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- ABSTRACT:

Two polymethoxyfavones,5-0-de i
\ methylnobileti
chloroform extracts of fresh yellow-orange berries o'r"sz?:nZI:

-&Llh};;lmxy-s.6.8,]'-1clramclhoxyﬂavuncs were isolated from the
abutlloides. The two compounds are reported for the first time in

the genus Solanum. The light petroleu i
: m, m fraction, gave brancl
lucoside. ldentificati » Bave branched aliphatic alcohol, a-amyrin, i
fuzhentic sampr: :s:‘glll.g]n:;l'h?se Fompoun_ds was established on the basis of 'I‘i-nl:glriiln ’I\:geollj.\g;h{;:) ;;:ZIOI - sugm:ulcml
ysis of fatty acid methyl esters revealed the presence of 15 fnl'ly ac'ids. u:fhcrc liuol:?? I::arl:::::c‘::;

oleic acids represented 37.54, 32.61 and 17.52%, respectively

INTRODUCTION

. Solanum is one of the largest genera in the plant
kfngdom. It includes about 1400 species widely
distributed throughout the world™ ¥

In recent years, the genus has been extensively
screened for steroidal alkaloids and similar non-
nitrogen-conlaining isoprenoides which have a
potential value to steroid industry. Beside alkaloids,
flavonoids form the other major group of compounds
reported from Solanum genus. Thirty-eight different
flavonol glycosides and one flavone glycosides were
identified from the leaves of 107 Solamun species™.
Some Solanum species have been reported to contain
methylated flavonoids™”, Methylated flavonoids, free
or as glycosides were found to have cytotoxic
properties®™'?. Thus, the objective of this research was
the isolation and identification of flavonoids and other
constituents which might have potential agrochemical
activity in the fresh berries of Solanum abutiloides. To
the best of knowledge, nothing has been reported on
flavonoidal content of berries of this species.

Solanum abutiloides is a herbaceous bush native to
Argentina but easily cultivated elsewhere. It produces
clusters of fruits which on ripening change from dark
green to yellow-orange. We cultivated this plant in the
- - Experimental Station of Faculty of Pharmacy, Zagazig
University in order lo survey its constituents.

“In former investigation, steroidal alkaloids, and
SPII:OSIanc isonuatigenin have been isolated from the
fruit and root extracts of Solanum abutiloides™"""” as

:_"‘" as flavonol and flavonol glycosides were isolated
| a':‘::oc‘h)’l acetate extract of the aerial parts™. The

Egypt,uf Q’“fﬂ!'-.is t.)f ..S‘ahmum abutiloides grown in

in lrmlf Eﬁ:ctwe in intestinal and uterine spasms a_nd

':lffcc; ;:‘f ronchial asthma, it has hepatoprotective
tale renif'a‘;lllan should be paid to its side effects on

““‘imicrub'“;} - :S'Of’anum abufiloides has pc:\tcnt

- and-fupg ;:d :m’?’f‘y for ‘most Gram +ve organisms
it's rogy eXuda . against Grim —ve bacteria™ and
" Thig tes showed anti-fungal activity!".
7P°'ﬁ|’hctho?€ayp;; . tepresents  the  first repert. for
-7 Tiavone from the genus Sofanim,

-

EXPERIMENTAL
1- Plant material;

Provided seeds and the cullivated plant were
identified as Solanum abutiloides Bit et Lillo.
Solanaceae by Prof. Dr, Darwish Ibrahim, Professor in
Department of Horticulture of Efficiency Productive
Institute, Zagazig University. Plant was grown in the
Medicinal Plant Station of Faculty of Pharmacy,
Zagazig University, Egypt. Fresh yellow-orangs
berries (1.5 kg) were collected in June 2003, Voucher
specimens are retained in Medicinal Plant Station of
Faculty of Pharmacy, Zagazig University, Egypt.

