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Abstract
Context: Pharmacognostical standardization of crude drugs is essential before carrying out its scientific validation as it furnishes the identity and authenticity
of the plant. The present work was undertaken to establish the macroscopic, microscopical evaluation and HPTLC densitometric analysis of selected Indian
medicinal plants and polyherbal mixture.
Aims: To explore the pharmacognostical and quantitative estimation of chemical markers lupeol, rutin and shatavarin IV in polyherbal formulation using
HPTLC analysis.
Methods: Pharmacognostical features were studied by the macroscopic and microscopical analysis were done. High-performance thin-layer chromatography
was performed to evaluate the presence of lupeol, rutin and shatavarin IV in n-hexane:ethyl acetate (6:4 v/v), ethyl acetate:acetic acid:formic acid; methanol
(10:1.1:1.1:2.6 v/v) and chloroform:acetic acid:water:methanol (5:3.5:1.5:1 v/v) for lupeol, rutin and shatavarin IV, respectively.
Results: The Rf values for lupeol (0.90), rutin (0.36) and shatavarin IV (0.89) in samples and reference standard were found comparable under UV light at 550,
254 and 429 nm, respectively. The quantified values of lupeol, rutin and shatavarin IV (0.067, 0.053 and 0.048 ng/g, respectively) in the polyherbal formulation
were detected using HPTLC analysis. The high-performance thin-layer chromatography method developed for quantization was simple, accurate and
specific.
Conclusions: The present study provides useful information about plant characters and standardization of specific and accurate tools to develop
quantifications for identity, transparency and reproducibility of chemical markers in polyherbal formulation.
Keywords: HPTLC; microscopic; macroscopic; shatavarin IV; quantification.
Resumen
Contexto: La estandarización farmacognóstica de las drogas crudas es fundamental antes de llevar a cabo su validación científica, ya que proporciona la
identidad y autenticidad de la planta. El presente trabajo se llevó a cabo para establecer la evaluación macroscópica, microscópica y el análisis
densitométrico HPTLC de plantas medicinales indias seleccionadas y mezclas de hierbas (poliherbal).
Objetivos: Explorar la estimación farmacognóstica y cuantitativa de los marcadores químicos lupeol, rutina y shatavarina IV en formulación poliherbal
mediante análisis HPTLC.
Métodos: Se estudiaron las características farmacognósticas mediante el análisis macroscópico y microscópico. Se realizó cromatografía en capa fina de alta
resolución para evaluar la presencia de lupeol, rutina y shatavarina IV en n-hexano:acetato de etilo (6:4 v/v), acetato de etilo:ácido acético:ácido fórmico;
metanol (10:1,1:1,1:2,6 v/v) y cloroformo:ácido acético:agua:metanol (5:3,5:1,5:1 v/v) para lupeol, rutina y shatavarina IV, respectivamente.
Resultados: Los valores de Rf para lupeol (0,90), rutina (0,36) y shatavarina IV (0,89) en muestras y patrón de referencia se encontraron comparables bajo luz
UV a 550, 254 y 429 nm, respectivamente. Los valores cuantificados de lupeol, rutina y shatavarina IV (0,067; 0,053 y 0,048 ng/g, respectivamente) en la
formulación poliherbal se detectaron usando análisis HPTLC. El método de cromatografía de capa fina de alto rendimiento desarrollado para la
cuantificación fue simple, preciso y específico.
Conclusiones: El presente estudio proporciona información útil sobre los caracteres de las plantas y la estandarización de herramientas específicas y precisas
para desarrollar cuantificaciones de identidad, transparencia y reproducibilidad de los marcadores químicos en la formulación de poliherbal.
Palabras Clave: cuantificación; HPTLC; microscópico; macroscópico; shatavarin IV.
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INTRODUCTION
Traditional medicine has been broadly utilized
since old occasions. Indian traditional medicines are
acquiring client attention by expanding the utilization
of natural products because of the progress in the
advanced medical services (Alkhamaiseh and Aljofan,
2020) and accepting that is protected to utilize and
more cost-effective when contrast with allopathic
medication, particularly in individuals with chronic
ailments (Flores et al., 2020). Advances in the clinical
field and modernization of conventional Indian medicinal plants, it is required to give a productive
pathway to new drug discovery in the future (Yang et
al., 2019). As per the WHO, about 80% of the world
population in developing nations depend on natural
medication for their essential medical care needs. In
