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Abstract Three new flavonoids; kaempferol-40-phenoxy-

3,30,50-trimethylether (3), rhamnocitrin-40-(4-hydroxy-3-

methoxy)phenoxy-3-methyl ether (4), and rhamnocitrin-3-

O-neohesperoside-40-O-rhamnoside (6), along with three

known compounds; 4-methoxy-benzyldehyde (1),

kaempferol-3-methylether (2), and stachydrine (5) were

isolated from the aerial parts of Cadaba glandulosa Forssk.

Their chemical structures were established by physical,

chemical, and spectral methods, as well as comparison with

literature data. The antioxidant and anti-inflammatory

activities of the isolated compounds were determined.

Compounds 2–4, and 6 exhibited potent anti-inflammatory

activity comparable with indomethacin and moderate

antioxidant activity.

Keywords Cadaba glandulosa � Capparidaceae �
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Introduction

Cadaba farinosa Forssk. (family Capparidaceae) is a

highly viscid low shrub with small inconspicuous flowers,

strongly furrowed stem, and closely packed glandular-his-

pid, round leaves (Gohar 2002). It is widely spread in the

Kingdom of Saudi Arabia on the Red Sea coastal region,

Abha, Bisha, Nagran, and South Jedda to Madina area as

well as between Dahna and Arabian Gulf (Gohar 2002).

The leaves are used for the treatment of haemorrhoids and

urinary tract infections (Al-Fatimi et al. 2007). Cadaba

species were reported to contain alkaloids, terpenes, and

flavonoids (Viqar Uddin et al. 1990, 1985, 1987; Yousif

et al. 1984; Al-Musayeib et al. 2013; Gohar 2002). Previ-

ous phytochemical studies on Chamaecrista glandulosa

resulted in the isolation of flavonoids, alkaloids, and sterols

(Gohar 2002; Attia 2002). Herein, we report the isolation

and identification of three new flavonoids (3, 4, and 6),

along with three known compounds (1, 2, and 5) from the

aerial parts of C. glandulosa. In addition, the antioxidant

and anti-inflammatory activities of the isolated flavonoids

as well as the total MeOH extract (TME) were evaluated.

The isolation of phenoxyflavonoids might be useful as

chemotaxonomic markers for the genus Cadaba.
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Materials and methods

General

Melting point was carried out in Electrothermal 9100 Digital

Melting Point (England), IR on Schimadzu Infrared-400

spectrophotometer (Japan), UV spectra on Perkin-Elmer

Lambda 25 UV/VIS spectrophotometer, low resolution mass

spectra on a Finnigan MAT TSQ 7000 mass spectrometer,

HRESIMS spectra with a Micromass Qtof 2 mass spectrom-

eter, and NMR spectra on Bruker DRX 500 spectrometer

(Bruker, Rheinstetten, Germany). Vacuum liquid chromatog-

raphy (VLC) was carried out on silica gel 60 (0.04–0.063 mm,

Merck). Column chromatographic (CC) separations were

performed over silica gel 60 (0.04–0.063 mm, Merck) and

Sephadex LH-20 (0.25–0.1 mm Merck). TLC analyses were

carried out on pre-coated silica gel F254 aluminium sheets and

RP-18 F254s glass plates (Merck) using developing systems:

CHCl3:MeOH (95:5, S1), CHCl3:MeOH (90:10, S2),

CHCl3:MeOH (85:15, S3), and n-BuOH:HOAc:H2O (4:1:2,

S4). Compounds were detected by UV at wavelength 255 and

366 nm and visualized with: AlCl3 (flavonoids), FeCl3
(phenolics), p-anisaldehyde/H2SO4 (triterpenes), and Drag-

endorff‘s (alkaloids) (Jork et al. 1990). Authentic flavonoids

and sugars were obtained from the Department of Pharma-

cognosy, Faculty of Pharmacy, Assiut University. Reference

compounds: 2,2-diphenyl-1-picrylhydrazyl (DPPH), propyl

gallate (PG), carrageenin, and indomethacin were purchased

from Sigma Chemical Co. (Germany).

Plant material

The plant C. glandulosa Forssk. was collected in March

2011 from Abha, Saudi Arabia and identified by Dr. A. A.

