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ABSTRACT: Plants of medicinal importance though are quite well
known among the Ayurvedic practitioners since years, yet many of them
have not been standardized, validated and documented completely.
Among such medicinally valuable plants, Salacia holds a place as an
effective antidiabetic herb and many species of this plant are in use as
anti-diabetics. The present study reports the phytochemical analysis of
one of its species Salacia oblonga (SO) (roots and stems), belonging to
the family Celastraceae (bittersweet), through various biochemical and
chromatographic methods. TLC and HPTLC analysis of six different
extracts of SO revealed numerous bands, indicating the presence of
diverse groups of phytocompounds, many of them are assumed to
contribute significantly to its antioxidant activity as well as, other
biological activities. This type of analysis can help in fingerprint
profiling of the plant and its various species. The identification and
characterization of the phytocompounds can further help in finding out
molecular targets/mechanism of action of the constituents of this herb
that are responsible for its biological activities.

INTRODUCTION: The growing awareness about
the side effects and complications of chemical and
synthetic medicines, cosmetics and health
supplements have triggered the usage of herbal
products both in the Eastern and Western World.
Herbal products are being used more in recent days
and they are one of those substances that people use
in a self-prescribed manner. Salacia holds a place as
an effective antidiabetic herb and comprises of about
100 species, out of which, in India, Salacia reticulata
(SR) and Salacia oblonga (SO) are predominantly
used 1. Unfortunately SR has been declared as an
endangered species 2, 3, 4.
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SO is distributed in the southern region of India and
has been in use since several years extensively in the
form of food supplements in countries like India,
Japan and Korea, for controlling high blood glucose
levels 5. The root-bark of this plant is pale yellow
and light brownish coloured and is used as a
decoction or as powder in the treatment of diabetes
and other diseases like rheumatism, gonorrhea,
itches, asthma, thirst and ear diseases 6.
Moreover, the root extract has shown inhibitory
activity on intestinal α - glucosidases, thereby
preventing blood glucose rise in diabetics 7. Salacia
oblonga is also reported to possess good antioxidant
and anti-inflammatory activity 6, 8. The extract
containing the active constituents Salacinol,
Kotalanol, and Mangiferin have been reported to
significantly lower the blood glucose levels through
inhibition of the enzymes involved in glucose
metabolism 9, 10.
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Several studies have reported the characterization of
SO up to only a certain extent. The aqueous extract
of SO (dried root) was analyzed by HPLC to
measure the amount of Mangiferin 11, 12. Attempts
were also made towards establishment of
fractionation protocols for hot water extract of roots
and stems of SO to identify its active fractions 13.
The six fractions thus obtained were analyzed
through 1H NMR, 13C NMR, DEPT etc. and one of
its fraction was detected as the active constituent
Mangiferin.
In comparison to other fractions, this fraction caused
a greater 2-deoxy-D-glucose uptake in L6 myotubes
and the extent of stimulation was comparable with
the pure compound Mangiferin. In another study, the
active phyto-compounds Salacinol and Kotalanol
along with nine other sugar related components were
isolated from the water soluble portion while, a new
triterpene, Kotalagenin 16-acetate along with known
diterpenes and triterpenes were isolated from the
Ethyl acetate portion 10.

A

The present study is an attempt to perform
phytochemical analysis of various extracts of SO for
the presence of various types of compounds with
respect to its main active constituent Mangiferin.
This aims towards further isolation of various active
constituents to characterize the mechanism of action
of SO, in vitro.
MATERIALS
AND
METHODS:
Soxhlet
apparatus, Water bath, TLC 60F254 (Merck), UV
torch (Genei Pvt. Ltd., Bangalore, India) were the
basic apparatus and instruments used for the study.
Analytical grade solvents viz. Methanol, Ethanol,
Chloroform, Ethyl acetate, Petroleum ether, Formic
acid, Toluene, Acetone, and Glacial acetic acid were
used. Mangiferin was obtained from Sigma Aldrich,
India. All other reagents used for biochemical tests
were of analytical grade.
Plant material: The crushed roots of Salacia
oblonga (Figure 1) was purchased from Sami Labs,
Bangalore, India. The Methanolic-aqueous extract
powder of SO (roots and stems) was obtained from
Natural Remedies Pvt. Ltd., Bangalore, India.