the traditional system of medicine, numerous plants
have been recorded to be valuable for the treatment of
different fundamental disorders. A large number of
the traditional/indigenous systems of medication are
powerful but they suffer from a lack of complete
standardization which is one of the significant problems presented by the Indian system of medicine.
The thought of polyherbal formulation is very
much archived in the earliest literature. Compared to
the single herb, the polyherbal formulation has better
and prolonged therapeutic potential. Henceforth, the
current study was wanted to develop and evaluate a
polyherbal formulation (Bhatt et al., 2020). The standardization and evaluation of polyherbal formulation
and their ingredients in terms of a bioactive marker
are therefore authoritative. Since the safety and efficacy of polyherbal formulations are personally
identified with the validity of the ingredients utilized,
chromatographic and fingerprinting assume a significant part in the quality control of complex herbal
drugs. High-performance thin-layer chromatography
(HPTLC) has arisen as ideal strategies for the standardization of polyherbal formulations as they
productively give reliably better resolution and improved precision (Shailajan et al., 2019).
Shatavarin IV is the chemical constituent present
in Asparagus racemosus Willd. (family Asparagaceae)
root tuber. It is mainly used in versatile female tonic.
Shatavari signifies “she who has a hundred spouses”
demonstrates that this medicinal herb is active in
issues related to the reproductive system of the female. In the traditional system of medicine root tuber
of Asparagus racemosus is a feature of the formulae to
treat problems influencing women’s health (Sharma
and Bhatnagar, 2011; Pippalla et al., 2009). Butanol
sub-fraction of Bauhinia variegata L. (family Caesalpiniaceae) significantly reduces the levels of lipid profile
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such as total cholesterol, LDL, triglycerides and
VLDL. From this study butanol sub-fraction of B.
variegata having antihyperlipidemic activity in Triton
WR-1339 induced hyperlipidemic rats (Kumar et al.,
2012). Ethanolic extract of Caesalpinia bonducella (L.)
Fleming (family Leguminosae) seed kernel significantly
changes the lipid and hormonal profile it was compared to the disease control group. This extract
produces normal ovulation and regulates the normal
menstrual cycle in PCOS-induced rats (Meera Murgesan et al., 2020). In the traditional system of medicine
different parts of the Saraca asoca (Roxb.) Willd. (family Leguminosae) herbal plant are used for
gynecological problems. This herb stimulates the
uterus, endometrium and ovarian tissue without
making any side effects in humans. Ethanolic extract
of Saraca asoca flower showed perceptible estrogenic
activity hence offering support to the traditional utilization of the plant in the treatment of female
reproductive problems. This property of the plant is
to be selected for various pharmaceutical formulations (Swar et al., 2017). Aqueous extract of Symplocos
racemosa Roxb. (family Symplocaceae) significantly
regulates the serum hormonal profile such as FSH
and LH levels in immature female Sprague-Dawley
rats under laboratory conditions. This plant was used
in various female ailments. In histopathological studies, it shows the normal estrus cyclicity, presence of
matured follicles and improved folliculogenesis.
These outcomes are in concordance with the traditional utilization of herbs for gynaecological disorders
(Bhutani et al., 2004). This study aimed to conduct a
pharmacognostical evaluation, which includes macroscopic and microscopic characterization of selected
Indian medicinal plants along with quantification of
some chemical biomarkers using HPTLC analysis.
MATERIAL AND METHODS
Collection and authentication of plant material
The matured plans part of selected Indian medicinal plants was collected from Vandalur (12.89ºN,
80.08°E) and Chennai district (13.08ºN, 80.27ºE), Tamil
Nadu, India, respectively and authentication was
done by Botanical Survey of India (BSI), Southern
Regional Centre, Coimbatore, Tamil Nadu, India. The
plant specimen was identified as Asparagus racemosus,
Bauhinia variegata, Caesalpinia bonducella, Saraca asoca
and Symplocos racemosa for the following reference
number BSI/SRC/523/2019/Tech. 3314 – 3318. The
collected plant specimens were preserved in the Herbarium at Interdisciplinary Institute of Indian System
of Medicine (IIISM), SRM Institute of Science and