Fayed, Prof. of Plant Taxonomy, Faculty of Science, Assiut

University, Assiut, Egypt. A voucher specimen (registra-

tion number CG-6-2009) has been deposited at the Her-

barium of the research center for medicinal aromatic and

poisonous plants, Saudi Arabia.

Extraction and isolation

The air-dried powdered aerial parts (490 g) were extracted

with MeOH (3 L 9 4) at room temperature. The combined

extracts were concentrated to afford a dark residue (16.5 g)

which was suspended in 200 mL distilled water and parti-

tioned between n-hexane (500 mL 9 5), EtOAc

(500 mL 9 5), and n-BuOH (500 mL 9 5), successively.

Each fraction was concentrated to give n-hexane (5.1 g),

EtOAc (2.8 g), n-BuOH (1.7 g), and aqueous (4.1 g) residues.

The EtOAc residue was subjected to VLC using

CHCl3:MeOH gradients. Four fractions were collected: CE-1

(0.65 g, 100 % CHCl3), CE-2 (0.48 g, 75:25 CHCl3:MeOH),

CE-3 (0.70 g, 50:50 CHCl3:MeOH), and CE-4 (0.77 g,

100 % MeOH). Fraction CE-2 (0.48 g) was subjected to CC

(120 g silica gel 9 50 9 3 cm) using n-hexane:EtOAc gra-

dient to afford compound 1 (13 mg, white needles). Fraction

CE-3 (0.70 g) was subjected to CC (120 g silica

gel 9 50 9 3 cm) using n-hexane:EtOAc gradient to give 2

(21 mg, yellow crystals) and 3 (15 mg, yellow crystals).

Fraction CE-4 (0.77 g) was chromatographed over Sephadex

LH-20 column (150 g 9 100 9 5 cm) using eluent

CHCl3:MeOH (90:10) to afford three main sub-fractions CE-

4-A to CE-4-C. Sub-fractions CE-4-B (0.19 g) and CE-4-C

(0.23 g) were separately subjected to silica gel CC

(80 g 9 50 9 3 cm) using CHCl3:MeOH gradients followed

by purification on RP-18 column (0.04–0.063 mm;

100 g 9 50 9 2 cm) using MeOH:H2O gradients to give 4

(19 mg, yellow crystals) and 5 (24 mg, colourless oil). The n-

BuOH (1.7 g) fraction was chromatographed over Sephadex

LH-20 column (150 g 9 100 9 5 cm) using MeOH as an

eluent, to furnish two sub-fractions CB-1 and CB-2. Sub-

fraction CB-1 (0.49 g) was subjected to RP-18 column

(0.04–0.063 mm; 100 g 9 50 9 2 cm) using MeOH:H2O

gradients to give 6 (20 mg, yellow amorphous powder).

Acid hydrolysis of 6

Compound 6 (3 mg) was refluxed with 10 mL of 1 N HCl

for 4 h. The aglycone was extracted with CHCl3. The

sugars in the aqueous layer were identified by co-paper

chromatography (PC) with authentic materials using sol-

vent system (S4).

Antioxidant activity

The antioxidant activity was determined as previously out-

lined ((Al-Musayeib et al. 2013; El-Kumarasamy et al. 2004)

by the decrease in the absorption of each of the isolated

compounds (20 lM) or TME (50, 100, and 150 lg/mL) in

DPPH solution (4 mg were dissolved in 50 mL), monitored

at 517 nm using a spectrophotometer. The absorbance of

DPPH in MeOH (with or without compounds) was measured

after 2 min. The antioxidant activity of each compound was

measured in relation to reference propyl gallate set as 100 %

antioxidant activity. Determinations were performed in

triplicate. The antioxidant activity was calculated:

Antioxidant activity

¼ 100� 1� absorbance with compound

absorbance of the blank

� �
:

Carrageenin-induced rat paw edema

The anti-inflammatory activity was evaluated as previously

described (Aguilar et al. 2002). Hind paw edema

460 G. A. Mohamed et al.

123



(skin edema) was induced by subplanter administration of

0.1 mL carrageenin (1 % w/v) in normal saline in the right

hand paw of the rats. The inflamed animals were divided

randomly into twelve groups (6 for each); inflamed control

group, inflamed treated with indomethacin (at a dose of

10 mg/kg subcutaneously), eight groups of inflamed ani-

mals were treated with the tested compounds individually

(at doses of 5 and 10 mg/kg subcutaneously), and two

groups were treated with TME at doses of 50 and 100 mg/

kg subcutaneously (the plant extract was dissolved in

sterile distilled water). The change in paw thickness in all

tested animals was measured with Plethysmometer 7150

(UGO, Basil, Italy) at 0, 1, 2, 4, and 6 h after carrageenin

solution injection.