B

C

Figure 1: Roots of Salacia oblonga, A: lateral view of the root; B: T.S. of root showing the ring pattern of SO; C: crushed
roots of SO

Extraction and Isolation: 2 g of crushed SO roots
were subjected to successive separate Soxhlet
extractions using a series of solvents of increasing
polarity starting from Petroleum ether, Chloroform,
Ethyl acetate, and Methanol respectively. The
ethanol and water extract of SO was prepared by
boiling 2 g of the root powder in water bath at 70 80ºC for 6 – 8 h.
All the extracts were filtered through Whatman no.1
filter paper and then air-dried 14, 15, 16, 17. They were
further used for various phytochemical analysis and
TLC profiling. The methanolic-aqueous extract
powder of SO was reconstituted in methanol by
boiling for 12 min in water bath at 65ºC.

Phytochemical evaluation of SO extracts: The
Ethanolic, Methanolic, and Water extracts of the SO
were evaluated for the presence or absence of various
phytoconstituents like Carbohydrates (Molisch’s test,
Benedict’s test, Fehling’s test), Proteins and Amino
acids (Millon’s test, Biuret test, Keller Killiani test),
Sterols and Triterpenoids (Salkowski’s test),
Alkaloids (Mayer’s test, Dragendroff’s test,
Wagner’s test), Phenolic compounds (Ferric chloride
test, Zinc-hydrochloride reduction test), Flavonoids
(Zinc-hydrochloride reduction test, Alkaline reagent
test), Tannins (Gelatin test, Ferric chloride test),
Anthocyanins (tests at different pH, Amyl alcohol
test), and Anthraquinone derivatives (Borntrager’s
test) respectively 18, 19.
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Thin Layer Chromatography (TLC) and HPTLC
analysis: TLC and HPTLC was performed using
aluminium pre-coated TLC sheet (Merck, 12 cm x 10
cm2; 0.2 mm thick) to confirm the presence of active
phenolic constituent Mangiferin along with
separation of numerous phytocompounds in six
different SO extracts with an aim for further
molecular level studies 20, 21, 22. The chromatographic
system used was HPTLC- DESAGA Applicator AS
30, 230 V, with HPTLC Densitometer CD 60, 230V,
with Windows® software ProQuant®. The solvent
system Toluene: Acetone: Glacial acetic acid (9: 1:
0.5) was used in order to achieve a good resolution
and development of polar and non-polar spots of
phytoconstituents present in the plant extract.

RESULTS AND DISCUSSION:
Biochemical analysis of SOE: The need to identify
the wide variety of phytocompounds of SO and their
implication in the medicinal world led us to conduct
the present study. The extraction method adopted in
this study for the six crude extracts of SO gave the
percentage yields of 14.15% (Water extract), 9.6%
(Ethanol), 8.8% (Methanol), 11.2% (Ethyl acetate),
6.2% (Chloroform), and 6.3% (Petroleum ether),
respectively. The yield of Mangiferin was highest in
the Methanolic (1.2%), Ethanolic (1.18%), and Ethyl
acetate (1.28%) extracts.
Among several secondary metabolites, qualitative
phytochemical screening of the Ethanolic,
Methanolic and Aqueous extracts of roots of SO
revealed the presence of Carbohydrates, Sterols,
Phenolic compounds, Alkaloids, Flavonoids, and
Tannins as shown in Table 1. The Ethanolic,
Methanolic, and Aqueous extracts showed absence
of Proteins and Amino acids, Anthocyanins and
Anthraquinone derivatives. The Methanolic aqueous SO (root and stem) powder was
reconstituted in 2% HCl and it indicated the presence
of Alkaloids.

The mobile phase was allowed to run through the
adsorbent phase up to 3/4th of the plate. On
visualizing the separation of solvent front after a
definite time period, the sheets were removed from
the TLC chamber and air-dried at room temperature.
The scanning of the spots were done visually, UV
exposure (254 nm and 366 nm) with or without
staining with Permanganate, Potassium dichromate,
Phosphomolybdic acid, Anisaldehyde-sulphuric acid
stains, and Iodine vapour. The HPTLC plates were
developed and the chromatograms were obtained
respectively.

