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Abstract

Background: The root drugs of the family Apocynaceae are medicinally important and used in Indian Systems of
Medicine (ISM). There is often a problem of misidentification and adulteration of genuine samples with other samples
in the market trade. Keeping in view the adulteration problem of raw drug material, comparative macroscopic and
microscopic (qualitative and quantitative) characterisation and chemical analysis (TLC and LC-MS profiling) of a total
of 14 economically important root drugs of family Apocynaceae were done for practical and rapid identification. A
total of 33 qualitative botanical characteristics of root samples were subjected to Principal Component Analysis (PCA)
and Cluster analysis to identify taxonomically significant characteristics in the distinction of root drug samples at the
species level.

Results: Comparative qualitative and quantitative data on morphological, macroscopic, and microscopic characters
were generated for the studied 14 species. Despite the similarity in some root characters, a combined study involv-
ing the surface, anatomical, and powder features helped distinguish root samples at the species level. The relative
relationship between selected species was represented as clustering or grouping in the dendrogram. PCA analysis
determined significant characters leading to species grouping and identification. Results showed that clustering of
xylem vessels in cross-section, pore size, and distribution in the cut root, the shape of starch grains, the thickness of
cork zone were among the most notable characters in species distinction. Chemical profiling revealed unique finger-
prints and content of chemical compounds, which were significant in identification of root drug samples.

Conclusions: The comparative botanical standards and chemical profiles developed in the present study can be
used as future reference standards for the quick, easy, and correct identification of root drug samples to be used in
the herbal drug industry. Further, the identified significant microscopic characters have the potential for taxonomic
studies in species delimitation.
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Background

The global herbal market is very fast-growing, with
large numbers of herbal products launched in the mar-
ket every year. Overall international trade in medici-
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2050 (Nirmal et al. 2013). India is known as the sec-
ond-largest exporter of medicinal plants after China
(Dhanabalan 2011). Around 960 medicinal plants are
traded in India, of which 178 are known with high trade
value with annual consumption of more than 100 metric
tonnes (NMPB 2010). The Apocynaceae, belonging to
the order Gentianales, also known as ‘Dogbane family’
or ‘Toxic plant’s family, is considered one of the largest
and economically most important angiosperms family.
It comprises about 5100 species belonging to 366 gen-
era in five subfamilies, plants are generally trees, shrubs,
and vines distributed mainly in tropical and subtropical
regions, with several genera widely occurring in various
regions of India (Endress and Bruyns 2000; Lens et al.
2009; Nazar et al. 2013; Endress et al. 2014; eFI 2020).
Plants of the family Apocynaceae are characterized by
latex and are rich in several metabolites, such as alka-
loids, triterpenoids, flavonoids, steroids, phenols, lac-
tones, and glycosides (Hofling et al. 2010; Bhadane et al.
2018). Plants of this family possess many pharmacologi-
cal properties (Endress 1997; Yarnell and Abascal 2002;
Bhadane et al. 2018). Roots of several Apocynaceae
species are widely used in Indian Systems of Medicine
(ISM) such as Ayurveda, Siddha, and Yunani systems
(Khare 2007; Devi et al. 2017; Jeewandara et al. 2017).
Only a few selected species are cultivated commercially,
and most of the traded raw plant material is collected
from wild sources. Due to widespread use in Indian tra-
ditional medicines and the similar appearance of plants,
several species of Apocynaceae are often prone to adul-
teration (Devi et al. 2017).

There are identification problems with raw herbal
root drugs of Apocynaceae due to similar or confusing
names, similar physical appearance, lack of an organized
plant collection and procurement chain. The use of the
wrong species for medicinal purposes can be harmful to
end-users. Correct identification and authentication of
herbal drug samples are essential to ensure traditional
medicines’ efficacy, purity, and quality (Sahoo et al
2010). Botanical and chromatographic fingerprint, refer-
ence standards are helpful to identify and to determine
the purity and quality of herbal drugs (Zafar et al. 2010;
Folashade et al. 2012; Upton et al. 2020). For identifica-
tion and ensuring consistent quality of plant raw mate-
rials and botanicals of herbal products, several chemical
identification methods (qualitative and quantitative) are
accepted.

Reference standards are helpful in the correct identi-
fication and distinction of different root drug samples.
Microscopic methods are known to be taxonomically sig-
nificant for the identification of fragmented herbal sam-
ples and are used for sample identification in the various
traditional pharmacopeia, for taxonomic characterization
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and systematic studies in many plants (Kraemer 1920;
Metcalfe and Chalk 1957; Carlsward et al. 1997; Scat-
ena et al. 2005; Aldasoro et al. 2005; Matias et al. 2007;
Figueroa et al. 2008; Zarrei et al. 2010; Ginko et al. 2016).
Botanical identification by macroscopic and microscopic
studies of herbal plants is known to be simple and easy
(Apraj et al. 2011). In chemical based identification, Thin
Layer Chromatography (TLC) remains the simplest, effi-
cient, with low cost and rapid tool to check and identify
known markers compounds in plant extract (Pascual et al.
2002). TLC is a common chromatographic technique for
separating non-volatile substances and quite valuable
for assessing quality of herbal remedies (Yuen and Lau-
Cam 1985). Michael Tsweet was the first to introduce the
separation and identification of plant constituents using
chromatography (Ettre and Sakodynskii 1993). Now a
day, chromatographic and spectroscopic techniques are
used for the quantitative estimation and quality control of
herbal drugs (Balekundri and Mannur 2020).

Considering the medicinal and trade value and the
authentication problem of raw drug material, root
drug samples of 14 species of family Apocynaceae were
selected for the present study. The selected plants are
used in different Ayurvedic formulations, reported with
high estimated annual trade value, and often have adul-
teration problems. The present study aims to develop a
detailed comparative morphological, macroscopic, and
microscopic standard (qualitative and quantitative) along
with chemical profiling for practical and rapid identifica-
tion of the highly traded fourteen root drugs of the family
Apocynaceae.

Material and methods

Plant material

For the present study, authentic dry raw root drug sam-
ples (RDS) of the fourteen species of the family Apoc-
ynaceae available at Crude Drug Repository (CDR) were
selected. CDR is a national referral facility (a sub-sec-
tion of Janaki Ammal Herbarium (RRLH) at CSIR-IIIM,
Jammu, which is an internationally recognised Herbar-
ium), having a collection of>4200 authentic raw plant
drug specimens collected from different parts of India.
Accepted botanical names and synonyms of the selected
species were verified from theplantlist.org (TPL 2013).

Botanical studies
Surface characters of root drug samples (such as color,
texture, appearance, nature, etc.) and transverse cut root
surface characters (such as surface appearance, color,
thickness, and nature of various zones) were analyzed by
hand lens and by stereomicroscope (Leica S9i).

