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Purpose. Terminalia macroptera roots are used in Guinea-Bissau and
other West African countries to treat infectious diseases like gonor-
rhoea. Previous work showed an ethanol extract of T. macroptera
roots (T) to have an in vitro antimicrobial profile against Neisseria
gonorrhoae (including resistant strains) and enteropathogenic agents.
The most active fractions of this extract were identified as the diethyl
ether (T2) and water (T5) fractions. The aim of the present study was
the identification of major compounds present in T and simulta-
neously in T2 or T5.
Methods. The T extract and T2 and T5 fractions were analysed by
high performance liquid chromatography coupled with ultraviolet
photodiode array (LC-UV) spectroscopy and electrospray ionization
mass spectrometry (ES-MS). These analyses indicated the presence
of ellagitannin derivatives. In order to confirm the identities of the
detected compounds, they were isolated from T2 and T5 by prepara-
tive chromatographic techniques and identified by spectroscopic
methods including tandem mass spectrometry.
Results. By using LC-UV-ES-MS, four major compounds (ellagic
acid, gallic acid, punicalagin, terchebulin) could be identified in the T
extract. Three other compounds (3,38di-O-methylellagic acid,
3,4,38,48-tetra-O-methylellagic acid, terflavin A) were also isolated
and identified.
Conclusions. LC-UV-ES-MS is a useful technique for the analysis of
mixtures containing ellagitannins.

KEY WORDS: combretaceae; liquid chromatography-mass spec-
trometry; electrospray ionization; ellagitannins; terchebulin; Termi-
nalia macroptera.

INTRODUCTION

Terminalia macroptera Guill. et Perr. is a West African
species of the Combretaceae used in Guinea-Bissau by sev-
eral traditional healers for the treatment of hepatitis and
other infectious diseases, including venereal diseases (1).
During our in vitro studies on biological activities of Guinea-
Bissau traditional medicines, a T. macroptera decorticated
root ethanol extract T showed a profile of antimicrobial ac-
tivity against enteropathogenic micro-organisms (2) and

against different strains of Neisseria gonorrhoeae (including
strains resistant to penicillin and tetracycline) (3). Further
antimicrobial studies using Escherichia coli, Salmonella spp.,
Shigella spp. Vibrio cholerae and Campylobacter spp. (about
100 strains of each) showed that the activity of the T. mac-
roptera extract against Campylobacter strains was similar to
that of co-trimoxazole, higher than that of sulfamethoxazole
but lower than those of tetracycline, erythromycin, ampicilin
and streptomycin (4).

In order to localise the biological activity, the T. macrop-
tera extract T was fractionated by consecutive liquid-liquid
partition and five fractions were obtained (T1 to T5). The
corresponding antimicrobial activities of these fractions were
determined against Neisseria gonorrhoeae strains and against
Candida albicans, Escherichia coli, Pseudomonas aeruginosa,
Salmonella typhimurium, Shigella dysenteriae, Staphylococcus
aureus, Streptococcus faecalis and Vibrio cholerae reference
strains. Fractions T2 (diethyl ether) and T5 (water fraction)
were the most active ones. Although ellagitannins have been
suggested to be the major compounds (3,4), the chemical
composition of T. macroptera root has not previously been
described in detail. Recently, promising antioxidant, antiviral
and antitumor activities have been reported for ellagitannins.
Furthermore, this class of compounds is found widely in the
food chain, in industry and in traditional herbal remedies (5).

Hyphenated techniques such as high performance liquid
chromatography (HPLC) coupled to UV photodiode array
detection (LC-UV) and to mass spectrometry (LC-MS) have
already been demonstrated to provide useful information for
the analysis of plant metabolites (6). Nevertheless, there have
been few reports describing approaches employing reversed-
phase HPLC interfaced to electrospray ionization (ES) for
the characterisation of ellagitannins in plant extracts (7).

