eibps, 2016, Volume 3, Issue 10, 393-396. Research Article SJIF Impact Factor 3.881
EUROPEAN JOURNAL OF BIOMEDICAL 1SS 23498870
olume:
AND PHARMACEUTICAL SCIENCES Issue: 10
http://www.ejbps.com Yi’zi:?;%ﬁe

PHYTOCHEMICAL INVESTIGATION OF THE LEAVES OF FICUS PANDURATA
SANDER

Mohammed Ali** and Shahnaz Sultana®?

'Phytochemistry Research Laboratory, Faculty of Pharmacy, Jamia Hamdard, New Delhi - 110 062, India.
*Present address: College of Pharmacy, Jazan University, Jazan, Saudi Arabia.

*Corresponding Author: Mohammed Ali

Phytochemistry Research Laboratory, Faculty of Pharmacy, Jamia Hamdard, New Delhi - 110 062, India.

Article Received on 08/08/2016 Article Revised on 29/08/2016 Article Accepted on 20/09/2016

ABSTRACT

Ficus pandurata Sander, syn. F. lyrata Warb. (Moraceae) is a medium size tree native to tropical Africa,
Mediterranean region, India, Saudi Arabia, China and Japan. Its fruit, root and leaves are used to relieve
gastrointestinal, respiratory, inflammatory and cardiovascular disorders, asthma, cough, sexual diseases, ear-ache,
toothache, migraine, eye troubles, scabies, gonorrhea, paralysis, bone fracture and as an anthelmintic, antiseptic,
antitumor and astringent. Phytochemical investigation of a methanolic extract of the leaves of F. pandurata
resulted in the isolation of B-sitosterol (1), ursolic acid (2), siaresinolic acid (3) and p-sitosterol 3-f-D-
glucopyranoside (4). The structures of all the isolated phytoconstituents have been established on the basis of

spectral data analysis and chemical reactions.

KEYWORDS: Ficus pandurata Sander, leaves, chemical constituents, isolation, characterization.

INTRODUCTION

Ficus pandurata Sander; syn. Ficus lyrata Warb.
(Moraceae), known as fiddle leaf fig or banjo fig, is an
evergreen tree, upright, medium size tree with an
attractive shape and large green fiddle-shaped leaves, up
to 15 m in height. It is a native to tropical western and
central Africa from Cameroon west to Sierra Leone™;
grown as an ornamental and shade tree in the United
States, Florida, El Salvador, Nicaragua, Columbia,
Chile, Cameroon, Hawai'ian Islands®® in the
Mediterranean region from Turkey to Spain and
Portugal; and to a small extent, in India, Saudi Arabia,
China and Japan®®. Its trunk is solitary with rough,
scaling bark; no aerial and surface roots, leaves simple,
alternate, fiddle-shaped in outline, with  prominent
venation, undulate margins, dark greent?.

The bark of the species is used for its gums and
resins!"®. Its fruit, root and leaves are utilized to treat
colic, indigestion, loss of appetite, diarrhea, sore throats,
coughs, bronchial problems, inflammation and
cardiovascular  disorders. Fig is wuseful as a
cardiovascular, respiratory, antispasmodic and anti-
inflammatory remedy'®l. In Pakistan, the whole plant is
taken to alleviate gastrointestinal problems, diabetes,
asthma, cough, sexual disorders, diarrhea, earache,
toothache, migraine, eye troubles, scabies, gonorrhea,
bleeding, paralysis, bone fracture and as an anthelmintic,
antiseptic, antitumor and astringent’. F. pandurata
possessed  bioactive compounds such as arabinose,
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B-amyrin, B-carotenes, glycosides, [-sitosterol and
xanthotoxol™®™, The fruits and leaves contained
flavonoids, phenolic acids and fatty acids™™?. The leaves
yielded 5, 6-dihydroxy-2-methylchromone, flavonoids,
B-sitosterol-D-glucoside and ursolic acid™*.. A
saponified n-hexane extract of the leaves afforded n-
heptacosane, fB-sitosterol and palmitic, carboceric, and
linoleic acids™. The plant part extracts exhibited
antimicrobial®'*®] " analgesic, antinociceptive®® and
antioxidant™™>'% activities. This paper describes isolation
and characterization of steroidal and triterpenic
constituents from the leaves of F. pandurata.