For the anatomical study, dry raw root drug sam-
ples (RDS) were kept in FAA fixative; Formalin
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Table 1 Some important root characters, their types, and codes for identification of the studied RDS of family Apocynaceae used in

ISM

S.No

Characters

Types (code)

Raw drug surface (Figs. 1, 2)

1

~N OO L W

O

14

Surface appearance

Surface wrinkles

Surface fissures

Granular or powdery mass on scrapping
Nodule like surface protuberances
Transverse surface cracks

Surface texture

Raw drug cut root (Figs. 1, 2)

Cork color

Cortex colour

Bark nature

Pores in the woody part

Pore arrangement in the woody part

Pore size and distribution in the woody part

The appearance of pore size in the woody part

Transverse section (Figs. 1, 2)

15
16
17
18
19
20
21

22
23
24

25
26
27

Sclereids in bark

Secretory canals in the bark

Crystals in bark

Cork zone thickness (percent of the total root thickness)
Cork lignification

Cortex zone thickness (percent of the total root thickness)
Clustering of xylem vessels

Xylem zone thickness (percent of the total root thickness)
Medullary rays appearance
Width of medullary rays

Annular ring markings (in cut root surface)
Pith

lodine test of dry T.S. showing an abundance of starch in

Powder characters (Additional file 1: Fig. S1,52)

28

29
30

31
32
33

The shape of starch grains

Grouping of starch grains
Crystal type

Colored fragments
Sclereids
Cork cells

Nearly smooth and uniform bark (1)/ Bark may be rough or scaly (2)
Present (1)/ Absent (2)

Present (1)/ Absent (2)
Present (1)/ Absent (2)
Present (1)/ Absent (2)
Present (1)/ Absent (2)
Hard (1)/ Soft (2)

Dark brown (1)/ Light brown (2)

Dark brown (1)/ Light brown (2)/ Light cream (3)

Separated from the main root portion (1)/ Adhered to main root portion (2)
Uniformly distributed (1)/ Uneven (2)

Circular arrangement (1)/ Spoke like arrangement (2)/ Random (3)/Circular and
spoke like both (4)

Large-sized, uniformly present (1)/ Large-sized, scattered (2)/ Small-sized, uniformly
present (3)/ Small-sized, scattered (4)/ Very small (5)

Nearly uniform size (1)/ Varying pore (2)

Present (1)/ Absent (2)

Well-formed (1)/ Deformed (2)

Abundant (1)/ Rare (2)

Thick [>10%] (1)/ Medium [5-10%] (2)/ Thin [< 5%] (3)
Lignified (1)/ Less lignified (2)/ Parenchymatous (3)

Thin [<20%] (1)/ Medium [20-30%] (2)/ Thick [>30%] (3)

Solitary (1)/ Groups (2)/ Linear (3)/ Groups and linear both (4)/ Solitary and groups
(5)/ Solitary and linear (6)/ Solitary, Linear and in groups (7)

Thin [40-60%)] (1)/ Medium [60-80%] (2)/ Thick [>80%] (3)
Distinguished (1)/ Less distinguished (2)

Uniform width throughout (1)/ one-celled at the center and slightly widened at
outer region (2)/ Comparatively much wider at outer region than the center region
(3)/ Less distinguished (4)

Distinct (1)/ Indistinct or Absent (2)
Present (1)/ Absent (2)
Cork (1)/ Cortex (2)/ Medullary rays (3)/ Both cortex and medullary rays (4)

Spherical (1)/ Oval (2)/ Slightly oval to elongated (3)/ More than two shapes (4)/
Oval to spherical shaped (5)

Single (1)/ Two to four units (2)/ More than four units (3)

Prismatic (1)/ Rosette (2)/ Both Prismatic & Rosette (3)/ Prismatic, Rosette & Acicular
(4)

Few (1)/ Abundant (2)

Few (1)/ Abundant (2)

Few (1)/ Abundant (2)

(5 ml) + Acetic acid (5 ml)+70% Ethyl alcohol (90 ml),
for 24 h and then in water for softening and rehydrat-
ing the tissues. Three to five root specimens (each
of nearly the same size) were studied for anatomical
study. Thin transverse sections (T.S.) were obtained by

freehand sectioning using a razor blade. Thin sections
were serially dehydrated and stained, according to Ber-
lyn and Miksche (1976), with modifications in some
steps. Sections were initially dehydrated in 50% and
then 70% alcohol (each for 10 min), stained in safranin
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stain (5—10 min), decolorized in 70% alcohol (5 min),
stained in fast green (2—3 min), decolorized in 70% alco-
hol (5 min), dehydrated in 90% alcohol and absolute
alcohol (each for 2 min) and finally cleared in xylene
for 1-2 min. Xylene cleared sections were carefully
mounted in Canada balsam and then observed under the
compound light microscope.

In powder study, crushed dried root drug samples were
characterized for organoleptic characters (color, odor,
taste, and texture) and microscopic characters (cell types
and cell contents). An iodine test was performed in root
powder and T.S. of the root to study the shape and size
of starch grains. Microscopic characters were observed
using a compound microscope (LEICA DM 750) with an
associated camera (LEICA ICC50E). Histological meas-
urements were also done for various tissue zones, cells,
and cell contents using Leica software (LEICA LAS V
4.9.0 software).

Statistical analysis

The botanical data were subjected to variance analysis,
Principal Component Analysis (PCA), and Cluster analy-
sis. Variance analysis of selected quantitative characters
was done using descriptive statistics such as mean and
standard deviation by Tukey’s post hoc test using Minitab
17 (Minitab, LLC, State College, PA, USA). Among vari-
ous studied root botanical characters, a total of 33 quali-
tative macroscopic and microscopic characters (Table 1)
appearing in more than one state were selected, coded
in binary (20 characters), and multistate (13 characters)
numerical values for creating a data matrix (Additional
file 1: Table S1). Selected root characters, their types,
and codes for identifying the studied RDS are given in
Table 1. Botanical traits were subjected to PCA and
Cluster analysis with Paleontological Statistics Software
(PAST) (Version 3.26) to study species grouping and
determine the taxonomically significant characters for
species grouping (Hammer et al. 2001). Cluster analysis
was done by Ward’s hierarchical clustering method based
on Euclidean metric distances. Results of PCA are pre-
sented as two-dimensional scatter plots representing spe-
cies and character states.

Chemical identification

Extraction procedure for chromatographic fingerprinting
The root samples were air dried at temperature
25 °C+2 °C and relative humidity of 65% 4 5%. The dried
material was powdered using pestle and mortar. The 10.0
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gm of dried powdered material was socked in methanol,
kept under sonication for 2 h, and kept overnight. A simi-
lar extraction procedure was repeated 24 h with the same
solvent until a clear and colorless solvent was obtained.
The combined extract was then filtered through What-
man filter paper (No.2) and dried under a vacuum evap-
orator at 40 °C. Dried extract was stored at 0 °C in an
airtight container until used.

Thin Layer Chromatography (TLC) fingerprint

In present study, TLC profiles were developed for the root
samples of the selected species. For the TLC fingerprint,
methanolic extract of samples was used. The sample (2
gm) was dissolved in 10 ml methanol with continuous
stirring at room temperature for 24 h. The extract was fil-
tered through Whatman filter paper No. 2. Subsequently,
the extract was diluted (1 ml extract) in 25 ml of metha-
nol and was later used for TLC fingerprinting. The root
extract was spotted with a capillary tube onto a silica-gel
TLC plate with F,;, fluorescent indicator and developed
in suitable solvent polarity for resolution (Factor 1991).
The developed plates were then stained in anisaldehyde
reagent and heated at 105 °C for 5 min. The movement of
the active compound was expressed and recorded by the
retention factor value (Rf).

For development of TLC, methanolic crude extract
(10 pl) of root samples (100 mg in 10 ml) was applied on
to a silica-gel TLC plate with F254 fluorescent indicator.
Prior to chromatography, the chamber was saturated with
mobile phase for 15 min. The loaded plate was placed in a
developing chamber with a mobile phase until the mobile
phase rose to 7 cm in height. The TLC was developed in
varied solvent combinations for each plant (Table 6). The
developed plate was air-dried to remove the solvent from
the container, stained with anisaldehyde reagent, heated
at 105 °C for 5 min and then examined at white light for
the varied band patterns.

Adsorbent
Chromatographic Silica gel F,;, mixture with an average
particle size of 5 pm.

Application volume

10 pl each of the sample solution as 7-mm bands.
Relative humidity: Condition the plate to a relative

humidity of about 33% using a suitable device.
Developing distance: 7 cm.

(See figure on next page.)

