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Abstract Four selected species of family Polygonaceae Juss. viz. Persicaria salicifolia (Brouss.

ex Willd.) Assenov, Persicaria senegalensis (Meisn.) Soják, Polygonum bellardii All. and Polygonum

equisetiforme Sm. were subjected to botanical, chemical and numerical studies. The botanical part

deals with macro- and micromorphological characters of the whole plant. The chemical part deals

with extraction and identification of 17 compounds including flavones, flavonols, flavone C-glyco-

sides and phenolic acids. The botanical and chemical results of the four selected species were subjected

to a numerical analysis.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Polygonaceae Juss. is a family comprising about 50 genera and
1120 species of monoecious and dioecious herbs, shrubs and

small trees (Li et al., 2003). In Egypt, Polygonaceae includes
about 22 wild species under six genera; Atraphaxis, Calligonum,
Emex, Oxygonum, Polygonum and Rumex (Montasir and Has-

sib, 1956). Täckholm (1974) had recognized 28 species and
added one more genus viz. Bilderdykia to the genera cited by
Montasir and Hassib (1956) while Boulos (1999) treated
Polygonum and Persicaria as two different genera.
Persicaria (L.) Mill. is distributed mainly in the Northern

hemisphere and seven species are recorded in Egypt
(Boulos, 1999). On the other hand Polygonum L. is the largest
genus of Polygonaceae, which comprises about 30 species of
much-branched annual herbs, and distributed in the temperate

regions of the northern hemisphere (Hong et al., 2005). Accord-
ing to Boulos (1999) only six species are found in Egypt.

Several studies dealt with the macro- and micromorpholog-

ical characters of Persicaria and Polygonum (Simmonds, 1945;
Haraldson, 1978; Ronse Decraene and Akeroyd, 1988; Hamed
and Tantawy, 1990, 1991; Leresten and Curtis, 1992; Brand-

byge, 1993; Boulos, 1999; Partridge, 2001; Li et al., 2003; Tan-
tawy et al., 2005). The taxonomy of Polygonum has been
unsettled since Linnaeus established it and has been subdivided

into various sections and subsections, split into segregate gen-
era, and some elements have even been treated as different
tribes (Leresten and Curtis, 1992).

Quercetin glycosides were commonly reported in the Polyg-

onaceae while myricetin glycosides and acylated flavonoids
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were rare and methylated flavonols were detected in some

species of sections Echinocaulon and Persicaria (Hegnauer,
1969; Kuroyanagi and Fukushima, 1982; Kawasaki et al.,
1986; Park, 1987).

The survey involving Persicaria salicifolia indicated that

flavonol glycosides are predominant (Calis et al., 1999). Chal-
cone, dihydrochalcone and quercetin glycosides were isolated
and identified from Persicaria senegalensis (Maradufu and

Ouma, 1978; Dossaji and Kubo, 1980; Midiwo and Owuor,
1992; Midiwo et al., 1994; Midiwo et al.,2002, 2007). Quercetin
and three quercetin glycosides in addition to isorhamnetin

were isolated and identified from Polygonum equisetiforme by
Ghazal et al. (1992).

The specific objectives of this study are to: investigate the

macro- and micromorphological characters of both vegetative
and reproductive organs of the investigated taxa in compari-
son with those of Hamed & Tantawy (1990 and 1991) and
Tantawy et al. (2005); study the flavonoid chemistry of the

four investigated taxa in comparison with the other investi-
gated taxa in the literature and clarify the relationship between
Persicaria and Polygonum and should they be treated as two

separate entities or as one taxonomic unit.
2. Material and methods

2.1. General

UV spectra were recorded on Shimadzu, model 2401. EIMS
spectra were carried out on Finnigan-Mat SSQ 7000 spectrom-

eter. ESIMS spectra on Micromass Quattro-LC triple quadru-
ple mass spectrometer equipped with a Z-Spray electro-spray
ion source while NMR measurements were carried out using
Jeol EX-500 spectroscopy; 500 MHz (1H NMR) and

125 MHz (13C NMR) and Joel JNM-EX 270 spectroscopy;
270 MHz (1H NMR) and 67.5 MHz (13C NMR). Sugars
of O-glycosides were identified by enzymatic hydrolysis (b-
glucosidase and b-galactosidase) or acid hydrolysis followed
by co-chromatography with reference standards. C-glycoside
flavonoids were determined using ferric chloride degradation

(Mabry et al., 1970). Authentic samples were obtained from
the department of phytochemistry and plant systematics, NRC.

