Saudi Pharmaceutical Journal (2012) 20, 371-379

King Saud University

Saudi Pharmaceutical Journal

www.ksu.edu.sa
www.sciencedirect.com

ORIGINAL ARTICLE

Phytochemical and biological studies
of Solanum schimperianum Hochst

Mai Al-Oqail ?, Wafaa H.B. Hassan **, Mohammad S. Ahmad ?,

Adnan J. Al-Rehaily **

& King Saud University, Faculty of Pharmacy, Pharmacognosy Department, Saudi Arabia
® Zagazig University, Faculty of Pharmacy, Pharmacognosy Department, Egypt

Received 17 March 2012; accepted 25 May 2012
Available online 5 June 2012

KEYWORDS Abstract

Solanum schimperianum;
Flavonoids;
Sesquiterpene;
Antimicrobial

Chemical reinvestigation of the aerial parts of Solanum schimperianum Hochst led to the
isolation of ten compounds, lupeol (1), B-sitosterol (2), B-sitosterol glucoside (3), oleanolic acid (4),
teferidin (5), teferin (6), ferutinin (7), 5-hydroxy-3,7,4’-trimethoxyflavone (8), retusin (9) and kaempf-
erol-3-O-B-p-glucopyranoside (10). Compounds 5-7 were isolated for the first time from Solanaceae
and compounds 1-4 and 8-9 for the first time from Solanum schimperianum. The structure elucidation

of the isolated compounds was based on careful inspection of spectral data including 1D ('H and *C
NMR), 2D (1H7H COSY, HMQC and HMBC, ROESY), UV, MS and IR, in addition to, compar-
ison with literatures. The antimicrobial activity of the extracts as well as the isolated compounds was
tested. Only hexane extract showed activity against Bacillus subtilus and Staphylococcus aureus.

© 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

The genus Solanum is the largest genera of the family Solana-
ceae consisting of more than 1700 species distributed all over
the world. In Saudi Arabia, the genus is represented by about
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16 species, mainly in West and Southwest side of the country
(Chaudhary, 2001; Collenette, 1999). Several species of genus
Solanum are used in the folk medicine of different countries,
Brazil, India, Taiwan, Germany, South Africa and Kenya, as
remedy for various ailments such as hypoglycemic (Kar
et al., 2006), hepatoprotective (Son et al., 2003), hepatotonic
(De Silva et al., 2003), laxative, appetizer, cardiotonic (Mans
et al., 2004), antispasmodic, renal pain, epilepsy (Perez et al.,
2006; Schwarz et al., 2005), gastric, liver disorder (Antonio
et al., 2004; Mesia-Velal et al., 2002), treatment of bronchitis,
itches, body aches, cancer (Koduru et al., 2006; Oboh et al.,
2005). Genus solanum is a rich source for many classes of
compounds such as alkaloids (Emmanuel et al., 2006; Ndebia
et al., 2007), steroids (Ferro et al., 2005; Jairo et al., 1998;
Yoshimitsu et al., 2003) and phenolic compounds)EI-Sayed
and Hassan, 2006; Hodek et al., 2002; Sarmento Silva and
Bezerra Nascimento, 2004). Solanum schimperianum Hochst
grows throughout Southern region of Saudi Arabia. It is also
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widely distributed in the tropical Africa. The plant is locally
known as Millyan and Nakhab (Chaudhary, 2001). Solanum
schimperianum plant has no known folkloric usage. The litera-
ture survey showed the isolation of one coumarin, esculetin
and four flavonols; astragalin, isoquercitin, 3-kaempferol-dig-
lucoside and rutin, four glycoalkaloids; a-solamargine and f-
solamargine, B-solanopubamine, and y-solamarine (Al-Rehai-
ly et al., 2011; Angenot, 1969; Coune and Denoel, 1975). The
methanol extract of Solanum schimperianum was reported to
have significant antitrypanosomal activity (Abdel-Sattar
et al., 2009). The present study deals with the isolation and
characterization of ten compounds, as well as the antimicro-
bial study of the extracts and all the pure compounds.

2. Materials and methods

2.1. Plant materials

The aerial parts of Solanum schimperianum Hochst were col-
lected from Abha region in March 2005. The plant was identi-
fied by Dr. M. Atiqur Rahman Prof. of Taxonomy, College of
Pharmacy, King Saud University. A voucher specimen (#
14903) was deposited at the herbarium in the College of Phar-
macy at King Saud University (KSU).

2.2. General experimental procedure

HPLC/ESI MS is carried out using a Finnigan LCQ-DECA
mass spectrometer connected to UV detector; EI MS were
measured on Finnigan 8430 mass spectrometer; Melting points
were determined on a Mettler FP 80 Central Processor sup-
plied with a Mettler FP 81 MBC Cell Apparatus, and were
uncorrected; Specific rotations were measured as solutions in
methanol or chloroform, unless otherwise specified, on a Per-
kin—Elmer 241 Mc polarimeter, using a one-decimeter tube; In-
fra Red spectra were recorded on Perkin—Elmer FTIR model
1600 spectrophotometer, USA; '"H and '*C NMR spectra were
recorded in CDCl; and DMSO-d, on a Bruker Avance DRX —
500 instrument (Central Lab. at the College of Pharmacy,
KSU) at 500 MHz for protons and 125 MHz for carbons using
the residual solvent signal as an internal standard and/or
NMR measurements done by Prof. Dr. Peter Procksh at the
institute of Organic Chemistry and Macromolecular Chemis-
try of Heinrich-Heine University, Diisseldorf. '"H and '*C
NMR spectra were recorded at 300 K on Bruker DPX 300,
ARX 400, 500 or AVANCE DMX 600 NMR spectrometers.
All 1D and 2D spectra were obtained using the standard Bru-
ker software.

