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The bark of Terminalia arjuna is known for its heart‑health benefits in ayurvedic literature. This has been further
supported by in vivo studies on animal and human volunteers. But there is no detailed study on identification
of the active ingredients such as polyphenols. Polyphenols possesses antioxidant properties and are well‑known
health actives, it is important to characterise polyphenols in Terminalia arjuna. Aqueous extract of Terminalia
arjuna bark was analysed for its composition and molecular weight distribution by dialysis. Compositional analysis
revealed that it has 44% polyphenols and dialysis study showed that 70% of the polyphenols have molecular weight
greater than 3.5 kDa. High performance liquid chromatography and liquid chromatography–mass spectrometry
analysis of Terminalia arjuna, confirmed that it contains flavon‑3‑ols such as (+)‑catechin, (+)‑gallocatechin and
(−)‑epigallocatechin. Phenolic acids such as gallic acid, ellagic acid and its derivatives were also found in Terminalia
arjuna extract. Ellagic acid derivatives were isolated and their spectral studies indicated that isolated compounds
were 3‑O‑methyl‑ellagic acid 4‑O‑β‑D‑xylopyranoside, ellagic acid and 3‑O‑methyl ellagic acid 3‑O‑rhamnoside.
Hydrolysis and thiolysis studies of high molecular weight polyphenols indicated that they are proanthocyanidins.
Given these results, it may be possible to attribute the heart‑health effects of Terminalia arjuna to these polyphenols
which may be responsible for the endothelial benefit functions like tea.
Key words: Catechins, high performance liquid chromatography, liquid chromatography–mass spectrometry,
proanthocyanidins, Terminalia arjuna, thiolysis

Terminalia arjuna (T. arjuna) is a large, evergreen,
deciduous tree found in sub-Himalayan belt in
India, e.g., Uttar Pradesh, Bihar and also in the
Deccan region, mainly on the riversides. It belongs to
Combretaceae family and attains a height of 20‑30 m.
It finds its place in ancient Indian medicinal literature
like Charaka Samhita and Astang Hridayam. Ancient
Indian physician Vagbhatta first advocated the use of
this bark powder for the treatment of heart diseases.
It is an essential ingredient in many ayurvedic
preparations meant to improve cardiovascular
health. It is known to provide antidyslipidaemic[1],
hypocholesterolaemic[2] and antioxidant activity [1,3].
These were established by various in vivo studies
on animal and human volunteers [2]. The plant has
also been found to possess anticancer activity[4] and
antibacterial activity[5].
The composition of the T. arjuna bark is not studied
completely. A number of triterpenes were isolated
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from the bark of T. arjuna which include triterpene
glycosides and aglycones. Some of the triterpenes
isolated from the T. arjuna tree are arjunic acid[6,7],
arjunolic acid [6,7] and arjungenin [6]. The triterpene
glucosides isolated from the T. arjuna tree are
arjunetin[6,8], arjunoglucoside I[8], arjunoglucoside II[8],
arjunoglucoside III[9], arjunoside I[10] and arjunoside II[11].
The other compounds characterised from the T. arjuna
tree are β‑sitosterol [12] and terminic acid [12]. Three
polyphenols, arjunin, arjunone and arjunolone have been
isolated from T. arjuna[13,14].
Studies reported so far have mainly focused on the
use of ethanol or aqueous‑methanol extracts (AMEs)
for studying its bioactivity. Also, terpene class of
compounds present in T. arjuna are well studied for
its bioactivity which account only for ~1% (w/w) of
T. arjuna bark[15]. Our initial compositional investigation
suggested that aqueous extract (AE) of T. arjuna bark is
enriched in polyphenols. But there is no detailed study
on characterisation of various types of polyphenols
in AE of T. arjuna tree bark. As polyphenols are
well‑known antioxidants, it is important to quantify
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and characterise polyphenols in T. arjuna. In this study,
we have carried out a detailed analysis of polyphenols
in T. arjuna and addressed key questions like (a)
total polyphenol content (b) molecular weight (MW)
distribution of polyphenols and (c) identification of
polyphenols in the extract.