J Pharm Pharmacogn Res (2022) 10(2): 254

Shalini and Ilango

Technology, Kattankulathur, Chengalpattu, Tamil
Nadu, India.
Collection of specimens and sectioning
The required part of selected Indian medicinal
plants samples was cut and removed from the plant
A. racemosus, B. variegata, C. bonducella, S. asoca and S.
racemosa secure in formaldehyde: alcohol: acetic acid
(10: 50: 5% with 35% water) for 24 h. The specimens
were dehydrated with tert-butyl alcohol (TBA) (Sass,
1940), and paraffin wax (melting point 58-60°C) was
added gradually until TBA solution attained supersaturation. The samples were cast into paraffin blocks.
The paraffin-embedded was sectioned with a thickness of 10-12 µm using a rotary microtome. Dewaxing
was done, and the sections were stained with toluidine blue, safranin, iodine and fast-green (Johansen,
1940; O'Brien et al., 1964). Pulverized plant parts were
clean with NaOH and riding in glycerin after staining.
Various cell components of sections were studied and
measured using a microscope. A Nikon Lab photo 2
microscopic unit was used to capture photos at various magnifications. Normal observations were made
with bright light, while crystals, starch grains, phloem, and lignified cells were observed using polarised
light.
Quantification of lupeol, rutin and shatavarin IV by
HPTLC
All the chemicals, including solvents, were of analytical grade from E. Merck, India. The HPTLC plates
Si 60F254 (20 cm ×10 cm) were purchased from Merck
(India). Standards lupeol (99% purity), rutin (99%
purity) and shatavarin IV (99%) were purchased from
Sigma (New Delhi, India). A concentration of 100
mg/mL of polyherbal formulation (Table 1) was taken for analysis (Shalini and Ilango, 2021a; 2021b). All
the extracts were filtered and vacuum dried at 45ºC.
The dried extracts were separately redissolved in 1
mL of methanol, and a sample of lupeol in 12.5% (2-6
µL), 20% of rutin (5-30 µL) and 15% of shatavarin IV
(4-15 µL) were spotted for quantifications. HPTLC
was performed to quantify the presence of lupeol,
rutin and shatavarin IV in the polyherbal formulation.
The polyherbal formulation extracts were redissolved in methanol, filtered, and transferred quantitatively to a 10 mL volumetric flask, adjusted with
methanol, and shaken to mix thoroughly.
Standard and sample solutions were applied in the
form of bands on pre-coated HPTLC silica gel plates
60 F-254 (10 × 10 cm with 250 µm thickness) utilizing
Linomat V automated spray-on band applicator. The
mobile phase consisted of n-hexane:ethyl acetate (6:4
v/v), ethyl acetate: acetic acid: formic acid; methanol
(10:1.1:1.1:2.6 v/v) and chloroform:acetic acid:water:
https://jppres.com
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methanol (5:3.5:1.5:1 v/v) for lupeol, rutin and
shatavarin IV, respectively. Ascending development
of the plates was carried out in a 10 × 10 cm Camag
HPTLC twin trough chamber saturated with mobile
phase for 15 min at room temperature plates were
developed to a distance of 7 cm beyond the origin.
Development time was 10 min. After development,
the plates were air-dried for 5 min and derivatized
with anisaldehyde-sulphuric acid reagents for lupeol
and rutin, vanillin hydrochloric acid for shatavarin IV
heated at 105ºC for 5 min. Densitometric scanning
was performed on Camag TLC scanner III in the reflectance mode at 550 nm for lupeol, 254 nm for rutin
and 429 nm for shatavarin IV. Slit dimension was kept
at 6 × 0.1 mm in absorbance mode using a tungsten
lamp. The entire program was operated using win
CATS planer chromatography manager.
Table 1. The formula for the polyherbal formulation.
No.

Ingredients

Quantity (mg)

1

Asparagus racemosus (Shatavari)

100

2

Bauhinia variegata (Kachnar)

75

3

Caesalpinia bonducella (Kacha)

100

4

Saraca asoca (Asoka)

125

5

Symplocos racemosa (Lodha)

100

RESULTS AND DISCUSSION
Macroscopy
Selected Indian medicinal plants of the polyherbal
formulation were depicted in Fig. 1. The Asparagus
racemosus root tuber areas are just beneath the stem. It
is thick freshly and tuberous. This surface is smooth
and pale yellow. The basal part of the tuber gradually
tapers into long thin root proper. The Bauhinia variegata tuber exhibits structure of the normal root. The
bark surface is fairly rough with thin vertical spindleshaped fissures. The inner surface is light brown with
vertical thin lines. The Caesalpinia bonducella seed is
large, hard, smooth and shining. In mature conditions, the cotyledon gets free from the seed coat, and
the seed coat is stony and difficult to break. The seed
is light grey and shining. The Saraca asoca bark is 5
mm thick and hard. The outer surface of the bark has
circular ridges of different sizes. The inner surface of
the bark is smooth and brownish white. Symplocos
racemosa outer surface of the bark is pearl brown with
numerous angular squarish flakes, which are random
in appearance. The inner surface of the bark is light
brown with minute vertical lines. The thickness of the
bark is 3 mm. All the five plant macroscopical images
were depicted in Fig. 2.
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Figure 1. Selection of plants.
(A) Asparagus racemosus Willd.; (B)
Bauhinia variegata L.; (C) Caesalpinia
bonducella (L.) Fleming; (D) Saraca asoca
(Roxb.) Willd.; (E) Symplocos racemosa
Roxb.
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Figure 2. Macroscopic characteristics of
medicinal plants.
(A) root tuber of Asparagus racemosus; (B) bark of
Bauhinia variegata; (C) seed of Caesalpinia
bonducella; (D) wood of Symplocos racemosa; (E)
bark of Saraca asoca.
RT: root tuber; R: root; OS: outer surface; IS: inner
surface; MP: middle part; SC: seed coat; Cot:
cotyledon; Fi: fissured.