2.3. Extraction and Isolation

The dried and grounded aerial parts of Solanum schimperia-
num (2.4 kg) were consecutively extracted at room temperature
with n-hexane (3 x 5 L) and ethyl acetate (3 x 5 L) to yield after
evaporation in vacuo A, 5.24 g and B, 25.32 g.

n-Hexane extract (A, 5 g) was chromatographed on a silica
gel column. The elution was started with petroleum ether and
ethyl acetate and polarity was increased up to 3:1. The col-
lected fractions (100 ml each) were pooled according to their
TLC behavior into 5 fractions. Fraction 1 (900.23 mg) gave

1 (153.2 mg, 3.06%) by crystallization in a mixture of chloro-
form and methanol. Fraction 2 (350.50 mg) was crystallized to
afford 72.8 mg of compound 2 1.46%. Fraction 3 (879.76 mg)
was rechromatographed over silica gel using petroleum ether
and ethyl acetate (1:3) afforded 3 (100.3 mg, 2.01%). Repeated
crystallization of fraction 4 (935.45 mg) from methanol affor-
ded 4 (50.30 mg, 1.01%). Fraction 5 (1.52 g) was chromato-
graphed over silica gel column and eluted using increased
polarity of methanol in chloroform (0-10%) and resulted in
four pooled subfractions (i-iv). Compounds 5 (17.23 mg,
0.34%) and 6 (12.31 mg, 0.34%) were isolated from subfrac-
tions (i) (200.53 mg) and (i1)) (320.73 mg) were chromato-
graphed over chromatotron (1 mm plate) using 5% and 10%
ethyl acetate in hexane respectively. while subfraction (iii)
(680.43 mg) was chromatographed over chromatotron (2 mm
plate) using 20% ethyl acetate in hexane gave 7 (108.12 mg,
2.16%).

The ethyl acetate extract, (B, 10 g), was chromatographed
over silica gel column using petroleum ether with increasing
amount of ethyl acetate. Fractions eluted with 5% ethyl ace-
tate in petroleum ether afforded 8 (12.11 mg, 0.12%). Frac-
tions eluted with 10% ethyl acetate in petroleum ether
afforded 9 (5.13 mg, 0.05%). The impure fractions were pooled
together (5.21 g) and chromatographed over silica gel column
using chloroform with increasing polarity with methanol.
Fraction at 50% methanol in chloroform (1.53 g) was showing
one major spot, which was further chromatographed over
Sephadex column using 10% H,O in methanol to afford
63 mg of compound 10, 0.63%.

2.4. Acid hydrolysis

Acid hydrolysis of compound 10 afforded glucose as the sugar
residue confirmed by co-TLC with authentic sample.

2.5. Antimicrobial assay

The extracts and all the pure compounds were tested for anti-
microbial activity against Bacillus subtilus (ATCC 6633),
Staphylococcus aureus (ATCC 292136), Escherichia coli
(ATCC 25922), Pseudomonus aeruginosa (ATCC 15442), Can-
dida albicans (ATCC 90023) and Mycobacterium smegmatis
(ATCC 35797) microorganism using agar-cup diffusion meth-
od (Hugo and Russell, 1992). Briefly 20 ml of Nutrient Agar
(Hi Media Pvt LTD) was poured into the Petri-dish and
8 mm well bored in the agar. 1 mg and 100 ug of each extract
and pure compounds, respectively, were dissolved in 200 pL of
dimethylsulfoxide and poured into the wells. The plates were
incubated for 24 h at 37 °C and the zone of inhibition was
measured in mm. DMSO was used as negative control, while
Chloramphenicol was used as a positive control for Gram-
positive.

3. Results

Ten compounds were isolated from the different extract of
Solanum schimperianum. The structures of compounds 5-10
are presented in Fig. 1. The antimicrobial activities of hexane
and ethyl acetate extracts as well as the isolated compounds
were studied.
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Compound R; R, Compound R, R, R3 R4
5 H H 8 CH; CH; H CHj;
6 OCH; OH 9 CH; CHs; OCH; CHs
7 H OH 10 H Glu H H

