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New Isorhamnetin Derivatives from Salsola imbricata Forssk. 
Leaves with Distinct Anti-inflammatory Activity
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ABSTRACT
Background: Salsola imbricata Forssk. is a shrub widely growing in 
Egypt, used as a camel food, traditionally, used as anti‑inflammatory 
agent. Literature survey showed no report about the anti‑inflammatory 
activity of S. imbricata. Aim of the Study: This work was designed 
to study the phenolic constituents and to provide evidence for the 
traditional use of S.  imbricata as an anti‑inflammatory agent. Materials 
and Methods: The in vitro anti‑inflammatory activity of the total aqueous 
methanol extract and some isolated compounds were investigated 
in RAW 264.7 macrophage cells using nitric oxide assay. All chemical 
structures were identified on the basis of electrospray ionization‑mass 
spectrometry, one‑  and two‑dimension nuclear magnetic resonance. 
Results: Nine phenolic compounds, among them two new natural 
products; isorhamnetin‑3‑O‑β‑D‑glucuronyl  (1’’’→4’’) glucuronide  (1) 
and its dimethyl ester; isorhamnetin‑3‑O‑β‑D‑di glucuronate dimethyl 
ester  (2), two isorhamnetin glycosides: Isorhamnetin‑3‑O‑β‑D‑gala
ctopyranoside  (3), isorhamnetin‑3‑O‑β‑D‑glucopyranoside  (4), and 
isorhamnetin  (5). In addition, an alkaloidal phenolic; trans N‑feruloyl 
tyramine (6), three phenolic acids: Isovanillic acid (7), ferulic acid (8), and 
p‑hydroxy benzoic acid (9) were isolated from salsola imbricata leaves. All 
compounds were isolated and identified for the first time from this plant 
except compound  (6). The extract and the tested compounds showed 
distintict anti‑inflammatory activities with no toxicity on RAW 264.7 
macrophage cells. Conclusion: The extract and the tested compounds 
showed distintict anti‑inflammatory activities with no toxicity on RAW 
264.7 macrophage cells.
Key words: Amaranthaceae, anti‑inflammatory, isorhamnetin‑3‑O‑ 
β‑D‑glucuronyl (1’’’→4’’) glucuronide, plant phenolics, Salsola imbricata

SUMMARY
•  Investigation of the chemical constituents of the leaves of Salsola 

imbricata led to isolation of two new isorhamnetin derivatives: 
isorhamnetin‑3‑O‑β‑D‑glucuronyl (1’’’→4’’) glucuronide (1) and its dimethyl 
ester (2), together with seven known phenolic compounds. The extract and 

the tested compounds showed distintict anti‑inflammatory activities with no 
toxicity on RAW 264.7 macrophage cells.

Abbreviations used: PC: Paper chromatography,  
MPLC : Medium Pressure Liquid Chromatography,  
HMBC: Heteronuclear multiple bond correlation, HMQC: Heteronuclear 
single quantum correlation,  
NMR: Nuclear magnetic resonance
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INTRODUCTION
Th  Amaranthaceae  (formerly Chenopodiaceae) is a large family that 
contains approximately 175 genera and 2000 species, including the genus 
Salsola (from Latin salsus, meaning salty).[1] Salsola imbricata Forssk. (syn. 
Chenopodium baryosmum, Salsola foetida, Caroxylon imbricata, and Salsola 
baryosma) is a shrub wildly growing in Egypt, used as a camel food.[2,3] 
Traditionally, S.  imbricata is used as a diuretic and anti‑inflammatory 
agent.[4] It has also been reported to possess antioxidant[5] and antidiabetic 
activity;[6] in addition, it inhibits tyrosinase[7,8] and leads to central 
nervous system depression.[9] S.  imbricata was reported to contain 
triterpene glycoside derivatives,[10] triterpenes,[5] isoflavonoids, flavonoids, 
coumarins,[8,11] alkaloidal phenolics,[7,12] and sterols.[13]

Inflammation is a normal protective response induced by tissue injury 
or infection to combat invaders in the body  (microorganisms and 
nonself‑cells) and to remove dead or damaged host cells. The level of 
nitric oxide  (NO) induced may refl ct the degree of inflammation. 

