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ABSTRACT
The history of herbal medicines is as old as human civilization. In recent times there has been a
global trend towards herbal medicines. Many of the botanical, chemical techniques employed in
pharmacognosy, quality control of crude drug and its pharmaceuticals can be attempted by different
methods of evaluation and one of them is morphological and microscopical studies of crude drug. In
present study pharmacognostical characterization of Clerodendrum serratum (L.) Moon.
(Verbenaceae) is attempted which is a medicinal shrub with delightful blooms useful for broad array
of ailments from fever to snake bite. The study includes microscopic study of young stem, vessel
elements, petiole-both qualitative and quantitative characters, leaf architecture, leaf constants like
stomatal frequency, index number of epidermal cells, their types, vegetative and floral trichomes and
epidermal features as anatomical characters are fixed and hence reliable.
Keywords: Clerodendrum serratum; microscopic evaluation; trichomes; epidermal cells; leaf
architecture; quality control
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1. INTRODUCTION
The medicinal plants find application in pharmaceutical, cosmetic, agriculture and food
industry. The use of the medicinal herbs for curing diseases has been documented in history
of civilizations. Man in the prehistoric era was probably not aware about the health hazards
associated with irrational therapy. With onset of research in medicine, it was concluded that
plants contain active principles, which are responsible for curative action of herbs.
Before onset of synthetic era, man was completely dependent on medicinal herbs for
prevention and treatment of diseases with introduction of scientific procedures. The
researchers were able to understand about toxic principles in the green flora. The scientists
isolated active constituents of the medicinal herbs and after testing some were found to be
therapeutically active. The efficacy of some herbal products is beyond doubt.
According to WHO, estimated 4 billion people use herbal medicine. WHO currently
encourages, recommends and promotes traditional herbal remedies in national healthcare
programmes as these drugs are available at reasonable price, comparatively safe and people
have faith in such remedies. WHO in its number of resolutions have emphasized the need to
ensure quality, safety and efficacy of the traditional herbal drugs / remedies (Gupta, 2012).
Herbal medicine is a major component of all traditional medicines such as Ayurvedic,
homeopathic, naturopathic and native American Indian medicine. There are various
techniques which are used in quality control and standardization of herbal drugs and ISM
preparations.
The recent years have witnessed resurgence of interest in herbal medicines as more and
more people throughout world are turning their attention towards herbal drugs due to the more
holistic approach and with substantially fewer side effects as opposed to a depleted immune
system due to the prolonged use of allopathic medicine.
Safety parameters:
Standardization of herbal drugs in gaining momentum in India to include safety
parameters as per international norms. So far as drugs are concerned one must remember that
“safety comes first, quality afterwards”. Therefore, in addition to proper botanical
identification and physicochemical parameters, and microbial contaminants should also be an
important part of any quality control protocol.
Botanical Concerns:
Identification of true ASU herbal drugs, taxonomic characterization, collection, postharvest processing and storage many times similar names have been very frequently used for
several related plants but (devoid of active principle) to remove ambiguities. In modern times,
the issue of quality, safety and efficacy of medicines are interrelated. The quality of drug is of
paramount importance as it can affect the issues of efficacy and safety. The people worldwide
realized that vast plant wealth has much to offer in the shape of new remedies, which are
efficacious, safe and accessible to masses.
Why Standardization?
Standardization of herbal drugs and preparation thereof is not just an analytical
operation that ends with the identification assay of an active principle; rather it embodies total
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information (passport data of raw material, quality parameters, process control) and controls
that are necessary to guarantee consistency of composition.
LC/MS methods are very useful in determining active components and their metabolites
in pre-clinical studies. Herbal drug development is possible only through the development of
standardized herbal products with reference to their active phytoconstituents present for
commercialization, correct identification and supply of raw material and to avoid adulteration.
Proper botanical identification and validated analytical (GC, GCMS, LC, LC-MS and
LC-MS/MS) methodologies for the qualification of the extracts/fractions are the important
milestones in the herbal drug standardization. Traditional medicine is being looked towards
the herbal world with great expectations. Many of such botanical, chemical techniques
employed in pharmacognosy, quality control of crude drug and its pharmaceuticals can be
attempted by different methods of evaluation and one of them is morphological and
microscopical studies of crude drug.
In present study pharmacognostical characterization of Clerodendrum serratum (L.)
Moon. (Verbenaceae) is attempted which is one of the most important and effective plant of
ethnopharmacological relevance and is a shrub with delightful blooms, growing in tropical
and warm temperate regions like Africa, Southern Asia, Malaysia and distributed throughout
forests of India and Sri Lanka.
It is traditionally valued and reported for treating pain, inflammation, rheumatism,
respiratory disorders, fever and malarial fever in India with a long history (Patel et al., 2014)
so also leaves are one of the snake remedies.
Clerodendrum serratum having several common and local names as Angarvalli, Baman
Hatee, Beetle Killer, Babhneti, Bamun Hatee, Bhadangee, Bharangi, Bharang, Bamunhati
with biter, pungent taste. The parts used medicinally are dried roots, leaves
(http://herbpathy.com). Hence roots have been the focus of phytochemical investigations as
the biological activity has been ascribed to the saponins which are known to possess antiinflammatory and anti-cancer activity. Isolated bioactives from roots like icosahydropicenic
acid and ursolic acid have been claimed to offer anti-allergic and hepatoprotective activity.
Therapeutic potential of roots and leaves of Clerodendrum serratum has been
demonstrated in the conditions like asthma, allergy, fever, inflammation and liver disorders
attributed to the presence of various flavonoids, phenolics and saponins present in the drug.
Many ethnobotanical claims have been confirmed through modern in-vitro and in-vivo
pharmacological studies of different extracts and isolates from plants; however additional
studies on the biomarkers are needed to establish mechanism of action and to validate the
traditional use of this drug in clinical practices after proper safety assessments (Patel et al.
2014). With this backdrop the microscopic profiling of Clerodendrum serratum (L.) Moon. is
attempted. The anatomical characters are constant and more fixed than others, hence most
reliable; moreover they are species specific. Closely related species can be authentically
recognized with known anatomical characters even in absence of flowers.
There are large number of anatomical characters of systematic importance and also can
be used pharmacognostically but as pointed out by Metcalfe and Chalk (1950). The
systematic anatomist must rely on those characters which are less plastic. They further
suggested that conclusions supported by combination of characters are more reliable, than
those rests on single character.
Some important anatomical characters of well established value are trichomes, stomata,
epidermal studies, leaf architecture, histology of stem, petiole, sclerieds, vessel elements, etc.
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The first summary of the systematically more useful anatomical characters with an
evaluation of their importance was provided by Fritsch (1903). Metcalfe and Chalk (1950,
1967, 1985) have enumerated a large number of anatomical characters of diagnostic value for
different families. Several types and classification are recognized in stomatographic studies of
flowering plants.
The leaf architectural study is found to be useful for diagnostic purpose. Hickey (1971,
1973 and 1979) provided leaf architectural classification in an elaborate manner. Trichomes
due to their diversity and universal presence in angiosperms and ease of preparation have
been employed frequently for systematic comparisons and identification of genera and
species.
Vascular system of dicot petiole, as seen in transverse section is of much diagnostic
significance along with other anatomical features of petiole. Thorne (1992) pointed out
significance of stem anatomical studies including vessel elements. There are several such
significant anatomical characters.

