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Abstract

Background: The plants belonging to the genus Embelia, a significant tropical genus with many biological
activities, are benefiting because of their robust medicinal properties. Embelin is one of the principal bioactive
molecules responsible for the medicinal properties of the genus Embelia. The quantification of the embelin
compound among different species in this genus has not yet been investigated, so still uncertain which species
and which part should be accepted. The present study was intended to establish a speedy and precise high-
performance thin-layer chromatographic (HPTLC) method for quantitative study of embelin in various plant parts of
Embelia ribes, Embelia tsjeriam-cottam, Embelia basaal, Embelia adnata, and Embelia gardneriana.

Result: This research confirmed the method as per the International Conference on Harmonization (ICH) guidelines.
We achieved separation on silica gel 60 F254 HPTLC plates using propanol: butanol: ammonia (7:3:7 v/v/v) as a
mobile phase. Densitometry scanning performed for detection and quantification at 254 nm and 366 nm. Among
the species investigated, the highest amount of embelin was found in E. ribes fruits.

Conclusion: Embelia ribes fruits are the best source of embelin. Embelin was first described in the endemic species,
such as E. adnata and E. gardneriana. The method illustrated in this research may be applied for quantification of
embelin and fingerprint analysis of other species within Embelia genus or described genera and chemo taxonomic
studies of this genus.

Keywords: Embelin, HPTLC, Embelia ribes, Embelia tsjeriam-cottam, Embelia adnata, Embelia gardneriana

Background
The genus Embelia (fam Primulaceae) offers a consider-
able position among the pharmaceutical field as a num-
ber of medicinal properties have been noted. The species
under this genus are commonly used in the traditional
practices of medicines like Ayurveda, Chinese medicine,
and Siddha for a number of decades. In Ayurveda, dried
berries of this genus is noted as “vidanga” which carry
various biological activities like anthelmintic, carmina-
tive, antibacterial, antibiotic, and hypoglycemic proper-
ties and is an ingredient in about 75 traditional
Ayurvedic drug formulations [1, 2]. New studies revealed

the medicinal potential of this genus by reporting bio-
logical properties, like hepatoprotective, analgesic, amyl-
ase inhibitory, trypsin inhibition, antibacterial,
anticonvulsant, adaptogenic, antifertility, anticancer,
antihyperlipidemic, antifungal [3], anti-diabetic [4], anti-
microbial [5], antioxidant, and α-glucosidase inhibitory
activities [6]. Variety of medicinal properties implies the
presence of different potent effective compounds of this
genus [6–13].
Embelin (2,5 dihydroxy-3-undecyl-1,4 benzoquinone)

(Fig. 1) is a significant active compound present in this
genus. Pharmacotherapeutics of embelin are neurode-
generative disorders, hepatoprotective, anthelminthic,
anti-inflammatory, nanomedicine, antioxidant, antimi-
totic, radio protective, anticancer, respiratory disorders,

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: dravraghu@gmail.com
KSCSTE-Kerala Forest Research Institute, Peechi, Kerala 680653, India

Future Journal of
Pharmaceutical Sciences

Vijayan and Raghu Future Journal of Pharmaceutical Sciences            (2021) 7:55 
https://doi.org/10.1186/s43094-021-00210-w

http://crossmark.crossref.org/dialog/?doi=10.1186/s43094-021-00210-w&domain=pdf
http://orcid.org/0000-0001-6227-9658
http://creativecommons.org/licenses/by/4.0/
mailto:dravraghu@gmail.com


contraceptive, antispermatogenic, anti-infective, antihy-
perlipidemic, antihyperglycemic, analgesic, antipyretic,
gastrointestinal disorders, and wound healing activity
[14–17]. The presence of embelin was published in
many species of Embelia in its fruits, but from the other
parts is very minimal. Quantification of embelin from
the different parts as well as different species of the
Embelia is very important, since the new source of this
important compound should be identified and explored.
The objective of this work was, hence, to determine a
simple, solid, cost effective, and rapid HPTLC method
for quantification of embelin in different parts of Embe-
lia ribes, E. tsjeriam-cottam, E. basaal, E. adnata, and E.
gardneriana. Marker compounds are being employed for
evaluation, standardization, and characterization of me-
dicinal plants [18], and HPTLC is generally accepted ap-
plied analytical technique for this [19–21]. The
developed method was verified as per the International
Conference on Harmonization (ICH) guidelines [22].