Recently, some plant secondary metabolites have been reported to inhibit 
NO production such as 6‑gingerol, tanshinone IIA, and arctigenin.[14] 
Most of the traditionally known biological activities are not supported 
by experimental or clinical data. In this context, this work was designed 
to study the phenolic constituents and to provide evidence for the 
traditional use of S. imbricata as an anti‑inflammatory agent.
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MATERIALS AND METHODS

General methods
1H‑nuclear magnetic resonance  (NMR) spectra were measured with a 
Bruker avance 400 MHz NMR spectrometer. 1H chemical shifts (δ) were 
measured in ppm, relative to TMS and 13C‑NMR chemical shiftsto dimethyl 
sulfoxide‑d6 and converted to the TMS scale by adding 39.5. Electrospray 
ionization‑mass spectrometry  (ESI‑MS) were measured on an AB 
SCIEX API 3200QTRAP liquid chromatography  (LC)/MS/MS System, 
ultraviolet (UV) recordings were made on a Shimadzu UV‑Visible‑1601 
spectrophotometer. Paper chromatographic (PC) analysis and preparative 
PC separation were carried out on Whatman No. 1 and 3 MM papers, 
using solvent systems 15% HOAc and BAW (n‑BuOH‑HOAc‑H2O, 4:1:5, 
upper layer). Medium pressure LC (MPLC) was performed on Sepaore 
X50 (Buchi Labortechnik, swissland).

Plant materials
S.  imbricata leaves were collected in the Western desert near Baharia 
Oasis  (Egypt) in April 2012. Authentication was performed by 
Dr. M. El‑Gebali, former researcher of Botany at the National Research 
Centre  (NRC) of Cairo, Egypt. In addition, a voucher specimen was 
deposited at the Herbarium of the NRC.

Extraction and isolation
One thousand grams air‑dried powdered leaves of S.  imbricata were 
extracted successively for three times under reflux in aq. methanol 
MeOH‑H2O  (3:1). The filtrates were collected and evaporated to 
dryness under vacuum to yield a dark brown amorphous powder of 
the aq. methanol extract  (112 g). The residue was suspended in water 
and partitioned between methylene chloride  (for defatting), ethyl 
acetate, and n‑butanol (BuOH), successively. The n‑BuOH extract (21 g) 
was fractionated by column chromatography on Diaion HP‑20 
column (5 cm × 50 cm, 200 g) using H2O and MeOH in H2O (25:75 v/v, 
2 L) as an eluent to give mainly two fractions. The second fraction (1 g) 
was purifi d with MPLC using RP‑18 column  (40  g) eluting with 
water‑MeOH in order of decreasing polarity, yielding two amorphous 
yellow powder compounds  (1,2). The ethyl acetate extract  (33  g) was 
chromatographed on Sephadex LH‑20 column (11 cm × 50 cm, 300 g). 
Elution started with water then water/MeOH mixtures while gradually 
decreasing the polarity. Collected fractions were monitored using 
PC. Th ee major fractions were collected and then applied to further 
fractionation on Sephadex LH‑20 columns. The fi st fraction (2 g) gave 
three compounds (3‑5), the second fraction (0.5 g) gave one compound 6, 
and the third one (1.5 g) yielded three compounds (7‑9). All the isolated 
compounds were furtherly purifi d on Sephadex LH‑20 columns using 
methanol  (high‑performance LC grade) to give pure compounds. All 
isolated compounds were identifi d by ESI‑MS, UV, 1H‑, and 13C‑NMR, 
heteronuclear multiple‑bond correlation  (HMBC), and heteronuclear 
single‑quantum correlation (HMQC).