2.2. Plant material

Four selected plant species were collected from different
localities representing Egyptian taxa of the family Polygona-

ceae viz Persicaria salicifolia (Brouss. ex Willd.) Assenov, P.
senegalensis (Meisn.) Soják, Polygonum bellardii All. and P.
equisetiforme Sm. The investigated taxa were identified accord-

ing to Boulos (1999), and voucher specimens were deposited in
the herbarium of the National Research Centre (CAIRC). De-
tails of the collected samples are given below, with an asterisk

(\) indicating herbarium samples: P. salicifolia (Brouss. ex
Willd.) Assenov, Ismailia Canal and Nile-Delta region 15
Nov. 2008, leg. S.R. Hussein and U.I.A. EL-Magly, s.n.623.
P. senegalensis (Meisn.) Soják El-Kanater, Nile-Delta region

2 Oct. 2007, leg. S.R. Hussein and U.I.A. EL-Magly, s.n.532.
P. bellardii* All. Shakshouk near lake Qarun along a canal 24
Mar. 1981, leg. L. Boulos s.n.1725 and P. equisetiforme Sm.

El-Arish & Rafah Desert Road. 25 Apr. 2007 leg. S.R. Hussein
and U.I.A. EL-Magly, s.n.513.
2.3. Extraction and isolation

The aerial parts of P. senegalensis and P. equisetiforme were
dried in the shade and ground. Each powder was extracted

twice with 70% methanol. The extract was filtered and concen-
trated then partitioned with solvents of increasing polarity
(petroleum ether, diethyl ether, chloroform, acetone, ethyl ace-

tate, methanol and water). Isolation of flavonoids was carried
out using column chromatography (MN-polyamide 6S) and
paper chromatography (Whatman No. 1 and 3MM) using
butanol–acetic acid–water 4:1:5 (BAW upper phase), water

and 15% AcOH (water–acetic acid 17–3), (Harborne, 1967;
Mabry et al., 1970). The compounds were further purified on
a Sephadex LH-20 column with standard solvent systems (

Markham, 1982). Trace compounds were identified by
co-chromatography with authentic samples. Details of the
isolated compound are outlined below.

2.3.1. Apigenin (5,7,30-trihodroxy-flavone) (1)
Rf: 0.85 (BAW), 0.03 (H2O), 0.15 (15% AcOH). UV/Vis kmax

(MeOH): 272, 332; (+NaOMe): 283, 333, 400; (+AlCl3): 280,
305, 350, 386sh; (+AlCl3 + HCl): 279, 305, 347, 385sh;
(+NaOAc): 281, 306sh, 387; (+NaOAc + H3BO3): 276,

321, 347sh. EI-MS: m/z 270 equivalent to molecular formula
of C15H10O5.

2.3.2. 3,6-Dimethoxy-kaempferol (2)
Rf: 0.81 (BAW), 0.04 (H2O), 0.16 (15% AcOH). UV/Vis kmax

(MeOH): 271, 342; (+NaOMe): 276, 327, 399; (+AlCl3): 274,
306sh, 349; (+AlCl3 + HCl): 280, 303sh, 352, 406sh; (+NaO-

Ac): 276, 300sh, 351; (+NaOAc + H3BO3): 276, 346. 1H
NMR in DMSO-d6: d 7.92 (2H, d, J = 8.7 Hz, H-20, H-60), d
6.93 (2H, d, J = 8.7 Hz, H-30, H-50), d 6.52 (1H, s, H-8), d
3.77 (3H, s, OCH3), d 3.74 (3H, s, OCH3). EI-MS: m/z 330
equivalent to molecular formula of C17H14O7.