Fig. 1 Morpho-anatomical images of Raw Drug Sample (RDS) of the studied seven roots of the family Apocynaceae used in ISM (A. curassavica to C.

dubia)




Kumar et al. Botanical Studies (2022) 63:12

Page 8 of 42

Cut surface of RDS

Raw drug sample (RDS)

™
Al

A. curassavica

C.procera

wn
S
S
I~
S
S
o
o

. Spinarum

(&

C. roseus

#A FasnCasrews

Fig. 1 (See legend on previous page.)

Surface view of RDS

T.S. of RDS

o




Kumar et al. Botanical Studies (2022) 63:12

Derivatization reagent: Anisaldehyde reagent: add
20 ml of acetic acid and 10 ml of sulphuric acid to 170 ml
of cold methanol and mix well. After cooling to room
temperature, add 1 ml of anisaldehyde to the mixture.

LC-MS analysis

The chemicals used for the LC—MS analysis were MS-
grade acetonitrile, water, acetic acid, and formic acid; all
were purchased from Merck, Germany. Other solvents
and chemicals used for the extraction were of analytical
grade and procured from Merk, Germany.

The sample for LC-MS analysis was prepared in a vol-
umetric flask in methanol-water (1:1, v/v). The crude
extract was filtered through a 0.25 um disposal mem-
brane filter (Millipore) and made appropriate dilutions
using methanol. The stock and working solution were
stored at+4 °C. An Agilent 1260 liquid chromatogra-
phy system (Agilent, USA) equipped with a quaternary
solvent delivery system, an autosampler, and a column
heater was used. The chromatographic separation was
performed on Merck Chromolith fast gradient RP18,
column (100 mm x 4.6 mm) protected by a Chromolith
guard column. The mobile phase consisted of A (0.1% aq.
formic acid: 1.0% ACN, v/v/v) and B (Acetonitrile). A gra-
dient elution was performed with mobile phase started
with B-0%; 4.0 min B-20%; 15 min B 50%; 20 min B-50%;
25 min B 70%; 35 min B-70% 38 min B-85%; 42 min B-85%;
45 min B-0% and at 47 min B-0%. The flow rate was moni-
tored at 0.5 mL/min. The injection volume was 1 pL, and
the column temperature was maintained at 30°C. A 6410B
triple quad LC/MS system from Agilent was used to detect
a hybrid triple quadrupole mass spectrometer equipped
with Turbo V sources. The analyses were performed using
electrospray ionization (ESI) sources in positive and nega-
tive modes. The operation conditions were as follows: scan
range of 110-1300 amu, V charging 4000 V, ion source
temperature 300°C, nebulizer 50psi, gas flow 13L/min,
capillary voltage 4000, and a step size of 0.1 amu. Nitrogen
was used in all cases. Agilent Mass Hunter software (ver-
sion B.04.00) was used for data acquisition and processing.

Results

The scientific literature on taxonomic, medicinal, and
commercial aspects was searched from various sources
such as scientific journals, edited books, floras, scien-
tific databases, eFloras, online databases, etc. Raw root
drug samples of selected species in the present study
are essential ingredients in different Ayurvedic formula-
tions, reported with much high annual trade value, and

Page 9 of 42

are among widely traded RPD’s from India (Table 2).
The literature review revealed that several closely related
species have similar names. Similarity and confusion in
local or trade names of many species are often reported
with adulteration problems. For example, C. procera and
C. gigantea have the same ayurvedic name, i.e., Alarka.
Similarly, the roots of three selected plants, viz., C. dubia,
H. indicus, and I frutescens are known as “Sariva” in San-
skrit. Due to the similar common name, the official part
of true ‘Sariva’ (H. indicus) is known to be adulterated by
the other two plants of the same common name.

Botanical characterisation of root samples
In the comparative morphological study, sample appear-
ance, surface, and cut root appearance were studied.
Comparative morphological characteristics of the studied
RDS are shown in Figs. 1, 2. Root drug samples of studied
species appeared similar in physical appearance and mor-
phological features, while some surface and cut root fea-
tures were characteristic. RDS of most species appeared
elongated or cylindrical, less branched, twisted, or bent,
but A. curassavica was observed with secondary and
tertiary fibrous branches. The root surface of most drug
samples was rough with wrinkles (in C. procera, C. dubia,
M. tenacissima, T. divaricata), cracks (in C. gigantea,
C. carandas, C. dubia, H. pubescens, M. tenacissima, N.
oleander), some with a powdery mass on scraping (in
C. gigantea, C. procera, C. spinarum, R. serpentina, T.
divaricata), and sloughed off bark (in C. carandas, C.
dubia, H. indicus), and nodule like protuberances (in C.
spinarum). Some species were with smooth root surfaces
(A. curassavica, C. roseus, M. tenacissima). Root surface
was of variable color such as greenish (in A. curassavica),
light cream (in C. gigantea, R. serpentina), buff-colored
(in C. procera, M. tenacissima, T. divaricata), dark brown
(in C. dubia, H. indicus, H. pubescens, 1. frutescens), dark
brown with light patches (in C. carandas), brown (in N.
indicumy), light brown (in C. spinarum) to light green (in
C. roseus). Cut root surface was circular in most species
while irregular outline in C. procera, H. indicus, 1. frute-
scens, R. serpentina and circular to oval in C. dubia. The
bark and woody region showed variability in thickness
(Fig. 1, 2, Fig. 3). Woody region showed variation in pore
size and characteristic pattern of pores. Pores in most
species were of varying size, having well-distinguished
large pores, while some had very small pores (in A. curas-
savica, C. roseus, H. pubescens, R. serpentina) (Table 3).
Xylem vessel arrangement varied from solitary (in
C. carandas, C. spinarum), grouped (in C. gigantea, C.

(See figure on next page.)

Fig. 2 Morpho-anatomical images of Raw Drug Sample (RDS) of the studied seven roots of the family Apocynaceae used in ISM (H. indicus to T.

divaricata)
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Fig. 2 (Seelegend on previous page.)
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procera), linear (in N. oleander), grouped and linear (in H.
pubescens), solitary and grouped (in C. roseus, C. dubia,
H. indicus, I frutescens, M. tenacissima), solitary and lin-
ear (in A. curassavica), solitary, linear and grouped (in R.
serpentina, T. divaricata). Medullary rays were less dis-
tinct (in A. curassavica, C. procera, C. roseus), distinct (in
C. carandas, C. spinarum, H. pubescens, M. tenacissima,
R. serpentina and T. divaricata), narrow (in C. gigantea,
C. dubia, H. indicus, 1. frutescens, N. oleander). Pith was
present in some species (A. curassavica, H. pubescens, I
frutescens).

Powder microscopic study of most species showed cork
cell fragments, parenchyma cell fragments, sclereid frag-
ments, coloured fragments, prismatic crystals, rosette
crystals, starch grains, xylem vessel fragments. However,
variability was observed in cells and cell contents such
as starch grains and crystals. Starch grains of most spe-
cies were solitary to compound (3—4 units), some up to 2
units (7. divaricata), and some up to 9 units (M. tenacis-
sima). The shape of starch grains varied from spherical
(in C. dubia), oval to spherical (C. gigantea, C. procera, C.
carandas, C. spinarum, C. roseus, 1. frutescens, M. tena-
cissima, T. divaricata), oval to elongated (H. indicus,
H. pubescens, N. oleander), to more than one shape (A.
curassavica and R. serpentina). Among studied species,

prismatic crystals were present in all root samples except
M. tenacissima. Apart from these, rosette crystals were
also observed in some species (A. curassavica, C. procera,
H. pubescens, M. tenacissima, N. oleander, and T. divari-
cata). The size of starch grains and prismatic crystals are
provided in Table 4.

