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INTRODUCTION

Ficus is an important genus of  the family Moraceae, 
comprises about 755 fig tree species worldwide and widely 
used in folk medicines.[1,2] It shows interesting spectra of  
biological activities, such as anti-oxidant,[3] anti-microbial[4] 
and anti-diabetic[5] activities. Phytochemical investigations 
have shown that genus Ficus is mainly rich in phenolics,[6-10] 

sterols and triterpenoids,[11,12] alkaloids[13] and flavonoidal 
alkaloids.[14] Surprisingly no intensive research work has 
been reported on Ficus spragueana Mildbr. and Burret species. 
We report here the isolation and structure elucidation of  a 
new flavan-3-ol dimer; (-)-afzelechin-(4α→8)-epicatechin 
1 together with two known flavan-3-ols; (-)-epiafzelechin 
2 and (-)-epicatechin 3 [Figure 1], from the ethyl acetate 
fraction of  the alcoholic extract of  Ficus spragueana leaves. 
The present work also describes the cytotoxicity evaluation 
of  compound 1 against human breast cancer (MCF7) and 
human liver cancer (HepG2) cell lines.

MATERIAL AND METHODS

General: Melting points were obtained on a Stuart SMP3 
apparatus. Optical rotations were performed with ATAGO 
P 100 (Japan). UV spectra were determined with Pye 
Unicam spp. 1750 spectrophotometer. The 1H- and 13C 
NMR measurements were obtained with a Jeol JNM ECA 
270 and 500 spectrometer operating at 500 and 270 MHz 
(for 1H) and at 125 and 67.5 MHz (for 13C) in CD3OD or 
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Figure 1: Structure of isolated compounds 1-3
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DMSO-d6 solution, and chemical shifts were expressed in 
δ (ppm) with reference to TMS, and coupling constant (J) 
in Hertz. 13C multiplicities were determined by the DEPT 
pulse sequence (135o).  COSY, HMBC, and HMQC NMR 
experiments were carried out using a Jeol JNM ECA-
500 high field spectrometer. FABMS were taken on a 
VGZAB-HF reversed geometry mass spectrometer (BE 
configuration, where “B” is a magnetic sector and “E” is 
an electrostatic analyzer) (VG Analytical, Inc.). EIMS was 
carried on 502 mass spectrometer having a direct inlet 
system and operating at 70 eV.  (samples inserted between 
180 - 240 °C), or on a VG Micromass 165 spectrometer 
at 18, 35 or 70 eV. with inlet temperature between 180-
240°C. Si gel (Si gel 60, Merck) and Sephadex  LH-20 
(Pharmacia Biotech, Sweden) were used for open column 
chromatography. TLC was carried out on precoated silica 
gel 60 F254 (Merck) plates. Developed chromatograms 
were visualized by spraying with 1% vanillin-sulphuric 
acid, vanillin-hydrochloric acid or anisaldehyde-sulphuric 
acid reagents followed by heating at 1000C for five min, or 
spraying the developed plates with ferric chloride reagent.

Plant material
Ficus spragueana leaves were collected from Orman garden, 
Giza, Egypt in March 2007, and were kindly identified by 
Dr. M. El-Gepaly, Professor of  Plant Taxonomy, Faculty 
of  Science, Cairo University, Egypt. A voucher specimen 
has been deposited in the Pharmacognosy Department, 
Faculty of  Pharmacy, Al-Azhar University, Cairo, Egypt.

Material and reagents used for cell culture and 
cytotoxicity assays
The cytotoxicity assays was carried out at the fungi 
research center, Al-Azhar university, Cairo, Egypt. The 
following material and reagents were used for cell culture 
and cytotoxicity assays. Breast MCF-7 and Liver (HepG2) 
cell lines were purchased from the American Type Culture 
Collection (ATCC). Dulbecco’s Modified Eagle Medium 
(DMEM), Roswell Park Memorial Institute (RPMI) 
1640 medium, 10 % Fetal Bovine serum (FBS), all were 
from BioWhittaker® Lonza, Belgium. Microplate reader 
(TECAN, Inc.). Flat-bottom microtiter plates, 96 well were 
from Falcon, NJ, USA. 3-(4, 5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) for viability assay 
were from Sigma (St. Louis, Mo., USA). All other chemicals 
used were of  analytical reagent grade. 