2- Apparatus:

Compact and Handheld Ultraviolet lamp, UVGL-
55; Melting points were determined with a digital
melting point apparatus, electrothermal, LTD, England
and were uncorrected; UV spectra were recorded on a
Cintra-5, UV-vis, spectromelcr, Pty-LTd; IR werc
measured on a Perkin Elemer FT-IR1650 machine;
Mass spectra were measured on a Shimadzu GC-MS,
QP 5050A spectrometer, El (70 ev); 'H-NMR spectra
were recorded in CDCly on a Vanan XL-200
spectrometer, at 200 MHz, chemical shifts are given in
ppm with TMS as internal standard. Fatty acid methyl
esters were analyzed on GC Pye Unicam gas
chromatography ~under the following operating
conditions: Detector: FID; Temperature of detector:
300°C; Temperature of injector: 270°C: Recorder:
Dual channel recorder; Column temperaturc: 70°C-
290°C (8°C/min);Column package for fany acid
methyl esters: Diatomite C (100-120 meshes);Liquid
phase:  10% Polyethylene Glycol Adlpele
(PEGA);Column dimensions: 1.5 m x 4 mm; Camier
gas: Nitrogen 30 ml/min; Hydrogen flow rate: 33
mU/min; Air: 300 ml/min; chart speed: | cm/min.

Authentic fatty acid methyl esters were supplied by
central research laboratory, Faculty of Agriculture,

Cairo University.

3- Adsorbent:
- Silica gel 60 GFas4 for TLC (Adwic Egypt).
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silica gel 60 GFass (Merck).

- Precoated TLC sheets,
olumn

- Silica gel G.(60-230 meshes, Merck) for €

chromatography.

4-Solvent systems: -

- System 1: Light pet.: EIOAc (30 5).

- System 2: Light pet.: CHCly: MeOH (30: 13 13).

- System 3: BuOH : HOAc: H)0 (4:1:5).

- System 4; Benzene:EtOAc (3:1).

- System 5: Light pet: CHCly: glacial HOAc
(75:25:0.2).

Reference compounds: sterols, (triterpenes, and
sugars were obtained from Department (.Jf
Pharmacognosy, Faculty of Pharmacy, Zagazig
University.

Extraction and isolation

Fresh yellow-orange berries (1.5 kg) were crushed
in blender and exhaustively extracted with 95%
ethanol. The solvent free semisolid extract (80 g) was
suspended in 300 ml water and fractionated with light
petroleum, chloroform and ethyl acetate to give 25 g, 5
g and 3.5 g of dried extracts respectively.

1- Column chromatography of the chloroform
extract:

TLC examination of chloroform extract showed the
presence of flavonoids, the spots were visualized by
spraying with H,SO, (50%) and heating at 110°C, as
well as they gave yellow colour with NH,OH and
AICly (T.S). :

The chloroform  extracts (4 g) was
chromatographed on silica gel column (3 x 50 cm, 100
g) in benzene, elution was started with Benzene and

polarity was increased by ethyl acetate. Fractions _

cluted with 2% ethyl acetate in benzene afforded (35
mg) of flavonoid 1, as yellow needles (from CHCI;-
MeOH). Fractions eluted with 4% ethyl acetate in
be.nzene afforded a mixture of flavonoid 2 and some
minor compounds. PTLC of this mixture using solvent
s&stcr? 4 (double run), afforded 28 mg of compound 2
fw ; OoH)(').SZ) s pale yellow needle crystals (CHC,-

((E‘;mpound I: Yellow nee
HCly-MeOH) mp of 140-14

, : -142°C, UV :
%I;OH) 282, 340; (McOH-NaOMc), 290(’(::; I;TG)S
o A(sh). (MeOH-NaOAc), unchanged: (M'eOH'
10 o gl ORI, 25

0 i (MeOH-AICI,-HCl), 286, 356 410 (1
EI-MS, m/z (rel. int, %) 388 (MM (43), 373'(‘22(; (;t;)l.