2.3.3. 3,7,40-Trimethoxy-kaempferol (3)
Rf: 0.93 (BAW), 0.01 (H2O), 0.18 (15% AcOH). UV/Vis kmax

(MeOH): 276, 333; (+NaOMe): 278, 291sh, 390; (+AlCl3):

263sh, 279, 303, 349; (+AlCl3 + HCl): 260, 283, 300, 350;
(+NaOAc): 276, 298sh, 350; (+NaOAc + H3BO3): 276,
336. 1H NMR in DMSO-d6: d 8.04 (2H, d, J = 8.7 Hz, H-20,

H-60), d 7.12 (2H, d, J= 8.7 Hz, H-30, H-50), d 6.87 (1H, d,
J= 2 Hz, H-8), d 6.61 (1H, d, J = 2 Hz, H-6), d 3.86 (6H, s,
OCH3), d 3.75 (3H, s, OCH3).

2.3.4. Calycopterin (5,40-dihydroxy-3,6,7,8-tetramethoxy-
flavone) (4)
Rf: 0.88 (BAW), 0.05 (H2O), 0.27 (15% AcOH). UV/Vis kmax

(MeOH): 273, 341; (+NaOMe): 278, 302sh, 398; (+AlCl3):
274, 306sh, 350; (+AlCl3 + HCl): 280, 303sh, 352; (+NaO-
Ac): 273, 300sh, 351; (+NaOAc + H3BO3): 276, 346. 1H

NMR in DMSO-d6: d 7.91 (2H, d, J = 8.5 Hz, H-20, H-60), d
6.92 (2H, d, J = 8.5 Hz, H-30, H-50), d 3.9 (3H, s, OCH3), d
3.88 (3H, s, OCH3), d 3.78 (3H, s, OCH3), d 3.69 (3H, s,

OCH3). ESI-MS: m/z [M�H]� 373 corresponding to a molec-
ular weight of 374 and a molecular formula of C19H18O8.

2.3.5. Quercetin (3,5,7,30,40-pentahydroxy-flavone) (5)
Rf: 0.65 (BAW), 0.09 (H2O), 0.05 (15% AcOH). UV/Vis kmax

(MeOH): 258, 267sh, 298sh, 360; (+NaOMe): 274, 324, 409;

(+AlCl3): 275, 304sh, 333sh, 429; (+AlCl3 + HCl): 269,



Table 1 Distribution of the isolated flavonoids and phenolic acids in the investigated taxa.

Compound Persicaria

salicifolia

Persicaria

senegalensis

Polygonum

bellardii

Polygonum

equisetiforme

Apigenin (5,7,3’-trihodroxy-flavone) (1) � + � �
Apigenin-6-C-arabino-pyranosyl- 8-C-

glucopyranoside (11)

+ � � +

Apigenin-6,8 di C-gluco-pyranoside (12) � � � +

3,6-Dimethoxy – Kaempferol (2) � + � �
3,7,40-Trimethoxy – Kaempferol (3) + + � �
Calycopterin (5,40-dihydroxy-3,6,7,8-
tetramethoxy-flavone) (4)

� + � �

Quercetin (3,5,7,3’,4’-pentahydroxy-

flavone) (5)

+ + + �

Quercetin-3-O-gluco-pyranoside (6) + + � +

Quercetin-3,7-di-O-gluco-pyranoside (13) + � � +

Quercetin-3-methoxy-30-O-

glucopyranoside (7)

� + � �

Rhamnetin-3-O-rhamno-pyranoside (14) � � � +

Myricetin (3,5,7,3’,4’,5’-heahyroxy-

flavone) (15)

� � � +

Myricetin-3-O-gluco-pyranoside (16) � � � +

5-Hydroxy-7-methoxy-isoflavone (8) + + � �
Gallic acid (17) � � � +

Gentisic acid 5-O-(60-O-galloyl)-

glucopyranoside (9)

� + � �

Gentisic acid 5-O-(20-O-glucopyranosyl)-

rhamnoside (10)

+ + � �

+= Present, �= absent.
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300sh, 358sh, 403; (+NaOAc): 269, 323,373; (+NaO-
Ac + H3BO3): 261, 301sh, 379. ESI-MS: m/z [M�H]� 301 cor-
responding to a molecular weight of 302 and a molecular
formula of C15H10O7.