MATERIALS AND METHODS
HPLC‑grade standards such as (+)‑catechin,
(−)‑epicatechin, (+)‑gallocatechin, (−)‑epigallocatechin,
(−)‑epigallocatechin gallate, gallic acid and ellagic
acid were purchased from Sigma‑Aldrich Co.,
Bangalore, India. Analytical‑grade solvents such as
chloroform, methyl iso‑butyl ketone (MiBK), ethyl
acetate, n‑butanol, methanol, conc. hydrochloric acid
(36 N) and ethylenediaminetetraacetic acid sodium salt
[EDTA] were purchased from Merck Limited India,
Mumbai. Benzyl mercaptan (analytical grade), phenol
(analytical grade), trifluoroacetic acid (TFA, analytical
grade), Bradford reagent and polyvinyl polypyrrolidone
(PVPP) were purchased from Sigma‑Aldrich Co.,
Bangalore, India. For HPLC and LC‑MS, HPLC‑grade
solvents such as methanol, acetonitrile, acetic acid and
formic acid were purchased from Merck Limited India,
Mumbai. All the deuteriated solvents used for NMR
were procured from Cambridge Isotope Laboratories
Inc, MA, USA.
For all colorimetric measurements, Perkin Elmer
Lambda 900 UV spectrophotometer was used.
Shimadzu UFLC instrument with LC‑M20AD pump,
SPD‑M20A UV detector and auto‑sampler were used
for the HPLC analysis of catechins and phenolic acids.
The chromatogram was monitored at 278 nm. For
isolation, Shimadzu preparative HPLC system equipped
with two LC‑8A pumps, SPD‑20A UV/Vis detector and
FRC‑10A fraction collector was used to isolate ellagic
acid derivatives. Isolation of these compounds was
carried using a preparative reversed phase Phenomenex
Luna C18 column (250×21.20 mm, 10 µm). Both
proton and carbon NMR spectra were recorded using a
Bruker AV400, a 400‑MHz high‑resolution multinuclear
FT‑NMR spectrometer. Chemical shifts for 1H‑NMR
and 13C‑NMR spectra in DMSO‑d 6 solution were
referenced internally to DMSO‑d6 signals, using values
of δ 2.49 for proton (middle peak) and δ 39.50 ppm
for carbon (middle peak). Mass spectrum of isolated
compounds was collected using electron spray ionisation
(ESI)‑ion trap (IT) MS from Bruker Esquire 3000.
Products obtained after thiolysis were analysed by
340