EXPERIMENTAL

General

Melting points were determined on a Perfit melting
apparatus (Ambala, Haryana, India) and are uncorrected.
UV spectra were measured with a Lambda Bio 20
spectrophotometer (Perkin Elmer Rotkreuz, Switzerland)
in methanol. Infra red spectra were recorded on a Bio-
Rad FTIR 5000 (FTS 135, Kawloon, Hong Hong)
spectrophotometer using KBr pellets. *H and *C NMR
spectra were scanned on Advance DRX Bruker
spectrospin 400 and 100 MHz, respectively, instruments
(Karlsruhe, Germany) using TMS as an internal standard.
Mass spectra were obtained by effecting FAB ionization
at 70 eV on a JEOL-JMS DX 303 spectrometer (Japan)
equipped with direct inlet probe system. Column
chromatography was performed on a silica gel (60-120
mesh, Qualigen, Mumbai, India) column. TLC was run
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on silica gel G (Qualigen) coated plates. Spots were
visualized by exposing to iodine vapors, UV radiation
and spraying with ceric sulfate solution.

Plant Material

The leaves of F. pandurata. were procured from Delhi
and identified by Prof. M.P. Sharma, Department of
Botany, Jamia Hamdard, New Delhi.

Extraction and Isolation

The air-dried aerial parts (500 g) were coarsely
powdered and extracted with methanol exhaustively in a
Soxhlet apparatus. The combined extracts were filtered
and concentrated under reduced pressure to get a dark
brown viscous mass (51.2 g, 10.2%). The dried extract
was dissolved in minimum quantity of methanol and
adsorbed on silica gel (60-120 mesh) for preparation of a
slurry. It was dried in air and chromatographed over a
silica gel column (1.6 m x 16 mm x 2 mm) packed in
petroleum ether. The column was eluted successively
with different solvents in increasing order of polarity in
various combinations of petroleum ether, chloroform
and methanol in order of increasing polarity. The
fractions were collected separately and matched by TLC
to check homogeneity. Similar fractions having the same
R values were combined and  crystallized. The isolated
compounds were recrystallized to get pure compounds.
The  following compounds were isolated from the
methanolic extract of the leaves of F. pandurata:

B-Sitosterol (1)

Elution of the column with petroleum ether — chloroform
(3:1) yielded colourless amorphous powder of 1, yield
127 mg, m.p. 137-138 °C; UV ; . (MeOH): 211 nm
(log € 2.9); IR vpa (KBr): 3401, 1654 cm™; 'H NMR
(CDCly): & 5.34 (1H, m, H- 6), 3.54 (1H, brs, w ,,= 18.5
Hz, H- 3), 1.01 (3H, brs, M- 19), 0.94 (3H, d, J= 6.2 Hz,
Me- 21), 0.87 (3H, d, J= 6.5 Hz, Me- 27), 0.84 (3H, J=
6.3 Hz, Me- 26), 0.82 (3H, t, J=6.1 Hz, Me- 29), 0.67
(3H, brs, Me-18), 2.28 — 1.05 (29H, 11 x CH,, 7 x CH);
BC NMR (CDCly): & 37.28 (C- 1), 31.93 (C- 2), 71.81
(C- 3), 42.34 (C- 4), 140.78 (C- 5), 121.68 (C- 6), 29.33
(C-7), 34.23 (C- 8), 50.21 (C- 9), 36.14 (C- 10), 22.66
(C- 11), 38.89 (C- 12), 39.81 (C- 13), 56.80 (C- 14),
27.21 (C- 15), 28.22 (C- 16), 56.11 (C- 17), 11.85 (C-
18), 19.33 (C- 19), 36.73 (C- 20), 19.03 (C- 21), 33.98
(C- 22), 26.18 (C- 23), 45.90 (C- 24), 29.68 (C- 25),
21.07 (C- 26), 19.78 (C- 27), 24.94 (C- 28), 11.97 (C-
29); +ve ion FAB MS m/z (relint): 415 [M+H]"
(Co9Hs510) (15.1), 398 (100), 383 (13.5).

