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Introduction

Mango (Mangifera indica L.), which belongs to 
the family Anacardiaceae, is one of the most im-
portant fruits marketed in the world. In Jordan, 
Israel, and West-bank, mango is cultivated on a 
small scale around the Dead Sea. Extracts of M. 
indica L. have been reported to possess antiviral, 
antibacterial, analgesic, anti-infl ammatory, and 
immunostimulant activities (Makare et al., 2001; 
Scartezzini and Speroni, 2000). The mango leaves 
are used in the treatment of fever, diarrhoea, and 
diabetes (Aderibigbe et al., 2001). They contain 
an essential oil, sugars, xanthones, fl avonoids, gal-
lates, gallotannins, ellagitannins, and benzophe-
nones (Anjaneyulu et al., 1994; Saleh and El-An-
sari, 1975; Sairam et al., 2003; Selles et al., 2002). 
Several pharmacological activities, including an-
tiphlogistic, antioxidant, antifungal, and antitu-
mour activities, are reported for higher oligomer-
ic and polymeric proanthocyanidins (Cos et al., 
2004). However, little is known about the struc-
tural designs of the fl avan-3-ols and oligomeric 
proanthocyanidin fraction of the title plant. Such 
information is of importance for a better under-
standing of the relationship between the structure 

of the proanthocyanidins and their pharmacologi-
cal and microbiological effects.

In the present study, seven compounds have 
been isolated from mango, structurally elucidated, 
and tested for cyclooxygenase (COX-1 and COX-
2) inhibtion. The bioassay showed that compound 
1 has a potent COX-2 inhibitory effect, while 
compounds 1 and 5 – 7 have moderate COX-1 in-
hibitory activities.

Results and Discussion

Phytochemical results

The ethylacetate fraction obtained from the 
aqueous acetone extract of the leaves of M. in-
dica was chromatographed on Sephadex LH-20 
and MCI gel. Three oligomeric proanthocyanidins, 
catechin-(4α→8)-catechin (5), catechin-(4α→6)-
catechin (6), and epicatechin-(4β→8)-catechin 
(7), have been isolated for the fi rst time in addi-
tion to the known fl avanols catechin (2), epicate-
chin (3), and epigallocatechin (4). The identity 
of all fl avanoids was established by comparison 
of the physical properties [1D- and 2D-NMR, 
circular dicroism (CD), optical rotation [α], and 
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MALDI-TOF-MS] of the corresponding deriva-
tives obtained after peracetylation with authentic 
samples and published data (De Mello et al., 1996; 
Ploss et al., 2001; Qa’dan et al., 2003).

The remaining aqueous phase was further frac-
tionated on Sephadex LH-20 and MCI gel col-
umns to give compound 1. Compound 1 showed a 
prominent pseudomolecular ion peak at m/z 1873 
[M + Na+] in the MALDI-TOF-mass spectrum of 
its peracetate 1a, which suggested a B-type tri-
fl avanoid composed of two gallocatechin/epigal-
locatechin units, one catechin/epicatechin moiety, 
and one gallic acid acylation.

The 1H NMR spectrum of 1a in CDCl3 
(400 MHz) showed three sharp two-proton sin-
glets at δ 6.84 ppm, 6.90 ppm, and 7.61 ppm and 
an AMX-spin system. The spectrum was very 
similar to that of the analogous trimeric pro-
anthocyanidin epigallocatechin-(4β→8)-gallo-
cate chin-(4α→8)-catechin, except the different 
stereochemistry of one of the extender units and 

the presence of an additional galloyl moiety. The 
heterocyclic coupling constants J2,3(C) and J2,3(F) < 
2 Hz confi rmed the relative 2,3-cis-stereochem-
istry of both extender units corresponding to 
two epigallocatechin units. The C-4/C-8 bond-
ing position of the interfl avanoid linkages was 
recognized as well by 1H-13C long-range corre-
lations (HMBC) of H-4 (C) with C-8a (D) and 
H-4 (F) with C-8a (G) (Balas and Vercauteren, 
1994). In contrast, the relative 2,3-stereochemistry 
of the terminal unit can not be determined with 
the small coupling constant of the H-2 (I) pro-
ton. This observation has already been reported 
for the peracetylated epigallocatechin-(4β→8)-
gallocatechin-(4α→8)-catechin and can be ex-
plained with conformational changes in ring I of 
which the catechol substituent is mainly in axial 
position (Qa’dan et al., 2003). Thus, the structure 
elucidation of compound 1 was corroborated by 
acid-catalyzed reaction in the presence of phlo-
roglucinol (Foo and Karchesy, 1989). Compound 
1 gave phloroglucinol, epigallocatechin-3-O-
gallat-(4β→2)-phloroglucinol, epigallocatechin-
(4β→2)-phloroglucinol, and a small amount of 
epigallocatechin-3-O-gallat-(4β→8)-epigallo-
catechin-(4β→2)-phloroglucinol as degradation 
products, and catechin as releasing terminal fl a-
van-3-ol. These degradation products were identi-
fi ed by co-chromatography in comparison with au-
thentic compounds. Danne et al. (1994) observed 
a reversed positive Cotton effect for galloylated 
(4β→8)-linked procyanidin dimers. We could ob-
serve the same effect in the CD spectrum of 1a.