Figure 1

3.1. The physical and spectral data of compounds 1-10

3.1.1. Compound 1

White powder; mp 210 °C; FTIR (KBr) 3235, 1640, 1382,
1185,1105cm™; UV Apax (MeOH) 200nm; 'H NMR
(500 MHz, CDCl3): 6 4.69, 4.56 (each 1H, m, H-29), 3.18 (1H,
m, H-3), 1.69 (3H,s H-30), 1.04 (3H, s, H-26), 0.98 (3H, s, H-
23), 0.97 (3H, s, H-27), 0.84, 0.79 and 0.77 (each 3H, s, H-25,
28, 24); 3C NMR (125 MHz, CDCl3): § 150.8 (C-20), 109.3
(C-6), 78.9 (C-3), 55.2 (C-5), 50.3 (C-9), 48.2 (C-18), 47.8 (C-
19), 42.9 (C-17), 42.5 (C-14) 40.8 (C-8) 39.9 (C-22), 38.8 (C-4),
38.5 (C-1), 38.0 (C-13), 37.1 (C-10), 35.4 (C-16), 34.2 (C-7),
29.8 (C-21), 27.9 (C-23), 27.4 (C-15), 27.1 (C-2), 25.0 (C-12),
20.9 (C-11), 19.2 (C-30), 18.2 (C-6), 17.8 (C-28), 16.1 (C-25),
15.9 (C-26), 15.3 (C-24), 14.5 (C-27); EI MS m/z 426 [M] "

3.1.2. Compound 2

White powder; mp 136 °C; FTIR (KBr) 4330cm™! (OH),
1050 cm ™! (C-0), 2900, cm~'(for C-H), 1430 cm™'(C=C);
'"H NMR (500 MHz, CDCls): d 5.38 (br s, H-6), 3.50 (1H,
m, H-3), 0.99 (3H, s, H-19), 0.85 (3H, d, J = 7.5 Hz, H-26),
0.83 (3H, J = 7.5 Hz, H-27), 0.81 (3H, t, J = 7.5 Hz, H-29),
0.66 (3H, s, H-18); '3C NMR (125 MHz, CDCls): § 140.5
(C-5), 121.8 (C-6), 71.9 (C-3), 56.8 (C-14), 56.1 (C-17), 50.2
(C-9), 45.8 (C-24), 42.4 (C-13), 42.4 (C-4) 39.8 (C-12), 37.3
(C-1), 36.3 (C-10), 36.5 (C-20), 34.0 (C-22), 31.9 (C-7, 8),
31.7 (C-2), 29.2 (C-25), 28.3 (C-16), 26.1 (C-23), 24.4 (C-15),
23.1 (C-28), 21.2 (C-11), 19.9 (C-27), 19.4 (C-26), 19.1 (C-
19), 18.8 (C-21), 12.0 (C-18), 11.9 (C-29); EI MS m/z 414
[M]+ fOI' C29H5()O.

3.1.3. Compound 3

White crystals (MeOH); mp 289-290 °C; {Rf; 0.31 (4% metha-
nol in chloroform}; FTIR (KBr) 3500-3200cm~' (OH),
1026 cm™! (C-0), 2920, 2820 cm™'(for C-H), 1460 cm™!
(C=C); UV Jmax (CHCL;) 243nm; 'H NMR (500 MHz,
DMSO-dp): 6 5.38 (br s, H-6), 4.26 (1H, d, J = 7 Hz, anomeric

Structures of compounds 5-10.

proton of glucose), 3.52 (1H, m, H-3), 1.05 (3H, s, H-19), 0.86
(6H, d, J = 7.5 Hz, H-26, H-27), 0.85 (3H, t, J = 7.5 Hz, H-
29), 0.71 (3H, s, H-18); *C NMR (125 MHz, DMSO-dy): ¢
140.5 (C-5), 121.1 (C-6), 76.9 (C-3), 56.2 (C-14), 55.4 (C-17),
49.6 (C-9), 45.2 (C-24), 41.8 (C-13), 40.1 (C-4) 39.4 (C-12) 38.8
(C-1), 36.2 (C-10), 35.5 (C-20), 33.4 (C-22), 31.4 (C-7, 8), 29.3
(C-2), 28.8 (C-16, 25), 27.7 (C-23), 25.6 (C-15), 23.8 (C-28),
22.6 (C-11), 20.3 (C-27), 18.9 (C-26), 19.7 (C-19), 19.1 (C-21),
11.8 (C-18), 11.6 (C-29), 100.8 (C-1'), 76.8 (C-3'), 76.7 (C-5),
73.5 (C-5), 70.1 (C-4), 61.1 (C-6'); EI MS m/z 576 [M]" for
C35Hg0Og, m/z 414 [M * -glucose].

3.1.4. Compound 4

White powder; mp 196-198 °C (CHCl;-MeOH); {R¢; 0.59 (5%
methanol in chloroform}; UV A,., (CHCI) 205, 277, 329 nm;
FTIR (KBr), 3429 (OH), 1695 (C=0); 'H NMR (500 MHz,
DMSO-dy): 6 5.16 (1H, m, H-12), 3.40 (1H, dd, 4.0, 14 Hz,
H-3), 1.09 (3H, s, H-27), 0.90 (3H, s, H-26), 0.88 (9H, s, H-
23, H-25, H-30), 0.72 (3H, s, H-29), 0.68 (3H, s, H-24); '*C
NMR (125 MHz, DMSO-d;): § 178.5 (C-28), 143.8 (C-13),
121.5 (C-12), 76.8 (C-3), 54.8 (C-5), 47.1 (C-9), 45.7 (C-19),
45.4 (C-17), 41.3 (C-14), 40.8 (C-18), 38.9 (C-8), 38.2 (C-4),
38.1 (C-1), 36.6 (C-10), 38.9 (C-8), 33.3 (C-21), 32.8 (C-29),
32.4 (C-7), 32.1 (C-22), 30.3 (C-20), 28.2 (C-23), 27.2 (C-15),
26.9 (C-2), 25.6 (C-27), 23.3 (C-30), 22.9 (C-11), 22.6 (C-16),
18.0 (C-6), 16.8 (C-26), 16.0 (C-24), 15.1 (C-25); EI MS m/z
456 [M+] for C30H4803.