Method
Plant material collection
We collected the plant parts of different species of
Embelia for the study from different wild regions of Ker-
ala and Tamil Nadu states of India (Table 1) with ap-
proval solicited from the Forest Department. The
material was identified and verified by Dr. Udayan P. S.,
Head, Department of Botany and Research Centre,
Sreekrishna College, Kerala, India, and deposited at
CALI herbarium. Based on our previous experience in
similar studies, the best season for collection of plants
material for phytochemical studies is spring/summer
season, so samples were collected during the months of
February and March. Collected samples were separated
into distinct parts, such as stem, leaves, and bark. In all

the species except E. basaal, roots were exempted from
the collection because of the limited population. The
samples were washed in running tap water, followed by
double distilled water and dried at room temperature
(28–33 °C). We kept the powdered dry samples in air-
tight bottles at room temperature until analysis.

Preparation of sample
Different parts like leaf, stem, bark, root, and fruits of
the selected species were shade dried and pulverized.
We extracted 10 g each sample in 100 ml of n-Hexane
for 6 h in a soxhlet apparatus. Extracts were concen-
trated by evaporating the solvent and dissolved in
methanol (10 ml) and exposed to different analyses for
the detection and further quantification of embelin.

Chemicals
All the solvents used for the study were of analytical
grade and were procured from Merck (Mumbai, India).
The standard embelin was purchased from Sigma-
Aldrich, St. Louis, MO, USA.

Chemical method
For the qualitative description of embelin, the extract
was dissolved in petroleum ether and diluted ammonia
solution was added to it. Formation of bluish violet pre-
cipitate shows the presence of embelin.

Development of optimum mobile phase
For the development of optimum mobile phase, the
standard embelin was dissolved in methanol and loaded
on an activated pre-coated TLC plate using a capillary
tube and was allowed to develop in TLC chamber satu-
rated with various mobile phases with various combina-
tions and concentrations of solvents.

Preparation of stock solution
The stock solution of standard embelin (1 mg/ml) was
drawn up by dissolving 10 mg of embelin standard in 10
ml of methanol. From the stock solution, using standard
solution of embelin was prepared by further dilution of
1 ml of ready solution into 10 ml with methanol (100
μg/ml). For quantification purpose, various volumes of
stock solution (1, 2, 3, 4, 5 μl) were spotted on the TLC
plate along with sample solution.

Fig. 1 Structure of embelin

Table 1 Collection details of different species of Embelia

Sl. no. Species name Locality Voucher specimen no.

1 Embelia basaal Idukki, Kerala 17691, 17692, 17693, 17694

2 Embelia adnata Mathikettan Shola National Park, Idukki, Kerala 17695, 17696

3 Embelia gardneriana Sisparah, Silent Valley, Kerala 17690

4 Embelia ribes Valparai, Tamilnadu 5795

5 Embelia tsjeriam-cottam Thrissur, Kerala 5176
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Chromatographic instruments and conditions
A CAMAG automatic TLC sampler 4 (CAMAG, Mut-
tenz, Switzerland) and a CAMAG 25 μl sample syringe
with CAMAG ATS 4 applicator were used for sample
application. Pre-coated silica gel 60 F254 HPTLC plates
(E. Merck, Darmstadt, Germany) of 0.2 mm thickness
was used as the stationary phase. After the spotting of
samples, the plates were developed in a twin trough
chamber pre saturated with mobile phase and run to
solvent front 90 mm under room temperature. Photo-
graphs of the developed plates were performed employ-
ing a CAMAG TLC visualizer at 254 nm and 366 nm.
Densitometry scanning of the developed plates were per-
formed using CAMAG TLC scanner in 366 nm and 254
nm with a slit dimension of 6 × 0.30 mm and better
quantification, and data analysis was worked out by the
CAMAG winCATS integrated software.