2.3.6. Quercetin-3-O-glucopyranoside (6)
Rf: 0.57 (BAW), 0.08 (H2O), 0.38 (15% AcOH). UV/Vis kmax

(MeOH): 256, 267sh, 298sh, 359; (+NaOMe): 272, 326, 408;
(AlCl3): 275, 304sh, 333sh, 429; (+AlCl3 + HCl): 269,
300sh, 358sh, 403; (+NaOAc): 271, 323, 373; (+NaO-

Ac + H3BO3): 262, 301sh, 379. 1H NMR in DMSO-d6: d
7.66 (1H, d, J = 8.5 Hz, H-60), d 7.55 (1H, d, J= 2 Hz, H-
20), d 6.80 (1H, d, J= 8.5 Hz, H-50), d 6.37 (1H, d,

J= 2 Hz, H-8), d 6.17 (1H, d, J= 2 Hz, H-6), d 5.37 (1H,
d, J= 7.5 Hz, H-100), d 3–4 (5H, m).

2.3.7. Quercetin-3-methoxy-30-O-glucopyranoside (7)
Rf: 0.52 (BAW), 0.13 (H2O), 0.39 (15% AcOH). UV/Vis kmax

(MeOH): 258, 264sh, 359; (+NaOMe): 272, 327, 402; (AlCl3):

263, 300sh, 366, 405sh; (+AlCl3 + HCl): 264, 300sh, 360,
402sh; (+NaOAc): 269, 321, 369; (+NaOAc + H3BO3):
262, 370. 1H NMR in DMSO-d6: d 8.37 (1H, d, J = 2 Hz,
H-20), d 7.26 (1H, d, J = 7.7 Hz, H-60), d 6.77 (1H, d,

J= 8.4 Hz, H-50), d 6.33 (1H, s, H-8), d 6.13 (1H, s, H-6), d
5.11 (1H, d, J = 7.0 Hz, H-100), d 3.60 (3H, s, OCH3), d 3–4
(5H, m). ESI-MS: m/z [M�H]� 477 corresponding to a molec-

ular weight of 478 and a molecular formula of C22H22O12.

2.3.8. 5-Hydroxy-7-methoxy-isoflavone (8)
Rf: 0.91 (BAW), 0.33 (H2O), 0.41 (15% AcOH). UV/Vis kmax

(MeOH): 279; 320sh (+NaOMe): 275, 361, 413sh; (+AlCl3):
271; (+AlCl3 + HCl): 272; (+NaOAc): 278; (+NaO-
Ac + H3BO3): 279.
1H NMR in DMSO-d6: d 8.45 (1H, s, H-

2), d 7.07 (5H, m, phenyl ring), d 6.64 (1H, d, J= 2 Hz, H-8),
d 6.58 (1H, d, J = 2 Hz, H-6), d 3.67 (3H, s, OCH3).

13C
NMR in DMSO-d6: d 175.8 (C-4), 167.3 (C-7), 158.0 (C-9),

156.0 (C-5), 151.9 (C-2), 136.4 (C-40), 132.0 (C-10), 124.0 (C-
20), 124.0 (C-60), 122.0 (C-30), 122.0 (C-50), 121.0 (C-3), 106.5
(C-10), 100.1 (C-6), 97.0 (C-8), 56.3 (OCH3). EI-MS: m/z

[M+H] 269 corresponding to a molecular weight of 268 and a
molecular formula of C16H12O4.