2. MATERIAL AND METHODS
The plant material for present study was collected from Pohra and Melghat forest areas
of Amravati district (Maharashtra).
The investigatory vegetative and floral study of the species was carried out in laboratory
by using dissecting and binocular microscope. The identification were checked with reference
to floras and confirmed with BSI herbarium, Pune.
The fresh as well as material fixed in F.A.A. was used for anatomical studies. Present
study is based mostly on free-hand sections, macerations and peelings of fresh and preserved
material. Microtome sections were taken where felt necessary.
The free-hand sections and necessary microtome sections of young stem material were
taken for studying stem anatomy. Sections through base, middle and apical portion (near
lamina base) of petiole were taken for studying petiolar anatomy. Pieces of petiole were fixed
in F.A.A. and processed for free hand and microtome sections.
All the sections were stained in safranin and dehydrated following the usual method of
Johansen (1940) and mounted in Canada balsam. The details of stem and petiole anatomical
characters were studied under Spencer and Olympus compound research microscopes. Some
quantitative characters such as in case of petiole, petiole length, cross-sectional area of
petiole, distance from vascular bundle to adaxial and abaxial surfaces, number of pith
bundles, number of vascular bundles in wings were studied and analyzed for the patterns of
variability. To study the stomatal complex, from various vegetative and floral parts, the
following procedures were followed.
Epidermal peeling of leaves, stems and other vegetative parts was directly done
mechanically by forcep or by scrapping with the help of razor blade. The hard and difficult
material was peeled off after treating with 5% aqueous sodium hydroxide while thin floral
parts like bracts, sepals, petals were treated with 1-2% aqueous sodium hydroxide for
clearing. Cleared parts were washed with distilled water and treated with 2% acetic acid for 12 hours to neutralize residual sodium hydroxide in the material. Finally the prepared peels
were stained with 1% aqueous safranin followed by mounting in 50% glycerine and ringed
with tar or nail polish.
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For the species, the quantitative analysis of stomatal complex was made by calculating
stomatal frequency, size of stomata and epidermal cells from random samplings of 5-different
peels on either surfaces in case of dorsiventral parts. The stomatal index for leaves was
calculated according to the method of Salisbury (1927).
Other parameters include stomatal shape, distribution and orientation. Characters of
neighbouring epidermal cells of vegetative and floral parts including adaxial and abaxial
surfaces of different dorsiventral parts were investigated.
Epidermal peels were studied from mature leaves of both fresh and herbarium materials.
The latter were first softened by soaking in warm water. Stomatal classification is based on
the present morphological classification recorded by Baranova (1992).
To get an integrated picture of the trichome types and their organographic distribution,
varied temporary micropreparations viz., epidermal peels, mounts of cleared whole organs or
their portions, scrapping of trichomes and transections were used. Epidermal peels were
removed from all mature plant parts, stem, leaf, petiole, peduncle, pedicel, bract, sepal, petal,
androecium, gynoecium and fruit, by scrapping with scalpel, wherever possible. In case of
difficult materials peels were separated and cleared by treating with aqueous sodium
hydroxide followed by 2% acetic acid treatment. After washing with distilled water,
trichomes were stained with safranin (1% aqueous) and mounted in glycerine. The
observation was made directly under compound microscope and camera lucida sketches were
made.
For studying vessel elements, wood samples from thick woody branches (of 5-7 cm in
diameter) in case of woody or thickest portion of stem were collected from plant. First the
dried material of wood from stem was cut into small longitudinal pieces. The pieces were
further cut into small thin slices or slivers and proceeded for maceration by (Jeffrey's method:
In Plant Microtechnique by Johansen, 1940, p. 104) using a mixture of equal parts of 2%
aqueous nitric acid and 5% aqueous chromic acid. The softening time for wood varied
according to material but in general, material was put into macerating mixture for about 24-72
hours. Softened material crushed very gently with the use of thick glass rod with rounded end.
If material did not crumble easily then macerating mixture was replaced with fresh fluid and
process was continued. Separated elements thoroughly washed with water to remove the acid
and stained with aqueous safranin (1%). Vessel elements were selected, dehydrated and
mounted in glycerine or Canada balsam. Observations have been confined to the late
metaxylem elements. All measurements and camera lucida drawings were taken at 10 x 43x
and 10 x 40x magnifications.
To study the leaf-architecture, the mature leaves from both fresh and herbarium
materials were cleared by treating them with 5% aqueous sodium hydroxide which was
repeatedly replaced by fresh solution until leaf material got cleared, followed by treatment
with 2% acetic acid after washing thoroughly with distilled water. The herbarium material
was pre-soaked in warm water and then proceeded.
The lamina in case of small leaves or portion of lamina in case of large leaves after
washing with distilled water stained with aqueous safranin and mounted in glycerine or
dehydrated. Major venation patterns were studied with the help of Astoria-Japan made
photographic enlarger or under lens both dissecting and compound.
For minor venation pattern and details of leaf architecture, compound microscopic
observations were made. Terminology of Hickey (1973, 1979) is followed for describing leaf
architecture.
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Whole lamina photographs were taken directly using photographic enlarger and FX3
2.8 SLR Japan Camera with zoom lens.
Colour photograph for habit of this species was taken with Kodak Digital Camera.
All camera lucida sketches were made with GOKO MIAMB camera lucida at different
magnifications. The actual magnification of each figure sketch is given along with respective
figure plates.