In this paper we report the results obtained by LC-UV-
ES-MS in the analysis of the crude extract T of T. macroptera
and in the most active fractions T2 and T5. This on-line mass
spectral analysis showed the presence of a series of ellagitan-
nins, and allowed the rapid identification of four of them. In
order to confirm their structures, their isolation was under-
taken from T2 and T5 by different preparative chromato-
graphic techniques. During chromatography, three other el-
lagitannins were separated. The structures of the isolated
compounds were elucidated by means of different spectro-
scopic methods, including multiple stage MS/MS (LC-ES-
MSn) experiments on an ion trap system.
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MATERIAL AND METHODS

HPLC-grade water was obtained by distillation employ-
ing a Büchi Fontavapor 210 distillation instrument (Flawil,
Switzerland) and passed through a 0.50 mm Millipore filter
(Bedford, MA, USA). HPLC-grade methanol from Maechler
AG (Reinach, Switzerland) was passed through a 0.45 mm
Millipore filter. Deuterated solvents for NMR experiments
were purchased from Dr. Glaser AG (Basel, Switzerland).
Ammonium acetate (NH4OAc), trifluoracetic acid (TFA;
spectroscopic grade), acetone and methanol (analytical
grade) were obtained from Merck (Darmstadt, Germany).

Medium pressure liquid chromatography (MPLC) was
carried out with a Büchi B system (Flawil, Switzerland) com-
posed of a Büchi B-681 pump, a Büchi B-683 detector
(215,254 and 366 nm) and a LKB Bromma 2210 recorder
(Pharmacia LKB, Uppsala, Sweden). Fractions were col-
lected using a Büchi 684 fraction collector and a Büchi glass
column of 46 × 3.6 cm I.D. was used. A pressure of 16–20 bar
was applied, giving flow rates of 5–30 ml/min.

Centrifugal partition chromatography (CPC) was per-
formed employing a Pharma-Tech CCC-1000 apparatus (Bal-
timore, Maryland, USA) at a speed of 1000 rpm. A flow rate
of 3 ml/min was provided by a 300 LC pump (SSI). Detection
was at 254 nm using a Knauer 100 mV multi-wavelength de-
tector (Berlin, Germany).

Semi-preparative HPLC was carried out using a Shi-
madzu SCL 8A preparative liquid chromatograph apparatus
(Columbia, Maryland, USA). The detection was performed
with a LKB Bromma 2151 variable wavelength detector, con-
nected to a LKB Bromma 2210 recorder. Flow rates of 5 to 10
ml/min were applied.

UV spectra were recorded on-line during the HPLC
analysis or on a Hitachi U2000 instrument (Tokyo, Japan).

Electron impact (EI-MS) and thermospray ionization
(TSP-MS) mass spectra were obtained on a Finnigan MAT
TSQ 700 (San Jose, CA, USA) triple stage quadrupole in-
strument.

1H and 13C Nuclear magnetic resonance (NMR) spectra
were recorded on a Varian VXR 200 instrument (Palo Alto,
California, USA) at 200 and 50 MHz, respectively, or on a
Varian UNITY INOVA 500 instrument at 500 and 125 MHz,
respectively. Tetramethylsilane (TMS) was used as internal
standard. Complete attribution of the signals was performed
on the basis of 2D-experiments (1H-13C heteronuclear mul-
tiple bond coherence (HMBC) and 1H-13C heteronuclear
single quantum coherence (HSQC)).

Thin layer chromatography (TLC) was performed on cel-
lulose plates Merck (Darmstadt, Germany) employing the
following solvent systems: S1—30% aqueous acetic acid
(AcOH), S2—butanol:AcOH:water (4:1:5; upper layer) and
S3—20% aqueous AcOH. HPTLC RP18 F254 Merck plates
were used for analytical TLC with the solvent system S4—
methanol:water (75:25). The spots were detected by UV light
(366 nm) before or after spraying with the natural products-
polyethylene glycol (NP-PEG) reagent (8).

Plant Material

Roots of Terminalia macroptera Guill. et Perr. (Combre-
taceae) were collected in the Contúboel region (Guinea-
Bissau) and characterised by Dr. Adélia Diniz, “Centro de

Botânica Tropical—IICT”, Lisbon. Voucher specimen No
662 is preserved in the LISC Herbarium, Lisbon, Portugal.

Extract Preparation

After air-drying and grinding, the decorticated root (700
g) was exhaustively extracted with ethanol (80% V/V) at
room temperature. The extract was concentrated under re-
duced pressure (<40 °C). The dried ethanol extract (T) (97.3
g) was fractionated by sequential liquid-liquid partition with
n-hexane (T1), diethyl ether (T2) and water (T3). After sedi-
mentation, the T3 fraction was filtered to give insoluble ma-
terial (T4) and a water-soluble fraction (T5) (3,4).