3.1.5. Compound 5

Yellow residue, [a]p +37.5° (¢ = 1.0, chloroform); UV Apax
258 nm; FTIR (KBr) 3285, 1698, 1609 cm™'; The EI MS
[M]* at m/z 342 for Cy»H3,05; 'H, *C NMR (500 and
125 MHz, CDCIs) Table 1.

3.1.6. Compound 6

White powder; mp 78-80 °C; [a]p +86.5° (¢ = 1.0, chloro-
form); UV An.x (CH30H) 265 nm; FTIR (KBr) 3200-3600,



Table 1 'H and '*C NMR data of compounds 5-7 in CDCl;.

Position Compound 5

Compound 6

Compound 7

oy (0 ppm, J = Hz) dc oy (0 ppm, J = Hz) dc oy (0 ppm, J = Hz) dc
1 - 440s — 44.0 s 44.0°
2 1.20 (1H, m), 1.49 (1H, m) 413 ¢ 1.29 (1H, m), 1.57 (1H, m) 413t 1.28(1H, m), 1.58 (1H, m) 413 ¢
3 1.56 (1H, m), 1.89 (1H, m) 318¢  1.60 (1H, m), 1.97 (1H, m) 31.7d  1.66(1H, m), 1.97 (1H, m) 31.6 ¢
4 = 8635 - 863s — 86.8 s
5 1.95 (1H, d, J = 10.5) 60.0d 1.99 (1H, m) 60.1d 1.98 (1H, m) 60.1 d
6 523 (1H, d 1, J = 3.0, 10.5) 71.4d 529 (1H, dt, J = 2.5, 10.5) 71.1d 530 (1H, 7, J = 10.5) 712d
7 2.23 (1H, dd, J = 2.5, 13.0) 2.50 (1H, ¢, 4141 232 (1H, dd, J = 2.5, 13.0)2.55 (1H, ¢, 4141 231 (1H, d, J = 13.0) 2.58 (1H, ¢, 41.4 1

J = 13.0) J = 13.0) J = 13.0)

- 133.5s - 13365 — 133.5 s
9 5.49 (1H, br 1) 1252d 558 (1H, br 7) 1252d  5.58 (1H, br s) 1252 d
10 1.92 (1H, d, J = 8.0) 2.02 (1H, d, 41.1 ¢ 1.98 (1H, m), 2.02 (1H, m) 41.0 +  1.98 (1H, m),2.02 (1H, m) 41.0 ¢

J = 8.0)
11 1.85 (1H, s ep, J = 6.5) 372d  1.95 (1H, m) 373d 1.88 (1H, m) 37.1d
12 0.77 (3H, d, J = 7.0) 174q 088 (3H, d, J = 6.5) 175q 087 (3H,d J = 6.5 17.5 q
13 0.89 3H, d, J = 7.0) 185q 099 3H, d, J = 6.5) 185q 0.96 (3H, d, J = 6.5) 18.5 ¢
14 1.76 (3H, s) 264q 1.85(3H,s) 264q 1.84 (3H, s) 264 q
15 1.04 (3H, s) 202q 1.13 (3H, s) 202q 1.12 (3H, s) 202 ¢
16 = 166.5s — 166.3s — 166.9 s
i - 130.6s — 1227s - 122.5 s
2 7.96 (1H, dd, J = 8.0, 1.0) 129.6 d  7.58 (1H, d, J = 2) 111.9d  7.95 (1H, d, J = 8.0) 132.0 d
3/ 7.39 (1H, 1, J = 8.0) 1285d - 1463 s 691 (1H, d, J = 8.0) 1154 d
Y 7.51 (1H, t d, J = 8.0, 1.0) - 1502s - 160.6 s
5! 7.39 (1H, 1, J = 8.0) 1285d 698 (1H, d, J = 8) 1142d 691 (1H, d, J = 8.0) 115.4 d
6 7.96 (1H, dd, J = 8.0, 1.0) 1296 7 7.63 (1H, dd, J = 2.0, 8.0) 1242d 795 (1H, d, J = 8.0) 132.0 d
OCH; - - 3.97 (3H, ) 56.0q - -
OH = = 6.08 = - -

vLE

Te 39 1rebO-1v "IN
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Table 2 'H and '*C NMR data of compounds 8-10 in DMSO-dj.
Position Compound 8" Compound 9" Compound 10