Animals

Adult male Sprague–Dawley rats weighing 100–120 g

were obtained from the animal facility of Faculty of

Pharmacy, King Saud University, Riyadh, KSA. Animals

were housed at a temperature of 23 ± 2 �C with free

access to water and standard food pellets. Rats were left to

acclimatize in the animal facility for 1 week prior to

experimentation. All animal procedures were conducted in

accordance with the guidelines of the Institutional Animal

Ethical Committee of King Saud University (approval

number KSU/IAEC/1432/12) (El-Badry 2011).

Statistical analysis

All data were expressed as mean ± standard error of mean

using the student t test. The statistical significance was

evaluated by one-way analysis of variance (ANOVA). The

values were considered to be significantly different when

p values were less than 0.05 (p \ 0.05).

Kaempferol-40-phenoxy-3,30,50-trimethylether (3)

Yellow crystals (EtOH). Rf 0.81 (S1). M.p. 254–256 �C. UV

kmax (MeOH): 267, 354; ?NaOMe: 269, 368; ?AlCl3: 274,

388; ?AlCl3/HCl: 271, 385; ?NaOAc: 284, 355; ?NaOAc/

H3BO3: 269, 357 nm. IR (KBr): mmax cm-1 = 3410, 2925,

1665, 1615, 1570. HRESIMS: m/z 437.1162 [M?H]?,

(calcd. for C24H21O8, 437.1158). NMR data see Table 2.

Rhamnocitrin-40-(4-hydroxy-3-methoxy)phenoxy-3-methyl

ether (4)

Yellow crystals (EtOH). Rf 0.76 (S1). M.p. 276–278 �C.

UV kmax (MeOH): 228 sh, 268, 351; ?NaOMe: 274, 331,

374; ?AlCl3: 279, 354, 391; ?AlCl3/HCl: 278, 352, 388;

?NaOAc: 268, 354; ?NaOAc/H3BO3: 269, 352 nm. IR

(KBr) mmax cm-1 = 3365, 2942, 1646, 1613, 1569. HRE-

SIMS m/z 437.1159 [M?H]? (calcd for C24H21O8,

437.1158). NMR data see Table 2.

Rhamnocitrin-3-O-neohesperoside-40-O-rhamnoside (6)

Yellow amorphous powder. Rf 0.53 (S3). UV

kmax (MeOH): 212 sh, 266, 345; ?NaOMe: 271, 325, 351;

?AlCl3: 257 sh, 274, 304, 350, 385; ?AlCl3/HCl: 256 sh,

275, 303, 349, 381; ?NaOAc: 269, 315, 349; ?NaOAc/

H3BO3: 265, 278 sh, 351 nm. IR (KBr) mmax cm-1 = 3397,

2930, 1656, 1608, 1573, 1517. HRESIMS m/z 755.2317

[M?H]? (calcd for C34H43O19, 755.2320). NMR data see

Table 1 (Fig. 1).

Table 1 NMR data of compound 6 (500 and 125 MHz, DMSO-d6)

No. dH (m, J/Hz) dC (m) HMBC (H ? C)