LC-MS Samples

A solution of 20 mg of extract T diluted in 1 ml of metha-
nol:water (1:1) was prepared. Pure compounds were analysed
in a solution of 1 mg of compound in 1 ml of methanol:water
(1:1). From all these solutions, 10 ml was injected onto the
HPLC apparatus.

LC-UV Analysis

The analytical separations were performed on a Nova-
Pak 4 mm C18 column (150 × 3.9 mm I.D.) from Waters (Bed-
ford, MA, USA), equipped with a Nova-Pak Guard-Pak C18

pre-column. A MeOH-H2O step-gradient was used (5:95 to
40:60 over 12 min, 40:60 to 70:30 over 8 min, 70:30 to 100:0
over 10 min). In order to avoid tailing of the phenolic com-
pounds, 0.05% trifluoroacetic acid (TFA) was added to the
solvents to give a pH of 3.0. The flow rate was 1.0 ml/min. The
analysis was carried out using a Hewlett Packard 1100 series
(Palo Alto, CA, USA) instrument with a photodiode array
detector. The UV chromatogram was constructed at 210 and
254 nm and UV spectra were recorded between 190 and 600
nm.

LC/ES-MS Analyses

LC/ES-MS analysis was performed directly after LC/UV
detection. A Finnigan MAT LCQ ion trap mass spectrometer
(San Jose, CA, USA) equipped with a Finnigan MAT elec-
trospray source was used. The electrospray conditions were as
follows: capillary voltage, 3.5 kV; nebulizing gas (N2) pres-
sure, 60 p.s.i.; stainless steel capillary temperature, 220 °C.
The flow rate was kept at 1 ml/min when the extract or pure
compounds were analysed by HPLC, but only 1/10 of the total
eluent was divested into the source. Spectra m/z (50–2000)
were recorded in the negative ion mode. LC-ES-MSn analyses
of the major ellagitannins were performed according to meth-
odology previously described (6,9).

Isolation of Pure Compounds from Active Fractions

The T2 fraction (2.5 g) was fractionated by CPC using
ethyl acetate: ligroine:methanol: water (1:1:1:1). Before injec-
tion, part of the sample precipitated (fraction 9, 600 mg), and
was consequently separated. Six fractions (1 to 6) were ob-
tained by CPC in the normal phase mode and two fractions in
the reversed phase mode (7 and 8). Fraction 3 (45 mg) was
subjected to semi-preparative HPLC on a LiChrospher RP-18
end-capped column, 5 mm (25 × 1.9 cm I. D., Knauer) with
methanol:water (60:40) and yielded 6 (5 mg). Fraction 5 (600
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mg) was subjected to gel filtration on Sephadex LH-20 (Sigma
Chemical Co., St. Louis, MO, USA; 60 × 5 cm I.D.) with
methanol and yielded 1 (100 mg). Fraction 9 was submitted to
MPLC on RP-18 (LiChroprep 15–25 mm, Merck) with a
methanol: water gradient (25% methanol to 100%). Six frac-
tions were obtained. Fraction 4 yielded 5 (31.4 mg) as a pure
compound. Compound 7 (15 mg) was purified from fraction 5
by semi-preparative HPLC on a LiChrospher RP-18 column,
5 mm (25 × 1.9 cm I. D., Knauer) with methanol:water (60:40).
Gel filtration of fraction T5 (2.9 g) on Sephadex LH-20 (57.5
cm × 4.5 cm I.D.) eluted with a gradient of methanol:water
(50:50) to acetone:water (50:50) gave twenty-four fractions
(1–24). Fraction 6 (76.5 mg) was subjected to semi-
preparative HPLC on a LiChrospher RP-18 end-capped col-
umn, 5 mm (25 × 1.9 cm I. D., Knauer) with methanol:water
(19:81) (containing 0.05% TFA) and yielded 2 (15 mg). Prod-
uct 3 was obtained from fractions 14 to 16 (20 mg). Fraction
21 (56.4 mg) was subjected to semi-preparative HPLC on a
LiChrosorb RP-18 column, 7 mm (25 × 2.5 cm I. D., Merck)
with methanol:water (25:75) (containing 0.05% TFA), giving
4 (15 mg).