In the current study, some characters were shared
in studied species, while some features were also
observed as characteristics useful in species distinc-
tion. Statistical analysis of studied botanical char-
acters by the mean-variance analysis (Tables 4, 5),
PCA, and Cluster analysis was observed to resolve the
complexity in species distinction and identification
of significant characters. The cluster analysis results
are represented in a dendrogram, which shows closely
related species’ grouping (Fig. 4). A Scatter plot dia-
gram of PC1 versus PC2 showed significant characters
with taxonomic value in the grouping and distinction
of various species (Fig. 5). PCA analysis showed that
the first three components accounted for nearly 64%
of the total variance (30.49%, 16.96%, and 16.58%,
respectively). According to the first three PCA’s, the
following characters including clustering of xylem
vessel, the shape of starch grains, pores in woody part
(size, arrangement, and distribution in the cut root),
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Fig. 4 Cluster analysis dendrogram showing interrelationships between 14 species of family Apocynaceae used in ISM based on 33 morphological,
anatomical, and powder characters of the RDS
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Fig. 5 Scatter plot diagram of PCA showing important RDS characters for the distinction of 14 species of family Apocynaceae used in ISM

the width of medullary rays, the thickness of domi-
nating tissues in T.S. (cork, cortex and xylem zones),
cork lignification and cork colour in the cut root, type
of crystals, starch distribution test in T.S. of the root,
surface characters of raw drug sample such as tex-
ture, wrinkles, fissures, etc., were observed as major
contributors in the whole variation. Also, mean—vari-
ance analysis of quantitative features revealed the
mean thickness of tissue zones in cross-section, vessel

lumen diameter and number of vessels per square
area, mean size of starch grains, and prismatic crystals
as major characters in species distinction.

Chemical analysis

TLC chromatogram profile

TLC was employed for the preliminary phytochemi-
cal investigation of the crude extracts of root samples
under study. For development of TLC profile of root
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Fig. 6 TLC profiles of root crude extracts of 14 species of Apocynaceae (TLC profiles numbered from 1 to 14 represent species A. curassavica to T.
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crude extracts of 14 species, literature review was
done and accordingly varied combinations of solvents
were used for chromatographic separation of chemi-
cal constituents of crude extract. Out of various com-
binations performed, the most suitable combinations
of solvents with most desirable results are shown in
Table 6. The TLC of root samples of studied 14 species
were observed with prominent bands with different
retention factor (Rf) values (Table 6). The migration
profiles of constituents of the root samples are shown
in Fig. 6.

LC-MS profile

The dataset generated by Liquid Chromatography
mass spectrometry measurement of raw plant mate-
rials can be used for authentication of plant species.
In present study, LC-MS analysis compared the phy-
tochemical contents of the methanol extracts of root
samples. Some plant metabolites were identified
for each of the 14 species in a single analytical run
(Table 7), which helped in species identification with
high accuracy. Although it was difficult to identify
each peak in the LC-MS chromatogram, some major
constituents were identified for studied species. The
characteristic compounds from crude extracts of the
given plants have been identified by the LC-MS tech-
nique. In LC-MS studies of root extract, the major
compounds were identified based on its mass data
and UV pattern. The chemical constituents for 14 dif-
ferent species at specific retention time are given in
Figs. 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20.

Discussion
Morphological features (shape, size, color, surface fea-
ture, texture, fracture, and appearance) and anatomi-
cal features are considered of diagnostic value in the
identification and distinction of herbal drug samples in
several plant groups (Fritz and Saukel 2011; Manohan
et al. 2013; Ginko et al. 2016; Park et al. 2019). Surface
characters may not be used for species authentication;
however, the combination of some surface and cut root
surface characters can be used in the preliminary dis-
tinction of samples. According to Park et al. (2019), the
only morphological character-based distinction of root
drug samples is challenging and also requires anatomical
characterisation. In the anatomical study, principal domi-
nating tissue in cross-section and other tissue zone was
considered a suitable character for distinguishing herbal
drug samples (Fritz and Saukel 2011; Hassan et al. 2015;
Ginko et al. 2016). In the present anatomical study, the
relative thickness, number & arrangement of cell layers of
outer bark (cork region), inner bark (cortex and phloem),
and woody zone (xylem) to the total radius of the studied
T.S. were observed varying for studied species (Fig. 3).
Some bark anatomical features such as the structure
of cork, number, and thickness of cork layers, the occur-
rence of sclereids, type, structure, and arrangement of
secretory ducts, presence of crystals were also known of
taxonomic value in species characterization (Fritz and
Saukel 2011; Ginko et al. 2016; Park et al. 2019). In the
present study, the cork zone was variable in colour and
lignifications of cell walls, cortex zone varied in the cell
composition, cell contents, mean lumen size of secretory
canals, and occurrence of sclereids. The cortex of some
species was observed with characteristic anatomical
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Fig. 8 LC-MS chromatogram of root extract of Calotropis gigantea showing marker compounds
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Chemical Formula: C34H4401¢

Exact Mass: 576.2934

m/z = 599.2832 [M+Na]*

1200 1300 1400 1500

features. For example, distinct large sclereids bands
and secretory canals in two Carissa spp., broad sclereid
patches in M. tenacissima, and reddish-brown colored
patches in I frutescens (Figs. 1, 2). A comparative mor-
phometric study in the present study revealed variation
in mean lumen diameter of secretory canals in both
Carissa spp. (comparatively broader in C. spinarum). In
the present study, anatomical characters of root bark of
M. tenacissima corresponded with anatomical structure
observed by Tripathi et al. (2014). Anatomical characters
of the Carissa genus corresponded with anatomical char-
acters in some previous studies (Salunke and Ghate 2013;
Khalil et al. 2015; Allam et al. 2016).

Some vascular anatomical characters such types,
arrangement, and grouping of xylem vessels, vessel out-
line, the dimension of largest vessels, frequency of ves-
sels per square area; the appearance of medullary rays
in secondary xylem, the thickness of medullary rays, and

laticifers in rays, etc. were reported as significant char-
acters in discrimination of different root samples (Lens
et al. 2008; Fritz and Saukel 2011; Ginko et al. 2016; Park
et al. 2019). In the present study, xylem anatomical char-
acters such as mean lumen diameter of xylem vessels,
number of vessels per square area, xylem vessel arrange-
ment, and distribution were observed as the variable
for various species under study. The mean lumen diam-
eter of xylem vessels in the studied species ranged from
30.95 um (C. roseus) to 134.54 um (C. gigantea). The
mean number of vessels per square area ranged from 22.8
(C. gigantea) to 481.5 (C. roseus). Quantitative xylem ana-
tomical characters for other species are shown in Table 5.
Powder microscopy helps identify broken or pow-
dered plant samples (Sereena and Sreeja 2014). Several
microscopic features, including starch grains and crystals
types, are considered helpful in identifying some herbal
material (Cortella and Pochettino 1994; Lens et al. 2008;
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Fig.9 LC-MS chromatogram of root extract of Calotropis procera showing marker compounds

Ginko et al. 2016; Ya'ni et al. 2018). The organoleptic
examination of root powder samples showed variation
in color, odor, texture, and taste in the present study.
Organoleptic and microscopic characters of powder are
provided in Table 4 and Additional file 1: Fig. S1-S2. Spe-
cies belonging to the same genus were observed with
comparatively more similarities in powder characters.
Organoleptic and microscopic powder characters of two
Carissa spp. and Calotropis spp. were nearly identical. In
powder study, variation was observed in quantitative and
quantitative microscopic features such as the shape and
size of starch grains, the grouping of starch grains; the
type of crystals; the size of prismatic crystals, the abun-
dance of coloured fragments. An iodine test in T.S. of the
root also showed variation in abundance and distribu-
tion of starch grains in a different zone of T.S. of the root
(Additional file 1: Fig. S1-S2).