2 – 156.2 (s) –

3 – 132.9 (s) –

4 – 177.4 (s) –

5 – 160.9 (s) –

6 6.39 (d, 2.2) 97.9 (d) 5, 7, 8, 10

7 – 165.1 (s) –

8 6.75 (d, 2.2) 93.1 (d) 6, 7, 9, 10

9 – 160.1 (s) –

10 – 105.0 (s) –

10 – 120.7 (s) –

20, 60 8.09 (d, 7.5) 130.8 (d) 2, 10, 20, 40, 60

30, 50 6.92 (d, 7.5) 115.1 (d) 20, 40, 60

40 – 156.4 (s) –

10 0 5.68 (d, 7.2) 98.3 (d) 3

20 0 3.04–4.64 m 77.5 (d) –

30 0 77.2 (d) –

40 0 68.3 (d) –

50 0 77.2 (d) –

60 0 60.7 (d) –

10 0 0 5.09 s 100.6 (d) 20 0

20 0 0 3.04–4.64 m 70.2 (d) –

30 0 0 70.6 (d) –

40 0 0 71.8 (d) –

50 0 0 66.1 (d) –

60 0 0 0.78 (d, 6.9) 17.2 (q)a –

10’’’ 5.09 s 100.6 (d) 40

20 0 0 0 3.04–4.64 m 70.2 (d) –

30 0 0 0 70.6 (d) –

40 0 0 0 71.8 (d) –

50 0 0 0 68.2 (d) –

60 0 0 0 0.78 (d, 6.9) 18.3 (q)a –

5-OH 12.64 s – 5, 6, 10

7-OCH3 3.87 s 56.1 (q) 7

a May be interchangeable
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Results and discussion

Compound 6 was obtained as yellow amorphous powder

and gave positive tests for flavonoids (Mabry et al. 1970).

The molecular formula was determined as C34H42O19, on

the basis of the pseudo-molecular ion peak at m/z 755.2317

[M?H]? in HRESIMS. The UV spectrum bands at 212,

266, and 345 nm, as well as reaction with diagnostic shift

reagents suggested 6 to be 3,7,40-tri-substituted flavonol

glycoside with free hydroxyl group at C-5 (Mabry et al.

1970). The IR spectrum indicated the presence of OH

group at 3,397 cm-1, a,b-unsaturated CO group at 1,656,

and aromatic ring at 1,608 cm-1 (Silverstein and Webster

1998). The 1H NMR spectrum showed resonances for two

meta-coupled protons at dH 6.39 (1H, d, J = 2.2 Hz) and

6.75 (1H, d, J = 2.2 Hz). The HSQC spectrum correlated

these signals to the carbons resonating at dC 97.9 and 93.1,

respectively characterizing the presence of tetra-substi-

tuted ring A (Williams 1994; Agrawal 1992). Two pairs of

ortho-coupled protons at dH 8.09 (2H, d, J = 7.5 Hz,

H-20,60) and 6.92 (2H, d, J = 7.5 Hz, H-30,50). They cor-

related with carbons at dC 130.8 and 115.1, respectively in

the HSQC spectrum, suggesting the presence of AA0BB0

system due to a 1,4-di-substituted ring B (Table 1). In

addition, a singlet signal for methoxy group at dH 3.87

correlated with the carbon at dC 56.1 in HSQC and 165.1

(C-7) in the HMBC indicated its attachment at C-7 of ring

A. The hydroxyl group at dH 12.64 was located at C-5

based on its HMBC correlations with C-5, C-6, and C-10.

The presence of 5-hydroxy-7-methoxy substituted ring A

was confirmed by the fragment ion peak at m/z 167.3259 in

HRESIMS (Crow et al. 1986). Thus, the aglycone part of 6

was assigned as rhamnocitrin and confirmed by the frag-

ment ion peak at m/z 299.0176 (Gohar 2002). Moreover,

two anomeric protons signal at dH 5.09 (2H, s, H-1000, 10000)
correlated with the carbon at dC 100.6, as well as, two

doublet methyl signals at dH 0.78 (6H, d, J = 6.9 Hz,

H-6000, 60000) suggested the presence of two rhamnose moi-

eties correlated with the carbons at dC 17.2 and 18.3. The

signals at dH 5.68 (1H, d, J = 7.2 Hz, H-100)/dC 98.3

indicated the presence of b-glucopyranose moiety (Agra-

wal 1992). These were confirmed by the fragment ion

peaks at 608.5671 [M-Rh]?, 445.4259 [M–(Glu?Rh)]?,

and 299.0176 [M–(Rh?Rh?Glu)]?. In the HMBC, the

cross peak of H-100 to C-3 (dH 132.9) suggested the

attachment of glucose moiety at C-3 of rhamnocitrin

(Fig. 2). The cross peak observed between H-1000 and C-200

indicated the attachment of rhamnose at C-200 of glucose

moiety at C-3 of ring C, suggested the presence of neo-

hesperoside (Harborne 1988). This was confirmed by the

downfield shift of C-200. The attachment of second rham-

nose moiety at C-40 was established based on the HMBC

cross peak of H-10000 with C-40 (dC 156.4) (Fig. 2). Upon the

hydrolysis of 6, rhamnocitrin, glucose, and rhamnose were

identified by co-chromatography alongside with authentic

samples. On the basis of the above evidences, the structure

of 6 was determined as rhamnocitrin-3-O-neohesperoside-

40-O-rhamnoside.