3. OBSERVATIONS
Clerodendrum viscosum Vent. Jard. Malm. 1:t 25.1803. C. infortunatum auct. Non L.
1753; C.B. Cl. in Hook. f. Fl. Brit. India 4:594.1885; Cooke, Fl. Pres. Bombay 2:513.1958
(Repr.). Singh et al. Fl. Mah. 2: 691.2001. ‘Bhandira’.
A perennial, gregarious, tomentose shrub 2.5-3 m high, woody, branches yellow,
villous, branchlets purplish-green, bluntly quadrangular, densely pubescent, with yellowish
silky hairs. Leaves 15-19 x 9-10.5 cm, ovate, villous on both sides, more so on nerves and
with small obscure glands beneath, acuminate, serrate, cordate at base; petioles 21-22 x 0.50.9 cm, cylindric, pubescent. Flowers 4.1 cm long, pinkish-white in large terminal cymose,
pubescent, erect panicles, 15-30 x 10-20 cm (Plate I), upper branches and calyces reddening;
pedicels 0.5-0.6 cm long, pubescent; bracts 1 x 0.4-0.5 cm, leafy, deciduous, boat shaped,
ovate, hairy, green-purplish, gland dotted at tips, acute, entire. Calyx 1.5 x 0.8 cm,
campanulate, divided up to base into 5 segments, segments equal, large, 1.5 x 0.7 cm, broadly
lanceolate-ovate, silky pubescent on both sides, purplish-red, gland dotted outside, 3 veined,
acute, entire, persistent, much enlarged in fruit. Corolla 3.1 cm long, white with pinkishpurple tinge at throat; tube 1.9 cm long, slender, straight; limb 2 cm across, somewhat
oblique, lobes 5, spreading, nearly equal, 1.2 x 0.7-0.8 cm, ovate-oblong, concave, pubescent
outside, obtuse, entire. Stamesn 4, inserted below the throat, much exserted, longer 3-3.5 cm
long, shorter 2.8-3 cm long; filaments slender, filiform, basally purplish, distally white,
glabrous; anthers 0.4 x 0.2 cm, oblong, cells parallel, deep brown, glandular, dorsifixed,
introrse. Ovary 0.15 x 0.1 cm, elongate, glabrous, green, 4-lobular, 4-celled; 1-ovule in each
cell; style 3.5 cm long, much exserted, filiform, pinkish-purple, glabrous; stigma purple,
glabrous. Drupes 0.6-0.8 cm in diameter, globose, black, enclosed by pinkish-red enlarged
calyx.
Flowers and fruits:
June – December.
Distribution:
In shade of forests at limited spots at higher elevation in Chikhaldara (Melghat) not
common.
Flowers opening time:
6 – 8 p.m.
Clerodendrum serratum (L.) Moon. (Text Figs. 1-82)
Stem (Figs. 1-12)
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Epidermal features in surface view
Epidermal cells:
In between angular portions, polygonal, irregular, 70 x 35 ; walls-straight; orientation
– various to long axis of organ. Cells of angular portions – elongate, longer than broad; walls
– straight; orientation – longitudinal. Cuticular striations – absent.
Stomatal complex:
Surface stomatiferous. Stomatal distribution – confined to in between angular portions;
orientation – oblique – longitudinal to long axis of organ; shape – elliptic – elongate; guard
cells almost equal, inner walls moderate thick. Distributional pattern – many cells apart.
Type-anomocytic, adjacent cells 4 in number. Size – 60 x 30 ; frequency-1/unit square.
Trichomes:
I.

Non-glandular uniseriate filiform:

1.
Multicellular conical
1.1. Body-3-4 celled, 250 x 35 , obtusely pointed at apex; base-round; cells of varied
length; basal cell-round, cup like, middle cells equal; terminal cell short or longer; contents –
striated; walls-lateral-convex or straight, cross-walls – slight arched or straight; surface-rough;
lumen-broad. Seated upon single epidermal cell or on a vertical division-wall between 2adjoining epidermal cells.
1.2. Body-8-celled, 416 x 28 , obtusely pointed at apex; base-round; cells nearly equal in
length and breadth; terminal cell short, conical; contents – striated; walls – lateral – convex,
constricted at cross-walls, cross walls slightly arched or straight; surface rough; lumen-broad.
Seated upon a group of epidermal cells.
II.