Isorhamnetin-3-O-β-D-glucuronyl-(1’’’→4’’)- 
β-glucuronic acid (1)
Amorphous yellow powder, Rf ‑ values: 0.92 (HOAc), 0.08 (BAW). UV 
λmax nm in MeOH: 252, 352; +NaOMe: 268, 326, 405; +NaOAc 269, 322, 
360; +NaOAc‑H3BO3 252, 353; AlCl3 264, 298 (sh), 355; and AlCl3 + HCl 
273, 363. Normal acid hydrolysis (2N aqueous HCl, 100°C, 2 h) gave 
glucuronic acid and isorhamnetin. Positive ESI‑MS: m/z [M + H]+669 
and 317 [M‑diglucuronic acid]+. 1H‑ and 13C‑NMR spectra [Table 1].

Isorhamnetin-3-O-β-D-glucuronate methyl ester 
(1’’’→4’’)-β-glucuronate methyl ester (2)
Amorphous yellow powder, Rf ‑ values: 0.87 (HOAc), 0.23 (BAW). 
UV λmax nm in MeOH: 254, 352; +NaOMe: 267, 326, 404; +NaOAc 
272, 362; +NaOAc‑H3BO3  253, 354; AlCl3  265, 356; and AlCl3  +  HCl 
272, 360. Normal acid hydrolysis  (2N aqueous HCl, 100°C, 2  h) gave 
glucuronic acid and isorhamnetin. Positive ESI‑MS: m/z [M + H]+697 
and 317  [M‑diglucuronic dimethyl ester]+. 1H‑  and 13C‑NMR 
spectra [Table 1].

Biological assays
Cytotoxicity study on macrophages.

Cell culture
Raw murine macrophages  (RAW 264.7) were purchased from the 
American Type  Culture collection. Cells were routinely cultured in 
RPMI‑1640. Media were supplemented with 10% fetal bovine serum, 
2 mM L‑glutamine, containing 100 U/ml penicillin G, 100 U/ml 
streptomycin, and 250  ng/ml amphotericin B. Cells were maintained 
in humidifi d air containing 5% CO2 at 37°C. RAW 264.7  cells were 
collected by scraping them from the solid support. All experiments were 
repeated four times, unless mentioned, and the data is represented as 
a mean ± standard deviation. Cell culture material was obtained from 
Cambrex, Bio‑Science (Copenhagen, Denmark).

Table 1: 1H, 13C spectral data of 1 and 2 (in DMSO, in ppm, J in Hz)

Position Compound 1 Compound 2

C/H δC δH δC δH

2 156.68 156.66
3 133.25 133.34
4 177.74 178.14
5 161.32 161.26
6 99.21 6.23 (d, J=1.6) 99.25 6.23 (d, J=1.6)
7 166.11 166.41
8 94.18 6.48 (d, J=1.6) 94.30 6.48 (d, J=1.6)
9 156.66 156.66
10 103.48 103.52
1’ 120.19 120.15
2’ 113.42 7.93 (d, J=1.6) 113.52 7.93 (d, J=1.6)
3’ 147.39 147.51
4’ 151.20 151.41
5’ 115.67 6.92 (d, J=8) 115.81 6.92 (d, J=8)
6’ 122.85 7.59 (dd, J=1.6 and 8) 122.91 7.60 (dd, J=1.6 and 8)
OMe 56.29 3.84 (s) 56.26 3.85 (s)
1’’ 99.24 5.52 (d, J=7.8) 99.32 5.54 (d, J=7.9)
2’’ 74.35 3.0–3.8 (m) 74.27 3.0–3.8 (m)
3’’ 76.58 76.53
4’’ 79.52 79.50
5’’ 76.92 76.52
6’’ 171.40 170.51
COOMe ‑ 52.59 3.59 (s)
1’’’ 103.89 103.85
2’’’ 74.87 74.30
3’’’ 76.96 76.92
4’’’ 70.75 70.19
5’’’ 77.34 76.92
6’’’ 171.59 170.75
COOMe ‑ 52.63 3.56 (s)

DMSO: Dimethyl sulfoxide
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Cell viability assay
The viability of RAW 264.7 cells, treated with isolated 
extracts and compounds, was determined with the 
3‑(4,5‑dimethythiazol‑2‑yl)‑2,5‑diphenyl tetrazolium bromide cell 
viability assay.[15]