oy (0 ppm, J = Hz) dc oy (0 ppm, J = Hz) dc oy (0 ppm, J = Hz) dc

2 - 156.7 s - 156.1 s - 156.4
3 - 138.5 s - 137.0 s - 133.2
4 = 176.1 s = 175.7 s = 177.4
5 - 161.2 s - 160.9 s - 161.2
6 635(1H,d, J=19) 98.0d 6.38 (1H, s) 98.1d 6.21 (1H, d, J = 2.5) 98.7
7 - 166.0 s - 163.0 s - 164.1
8 6.72 (1H, d, J = 1.9) 922 d 6.79 (1H, s) 93.3d 6.43 (1H, d, J = 2.5) 93.6
9 - 157.0 s - 157.2 s - 156.2
10 = 104.0 s = 104.0 s = 104.0
Iy - 122.6 s - 1219 s - 120.9
2 8.03 (1H, d, J = 9.2) 129.9 d 7.65 (1H, s) 115.1 d 8.04 (1H, d, J = 8.5) 130.8
3 711 (1H,d, J=92) 1140d - 147.7s  6.88 (1H, d, J = 8.5) 115.1
4 = 161.9 s = 149.6 s = 159.9
5 7.11 (1H, d, J = 9.2) 114.0 d 7.15 (1H, d, J = 8.5) 1159 d 6.88 (1H, d, J = 8.5) 115.1
6 8.03 (1H, d, J = 9.2) 129.9 d 7.72 (1H, dd, J = 8.5, 1.9) 119.9 d 8.04 (1H, d, J = 8.5) 130.8
1" - - - - 545 (1H, d, J = 7.0) 100.9
Pl = = = = 322 (I1H, m) " 74.2
3" = = = = 3.08 (1H, m) " 77.4
4" = = = = 3.18(1H, m) ~ 76.4
5" = = = = 3.10 (1H, m) 69.9
6" = = - - 3.35 (1H, br s), 3.84 (1H, ¢, J = 3.0) 60.9
OH 12.50 (1H, ) - 12.60 (1H, s) - 12.61 (1H, ) -
3-OCHj; 3.79 (3H, s) 59.5 ¢ 3.81 (3H, s) 60.6 - -
7-OCH;  3.84 3H, s) 55.9 ¢ 3.85 (3H, s) 56.4 - -
4-OCH;  3.84 (3H, s) 55.5¢ 3.85 3H, s) 56.5 - -
3.0CH; - - 3.85 (3H, s) 56.2 - -

* Carbons assignments based on HMBC spectrum and comparison with literature.

1695, 1620, 1595 and 1520 cm™'; The EI MS [M] " at m/z 388
for C»3H;,05; 'H, *C NMR (500 and 125 MHz, CDCl;)
Table 1.

3.1.7. Compound 7

White powder, mp 121-122 °C; [o]p +66.1° (¢ = 1.36, etha-
nol); UV Anax (CH;0H) 265 and 300 nm; FTIR (KBr) 3200—
3600, 1690, 1530, 1610 cm™'; The EI MS [M]" at m/z 358
for C»H;004; 'H, *C NMR (500 and 125 MHz, CDCl;)
Table 1.

3.1.8. Compound 8

Yellow needles (methanol, chloroform); mp 144-146 °C; {Rg;
0.85, (20% ethyl acetate: n-hexane)}; UV A,.x MeOH (254,
349), MeOH/NaOMe (268, 376), MeOH/AICI; (275, 290 sh.,
355, 399), MeOH/AICI3/HCI (264 sh., 276, 347, 497) MeOH/
NaOAc (255, 351), MeOH/NaOAc/H3;BO;s (254, 349); ESI
MS [M+H]" at m/z 329 for C;sH;606; 'H, '*C NMR (500
and 125 MHz, DMSO-dj) Table 2.

3.1.9. Compound 9

Yellow needles (methanol, chloroform); mp 152-154 °C; {Ry
0.71, (20% ethyl acetate: n-hexane)}; UV A,.x MeOH (254,
345), MeOH/NaOMe (250, 327 sh., 382), MeOH/AICIl; (266,
280 sh., 300 sh., 377), MeOH/AICI;/HCI (264, 284, 366, 400
sh.) MeOH/NaOAc (253, 341), MeOH/NaOAc/H;BO; (254,
341); FTIR (KBr) 3421, 1631, and 1603 cm™'; ESI MS at m/
z 359 [M+1]" for CjoH;50-; 'H, '*C NMR (500 and
125 MHz, DMSO-d) Table 2.

3.1.10. Compound 10

Yellow needles (methanol, chloroform); mp 228 °C; Ry value;
0.8 [Butanol: acetic acid: Water, 24:10;10]; UV A.x; MeOH
(266, 351), MeOH/NaOMe (275, 327 sh., 399), MeOH/AICl;
(274, 304 sh., 352, 397), MeOH/AICI;/HCI (273, 303 sh.,
342, 393 sh.) MeOH/NaOAc¢ (274, 315 sh., 390), MeOH/NaO-
Ac/H;BO; (266, 351);The ESI MS [M ™" +H] at m/z 449 for
C51H0yy, 287 [M " - glu + H], m/z 153 [C;H50,4] and 121
[C;Hs50,]; 'H, '*C NMR (500 and 125 MHz, DMSO-d,)
Table 2.

4. Discussion

4.1. Identification of the isolated compounds

Compounds 1-4 were isolated from n-hexane extract and gave
positive Liebermann’s and Salkowiski’s tests indicating its; ste-
roidal and triterpenoidal nature respectively. The compounds
showed exact TLC and co-TLC R; values with that of refer-
ence compounds obtained from pharmacognosy department,
College of pharmacy, KSU. Compounds 14 were identified
as lupeol, B-sitosterol, B-sitosterol glucoside and oleanolic
acid, respectively by direct comparison of its physical and spec-
troscopic data, namely, mp; mmp and '"H NMR, with authen-
tic samples.