Reference Standards

Pure samples of gallic acid (1) and ellagic acid (5) were
supplied by Prof. I. Fourasté (University of Paul Sabatier,
Toulouse, France). Terflavin A (3) was supplied by Prof. T.
Tanaka (University of Nagasaki, Japan).

RESULTS AND DISCUSSION

LC-UV

A rapid qualitative survey by LC-UV was made on the
major compounds of extract T and fractions T2 and T5. LC-
UV analysis of T, T2 and T5 revealed peaks with UV spectra
characteristic of polyphenol derivatives, mainly of ellagitan-
nin derivatives (2, 4, 5, 7) (Fig. 1) (10). Compounds 2 and 4
existed as pairs of isomers 2a, 2b and 4a, 4b (Fig. 1, Table 1),

consistent with the presence of hydrolysable tannins with free
glucose C-1 protons and which exist in different anomeric
forms in solution (11).

In the analysed extract and fractions only the peak cor-
responding to compound 1 (Fig. 1, Table 1) at retention time
(tR) 3.4 min showed an on-line UV spectrum suggesting a
gallic acid type of compound (10,12).

The UV spectrum of 7 (one of the T2 major compounds)
(Fig. 1, Table 1) was characteristic of an alkylated ellagic acid
derivative (13).

Comparison of the chromatograms for T, T2 and T5 (Fig.
1) showed that the major compounds of the extract T were
recovered in both T2 and T5 fractions.

LC-UV-ES-MS

In order to obtain more information on the molecular
masses of the different constituents, LC-ES-MS analyses of
extract T and fractions T2 and T5 were carried out. The analy-
ses were performed under the same conditions as for LC-UV
(see Material and Methods). The peaks corresponding to the
two major compounds (2a, 2b and 4a, 4b) recorded in the UV
chromatogram (254 nm) of T gave discernible mass spectra
response in the total ion current chromatogram (TIC) (Fig.
2). However, compounds 1 and 5 gave weaker mass spectra
response than 2a, 2b and 4a, 4b when compared to the UV
chromatogram. The TIC chromatogram of fraction T2
showed no signal for compound 7. The ES-mass spectra re-
corded for the same constituents in T, T2 and T5 were similar.

The ES spectra of 2a, 2b and 4a, 4b gave similar frag-
mentation patterns, with a deprotonated molecule [M-H]− at
m/z 1083, together with the [M-H-302]− ion at m/z 781 prob-
ably due to the elimination of a hexahydroxydiphenoyl
(HHDP) residue (14) (see chromatograms, Fig. 2). The ob-
tained data indicated these compounds to be monomeric el-
lagitannins possessing HHDP groups (14,15). Additionally,
two major peaks (p1, p2) at m/z 781 were detected (Fig. 2,
Table 1). These peaks could be due to decomposition of the
major compounds 2a, 2b and 4a, 4b. Compound 1 exhibited a
[M-H]− pseudomolecular ion at m/z 169 indicating a MW of
170. Based on this MW and the UV spectrum compound 1
was tentatively identified as gallic acid. Compound 5 exhib-
ited a [M-H]− ion at m/z 301. UV spectra and a MW of 302
suggested 5 to be ellagic acid.

The principal LC-UV-ES-MS characteristics of com-
pounds 1, 2, 4 and 5 are summarised in Table 1.

Isolation and Identification of Compounds from Extract T

Since LC coupled to UV and ES-MS indicated the pres-
ence of several ellagitannins in extract T and could be em-

Fig. 1. LC-UV chromatograms of T extract and T2 and T5 fractions.
UV chromatogram recorded at 254 nm.

Table 1. LC-UV and ESP-MS Structural Information of 1, 2, 4, 5 and
p1, p2; LC-UV Data of 7

Compound [M-H]− UV spectra lmax (nm) tR (min)

1 169 217, 271 3.4
2 1083 218, 258, 380 5.31, 6.69
4 1083 218, 258, 362 (sh), 381 8.29, 10.06
5 301 254, 364 16.17
7 – 249, 292 (sh), 358, 373.5 20.14
p1,p2 781 215, 256, 362 (sh), 381 5.58, 5.94
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ployed for their partial identification, their isolation was un-
dertaken in order to complete the structure elucidation. By
means of the chromatographic methods previously described,
seven compounds were isolated from fractions T2 (1, 5 and 6)
and T5 (2, 3 and 4). The isomers 2a, 2b and 4a, 4b could not
be separated and were analysed as mixtures.