Ursolic acid (2)

Elution of the column with petroleum ether — chloroform
(1:1) eluent gave crystals of 2, recrystallized from
acetone, 79 mg; m.p. 286 - 288° C; Liebermann—
Burchard test positive; IR Vmax (KBr): 3358, 3211,
2925, 2853, 1691, 1645, 1455, 1381, 1256, 1167, 1035,
981 cm*; *H NMR (CDCly): & 5.25 (1H, d, J = 10.9 Hz,
H-12), 3.48 (1H, dd, J = 5.6, 9.1 Hz, H-3p), 1.24 (3H, s,
Me-23), 1.03 (3H, s, Me-25), 0.91 (3H, s, Me-24), 0.87
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(3H, d, J = 6.5 Hz, Me-30), 0.81 (3H, d, J = 6.5 Hz, Me-
29), 0.78 (3H, s, Me-27 ), 0.65 (3H, s, Me-26), 2.01-
1.17 (23 H, 9 x CH, , 5 x CH); **C NMR (CDCl): §
39.05 (C-1), 27.67 (C-2), 76.8.6 (C-3), 39.14 (C-4),
55.45 (C-5), 18.67 (C-6), 33.46 (C-7), 39.79 (C-8),
47.73 (C-9), 37.23 (C-10), 23.94 (C-11), 124.53 (C-
12), 139.67 (C-13), 42.38 (C-14), 28.29 (C-15), 24.53
(C-16), 47.53 (C-17), 53.08 (C-18),39.99 (C-19), 39.92
(C-20), 31.16 (C-21), 34.67 (C-22), 28.97 (C-23), 15.66
(C-24), 15.89 (C-25), 16.72 (C-26), 23.52 (C-27), 177.75
(C-28), 17.69 (C-29), 21.73 (C-30); +ve FAB MS m/z
457 [M+H]" (Cs0H03) (16.6), 440 (21.7), 410 (19.1),
248 (32.1), 189 (31.3), 174 (15.9), 159 (17.8).

Siaresinolic acid (3)

Elution of the column with chloroform eluent afforded
colourless crystals of 3, recrystallized from acetone, 114
mg; m.p. 272 - 273° C, IR Ymax (KBr): 3425, 3238,
2929, 2861, 1693, 1637, 1455, 1384, 1031, 981 cm*; 'H
NMR (CDCls): § 5.17 (1H, d, J = 8.4 Hz, H-12), 4.32
(1H, d, J =5.1 H-19p), 3.39 (1H, dd, J = 5.6, 9.5 Hz, H-
3p), 2.97 (1H, s, J = 5.1 Hz, H-18 B), 1.25 (3H, s, Me-
23), 1.08 (3H, s, Me-25), 0.93 (6H, s, Me-29 ), 0.91
(3H, s, Me-26), 0.88 (3H, s, Me-24), 0.73 (3H, s, Me-
27), 0.65 (3H, s, Me-30), 2.27-1.27 (20 H, 9 x CH, , 2
x CH); *C NMR (CDCly): & 38.32 (C-1), 22.27 (C-2),
80.64 (C-3), 37.29 (C-4), 55.34 (C-5), 18.71 (C-6), 32.66
(C-7), 39.90 (C-8), 47.63 (C-9), 36.96 (C-10), 23.53
(C-11), 121.53 (C-12), 145.38 (C-13), 41.83 (C-14),
26.29 (C-15), 26.23 (C-16), 32.53 (C-17), 47.37 (C-18),
76.69 (C-19), 31.2 2 (C-20), 34.86 (C-21), 37.13 (C-
22), 16.78 (C-23), 28.47 (C-24), 15.51 (C-25), 16.25 (C-
26), 25.92 (C-27), 178.08 (C-28), 33.39 (C-29), 19.47
(C-30); +ve FAB MS m/z 473 [M+H]" (C3Has04) (2.6),
427 (9.1), 265 (8.1), 248 (11.2), 220 (21.3), 207 (12.2),
203 (24.9), 189 (25.4), 174 (14.9), 119 (74.7), 107
(61.1).

p-Sitosterol 3-B-D-glucopyranoside (4)