Uniseriate glandular capitates
Capitate sessile or shortly stalked
Foot-1-celled, not sunken; stalk-1-celled, narrower than base of head; head-spherical
or peltate, few-celled; contents-dense, 40 x 40 .
Internal structure of young stem in transection
Transectional outline hexangular, prominent ribs 6-in number at six corners, alternating
with 6-furrows. Epidermis-typically 1-layered; cells somewhat bigger, squarish or
rectangular, outer and inner walls roundish and slight angular. Cuticle moderate thick.
Trichomes present. Cortex – outer collenchymatous, 7-8 layered under ribs, 5-7 layered in rest
parts, forming hypodermis, discontinuous and interrupted at few places, under shallow
portions by broad patches of chlorenchyma; inner cortex – narrow, parenchymatous,
chlorophyllose, 4-6 layered under ribs, 3-4 layered in shallow portions; cells irregular, thin
walled, barrel shaped, including ordinary contents. Endodermis – indistinct. Pericycleheterogeneous, including isolated bundles of sclerenchymatous elements, 3-5 layered high,
enclosing solitary, paired or clustered stone cells, separated by 2-3 cells wide parenchyma.
Vascular cylinder – phloem in outer continuous ring, massive, 9-10 layered high.
Xylem-inner to cambium, in close cylinder, traversed by narrow rays. Vessels – mostly
solitary, paired with common flattened wall, few in radial multiples of 2, squarish, triangular
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and oval in outline, lumen large, conspicuous by their absence opposite to shallow portions,
where xylem cylinder thinned out. Secondarily formed xylem with vessels predominantly
solitary. Pith – wide, homogeneous, cells parenchymatous, thin walled, containing clusters of
acicular crystals, pentagonal and hexagonal, more or less compact, enclosing small
intercellular spaces at meeting corners of walls; cells adjoining xylem small, compact.
Secondary growth normal; cork cambium superficial, subepidermal. Plant showing 2-types of
stems and leaf arrangement; stems with 3-leaves at node, having hexagonal outline in
transection and 2-leaves at node having quadrangular outline in transection.
Wood vessel elements:
Vessels angular, predominantly longer than broad. Perforation plates -2-per vessel,
simple, present on almost transverse or slight inclined end walls, mostly triangular, squarish –
round in shape, as broad as end walls or slight narrower; terminations – horizontal, very
shortly ligulate, mostly at one end. Sculpturing pattern on lateral walls – pitting, pits simple,
circular or horizontally elongated, moderate large; arrangement – mostly alternate, in few
rows, uniformly crowded.
Measures –
Longest vessel – 660 x 60 ; shortest vessel – 300 x 40 .
Shortest and broadest vessel – 300 x 40 ;
Length (average) – 466.66 ; breadth (average) – 53.33 .
Petiole (Figs. 13 – 23)
Epidermal features in surface view:
Epidermal cells:
Pentagonal and polygonal, isodiametric, 35 x 27 ; walls – straight; orientation –
longitudinal and various to long axis of organ. Cuticular striations – absent.
Stomatal complex:
Surface astomatic.
Trichomes:
I.

Non-glandular uniseriate filiform

Multicellular conical
Body-6-celled, 225 x 18 , obtusely pointed at apex; base – round; cells more or less
equal in length and breadth; terminal cells longer; contents-striated; walls-lateral – convex,
constricted at cross walls, cross walls – more or less arched; surface – rough; lumen – broad.
Seated upon vertical division – wall between 2-adjoining epidermal cells.
II.

Uniseriate glandular capitates
Absent.

Internal structure of mature petiole in transection:
Transectional outline through middle region, roundish abaxially, shallowly depressed
adaxially, margin simple. Adaxial and abaxial epidermis-1-layered, cells squarish, slight
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vertically elongated or barrel shaped, outer and inner walls roundish and angular. Cuticle
thick. Trichomes present.
Hypodermis - distinguished, continuous, collenchymatous, 7-9 layered adaxially, 6-7
layered laterally, 6-8 layered abaxially, 7-8 layered under wings; cells uneven. Ground tissue
- parenchymatous, more or less compact, enclosing small intercellular spaces; cells polygonal
- roundish, 7-9 layered adaxially, 10-layered abaxially, including acicular crystals.
Pattern of vascular configuration in middle region - displaying single median dissected
arc of about 23-27 vascular bundles with simple, closely placed ends, enclosing central
parenchymatous pith; xylem directed towards adaxial side, phloem towards abaxial side of
arc. Vessels circular, oval in outline, predominantly in radial multiples of 3-5, few paired
and clustered. Apical region - exhibiting similar median vascular pattern as in middle region.
Basal region - displaying similar median vascular pattern as in middle region. Perivascular
sclerenchyma - absent. Collateral, additional accessory vascular bundles in wings - located
below hypodermis; xylem with vessels in radial multiples of 3-4, adaxially faced; perivascular
sclerenchyma absent; in middle region of petiole 1-per wing, in apical region- 2-per wing in
basal region -1-per wing. Medullary vascular bundles absent. Total visual count of vessels in
median vascular arc of middle region, about 625 approximately.
Lamina (Figs. 24 - 34)
Epidermal features in surface view:
Epidermal cells:
Adaxial surface-intercostal cells bigger than those of abaxial surface, 80 x 60 ; walls sinuate, sinuosities broad angled; orientation – various to long axis of organ; costal cellsdistinct, uniform, elongated; walls - straight; parallel to plane of vein. Cuticular striations absent. Cells/unit area - 90.
Abaxial surface:
Irregular, 60 x 40 ; walls - sinuate, sinuosities deeper; orientation - various to long axis
of organ; costal cells- distinct; walls – nearly straight, parallel to plane of vein. Cells around
hair bases with striae running from same. Cuticular striations - Absent. Cells/unit area - 112.
Stomatal complex:
Surface hypostomatic.
Adaxial surface:
Astomatic.
Abaxial surface:
Stomatal distribution - on intercostal area and near veins; orientation-oblique,
longitudinal, transverse to long axis of organ; shape-oval-elongate; guard cells almost equal,
lying at the level of epidermal cells or very slightly sunken by polar ends of adjoining cells.
Distributional pattern - nonspecific, 2-3 cells apart. Type - diacytic, pair of adjacent cells
unequal, distinct or not distinct, wherein distinct, one of the cell of pair arched. Size - 36 x 24
; frequency 51/unit square; stomatal index - 25.92.
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Trichomes:
I.