2.3.9. Gentisic acid 5-O-(60-O-galloyl)-glucopyranoside (9)
Rf: 0.29 (BAW), 0.48 (H2O), 0.43 (15% AcOH). UV/Vis kmax

(MeOH): 279, 361sh; (+NaOMe): 275, 361sh; (+AlCl3): 277,

322sh; (+AlCl3 + HCl): 276, 331sh; (+NaOAc): 278;
(+NaOAc + H3BO3): 279. 1H NMR in DMSO-d6: d 7.63
(1H, d, J = 2 Hz, H-6), d 7.19 (2H, s, H-200, H-600), d 6.85

(1H, d, J= 8.6 Hz, H-4), d 6.57 (1H, d, J = 8.6 Hz, H-3), d
4.69 (1H, d, J= 7.5 Hz, H-10), d 3–4 (5H, m). 13C NMR in
DMSO-d6: d 172.9 (COOH), 166.7 (CO), 157.7 (C-2), 149.5
(C-5), 146.4 (C-300),146.4 (C-500), 139.0 (C-400), 122.6 (C-100),

119.9 (C-4), 119.2 (C-3), 116.8 (C-6), 115.9 (C-1), 109.0 (C-
200), 109.0 (C-600), 102.4 (C-10), 76.5 (C-30), 75.2 (C-20), 73.8
(C-50), 70.7 (C-40), 65.3 (C-60). ESI-MS: m/z [M�H]� 467 cor-

responding to a molecular weight of 468 and a molecular for-
mula of C20H20O13.

2.3.10. Gentisic acid 5-O-(20-O-glucopyranosyl)-rhamnoside
(10)
Rf: 0.39 (BAW), 0.65 (H2O), 0.71 (15% AcOH). UV/Vis kmax

(MeOH): 266sh, 309; (+NaOMe): 272sh, 308. 1H NMR in
DMSO-d6: d 7.57 (1H, d, J = 2 Hz, H-6), d 6.87 (1H, dd,
J= 3.5, 8.6 Hz, H-4), d 6.52 (1H, d, J = 8.6 Hz, H-3), d
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5.41 (1H, br. s, Dm1/2 = 2.5 Hz, H-10), d 4.59 (1H, d,

J = 8.6 Hz, H-100), d 3–4 (9H, m), d 1.12 (3H, d, J = 6.5 Hz,
CH3-rhamnose). 13C NMR in DMSO-d6: d 174.2 (COOH),
157.8 (C-2), 148.5 (C-5), 122.1 (C-4), 121.3 (C-3), 118.6 (C-
6), 116.8 (C-1), 104.5 (C-100), 102.5 (C-10), 82.1 (C-20), 77.3

(C-300), 77.0 (C-500), 75.6 (C-200), 73.6 (C-40), 72.8 (C-30), 70.2
(C-50), 69.5 (C-400), 61.1 (C-600), 21.0 (C-60). ESI-MS: m/z
[M+H]+ 463 corresponding to a molecular weight of 462

and a molecular formula of C19H26O13.

2.3.11. Apigenin-6-C-arabinopyranosyl-8-C-glucopyranoside

(11)
Rf: 0.13 (BAW), 0.36 (H2O), 0.48 (15% AcOH). UV/Vis kmax

(MeOH): 273, 333, (+NaOMe): 284, 332, 399; (+AlCl3): 279,

305, 344, 387sh; (+AlCl3 + HCl): 280, 304, 343, 387sh; (+NaO-
Ac): 282, 308sh, 392; (+NaOAc +H3BO3): 275, 320, 347sh.

1H
NMR in DMSO-d6: d 7.9 (2H, d, J= 7.6 Hz, H-20, H-60), d 6.85

(2H, d, J = 7.9 Hz, H-30,H-50), d 6.5 (1H, s, H-3), d 4.8 (1H, d,
J= 8 Hz, H-100), d 4.6 (1H, d, J= 8 Hz, H-1000), d 3.2–4 (9H,
m). 13C NMR in DMSO-d6: d 182.6 (C-4), 164.5 (C-2), 161.6
(C-5), 161.6 (C-7), 158.7 (C-40), 155.6 (C-9), 129.4 (C-20), 129.4

(C-60), 121.9 (C-10), 116.4 (C-30), 116.4 (C-50), 108.4 (C-6), 105.3
(C-8), 103.9 (C-10), 103 (C-3), 82.2 (C-5000), 79 (C-300), 74.6 (C-
100), 74 (C-200), 73.7 (C-1000), 71.5 (C-2000), 71 (C-3000), 70.6 (C-4000),

69.6 (C-400), 69 (C-500), 61.4 (C-6000). ESI-MS: m/z [M�H]� 563
corresponding to a molecular weight of 564 and a molecular for-
mula of C26H28O14.