Identification of the Isolated Compounds

Compounds 1, 3 and 5 were identified by co-
chromatography with authentic samples (TLC and LC-UV),
respectively as gallic acid (1) (TLC: S1 Rf 0.44; S2 Rf 0.54
(blue-violet). LC-UV see Table 1), a,b-terflavin A (3) (TLC:
S1 Rf 0.43; S3 Rf 0.34 (olive green with NP-PEG reagent).
LC-UV: tR 6.88, 8.27 min., on-line UV lmax: 221.5, 260, 375
nm) and ellagic acid (5) (TLC: S1 Rf 0.06; S2 Rf 0.2 (light
blue). LC-UV, see Table 1). Terflavin A (3) is a minor con-
stituent of T and T5.

The mixture of compounds 2a and 2b was identified by
comparison of their 1H-, 13C- and 2D NMR data with those
reported in the literature for a,b-punicalagin (16–18). The
ES-MS generated deprotonated molecule [M-H]− at m/z 1083
(1084 MW) and UV spectra exhibited by the isomers of 2
confirmed this identification.

The 1H- and 13C-NMR data of the mixture of compounds
4a and 4b (main compounds present in T. macroptera root)
were similar to those reported in the literature for the ano-
meric mixture of a,b-terchebulin (18,19). The [M-H]− ion at
m/z 1083 was in agreement with this identification. In order to
obtain further confirmation, an ES-MSn experiment was also
performed on this mixture (Fig. 3). The [M-H]− ion at 1083

(Fig. 3a) yielded a fragment ion at m/z 1065 [M-18-H]− cor-
responding to the loss of a molecule of water ([M-H-H2O]−)
and a second fragment ion at m/z 781 corresponding to the
loss of a HHDP residue (Fig. 3b). The MS2 spectrum of m/z
781 first generation fragment ion showed two major product
ions, one at m/z 601 corresponding to the combined loss of
water, a glucose residue and a HHDP residue ([M-H2O-Glu-
HHDP]−) and a second at m/z 449. The later ion was also
present in the MS4 spectrum of the m/z 601 ion (Fig. 3c),
indicating the further loss of galloyl residues (15). These re-
sults are in accordance with the proposed identification.

Compound 6 is a minor constituent of T and T2 and was
identified as 3,38-di-O-methylellagic acid by comparison of
the spectral data obtained with data from the literature
(13,20), particularly by analysis of the UV spectral data

Fig. 2. LC-ESP-MS mass chromatograms of the T extract using the
same chromatographic conditions as in Fig. 1. Two masses were se-
lected: the ion chromatogram at m/z 1083 of the deprotonated mol-
ecule [M-H]− and the ion chromatogram at m/z 781.

Fig. 3. ES and ES-MSn spectra of 4a and 4b; Fig. 3a: first generation
ES spectrum; Fig. 3b: MS2 product ion spectrum of the m/z 1083 ion;
Fig. 3c: MS4 product ion of the m/z 601 generated according to the
sequence m/z 1083 − m/z 781 − m/z 601.
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recorded before and after addition of sodium acetate. As
reported by Sato (13) it is possible to distinguish between
3,38- and 4,48-di-O-methylellagic acids by their different UV
absorption patterns and bathochromic shifts in the long
wavelength band after the addition of alkali; only the 3,38-di-
O-methyl derivative shows bathochromic shifts greater than
10 nm. HSQC correlations observed between C-5 and H-5
and C-58 and H-58 also confirmed this identification. Physical
and chemical characteristics of 6, 3,38-di-O-methylellagic acid:
C14H6O8. Yellow powder. TLC: S2, Rf 0.71; S4 Rf 0.33 (blue).
HPLC: tR 16.28 min. UV lmax (MeOH): 248, 288 (sh), 355,
375; (MeOH + NaOAc (1 mg)): 256, 302 (sh), 366, 406 nm.
TSP-MS (m/z, rel. int.):331 [M + H]+ (100).