Compound 4 was isolated as yellow crystals. The

compound gave positive reaction for the flavonoids (Ma-

bry et al. 1970). The HRESIMS spectrum showed a

pseudo-molecular ion peak at m/z 437.1159 [M?H]?,

which compatible with the molecular formula C24H20O8.

The presence of 3,7,40-tri-substituted flavonol moiety was

deduced from the UV spectral data (Mabry et al. 1970).

The NMR spectral data of 4 were similar to those of 6

except the signals for sugar moieties were not present

(Table 2). Instead, new signals at dH/dC 7.43 (1H, brs,

H-200)/105.6 (C-200), 7.53 (1H, d, J = 7.8 Hz, H-500)/128.6

(C-500), and 8.27 (1H, d, J = 7.8 Hz, H-600)/130.5, toge-

ther with signals for methoxy (dH 3.99/dC 56.4) and

hydroxyl (dH 9.87) groups, suggesting the presence of a

Fig. 1 Structures of the isolated compounds
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1,3,4-tri-substituted phenoxy moiety. This was confirmed

by the observed HMBC correlations and fragment ion

peak at m/z 313.2385 [M–C7H7O2]? (Fig. 2). Further-

more, two methoxy groups signals at dH 3.99 (6H, s,

3,7-OCH3)/dC 60.4 (3-OCH3) and 56.4 (7-OCH3) were

observed. Their locations at C-3 and C-7 of rhamnocitrin

were confirmed by the HMBC cross peaks of 3-OCH3 to

C-3 (dC 139.6) and 7-OCH3 to C-7 (dC 166.3). It was

inferred that 4 was rhamnocitrin-3-methyl ether substi-

tuted at position 4 of ring B by a (4-hydroxy-3-

methoxy)phenoxy moiety. Thus, the structure of 4 was

unambiguously established and named rhamnocitrin-40-(4-

hydroxy-3-methoxy)phenoxy-3-methyl ether and consid-

ered as a new natural product.

Fig. 2 Some important HMBC correlations for 3, 4 and 6

Table 2 NMR data of compounds 3 and 4 (500 and 125 MHz, DMSO-d6)

No. 3 4

dH (m, J/Hz) dC (m) HMBC (H ? C) dH (m, J/Hz) dC (m) HMBC (H ? C)

2 – 161.2 (s) – – 156.3 (s) –

3 – 138.9 (s) – – 139.6 (s) –

4 – 178.1 (s) – – 179.3 (s) –

5 – 161.2 (s) – – 161.2 (s) –

6 6.32 (d, 1.8) 98.8 (d) 7, 8, 9, 10 6.39 brs 98.5 (d) 8, 10

7 – 164.4 (s) – 166.3 (s)

8 6.62 (d, 1.8) 94.1 (d) 6, 7, 9, 10 6.45 brs 93.7 (d) 6, 10

9 – 156.5 (s) – – 155.6 (s) –

10 – 104.4 (s) – – 104.2 (s) –

10 – 128.3 (s) – – 127.6 (s) –

20, 60 7.50 brs 105.3 (d) 2, 10, 20, 30, 40, 50, 60 7.80 (d, 8.5) 132.3 (s) 2, 20, 40, 60

30, 50 – 151.9 (s) – 6.96 (d, 8.5) 115.9 (d) 20, 60, 10 0

40 – 139.3 (s) – – 160.1 (s) –

10 0 – 163.4 (s) – – 163.1(s) –

20 0 8.20 (d, 7.6) 129.9 (d) 40, 10 0, 40 0, 60 0 7.43 brs 105.6 (d) 40, 40 0, 50 0, 60 0