Elution of the column with chloroform- methanol (9:1)
furnished colourless amorphous powder of 4,
recrystallized from methanol, yield: 200 mg; R 0.35
(chloroform: methanol, 9: 1); m.p. 265- 267 °C, UV ,
max (MeOH): 241 nm (log & 2.9); IR vmay (KBI): 3401,
3321, 2918, 2849, 1654, 1377, 1261, 1172, 1082 cm™;
'H NMR (CDCls): & 5.34 (1H, m, H- 6), 5.11 (1H, d, J=
7.2 Hz, H- 1), 4.37 (1H, m, H- 5"), 4.31 (1H, m, H- 4,
4.16 (1H, m, H- 3"), 3.91 (1H, m, H- 2"), 3.54 (1H, brs, w
= 18.5 Hz, H- 3), 3.37 (2H, brs, H,- 6'), 0.99 (3H, brs,
M- 19), 0.92 (3H, d, J= 6.2 Hz, Me- 21), 0.87 (3H, brs,
Me- 27), 0.84 (3H, brs, Me- 26), 0.82 (3H, brs, Me- 29),
0.67 (3H, brs, Me- 18); **C NMR (CDCls): & 37.28 (C-
1), 31.93 (C- 2), 70.62 (C- 3), 42.33 (C- 4), 140.31 (C-
5), 122.10 (C- 6), 29.33 (C- 7), 34.23 (C- 8), 50.21 (C-
9), 36.14 (C- 10), 22.66 (C- 11), 38.89 (C- 12), 39.78 (C-
13), 56.18 (C- 14), 27.21 (C- 15), 28.22 (C- 16), 56.12
(C- 17), 11.85 (C- 18), 19.33 (C- 19), 36.73 (C- 20),
19.03 (C- 21), 33.98 (C- 22), 26.18 (C- 23), 45.68 (C-
24), 29.68 (C- 25), 21.07 (C- 26), 19.78 (C- 27), 24.94
(C- 28), 14.07 (C- 29), 101.20 (C-1%), 73.92 (C- 29,
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68.61 (C- 3'), 73.62 (C- 4'), 78.58 (C- 5'), 62.11 (C- 6");
+ve ion FABMS m/z (rel.int.): 576 [M]" (CssHeoOg)
(11.3), 413 [M- CgH1;0s]" (10.1), 398 (100).

RESULTS AND DISCUSSION

Compound 1 showed IR absorption bands for hydroxyl
group (3401 cm™) and unsaturation (1654 cm™). Its mass
spectrum had a molecular ion peak at m/z 414 (C,9H5,0).
The 'H NMR spectrum of 1 displayed signals for
carbinol proton at 6 3.54 as a broad singlet with half
width of 18.5 Hz, vinylic proton signal at & 5.34 and
methyl proton signals between & 1.01 — 0.67. Its °C
NMR spectrum exhibited signals for vinylic (& 140.78,
C-5; 121.68, C-6) and carbinol (& 71.81) carbons. On the
basis of spectral data analysis and comparison with the
reported values®?? the structure of 1 was determined
as [-sitosterol.

Compound 2, [M+H]" at m/z 457 (C3Hg0s) was
characterized as ursolic acid on the basis of spectral data
analysis and comparison of the spectral values with the
reported datal®24.

Compound 3 responded for Liebermann-Burchard test
positively and vyielded effervescences with sodium
bicarbonate solution. Its IR spectrum showed absorption
bands for hydroxyl groups (3425 cm™), carboxylic
function (3238, 1693 cm™) and unsaturation (1637 cm™).
On the basis of it mass and *C NMR spectra, its
molecular ion peak was established at m/z 473 [M+H]"
consistent with a molecular formula of a pentacyclic
triterpenoid CsoH4904. The important ion peaks arising
at m/z 207 and 265 arising due to retro-Diels Alder

c170a7

Siaresinolic acid (3)
CONCLUSION

Phytochemical investigation of the leaves of F. pandura
furnished steroids and pentacyclic triterpenoids which
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fragmentation, 189 [207 — H,0]" 174 [189 — Me]", 427
[M — COOH]" and 220 [265 — COOH]* indicated the
existence of the vinylic linkage in ring C at C-12, one of
the hydroxyl group placed at C-3 on the basis of
biogenetic consideration and carboxylic and hydroxyl
functions in rings D/E. The 'H NMR spectrum of 3
displayed a one-proton deshielded doublet at 6 5.17 (J =
8.4 Hz) assigned to vinylic H-12, a one-proton doublet at
8 4.32 (J = 5.1 Hz) ascribed to B-oriented H-19, a one-
proton double doublet at & 3.39 (J = 5.6, 9.5 Hz)
accounted to carbinol H-3p proton and seven three-
proton singlets between & 1.25 — 0.65 associated with
the tertiary methyl protons, all of them were attached to
the saturated carbons. The remaining methine and
methylene protons appeared from § 2.27 to 1.27. The
B3C NMR spectrum of 3 exhibited the presence of 30
carbon signals. The important signals appeared for
vinylic carbons at & 121.53 (C-12) and 145.38 (C-13)
and carboxylic carbon at & 178.08 (C-28), carbinol
carbons at & 80.64 (C-3) and 76.69 (C-19) and methyl
carbons between & 33.39 — 15.51. On the basis of the
foregoing account the structure of 3 has been established
as olean-12-en-3B, 19a-diol-28-oic acid (siaresinolic
acid). This is a rare triterpenic acid and recently isolated
from Sabicea grisea var. grisea®.