Non-glandular uniseriate filiform

1.
Multicellular conical
1.1
Body-short, 4-celled, 120 x 24 ; obtusely pointed at apex; base - bulbous; cells of
varied length; basal cell - bulbous, short; intermittent cells - subequal; terminal cell slight
longer; contents - striated; walls - lateral - moderate thick, straight, cross-walls - straight;
surface - rough; lumen - broad. Seated on few epidermal cells. Frequent adaxially.
1.2
Body-3-celled, 232 x 16 , obtusely pointed at apex; base round; cells of varied
length; basal cell shorter, squarish, subterminal cell little longer; terminal cell longest;
contents- striated, walls - lateral - moderate thick, constricted at cross-walls, cross- walls
slightly curved; surface-rough; lumen-broad. Seated upon vertical division - wall between 2adjoining distinguished, arched epidermal cells, having striations extending incompletely
towards wall from hair base. Frequent abaxially.
1.3
Body 7-9 celled, 364 x 40 , obtusely pointed at apex; base-flat; lower and
intermittent cells short, equal, subterminal cell short or long, terminal cell longer; contentsstriated, walls - lateral - moderate thick, convex, constriated at cross-walls, cross- walls
straight and curved. Seated upon single nerve cell. Frequent abaxially on nerves, margin.
II.

Uniseriate glandular capitate

1.
Capitate sessile or shortly stalked
1.1
Foot-1-celled; stalk-1-celled, not sunken, narrower than base of head; head -spherical,
1-celled; contents - hyaline, 55 x 55 . Frequent abaxially.
1.2
Foot -1-celled, stalk-1-celled, not sunken, narrower than base of head; head spherical, 6-celled, cuticle not distended; contents - hyaline, 56 x 60 . Frequent adaxially.
Leaf architecture:
The basic axes of orientation in the leaf is apical. The leaf organization is simple. With
respect to leaf shape and size, the length of whole leaf is 14-18 cm and width is 6.5 - 7.5 cm.
The lamina is symmetrical; base is symmetrical; form is elliptic- obovate; apex is mucronate
and base is cuneate. The margin is serrate and apical angle is acute; teeth regularly spaced;
tooth basal part is straight, apical part is acuminate, tip mucronate, sinus is angular. Leaf
texture is chartaceous. The glands are absent on the lamina and the petiole is short.
Type of venation is pinnate, Camptodromous and Eucamptodromous (Plate II). Primary
vein (1°) is massive; its course is straight and unbranched. Secondary veins (2°) are present.
The angle of divergence is acute, moderate and nearly uniform. Secondary veins are
moderate. The course is curved uniformly, loop forming branches are joining superadjacent
secondary at an obtuse angle and enclosed by secondary arches (3°) and (4°). Intersecondary
veins are composite. Intramarginal vein is absent. Tertiary veins (3°) are present; angle of
origin on exmedial and admedial side is RR/AR The pattern is random reticulate. The
percurrents are present. Their course is straight, simple and sinous. The relationship to
midvein is at right angle and oblique, angle decreasing apically; the arrangement is
predominantly alternate. Higher order venation forming reticulum in which vein orders are
distinct. Quaternary veins (4°) are thin, their course is orthogonal. Quinternary veins (5°) are
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thin; their course is orthogonal. Highest vein order of the leaf is 6°. The marginal ultimate
venation is looped. Veinlets are branched once, twice and thrice. Areoles are imperfectly
developed, arrangement is random and shapes are pentagonal and polygonal.
Elements of tooth architecture are non-glandular. The apical termination of the tooth is
simple. The course of the principal vein is central, its origin is direct. Accessory veins are
absent.
Floral epidermal features in surface view (Figs. 35-82)
Peduncle:
Epidermal cells:
In between angular portions, isodiametric and slight longer than broad, 52 x 24 ; walls
- straight; orientation - longitudinal to long axis of organ. Cells of angular portions - elongate.
Cuticular striation - present, striae continuously running longitudinal lines.
Stomatal complex:
Surface stomatiferous. Stomatal distribution - confined to in between angular portions;
orientation - longitudinal, occasionally transverse to long axis of organ, shape - elliptic, guard
cells similar to those of vegetative parts. Distributional pattern - nonspecific, 12-13 or many
cells apart Type - diacytic, pair of adjacent cells distinct, arched, unequal, one of the cell
distinctly smaller. Anomocytic, adjacent cells 4-5 in number. Size - 40x 28 ; frequency 2/unit square.
Trichomes :
I.

Non-glandular uniseriate filiform
Multicellular conical
Body-3-7 celled, 153.6 x 19 ; 384 x 27 , obtusely pointed at apex, similar to those of
vegetative parts.
Pedicel
Trichomes:
I.
1.

Non-glandular uniseriate filiform
Multicellular conical
Body-2-3-celled, 211 x 31 , obtusely pointd at apex; basal cell - bulbous; terminal cell
longer, similar to those of vegetative parts.
2.

Multicellular branched conical
Body - Multicellular, branched once; basal and lower cells short, equal, bifurcating,
giving short branch, 2-celled, terminal cells longer, obtusely pointed at apex; rest features
similar to unbranched trichomes. Uniquely found on pedicel.
II.
1.

Uniseriate glandular capitates
Capitate sessile or shortly stalked
Foot-1-celled; stalk-1 celled, not sunken, narrower than base of head; contents- hyaline,
head - globose, 2-celled; contents- dense, 48 x 48 .
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Bract:
Epidermal Cells:
Adaxial surface:
Irregular, isodiametric, 38.4 x 34.5 ; walls - sinuate, sinuosities broad angled;
orientation - longitudinal and various to long axis of organ, costal cells - straight walled,
elongate in plane of vein. Cuticular striations - very feeble.
Abaxial surface:
Cells similar to those of adaxial surface, 38.4 x 30.72 ; sinuosities more deep.
Cuticular striations - present; striae strong, uniformly running longitudinally to long axis of
cells.
Stomatal complex:
Surface hypostomatic.
Adaxial surface:
Astomatic.
Abaxial surface:
Stomatal distribution - all over, evenly distributed, orientation - oblique, longitudinal to
long axis of organ; shape - elliptic - elongate; guard cells similar to those of other parts.
Distributional pattern - nonspecific, 3-4 cells apart. Type - diacytic, adjacent pair of cells
distinct, arched, small, almost equal or indistinct, unequal, one of the cell slight smaller,
similar to those of ordinary epidermal cells; anomocytic, adjacent cells 3-4 in number. Size 30.72 x 23 ; frequency - 8/unit square.
Trichomes:
I.