Compound 5: The UV spectrum of 5 showed an absorption
band at 258 nm indicated the presence of an aromatic ring.
The FTIR spectrum displayed absorption bands at
3285cm ™! for hydroxyl group, 1698 cm ™' for ester carbonyl
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Figure 2 Important ROESY correlations of compound 8.

functionality and 1609 cm™' for benzene ring, respectively.
The EI MS spectrum of compound 5 showed a molecular
ion peak [M]" at m/z 342, which is in agreement with the
molecular formula C,,H3005. The '"H NMR and '3C NMR
spectral data (Table 1) were close to that type of compound re-
ported (Miski et al., 1983) suggesting that 5 had the same ses-
quiterpene moiety as that for jaeschkeanadiol. The '*C NMR
spectra of compound 5 demonstrated 22 signals, 15 of which
were very similar to those reported for the jaeschkeanadiol
moiety of ferutinin (Chen et al., 2000). The remaining signals

were attributed to an acyl moiety. A diagnostic feature in the
"H NMR spectrum of 5 was the presence of one proton septet
at oy 1.85 (H-11) and two methyl doublets at dy 0.77 (3H-12)
and oy 0.89 (3H-13) for an isopropyl group. In addition, the
spectrum showed one olefinic proton at oy 5.49 (IH, br ¢)
was connected to carbon appeared at dc 125.2 (C-9) and
showed COSY relation with both CH,-10 (H, at oy 1.92, d,
J = 8.0 Hz) and (Hp at oy 2.02, d, J = 8.0 Hz). One deshield-
ed methine proton resonating at dy 5.23 (d¢ 71.4) suggesting
acylation at this position. Furthermore, three signals were
clearly observed in the aromatic region of the '"H NMR spec-
trum at oy 7.96 (2H, dd, J = 1.0, 8.0 Hz), 7.51 (1H, td,
J = 1.0, 8.0 Hz) and 7.39 (2H, ¢, J = 8.0 Hz) indicated the
presence of monosubstitueted benzene ring in the compound.
The identification and connectivity of compound 5 was de-
duced vie HMBC (Fig. 3). The aromatic protons at dy 7.96,
which integrated for two protons (H-2'/H-6') showed three
bond correlations with ester carbonyl carbon at dc 166.5 (C-
16), C-4' (6c 133.0) and C-2'/C-6' (6c 129.6), while the aro-
matic proton at oy 7.51 (H-4") exhibited three bond correla-
tions with C-2'/6' (0c 129.6). In addition, the aromatic
protons at oy 7.39 (H-3'/H-5') displayed three bond correla-
tions with C-1" (0c 130.6) and C-3//C-5 (¢ 128.5). These find-
ing proved the presence of monosubstituted aromatic ring.
Furthermore, the oxygenated proton at dy 5.23 (H-6) dis-

10

Figure 3 Key HMBC correlations of compounds 5, 6, 8, 9 and 10.
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played three bond correlation with ester carbonyl carbon at d¢
166.5 (C-16) verified the acylation at C-6 (6c 71.4). Based on
the analysis of the spectral data, compound 5 was identified
as daucane sesquiterpene, jaeschkeanadiol benzoate (teferidin)
[Saidkhodzhaev and Nikonov 1976; Miski et al., 1983; Chen
et al., 2000]. This is first time to isolate teferidin from the fam-
ily Solanaceae.

Compound 6 was obtained as white powder; mp 78-80 °C;
[olp +86.5° (¢ 1.0, chloroform). The UV spectrum (CH3;OH)
exhibited absorption maxima at 265 nm for the presence of
the aromatic ring in the molecule. The IR spectrum of 6 has
absorption bands at 3200-3600 cm ™' for hydroxyl groups,
1695 cm™' for carbonyl ester, and bands at 1620, 1595 and
1520 cm ™! for aromatic nucleus. The EIMS spectrum of com-
pound 6 exhibited a molecular ion peak [M]" at m/z 388,
which is in agreement with the molecular formula C,3H3,0s5.
The 'H and '3C NMR spectral data are presented in Table 1.
The '*C NMR spectra displayed 23 signals, which accounted
for five methyls, four methylenes, seven methines and seven
quaternary carbons. These NMR data are very close to those
of teferidin and suggesting that 6 had exactly the same sesqui-
terpene moiety as of 5 and differ only in the acyl moiety. Iden-
tification the nature of acyl moiety was easily determined as
vanillic acid through analysis of COSY and HMBC spectra.
In COSY spectrum, the aromatic proton at oy 7.63 (dd,
J = 2.0, 8.0 Hz, H-6') showed an ortho coupling with the pro-
ton at oy 6.98 (d, J = 8.0 Hz, H-5) and meta coupling with the
proton at oy 7.58 (d, J = 2.0 Hz, H-2'), which proved the pres-
ence of tri-substituted aromatic ring. In HMBC correlations
(Fig. 3), the methyl protons of the methoxy group at dy 3.97
showed three bond correlation with the carbon at dc 146.3
(C-3’) while the hydroxyl proton exhibited three bond correla-
tions with the carbons at dc 146.3 (C-3'), oc 114.2 (C-5') and
two bond correlation with the carbon at dc 150.2 (C-4') con-
firmed the position of the methoxy group at C-3' and the hy-
droxyl function at C-4'. Thus, compound 6 was identified as
teferin [Kh. Khasanov et al., 1974; Ahmed, 1998]. This is first
time to isolate teferin from the family Solanaceae.