Preparation of calibration curve of embelin and
quantification of embelin
Samples and the standard embelin were spotted on a
pre-coated and activated silica plates. The different con-
centration of embelin (1-5 μl) corresponding to 100,
200, 300, 400, and 500 ng embelin were employed on
the plates along with samples with a bandwidth of 8 mm
and a distance between tracks of 13.5 mm. Before the
development of the plates, the chamber was saturated
with the mobile phase. Then the plates were developed
to a height of 9 cm at room temperature. After

development, the plates were dried under air current.
The photographs of the plates were taken and scanning
was performed under 366 nm and 254 nm. The peak
areas were noted and the calibration curve was plotted
with concentration vs peak areas (Fig. 2).

Results
Optimization of HPTLC separation
The optimal mobile phase used for the effective identifica-
tion and quantification of embelin was propanol:butanol:
ammonia in 7:3: 7 v/v/v. This combination resulted in for-
mation of an intact band specifically for embelin (Figs. 3,
4, 5, 6, and 7). The bands were visible with a pink color-
ation. The Rf value was calculated as 0.6. The standard
compound was too scanned, and its spectrum was re-
corded in the range of 100 to 800 ng. The HPTLC chro-
matogram of standard embelin is presented in Fig. 8. Of
all the 18 investigated samples, except leaves showed a
positive result for the presence of embelin. The concentra-
tion of embelin in different extracts varied significantly be-
tween samples. The proposed HPTLC method was
validated in terms of linearity, precision, accuracy, LOD,
and LOQ. The summary of the HPTLC validation param-
eters and Rf value was given in Table 2.

Quantification of embelin in different extracts
The results of the quantification of embelin in different
samples studied are presented in Table 3. From the de-
tails of the quantification study, it can be noticed that

Fig. 2 Calibration curve of standard embelin at 366 nm
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Fig. 3 Chromatogram of n-Hexane extract of E. ribes and Embelin under 366 nm
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Fig. 4 Chromatogram of n-Hexane extract of E. basaal and Embelin under 366 nm
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Fig. 5 Chromatogram of n-Hexane extract of E. adnata and Embelin under 366 nm
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Fig. 6 Chromatogram of n-Hexane extract of E. tsjeriam-cottam and Embelin under 366
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Fig. 7 Chromatogram of n-Hexane extract of E. gardneriana and Embelin under 366 nm
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the embelin concentration from different samples ranges
from 100 to 900 ppm. The concentration of embelin
showed considerable variation among samples. The
highest concentration of embelin was established in
fruits of E. ribes which was followed by E. basaal fruits.
The lowest concentration was reported in E. gardneri-
ana fruits. In all other samples, including stem and bark,
even though the presence of the compound was noted,
the quantification was challenging due to the very low
concentration. It is a very important discovery that the
embelin is not detected in the leaves of species we
studied.

Discussion
Nowadays, phytochemicals have been receiving recogni-
tion and are belonging to an important part of drug de-
sign. So identification and quantification of promising
compounds from plants have significant value in re-
search. Embelin (2,5-dihydroxy-3-undecyl-1,4-benzo-
quinone) is an alkyl substituted hydroxy quinone
isolated from numerous medicinal plants chiefly from