Microscopy
Root tuber of Asparagus racemosus
In the cross-sectional view, the root appears slightly oblong and wide. The root tuber consists of outer
phellem, inner broad parenchymatous cortical cells,
which are compact, and some of the cells in the
ground parenchyma are darkly stained. There is a
https://jppres.com

single circular vascular stele measuring in a horizontal plane. The root tuber measures 3 mm in a vertical
plane and 2.3 mm in a horizontal plane (Fig. 3A). The
tuber consists of fairly thick phellem, wide parenchymatous ground tissue and a small, circular central
stele. The phellem consists of four or five layers of
shrunken, thin-walled rectangular suberized cells
(Fig. 3B). No phelloderm or phellogen are seen. Inner
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Figure 3. Transverse Section of Asparagus racemosus
(A) T.S of Asparagus racemosus of root tuber – entire view; (B) Phellem zone of the root tuber enlarged; (C) Stele of the enlarged root tuber – enlarged showing xylem and
phloem elements along with central pith; (D) A sector of the stele enlarged; (E) Crystals in the cortical tissues under polarized light.
Pm: phellem; GP: ground parenchyma; St: stele; Cr: crystal; En: endometrium; PaC: passage cell; Pe: pericycle; Ph: phloem; Pi: pith; Px: protoxylem; Mx: metaxylem.

to the phellem occurs ground parenchyma cells. They
are thin-walled, radically oblong, and appear as attached to the surface of the stele (Fig. 3C). The stele is
750 µm in diameter. It consists of endodermis with
small, circular, thin-walled cells. Inner to the epidermis is a fairly larger circular continuous layer of
pericycle (Fig. 3D). In the endometrial layer occur
wide colorless passage cells.
The vascular tissue consists of several wide, circular, thick-walled solitary xylem elements arranged in
a circle. These cells are metaxylem elements. On the
outer part of the metaxylem, there are radial rows of
two or three protoxylem elements. The protoxylem
elements are exarch in condition. In between the exarch xylem, occurs small units of phloem elements.
Thus, exarch xylem and alternate phloem in radial
position indicate the root structure (Fig. 3C-D). Calcium oxalate crystals of elongated rods are seen in
bundles. The bundles of crystals are sometimes broken into individual crystals (Fig. 3E).
Bark of Bauhinia variegata
The bark consists of the outer periderm, inner cortical tissue, which is followed by a thick zone of
secondary xylem. The periderm includes the outer
fissured phellem and the inner thin cylinder of the
phelloderm. The entire periderm measures 150 µm in
thickness. The cortical zone includes compact thinwalled angular parenchyma and large irregular masses of sclereids (Fig. 4A-B). The collapsed phloem
https://jppres.com

comprises thick dark bands of crushed darkly stained
collapsed sieve elements. The phloem parenchyma
cells are dilated, and the phloem rays are also enlarged (Fig. 4C). The inner non-collapsed phloem is
slightly narrow. It includes slightly thin phloem ray’s
small compact phloem parenchyma and sieve elements with companion cells. The sieve elements are
angular thin-walled and small. The companion cells
are small, which occur on the lateral part of sieve
elements. Distributed in the cortical parenchyma occur circular masses of brachy sclereids. The sclereids
have thick wall narrow lumen and numerous simple
pits (Fig. 4D). Calcium oxalate crystals are abundant
in the cortical parenchyma. The crystals are druses.
They are spherical bodies with a spiny surface (Fig.
4E). The druses are diffuse and scattered.
Seed and seed kernel of Caesalpinia bonducella
The seed in transactional view, appears thick
smooth circular seed coat enclosing the cotyledon
(Fig. 5A). In longitudinal section view, the seed coat
appears broadly elliptical in outline and encloses centrally placed cotyledon (Fig. 5B).
While sectioning, the seed coat, and cotyledons
move away from each other and remain separate. The
seed coat possesses three segments of tissues and the
cotyledon in soft and parenchyma cells. It consists of
wide, elliptical, compact parenchyma cells (Fig. 5C).
In most of the cells, there is a dense accumulation of
starch grains that occupy the entire lumen of the cells.
J Pharm Pharmacogn Res (2022) 10(2): 257
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Figure 4. Transverse sections of Bauhinia variegata
(A) Bark showing outer periderm inner cortical tissue and final part of secondary phloem; (B) Periderm showing phelloderm and fissure; (C) Collapsed phloem; (D)
Cortical zone showing a wide circle of brachy sclereids; (E) Calcium oxalate crystal of druses in the cortical zone.
Co: cortex; CPh: collapsed phloem; Pe: periderm; Scl: sclereids; Ncph: non collapsed phloem; Cph: collapsed phloem; Co: cortex; DPa: dilated parenchyma; Fi: fibre; Pd:
phelloderm; PhR: phloem ray; Ncph: non collapsed phloem; Cr: crystal.
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Figure 5. Transverse sections of Caesalpinia bonducella.
(A) Seed with seed coat and cotyledon shown in part; (B) Longitudinal section with seed coat and central cotyledon; (C)
Seed showing an outer layer of macro sclereids and the inner tissue of the seed coat the cotyledon is seen below the seed
coat; (D) Cotyledon showing elongated elliptical parenchyma ground tissue with dense starch grains.
SC: seed coat; Cot: cotyledon; Fi: fibre; GP: ground parenchyma; Msc: macro sclereids; SG: starch grains.
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Figure 6. Transverse sections of Caesalpinia bonducella.
(A) Entire view of seed coat showing outer columnar macro sclereids middle wide zone of lobed less compact parenchymatous ground tissue
and innermost thick cylinder of fibers; (B) Seed coat showing an outer layer of macro sclereids possessing medium-thin light line; (C) Middle
part of seed coat possessing elliptical compact small and large parenchymatous ground tissue and inner part of small rectangular thick wall
parenchymatous ground tissue.
En: endocarp; Mme: middle mesocarp; MSc: macro sclereids; OMe: outer mesocarp; En: endocarp; Mme: middle mesocarp; MSc: macro
sclereids; OMe: outer mesocarp; LL: light line.