TLC and HPTLC analysis of SOE: The
phytocompounds of SO were analyzed through TLC
and HPTLC, using two solvent systems [Ethyl
acetate: Glacial acetic acid: Formic acid: Water (100:
11: 11: 26) for TLC analysis; Toluene: Acetone:
Acetic acid (9: 1: 0.5) for HPTLC analysis]. TLC
was performed for the marker compound Mangiferin
(5 μg), Methanolic and Ethanolic extracts of SO (10
μg each) powder, by using the first solvent system.
TLC and HPTLC analysis was adopted since it

Phenolic
compounds

Flavonoids

Tannins

Anthocyanins

Anthraquinone
derivatives

Ethanol
+
+
Methanol
+
+
Water
+
Hydroalcoholic extract
x
x
x
+ 2% HCl
(+) = positive; (-) = negative; (++) = abundant; x = not analyzed

Alkaloids

Sterols and
Triterpenoids

Proteins and
Amino acids

Extracts

Carbohydrates

Table 1: Phytochemical screening of various solvent extracts of Salacia oblonga

-

+
+
-

+
+
+

++
++
+

-

x
x
x

++

x

x

x

x

x

allows analysis of many samples in parallel. These
methods are simple, economical, and the latter also
gives a high sample throughput. As shown in Figure
2 (A = under visible light; B = under UV 254 nm
light; C = under UV 365 nm light), TLC profile of
Methanolic and Ethanolic extracts of SO confirmed
the presence of Mangiferin. Although, in Figure 1C,
a light yellow band (above orange band for
Mangiferin) were observed in both the extracts,
indicating the presence of an unknown compound.
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Figure 2: TLC analysis of Mangiferin (M), Ethanolic extract (EE) and Methanolic extract (ME) of Salacia oblonga (A –
under visible light, B – under UV 254 nm light, C – under 365 nm light)

On confirmation of the presence of polar compound
Mangiferin in both the extracts, we looked forward
for detection of other polar and non-polar
phytoconstituents of SO in six different extracts
(Methanolic, Ethanolic, Ethyl acetate, Chloroform,
Petroleum ether, and Aqueous). HPTLC plates were
developed using the second solvent system (Toluene:
Acetone: Acetic acid). The HPTLC profiles of these
extracts of SO are shown in Figure 3A - 3F. 50 μg of
each of the six extracts of SO were loaded in separate
lanes on the TLC plate. The developed TLC plates
were further exposed to UV 254 nm and 366 nm
light as well as, different stains to observe various
bands corresponding to different phytocompounds in
the plant.
Observation under UV light (254 nm and 366
nm): As, it can be seen from Figure 3A – 3F, the
band corresponding to the marker compound
Mangiferin gave a peak with Rf value 0.12 in all the
seven lanes in the densitometric scan (Figure 4A –
4G). Exposure of the spotted and developed TLC

and HPTLC plates to UV 254 nm showed the
presence of numerous organic compounds as dark
and light bands in a green background (Figure 3A).
The Methanolic and Ethanolic extracts showed
greatest similarity in band pattern, indicating the
extraction of similar types of phytocompounds in
almost equal quantities in both. The Ethyl acetate
extract showed maximum number of bands as
compared to other extracts. The mobile phase
Toluene: Acetone: Glacial acetic acid (9: 1: 0.5) gave
a good resolution of marker compound Mangiferin
with Rf value 0.14 (TLC) and 0.12 - 0.13 (HPTLC) in
the six extracts of Salacia. UV 254 nm light exposed
TLC plate showed three unique bands with
approximate Rf values of 0.24 (Ethanolic, Ethyl
acetate, and Chloroform extracts) (Figures 3C - 3E),
0.39 (Chloroform and Petroleum ether extracts)
(Figures 3E and 3F), and 0.83 (Ethanolic,
Methanolic, and Chloroform extracts), respectively
(Figure 3B, 3C and 3E).