Bruker Esquire 3000 mass spectrometer coupled with
Agilent 1100 HPLC. Mass spectra (MS) of the samples
were recorded using electron spray ionisation source,
equipped with ion trap mass analyser in the negative
mode. Nitrogen was used as nebuliser gas with a flow
rate of 8 l/min. Nebuliser pressure was maintained at 37
psi and nebuliser temperature at 365°. Mass scan range
was from 50 to 3000 m/z. Each spectrum collected had
maximum acquisition time of 200 mS with an average
of eight spectra. Capillary exit voltage for the ion trap
was kept at 90.8 V and of skim 1 was at 22.1 V.
Aqueous extraction:
Dried powder of AE of T. arjuna bark was purchased
from Natural Remedies Pvt. Ltd., Bangalore, India
(Batch No. RD/1903 dated June 2008). Aqueous
extraction procedure followed is described in brief: The
sun‑dried bark of T. arjuna was coarsely powdered and
sieved through mesh No. 20 for uniform particle size.
This powder was extracted in water (1:4) by refluxing
for 2 h. The contents were filtered through a muslin
cloth and the extraction process was repeated 2 more
times. The filtrates were concentrated by distillation
under vacuum and spray‑dried. Certificate of analysis
of the AE of T. arjuna from supplier included levels
of total tannins as tannic acid, weight loss on drying,
ash content, bulk density, levels of heavy metals and
various microbial tests. Sample was stored in a sealed
container and stored at 4° in cold room. Unless stated
otherwise, AE of T. arjuna bark was used for all the
analysis and isolation procedures reported in this paper.
Methanol extraction:
Unprocessed T. arjuna bark was purchased from a
local supplier (Channa Bassappa and Co., Bangalore,
India) and specimens were authenticated by in‑house
Botanist of Unilever R and D, Bangalore. These
specimens were further authenticated as per tests
given in the Indian pharmacopeia 2010 edition.
Specimen of the material has been deposited in the
herbal lab at Unilever R and D, Bangalore. The dried
bark of T. arjuna tree was powdered and sieved
through mesh No. 80 for uniform size. This powder
was extracted with 100 ml of 70% methanol–water
at 50° for 15 min with continuous stirring. After
extraction, the supernatant was decanted and the
extraction was repeated 4 times. Supernatants from all
four extractions were pooled together and centrifuged
at 4000 rpm for 15 min to remove the insoluble
particles. Supernatant obtained was dried using rotary
evaporator to obtain powder of methanol extract
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of T. arjuna bark. Previous studies have proven
intravenous administration of 70% alcohol extract of
T. arjuna produced dose‑dependent hypotension in
anaesthetised dogs[16].
Compositional analysis:
The total polyphenol content in the AE of T. arjuna
was determined by Folin‑Ciocalteu (FC) method
as per ISO guidelines [17] . The total polyphenol
was expressed as gallic acid equivalent. Phenol–
sulphuric acid assay was used for the quantification
of sugars. The total sugar was expressed as glucose
equivalent [18]. Prior to analysis, the extracts were
treated with PVPP [19] and shaken vigorously to
remove polyphenols and proanthocyanidins which
can interfere with the analysis. After treatment with
PVPP, the mixture was centrifuged at 14,000 rpm
for 15 min and colourless supernatant was collected.
The supernatant was refluxed with 3 M trifluoroacetic
acid (TFA) for 4 h. The mixture was evaporated
to dryness in a rotary evaporator. The solids were
quantitatively transferred and sugar content was
quantified by phenol–sulphuric acid assay[18]. Bradford
assay was used for estimation of proteins using
bovine serum albumin as the standard[20]. Total ash
content was determined by ashing accurately weighed
extract at 500° for 5 h followed by gravimetric
estimation of the residue. Total triterpenes in
the AE of T. arjuna bark were quantified by its
chloroform extraction followed by material testing
with Liebermann–Buchard reagent[21]. Formation of
reddish colour indicates the presence of triterpenes.
The chloroform extract was rich in triterpenes which
was confirmed by colour test for the triterpenes. The
amount of triterpenes was estimated gravimetrically
after evaporation of the chloroform fraction.
Dialysis of aqueous extract of Terminalia arjuna:
For dialysis, Snake Skin TM Dialysis tubing of
degenerated cellulose of three different molecular
weight cut‑offs (MWCO) was procured from Thermo
Scientific, India. MWCO ranges for these membranes
were 3.5, 7 and 10 kDa. Dialysis bags were soaked in
water for 30 min before use and were washed several
times with water to condition the membranes. For
dialysis experiments, 0.2‑0.3 g of the AE of T. arjuna
was solubilised in 20 ml of methanol–water mixture
(1:1), sonicated and then filled in dialysis tubes. Time
for complete dialysis was optimised by analysing
solution outside dialysis tubing for total polyphenol
content TPP content after every 24 h and observed that
July - August 2012