Estimation of nitric oxide
Raw murine macrophages  (RAW 264.7) were seeded in 96‑well plates 
at 0.5  ×  105 cells/well for 2 h in RPMI without phenol red. The cells 
were stimulated with lipopoly saccharide (LPS) at fi al concentrations 
of 100 µg/ml. After two extra hours stimulated cells were either treated 
with 100  µg/ml  (safe dose) of samples. Dexamethasone  (50  ng/ml) 
was employed as a potent anti‑inflammatory drug. Negative controls 
included cells left with the LPS alone or left completely untreated. After 
incubation for 24 h, the supernatants were removed and assessed for NO. 
Nitrite accumulation was used as an indicator of NO production using 
a microplate assay based on the Griess reaction. The Griess reaction is 
a two‑step diazotization reaction in which acidifi d nitrites generate a 
nitrosating agent that reacts with sulfanilic acid to form diazonium ion. 
Th s ion is then coupled to N‑(1‑naphthyl) ethylenediamine to produce 
the chromophoric pink azo‑derivative that can be determined spectro 
photometrically at 540 nm.[16]

Procedures
In each well of a flat bottom 96 well‑microplate, 40 µl freshly prepared 
Griess reagent (40 mg/ml deionized water) was mixed with 40 µl cell 
supernatant or different concentrations of sodium nitrite ranging from 
0 to 100 µmol/L. The plate was incubated for 10 min in the dark, and 
the absorbance of the mixture was determined at 540  nm using the 
micro plate enzyme‑linked immunosorbent assay reader. A standard 
curve relating NO in µmol/L to the absorbance was constructed 
from which the NO level in the cell supernatant was computed by 
interpolation.

Calculation
The NO level of each of the tested cell supernatants was expressed as NO 
level of the tested cell supernatant ×100/NO level of the control.

RESULTS AND DISCUSSION

Structure elucidation of the new compounds
Compounds 1 and 2 were isolated from the n‑butanol extract as an 
amorphous yellow powder, which appeared to be a flavonol derivatives 
with a substituted 3‑hydroxyl group and free hydroxyl groups at C‑5, C‑7, 
and C‑4’.[17] Th s was identifi d from the UV spectra of both compounds 
1 and 2 in the presence of shift reagents. Normal acid hydrolysis of 1 
and 2 (2 N aqueous HCl, 100°C, 3 h) gave glucuronic acid (CoPC) and 
isorhamnetin  (CoPC and UV). Positive ESI‑MS spectrum showed a 
molecular ion [M + 1]+ and loss of a dihexanoic acid moiety (isorhamnetin 
aglycone) was observed at m/z 669 and 317, respectively, for 
compound 1. Compound 2 showed a molecular ion [M + 1]+ and loss 
of dihexanoic acid dimethyl ester moieties  (isorhamnetin aglycone) 
was observed at m/z 697 and 317, respectively, thus identifying 
compounds 1 and 2 to be isorhamnetin‑3‑O‑diglucuronic acid and 
isorhamnetin‑3‑O‑diglucuronic dimethyl ester, respectively. To 
determine and confi m the structure of 1 and 2 and the site of attachments, 
1H‑NMR, 13C‑NMR, HMQC, and HMBC spectroscopic analysis were 
performed. 1H‑ and 13C‑NMR spectra of 1 and 2 [Table 1] were similar to 
those of isorhamnetin aglycone with substituted 3‑OH.[18,19] Substitution 
at the 3‑O position of the isorhamnetin moiety of 1 and 2 was confi med 
by 13C‑NMR from the up fi ld shit of C‑3 up to 2 ppm compared to that 