(8), 183 (16), 165 (9), 163 (4) -
"HNMR (200 MHz, Cpey (f::;ﬂ:‘?)(w). 69 (100);

. Compound 2: paje
: 1
© mpof 150-152°C, yellow needies, (CHCly-MeOn):

dles crystallized from

V Ounayy AM): (McOH) 280, 345; (McOH.
268,(;20 (sh), 408; (MeOH-NaOAc) 278, ;::,)OTIE)
(sh); (MCOH'NBOAC'H]BOJ), unchangcd; (M;OHD
AICIJ) 280. 362; (MCO.H‘AIC']-HCI). 276. 36] -
EI-MS: m/z (rel. Int. %) 374 [M*] (72), 360 (20
359 (100), 331 (3), 316 (3), 211 (18), 187 (4), 18,
(28), 165 (9), 162 (1), 151 (14), 148 (26), 133 (s1)
105 (42), 57 (50), 58 (4); 'HNMR (200 MHz, coey,
(table 1).

Table (1): '"HNMR spectral data of flavones 1.2 (in
CDCly, TMS as int. st, at 200 MHz)

H 1 2 )
3 16.63(s) 6.64 (s) )
37 |7.44(d, 20 Hz)  [7.43(d, 2.0 Hz)
& |7.61 (dd, 8.6, 2 Hz) [7.60 (dd, 8.5,2 Hz)
5 |7.00(d, 8.6 Hz)  |7.05(d, 8.5 Hz)
3'
OH-5 [12.56 (s)
OH-7 |- —
OH-4' |- -
OMe [4.14 (s) 4.12 (s)
4.01 (s) 4.05 (s)
4.00 (s) 4.00 (s)
3.98 (s) 3.98(s)
3.98 (s)

2-Column chromatography of the light petroleam
extract:
About 10 g of light petroleum soluble fraction w2
subjected to silica gel column chromatographic
analysis (3 x 100 cm, 300 g).

Gradient elution technique was pcrfoﬁned using

light petroleum to which ethyl acetate was added o &
increasing proportion. The effluent was collected I
200 ml fractions, and monitored by TLC (system f)
anisalaldehyde/sulphuric acid as a revealing 280" -
similar fractions were combined.

Compound 3:

Fractions eluted with 3% ethyl acela
petroleum, yield 35 mg of white granular pofTS-
(CHCI)-MCOH), with R¢ of 0.68 (system 1), mP 08‘8'
80°C and IRY*™ cm'; 3318-3226, 2955, 29! '2MS?
1467, 1376, 1344, 1264, 1133, 1094 and 904 ® "
M/Z (% relative abundance) 298 [(M", 3) (cat;u 139
for CyoH,0)], 207(9), 185 (M'-CeHrn 16 )s') n
(2.46), 125 (6.68), 111 (30), 97 (40), 83 (3?' ‘
(37.7), 57 (100%), 55 (63) and 53 (4)-
Compounds 4 and 5:

On TLC screening of fraction‘(25'34) cw
5% EtOAc in light petroleum, they showed ™" 0
Spots, Rr values of 0.48 and 0.43 (5 mgh
residuc left after solvent distillation (607
rechromatographed on silica ge! colum®

(e in lig"

wi
ted ¥,
Ju : o ﬂjof

wdel

yslﬂm ) W
.
L5030
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silica), 2% EtOAc in light petroleum as eluting system,
100 ml fractions were collected,

Fraction (7-22), showing single spot Ry of 0.48
(system 1), 120 mg white needle shaped crystals
(CHC[,-MeOH),'m.p of 186°C, gives positive resulls
with Libermann's and Salkowski's tests®*#" and IRy""
em. 3395, 2946, 2870, 1611, 1459 and 1382, EI-MS:
M/Z (rel. int %), a molecular ion peak (M*), m/z at
426 (2.8) (coinciding with molecular formula
CyoHs0), 411 (1.68), 393 (0.63), 257 (2.28), 218
(27.7), 207 (14), 205 (7.79), 204 (7.14), 203 (19.6)
189 (24.9), 149 (25), 107 (40) and 55 (100). This
compound was designated as compound 4.