The compound 4, [M]* at m/z 576, responded to
glycoside tests positively and showed IR absorption
bands for hydroxyl groups (3401, 3321 cm™) and
unsaturation (1654 cm™). On the basis of 'H and **C
NMR spectra analysis’®>? its structure was elucidated
as B-sitosterol 3-B-D-glucopyranoside.

QOoH

CHs

HO
B-Sitosterol 3-B-D-glucopyranoside (4)

OH

may be wused as chromatographic markers for

identification of the drug.

395



Ali et al.
REFERENCES
1. Brickell C, Zuk JD. The American Horticultural

10.

11.

12.

Society A-Z Encyclopedia of Garden Plants. DK
Publishing Inc., NY: 1997.

Dehgan B. Landscape Plants for Subtropical
Climates. University Press of Florida, Gainesville,
FL: 1998.

Wagner WL, Herbst DR, Sohmer SH. 1999. Manual
of the Flowering Plants of Hawai'i. Bishop Museum
Special Publication 83, University of Hawai'i and
Bishop Museum Press, Honolulu, HI : 1999, vol.2.
Hanelt P, Buttner R, Mansfeld R. Mansfeld's
Encyclopedia of Agricultural and Horticultural
Crops (except Ornamentals). Berlin, Germany:
Springer: 2001.

Kuete V, Ngameni B, Simo CC, Tankeu RK,
Ngadjui BT, Meyer JJ, Lall N, Kuiate
JR: Antimicrobial activity of the crude extracts and
compounds from Ficus chlamydocarpa and Ficus
cordata (Moraceae). J Ethnopharmacol; 2008;
120(1): 17-24.

Bidarigh S; Khoshkholgh PM.R.M ; Massiha A.
Issazadeh Kh. In vitro anti-Candida activity of Ficus
lyrata L. Ethyl acetate latex extract and Nystatin on
clinical Isolates and Standard strains of Candida
albicans. International Conference on
Biotechnology and Environment Management
IPCBEE ACSIT Press, Singapoore, 2011; 18: 115-
119.

Gilman EF, Watson DG., Ficus lyrata, Fact Sheet
ENH 413. Environmental Horticulture Department,
Institute of Food and Agricultural Sciences (IFAS),
University of Florida, Florida, USA:
2014, http://edis.ifas.edu/pdffiles/ST/ST25400.
Vascular Plants of Antioquia. Catalogue of the
Vascular Plants of the Department of Antioquia
(Colombia), Tropicos website. St. Louis, Missouri
and Cambridge, Massachusetts, USA: Missouri
Botanical Garden and Harvard University Herbaria,
2014. http://tropicos.org/Project/CV.

Nisar MF, Jaleel F, Waseem M, Ismail S, Toor Y,
Haider SM, Zhong JL. Ethno- medicinal Uses of
Plants from District Bahawalpur, Pakistan. Current
Research Journal of  Biological Sciences. 2014;
6(5): 183-190.

Jeong WS, Lachance PA. Phytosterols and fatty
acids in fig (Ficus lyrata, var. mission) fruit and tree
components. Food Chemistry and Toxicology. 2001;
66: 278 281.

Vaya J, Mahmood S. Flavonoid content in leaf
extracts of the fig (Ficus lyrata L), carob (Ceratonia
siligua L.) and pistachio (Pistacia lentiscus L.).
Biofactors. 2006; 28: 169-175.