Non-glandular uniseriate filiform

1.
Multicellular conical
1.1
Body-3-4 celled, 96 x 19.2 , obtusely pointed at apex; base - flattened or round, cells
of varied length, basal cell short, flattened, squarish or round; contents - hyaline; intermittent
cells unequal, lower cell longer; terminal cell long; contents - striated; walls - lateral moderate thick, rough, constricted at cross-walls, cross –walls - straight or slight curved;
surface - roughish, lumen - broad. Seated upon vertical division - wall between 2-adjoining
epidermal cells. Frequent abaxially on intercostal and nerves.
1.2
Body 5-celled, 211 x 23 , obtusely pointed at apex; base - narrow, flat; cells of varied
length; basal cell narrow, short, squarish, contents - hyaline, intermittent cells subequal,
longer than broad; terminal cells longer; contents striated; walls - lateral- moderate thick,
rough, constricted at cross-walls, cross - walls - straight, contents - striated, surface - rough,
lumen - broad. Seated upon single epidermal cell. Frequent abaxially, marginally.
1.3
Body-2-celled, 134 x 19 , obtusely pointed at apex, base - round; lower cell shorter,
longer than broad, terminal cell longer; contents - striated; walls lateral - moderate thick,
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rough, straight, cross-wall - straight, surface - rough; lumen - broad. Seated upon single
epidermal cell. Frequent marginally.
1.4
Body-3-celled, 46 x 34 , obtusely pointed at apex; base - round; basal and lower cell
equal; terminal cell longer; contents - striated; walls - lateral – moderate thick, rough,
constricted at cross-walls, cross-walls - straight; surface - rough, lumen - broad. Seated on
single distinguished epidermal cell. Frequent adaxially.
II.

Uniseriate glandular capitate

1.
Capitate sessile or shortly stalked
1.1
Foot - 1-celled; stalk-1-celled, narrower than base of head; head - spherical, 8-celled;
contents - dense, 38.4 x 38.4 . Frequent abaxially
1.2
Foot -1-celled; stalk-1-celled, narrower than base of head; head - spherical, 5-celled,
contents - dense, 34.56 x 34.56 . Frequent adaxially.
1.3
Head - spherical, large, glandular, 1-celled; contents - dark, 75 x 75 . Frequent
adaxially.
1.4
Foot-1-celled; stalk-1-celled, narrower than base of head; head-peltate, 9-celled;
contents - hyaline, 58 x 58 m. Frequent adaxially.
Bracteole
Trichomes similar to those of bract.
Calyx
Epidermal cells:
Adaxial surface:
On terminal portion isodiametric; bigger than those of abaxial surface, 85 x 30.7 ;
walls - deeply sinuate, sinuosities narrow angled, peg like; on basal and mid portion cells
elongate, walls - sinuate, sinuosities broad angled, orientation - longitudinal and various to
long axis of organ, costal cells- not distinct, elongate, wavy Cuticular striations - absent.
Abaxial surface:
On tip portion cells irregular; walls - sinuate, sinuosities broad angled, on basal and mid
portion cells regular, polygonal, 46 x 16 ; walls - straight; orientation - various to long axis
of organ, costal cells- not distinct Cells around hair base radially elongate in rosette. Cuticular
striations - present; striae feeble uneven, at few places only, running longitudinally to long
axis of cells.
Stomatal complex:
Surface hypostomatic.
Adaxial surface:
Astomatic.
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Abaxial surface:
Stomatal distribution - uneven, on mid - basal portion frequent; orientation - oblique;
shape - elongate; guard cells similar to those of other parts. Distributional pattern - few
stomata at places in groups, few cells apart. Type - diacytic, adjacent pair of cells indistinct,
sinuate, similar to other epidermal cells, uneven, one of the cells distinctly smaller Size - 38
x 19 ; frequency -3/unit square.
Trichomes:
I.

Non-glandular uniseriate filiform

1.
Multicellular conical
1.1
Body-3-celled, 142 x 19 , obtusely pointed at apex; base - round; cells almost equal,
longer than broad; contents - striated; walls - lateral – moderate thick, rough, straight, crosswalls - straight, surface - rough; lumen – broad. Seated upon single, distinguished epidermal
cell, surrounded by 9-10 adjoining epidermal cells, radially elongated in rosette. Frequent
abaxially.
1.2
Body-5-celled, 130 x 15 , obtusely pointed at apex; base-flat; basal cell short,
squarish, flat; contents - hyaline; intermittent cells equal; terminal cell long; contents striated; walls-lateral- moderate thick, rough, constricted at cross-walls, cross -walls - straight;
surface - rough; lumen - broad. Seated upon single epidermal cell. Frequent abaxially.
1.3
Body -2-3 celled, 115 x 23 , obtusely pointed at apex; base - flat or round; cells of
varied length, basal cell longer, subterminal and terminal cells equal short; contents- striated,
walls - lateral - moderate thick, rough, straight, cross-walls - straight; surface - rough; lumen broad. Seated upon vertical division – wall between 2-adjoining ordinary epidermal cells.
Frequent adaxially.
II.