In conjunction with the optical rotation, [α]20
D 

+103.3° (c 0.15, MeOH), compound 1 was iden-
tifi ed as epigallocatechin-3-O-gallat-(4β→8)-epi-
gallocatechin-(4β→8)-catechin (Fig. 1). To the 
best of our knowledge, compound 1 is here de-
scribed for the fi rst time.

Bioactivity results

The mango raw extract (RE) and the isolated 
compounds were tested for their inhibitory activi-
ties against cyclooxygenase (COX-I and COX-2, 
Table I). The RE and compounds 1, 5 – 7 exhibited 
moderate inhibition against COX-1. The RE and 
compound 1 were found to have potent COX-2 
inhibitory effects, with IC50 values of 39.7 µM and 
28.4 µM, respectively, compared to the positive 
control aspirin (IC50 = 18.0 µM). Further studies 

Fig. 1. Chemical structure of the new compound iso-
lated from Mangifera indica leaves.
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are neccessary to examine the possibility of using 
it as an anti-infl ammatory drug.

In conclusion, three fl avanols and three known 
dimeric proanthocyanidins have been isolated 
and identifi ed from an acetone/water extract of 
Mangifera indica in addition to a new trimeric 
prodelphinidin. The isolated compounds showed 
the predominance of 2,3-cis-confi gurated fl avan-
3-ol units with mostly dihydroxylated B-rings. 
The presence of a galloylated moiety and two 
trihydroxylated B-rings in the isolated new com-
pounds, and its relative higher molecular weight 
might be responsible for the potent inhibitory 
activity against COX-2 of compound 1. The raw 
extract contained in addition tannins other com-
pounds like xanthones and fl avonoids which were 
reported to have anti-infl ammatory effects (Gar-
rido et al., 2001; Clavin et al., 2007). Future inves-
tigations should deal with the structure elucida-
tion of the polymeric proanthocyanidin fraction, 
and its pharmacological testing is necessary.

Experimental

General

NMR spectra were recorded in CDCl3 with a Var-
ian Mercury 400 plus instrument. Chemical shifts 
were recorded relative to CHCl3. CD spectra were 
measured in MeOH on a CD spectrometer AVIV 
62A DS. Acetylation was performed in Ac2O/py-
ridine (1.2:1) at ambient temperature for 24 h. 
MALDI-TOF-mass spectrometer:  LAZARUS II 
(home-built); N2-laser (LSI VSL337ND), 337 nm; 
puls width, 3 ns; focus diameter, 0.1 mm; accelera-
tion voltage, 16 kV; drift length, 1 m; data logging 
with LeCroy9450A (Qa’dan et al., 2003); sampling 

time, 2.5 ns; expected mass accuracy, ± 0.1%; sam-
ple preparation, acetylated compounds were de-
posited from a solution in CHCl3 on a thin layer 
of 2,5-dihydroxybenzoic acid (DHB) crystals. An-
alytical TLC was done on silica gel GF254 plates 
(Merck) with the mobile phase EtOAc/HCOOH/
H2O (18:1:1). Compounds were visualized as red 
spots by spraying with vanillin/HCl. Optical ro-
tation ([α]) was measured using a Perkin-Elmer 
polarimeter 241.

Plant material

Mangifera indica L. leaves were collected from 
nine-year-old trees grown around the Dead Sea in 
Jordan in July 2007 and identifi ed in comparison 
with authentic Mangifera indica obtained from the 
University of Jordan, Amman. A voucher speci-
men is deposited at the University of Muens ter, 
Germany (no. 1701).