Extraction and isolation
The air dried powdered leaves of  Ficus spragueana (2kg) were 
subjected to exhaustive extraction by cold percolation with 
70% MeOH (7L x 3), 3 days each. The combined methanolic 
extracts were concentrated under vacuum at 40oC to dryness 
(300g). The concentrated methanolic extract was suspended 
in distilled water (500 ml) and defatted with petroleum ether. 

The defatted crude extract was partitioned successively with 
ethyl acetate and n-butanol to give 70 and 99 g, respectively. 
The EtOAc fraction (70g) was applied to Si gel column and 
eluted with chloroform-methanol  (100:0 → 80:20) to give 
four fractions of  A (600mg), B (300mg) C (1.75g) and D 
(830mg). Fraction C (1.75g) was rechromatographed over 
Si gel column eluted with chloroform-methanol (95:5) to 
give two fractions of  C1 (900mg) and C2 (550mg). Fraction 
C1 (900mg) was rechromatographed over Si gel column 
eluted with chloroform-methanol (95:5) to give compound 
2 (300mg) and compound 3 (600mg). Fraction D (830mg) 
was rechromatographed over Si gel column eluted with 
chloroform-methanol (90:10) to give two fractions of  D1 
(250mg) and D2 (400mg). Fraction D2 was further purified 
over Si gel column eluted with chloroform-methanol (93:7) 
to give compound 1 (300mg). All isolated compounds 1-3 
were further purified by gel filtration using Sephadex LH-20,  
eluted with methanol.

Methods and techniques for cytotoxicity evaluation 
using viability assay
Breast (MCF-7) and Liver (HepG2) cell lines were 
propagated in Dulbecco’s Modified Eagle Medium 
(DMEM) containing 10% heat-inactivated Fetal Bovine 
Serum (FBS).[15,16] All cell lines were cultivated in an 
incubator at 37oC in humidified air containing 5% CO2 
and were subcultured two times a week. For routine 
cytotoxicity assays, all cell lines were adapted to one single 
medium RBMI 1640 medium supplemented with 10% 
FBS, 2 mM L-glutamine, penicillin (100 unites/1ml), 
and streptomycin (100mg/1ml). For the micro assay, the 
growth medium was supplemented with 10 mM HPES 
(1-[2-hydroxy ethyl] piprazine-4-ethane sulfonic acid) 
buffer pH 7.3 and incubated at 37oC in CO2 incubator. Cell 
toxicity was monitored by determining the effect of  the 
test samples on cell morphology and cell viability. Cellular 
viability in the presence and absence of  experimental 
reagents was determined using the standard MTT  
(3-[4, 5-dimethyl thiazole-2-yl]-2, 5-diphenyl tetrazolium 
bromide) colorimetric assay. The assay is based on 
reduction of  MTT by the mitochondrial dehydrogenase 
of  viable cells to give a blue formazan product that can be 
measured spectrophotometrically. In brief, exponentially 
growing cells were seeded in 96-well, flat-bottomed 
microtiter plate (Falcon, NJ, USA) at a cell concentration 
of  1×104 cells per well in 100µl of  growth medium using 
a multichannel pipette. Fresh medium containing different 
concentrations of  the test sample were added in triplicate 
after 24h of  seeding. The microtiter plates were incubated 
at 37ºC in a humidified incubator with 5% CO2 for a period 
of  48h. Negative control cells were incubated without test 
samples and with or without DMSO. Cells treated with 
Vinblastine or Doxorubicin served as a positive control. 
Cell survival was evaluated by adding 10mL of  5mg/ml 
MTT in 0.1 mM, pH 7.4 phosphate buffered saline to each 
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Table 2: NMR spectroscopic data (500 MHz, CD3OD) for compound 1
Position 13C 1H (J in Hz) COSY HMBC
Upper unit