The starch grains are minute and granular when
viewed under polarized light, the starch grains appear bright white due to birefringent property (Fig.
5D). The seed consists of an outer seed coat and inner
parenchymatous cotyledon. The seed coat consists of
an outer continuous layer of sclereids called macro
sclereids or columnar sclereids. The middle part of
the seed coat consists of several layers of thin-walled,
less compact spongy parenchyma cells, which constitute the middle mesocarp layer. The innermost part
consists of a thick cylinder of sclerenchymatous cells
(Fig. 6A). The cells of the cotyledon consist of parenchymatous, lobed, loosely arranged cells with wide
intercellular spaces.

The sclereids easily separate from each other and the
surface of the seed coat. In the middle of the macrosclerids is seen thin white horizontal line called light
line (Fig. 6B-C). The region just beneath the macro
sclereids has small rectangular cells arranged in compact layers. The middle part of the seed coat has an
outer region of spindle-shaped compact parenchyma
cells. Further below the cells are small, horizontally
rectangular, compact vertical rows of thick-walled
cells. These cells become further small, variable in
shape and size. The inner part of the seed coat has a
thick cylinder of fibers forming a strong boundary.

The outer seed coat consists of a compact layer of
vertically elongated columnar sclereids or macro
sclereids. The sclereids are long, pillar-like cells with
central hollow space and have thick lignified walls.

The bark is differentiated into three distinct zones,
and the outer zone is dark in color and thick. It is a
periderm zone. Inner to the periderm occurs cortical
zone where the parenchyma cells are dark brown, and
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The bark of Saraca asoca
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Figure 7. Transverse section of Saraca asoca bark showing periderm
and cortical zone.

there are wide irregular masses of sclereids. The periderm consists of a fissured wavy layer of outer
phellem zone and inner angular compact cells of
darkly staining phelloderm cells (Fig. 7). The fissures
are thick, and the fissured lobes are raised above into
flakes (Fig. 8A). The secondary phloem is very wide,
comprising thick phloem rays’ large masses of phloem fibers and compact sieve elements (Fig. 8B-C). The
phloem differentiated into an outer wider zone of
collapsed phloem and an inner narrow zone of noncollapsed phloem. The collapsed phloem has wide
dilated phloem rays and dilated parenchyma cells.
The sieve elements are crushed into thin tangential
lines of dark patches (Fig. 8D). The non-collapsed
phloem includes straight cylinders of phloem rays
small undilated parenchyma cells small angular sieve
elements with companion cells attached to the lateral
part of the sieve elements. Scattered in the phloem,
there are tannin-containing parenchyma cells (Fig.
8E). There are numerous prismatic calcium oxalate
crystals in the cortical zone. The crystals are squarish
wide crystals that appear bright white under polarized light (Fig. 8F).
Bark of Symplococs racemosa
The bark consists of too thick separate cylinders of
the periderm. In between the outer and inner periderm, cylinder occurs thick cortical tissue, which
becomes dead due to the formation of two periderm
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cylinders. Inner to the periderm cylinders occur cortical zone with thick scattered masses of sclereids. The
cortical zone is followed by secondary phloem, which
comprises collapsed and non-collapsed phloem (Fig.
9A). The phloem cylinder consists of compact parallel
radical lines of rectangular cells, which are hemocellular inner to the phellem occurs a narrow cylinder of
small horizontally rectangular phelloderm cells. The
cortical tissue included in between phellem cylinders
is compressed and crushed due to the pressure of
phellem cylinders (Fig. 9B). The phellem cylinders are
300-350 µm thick. In the cortical cylinder occur numerous circular small and large sclereid cells. They
are ensheathed by ground parenchyma cells (Fig.
10A).
The non-collapsed phloem tissue includes horizontally rectangular thin-walled radial rows of sieve
elements with lateral companion cells (Fig. 10B). The
collapsed phloem occurs in the outer part of the secondary phloem cylinder. The tissue includes crushed
and collapsed sieve elements and dilated phloem rays
(Fig. 10C). Spherical bodies of calcium oxalate crystals
are densely distributed in the ground parenchyma of
phloem. The crystal bodies are druses that are spherical with a spiny surface. The crystals are random in
distribution. The crystal appears bright white under
polarized light due to the birefringent property of the
crystal (Fig. 10D).
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Figure 8. Transverse sections of Saraca asoca.
(A) Periderm showing deep fissures and thick flakes; (B) TS of bark showing outer cortical tissues, which includes dark cell inclusion and sclereids; (C)
Secondary phloem rays and phloem elements; (D) TS of phloem showing collapsed sieve elements dilated parenchyma cells and abundant tannincontaining parenchyma cells; (E) TS of non-collapsed phloem showing thin straight phloem rays and intact sieve elements and companion cells; (F) TS
of cortical parenchyma cells with calcium oxalate prismatic crystals.
Co: cortex; Fi: fissured; Fl: flakes; Pd: phelloderm; Pm: phellem; Sc: sclereids; PhR: phloem ray; Sph: secondary phloem; Cr: crystal; Cph: collapsed
phloem; CC: companion cell; Ncph: non collapsed phloem; PhR: phloem ray; SE: sieve element.