Chemicals and reagents

COX-1 and COX-2 were purchased from Sig-
ma (Munich, Germany). 14C-Labeled arachidonic 
acid [>200 µCi (370 kBq), NEN)] was purchased 
from New England Nuclear Co. (Boston, USA). 
Other chemicals and reagents were purchased 
from Roth Chemicals (Muenster, Germany).

Extraction and isolation

The air-dried material (2 kg) was exhaustively 
extracted with Me2CO/H2O (7:3, 12 l), and the 
combined extracts were evaporated in vacuo to 
1.5 l, fi ltered to remove the precipitated chloro-
phyll, concentrated and defatted with petroleum 
ether (30 – 50 °C). Successive extractions with 
EtOAc (7.5 l) gave, on evaporation of the sol-
vent, 32.3 g of a solid. The remaining H2O phase 
(WP) was evaporated to dryness (282 g). 30.0 g 
of the EtOAc fraction were subjected to CC on 
a Sephadex LH-20 column (5.5 × 68 cm) eluted 
with EtOH/H2O (6 l), EtOH/MeOH (1:1, 7 l), 
MeOH (3 l), and acetone/H2O (7:3, 4 l) to give 
10 fractions. Fraction 3 (3800 – 4200 ml, 1.1 g) was 
subjected to chromatography on an MCI gel CHP 
20 P column (25 × 250 mm) eluted with a 10 – 80% 
MeOH linear gradient (17 ml/fraction) to afford 
epicatechin (3) (subfractions 29 – 41, 201 mg) and 
catechin (2) (subfractions 69 – 89, 23 mg). Fraction 
4 (4200 – 4770 ml, 1.5 g) was separated on an MCI 
gel column with the same gradient as above to 

Table I. IC50 values of isolated compounds as inhibitors 
of COX-1 and COX-2a.

Compound COX-1 [µM] COX-2 [µM]

RE 77.3 ± 1.2 39.7 ± 0.6 
1 71.1 ± 1.0 28.4 ± 0.5
2 187.3 ± 2.7 137.5 ± 3.2
3 185.4 ± 2.1 143.2 ± 1.7
4 162.1 ± 2.2 148.1 ± 1.5 
5 73.7 ± 1.1 123.2 ± 2.7
6 77.2 ± 0.9 130.2 ± 1.2
7 81.2 ± 0.8 125.5 ± 2.2

Aspirin 20.5 ± 0.3 18.0 ± 0.2

a Values are means of data obtained from three differ-
ent assays. RE, raw extract.
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afford epigallocatechin (4) (subfractions 32 – 37, 
43 mg). Fraction 5 (4770 – 5700 ml, 3.5 g) was sepa-
rated on an MCI gel column to afford epicatechin-
(4β→8)-catechin (7) (subfractions 90 – 105, 49 mg). 
Catechin-(4α→8)-catechin (5) was achieved from 
fraction 6 (5700 – 6300 ml, 20 mg) following MCI 
gel chromatography (subfractions 41 – 49, 17 mg). 
Catechin-(4α→6)-catechin (6) was isolated from 
fraction 9 (9700 – 9900 ml, 12 mg) following MCI 
gel chromatography as described above (subfrac-
tions 26 – 31, 18 mg). All compounds were identi-
fi ed after acetylation by their physical data (NMR, 
MS, CD) and by comparison with authentic sam-
ples and published values (De Mello et al., 1996; 
Ploss et al., 2001; Qa’dan et al., 2003).

A portion (100 g) of the water phase was suc-
cessively subjected to CC on a Sephadex LH-20 
column (55 × 900 mm) with 5 l EtOH/H2O and 
10 l MeOH/H2O (1:1) to afford 8 fractions.

Epigallocatechin-3-O-gallat-(4β→8)-epi-
gallocatechin-(4β→8)-catechin (1): Fraction 5 
(7800 – 8200 ml, 360 mg) achieved from Sepha-
dex LH-20 CC was subjected to chromatography 
on an MCI gel CHP 20P column (25 × 450 mm) 
with a 10 – 60% MeOH linear gradient (16 ml/
subfraction) to afford an amorphous white pow-
der (subfractions 22 – 28, 21 mg); [α]20

