.75 - 0.68 0.82 0.93 0.67
12 0.85 -- 0.78 0.85 -- 0.84
13 0.92 -- 0.85 0.87 -- 0.97

Mobile Phase 1 (MP 1): Cyclohexane: diethyl ether: ethyl acetate (4:3:2.5)
Mobile Phase 2 (MP 2): Cyclohexane: diethyl ether: ethyl acetate (4:4:2.5)
Mobile Phase 3 (MP 3): Cyclohexane: diethyl ether: ethyl acetate (4:6:2.5)
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Track 3, ID- Extract

Y

Figure 5. (A) HPTLC chromatograms of lupeol standard (Rf value ~ 0.26) and (B) Hydroalcoholic extracts of Bombax ceiba root.

CONCLUSIONS

The present study gives an account on the
preliminary pharmacognostic and phytochemical
screening of Bombax ceiba roots which may
useful in order to authenticate, standardize and
avoid any adulteration. The diagnostic microsco-
pical characters and physicochemical data repor-
ted in this paper will be helpful in the develop-
ment of a monograph. TLC & HPTLC studies help
to verify adulteration in quality control of crude
extract. Further due to the presence of various
phytochemicals which may be therapeutically
active, pharmacological screening of roots of
Bombax ceiba extracts can also be performed.
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