1                                                                              2

Figure 1: Heteronuclear multiple bond correlation correlations of 
compounds 1 and 2
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response curve
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of isorhamnetin aglycone together with HMBC correlation between the 
anomeric proton H‑1’’ at about δ 5.54 (d, J = 7.9) of glucuronic acid and the 
carbon at about δ ppm 133.25 of C‑3[20] [Figure 1]. In 13C‑NMR spectrum 
a large downfi ld shift of the glucuronic acid C‑4’’ carbon [Table 1] was 
observed, compared to the corresponding signal of flavanol attached to 
glucuronic acid at position 3 suggesting an interglycosidic linkage at 
4’’ position of the fi st glucuronic acid.[21,22] Th s was also corroborated 
by the HMBC correlation between the anomeric proton H‑1’’’ δ ppm 
4.70 (d, J = 7. 6) of the terminal glucuronic acid and a carbon δ ppm 
79.50 assigned to C‑4’’of the initial glucuronic acid.[20] Furthermore, 
the β‑configur tion of each glucuronyl moiety was deduced from the 
large coupling constants (7.6–7.9 Hz) at the anomeric position[23] in the 
1H‑NMR spectra [Table 1] in the 1H‑NMR spectra [Table 1]. Therefore, 
compound 1 was identifi d as isorhamnetin‑3‑O‑β‑D‑glucuronyl‑(1’’’
→4’’)‑β‑D‑glucuronic acid. The presence of dimethyl group attached to 
glucuronic acid moiety was confi med by 1H‑NMR; signals at δ ppm 3.56 
and 3.52 and 13C‑NMR signals at δ 52.63 and 52.59, characteristic for 
glucuronic acid methyl ester attached to flavonoid moiety,[24‑27] Therefore, 
compound 2 was identifi d as isorhamnetin‑3‑O‑β‑D‑glucuronyl methyl 
ester‑(1’’’→4’’)‑β‑D‑glucuronic acid methyl ester [Figure 1].

Identification of the known compounds
Seven known compounds (3‑9) were isolated from ethyl acetate fraction. 
All compounds were identifi d by comparing observed data with 
published one for these compounds. These compounds were identifi d as 
isorhamnetin‑3‑O‑β‑D‑galactopyranoside,[28] isorhamnetin‑3‑O‑β‑D‑glu
copyranoside,[29] isorhamnetin,[30] trans N‑feruloyl tyramine,[31] isovanillic 
acid,[31] (ferulic acid,[32] and p‑hydroxy benzoic acid,[33] respectivley.

Cytotoxicity and nitric oxide index
All examined samples did not show cytotoxicity at a concentration of 
100  µg/ml  [Figure  2]. NO, overproduced by activated macrophages via 
inducible NO synthase (iNOS), is suggested to be a signifi ant pathogenic 
factor in various inflammatory tissue injuries.[34] In order to elucidate the 
anti‑inflammatory action of S. imbricata, this study was designed to isolate 
its active constituents and examine their effects on NO production, detected 
as nitrite in the culture medium of macrophages induced by LPS through 
iNOS expression, to refl ct the degree of anti‑inflammatory activity.
The results indicated that the inflammatory  (LPS 100 µg/ml) induced 
NO production up to 1.2 fold of the control, while that the potent 
anti‑inflammatory dexamethasone (50 µg/ml) signifi antly reduced the 
levels of NO production compared to that of the LPS [Figure 3].

Figure  3 showed different anti‑inflammatory effects at the used 
concentration level 100  µg/ml of all samples. Compound 2 showed 
a signifi ant reduction of NO level production compared to LPS. 
Compounds 5 and 6 showed a signifi ant reduction compared 
to both dexamethasone and LPS. Furthermore, the methanol 
extract and compound 4 exhibited a signifi ant reduction of NO 
as compared to dexamethasone, LPS and even that of the control. 
Literature data confi m that isorhamnetin and its derivatives have 
potent anti‑inflammatory activity.[34,35] In our study, we found 
that compound 4, isorhamnetin‑3‑O‑glucopyranoside was more 
potent than galactopyranoside and the two new compounds 1 
and 2 which contain a diglucuronic moiety. It was also observed 
that the methoxylated derivative  (compound 2) decreased NO 
concentration compared to that of compound 1. Moreover, 
compound 4, isorhamnetin‑3‑O‑glucopyranoside showed higher 
potency than the isorhamnetin aglycone. Fortunately, displaying 
higher anti‑inflammatory activity, compounds 2, 4, 5, and 6 in addition 
to the methanol extract do not exhibit cytotoxicity to RAW 264.7.
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