the genus Embelia and have various medicinal properties
[14, 23]. There are several papers available for the quan-
tification of embelin in different Embelia species. Most
of the studies were restricted to E. ribes and E. tsjeriam-
cottam [24–26]. A good mobile phase equally plays an
absolutely vital part in chromatographic methods. As
much as assessment of embelin by chromatographic
methods is concerned, hardly a few number of HPTLC
solvent systems have been described [24, 27]. In our re-
search, HPTLC method was developed with a view in
developing an assay method for simultaneous estimation
of embelin in a single solvent system. The mobile phase
consisting mixture of propanol: butanol: ammonia (7: 3:
7 v/v/v) produced sharp and symmetrical peaks with the
Rf value of 0.6. The limit of determination (LOD) is
refering to the smallest amount or concentration of an
analyte that can be detected but not necessarily quanti-
tated as an exact value [28, 29], whereas the LOQ is re-
ferring to the lowest amount of analyte in a sample
which can be quantitatively determined with suitable
precision and accuracy. The quantitation limit is a par-
ameter of quantitative assays for low levels of com-
pounds in sample matrices and is used principally for
the determination of impurities and or degradation
products [28]. Moreover, it is the indicator of the extrac-
tion [29]. The calculated LOD and LOQ in this investi-
gation were identified to be inadequate, and this implies
the sensitivity of the method.
The quantification and comparison of embelin within

the species of Embelia have considerable importance. As
well as it is too important to notice out new plant
sources of the embelin and to identify in which plant

Fig. 8 HPTLC chromatogram of standard embelin at 366 nm

Table 2 Rf value and linear regression data for HPTLC analysis
of embelin

Linearity range (ng) 100-500 ng

Regression equation 7497.524+3.206x

Correlation coefficient (r2) 0.8118

LOD (ng band−1) 98 ng per band

LOQ (ng band−1) 323 ng per band

Rf 0.6
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part have this compound in excess. Fruits are the major
source of embelin in all the species studied.

Conclusion
We have established an HPTLC method for the study of
the embelin content in different morphological parts of
five Embelia species. The method followed in the re-
search was confirmed for linearity, precision, accuracy,
limit of detection and quantification, and specificity by
ICH guidelines. This method may be adopted for quanti-
fication of embelin and fingerprint study of alternative
species within Embelia genus or associated genera. Total
embelin content was quantified by the developed
method and compared in different plant parts of five
species for the first time. This research identified embe-
lin in all the species investigated. The study reported the
presence of embelin in two endemic species of Western
Ghats. The results establish with new findings suggesting
embelin may be chemo taxonomic marker of this genus.

Abbreviations
HPTLC: High performance thin layer chromatography; ICH: International
Council for Harmonisation; TLC: Thin layer chromatography; LOD: Limit of
detection; LOQ: Limit of quantification; Rf: Retention factor
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Table 3 Estimation of embelin in different Embelia species

Species Parts used Quantity of extract Peak area Embelin content

Embelia ribes Bark 5.0 μl Out of permitted range Not quantifiable

Leaf 5.0 μl Not detected

Fruit 5.0 μl 1946.78 0.09%/900 ppm

Stem 10.0 μl Out of permitted range Not quantifiable

Embelia tsjeriam-cottam Bark 5.0 μl Out of permitted range Not quantifiable

Leaf 5.0 μl Not detected

Fruit 5.0 μl 6449.61 0.0133%/133 ppm

Stem 10.0 μl Out of permitted range Not quantifiable

Embelia basaal Bark 5.0 μl Not detected

Leaf 5.0 μl Out of permitted range Not quantifiable

Fruit 5.0 μl 9163.20 0.06 % / 600 ppm

Stem 10.0 μl 837.07 Not quantifiable

Embelia adnata Stem 5.0 μl Out of permitted range Not quantifiable

Leaf 5.0 μl Not detected

Fruit 5.0 μl 8864.42 0.0213 %/213 ppm

Embelia gardneriana Stem 5.0 μl Out of permitted range Not quantifiable

Leaf 5.0 μl Not detected

Fruit 5.0 μl 9196.55 0.01%/100 ppm
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