D +103.3° (c 
0.15, MeOH). 8 mg were acetylated to give 1a: 
 MALDI-TOF-MS: m/z = 1873 [M + Na]+. – CD: 
[θ]272 –11341º, [θ]254 +675º, [θ]237 –30157º, [θ]217 
+68734º, [θ]213 +65215º, [θ]209 +70896º. – 1H NMR 
(CDCl3, 400 MHz): δ = 1.92–2.33 (m, Ac), 2.28 [m, 
H-4 (I)], 2.62 [m, H-4 (I)], 4.55 [brs, H-4 (C)], 4.62 
[d, J = 2.3 Hz, H-4 (F)], 4.86 [m, H-3 (C)], 4.95 
[m, H-3 (F)], 5.23 [m, H-3 (I)] 5.41 [brs, H-2 (I)], 
5.57 [brs, H-2 (C)], 5.73 [brs, H-2 (F)], 6.05 [d, J = 
2.3 Hz, H-8 (A)], 6.24 [dd, J = 2.3 and 8.3 Hz, H-6’ 
(H)], 6.33 [d, J = 2.3 Hz, H-6 (A)], 6.38 [s, H-6 
(D)], 6.44 [d, J = 2.1 Hz, H-2’ (H)], 6.84 [brs, H-
2’/H-6’ (B)], 6.90 [brs, H-2’/H-6’ (E)], 7.05 [d, J = 
8.3 Hz, H-5’ (H)], 7.61 [brs, H-2’/H-6’ (J)]. – 13C 
NMR (CDCl3, 150 MHz): δ = 27.5 [C-4 (I)], 31.8 
[C-4 (C)], 33.2 [C-4 (F)], 66.9 [C-3 (I)], 68.2 [C-3 
(C)], 69.5 [C-3 (F) and C-2 (F)], 73.4 [C-2 (C)], 
74.7 [C-2 (I)], 107.9 [C-8 (A)], 109.7 [C-6 (A)], 
110.6 [C-4a (G)], 111.0 [C-4a (A)], 111.5 [C-6 
(D)], 112.6 [C-4a (D)], 115.5 [C-8 (G)], 117.1 [C-8 
(D)], 118.5 [C-2’(H), C-2’ (E), and C-6’ (E)], 119.4 
[C-2’ (B) and C-6’ (B)], 121.6 [C-6’ (H)], 122.5 
[C-3’’ (J) and C-5’’ (J)], 123.1 [C-5’ (H)], 127.1 
[C-1’’ (J)], 133.7 [C-1’ (E)], 134.3 [C-4’ (E)], 135.0 

[C-1’ (H)], 135.3 [C-4’ (B)], 135.5 [C-1’ (B)], 141.4 
[C-4’ (H)], 142.0 [C-3’ (H)], 142.1 [C-3’ (E) and 
C-5’ (E)], 143.2 [C-3’’ (J) and C-5’’ (J)], 147.1 [C-7 
(D)], 148.1 [C-5 (G)], 149.4 [C-7 (A)], 150.8 [C-
8a (G)], 153.4 [C-8a (D)], 155.9 [C-8a (A)], 162.4 
[C-1a (J)].

Purifi ed proanthocyanidin 1 (10 mg) was re-
acted with phloroglucinol (10 mg) in 1% HCl in 
EtOH (1 ml) for 15 min at room temperature with 
continuous shaking (Foo and Karchesy, 1989). The 
solution was then concentrated under a stream of 
N2 to dryness and purifi ed by preparative TLC. 
The main phloroglucinol adduct was further pu-
rifi ed by preparative TLC on cellulose (t-BuOH/
CH3COOH/H2O).

Effect on cyclooxygenase-1 and -2

The effect on cyclooxygenase-1 and -2 (COX-
1 and COX-2) was determined by measuring the 
PGE2 production. The reaction mixtures were 
prepared in tris(hydroxymethyl)aminomethane-
HCl buffer (pH 8.0), containing glutathione 
(350 µM), epinephrine (350 µM), hematin (1.5 µM), 
enzyme (COX-1 or COX-2, 50 µl), and various 
concentrations of extracts or isolated compounds. 
For starting the reaction, 1 – 14C arachidonic acid 
(10 µl) was added. The mixture was fi rst incu-
bated for 30 min at 37 ºC, then the reaction was 
terminated by adding the reaction mixture (20 µl) 
to 30 µM indomethacin (200 µl). Arachidonic acid 
and its radiolabeled metabolites were separated 
and determined by reversed-phase HPLC using 
a Berthold radioactivity monitor (Pharma Tech 
R & D, Amman, Jordan). Inhibition refers to the 
reduction of PGE2 formation, in comparison to a 
blank run without inhibitor. Aspirin was used as 
a positive control. The results are means of three 
independent experiments.