The powder sample of two Calotropis spp. showed
variation only in taste, mean size of starch grains and
colorful crystals, and abundance of starch grains in med-
ullary rays. Some other genera (such as C. dubia, H. indi-
cus, and I frutescens, all three with the common name
‘Sariva’) were similar in some organoleptic and micro-
scopic powder characters. However, the color of powder
samples and the shape of starch grains also varied (cir-
cular in C. dubia, oval to slightly elongated in H. indicus,
and oval to circular in I frutescens).

Among the studied species, some previous studies had
been done on some species. Out of the 14 species stud-
ied, macro and microscopic identification studies for
11 species were conducted earlier by various research-
ers. Root anatomical studies were performed earlier in
A. curassavica (Hassan et al. 1952; Kalidass et al. 2009a;
Ramesh et al. 2014); C. gigantea (Shirsat et al. 2011);
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Fig. 10 L.C-MS chromatogram of root extract of Carissa carandas showing marker compounds
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Fig. 11 LC-MS chromatogram of root extract of Carissa spinarum showing marker compounds
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Fig. 12 LC-MS chromatogram of root extract of Catharanthus roseus showing marker compounds

Chemical Formula: C1H34,07
Exact Mass: 398.2305
m/z = 399.2383 [M+H]*

C. procera (API 2001; Hassan et al. 2015); C. carandas
(API 2001; Mishra et al. 2013; Salunke and Ghate 2013);
C. spinarum (Salunke and Ghate 2013); C. dubia (API
2001; Jeewandara et al. 2017); H. indicus (API 2001; Chi-
tra and Thoppil 2002; Shanthi et al. 2010; Rajan et al.
2011; Sariga and Shajahan 2017; Jeewandara et al. 2017);
L frutescens (Kalidass et al. 2009b; Jeewandara et al.
2017); M. tenacissima (API 2001; Tripathi et al. 2014;
Kolhe et al. 2014); N. oleander (API 2001) and R. serpen-
tina (API 2001; Panda et al. 2012; Rungsung et al. 2014).
However, root anatomical studies on C. roseus, H. pube-
scens, and T. divaricata have been performed for the first
time in the present study. Of the several previous identi-
fication studies performed on root samples, the majority
of research focused on a qualitative description of mac-
roscopic, anatomical, and powder characters with sketch
diagrams or some with cross-section photographs; how-
ever, quantitative characterization was sparse in most

studies (Salunke and Ghate 2013; Jeewandara et al. 2017;
Hassan et al. 2015). The present study provided a detailed
comparative macroscopic and microscopic study of root
samples, including a description of qualitative and quan-
titative characters with corresponding images.

Statistical analysis revealed some significant charac-
ters with taxonomic importance in species distinction.
Microscopic characters and character states have been
used in phenetic analysis and systematic study of many
plant species (Ginko et al. 2016; Ya'ni et al. 2018). In the
present study, the grouping of most species was observed
nearly congruent to some previously published classifi-
cations (Lens et al. 2008; Nazar et al. 2013; Endress et al.
2014). The closely grouped species in dendrogram can
be expected with greater chances of adulteration. In the
group of three species (C. dubia, H. indicus, and 1. frute-
scens), the official part of the drug ‘Sariva’ (H. indicus) is
reported to be adulterated by the root samples of other
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Fig. 13 LC-MS chromatogram of root extract of Cryptolepis dubia showing marker compounds

miz = 601.3678 [M+K]*

two genera with the similar common name (Jeewandara
et al. 2017). Other species belonging to the same genus
(Calotropis spp. and Carissa spp.) were observed in a
close clade. Such closely grouped species can be distin-
guished based on some unique combination of botanical
characters identified in the present study.

In the present study, some surface and anatomical char-
acters such as the appearance of bark and the presence or
absence of pith, etc. observed as less stable and should be
carefully considered for the identification of herbal sam-
ples. For example, root bark was observed sloughed off
in dried root samples of C. dubia. Similarly, Jeewandara
et al. (2017) observed pith in older roots of C. dubia;
however, in the present study, pith was not observed. The
physical integrity of raw herbal samples is considered
essential as identifying herbal drugs only from powdered
samples can be challenging (Ginko et al. 2016). In addi-
tion, a single botanical character may not be considered
unique in describing a species. For plant species with
similar botanical features, a combination of diagnostic
microscopic characters is essential for species identifica-
tion and distinction of herbal samples (Lens et al. 2008,
2009; Ginko et al. 2016). Detailed taxonomic information
provided in the present study can be helpful in taxonomic
identification and distinction of genuine raw herbal drugs
from contaminants to be used for herbal drug prepara-
tions. Chemical profiling of herbal samples in addition to
botanical characterization is helpful and is more authen-
tic in the identification of raw herbal drugs.

In the present study, the TLC fingerprinting profile was
done for methanolic extracts of root samples of selected
14 species of family Apocynaceae. The Ry values acquired
from TLC chromatograms provided essential informa-
tion regarding their polarity of phytochemicals as well
as important clues in the separation process. The usage
of multiple solvent systems for TLC investigations could
be essential for selecting the suitable solvent system since
different R, values of the molecule reflect a notion about
their polarity. This knowledge will aid in the selection
of a suitable solvent system for subsequent compound
separation from these plant extracts. However, the TLC
results were not sufficient to determine their profile
and the chemical complexity of the crude extracts. Thus
to identify phytoconstituents in root extracts, Liquid
Chromatography-Mass Spectrometry (LC-MS) studies
were also carried out in present work. LC-MS analysis
is now a routine technique employed to identify phyto-
constituents present in a wide range of botanical sam-
ples (Zhao et al. 2005; Lai et al. 2015; Park et al. 2019).
Park et al. (2019) performed LC—MS profiling alongwith
anatomical studies to develop identification standards of
roots of Adenophora sp. In the present study, the chemi-
cal compounds identified were major metabolites present
in 14 species and were comparable with literature reports
(Table 7). In addition, the NMR data is also obtained for
the identified compounds which are comparable to pub-
lished reports (data provided in supplementary file as
‘Additional file 1’). These compounds provide supportive
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data can be used as the chemical markers for the identi-
fication of raw herbal drugs in addition to botanical data.

While modern testing techniques for evaluating plant
drugs are available in today’s scientific age, microscopic
analysis remains one of the most basic and cost-effec-
tive methods for correctly identifying source materials
(Kumar et al. 2011). Anatomical studies are helpful in the
distinction of herbal samples with similar morphological
characters (Traiperm et al. 2017). The combined approach
involving botanical and chemical identifcaiton adopted
in the present study ensures more authenticity in sam-
ple identification irrespective the physical form of herbal
sample. The identification standards thus help overcome
the adulteration and misidentification problems.

Conclusions

Detailed comparative botanical characterisation (quali-
tative and quantitative features) of root drug samples
was found helpful in identifying and distinguishing

similar-looking adulterant samples. Statistical analysis
of botanical characters helped in identification of some
of taxonomically significant characters in distinction of
root samples. Among various characters, the clustering
of xylem vessels was observed as the most significant
character in Apocynaceae species’ distinction from PCA
values. The unique chromatographic fingerprint profiles
and major chemical constituents identified for stud-
ied species further aid in distinction of root samples of
closely related species. The combined study including
botanical and chemical characterization in the present
study provide a reference database for future identifica-
tion of raw root samples. The studies performed in pre-
sent study will help the herbal industry in quality control
of raw herbal drugs and the botanical characters further
help as a reference guide for future taxonomic studies of
herbal drugs.
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Fig. 15 LC-MS chromatogram of root extract of Holarrhena pubescens showing marker compounds
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Fig. 18 LC-MS chromatogram of root extract of Nerium oleander showing marker compounds
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Compound 2: Odoroside A
Chemical Formula: C3gHs607
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Fig. 20 LC-MS chromatogram of root extract of Tabernaemontana divaricata showing marker compounds

miz = 453.1792 [M+K]*

Abbreviations

RDS: Root drug samples; PCA: Principal component analysis; ISM: Indian
systems of medicine; MT: Metric tonnes; NA: Not available; S.E.: Standard error;
Dil: Digitalose; Ole: Oleandrose.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540529-022-00342-z.