A

B

Figure 9. Transverse sections Symplocos racemosa.
(A)Transverse section Symplocos racemosa of bark showing two successive cylinders of periderm with cortical tissue in
between also seen secondary phloem zone; (B) TS of outer showing two periderm cylinders with cortical tissue included in
between.
Co: cortex; Cph: collapsed phloem; Ipe: inner periderm; OPe: outer periderm; NCph: non collapsed phloem; Co: cortex; IPm:
inner phellem; OPm: outer phellem; Pd: phelloderm.
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Figure 10. Transverse section Symplocos racemosa
(A) Cortical tissue with sclereid masses located in the parenchymatous tissue; (B) TS of secondary phloem showing noncollapsed phloem elements; (C) TS of secondary phloem showing collapsed sieve elements and scattered sclereid masses;
(D) Distribution of calcium oxalate crystals in the cortical tissue.
CC: companion cell; NCPh: non collapsed phloem; Scl: sclereids; SE: sieve element; CPh: collapsedphloem; Cr: crystal;
NCPh: non collapsed phloem; PhR: phloem ray; Scl: sclereids.

Powder microscopy
Asparagus racemosus root tuber
Thick, elongated segments of vessel elements are
common in the powder (Fig.11A). These vessel elements have a vertical row of wide, horizontally
rectangular bordered pits. The vessel elements have
thick lignified secondary walls. The cells are 220 µm
long 40 µm wide (Fig. 11B-D). Apart from broken
fragments of vessel elements, there are long, cylindrical vessel elements with oblique end wall perforations
are seen in the powder. These vessel elements are 400
µm long and 60 µm thick (Fig. 11A). Some of the fibers are thin, narrow, and long. They have thick
secondary lignified walls with a narrow lumen. These
fibers are 1.1 mm long and 5 µm thick (Fig. 11E). The
wide fibers are 210 µm long and 10 µm thick. They
have a wide lumen and then lignified walls. The ends
of the fiber are blunt and thick (Fig. 11F).
Bauhinia variegata bark
The bark powder shows long, narrow fibers with
tapering ends. The fibers are narrow with thick walls
and reduced lumen (Fig. 12A-B). The fibers are 900
https://jppres.com

µm long and 10 µm thick. The fibers have no pits.
Apart from the narrow fibers, there are also thick and
wide short wide fibers. The wide fibers are thin walls
and wide lumen. They are 1 mm long and 30 µm thick
(Fig. 12C). In the powder are also seen vertically arranged calcium oxalate crystals in the parenchyma
cells (Fig. 12D). The crystals are polygonal in shape.
They appear white under polarized light. Elongated
wide sclereids are occasionally seen in the powder.
The sclereids have a thick secondary wall with numerous simple canals like pits. The lumen is wide
(Fig. 12E). The sclereids is 60 µm long and 10 µm
thick. Compact polyhedral parenchyma cells are also
seen in the surface view. These parenchyma cells have
thick, straight, anticlinal walls. The cells are variable
in shape and size (Fig. 12F).
Caesalpinia bonducella seed
The powder preparation of the seed shows small
or large, irregularly lobed sclereids. They are thickwalled with deep simple pits. Some of the sclereids
possess prominent crystals inside the cell lumen (Fig.
13A-B). The sclereids vary in shape and size. Some are
rectangular, some are irregularly lobed, and sclereids
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are elongated and cylindrical. The cylindrical
sclereids have a thick middle part tapering the end
part. They appear as fibers. So, they are called fiber
sclereids. The cell walls are thick lignified with numerous simple pits (Fig. 13C-D). The fiber sclereids is
340 µm long and 70 µm thick. This surface layer of