Uniseriate glandular capitate

Capitate sessile or shortly stalked
Foot-1-celled; stalk -1-celled, narrower than base of head; head - spherical, 7-8 celled,
contents - dense, 42 x 42 . Frequent adaxially.
Corolla lobe and tube:
Epidermal cells:
Adaxial surface:
Comparatively bigger than those of abaxial surface, nonpapillose, irregular, variously
elongate or isodiametric, 54 x 38 ; walls - sinuate, sinuosities broad angled; orientation various to long axis of organ. Cuticular striations - absent.
Abaxial surface:
Irregular, nonpapillose, elongate or isodiametric, 38 x 46 , walls - deeply sinuate,
sinuosities broad angled; orientation - various to long axis of organ. Cuticular striations absent.
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Tube- Inner cells:
Compact, elongate longitudinally, 105.6 x 46 , walls - straight, near lobe wavy, end
walls - oblique; orientation - longitudinal to long axis of organ. Cuticular striations - absent.
Outer cells:
Similar to those of inner face, 96 x 38.4 . Cuticular striations - absent.
Stomatal complex:
Surface hypostomatic.
Adaxial surface:
Astomatic.
Abaxial surface:
Stomatal distribution - even, all over; orientation - oblique, longitudinal, transverse to
long axis of organ; shape - oval; guard cells similar to those of other parts. Distributional
pattern - nonspecific, 3-5 cells apart. Type - diacytic, adjacent pair of cells unequal, indistinct,
sinuate, similar to other ordinary epidermal cells, one of the cells in pair distinctly small. Size
- 38.4 x 23 ; frequency - 9/unit square.
Trichomes:
I.

Non-glandular uniseriate filiform

1.

Unicellular conical
Body-much long, broad, 710.4 x 38.4 , rounded at apex; base - flat; contents hyaline; wall - moderate thick, smooth; surface smooth; lumen-broad. Seated on normal
epidermal cell. Frequent inside tube.
2.
Multicellular conical
2.1
Body-2-celled, short, papillose, 38 x 35 , obtusely pointed at apex; base-flat; basal
cell broader than long, terminal cell conical; contents-striated; walls-lateral - moderate thick,
rough, constricted at cross-wall, cross-wall-straight. Surface-rough; lumen- broad, seated on
single epidermal cell. Frequent on edges of lobes.
2.2
Body -2-celled, longer, 115 x 16 , obtusely pointed at apex, base - roundish; cells
subequal, longer than broad; contents - striated; wall - lateral – moderate thick, rough,
straight, cross-wall - straight; surface - rough, lumen - broad. Seated on ordinay epidermal
cell. Frequent on edges of lobes.
II.

Uniseriate glandular capitates

1.
Capitate long stalked
1.1
Foot-2-celled, cells adjoining; stalk-2-celled, long, 161.28 x 27 , not sunken,
narrower than base of head, cells subequal, rectangular, longer than broad; contents - hyaline;
walls - lateral - thin, smooth, straight, cross-wall - straight; head - globose, 2-celled, contents dense. Frequent abaxially on lobes.
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1.2
Foot-2-celled; cells adjacent, not sunken; stalk - multicelled, 307 x 38 , not sunken,
narrower than base of head, cells of varied length and breadth; basal cell bulbous; lower cell
much longer than broad; intermittent cells equal, short, contents - hyaline, walls- lateral
constricted at cross-walls, cross-walls-straight; subterminal cell - short, narrow, broader than
long, squarish, contents - dense; head - globose, 2-celled, contents - dense. Frequent inside
tube.
Stamen
Epidermal cells:
Rectangular, elongate; walls - straight; orientation - longitudinal. Cuticular striations absent.
Trichomes:
I.

Non-glandular uniseriate filiform

1.
Unicellular conical
1.1
Body - much longer, broader, 672 x 58 , obtusely pointed at apex, base-flat; contents
- dense, granular, wall - moderate thick, smooth, straight, surface- roughish; lumen - broader.
Seated on ordinary epidermal cell. Projecting horizontally from basal portion of filament.
1.2
Body - 2-celled, much long, broad, 384 x 76 , obtusely pointed at apex, base - flat,
cells subequal, longer than broad, contents-dense, granular; walls-leteral-moderate thick,
smooth, straight, cross-wall - straight; surface - smooth; lumen-broad. Seated on ordinary
epidermal cell. Frequent on basal part of filament.
Carpel
Epidermal cells:
Elongate; walls - straight; orientation - longitudinal. Cuticular striations - absent.
Trichomes:
Absent.
Fruit
Epidermal cells:
Polygonal, isodiametric and longitudinally elongate, 60 x 56 , walls - straight;
orientation - longitudinal and transverse to long axis of organ. Cuticular striations - present;
striae continuously longitudinally running lines extending from common point, rosette like,
uniform.
Stomatal complex:
Surface stomatiferous. Stomatal distribution - all over surface; orientation longitudinal, oblique, transverse to long axis of organ; shape - elliptic - round; guard cells
similar to those of other parts. Distributional pattern - nonspecific, 4-5 and 12-13 or few cells
apart. Type - diacytic, adjacent pair of cells distinct, arched, unequal, one of the cell distinctly
small; anomocytic, adjacent cells 6-7 in number. Size - 40 x 40 ; frequency- 2/unit square.
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Trichomes:
Absent.

4. DISCUSSION
The significant microscopic profiling of diagnostic value is reflected in form of the
characteristics like stem outline in hexagonal, stem wood vessel elements are 466.66  long
and 53.33  broad, angular, pits simple, circular or horizontally elongated, moderately large,
uniformly crowded, alternate in few rows. Petiole shows vascular strand is open dissected arc
of vascular bundles. Ground tissue consists of acicular crystals. Petiole cross sectional area is
3240 x 3600 , cross-sectional area of vascular arc 1356 x 1530 , distance between abaxial
side to arc 1080  and adaxial 540  total visual counts of vessels in main arc 625. Radial
multiple of vessels in main arc 3-5, cross-sectional area of vessels tangential 40.5 , radial 36
, distance between two ends or arc 162 .
Major venation pattern is pinnate camptodromous and Eucamptodromous. Short and
long conical non-glandular – unbranched uniseriate multicellular trichomes, sessile, short
stalked and long stalked glandular trichomes with bi-multicellular heads with dense contents.
Stomata on stem is anomocytic, petiole astomatic, leaves hypostomatic with diacytic stomata,
peduncle shows diacytic and anomocytic stomata, bract is hypostomatic with diacytic and
anomocytic stomata, calyx is hypostomatic and showing diacytic stomata, corolla lobes are
hypostomatic with diacytic stomata, fruit shows anomocytic and diacytic stomata.