30 0 7.69 (d, 7.6) 129.1 (d) 20’, 40 0, 60 0 – 153.0 (s) –

40 0 7.84 (t, 7.6) 134.3 (d) 20 0, 60 0 – 142.8 (s) –

50 0 7.69 (d, 7.6) 129.1 (d) 20 0, 40 0, 60’ 7.53 (d, 7.8) 128.6 (d) 60’

60 0 8.20 (d, 7.6) 129.9 (d) 40, 10 0, 20 0, 40 0 8.27 (d, 7.8) 130.5 (d) 40, 10 0, 20 0, 40 0, 50 0

5-OH 12.60 s – 5, 6, 10 12.55 s – –

7-OH 11.02 s – – – – –

40 0-OH – – – 9.87 s – 30 0, 40 0, 50’

3-OCH3 3.94 s 60.1 (q) 3 3.99 s 60.4 (q) 3

7-OCH3 – 3.99 s 56.4 (q) 7

30-OCH3 3.92 s 56.3 (q) 30 – – –

50-OCH3 3.92 s 56.3 (q) 50 – – –

30 0-OCH3 – – – 3.99 s 56.4 (q) 30 0
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Compound 3 was isolated as yellow crystals and gave

positive reaction for flavonoids (Mabry et al. 1970). The

molecular formula for 3 was C24H20O8 confirmed by

HRESIMS. The UV absorption maxima at 254 and 354 nm

and its reaction with diagnostic shift reagents suggested it

to be a kaempferol derivative (Markham 1982; Harborne

1988). The bathochromic shift of the UV absorption bands

I and II with AlCl3 and NaOAc suggested the presence of 5

and 7-OH groups, respectively. The absence of NaOCH3

band I shift indicated that the 40-OH group was substituted

(Mabry et al. 1970). The 1H NMR spectrum showed two

singlet signals at dH 12.92 and 11.02 which were assigned

to 5- and 7-OH groups, respectively (Table 2) (Harborne

1988; Agrawal 1992). The two meta-coupled protons at dH

6.32 (1H, d, J = 1.8 Hz) and 6.62 (1H, d, J = 1.8 Hz)

were assigned to H-6 and H-8, respectively. The two pro-

tons signal at dH 7.50 (2H, brs, H-20, 60) indicated the

presence of tetra-substituted ring B. 1H NMR spectrum of

3 displayed signals for mono-substituted phenoxy moiety at

dH 7.69 (2H, d, J = 7.6 Hz, H-300, 500), 7.84 (1H, t,

J = 7.6 Hz, H-400), and 8.20 (2H, d, J = 7.6 Hz, H-200, 600)
and confirmed by COSY and HMBC correlations (Fig. 2).

The connectivity of the phenoxy moiety at C-40 of ring B

was established on the basis of HMBC correlations of H-200

and H-600 with C-40 (dC 139.3). Furthermore, two singlet

signals at dH 3.92 (6H, s, 30, 50-OCH3) and 3.94 (3H, s,

3-OCH3) indicated the presence of three methoxy groups.

The attachment of methoxy groups at C-3, C-30, and C-50

was established by their HMBC correlations (Fig. 2). On

the basis of the previous findings, 3 was identified as ka-

empferol-40-phenoxy-3,30,50-trimethylether and considered

as a new natural product.

The known compounds were identified as 4-methoxyb-

enzyldehyde (1) (El-Shanawany et al. 2012), kaempferol-3-

methylether (2) (Harborne 1988), and stachydrine (5)

(Al-Musayeib et al. 2013) by the analysis of the spectro-

scopic data (1D, 2D NMR, and MS) and comparison of

their data with those in the literature.

The TME and isolated compounds (2–4, and 6) showed

moderate concentration dependent scavenging activity by

quenching DPPH radicals (Table 3), maximum inhibition

(74.12 % for TME at 150 lg/mL and 61.49 for isolated

compounds at 20 lM) of DPPH. This antioxidant capacity

may be due to the presence of phenolics in C. glandulosa.