after 72 h, TPP levels were below the detection limit
of FC assay. Hence, total dialysis time chosen was
72 h. Dialysis was carried in duplicates to evaluate
repeatability. After dialysis, solutions retained inside
dialysis tubings were dried using a freeze‑drier. Solids
were weighed accurately on a Mettler balance with a
least count of 0.1 mg. Mass balance was determined
from initial weight of sample and from the MW
fractions. High MW fractions were further analysed
for total polyphenol content by FC assay. Total
polyphenols were expressed in gallic acid equivalents.
Solvent fractionation of aqueous extract of
Terminalia arjuna:
Two grams of the AE of T. arjuna was dissolved in
100 ml of water by constant stirring for 30 min. This
aqueous solution of AE of T. arjuna was extracted
sequentially with solvents of increasing polarity
like chloroform, MiBK, ethyl acetate and n‑butanol.
Each extraction was carried out three times with
approximately 200 ml of solvent. Each solvent fraction
was collected separately, evaporated and weighed.
The extracts will be further referred to as chloroform,
MiBK, ethyl acetate, n‑butanol and water extracts.
HPLC analysis of Terminalia arjuna bark extracts:
Catechins in both AE of T. arjuna and AME were
analysed by ISO method for catechin analysis [22].
Catechins in both the extracts were quantified using
a HPLC method. For HPLC analysis, Phenomenx
phenyl‑hexyl, 5 μm, 4.6×250 mm HPLC column
was used. The mobile phase A was 9% (volume
fraction) acetonitrile, 2% (volume fraction) acetic
acid with 20 μg/ml EDTA and mobile B was 80%
(volume fraction) acetonitrile, 2% (volume fraction)
acetic acid with 20 μg/ml EDTA. Separation was
carried out at 1 ml/min flow rate with HPLC column
maintained at 40° and detection at 278 nm. HPLC
analysis was carried out using a gradient elution.
Binary gradient conditions: 0% mobile phase B
for 10 min, then over 15 min, a linear gradient to
32% mobile phase B and hold at this composition
for 10 min. Then reset to 0% mobile phase B to
equilibrate for 10 min before next injection.
Gallic acid, ellagic acid and ellagic acid derivatives
were also analysed by the same method. Peaks
of catechins and phenolic acids in the HPLC
chromatogram were identified by comparing the
retention time and UV spectra with standards.
Standard compounds were used to generate
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calibration and using the calibration curves, catechins,
gallic acid and ellagic acid were quantified. In case
of ellagic acid derivatives, ellagic acid was used as
a standard.
Isolation of ellagic acid derivatives:
Twenty grams of AE of T. arjuna was taken and
extracted with 300 ml of chloroform (3×100 ml).
The residue was filtered and further extracted with
400 ml of ethyl acetate (4×100 ml). The ethyl acetate
extract was evaporated to dryness. Dried powder was
dissolved in methanol and centrifuged at 4000 rpm
for 20 min to remove the insoluble residue. The
supernatant was used for preparative HPLC injection.
Mobile phase used was 0.3% formic acid (A) and
acetonitrile (B), flow rate was 6 ml/min. A linear
gradient elution method was used for the analysis
starting with 20% of B, gradually increasing to 60%
over a time of 40 min, following which concentration
of B was reduced to 20% over 5 min. Then the
column was allowed to equilibrate over a period of
5 min. Four major compounds eluting at retention
times of 18.0, 20, 24.5 and 28.4 min were collected
and dried. The identification of ellagic acid derivatives
was performed by NMR spectral confirmation and
mass spectral analysis.

Liquid chromatography–mass spectrometry
analysis:
Products obtained after thiolysis were analysed by
LC‑MS. LC‑MS analysis was carried using Agilent
HPLC (1100 series) with Bruker esquire 3000 mass
spectrometer equipped with ESI source and IT mass
analyser. Instrumental conditions are given in detail
in the earlier section. Separation of the thioethers
formed was carried using reversed phase bonda
pak C‑18 column (3.90×3.9 mm) from Waters.
Mobile phases used were 2% formic acid (A)
and acetonitrile (B) with flow rate of 0.6 ml/min.
Column oven temperature was maintained at 30°.
Diode array detector at 280 nm was used for
detection of peaks. The elution was performed with
7% B isocratic for 5 min; a linear gradient was then
installed to reach 50% B at 35 min and 80% B at
40 min. Then 80% B at 40 min was reduced to 7%
B at 45 min followed by 5 min of re‑equilibration
time. From the total ion chromatogram, peaks
corresponding to thioethers were obtained.
Molecular ion peaks and fragments obtained were
compared with literature to arrive at building
flavan‑3‑ol units of proanthocyanidins[23,25‑28].

RESULTS AND DISCUSSION

Proanthocyanidin estimation:
One milligram per millilitre of AE of T. arjuna was
taken and dissolved in 1:1 methanol–water. 0.1 ml
of this solution was taken and 0.6 ml of water was
added followed by 6 ml of butanol–HCl (95:5).
The mixture was refluxed for 50 min. Then it was
cooled and absorbance was measured at 540 nm in
UV spectrophotometer. Cyanidin chloride was used
as a standard to generate calibration curve. From
this calibration curve, total proanthocyanidin content
was quantified and expressed as cyanidin chloride
equivalent[23,24].

Compositional analysis of AE of T. arjuna extract
included estimation of total polyphenol, sugars,
protein, triterpenes and ash content. Compositional
analysis of AE of T. arjuna showed that it contains
less than 1% of triterpenes, 44% polyphenols, 12%
sugars, 30% proteins and 5% ash. The amount of
polyphenol in AE of T. arjuna is very high compared
to other common sources of polyphenols such as tea
and grapes[29]. Though AE of T. arjuna has such high
polyphenol levels, only three polyphenols have been
reported so far. Characterising polyphenols can provide
insights to understand the health benefits of T. arjuna.