2.3.12. Apigenin-6,8-di-C-glucopyranoside (12)
Rf: 0.13 (BAW), 0.34 (H2O), 0.48 (15% AcOH). UV/Vis kmax

(MeOH): 273, 333, (+NaOMe): 283, 332, 400; (+AlCl3): 280,
305, 346, 388; (+AlCl3 + HCl): 279, 305, 345, 387; (+NaO-
Ac): 282, 309sh, 3902; (+NaOAc + H3BO3): 274, 323,

349sh. 1H NMR in DMSO-d6: d 7.9 (2H, d, J = 8.5 Hz, H-
20, H-60), d 6.85 (2H, d, J = 8.5 Hz, H-30,H-50), d 6.5 (1H, s,
H-3), d 4.8 (1H, d, J = 8.6 Hz, H-100), d 4.6 (1H, d,
J = 8.6 Hz, H-1000), d 3–4 (10H, m). ESI-MS: m/z [M�H]�

593 corresponding to a molecular weight of 594 and a molec-
ular formula of C27H30O15.

2.3.13. Quercetin-3, 7-di-O-glucopyranoside (13)
Rf: 0.18 (BAW), 0.33 (H2O), 0.63 (15% AcOH). UV/Vis kmax

(MeOH): 258, 267sh, 355; (+NaOMe): 270, 308sh, 405;
(AlCl3): 270, 309sh, 436; (+AlCl3 + HCl): 266, 303sh,

357sh, 406; (+NaOAc): 261, 310sh, 387; (+NaO-
Ac + H3BO3): 263, 306sh, 377.

1H NMR in DMSO-d6: 7.55
(2H, dd, J = 2.5 Hz, H-20; J= 7.5 Hz, H-60), d 7.15 (1H, d,
J= 8.5 Hz, H-50), d 6.80 (1H, d, J = 2 Hz, H-8), d 6.45 (1H,

d, J = 2 Hz, H-6), d 5.35 (1H, d, J = 8 Hz, H-100), d 4.85
(1H, d, J = 8 Hz, H-1000), d 3–3.8 (10H, m).

2.3.14. Rhamnetin-3-O-rhamnopyranoside (14)
Rf: 0.71 (BAW), 0.25 (H2O), 0.54 (15% AcOH). UV/Vis kmax

(MeOH): 257, 264 sh., 350; (+NaOMe): 267, 303sh, 398;

(+AlCl3): 274, 304sh, 427; (+AlCl3 + HCl): 271, 301sh,
352, 399; (+NaOAc): 260, 302sh, 366; (+NaOAc + H3BO3):
262, 290sh, 372. 1H NMR in DMSO-d6: d 7.33 (1H, d,

J= 2 Hz, H-20), d 7.27 (1H, dd, J= 2, 8.2 Hz, H-60), d 6.85
(1H, d, J = 8.1 Hz, H-50), d 6.69 (1H, d, J = 2 Hz, H-8), d
6.39 (1H, d, J = 2 Hz, H-6), d 5.28 (1H, d, J = 2.5 Hz, H-

100), d 3.86 (3H, s, OCH3), d 0.81 (3H, d, J= 5.5 Hz , CH3-
rhamnose).