Furthermore, the TME of C. glandulosa and compounds 2-

4, and 6 were tested for their anti-inflammatory activity in

carrageenin induced paw edema model. The TME

(100 mg/kg) and 4 (10 mg/kg) exhibited highest anti-

inflammatory activity compared with indomethacin

(10 mg/kg). Also, 3, 2, and 6 showed potent activity at dose

10 mg/kg after 4 h (Table 4; Fig. 3). Thus, it was also

observed that the presence of phenoxy group (compounds 3

Table 3 The DPPH radical scavenging activity results

Sample Conc. DPPH (% inhibition)

TMEa 50 42.67 ± 1.1

100 62.96 ± 1.4

150 74.12 ± 10.8

2b 20 61.49 ± 0.69

3b 20 49.11 ± 0.71

4b 20 44.76 ± 0.41

6b 20 40.10 ± 0.39

Each value represents the mean ± S.D., n = 3
a Conc. (lg/mL)
b Conc. (lM)

Table 4 The anti-inflammatory activity results

Groups n = 6 Dose (mg/kg) Paw edema thickness (mm)

0 h 1 h 2 h 4 h 6 h

Inflamed control – 5.37 ± 0.13 7.39 ± 0.16 8.49 ± 0.10 6.19 ± 0.13 8.90 ± 0.11

Inflamed ? indomethacin 10 5.34 ± 0.21 7.09 ± 0.14* 5.10 ± 0.11* 4.47 ± 0.04* 5.07 ± 0.07*

Inflamed ? TME 50 6.13 ± 0.12 6.01 ± 0.21* 5.46 ± 0.11* 5.16 ± 0.15 5.10 ± 0.09*

100 5.41 ± 0.10 5.71 ± 0.16* 5.33 ± 0.15* 4.29 ± 0.10* 5.03 ± 0.11*

Inflamed ? 2 5 5.16 ± 0.12 5.97 ± 0.17* 6.42 ± 0.09 5.10 ± 0.14* 6.13 ± 0. 21*

10 6.16 ± 0.18 5.56 ± 0.12* 5.22 ± 0.11 4.16 ± 0.09* 5.75 ± 0.04*

Inflamed ? 3 5 5.76 ± 0.09 5.89 ± 0.13* 5.34 ± 0.15 4.36 ± 0.07* 5.01 ± 0.11*

10 4.11 ± 0.06 4.65 ± 0.11* 4.90 ± 0.15* 3.11 ± 0.05* 3.82 ± 0.08*

Inflamed ? 4 5 5.23 ± 0.06 5.76 ± 0.07* 5.21 ± 0.11 4.19 ± 0.07* 5.03 ± 0.04*

10 4.68 ± 0.09 4.89 ± 0.09* 4.21 ± 0.21* 3.04 ± 0.09* 4.10 ± 0.11*

Inflamed ? 6 5 5.81 ± 0.18 5.98 ± 0.12 5.39 ± 0.14 5.02 ± 0.04* 5.23 ± 0.06*

10 5.38 ± 0.15 5.18 ± 0.12* 5.62 ± 0.18 4.89 ± 0.09* 4.09 ± 0.06*

Each value represents the mean ± SEM, n = 6, Significant different from inflamed control group at p \ 0.05
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and 4) and the free OH group (compound 2) at position 40

may be essential for the anti-inflammatory activity. These

results were also in accordance with previous studies that

attributed the anti-inflammatory activity of flavonoids to the

C-2,3 double bond, the presence of a methoxy group at C-3

and C-7, and the pyran ring (Ibrahim et al. 2012). The

activity of TME may be due to the presence of terpenes,

flavonoids, and alkaloids (Perez 2001). Flavonoids are

known to inhibit prostaglandins synthesis enzymes, more

specifically the endoperoxide. It was reported that prosta-

glandin like substances are released during the second phase

of carrageenin induced edema (Alcaraz and Jimenez 1998).

Fig. 3 Effect of the TME and compounds 2–4, and 6 on carragenin-induced rat paw edema
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Conclusions

This study reports the isolation and identification of six

compounds from the aerial parts of C. glandulosa Forssk.

three of them are new. The structures of the isolated

compounds were established by spectroscopic data. The

total MeOH extract as well as isolated flavonoids were

evaluated for their antioxidant and anti-inflammatory

activities. Phenoxyflavonoids (3 and 4) found in the present

study might be useful as chemotaxonomic markers for

cadaba species.
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