Additional file 1. NMR spectroscopic data of all the identified marker
compounds from the crude root extracts of fourteen species of family
Apocynaceae. Fig. S1. Powder characteristics of the RDS of seven studied
roots of the family Apocynaceae used in ISM (A. curassavica to C. dubia).
Fig. S2. Powder characteristics of the RDS of the studied seven roots of
the family Apocynaceae used in ISM (H. indicus to T. divaricata). Table S1.
Data matrix showing codes for the studied RDS of family Apocynaceae
used in ISM.

Acknowledgements
The authors are thankful Director IIIM Jammu for providing the necessary
facilities to carry out the study. Authors are also thankful to the Council of

Scientific and Industrial Research (CSIR), Government of India, for financial
assistance under the Major Lab Project titled “Collection of plant resources
from selected ecological niches for novel bioactivities” (MLP 1007). PK and AB
acknowledges the financial support provided by CSIR in the form of a JRF/SRF
fellowship.

Author contributions

SG and PG designed the study. PK and AB performed the laboratory studies,
interpreted the results, and wrote the article (botanical and chemical identi-
fication). SG and PK edited and revised the manuscript related to botanical
identification, while chemical identification part was edited and revised by PG.
All the authors read and approved the final manuscript.

Funding

The work was funded from the Major Lab Project titled “Collection of plant
resources from selected ecological niches for novel bioactivities” (MLP 1007).

Declarations

Ethics approval and consent to participate
Not applicable.


https://doi.org/10.1186/s40529-022-00342-z
https://doi.org/10.1186/s40529-022-00342-z

Kumar et al. Botanical Studies (2022) 63:12

Competing interests
The authors declare no competing interests.

Author details

"Plant Sciences & Agrotechnology Division, CSIR-Indian Institute of Integrative
Medicine, Canal Road, Jammu 180001, Jammu and Kashmir, India. Natural
Products and Medicinal Chemistry Division, CSIR-Indian Institute of Integrative
Medicine, Canal Road, Jammu 180001, Jammu and Kashmir, India. >Acad-
emy of Scientific and Innovative Research (AcSIR), Ghaziabad 201002, Uttar
Pradesh, India.

Received: 1 September 2021 Accepted: 28 March 2022
Published online: 25 April 2022

References

Abe F, Yamauchi T, Minato K (1996) Presence of cardenolides and ursolic acid
from oleander leaves in larvae and frass of Daphnis nerii. Phytochemistry
42:45-49

Aggarwal B, Ali M, Singh V, Singla RK (2010) Isolation and characterization of
phytoconstituents from the stems of Ichnocarpus frutescens. Chin J Nat
Med 8:401-404

Aldasoro JJ, Aedo C, Navarro C (2005) Phylogenetic and phytogeographical
relationships in Maloideae (Rosaceae) based on morphological and
anatomical characters. Blumea 50:3-32

Allam KD, El-Kader AMA, Mostafa MAH, Fouad MA (2016) Botanical studies of
the leaf, stem and root of Carissa macrocarpa, (Apocynaceae), cultivated
in Egypt. J Pharmacogn Phytochem 5:106-113

API (2001) The Ayurvedic Pharmacopoeia of India. Part-l, Vols, | to V. Govern-
ment of India. Ministry of Health and Family Welfare, Department of
AYUSH, India.

AprajV, Thakur ND, Bhagwat A, Mallya R, Sawant L, Pandita N (2011) Pharma-
cognostic and phytochemical evaluation of Citrus aurantifolia (Christm)
Swingle Peel. Phcog J 3:70-76

Balekundri A, MannurV (2020) Quality control of the traditional herbs and
herbal products: a review. Future J Pharm Sci 6:1-9

Begum S, Syed SA, Siddiqui BS, Sattar SA, Choudhary MI (2013) Carandinol:
First isohopane triterpene from the leaves of Carissa carandas L. and its
cytotoxicity against cancer cell lines. Phytochem Lett 6:91-95

Berlyn GP, Miksche JP (1976) Botanical microtechnique and cytochemistry.
Ames: lowa State University. pp. 97, 98, 126, 128, 277, 278.

Bhadane BS, Patil MP, Maheshwari VL, Patil RH (2018) Ethnopharmacology,
phytochemistry, and biotechnological advances of family Apocynaceae:
a review. Phytother Res 32:1181-1210

Bhutani KK, Vaid RM, Ali M, Kapoor R, Soodan SR, Kumar D (1990) Steroidal
alkaloids from Holarrhena antidysenterica. Phytochemistry 29:969-972

Carlsward BS, Stern WL, Judd WS, Lucansky TW (1997) Comparative leaf anat-
omy and systematics in Dendrobium, sections Aporum and Rhizobium
(Orchidaceae). Int J Plant Sci 158:332-342

Chandra R, Deepak D, Khare A (1994) Pregnane glycosides from Hemidesmus
indicus. Phytochemistry 35:1545-1548

Chitra M, Thoppil JE (2002) Pharmacognostical and phytochemical investiga-
tions on the tuberous roots of Hemidesmus indicus (Linn.) R.Br. (Asclepia-
daceae). Anc Sci Life 21:248-255

Chung IM, Ali M, Chun SC, Lee SJ, San KY, Christie AP, Ahmad A (2007) New
sesquiterpene glycosides from culture hairy roots of Catharanthus roseus.
Chin J Chem 25:1695-1699

Cortella AR, Pochettino ML (1994) Starch grains analysis as a microscopic diag-
nostic feature in the identification of plant material. Econ Bot 48:171-181

Deng J, Liao Z, Chen D (2005) Marsdenosides A-H, polyoxypregnane glyco-
sides from Marsdenia tenacissima. Phytochemistry 66:1040-1051

Devi N, Gupta AK, Prajapati SK (2017) Indian tribe’s and villager’s health and
habits: popularity of Apocynaceae plants as medicine. Int J Green Pharm
11:256-279

Dhanabalan T (2011) Convention on medicinal plants for sustainable liveli-
hood. In: Madurai Symposium 2011, Madurai, India, 14-18 September
2011,

eFl (2020) eFlora of India. Database of Indian plants—developed by the mem-
bers of efloraofindia Google Group. https://sites.google.com/site/eflor
aofindia/. Accessed 14 Mar 2020.

Page 41 of 42

Endress ME (1997) Key characters at the interface of the Apocynacs and the
Asclepiads. Amer J Bot 84:189-190

Endress ME, Bruyns PV (2000) A revised classification of the Apocynaceae s.l.
Bot Rev 66:1-56

Endress ME, Liede-Schumann S, Meve U (2014) An updated classification for
Apocynaceae. Phytotaxa 159:175-194

ENVIS (2020) http://www.bsienvis.nic.in/CITES/R%20serpentina.pdf. Accessed
11 Mar 2020.