2 82.35 d 4.37, d, 9.4 3u 3u, 4u, 1`u, 2`u, 6`u
3 72.56 d 4.49, dd, 9.4/8.0 2u, 4u 2u, 4u, 10u, 8t
4 37.56 d 4.53, d, 8.0 3u 2u, 3u, 5u, 10u, 7t, 8t
5 154.95 s
6 96.28 d 5.80, d, 2.3 8u 5u, 7u, 8u, 10u
7 156.66 s
8 95.77 d 5.86, d, 2.3 6u 6u, 7u, 9u, 10u
9 154.24 s
10 106.12 s
1` 130.84 s
2` 129.22 d 7.26, d, 8.6 3`u 2u, 1`u, 3`u, 4`u, 6`u
3` 114.68 d 6.71, d, 8.6 2`u 1`u, 4`u, 5`u
4` 157.23 s - - -
5` 114.68 d 6.71, d, 8.6 6`u 1`u, 3`u, 4`u
6` 129.22 d 7.26, d, 8.6 5`u 2u, 4`u, 5`u, 2`u

Terminal unit
2 78.66 d 4.66, brs 3t 3t, 4t, 1`t, 2`t, 6`t
3 66.06 d 4.13, brs 2t, 4t 10t
4a
4b

28.76 t 2.84, dd, 16.6/4.5
2.73, dd, 16.6/3.4

3t, 4b
3t, 4a

2t, 3t, 5t, 10t
2t, 3t, 10t

5 155.86 s
6 95.18 d 6.00, s 5t, 7t, 8t, 10t
7 154.51 s
8 107.34 s
9 154.06 s
10 100.56 s
1` 130.46 s
2` 113.95 d 6.99, d, 2.3 6`t 2t, 3`t, 5`t, 6`t, 4`t
3` 144.39 s
4` 144.28 s
5` 114.59 d 6.67, d, 8.6 6`t 1`t, 3`t, 4`t
6` 117.86 d 6.75, dd, 8.6/2.3 5`t, 2`t 2t, 2`t, 4`t, 5`t

Table 1: Viability Breast MCF7 and Liver HepG2 
cell lines treated with compound 1 and its IC50 
values
Sample 
conc. (µg)

MCF7 Vinblastine HepG2 Doxorubicin
Viability 

%
Viability % Viability 

%
Viability %

50.00 79.08 7.82 28.33 10.95
25.00 84.9 15.18 43.67 14.29
12.5 90.61 29.6 60.84 16.9
6.25 97.24 48.75 79.17 21.03
3.12 98.88 60.35 88.32 30.32
1.56 100 76.24 96.46 48.25
0.78 100 100 100 100
0.00 100 100 100 100
IC50 (µg/ml) – 6.1 19.3 1.2

Vinblastine and Doxorubicin are included as positive control for cytotoxicity

well, and reincubating plates in 5% CO2/air for 4 hrs at 
37oC. Plates were then centrifuged at 1500 x g for 5 minutes 
to precipitate cells and the reduced product of  MTT (blue 
formazan). An aliquot of  100mL of  the supernatant was 
removed, and DMSO (100mL) was added to dissolve 
precipitated, reduced blue formazan. The plate was mixed 
on a micro shaker for 10 minutes, and the absorbance of  the 
plates were measured on Microplate reader (TECAN, Inc.),  
using a test wavelength of  490 nm. Treated samples were 
compared with the cell control in the absence of  the 
tested samples. The cell cytotoxic effect of  each tested 
samples was calculated [Table 1]. Percentage cell viability 
was calculated as the mean absorbance of  control cells/
mean absorbance of  treated cells. Dose–response curves 
were prepared and the IC50 value was determined [Table 1].