columnar macro sclereids is seen separated from each
other in single sclereids or groups of two or more
sclereids. These sclereids are straight uniform in
thickness with wide cell lumen. The sclereids are 130
µm long and 10 µm thick (Fig. 13E-F).
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Figure 11. Powder microscopy of Asparagus racemosus
(A) Cylindrical entire vessel element; (B) Broken vessel segment; (C) Broken vessel element – enlarged; (D) A portion of the vessel element
showing bordered pits-enlarged; (E) A long, narrow fibre; (F) A short, wide fibre.
Pe: perforation; Pi: pith; VE: vessel element; Bpi: Bordered pits; CW: cell wall; Fi: Fibre.
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Figure 12. Powder microscopy of Bauhinia variegata
(A) Narrow fibres; (B) Single narrow fibres; (C) A wide fibres; (D) A wide fibre attached with a long crystal strand of parenchyma;
(E) Fibre sclereids thick walls and numerous simple pits; (F) A fragment of ground parenchyma in surface view.
Fi: fibre; Cr: crystal; WFi: wide fiber; AW: anticlinal walls; GP: ground parenchyma; Pi: pits; Scl: sclereids.
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Figure 13. Powder microscopy of Caesalpinia bonducella
(A-B) Lobed sclereids with a wide lumen and thick walls, crystals located into one sclereid; (C) Isolated sclereids with different shape
and size; (D) Fibre sclereids resembling elongated fiber; (E) Isolated columnar macro sclereids; (F) A bundle of columnar macro
sclereids.
LSC: lobed sclereids; ESC: elongated sclereids; LPa: lobed parenchyma; SC: sclereids; CSC: columnar sclereids.

Saraca asoca bark
The powder preparation of the bark shows two
types of fibers. Some of the fibers are thin, long with a
narrow lumen and thick walls. The narrow fibers are
150 µm long and 12 µm thick. The narrow fibers are
non-septate (Fig. 14A). There are also wide fibers
along with narrow fibers. The wide fibers have thin
walls wide lumens and tapering ends. The wide fibers
are 260 µm long and 15 µm thick (Fig. 14B). Some of
the wide fibers are septate with numerous septa arranged in a vertical line. The septa are thin and
slightly curved (Fig. 14 C, D-E). The septate fibers are
as long as non-septate fibers. Some of the fibers and
parenchyma cells possess cuboidal calcium oxalate
crystals arranged inside the cells in a vertical plane
(Fig. 14F-G). There is no cross wall between the vertical row of crystals. The crystals bearing 25 µm thick.
Symplocos racemosa bark
The broken cylinders of phloem rays of frequently
seen in the powder. This fragment consists of two
types of cells, namely upright cells and procumbent
cells. Thus, they are heterocellular (Fig. 15A). A small
fragment of periderm tissue is seen in the powder.
The fragment consists of horizontal rectangular wide
phellem cells and inner derivatives of phelloderm
https://jppres.com

cells. These cells are radially elongated and occur in
compact parallel lines (Fig. 15B). Elongated narrow
thick-walled cells with pointed ends are seen in the
powder. Since the cells resemble the fibers. They are
called fiber sclereids (Fig. 15C). The sclereids have
thick walls narrow lumen and numerous simple cell
wall pits. They are 450 µm long and 50µm thick. There
are vertically elongated highly thick-walled lignified
walls are seen in the powder. The cell walls have wide
short simple pits. The cell lumen is wide. The
sclereids are 150 µm long and 40 µm wide (Fig. 15D).
There are long fairly wide fibers are seen in the powder. The fibers have tapering pointed ends (Fig. 15EF). The cell wall is very thick, and the cell lumen is
narrow pits are not evident. The fibers are 750 µm to 1
mm long, and they are 40 µm thick.
Quantification of lupeol, rutin and shatavarin IV by
HPTLC analysis
Standardization is an important tool for herbal
drugs to establish their identity, purity, safety and
quality. To standardize five different plant parts various macroscopic, microscopic, and HPTLC analyses
were performed. Microscopy is one of the cheapest
and simplest methods to start with establishing the
correct identification of the drug.
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Figure 14. Powder microscopy of
Saraca asoca.
(A) Powder showing narrow fiber; (B) Wide
fiber with tapering ends; (C) Wide fiber
with several septa; (D-E) Fibre enlarged
showing oblique curved septa; (F-G)
Vertical strand of crystal within the fiber.
NFi: narrow fiber; WFi: wise fiber; Fi: fibre;
SFi: septa fibre; Se: septate; Cr: crystal;
CSt: crystal strand parenchyma.
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Figure 15. Powder microscopy of Symplocos racemosa.
(A) A broken segment of periderm sowing upright, and procumbent cells; (B) A segment of phellem and phelloderm seen in the powder; (C) A fiber sclereid with a thick
secondary wall; (D) Short rectangular sclereid; (E-F) Libriform fibers which are wide with tapering ends.
Pd: Phelloderm; Pm: Phellem; PhR: phloem ray; PrC: Procumbent cell; URC: Upright cell; SCl: Sclereids; Fi – Fibre.
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Table 2. HPTLC analysis for polyherbal formulation.
Standard