Thiolysis:
Thiolysis was achieved by using the method reported
by Guyot et al.[23]. 100 µl of methanolic suspension
(1 mg/ml) of the high MW (greater than 10 kDa)
of AE of T. arjuna was taken in a HPLC vial. To
this was added 100 µl of acidic methanol (3% v/v
of conc. HCl) and 200 µl benzyl mercaptan (5% v/v
in methanol). The vial was sealed and reaction was
carried out at 40° using a metallic dry bath. After
30 min, the reaction mixture was cooled and analysed
by LC‑MS.

Polyphenol‑enriched fractions were obtained by
subfractionation of AE of T. arjuna with different
solvents. Polarity‑based fractionation of T. arjuna
extract was carried out using solvents of increasing
polarity. Chloroform was used to extract out nonpolar
compounds such as triterpenes and lipids. Sequential
extractions with MiBK and ethyl acetate were carried
out to separate polyphenols such as catechins,
flavonols and nonpolar polyphenols. Extraction
with n‑butanol separates the mid‑polar polyphenols
such as oxidised catechins and flavonol glycosides.
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Finally, the highly polar ingredients reside in the
water fraction which could be tannins, polymerised
polyphenols or polyphenols bound to proteins.
Recovery data during fractionation showed that more
than 70% of the solids were recovered into water.
Water fraction was dark brown in colour indicating
the presence of tannins or proanthocyanidins. 20% of
solids recovered into n‑butanol and the fraction was
red coloured. Water and n‑butanol fraction together
accounted for more than 90% of total solids in AE
of T. arjuna. Less than 1% of solids recovered into
chloroform. Chloroform fraction of AE of T. arjuna
was enriched with triterpenes as confirmed by testing
with Liebermann‑Buchard reagent[21].
Powders obtained after solvent fractionation were
analysed for the total polyphenol content using FC
assay. Recovery of polyphenols in AE of T. arjuna
into various solvent fractions showed that water
fraction had 65% polyphenols, n‑butanol fraction had
27 and 3‑4% was recovered into MiBK and ethyl
acetate fractions. This indicates that majority of the
polyphenols in AE of T. arjuna were highly polar.
The nature of the polyphenols in each fraction was
analysed with HPLC and LC/MS.
Polyphenols in plant extracts can be present in
monomeric form or as oligomeric/polymeric
forms due to oxidation. Hence, MW distribution
of polyphenols in AE of T. arjuna was evaluated
using dialysis. During dialysis of AE of T. arjuna,
concentrations were kept below 10% w/v to ensure
complete solubility of all components. Dialysis was
carried in duplicate to evaluate repeatability and
recovery. Recovery was found to be more than 93%.
The amount of solids into different MW fractions
showed that about 40% of the solids in AE extract
had MW less than 3.5 kDa, whereas nearly 55%
of total solids had MW greater than 10 kDa. This
indicated that major fraction solids in AE of T. arjuna
contained high MW compounds. This high MW
fraction was deep brown in colour and is expected
to contain polysaccharide, proteins and polymeric
polyphenols such as proanthocyanidins.
Total polyphenol analysis of the fractions obtained
from dialysis study was carried out. Data showed that
20% of polyphenols in AE of T. arjuna have MW
less than 3.5 kDa whereas 70% of total polyphenols
in AE of T. arjuna have MW greater than 10 kDa
suggesting that the polyphenols in AE of T. arjuna
July - August 2012