RESULTS 

Compound 1. A brown amorphous powder [MeOH]; mp 
250-255°C; [α]25

D -28.5° (c 1.0, MeOH); UV lmax (MeOH) 

nm: 210, 282; 1H and 13C NMR data (500 MHz for 1H and 
125 for 13C, CD3OD), are shown in Table 2; FAB mass 
spectrum: m/z 563 [M+H]+. 

Results of  cytotoxicity evaluation of  compound 1
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Compound 2. A bright yellow needles [MeOH]; mp 238–
240°C;  [α]25

D -51.0° (c 1.0, MeOH); UV lmax (MeOH) nm: 
220, 281; 1H NMR (270 MHz, DMSO-d6) δ 7.15 (2H, d, 
J=8.0 Hz, H-2`, 6`), 6.64, (2H, d, J=8.0 Hz, H-3`, 5`), 5.81, 
(1H, br s, H-8), 5.64 (1H, br s, H-6), 4.59 (1H, br s, H-2), 
3.93 (1H, m, H-3), 2.57 (1H, dd, J=16.0, 4.2 Hz, H-4α), 2.41 
(1H, dd, J=16.0, 3.3 Hz, H-4β), OH signals: 9.18, 9.03, 8.81, 
4.71; 13C NMR (125 MHz, DMSO-d6) δ 157.06 (C-7, 4`), 
156.79 (C-5), 156.29 (C-9), 130.52 (C-1`), 128.77 (C-2`, 6`), 
114.95, (C-3`, 5`), 98.96 (C-10), 95.67 (C-6), 94.66 (C-8), 
78.55 (C-2), 65.35 (C-3), 28.72 (C-4); EI mass spectrum: 
m/z (rel. int.) 274 (47.71), 240 (12.52), 166 (10.00), 152 
(11.10), 131 (4.21), 139 (100.0), 136 (34.94), 107 (75.51), 
97 (20.04), 77 (34.12), 69 (37.13), 51 (42.42), 39 (56.94).

Compound 3. A bright yellow needles [MeOH]; mp 240-
242°C; [α]25

D -59.0° (c 1.0, MeOH); UV lmax (MeOH) nm: 
218, 280; 1H NMR (270 MHz, DMSO-d6) δ 6.79 (1H, br s, 
H-2`), 6.59, (2H, br s, H-5`, 6`), 5.80, (1H, br s, H-8), 5.65 
(1H, br s, H-6), 4.60 (1H, br s, H-2), 3.92 (1H, m, H-3), 2.58 
(1H, dd, J=16.0, 4.2 Hz, H-4α), 2.42 (1H, dd, J=16.0, 3.3 
Hz, H-4β), OH signals: 9.02, 8.74, 8.66, 4.70; 13C NMR 
(125 MHz, DMSO-d6) δ 156.64 (C-7), 156.33 (C-5), 155.89 
(C-9), 144.60 (C-4`), 144.54 (C-3`), 130.74 (C-1`), 118.10 
(C-6`), 114.99 (C-5`), 114.90 (C-2`), 98.63 (C-10), 95.20 
(C-6), 94.22 (C-8), 78.17 (C-2), 65.03 (C-3), 28.33 (C-4); EI 
mass spectrum: m/z (rel. int.) 290 (55.26), 272 (100.0), 255 
(16.24), 165 (6.60), 163 (27.65), 152 (81.20), 147 (2.32), 139 
(96.17), 127 (18.58), 123 (98.78), 110 (27.32), 97 (20.04), 
77 (42.57), 69 (61.49), 51 (71.05), 39 (85.84).