_ Fractions (30-39), showed single spot of Rfof0.43
(system I), white needle shaped crystals of compound
5, mp. of 212-216°C, gives positive Libermann's and
Salkowski's tests®2" IRy ™" 3356, 2937, 2869, 1708
and 1644, 1456, 1383, 1295, 1186, 1080, 1038 and
878: EI-MS M/Z (rel. int. %) 426 (M" 7.3)
(calculated for CyHscO), 411 (1.5), 408 (1%), 393
(1.1), 357 (2.8), 315 (2.8), 303 (0.31), 297 (2.34), 257
(3.2), 248 (0.47), 229 (4.33), 220 (2.9), 218 (10.27),
207 (37.6), 205 (8.69), 203 (11.97), 192 (2.95), 189
(54), 149 (18.3), 147 (23.7), 135 (51), 121 (69.4) and
95 (100%). '

Compound 6:
Fractions eluted from 10% EtOAc in light
petroleum, on evaporation and repeated crystallization

(CHCly-MeOH), gave 50 mg, white shinny crystals, Ry

of 0.33 (system I); IR gy cm’': 3865-3423, 2948,
- EI-MS: M/Z

2865, 1649, 1457, 1374 and 1055 cm
(rel. int. %): 414 (M', 34.8) (CysHs0), 412 (27.7)
(CisHa0), 399 (12.7), 397 (7.4), 396 (12), 394 3.7),
383 (2.3), 381 (10), 329 (14), 327 (1.5), 303 (12.5),
301 (5), 273 (15), 271 (20), 255 (36) and 213 (22.4).
6(:2,23):

acetylated®”. TLC
used silica gel G

Acetylation of compound

Compound 6 (20 mg) was
examination of acetyl derivative

chromatophlats, Impregnated with 10% aqucous
AgNO, (system S5) and antimony trichloride spray
et spots. The

reagent™, revealed two adjacent viol
" major corresponded to reference B-sitosterol acetate
and the minor to reference stigmasterol acetate.

Compound 7:

. Fractions cluted with 40% EtOAc in light
petroleum, gave 100 mg of white scales Pure
compound (hot methanol), Ry values of 0.05 and 0.36
gm"‘“‘ 1 and 2) respectively, reacts positively with
-*m':,c",“‘““" and Salkowski's,  Molish's tesls and
I u?:"g Fehling's solution afier acid hydrolysis.

Rysor en; 3731-3228, 2960, 2918, 2847, 1622,

. 1466, 1375, 1133 and 1059.

EI-MS: (M/z, rel. int) 574 (0.99), 412 (1.19), 225
(1.19), 212 (1.19), 185 (4), 177 (2.3), 171 (3), 159
(0.99), 106 (3), 83 (14), 69 (44) and 55 (100%).

Acid hydrolysis of compound 7:

About 20 mg of compound 7 was dissolved in hot
methanol and refluxed with 10 ml of 5% sulphuric
acid for two hours in a boiling water bath. The mixture
was cooled and extracted with chloroform (3 x 25 ml).
The chloroformic extracts werc washed with water,
dried over anhydrous sodium sulphate and
concentrated under vacuum. The residue was gave
colourless needle shaped crystals of m.p of 138-140°C.
Direct comparison  with authentic sample of
stigmasterol (m.p, m.m.p and Co. TLC) proved that
the aglycone is stigmasterol.

The aqueous acidic solution remained was

neutralized with barium carbonate and examined by
paper chromatography ~against authentic sugars
samples (system 3), visualized by aniline phthalate
reagent yielded 2 single brown-spot with R value
identical with that of glucose.
3- Saponification of the light petroleum extract and
preparation of fatty acid methyl esters .
About 10 gm of the light petroleum extract was
subjected to saponification gave (2.8 g) of the USM.
The fatty acid methyl ester were prepared from the
alkaline solution remained after extraction of USM
and then subjected to GLC analysis. The identification
of the investigated fatty acids was established by
comparing the retention times with those of authentics.
Quantilative estimation was carricd out by peak area
measurements followed by normalization.