2.3.15. Myricetin (3,5,7,30,40,50-heahyroxy-flavone) (15)
Rf: 0.43 (BAW), 0.05 (H2O), 0.26 (15% AcOH). UV/Vis kmax

(MeOH): 265, 300 sh, 361; (+NaOMe): 269, 328sh, 408;

(+AlCl3): 272, 310, 427; (+AlCl3 + HCl): 271, 306, 362,
411; (+NaOAc): 270, 401; (+NaOAc + H3BO3): 266, 391.
1H NMR in DMSO-d6: d 7.15 (2H, d, J = 2 Hz, H-20, H-60),
d 6.33 (1H, d, J= 2 Hz, H-8), d 6.16 (1H, d, J = 2 Hz, H-6).

2.3.16. Myricetin-3-O-glucopyranoside (16)
Rf: 0.48 (BAW), 0.07 (H2O), 0.27 (15% AcOH). UV/Vis kmax

(MeOH): 264, 285 sh, 357; (+NaOMe): 272, 397; (+AlCl3):
272, 361sh, 411; (+AlCl3 + HCl): 270, 361, 402; (+NaOAc):
269, 362; (+NaOAc + H3BO3): 265, 384. 1H NMR in

DMSO-d6: d 7.20 (2H, d, J= 2 Hz, H-20, H-60), d 6.35(1H,
d, J = 2 Hz, H-8), d 6.20 (1H, d, J = 2 Hz, H-6), d 5.42
(1H, d, J = 8.5 Hz, H-100), d 3–3.8 (5H, m).

2.3.17. Gallic acid (17)
Rf: 0.81 (BAW), 0.61 (H2O), 0.60 (15% AcOH). UV/Vis kmax

(MeOH): 215, 272; 1H NMR in DMSO-d6: d 6.9 (2H, s, H-2,
H-6). EI-MS: m/z 170 equivalent to molecular formula of
C7H6O5.
3. Results and discussion

3.1. Botanical investigations

3.1.1. Macromorphological and micromorphological characters
The macro, and micromorphological characters of the stem,
petiole and lamina were similar with those of Hamed and Tan-

tawy (1990 and 1991) and the floral characters were given in
Tantawy et al. (2005).

3.2. Chemical investigations

Seventeen compounds (14 flavonoids and 3 phenolic acids) were

isolated from the investigated taxa and identified using chemical
and physical investigations. Ten compounds were isolated
from P. senegalensis and identified as: Apigenin (5,7,40-
trihydroxyflavone) (1), 3,6-dimethoxy-kaempferol (2), 3,7,

40-trimethoxy-kaempferol (3), calycopterin (5,40-dihydroxy-



Figure 2 Dendrogram for the morphological, anatomical and chemical characters.
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3,6,7,8-tetramethoxy-flavone) (4), quercetin (3,5,7,3’,4’-penta-

hydroxy-flavone) (5), quercetin-3-O-glucopyranoside (6), quer-
cetin-3-methoxy-30-O-glucopyranoside (7), 5-hydroxy-7-
methoxy-isoflavone (8), gentisic acid-5-O-(60-O-galloyl)-gluco-
pyranoside (9) and gentisic acid-5-O-(20-O-glucopyranosyl)-

rhamnoside (10).
Eight compounds were isolated from P. equisetiforme and

identified as: quercetin-3-O-glucopyranoside (6), Apigenin-6-

C-arabinopyranosyl-8-C-glucopyranoside (11), apigenin-6,8-
di-C-glucopyranosyl (12), quercetin-3,7-di-O-glucopyranoside
(13), rhamnetin-3-O-rhamnopyranoside (14), myricetin

(3,5,7,3’,4’,5’-pentahydroxy-flavone) (15), myricetin-3-O-
glucopyranoside (16) and gallic acid (17).

Compound 10 (Fig. 1) which was isolated from P. senegal-
ensis and identified as gentisic acid-5-O-(20-O-glucopyranosyl)-

rhamnoside, is a new compound identified for the first time in
nature. Six compounds 2, 3, 4, 7, 8 and 9 were isolated for the
first time from the plant and the remaining three compounds

were previously isolated from the same plant by Midiwo and
Owuor (1992), Midiwo et al. (1992, 1994, 2002). Compounds
6, 11, 12, 13, 14, 15, 16 and 17 from P. equisetiforme were iso-

lated for the first time from the plant. The distribution of these
compounds was shown in Table 1.