DISCUSSION

Repeated chromatography of  the ethyl acetate fraction of  
Ficus spragueana leaves on silica gel columns with solvent 
systems chloroform-methanol of  different concentrations 
and Sephadex LH-20 using methanol yielded one new and 
two known flavan-3-ol derivatives 1-3.  The structure of  
the new compound 1 have been elucidated by spectroscopic 
means including 1D NMR (1H, 13C and DEPT), 2D 
NMR (COSY, HMQC and HMBC experiments), UV and 
FABMS. Identification of  known compounds 2 and 3  
were performed by comparison of  their spectroscopic 
data with those reported for the same compounds in the 
literature.[17-20]

Structure elucidation: Compound 1, was obtained as a brown 
amorphous powder. It gave a typical reddish coloration 
characteristic of  phenolics with vanillin-sulphuric acid, 
vanillin-hydrochloric acid and anisaldehyde-sulphuric 
acid reagents.[21,22] UV spectrum of  compound 1 recorded 
in methanol showed absorption maxima at 210 and 282 
characteristic for flavan-3-ols.[18,19] The molecular formula 
of  1 was inferred to be C30H26O11 from its molecular ion 
at m/z 563 [M+H]+ in positive ion mode FABMS, and the 

13C NMR spectral data [Table 2], which revealed that 1 is 
a dimeric flavan-3-ol. The presence of  two flavanyl units 
was also indicated by 13C resonances at δ 78.66 (C-2t),  
72.56 (C-3u), 66.06 (C-3t), 82.35 (C-2u), and 37.56  
(C-4u), arising from flavanyl heterocyclic rings (rings C and F).  
These signals provide a distinct key entry point into the 
two-dimensional spectra.[23] The presence of  a B-type 
dimeric proanthocyanidin was evident from that, the 1H 
NMR showed a loss of  peaks equivalent to two hydrogens 
at 2.85–2.75 ppm corresponding to the two C-4 hydrogens 
on the C ring. A new peak integrating to one hydrogen 
was found at 4.53 ppm. HMBC correlation to C-2 and 
C-3 of  the C-ring, along with HMQC data allowed for 
the identification of  this peak as the C-4 hydrogen on the 
C-ring. These signals and the absence of  H-8 of  D-ring in 
the terminal flavan unit indicated that this compound is a 
flavan dimer of  proanthocyanidin B series. In the HMQC 
spectrum, H2-4t at δ 2.84 and 2.73 correlated with C-4t at 
δ 28.76, indicating that the signal at δ 37.56 was attributable 
to C-4u, which was directly correlated with the H-4u at 
δ 4.53. In the 1H–1H COSY spectrum, the protons at δ 
2.73 and δ 4.53 correlated with the protons at δ 4.13 and 
δ 4.49, respectively. Therefore, the signals at δ 4.13 and δ 
4.49 were from H-3t and H-3u, respectively. Thus, HMQC 
analysis revealed that the chemical shifts of  C-3t and C-3u 
were δ 66.06 and δ 72.56, respectively. In the 1H NMR 
spectrum [Table 2], the one set of  meta-coupled protons 
at δ 5.80 (1H, d, J=2.3 Hz) and 5.86 (1H, d, J=2.3 Hz), was 
assigned to the H-6 and H-8 protons of  the A-ring of  the 
upper unit, respectively. Furthermore HMBC spectrum 
showed correlations between the signal at δ 5.86 and the 
signals at δ 156.66 (C-7u) and δ 154.24 (C-9u), permitting 
assignment of  the signal to H-8u. The signal at δ 5.80 was 
assigned to H-6u, owing to correlations with the signals 
at δ 156.66 (C-7u) and δ 155.86 (C-5u). The presence of  
a proton linked to the C-6 of  terminal unit, indicated that 
the C4→C8 interflavanoid linkage was the only linkage in 
compound 1. Although the 1H NMR spectrum (in CD3OD) 
showed some duplication of  signals, this was rectified by 
measurement at an elevated temperature. Duplication of  
the 1H signals described above coincided with the 4→8 
linkage in 1 between the upper and lower unit, rather 