B

Figure 3: HPTLC fingerprint profile of Mangiferin (standard) (a), Methanolic (b), Ethanolic (c), Ethyl acetate (d),
Chloroform (e), Petroleum ether (f), and Water (g) extracts of Salacia oblonga on exposure to UV light 254 nm (A) and 366
nm (B), Phosphomolybdic acid stain (C), KMnO4 stain (D), K2Cr2O7 stain (E), and Anisaldehyde-sulphuric acid stain (F) in
the solvent system Toluene : Acetone : Glacial acetic acid (9 : 1 : 0.5)
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UV 366 nm exposure of the developed TLC and
HPTLC slides revealed multi-coloured bands with
varying intensities (Figure 3B). It corresponds to
several polar and non-polar compounds, which show
light and dark orange, light yellow, fluorescent

green, and fluorescent sky blue color bands,
respectively. The Rf values of spots obtained during
TLC, corresponding to a varied range of
phytoconstituents in six SO extracts are tabulated in
Table 2.

TABLE 2: Rf VALUES FOR DIFFERENT TYPES OF PHYTOCONSTITUENTS OBTAINED BY TLC
SOE extracts
UV 254 nm
UV 366 nm
Anisaldehyde reagent
Mangiferin
0.14
0.14
0.14
Aqueous

0.14; 0.20; 0.43; 0.53; 0.58

0.14; 0.20; 0.43; 0.53; 0.58

0.14; 0.36; 0.58; 0.65

Ethanolic

0.14; 0.20; 0.43; 0.53; 0.58; 0.88

0.14; 0.20; 0.43; 0.53; 0.58; 0.65

0.14; 0.36; 0.41; 0.58; 0.65; 0.73

Methanolic

0.14; 0.20; 0.43; 0.53; 0.58; 0.88

0.14; 0.20; 0.43; 0.53; 0.58; 0.65

0.14; 0.36; 0.41; 0.58; 0.65; 0.73

0.14; 0.20; 0.25; 0.36; 0.43; 0.53;
0.58; 0.88
0.14; 0.20; 0.36; 0.43; 0.53; 0.58;
0.88

0.14; 0.20; 0.43; 0.53; 0.58;
0.65; 0.88

0.14; 0.36; 0.58; 0.65; 0.73

0.14; 0.43; 0.65; 0.88

0.14; 0.36; 0.58; 0.73

0.53; 0.58; 0.88

0.11; 0.14; 0.53; 0.58; 0.65

0.14; 0.58; 0.60; 0.65; 0.73

Ethyl acetate
Chloroform
Petroleum ether

It is known that, most polycyclic aromatic
hydrocarbons with extended conjugated π-electrons
are intensely fluorescent. It is also reported that, few
of the saturated organic and inorganic molecules also
exhibit intense fluorescence 23. So, there are
possibilities of presence of many saturated and
unsaturated compounds in SO as depicted in our
data. The TLC and HPTLC slides showed intense
fluorescent bluish-green bands in five SO extracts,
thin bluish-green bands with decreasing intensity
from Methanolic to Petroleum ether extract lane, and
a very intense blue band in the Ethyl acetate and
Chloroform extracts, respectively. UV 366 nm
exposed plate showed a single light yellow band of
Rf value 0.11 in Petroleum ether extract only. Our
data is quite distinct from the fluorescence analysis
data of root powder of Salacia chinensis 24, thereby
proving the uniqueness in composition of
phytocompounds in SO extract powder (root and
stem).
The exposure of the TLC plate to iodine vapor is
among the oldest methods for visualization of
organic compounds. This, followed by further
exposure to UV light revealed the presence of many
unsaturated and aromatic compounds as yellowishbrown bands, fluorescent green and blue bands, as
well as few dark bands. The difference in Rf values
of Mangiferin and other compounds in the TLC and
HPTLC slides might be due to several factors like
temperature, starting spot width, and sample loading
technique.