Ettre LS, Sakodynskii KI (1993) MS Tswett and the discovery of chromatography
I: early work (1899-1903). Chromatographia 35:223-231

Figueroa C, Salazar A, Zavaleta HA, Engleman EM (2008) Root character evolu-
tion and systematics in Cranichidinae, Prescottinae and Spiranthinae
(Orchidaceae, Cranichideae). Ann Bot 101:509-520

Folashade KO, Omoregie EH, Ochogu AP (2012) Standardisation of herbal
medicines—a review. Int J Biodivers Conserv 4:101-112

Fritz E, Saukel J (2011) Microscopical discrimination of the subterranean
organs of medicinally used plants of the Cichorieae and their relatives.
Pharmaceut Biol 49:789-795

Ganie SH, Upadhyay P, Das S, Sharma MP (2015) Authentication of medicinal
plants by DNA markers. Plant Gene 4:83-99

Ginko E, Dobes C, Ssaukel J (2016) Suitability of root and rhizome anatomy for
taxonomic classification and reconstruction of phylogenetic relationships
in the tribes Cardueae and Cichorieae (Asteraceae). Sci Pharm 84:585-602

Hammer O, Harper DAT, Ryan PD (2001) Past: Paleontological statistics soft-
ware package for education and data analysis. Palaeontol Electron 4:1-9

Hanna AG, Elgamal MH, Morsy NA, Duddeck H, Kovdcs J, Toth G (1999) Two
cardenolides from Calotropis procera. Magn Reson Chem 37.754-757

Hassan LM, Galal TM, Farahat EA, EI-Midany MM (2015) The biology of Calotro-
pis procera (Aiton) W.T. Trees 29:311-320

Hassan WE, Youngken HW, Quimby MW (1952) Studies on species of Asclepias.
Iand 11. introduction and a comparative study of the roots. Scientific
edition 6-8.

Hofling JF, Anibal PC, Obando-Pereda GA, Peixoto IA, Furletti VF, Foglio MA,
Goncalves RB (2010) Anti-microbial potential of some plant extracts
against Candida species. Braz J Biol 70:1065-1068

Hug MM, Jabbar A, Rashid MA, Hasan CM, Ito C, Furukawa H (1999) Steroids
from the roots of Nerium oleander. J Nat Prod 62:1065-1067

Ibrahim SR, Mohamed GA, Shaala LA, Moreno L, Banuls Y, Kiss R, Youssef
DT (2014) Proceraside A, a new cardiac glycoside from the root barks
of Calotropis procera with in vitro anticancer effects. Nat Prod Res
28:1322-1327

Isobe R, Komori T, Abe F, Yamauchi T (1986) Evaluation of positive and nega-
tive ion fast atom bombardment mass spectrometry for structural
investigations on cardenolide-type cardiac glycosides. Biomed Env Mass
Spectrom 13:585-594

Itoh A, Kumashiro T, Yamaguchi M, Nagakura N, Mizushina Y, Nishi T, Tanahashi
T (2005) Indole alkaloids and other constituents of Rauwolfia serpentina. J
Nat Prod 68:848-852

Jeewandara MP, Hettiarachchi PL, Abeysekera AM (2017) Comparative phar-
macognostical investigation of three different members of Sariva used in
Ayurveda. J Med Plant Stud 5:249-254

Jiang Y, Luo SQ (1996) Studies on chemical structures of three new C~
2~ 1-steroidal glycosides from Marsdenia tenacissima. Chin J Pharm
27:391-394

Kalidass C, Amish AD, Mohan VR (2009a) Pharmacognostic studies on the
whole plant of Asclepias curassavica Linn. J Pharm Res 2:1214-1217

Kalidass C, Amish AD, Mohan VR (2009b) Pharmacognostic studies on Ichno-
carpus frutescens (1) R.Br. J Herbal Med Toxicol 3:9-15

Khalil HE, Aljeshi YM, Saleh FA (2015) Authentication of Carissa macrocarpa
cultivated in Saudi Arabia; botanical, phytochemical and genetic study. J
Pharmaceut Sci Res 7:497-508

Khare CP (2007) Indian medicinal plants: an illustrated dictionary. Springer

Kiuchi F, Fukao Y, Maruyama T, Obata T, Tanaka M, Sasaki T, Mikage M, Haque
ME, Tsuda Y (1998) Cytotoxic principles of a Bangladeshi crude drug,
akond mul (roots of Calotropis gigantea L.). Chem Pharm Bull 46:528-530

Kolhe R, Acharya R, Harisha CR (2014) Comparative pharmacognostical evalu-
ation of three source drugs of Trivrut. Ayurpharm Int J Ayurveda Allied Sci
3:195-202

Kraemer H (1920) Scientific and applied pharmacognosy. Wiley, New York

Kumar S, KumarV, Prakash O (2011) Microscopic evaluation and physiochemi-
cal analysis of Dillenia indica leaf. Asian Paci J Ttrop Biomed 1:337-340


https://sites.google.com/site/efloraofindia/
https://sites.google.com/site/efloraofindia/
http://www.bsienvis.nic.in/CITES/R.%20serpentina.pdf

Kumar et al. Botanical Studies (2022) 63:12

Lai KM, Cheng YY, Tsai TH (2015) Integrated LC-MS/MS analytical systems and
physical inspection for the analysis of a botanical herbal preparation.
Molecules 20:10641-10656

Lens F, Endress ME, Baas P, Jansen S, Smets E (2008) Wood anatomy of Rauvol-
fioideae (Apocynaceae): a search for meaningful non-DNA characters at
the tribal level. Am J Bot 95:1199-1215

Lens F, Endress ME, Baas P, Jansen S, Smets E (2009) Vessel grouping patterns
in subfamilies Apocynoideae and Periplocoideae confirm phylogenetic
value of wood structure within Apocynaceae. Am J Bot 96:2168-2183

Liu ZW, Huang XJ, Xiao HL, Liu G, Zhang J, Shi L, Jiang RW, Zhang XQ, Ye WC
(2016) New iboga-type alkaloids from Ervatamia hainanensis. RSC Adv
6:30277-30284

Manohan R, Palanuvej C, Ruangrungsi N (2013) Pharmacognostic specifica-
tions of five root species in Ben-Cha-Moon-Yai remedy: Thai traditional
medicine remedy. Pharmacog J 5:46-55

Matias LQ, Soares A, Scatena VL (2007) Systematic consideration of petiole
anatomy of species of Echinodorus Richard (Alismataceae) from north-
eastern Brazil. Flora 202:395-402

Metcalfe CR, Chalk L (1957) Anatomy of the dicotyledons, vol I. Clarendon
Press, Oxford, pp 502-535

Mishra CK, Shrivastava B, Sasmal D (2013) Pharmacognostical standarization
and phytochemical identification of fruit and root of Carissa carandas
Linn. Int J Pharm Pharm Sci 5:347-350

Nazar N, Goyder DJ, Clarkson JJ, Mahmood T, Chase MW (2013) The taxonomy
and systematics of Apocynaceae: where we stand in 2012. Bot J Linn Soc
171:482-490

Nirmal SA, Pal SC, Otimenyin SO, Aye T, Elachouri M, Kundu SK, Thandavarayan
RA, Mandal SC (2013) Contribution of herbal products in global market.
Pharma Rev 95-104.

Nithaniyal S, Vassou SL, Poovitha S, Raju B, Parani M (2016) Identification of
species adulteration in traded medicinal plant raw drugs using DNA
barcoding. Genome 60:139-146

NMPB (2010) National Medicinal Plant Board of India. Medicinal Plants. 2010.
(Home page: http://nmpb.nic.in). New Delhi: Medicinal Plant Board of
India. http://nmpb.nic.in/index.php.

NMPB (2020) Traded medicinal plant database. http://envis.friht.org/traded-
medicinal-plants-database.php. Accessed 11 Mar 2020.