Table (2 ): Results pf GLC analysis of the fatty acid

methyl esters
Carbon
Peak| number and |Retention % of Components
No | number of time |fatty acid
double bonds

1 C8:0 3.27 0.065 Caprylic

2 C9:0 4.5 0.017 Nonanoic
3 Cl10:0 5.76 0.07 Capric

4 Cli:0 6.85 0.152 | Hendecanoic
5 C12:0 8.33 0.278 Lauric

6 Cl13:0 9.54 0.103 | Tridecanoic
7 Cl14:0 10.77 2.478 Myristic

8 Ci5:0 12.05 1.895 |Pentadecanoic
9 Cl16:0 13.25 32.61 Palmitic
10 C17:0 1411 | o086 | Margaric
11 Cl18:0 14.73 0419 Stearic

12 Cl18.1 15.44 17.523 Oleic

13 Cl8.2 16.14 | 37.544 |- Lineleic
14 Ci18.3 17.94 5.922 Linolenic
15 C20.0 21.77 0.064 Arachidic




Zeinab LA, El-Sayed and Wafaa Hassan

RESULTS AND DISCUSSION

Repeated  column  chromatography of. the
chloroform extract followed by PTLC resulted in the
isolation of the polymethoxyflavones (1-2). uv
spectra which were carried out with diagnoslic
reagents using standard procedures'’’™", as well as the
'"HNMR data revealed a great similarity between
compounds (1-2), The UV spectra in methanol arc
typical for flavones or 3-substituted ﬂnvonc:ls. The
presence of the H-3 singlet at § 6,63 in the 'HNMR
excluded the presence of flavonols leaving flavones as
the only possibility™**.

The MS of compound | exhibited a molecular ion
peak at m/z 388 (43%) indicating a
monohydroxypentamethoxyflavone (CxoH300s). The
low UV shift (+16 nm) of band I upon addition of
AICly + HCI suggested a S-hydroxyfavone which is
oxygenated at C-6%* %, The one hydroxyl was located
on C-5 (chelated hydroxyl signal in the '"HNMR at &
12.5). The '"HNMR showed a singlet proton at § 6.63
assigned to H-3, five aromatic methoxyl groups at §
4.14, 4.01, 4,00, 3.98 and 3.98 and aromatic protons
showing a typical pattern for 3'4'-disubstitution at &
7.6 (dd), 7.44 (d) and 7 (d) assigned to H-6', H-2' and
H-5', respectively™-?, All these facts together with
the MS fragmentation (scheme 1), indicated that the
five methoxyls are distributed over C-6, C-7,C-8, C-3'
and C-4' of the ring system.

The previous dala besides comparison with
published data for similar polymethoxy flavones®®™
confirmed that compound I has to be S-hydroxy-
6,7,8,3' 4 pentamethoxyflavon (5-0-
demethylnobiletin)*=49,

Compound 2 was isolated as pale yelow crystals.
UV (280, 345 nm) absorptions are typical of flavones
skeleton®™. The MS of 2 exhibited a molecular ion
peak at 374 (71%) in accord with a dihydroxy-
tetramethoxyflavone (CigH,;O4). The base peak ion at
m/z 359 is due 10 (M*-15) and the ion appeared at m/z
331 (M-43) are diagnostic fra
and 8- methoxy flavones™. Qther MS fragments at
m/z 211 and 183 (scheme 1) indicated a
monohydmxy-lrimcthoxy substituted on ring A, while
those at m/z 151 and 148 placed the second hydroxyl
and the remaining methoxyl on ring B. The '"HNMR
data (table 1) confirmed the presence of four

methoxyl, an olefenic proton at & 6.64 assign
" e -
and three aromatic protons sy

coupled with

A8 7.43,7.05 and 7,6 assignat VX system.
6', respectively, ; ad
i ’ yA4-diox ion
ntr_\g B. The UV spectrum of com YBenation in
of NaOMe exhibited 5 shift (+63 .