Observation after staining: Compounds, which are
not normally visible and also do not exhibit intense
native fluorescence during UV exposure, can be
chemically derivatized to yield characteristic colored
bands or spots. For above said purpose, individual
developed TLC plates were stained with four
different stains separately: Phosphomolybdic acid
stain (Figure 3C), KMnO4 stain (Figure 3D),
K2Cr2O7 stain (Figure 3E), and Anisaldehydesulphuric acid stain (Figure 3F), respectively.
The TLC plate stained with Phosphomolybdic acid
showed dark bluish green to grey bands in a light
pale green background under visible light. Its pattern
is almost similar to that in Figure 3A.
The TLC plate stained with Potassium Permanganate
stain showed yellow and yellowish-brown bands in a
light pink background indicating the presence of
unsaturated alkenes, alkynes, amines, and alcohols in
the extracts. It showed two distinct light yellow
bands just above the sample application point in
Ethanolic, Ethyl acetate, and Chloroform extracts
similar to Figure 3E but not as Figure 3C.
The dichromate stained TLC plate on exposure to
UV 254 nm showed distinct fluorescent yellow
bands near to the solvent front, indicating towards
less polar compounds in the Ethanolic, Methanolic
and Ethyl acetate extracts. UV 366 nm exposure of
the same plate showed a single intensely fluorescent
blue band just below the solvent front.
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The Anisaldehyde-sulphuric acid staining showed
multi-coloured bands ranging from pink, violet, grey,
to bluish grey thus, indicating the presence of
Phenolics, Steroids and other compounds in the
extracts. Exposure of the plate to UV 366 nm showed
a unique orange band present in all the extracts (in
decreasing order of intensity) along with the marker
compound Mangiferin. The Anisaldehyde staining of
the TLC plate showed the presence of more
phytocompounds in the Aqueous extract of SO
which could not be detected by UV exposure alone.
Comparative
analysis
of
the
HPTLC
chromatogram: A comparative analysis of the
HPTLC chromatogram of six different SO extracts

ISSN: 0975-8232

were done with the standard compound Mangiferin
(Figure 4A – 4G). Lane 1 showed a single peak for
the marker compound Mangiferin (peak area of
4521.25, Rf value of 0.12). Mangiferin was detected
in all the six SO extracts, with concentration
sequence as follows: Ethyl acetate > Methanolic >
Ethanolic > Chloroform > Water > Petroleum ether
extracts. The Ethyl acetate extract showed extraction
of maximum number of polar and non-polar
phytocompounds while the Aqueous extract showed
band for a single polar and non-polar compound with
Rf values 0.12 and 0.79. Lane 2 (Figure 4B) showed
seven different peaks wherein Mangiferin has the
highest peak area of 5391.84 (Rf value of 0.12) and a
peak height of 1332.51.

FIGURE 4A: LANE 1: CHROMATOGRAM OF MANGIFERIN (MARKER COMPOUND)

FIGURE 4B: LANE 2: CHROMATOGRAM OF METHANOLIC EXTRACT OF SO

International Journal of Pharmaceutical Sciences and Research

1414

Basu et al., IJPSR, 2013; Vol. 4(4): 1409-1418.

Lane 3 (Figure 4C) also showed seven different
peaks, with Mangiferin (peak 1) having the highest
peak area of 5305.63 and a height almost similar to
Methanolic extract of SO.
The Ethanolic extract showed a single band (Rf value
0.25) distinct from the Methanolic extract. Peak 2
with Rf value 0.20 is present in higher concentration
in Ethanolic extract as compared to Methanolic
extract of SO. The peaks with Rf values 0.25
(Ethanolic), 0.24 (Ethyl acetate), and 0.22
(Chloroform) (Figure 4C, 4D, and 4E) might be

ISSN: 0975-8232

compounds with almost similar structures and
chemical properties, but the phytoconstituents could
not be identified as SO has vast number of
phytocompounds that remains unidentified yet. The
peaks with Rf values 0.42, 0.43 (both Methanolic),
0.44 (Ethanolic), and 0.45 (Chloroform) also
indicates almost identical phytocompounds. Lane 4
(Figure 4D) showed maximum number of peaks. The
peaks with Rf values 0.13 and 0.40 have the highest
peak areas of 5770.46 and 5788.69 respectively,
thereby indicating its presence in higher
concentrations in this extract.