1H NMR (500 MHz, CD3COCD3-D2O): d 7.64 (2H, s,
H-5, H-58), 4.19 (6H, s, OCH3-3, OCH3-38). 13C NMR (125
MHz, CD3COCD3-D2O), HSQC: d (selected) 112.4 (C-
5(58)), 61.64 (OCH3).

Compound 7 is a minor constituent of T but a major
constituent of T2. The chemical and UV spectral data of this
compound were found to be very similar to those reported for
ellagic acid derivatives (13). The mass spectrum showed a
[M]+ at m/z 358 and loss of 15 mass units, a fragmentation
pattern which is in agreement with that reported for methyl-
ated ellagic acid derivatives (20), more specifically, tetrameth-
ylated ellagic acid. A study of the 1H NMR and 13C NMR of
7 lent further support to this proposal. The symmetrical mol-
ecule 7 gave a 1H NMR spectrum which contained only 3
singlets (s): one at d 7.49 (due to the two identical protons at
C-5 and C-58; one at d 4.0 attributed to the two methoxy
groups present at C-3 and C-38 and one at d 3.9 assigned to the
methoxy groups present at C-4 and C-48. The 13C NMR spec-
trum of 7 showed 9 signals: one signal at d 159.7 for the
carbonyl carbons, three signals in the region from d 140 to 152
for the oxygenated carbons, three signals in the region from d
106.7 to 115.4 for the protonated and quaternary carbons and
two signals at d 61.1 and 56.4 for the methoxy groups. The
correct signal attribution was confirmed by gradient HMBC
and HSQC experiments. Accordingly, compound 7 was iden-
tified as 3,38,4,48-tetra-O-methylellagic acid (21), the spectral
data of which have not previously been published. Physical
and chemical characteristics of 7, 3,38,4,48-tetra-O-

methylellagic acid: C18H14O8. Yellow needles. TLC: S2, Rf

0.83; S4 Rf 0.24 (blue). HPLC: tR 20.14 min. UV lmax

(MeOH): 249, 292 (sh) 358, 373.5 nm. EI-MS (m/z, rel. int.):
358 [M]+ (100), 343 [M-15]+ (18.2), 300 [M-15-CH3CO]+

(11.3), 272 (7.2), 215 (7.6), 201 (10.5), 145 (13.7), 117 (13.3), 91
(9.0), 74 (10.5), 55 (10.6), 44 (30.4). 1H NMR (500 MHz,
CD3COCD3): d 7.49 (2H, s, H-5, H-58), 4.0 (6H, s, OCH3-3,
OCH3-38), 3.9 (6H, s, OCH3-4, OCH3-48). 13C NMR (125
MHz, CD3COCD3): d 159.7 (C-7(78)), 152 (C-4(48)), 142.8
(C-2(28)), 140 (C-3(38)), 115.4 (C-6(68)), 109.2 (C-1(18)), 61.1
(OCH3-C(3), OCH3-C(38)), 56.4 (OCH3-C(4), OCH3-C(48)).

CONCLUSION

A rapid identification of the main compound terchebulin
(4) and of the biogenetically related tannins punicalagin (2),
gallic acid (1) and ellagic acid (5) in the extract T from Ter-
minalia macroptera roots was performed by LC-UV-ES-MS
(Fig. 4). Subsequently, terchebulin (4), punicalagin (2) and
terflavin A (3) (18) were isolated from a Terminalia macrop-
tera root extract. All these compounds are ellagitannins with
hexahydroxydiphenoyl groups esterifying the hydroxyl
groups of one glucose core (5).

Gallic acid (1), ellagic acid (5) and two alkylated ellagic
acid derivatives (6 and 7) were also isolated. Although
3,38,4,48-tetra-O-methylellagic acid (7) has been isolated from
other sources (21), the corresponding spectral data presented
are, to our knowledge, reported for the first time here.

This work also proves the value of the negative ion ES-
MS technique for the molecular weight determination of el-
lagitannins in their free forms. Previously, mass spectra of
punicalagin and terchebulin were obtained by FAB-MS in the
negative ion mode (15,19). Combined LC-UV-ES-MS data
provided useful structural information for this class of com-
pounds. MSn experiments were also found to be very helpful
for the determination of the structure of terchebulin. Deter-
mination of the antibacterial activity of compounds 1 to 7 is
now in progress.
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