. +63 nm
- Placing a hydroxy] Broup. at C-4831 )a nlcrll }:’::i';

methoxyl group must be located
' ‘ at C-3', The abs
‘ol' a free 5-OH is deduced: firstly from the nhscn:: 2':‘

gmention pathway for 6-

o chelated-OH signal in the "HNMR, ang ¢
from the difference between the obtained datg d
compound 2 and those repger)tcd for 5"’"d“1ydm,_
6,7.8.3‘-lc'lramethoxyﬂnvonc © The Uv Speciry,
(NaOMe) of 2 showed a new band mt 320 A (cf of
MeOH) indicating a free 7-OH group™™™® g

ccond)y

; . m the
previous data together ’\;‘uh comparison with y,,
enormous published data®** for similar compounds,

was concluded that compound 2 is 7'4"‘ﬁh:-'ﬂrmy.
5,6,8-3"-tetramethoxyflavone. These compounds (1)
have not been reported in the genus Solanum before,
However, "CNMR assignment of these compoynds
will be addressed upon isolation of further quantity of
them.

Column chromatography of the light petroleyn
extract gave an aliphatic alcohol compound 3, with
molecular formula of CHeO, low melting point, low
polar character, IR, MS and reponed data® confirm
ils structure.

Compound 4 was identified as o-amyrine, (he
identity was cstablished by direct comparison (Co-

TLC, m.p, IR and MS) with authentic samples as wef)
as reported data®”,

Compound 5 showed atypical MS fragmentation
pattern of lupeol®™” m.p of 212-216°C and COTLC

with authentic lupeol confirm it is structure 1o be
lupeol.

Compound 6 was identificd as a mixiure of f-
sitosterol and stigmasterol. However, the relative
intensity (%) of the indicated ions suggested the
presence of B-sitosterol as the major component. This
was also established by TLC examination of the acery!
derivatives (this mixture is known as phytosterol).

Compound 7 was identified as stigmasterc!
glucoside -through acid hydrolysis and direst
comparison with authentic sample of sterol (CO-TLC.
m.p, IR and MS), the sugar part was proved 10 be
glucose (through TLC).

Lupeol, phytosterol and stigmasterol glucoside wert
previously isolaled from Solanum spccics“w'-

GLC analysis of fatty acid methy! esters (1able 2)
revealed that 15 fatty acids out of were identified. $:
total percentage of the identified fatty acid is 95%: 'ti;
major one is linoleic acid (37.54%), then Pa]ml{c
(32.61%) and oleic acid (17.52%) and the un?ﬂﬂﬁic
fatty acid content (oleic, linoleic and Imff; in
constitutes about 61% of the total fﬂ")’_m :
Solanum abutiloides

i
The previous results indicate that Sar{:: g
abutiloides claborates two of polymcthox)'ﬂavo o
O-demethylnobiletin 1 is currently being 'cs!ecukel“io
differentiation inducer activity for myclol ( 7 i
cells®. The presence of a free-OH grovP neﬂ'“'wt |
flavone 2 strongly suggests it s anf Jeuke
Polymethoxyflavone regarding inducing @ =
.cells (M) to have phagocytic activity' -
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1-  Rp=lI Ry=Ri=Re=)
2' Rll'RJ-hle R: -l{‘-ll‘;.l 1e

R Ry R,
I- H Me OMe Me: m/z 388 (43) I- m/z 373 (62)
- Me H OMe H:m/z 374(72)

2-  m/z 359 (100)

- miz 331(3)
d :
T
; ) I- m/z 211 (8) ‘ 1- m/z 162 (14)
oIS (14) 2- miz 211 (18)

2-m/z 148 (26)

| o

- m/z 183 (16)
2- m/z 183 (28)

an
Scheme (1): Selected mass spectral fragments of flavones 1-2

57
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