Compound 10 was isolated from the H2O fraction as white

crystals after separation and purification on a Sephadex LH-
20 column. Complete acid hydrolysis of 10 afforded rhamnose
and glucose as sugar moiety, identified by co-chromatography
with authentic samples. The ESI-MS of 10 showed the molecu-

lar ion peak as the base peak [M+H]+ at 463m/zwhich is equal
to the Mt 462 corresponding to the molecular formula
C19H26O13.

1H NMR spectrum of 10 showed signals at d 7.57,

6.87 and 6.52 assigned forH-6, H-4 andH-3, respectively, which
is equivalent to gentisic acid protons (Sakushima et al., 1995). In
addition, there is a broad signal at d 5.41 for the rhamnose sugar

and a doublet signal at d 4.59 for the anomeric sugar protons
with J= 8.6 Hz which is consistent for the glucose moiety.
The 13C NMR spectrum confirmed that 10 is gentisic acid

(Sakushima et al., 1995) with rhamnose and glucose sugar.
The C-20 of rhamnose was shifted downfield from 71 to
82.1 ppm and the upfield shift of C-10 from 105 to 102.5 ppm,
indicated that the interglycosidic linkage between the glucose

and rhamnose is glucosyl (100 fi 20) rhamnoside (Agrawal,
1989). From the above data, compound 10 was identified as
gentisic acid-5-O-(20-O-glucopyranosyl)-rhamnoside.
3.3. Chemosystematics

P. salicifolia and P. senegalensis are characterized by the
presence of 3,7,40-trimethoxy-kaempferol, 5-hydroxy-7-meth-

oxy-isoflavone and gentisic acid glycosides. These com-
pounds were not detected in the Polygonum species while
quercetin 3,7-di-O-b-glucopyranoside and apigenin-6-C-a-
arabinopyranosyl-8-C-b-glucopyranoside are present in P.
salicifolia and P. equisetiforme. In addition, no methylated
flavonoids were detected in P. bellardii and only one methyl-
ated flavonoid (rhamnetin-3-O-a-rhamnopyranoside) is de-

tected in P. equisetiforme. P. equisetiforme is also
characterized by the capability to form 3,4,5-trihydroxy nu-
clei in the form of myricetin and gallic acid.

The distribution of methylated flavonoids within the
genus Persicaria in the present study agrees with the obser-
vations that methylated flavonols were detected in some spe-

cies of sections Echinocaulon and Persicaria (Kuroyanagi and
Fukushima, 1982; Kawasaki et al., 1986; Park, 1987). Fur-
thermore; and according to Harborne (1977) and Kawasaki
et al. (1986); methylation of flavonoids hydroxyl groups rep-

resents a more advanced step in the biosynthesis of
flavonoids.
3.4. Numerical analysis

In order to determine the position of Persicaria compared to

Polygonum, a dataset for numerical analysis was constructed.
These data included 111 macro-, micromorphological and
chemical characters. Each character used in the numerical

analysis was treated as a binary character in data matrix
using Minitab statistical software 13 (Minitab Inc.,
1999).The dendogram formed based on the numerical analy-
sis is illustrated in Fig. 2. At similarity level of 35.91%, the

applied operational taxonomic units were separated into two
main groups. Group (I) includes P. salicifolia and P. senegal-
ensis while group (II) includes P. bellardii and P. equiseti-

forme. The taxa of group (I) separated at similarity level
of 78.22% while the taxa of group (II) separated at similarity
level of 66.76%. The grouping of Persicaria species and

Polygonum species under investigation in two distinct groups
is evidence for the treatment of Persicaria and Polygonum as
two distinct entities.
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4. Conclusion

The isolation and identification of 14 flavonoids and three phe-

nolic acids in the four investigated taxa along with their
macro- and micromorphological data formed the basis for a
numerical analysis of the four investigated Persicaria and
Polygonum species. The data presented above supported the

treatment of Persicaria and Polygonum as two distinct entities
and the same result was confirmed by using the numerical
analysis.
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