Compound T: The UV spectra of 7 showed absorption max-
ima at 265 and 300 nm. Its FTIR spectra exhibited absorption
bands at 3200-3600 cm ™" for hydroxyl groups, 1690 cm™" for
carbonyl ester and 1530, 1610 cm ™' for aromatic nucleus. The
EIMS spectrum showed a molecular ion peak [M] ™" at m/z 358
corresponding to the molecular formula C,,H3004. The 'H
NMR and '*C NMR spectral data of 7 (Table 1) suggested
that 7 had the same sesquiterpene moiety as teferidin and tef-
erin and differ only in the acyl moiety. The aceyl moiety was
easily identified as p-hydroxybenzoic acid by observing two
doublets in the 'H NMR spectrum at dy 7.95 (2H,
J = 8.0 Hz) and 6.91 (2H, J = 8.0 Hz), which displayed the
para orientation of the hydroxyl group. Compound 7 was iden-
tified as ferutinin (jaeschkeanadiol p-hydroxybenzoate) in
agreement to its physical and spectral data and by comparison
with published data (Chen et al., 2000). This is first time to iso-
late ferutinin from the family Solanaceae.

Compound 8: The UV spectral data with different shifting
reagents indicated that this compound is a flavonoid with free
hydroxyl group at C-5 (Mabry et al., 1970; Markham, 1982).
The molecular formula of the compound 8 C;sH;40¢, was ob-
tained from the ESI-MS [M + H] " which showed a molecular
ion peak at m/z 329. The '"H NMR data (Table 2) are in agree-
ment with the above data through the presence of three signals

of methoxy group at dy 3.79 (3-OCHj;), 3.84 (7-OCHj3;) and
3.84 (4-OCH,). In addition, the '"H NMR showed AA’ BB’
spin system for p-disubstituted ring B arise from two doublets
at oy 7.11 (H-3' and H-5') and 6y 8.03 (H-2' and H-6') with
(J = 9.2Hz) and two meta coupled aromatic proton reso-
nances for ring A recognized as doublets (J = 1.9 Hz) at oy
6.35 and 6.72, assignable to H-6 and H-8, respectively. The po-
sition of the various substituents at the flavone skeleton were
further determined via HMBC (Fig. 3), in which the methoxy
group at oy 3.79 (3-OCH3;) showed three bond correlation with
C-3 at dc 138.5 and the methoxy group at dy 3.84 (7-OCH3)
exhibited three bond correlation with C-7 at éc 166.0, while
the methoxy group at dy 3.84 (4-OCH3) displayed three bond
correlations with C-4' (d¢ 161.9). The aromatic proton at oy
6.72 (H-8) showed three bond correlations with C-6 (d¢ 98.0)
and C-10 (¢ 104.0) and two bond correlations with C-9 (dc
157.0) and C-7 (d¢ 166.0) confirming the position of one meth-
oxy group at C-7. In addition, The aromatic protons at dy 8.03
(H-2'/H-6") exhibited three bond correlations with C-4' (¢
161.9) and C-2'/C-6' (dc 129.9) and two bond correlation with
C-3'/C-5 (¢ 114.0) while the aromatic protons at dy 7.11 (H-
3'/H-5') displayed three bond correlation with C-1' (d¢ 122.6)
and two bond correlation with C-4' (6c 161.9) confirming
the position of second methoxy group at C-4'. Analyzing the
ROESY correlations (Fig. 2) further supporting these finding
through the appearance of correlations between the methoxy
group at oy 3.84 (7-OCH3) and H-8 (dy 6.72), H-6 (dy 6.35)
and correlations between the methoxy group at oy 3.84 (4'-
OCHj;) and H-2'/H-3'. In addition the interaction between
the methoxy group at oy 3.79 (3-OCH3;) and H-5'/H-6'. Care-
ful review of the literature on flavone chemistry confirmed that
the physical and spectral data of compound 8 were in full
agreement with those reported for the S5-hydroxy-3,7,4'-tri-
methoxyflavone (Sunder et al., 1974; Voirin, 1983).
Compound 9: The UV spectral data with different shifting
reagents indicated that this compound is a flavonoid with free
hydroxyl group at C-5 (Mabry et al., 1970; Markham, 1982).
The IR spectrum of 9 displayed bands at 3421, 1631, and
1603 cm™! for OH, C=0 and C=C functionalities, respec-
tively. The molecular formula of 9 was assigned as C;9H ;305
by molecular ion peak at m/z 359 [M+ 1] in ESI MS suggest-
ing that compound 9 is very close to compound 8 with an addi-
tional methoxy group. This was supported by '"H NMR data

Table 3 Results of antimicrobial screening of successive
extracts (1 mg/ml) of S. schimperianum.

Micro-organism Inhibition zone

Hexane extract Ethyl acetate extract

Bacillus subtilis
Staphylococcus aureus 4F —
Escherichia coli — —
Pseudomonas aeruginosa — =
Mycobacterium smegmatis — =
Candida albicans — —

Chloramphenicol was used as positive control at a concentration of
4 pg/ml.