FIGURE 4C: LANE 3: CHROMATOGRAM OF ETHANOLIC EXTRACT OF SO

FIGURE 4D: LANE 4: CHROMATOGRAM OF ETHYL ACETATE EXTRACT OF SO
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The peak with Rf value 0.79 (Ethyl acetate and Water
extracts) (Figure 4D and 4G) showed much higher
concentration in the former. Two highly non-polar
phytocompounds have been detected in lesser
concentrations in the Ethyl acetate and Chloroform
extracts with Rf values 0.90 and 0.88 (Figure 4D and
4E), respectively.
Lane 5 (Figure 4E) showed the presence of seven
different peaks, with Mangiferin present in almost
half the concentration as compared to Ethanolic,
Methanolic, and Ethyl acetate extracts, respectively.

ISSN: 0975-8232

Lane 6 (Figure 4F) showed three peaks only, wherein
the marker compound is present in least
concentration (peak area of 74.70 and a peak height
of 29.29) as compared to five other extracts of SO.
The peaks with Rf values 0.67 (Methanolic and
Ethanolic), and 0.68 (Petroleum ether extract)
showed comparatively higher concentration in the
latter. Lane 7 (Figure 4G) showed the least number
of peaks, showing poor extraction. The marker
compound Mangiferin (Rf value of 0.12) has a lesser
area of 1675.62 in this Aqueous extract.

FIGURE 4E: LANE 5: CHROMATOGRAM OF CHLOROFORM EXTRACT OF SO

FIGURE 4F: LANE 6: CHROMATOGRAM OF PETROLEUM ETHER EXTRACT OF SO
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FIGURE 4G: LANE 7: CHROMATOGRAM OF WATER EXTRACT OF SO

CONCLUSION: Plants contain several bioactive
secondary
plant
metabolites
that
elicit
pharmacological or toxicological effects in human
beings and animals 25. Due to natural variability, the
qualitative and quantitative composition of the plants
may vary considerably. This preliminary study may
help detect many unidentified phytocompounds,
which can be used to characterize SO samples
obtained from various geographical locations. This
can also help to characterize various types of SO
extracts for further therapeutic use. Among the
several types of phytocompounds present in Salacia
species, the flavones and flavonols with 7-hydroxyl
and/or catechol moiety at the B ring has been
reported to exhibit strong aldose reductase inhibitory
activity 26.
Depending on the structure of flavonoids, UV 365
nm exposure of the TLC plate yields bands of dark
yellow, green, or blue fluorescence respectively 27.
The active moieties of the flavonoids might be one of
the contributors for characteristic fluorescent bands
in TLC and HPTLC analysis. Besides this, the
Methanolic and Ethanolic extracts showed a very
close band pattern during HPTLC, indicating
possibility of almost similar pharmacological modes
of action of these two extracts if, given for the
treatment of various diseases. The presence of known
active constituents like Mangiferin (a xanthone
glucoside) and several others in various SO extracts
indicates its use with pharmacological relevance in

reducing blood glucose levels or in bringing about
significant changes in the blood glucose metabolism
related signaling pathways through specific target
approach 28.
Further study with various standard compounds is
necessary for identification of these fluorescent and
non-fluorescent active constituents. Currently, this
type of analysis, particularly TLC and HPTLC, is
used for fingerprinting of a particular species/variety
of various plants, thereby establishing the fingerprint
profile of the plants. This can further help in
standardization of the plant/extract/product for
quality control studies.
Our study also provides an option for further
research into additional studies on other plant parts
of Salacia oblonga to detect the presence or absence
of the phytoconstituents and study their
pharmacological and commercial use, with a broader
perspective of whether the plant parts actually work
synergistically in reducing blood sugar to normal
levels. The difference might lie in the concentrations
of phytocompounds present within-plant parts, or
different varieties/species grown at different places at
different time period.
The present study therefore, is an attempt to establish
the phytoconstituent profile of SO, which may
further help to compare and standardize this plant for
several formulations and identification purpose.
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It is further needed to characterize individual bands
obtained in different extracts with the identifications
of other marker compounds for the plant Salacia.
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