are polymerised. In grapes and apples, levels of high
polymeric polyphenols vary from 2 to 60 mg/100 g
and in comparison, AE of T. arjuna has very high
amounts of polymeric polyphenols[30].
To identify the type of polyphenols present, AE
of T. arjuna was analysed for major classes of
polyphenols such as anthocyanidin, flavonols,
(catechins/proanthocyanidin) and phenolic acids. To
find the presence of flavonols and its glycosides,
AE of T. arjuna was hydrolysed and analysed for
its aglycones viz. kaempferol, myricetin, quercetin,
using reported HPLC methods [23]. Aglycones were
not detected indicating the absence of flavonols. AE
of T. arjuna was also analysed for anthocyanidins
using an HPLC method[28]. But peaks corresponding
to anthocyanidins were not detected. Catechins,
phenolic acids and proanthocyanidins in T. arjuna
were characterised using standard methods.
During catechin analysis of AE of T. arjuna, catechins
were not detected. This could be due to degradation
of catechins during harsh extraction conditions used
for the manufacture of the AE of T. arjuna. To
overcome such high‑temperature degradation, mild
extraction of T. arjuna bark was carried out using
methanol+water mixture [70+30] at 50º. During
catechin analysis of AME, catechin, gallocatechin and
epigallocatechin were detected in AME as shown in
fig. 1. Other catechins such as epicatechin, epicatechin
gallate, epigallocatechin gallate and gallocatechin
gallate were not detected. The quantification data
for these compounds are provided in Table 1. Data
showed that levels of (+)‑catechin was twice the
levels of gallocatechin. Levels of epigallocatechin
were very low. AME had 1.5% w/w of catechins.
Though levels of total polyphenols in AME are higher
than polyphenols in tea or grapes, catechin levels in
T. arjuna are significantly lower than that of green tea
and grapes[28].
Gallic acid, ellagic acid and ellagic acid derivatives
are the major phenolic acids found in AE of T. arjuna.
Phenolic acids constitutes to about 10% of the
polyphenols in AE of T. arjuna extract (Table 1). The
peaks corresponding to ellagic acid (fig. 1) and its
derivatives were isolated using preparative HPLC and
their structures were elucidated using NMR and MS.
Compound 1 (fig. 2) was yellowish brown in colour.
The ESI‑MS analysis revealed a molecular ion at
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[M]− 446 consistent with MW of methyl‑substituted
ellagic acid and a pentose sugar. Fragment at m/z
300 corresponds to ellagic acid. 1H‑NMR analysis
showed presence of singlet at δ 7.3 ppm and
7.6 ppm corresponding to two aromatic protons in
methyl‑substituted ellagic acid moiety. Peak at δ
5.4 (d, 1.6 Hz) indicates anomeric proton of xylose
and δ 4.3 (t, 1.6 Hz) corresponding to CHOH
group of xylose adjacent to CH 2. From spectral
TABLE 1: QUANTIFICATION DATA FOR CATECHINS AND
PHENOLIC ACIDS IN AME
Compounds
Catechin
Gallocatechin
Epigallocatechin
Gallic acid
Ellagic acid and derivatives*

Concentration (mg/g)
8.85±0.25
4.10±0.06
0.34±0.01
0.97±0.11
98.1±0.98

*Expressed as ellagic acid equivalent, AME=Aqueous‑methanol extract

Fig. 1: HPLC chromatogram for standards and aqueous-methanol
extract.
High performance liquid chromatography chromatogram for catechin
standards and aqueous-methanol extract at 280 nm (conc. 0.5 mg/ml).
1 - Gallic acid, 2 - Gallocatechin, 3 - Epigallocatechin, 4 - Catechin,
5 - Epicatechin, 6 - Epigallocatechin gallate, 7 - Gallocatechin gallate,
8 - Epicatechin gallate, C1 - Compound 1, C2 - Ellagic acid, C3 Compound 3, C4 - Compound 4

data and comparing it with literature, predicted
structure for compound 1 is 3‑O‑methyl‑ellagic acid
4‑O‑β‑D‑xylopyranoside[31].
Compound 2 was identified as ellagic acid (fig. 2)
based on the retention time of authentic standard.
This was further confirmed by ESI‑MS analysis
which showed a prominent molecular ion peak at 300
corresponding to ellagic acid. 1H‑NMR study revealed
only one aromatic proton at δ 7.3 (s).
Mass spectrum of compound 3 (fig. 2) had a
molecular ion peak at m/z [M] − 461 (molecular
ion peak) and fragments at m/z 300, 351 and 343.
Fragment at m/z at 300 indicates ellagic acid, 315
correspond to methyl derivative of ellagic and 343
is indicative of methyl ellagic acid plus carbonyl
group which can be contributed by the sugar moiety.
1
H‑NMR analysis showed presence of two aromatic
protons at δ 7.5 (s) and 7.6 (s), methoxy signal at
δ 4.0 (s) contributed by –OCH3 group attached to
ellagic acid, anomeric proton of rhamnoside group
at δ 5.48 (d, 1.6 Hz), 3.71 δ (d, J = 4 Hz) and 3.70
δ (s) correspond to methine proton and 1.13δ (d,
J = 6 Hz) presence of one 6‑deoxycarbon. There was
a broad hump at 6.5‑6.6 ppm because of OH groups.
13
C‑NMR spectra revealed peaks at δ17.1, 60.8, 69.6,
69.9, 70.2, 71.9, 99.4, 99.6, 110.9, 113.2, 114.6, 139.9,
147.3, 152.4, 158.9. These data were concordant with
published 13C‑NMR signals for 3‑O‑methyl ellagic acid
3‑O‑rhamnoside from alternate sources[32,33].
Compound 4 (fig. 2) is sugar derivative of 3‑O‑methyl
ellagic acid but the exact structural elucidation could
not be done. ESI‑MS data showed molecular ion
peak at [M]− at m/z 486 and fragments at m/z 314
corresponding to 3‑O‑methyl ellagic acid and 300