Nnadi CO, Nwodo NJ, Kaiser M, Brun R, Schmidt TJ (2017) Steroid alkaloids
from Holarrhena africana with strong activity against Trypanosoma brucei
rhodesiense. Molecules 22:1129

Panda KS, Das D, Tripathy BN, Nayak L (2012) Phyto-pharmacognostical studies
and quantitative determination of reserpine in different parts of Rauwol-
fia (spp.) of Eastern Odisha by UV Spectroscopy Method. Asian J Plant Sci
Res 2:151-162

Park WS, Kim HJ, Choe SJ, Khalil AAK, Akter KM, Shin MC, Chung HJ, Park
JH, Ahn MJ (2019) Anatomical characterisation and LC-MS profiling of
Adenophora roots from Korea. Rev Bras Farmacog 29:695-701

Pascual ME, Carretero ME, Slowing KV, Villar A (2002) Simplified screening by
TLC of plant drugs. Pharm Biol 40:139-143

Purushothaman KK, Vasanth S, Connolly JD, Rycroft DS (1988) New sarvero-
genin and isosarverogenin glycosides from Cryptolepis buchanani
(Asclepiadaceae). Rev Latinoam Quim 19:28-31

Rajan S, Shalini R, Bharathi C, Aruna V, Elgin A, Brindha P (2011) Pharmacog-
nostical and phytochemical studies on Hemidesmus indicus root. Int J
Pharmacog Phytochem Res 3:74-79

Ramesh L, Sudhakar M, Chetty KM, Mahendranath M (2014) Comparative
pharmacognosy of Asclepias curassavica used in Ayurvedic drug “Kaka-
nasa”with its adulterant Leptadenia reticulata. Int J Pharm Sci Rev Res
26:43-49

Roy MC, Chang FR, Huang HC, Chiang MY, Wu YC (2005) Cytotoxic princi-
ples from the formosan milkweed, Asclepias curassavica. J Nat Prod
68:1494-1499

Rukachaisirikul T, Chokchaisiri S, Suebsakwong P, Suksamrarn A, Tocharus C
(2017) A new ajmaline-type alkaloid from the roots of Rauvolfia serpen-
tina. Nat Prod Commun 12:1934578X1701200

Rungsung W, Dutta S, Mondal DN, Ratha KK, Hazra J (2014) Pharmacognostical
profiling on the root of Rauwolfia serpentina. Int J Pharmacog Phytochem
Res 6:612-616

Sahoo N, Manchikanti P, Dey S (2010) Herbal drugs: standards and regulation.
Fitoterapia 81:462-471

Page 42 of 42

Salunke RJ, Ghate VS (2013) Comparative pharmacognosy of medicinally
important species of genus Carissa. Int J Pharmacy Life Sci 4:2890-2904

Sariga KS, Shajahan MA (2017) Study of anatomy and powder microscopic
characters of Sweta Sariva (Hemidesmus indicus (L) RBr). Int J Ayurveda
Pharma 5:25-30

Sarin YK (1996) Illustrated manual of herbal drugs used in Ayurveda. Council
of Scientific & Industrial Research (India), Indian Council of Medical
Research.

Scatena VL, Giulietti AM, Borba EL, Van den Berg C (2005) Anatomy of Brazilian
Eriocaulaceae: correlation with taxonomy and habitat using multivariate
analyses. Plant Syst Evol 253:1-22

Seeka C, Sutthivaiyakit S (2010) Cytotoxic cardenolides from the leaves of
Calotropis gigantea. Chem Pharm Bull 58:725-728

Sereena K, Sreeja K (2014) Comparative anatomical and histochemical studies
of Achyranthes aspera L. and Cyathula prostrata L. Blume, source plants of
the drug Apamarga. Int J Pharmacogn €:658-671

Shanthi A, Radha R, Jayashree N, Selvaraj R (2010) Pharmacognostic validation
of root of Hemidesmus indicus (Linn.) R.Br. J Chem Pharm Res 2:313-322

Shirsat MK, Gupta SK, Vaya R, Dwivedi J, Singhvi IJ, Ashawat MS, Mahatma OP
(2011) Histological study of different part of Calotropis gigantea Linn. J
Glob Pharma Technol 3:18-20

Sigler P, Saksena R, Deepak D, Khare A (2000) C21 steroidal glycosides from
Hemidesmus indicus. Phytochemistry 54:.983-987

Tanaka R, Masuda K, Matsunaga S (1993) Lup-20 (29)-en-3, 15a-diol and
ocotillol-Il from the stem bark of Phyllanthus flexuosus. Phytochemistry
32:472-474

TPL (2013) The plant list. Version 1.1. Published on the Internet; http://www.
theplantlist.org/. Accessed 11 Mar 2020.

Traiperm P, Chow J, Nopun P, Staples G, Swangpol SC (2017) Identification
among morphologically similar Argyreia (Convolvulaceae) based on leaf
anatomy and phenetic analyses. Bot Stud 58:1-14

Tripathi M, Shivhare D, Tiwari A, Ahirwar P, Pathak S (2014) Pharmacognostical
evaluation of Marsdenia tenacissima Wight. & Arn. Root Int J Rec Biotech
2:18-23

Upton R, David B, Gafner S, Glasl S (2020) Botanical ingredient identification
and quality assessment: strengths and limitations of analytical tech-
niques. Phytochem Rev 19:1157-1177

Wahab Sab BA, Jacob J, Manjunath GG, Singh VK, Mundkinajeedu D,
Shankarappa S (2015) Cycloolivil, a lignan from the roots of Stereosper-
mum suaveolens. Pharmacogn Res 7:45

Wang ZN, Wang MY, Mei WL, Han Z, Dai HF (2008) A new cytotoxic pregna-
none from Calotropis gigantea. Molecules 13:3033-3039

Ya'ni AA, Hasan SA, Elwan ZA, Ibrahim HM, Eldahshan OA (2018) Morphologi-
cal and anatomical studies on selected Lamiaceae medicinal plants in
Bani Matar district, Sana'a (Yemen). Taeckholmia 38:17-39

Yarnell E, Abascal K (2002) Overview of drug-herb interactions. Altern Comple-
ment Ther 8:37-96

Yuen S, Lau-Cam CA (1985) Thin-layer chromatographic screening procedure
for undeclared synthetic drugs in Chinese herbal preparations. J Chroma-
togr 329:107-112

Zafar M, Khan MA, Ahmad M, Sultana S, Qureshi R, Tareen RB (2010) Authen-
tication of misidentified crude herbal drugs marketed in Pakistan. J Med
Plants Res 4:1584-1593

Zarrei M, Wilkin P, Ingrouille MJ, Zarre S, Chase MW (2010) The systematic
importance of anatomical data in Gagea (Liliaceae) from the Flora Iranica
area. Bot J Linn Soc 164:155-177

Zhao L, Huang C, Shan Z, Xiang B, Mei L (2005) Fingerprint analysis of Psoralea
corylifolia L. by HPLC and LC-MS. J Chromatogr B 821:67-74

Zocoler MA, de Oliveira AJ, Sarragiotto MH, Grzesiuk VL, Vidotti GJ (2005) Quali-
tative determination of indole alkaloids of Tabernaemontana fuchsiaefolia
(Apocynaceae). J Braz Chem Soc 16:1372-1377

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


http://nmpb.nic.in
http://nmpb.nic.in/index.php
http://envis.frlht.org/traded-medicinal-plants-database.php
http://envis.frlht.org/traded-medicinal-plants-database.php
http://www.theplantlist.org/
http://www.theplantlist.org/

	Comparative morpho-anatomical standardization and chemical profiling of root drugs for distinction of fourteen species of family Apocynaceae
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Material and methods
	Plant material
	Botanical studies
	Statistical analysis
	Chemical identification
	Extraction procedure for chromatographic fingerprinting
	Thin Layer Chromatography (TLC) fingerprint
	Adsorbent
	Application volume

	LC–MS analysis

	Results
	Botanical characterisation of root samples

	Chemical analysis
	TLC chromatogram profile
	LC–MS profile

	Discussion
	Conclusions
	Acknowledgements
	References