5. CONCLUSION
With all these correlative combinational characters which provide template for this
species which can be correctly diagnosed and adulterants can be avoided as this method is
cheaper, easier and faster method hence authentic raw material can be supplied and erratic
supply will be prohibited.
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PLATE - I

Habit of Clerodendrum serratum (L.) Moon.

Single flower
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PLATE - II

WHOLE CLEARED LEAF SHOWING MAJOR VENATION PATTERN
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Clerodendrum serratum (L.) Moon. (Text Figs. 1 - 82)
PLATE - III: STEM
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Fig. 1:
Diagrammatic cross-section of young stem.
Fig. 2:
Epidermis and stomata in surface view.
Figs. 3, 5, 6: Non-glandular trichomes.
Fig. 4:
Capitate glandualr trichome.
Figs. 7-9:
Parts of stem in cross-sectional view, magnified; showing epidermis,
hypodermis, chlorophyllus region, cortex, perivascular sclerenchyma with
stone cells, vascular region with vessels under rib and side portion and pith
with acicular crystals.
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PLATE - IV

Fig. 10 - 12: Wood vessels
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PLATE - V: PETIOLE
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Fig. 13:
Fig. 14:
Figs. 15-19, 21, 22:

Fig. 20:
Fig. 23:

Diagrammatic cross-section oriented with adaxial side upwards,
passing through middle region.
Same through apical region.
Parts of petiole in cross-sectional view, through middle region
magnified; showing adaxial, abaxial epidermis, hypodermis, ground
tissue with acicular crystals, part of median vascular arc with part of
vascular bundle, vascular bundle in wing and central parenchymatous
portion with acicular crystals.
Non-glandular trichome.
Epidermis in surface view
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PLATE - VI: LAMINA
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Fig. 24:
Fig. 25:
Fig. 26:
Fig. 27:
Fig. 28:
Fig. 29:
Fig. 30:
Figs. 31, 32:
Fig. 33:
Fig. 34:

Leaf architectural features showing areolation and minor venation
pattern from portion of cleared leaf.
Tooth architecture and marginal ultimate venation.
Capitate glandular trichome from abaxial surface.
Non-glandular trichome from abaxial surface with bicelled base,
showing striations radiating from it.
Non-glandular trichome from nerve of abaxial surface.
Non-glandular trichome from adaxial surface.
Capitate glandular trichome from adaxial surface.
Abaxial epidermis with basal portion of trichome and stomata.
Non-glandular trichome from abaxial surface.
Adaxial epidermis.
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PLATE - VII: FLORAL EPIDERMAL FEATURES IN SURFACE VIEW
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Figs. 35, 36:
Figs. 37, 39, 40:
Fig. 38:
Fig. 41:
Fig. 42:
Figs. 43-45:
Figs. 46, 47:
Fig. 48:
Fig. 49:
Fig. 50:
Figs. 51, 52:
Fig. 53:
Fig. 54:
Fig. 55:
Figs. 56, 58:
Fig. 57:
Figs. 59, 60:
Figs. 61, 62:
Figs. 63, 74:
Fig. 64:
Fig. 65:
Figs. 66, 69:
Fig. 67:
Fig. 68:
Fig. 70:
Fig. 71:
Fig. 72:
Fig. 73:

Non-glandular trichomes from peduncle.
Non-glandular trichomes from pedicel.
Capitate glandular trichome from pedicel.
Capitate glandular trichome from abaxial surface of bract.
Non-glandular trichome from abaxial surface of bract.
Capitate glandular trichomes from adaxial surface of bract.
Non-glandular trichomes from nerve of abaxial surface of bract.
Non-glandular trichome from margin of bract.
Non-glandular trichome from adaxial surface of bract.
Penducle epidermis and stomata.
Bract abaxial epidermis with cuticular striations and stomata
Bract abaxial epidermis from nerve portion with non-glandular
trichomes.
Bact adaxial epidermis with cuticular striations and basal portion of
trichome.
Non-glandular trichome from abaxial surface of bracteole.
Non-glandular trichomes from adaxial surface of bracteole.
Capitate glandular trichome from adaxial surface of calyx.
Non-glandular trichomes from abaxial surface of calyx.
Non-glandular trichomes from adaxial surface of calyx.
Non-glandular trichomes from edge of corolla lobe.
Long stalked capitate glandular trichome from abaxial surface of
corolla lobe.
Long stalked capitate glandular trichome from inner part of corolla
tube.
Calyx abaxial epidermis from terminal portion with uneven feeble
striations and stoma.
Calyx abaxial epidermis from lower portion.
Calyx adaxial epidermis from terminal portion.
Calyx abaxial epidermis from lower portion with striations.
Calyx adaxial epidermis from lower portion.
Outer part of corolla tube near lobe showing epidermis.
Long non-glandular trichome from inner part of corolla tube.
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PLATE VIII – FLORAL EPIDERMAL FEATURES (continue)
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Fig. 75:
Fig. 76:
Fig. 77:
Fig. 78:
Fig. 79:
Fig. 80:
Figs. 81, 82:

Outer part of corolla tube showing epidrmis.
Inner part of corolla tube showing epidrmis.
Arrangement of non-glandular trichomes on filament.
Corolla lobe abaxial epidermis and stomata.
Corolla lobe adaxial epidermis.
Fruit epidermis with cuticular striations and stomata.
Non-glandular trichomes from filament.
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