Mobile phase

Derivatization agent

Wavelength

Quantification value
(ng/g)

(mL)
Lupeol

n-hexane: ethyl acetate (6:4)

Anisaldehyde sulphuric
acid

550 nm

0.067

Rutin

Ethyl acetate: acetic acid: formic
acid; methanol (10:1.1:1.1:2.6)

Anisaldehyde sulphuric
acid

254 nm

0.053

Shatavarin IV

Chloroform: acetic acid: water:
methanol (5:3.5:1.5:1)

Vanillin hydrochloric
acid

429 nm

0.048
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Figure 16. HPTLC chromatogram of lupeol in Caesalpinia bonducella, Bauhinia variegata and polyherbal formulation.
(A) 366 nm; (B) White light; (C) 3D Layout at 550 nm.

In the current study, quantitative estimation of
specific biologically active lupeol, rutin and
shatavarin IV components were conducted in the
polyherbal formulation using HPTLC technique. Table 2 shows the final mobile phase, derivatizing agent,
wavelength, and quantification results of chemical
markers present in the developed polyherbal formulation. The presence of lupeol and rutin was
confirmed by the use of a detecting agent, anisaldehyde-sulphuric acid. Shatavarin IV was confirmed by
the use of vanillin hydrochloric acid. The presence of
lupeol, rutin and shatavarin IV was confirmed by
HPTLC at Rf value 0.9 (Fig. 16), 0.36 (Fig. 18), 0.89
(Fig. 20). HPTLC densitometric chromatogram of
lupeol (Fig. 17), rutin (Fig. 19) and shatavarin IV (Fig.
20) was estimated. The quantified values of rutin,
lupeol and shatavarin IV in the polyherbal formulation were 0.067, 0.053 and 0.048 ng/g detected,
respectively using HPTLC method.
CONCLUSION
The macroscopical and microscopical parameters
reported here can be considered as distinctive enough
to identify and decide the authenticity of reported all
the selected medicinal plants in the herbal industry.
The results were established for the proper identification and also to check the purity of the selected plant
https://jppres.com

species. An HPTLC analytical method has been developed for the simultaneous determination of lupeol,
rutin and shatavarin IV in the polyherbal formulation.
The method can be used to determine the purity of
the selected medicinal plants by detecting the related
impurities as well as for quality control of herbal formulations. HPTLC analysis has indicated the
presence of an optimum amount of lupeol, rutin and
shatavarin IV in the samples. This polyherbal formulation contains a detectable number of chemical
markers. These chemical markers have their medicinal value. Based on this effect, it will give a
synergistic effect on the polyherbal formulation. In
this study, we conclude the lupeol, rutin and
shatavarin IV were quantified using the HPTLC analytical method. This can be used in the
pharmaceutical industry as a pharmacognostical tool
to identify these medicinally important plant species.
In addition, it can be adopted as a chemotaxonomical
tool in the plant systematic and can also help the
manufacturers in the identification and selection of
the raw material for herbal drugs.
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Figure 17. HPTLC densitometric chromatogram at 550 nm.
(A) Lupeol; (B) Caesalpinia bonducella; (C) Bauhinia variegata; (D) Polyherbal formulation.
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Figure 18. HPTLC chromatogram of rutin in Symplocos racemosa and polyherbal formulation.
(A) 366 nm; (B) White light; (C) 3D Layout at 254 nm.
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Figure 19. HPTLC densitometric chromatogram of at 254 nm
(A) Rutin; (B) Symplocos racemosa; (C) Polyherbal formulation.
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Figure 20. HPTLC chromatogram of shatavarin IV in Asparagus racemosus and polyherbal formulation.
(A) White light; (B) 3D Layout at 429 nm.
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Figure 21. HPTLC densitometric chromatogram at 429 nm
(A) Shatavarin IV in Asparagus racemosus; (B) Polyherbal formulation.
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