Farag MA, Abdelfattah MS, Badr SE, Wessjohann
LA. Profiling the chemical content of Ficus lyrata
extracts via UPLC-PDA-gqTOF-MS and
chemometrics. Nat Prod Res. 2014; 28(19): 1549 —
1556.

www.ejbps.com

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

European Journal of Biomedical and Pharmaceutical Sciences

Basudan OA, llyas M, Parveen M, Muhisen HMH,
Kumar R. A new chromone from Ficus lyrata. J
Asian Nat Prod Res. 2005; 7(1): 81-85.

Rizvi W, Rizvi M, Kumar R, Kumar A, Shukla I,
Parveen M. Antibacterial activity of Ficus lyrata -
an in vitro study. The Internet Journal of
Pharmacology. 2010; 8(2): 7 - 9.

El-Kashoury ~ SA, Hetta MH, Yassin NZ, Hassan
HM, ElI-Awdan SA, Afifi NI. Comparative DNA
profiling,  phytochemical investigation  and
biological evaluation of two Ficus species growing
in Egypt. Pharmacognosy Res. 2013; 5(4): 291-299.
Ahmad L, Beg AZ. Antimicrobial and
phytochemical studies on 45 Indian medicinal plants
against multidrug resistant human pathogens. J.
Ethnopharmacol.. 2001; 74: 113-123.

Tkachenko G, Buyun L, Osadovskyy Z, Truhan M,
Sosnowski E, Prokopiv A, Goncharenko V. In vitro
screening of antimicrobial activity of ethanolic
extract obtained from Ficus lyrata Warb.
(Moraceae) leaves. Agroecological J. 2016; 2: 155 —
160.

Mehdi SH, Parveen M, Ghalib RM, Hashim R,
Sulaiman O. Antinociceptive activity and central
depressor effects of extracts of Ficus lyrata. J
Medicinal Plants Res. 2010; 4(12): 1241-1243.
Constant AAR, Witabouna KM, Georgette KA,
Fézan Honora TF, Bassirou B. Antioxidant activity
of eight plants consumed by great apes in Cote
d’Ivoire. African J Biotechn. 2012; 11(54): 11732-
11740.

Jung WS, Chung 1, Ali M, Ahmad A. (2012). New
steroidal glycoside ester and aliphatic acid from the
fruits of Lycium chinensis. J Asian Nat Prod Res.
2012; 14(4): 301- 307.

Mustafa A, Ali M. New steroidal lactones and
homomonoterpenic glucoside from fruits of Malva
sylvestris L. Acta Poloniac Pharmac. Drug Res.
2011; 68(3): 393- 401.

Akhtar N, Ali M, Alam MS. New steroidal
glycosides from the stem bark of Mimusops elengi.
Chem Nat Compds. 2010; 46(4): 549-553.

Xia E-Q, Wang B-W, Xu X.-R, Zhu L, Song Y, Li
H-B. Microwave-assisted extraction of oleanolic
acid and ursolic acid from Ligustrum lucidum Ait.
Int. J. Mol. Sci. 2011; 12: 5319-5329.

Vetal MD, Lade VG, Rathod VK. Extraction of
ursolic acid from Ocimum sanctum leaves: kinetics
and modeling. Food and Biproducts Processing.
2012; 90(4): 793-798.

de Oliveira AM,de Araujo AF,Lyra Lemos
RP, Conserva LM, de Souza Ferro JN, Barreto E..
Antinociceptive and anti-inflammatory activity of
the siaresinolic acid, a triterpene isolated from the
leaves of Sabicea grisea Cham. & Schitdl. var.
grisea. J Nat Med. 2015; 69(2): 232-240.

396


http://edis.ifas.edu/pdffiles/ST/ST25400
http://tropicos.org/Project/CV
http://ispub.com/IJPHARM/8/2/5939
http://www.ncbi.nlm.nih.gov/pubmed/?term=El-Kashoury%20el-SA%5BAuthor%5D&cauthor=true&cauthor_uid=24174824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hetta%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=24174824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yassin%20NZ%5BAuthor%5D&cauthor=true&cauthor_uid=24174824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hassan%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=24174824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hassan%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=24174824
http://www.ncbi.nlm.nih.gov/pubmed/?term=El-Awdan%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=24174824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Afifi%20NI%5BAuthor%5D&cauthor=true&cauthor_uid=24174824
http://www.ncbi.nlm.nih.gov/pubmed/24174824
javascript:void(0);
javascript:void(0);
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Oliveira%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=25616502
http://www.ncbi.nlm.nih.gov/pubmed/25616502