than the less hindered 4→6 linkage. The ABMX system 
at δ 2.73-4.66 was ascribed to the F-ring protons of  the 
terminal unit. Furthermore, one AA`BB` coupling system 
[δ 7.26 (2H, d, J=8.6 Hz, H-2`, 6`), δ 6.71 (2H, d, J=8.6 
Hz, H-3`, 5`)] of  B-ring of  the upper unit and one ABX 
coupling system [δ 6.99 (1H, d, J=2.3 Hz, H-2`), δ 6.67 (1H, 
d, J=8.6 Hz, H-5`), δ 6.75 (1H, dd, J=8.6, 2.3 Hz, H-6`)] of  
E-ring of  the terminal unit were observed. These findings 
indicated that 1 was an B-type proanthocyanidin consisting 
of  one 5,7,4`-trihydroxy flavan-3-ol unit (upper) and one 
5,7,3`,4`-tetrahydroxy flavan-3-ol unit (terminal). The 13C 
NMR spectrum displayed 28 signals but it was obvious 
that two signals at δ 129.22 and 114.68 had intensities 
suggesting that they represent two carbons each. Based on 
information from DEPT editing the carbons were grouped 
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into 14 quaternary, 10 aryl and 5 aliphatic methine and one 
methylene carbons. In the 13C spectrum, the most downfield 
signals from δ 144.28 to δ 157.23 were due to the phenolic 
carbons 5, 7 and 4` of  each unit and 3` of  the terminal unit, 
as well as the C-9 of  each unit. The signals from δ 95.18 to 
δ 107.34 were ascribed to the carbons 6, 8 and 10. Finally, 
the remaining signals, from δ 113.95 to δ 130.84, were 
attributed to the carbons 1`, 2`, 5` and 6` of  each unit and 
3` of  the upper unit. In the HMBC spectrum, the proton 
at δ 4.37 was attributed to H-2u because it was correlated 
with the C-3u and two other signals at δ 129.22 and δ 
130.84 which were assigned to the C-2`u/C-6`u and C-1`u, 
respectively. Similarly, the proton at δ 4.66 was attributed 
to H-2t because it was correlated with the C-3t and three 
other signals at δ 113.95, δ 117.86 and δ 130.46 which 
were assigned to the C-2`t, C-6`t and C-1`t, respectively. 
These finding confirmed that, afzelechin is the upper unit 
while epicatechin is the terminal one. The HMBC NMR 
sequence allowed us to distinguish cross-peaks between 
the proton H-6t and the close carbons C-5t and C-7t, 
indicating that the position of  the interflavanoid linkage 
is not C4→C6. Moreover, we also observed correlations 
between the proton H-4u and the carbons C-7t, C-8t and 
C-9t confirming the C4→C8 interflavanoid linkage. The 
upper flavan-3-ol had a 2,3-trans configuration (C ring) as 
suggested by the coupling constant of  the aliphatic proton 
at δ 4.37 (1H, d, J=9.4 Hz,  H-2u). In contrast, the H-2 
and H-3 of  the F ring appear as broad singlets indicative 
of  a relative 2,3-cis-configuration for the terminal unit. Also 
the observation of  the corresponding carbon chemical 
shifts of  the flavan C-2u and C-2t carbons signalled at δ 
82.35 and 78.66 were consistent with the relative 2,3-trans 
and 2,3-cis stereochemistry for the upper and terminal 
units, respectively.[18,20,24] Consequently, compound 1 was 
characterized as (-)-afzelechin-(4α→8)-epicatechin.

Cytotoxicity evaluation of  compound 1: Cytotoxicity was 
assessed in human breast cancer (MCF-7) and human liver 
cancer (HepG2) cell lines using the viability assay.[15] Table 1 
shows the viability of  the tested cell lines and the IC50 values 
of  compound 1 in each of  the cell lines tested. Compound 1 
was relatively inactive against human breast cancer (MCF-7) 
cell line at the tested concentrations as compared with the 
standard. However, at a concentration (50 µg) it was found 
to give inhibition upon the proliferation of  examined human 
liver (HepG2) tumor cell line with much higher potency. 
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