Acknowledgements

We acknowledge the University of Petra (Jor-
dan) for a grant and the help of Dr. H. Lahl (In-
stitut fuer Pharmazeutische Chemie, Muens ter, 
Germany), Ms. M. Heim for the NMR spectra, Dr. 
H. Luftmann (Institut fuer Organische Chemie, 
Muenster, Germany) for the  MALDI-MS spectra, 
H. Manasra (Pharma Tech R & D, Amman, Jor-
dan) for the HPLC determinaion of radiolabeled 
metabolites, and Prof. Dr. V. Buß (Theoretische 
Chemie, Duisburg, Germany) for the CD spec-
tra.



326 K. Tawaha et al. · Bioactive Prodelphinidin

Aderibigbe A.-O., Emudianughe T.-S., and Lawal B.-A. 
(2001), Evaluation of the antidiabetic action of Man-
gifera indica in mice. Phytother. Res. 15, 456 – 458.

Anjaneyulu V., Babu I.-S., and Connolly J.-D. (1994), 
29-Hydroxy mangiferonic acid from Mangifera in-
dica. Phytochemistry 35, 1301 – 1303.

Balas L. and Vercauteren J. (1994), Extensive high-res-
olution reverse 2D NMR analysis for the structural 
elucidation of procyanidin oligomers. Magn. Reson. 
Chem. 32, 386 – 393.

Clavin M., Gorzalczany S., Macho A., Muñoz E., Fer-
raro G., Acevedo C., and Martino V. (2007), Anti-in-
fl ammatory activity of fl avonoids from Eupatorium 
arnottianum. Ethnophamacology 112, 585 – 589.

Cos P., De Bruyne T., Hermans N., Apers S., Berghe 
D.-V., and Vlietinck A.-J. (2004), Proanthocyanidins 
in health care: current and new trends. Curr. Med. 
Chem. 11, 1345 – 1359.

Danne A., Petereit F., and Nahrstedt A. (1994), Flavan-
3-ols, prodelphinidins and further polyphenols from 
Cistus salvifolius. Phytochemistry 37, 533 – 538.

De Mello J.-P., Petereit F., and Nahrstedt A. (1996), Fla-
van-3-ols and prodelphinidins from Stryphnodendron 
adstringens. Phytochemistry 41, 807 – 813.

Foo L.-Y. and Karchesy J.-J. (1989), Procyanidins poly-
mers of douglas fi r bark: Structure from degradation 
with phloroglucinol. Phytochemistry 28, 3185 – 3190.

Garrido G., Gonzalez D., Delporte C., Backhouse N., 
Quintero G., Nunez-Selles A.-J., and Morales M.-A. 
(2001), Analgesic and anti-infl ammatory effects of 

Mangifera indica L. Extract (Vimang). Phytother. 
Res. 15, 18 – 21.

Makare N., Bondhankar S., and Rangari V. (2001), 
Immunomodulatory activity of alcoholic extract of 
Mangifera indica Linn. in mice. J. Ethnophamacol. 
78, 133 – 137.

Ploss O., Petereit F., and Nahrstedt A. (2001), Procyani-
dins from the herb of Hypericum perforatum. Phar-
mazie 56, 506 – 511.

Qa’dan F., Petereit F., and Nahrstedt A. (2003), Prodel-
phinidin trimers and characterization of a procya-
nidin oligomer from Cistus albidus. Pharmazie 58, 
416 – 419.

Sairam K., Hemalatha S., Kumar A., Srinivasan T., 
Ganesh J., Shankar M., and Venkataraman S. (2003), 
Evaluation of anti-diarrhoeal activity in seed extracts 
of Mangifera indica. J. Ethnopharmacol. 81, 11 – 15.

Saleh N.-A. and El-Ansari M.-A. (1975), Polyphenolics 
of twenty local varieties of Mangifera indica. Planta 
Med. 28, 124 – 130.

Scartezzini P. and Speroni E. (2000), Review on some 
plants of Indian traditional medicine with antioxi-
dant activity. J. Ethnophamacol. 71, 23 – 43.

Selles N.-A.-J., Aguero-Aguero J., Castro H.-T.-V., 
Gonzalez J., Nadeo F., De Simone F., and Rastelli L. 
(2002), Isolation and quantitative analysis of phenol-
ic antioxidants, free sugars, and polyols from mango 
(Mangifera indica L.) stem bark aqueous decoction 
used in Cuba as a nutritional supplement. J. Agric. 
Food Chem. 50, 762 – 766.