Fig. 2: Structure of compounds 1-4
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corresponds to ellagic acid. Proton NMR peaks at
δ 7.41, 7.53 and 3.9 indicated the backbone of the
compound is ellagic acid with substitution at 3 or 4
position.
The AE of T. arjuna was tested for
proanthocyanidins. Proanthocyanidins on treatment
with acid get depolymerised and are converted to
highly coloured anthocyanidins absorbing at 530
to 550 nm[23]. AE of T. arjuna after acid hydrolysis

Fig. 3: Total ion chromatogram before and after thiolysis of aqueous
extract of Terminalia arjuna

turned red with high absorbance at 540 nm. This
confirmed the presence of proanthocyanidins.
The proanthocyanidins were quantified by
spectrophotometry and expressed as cyanidin
chloride (standard anthocyanidins) equivalent. It was
observed that 7.5±0.3% of the AE of T. arjuna was
composed of proanthocyanidins.
The building units in proanthocyanidins were
determined by thiolysis [23,27] . The total ion
chromatogram (TIC) of the AE after thiolysis showed
two new peaks as shown in fig. 3. The new peak
at 19.8 min has molecular ion peak at m/z 426
and fragment at m/z 302. The m/z 302 indicates
gallocatechin moiety. Based on fragmentation pattern
and the reported LC‑MS methods (fig. 4), the new
peak at 19.8 min would be identified as gallocatechin
thioether or epigallocatechin thioether. The peak at
21.3 min has fragments at m/z 411, m/z 123 and
m/z 286 (fig. 4). Fragment at m/z 286 indicates
catechin moiety and m/z 123 indicates mercaptan
moiety. Hence, from MS data, the new compound
formed after thiolysis could be catechin or epicatechin

Fig. 4: Electron spray ionisation-mass spectrometry spectra from compounds P1 to P4
July - August 2012
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thioether which is expected to have molecular
ion peak at 411. From the MS fragmentation and
comparing it with literature, we propose that the
proanthocyanidins in T. arjuna are polymers of
(+/−)‑catechin and (+/−)‑gallocatechin[23,25‑28].
A close look at the total ion chromatogram after
thiolysis revealed the compound eluting at 17.6 min
do not reduce in intensity after thiolysis. It has a
strong fragment at m/z 713 as shown in fig. 3. 713
is a characteristic fragment for trimeric procyanidin
(fig. 4)[34]. A‑type proanthocyanidins do not undergo
thiolytic degradation because of double linkages
between polymer units[31]. Based on these data, we
can propose that the compound is an A‑type trimeric
procyanidin[34]. The compound eluting at 6.9 min can
be arjunic acid or arjunolic acid both of which have
MW of 488 g/mol[11]. Further experiments need to be
done to confirm the same.
We have, for the first time, reported a detailed
analysis of polyphenols in AE of T. arjuna bark.
Extract had 44% polyphenols by weight and majority
of polyphenols are polymeric in nature. Catechin,
gallocatechins, a significant amount of ellagic acid
and its derivatives are detected in the methanol
extract. Given these results, it may also be possible
to attribute the heart‑health effects for T. arjuna to
these poly phenols which may be responsible for the
endothelial benefit functions, like tea. It may be these
polyphenols that have potential nitric oxide generation
activity which does benefit positively the endothelial
functions.
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