DMSO was used as negative control.

+ (The size of inhibition is > 10 mm in diameter).

— (The size of inhibition is <10 mm in diameter).
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of compound 9 (Table 2), which showed typical signals for H-6
and H-8 of ring A at dy 6.38 and 6.79, respectively. In addi-
tion, two singlet signals attributed to one methoxy group at
on 3.81 (3-OCH3) and three methoxy groups at dy 3.85 (9H,
s) for 3’-OCH3;, 4-OCH; and 7-OCHj3. Besides that, the B-ring
aromatic protons appeared as an ABX splitting system at dy
7.65 (br s, H-2"), 7.15 (d, J = 8.5Hz, H-5) and 7.72 (dd,
J = 8.5, 1.9 Hz, H-6'). This analysis suggested that ring B
was 3,4’ disubstituted with two methoxy group. The positions
of these methoxy groups were determined via HMBC experi-
ment. The methoxy group at oy 3.81 should be located at C-
3, based on its long range coupling with C-3 (6c 137.0). On
the other hand, the HMBC correlations (Fig. 3) showed that
the other three methoxy groups centered at dy 3.85 should
be located at C-3' (6c 147.7), C-4' (6c 149.6) and/or C-7 (dc
163.0). The aromatic proton at dy 6.38 (H-6) showed three
bond correlations with C-8 (oc 93.3), C-10 (6c 104.0) and
two bond correlations with C-5 (6c 160.9) and C-7 (¢
163.0). Likewise, the aromatic proton at oy 6.79 (H-8) exhib-
ited three bond correlations with C-10 (5¢ 104.0) and two bond
correlations with C-7 (d¢ 166.0) and C-9 (d¢ 157.2), which con-
firmed the location of one methoxy resonating at oy 3.85 to C-
7. In addition, the aromatic proton at dy 7.65 (H-2") exhibited
three bond correlations with C-2 (6¢c 156.1), C-4' (oc 149.6)
and two bond correlations with C-1" (d¢ 121.9) and C-3' (¢
147.7). While the aromatic proton at dy 7.15 (H-5') displayed
two bond correlation with C-4' (6c 149.6) and the aromatic
proton at dy 7.72 (H-6') showed three bond correlation with
C-4' (6c 149.6) confirming the presence of other two methoxy
groups at C-3' and C-4'. Thus, compound 9 was identified as
retusin (5-hydroxy-3,7,3',4'-tetramethoxyflavone) by compar-
ing its physical and spectral data with those reported (Silva,
2009). This is the first time to isolate 5-hydroxy-3,7,3',4'-tetra-
methoxyflavone (retusin) from Solanum shimperianum.
Compound 10 The UV spectrum (MeOH) showed absorp-
tion bands at Ay, 266 and 351 nm, suggesting the flavonol
nature of the compound (Mabry et al., 1970; Markham,
1982). Addition of sodium methoxide shifting reagent resulted
in bathochromic shift of band I, which indicated the presence
of free OH at C-4’. While, the bathochromic shift of +46 nm
with aluminum chloride confirmed the existence of free hydro-
xyl group at C-5 and/or C-3. On the other hand, the presence
of bathochromic shift in band II by 14 nm with sodium acetate
indicated the presence of free hydroxyl group at C-7. The ESI-
MS spectrum of compound 10 disclosed a molecular ion
[M™ + H] at m/z 449, which is in agreement with the molecular
formula C,;H»¢O;;. The mass spectrum also showed a frag-
ment ion peak at m/z 286 indicated loss of glucose moiety.
The 'H and '3C NMR spectral data are presented in Table 2.
The 3C NMR data showed 19 signals, which were accounted
for one methylene, eleven methines and nine quaternary car-
bon atoms. The 'H NMR data and COSY spectrum showed
two meta-coupled protons at dy 6.21 and 6.43 (J = 2.5 Hz)
suggested the 5,7-disubstituted A ring of flavonoid and as-
signed to H-6 and H-8, respectively. In addition, there were
AA’ BB’ spin system for p-disubstituted ring B arise from
two doublets at oy 8.04 (H-2' and H-6¢') and oy 6.88 (H-3'
and H-5) with (J = 8.5 Hz). Exchangeable proton appeared
as sharp singlet at dy 12.61 was assigned to 5-OH. Further-
more, the 'H and '*C NMR spectra exhibited five methines
and one methylene attributed to the glucose moiety. The link-
age of the glucose moiety was found to be at C-3 from HMBC

correlations (Fig. 3), as the anomeric proton at dy 5.45 (H-1")
showed three bond correlations with C-3 (5¢ 133.2). Based on
the above data and reported records, compound 10 was iden-
tified as Kaempferol-3-O-glucopyranoside (Astrgalin) (Subra-
manian and Nair, 1970).

4.2. Biological activity

4.2.1. Antimicrobial activity

The antimicrobial activity of Solanum schimperianum extracts
(1 mg/ml) are presented in Table 3. The hexane extract has
only antimicrobial activity against Bacillus subtilis and Staph-
ylococcus aureus while ethyl acetate extract has no antimicro-
bial activity, as well as the isolated compounds (100 pg/ml)
were also devoid of any activity.
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