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ABSTRACT 

Two ferulic acid derivatives, hexacosyl-(E)-ferulate [1] and leucosceptoside A [2], have been isolated 
from the rhizomes of Eremostachys glabra. The chemical structures of these compounds have been 
elucidated by UV, ESIMS, 1H NMR and 13C NMR spectroscopic analyses, and also by comparing 
experimental data with respective literature data. The free radical scavenging activity and general toxicity 
of these compounds have been assessed. While none of these compounds has shown any significant 
general toxicity in the brine shrimp lethality assay (LD50>1 mg/mL), compounds 1 and 2 displayed 
significant antioxidant activity in the DPPH assay (RC50 = 0.0976 mg/mL and 0.0148 mg/mL, 
respectively). 
Key words:  Eremostachys glabra,  Lamiaceae, natural antioxidant, DPPH assay, brine shrimp lethality 
assay, hexacosyl-(E)-ferulate, leucosceptoside A, Eremostachys  pulvinaris. 
 

INTRODUCTION 
The genus Eremostachys (family: Lamiaceae alt. 
Labiatae) comprises about 60 species that occur 
mainly in Central Asian countries, e.g. Armenia, 
Turk-menistan and USSR (1).  A number of 
Eremostachys species, e.g. E. glabra, E. laciniata, 
E. lanata and E. labiosa are also well distributed 
in Iran.  Previous phytochemical investigations on 
just a few species of the genus Eremostachys 
revealed the presence of flavonoids, e.g. luteolin 
and chrysoeriol glycosides and monoterpene 
glycosides (1, 2).  
According to the unpublished information 
gathered from indigenous knowledge and 
traditional practice, in Iran, the rhizomes of 
Eremostachys glabra Boiss are apparently used as 
local analgesic and anti-inflammatory.  No phyto-
chemical investigation has previously been carried 
out on E. glabra. We now report on the isolation, 
structural determination and biological activity of 
two ferulic acid derivatives, hexacosyl-(E)-
ferulate [1] and leucosceptoside A [2] from the 
rhizomes of this plant. 

 
MATERIALS AND METHODS 

General procedures 
NMR spectra were recorded on a Bruker 250 
 

MHz NMR Spectrometer using CDCl3 and 
CD3OD for the compounds 1 and 2, respectively. 
The residual solvent peaks were used as internal 
standards. ESIMS analysis was performed on 
Finnigan MAT95 spectrometer. 
 
Plant material 
The rhizomes of Eremostachys glabra Boiss. 
(Syn: E. pulvinaris) were collected during 
September-October 2002 from Tabriz (altitude of 
1,400 meters) in Eastern Azarbaijan province 
(Iran) and the identity was confirmed by 
anatomical examination in comparison with the 
herbarium specimen retained in the School of 
Pharmacy, Tabriz University of Medical Sciences, 
Iran.  
 
Extraction, isolation and structure elucidation 
The dried, ground rhizomes of E. glabra (100 g) 
were Soxhlet extracted, successively, with n-
hexane, dichloromethane (DCM) and methanol 
(MeOH). The amounts of dried n-hexane, 
dichloromethane and MeOH extracts were 366.1 
mg, 269.5 mg and 15.01 g, respectively. The 
DCM extract was subject to vacuum liquid 
chromatography (VLC) on silica gel 60H using a 
step gradient of n-hexane:ethyl acetate (100:0,  
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90:10, 80:20, 60:40, 40:60, 20:80, 100:0). Further 
purification of n-hexane/EtOAc (80:20) fraction 
was carried out by PTLC on silica gel GF254 using 
chloroform (CHCl3) as the mobile phase resulting 
in the isolation of compound 1 (4.2 mg, Rf=0.55).   
The MeOH extract (2 g) was subjected to Sep-
Pack (ODS) fractionation using a step gradient of 
MeOH-water mixture (10:90, 20:80, 40:60, 60:40, 
80:20 and 100:0). The preparative reversed-phase 
HPLC analysis [Luna C18 column 10 µm, 250 mm 
× 21.2 mm; mobile phase: 0 to15 min, isocratic 
10% acetonitrile (ACN) in water; 15 to 45 min 
gradient 10 to 27% ACN in water; 45 to 55 min, 
isocratic ACN 27% in water; flow-rate: 20 
mL/min, detection at 220 nm, 300 nm] of the 40% 
methanolic Sep-Pack fraction (132 mg) resulted in 
the isolation of compound 2 (2.3 mg,  retention 
time: 37.6 min). The chemical structures of these 
compounds have been elucidated unambiguously 
by UV, ESIMS, NMR spectroscopic analyses, and 
also by comparing experimental data with 
literature data. 
 

Hexacosyl-(E)-ferulate [1]. Amorphous solid, UV 
λmax (EtOH): 235, 296, 327; ESIMS m/z 559 
[M+1]+; 1HNMR (250 MHz, CDCl3):  δ 0.84 (3H, 
t, J=6.80 Hz, CH3), 1.22 [ 48H, s, 24 x CH2], 3.89 
(3H, s, OMe), 4.15 (2H, t, J=6.8 Hz, O-CH2), 5.78 
(1H, br s, OH), 6.25 (1H, d, J=16.0 Hz, H-8), 6.88 
(1H, d, J=8.2 Hz, H-5), 7.00 (1H, d, J=1.8 Hz, H-
2), 7.04 (1H, dd, J=8.2, 1.8, H-6), 7.57 (1H, d, 
J=16 Hz, H-7). 
 

Leucosceptoside A [2].  Gum, UV λmax (MeOH): 
295 (sh), 331; ESIMS m/z 639 [M+H]+; 1H NMR 
(250 MHz, CD3OD):  Table 1; 13C NMR (62.5 
MHz, CD3OD):  Table 1.  
 

Antioxidant assay 
2,2-Diphenyl-1-picrylhydrazyl (DPPH), molecu-
lar formula C18H12N5O6, was obtained from Fluka 
Chemie AG, Bucks. The method used by Takao et 
al. (3) was adopted with suitable modifications 
(4). A solution of DPPH (0.08 mg/mL) in CHCl3 
or MeOH was used. The compound 1 was 
dissolved in CHCl3 to obtain a concentration of 1 
x 10-1 mg/mL. Dilutions were made to obtained 
concentrations of 5.00x10-2, 2.5 x10-2, 1.25x10-2, 
6.25x10-3, 3.13x10-3, 1.56x10-3 mg/mL. Diluted 
solutions (5 ml each) were mixed with DPPH (5 
mL) and allowed half hour for any reaction to 
occur. The UV absorbance was recorded at 517 
nm. The experiment was performed in duplicate 
and average absorption was noted for each 
concentration. Data were processed using EXCEL 
and the concentration that caused a 50% reduction 
in absorbance (RC50) was calculated. The same 
procedure was followed for the standard (Trolox).  
For compound 2, the same method was used (as 

mentioned above), but the solution was prepared 
in MeOH instead of CHCl3 and standard quercetin 
was used as a positive standard.   
 

Brine shrimp lethality assay 
The method described by Meyer et al (5) was 
adopted to study the general toxicity of the 
compounds 1 and 2. Waterlife brand brine shrimp 
(Artemia salina) eggs were purchased from The 
Pet Shop, Kittybrewster Shopping Complex, 
Aberdeen, UK. The eggs were hatched in a 
conical flask containing 300 ml artificial seawater 
made by dissolving distilled water. The flasks 
were well aerated with the aid of an air pump, and 
kept in a water bath at 29-30o C. A bright light 
was left on. The nauplii hatched within 48 h. The 
compounds 1 and 2 were dissolved in DMSO to 
obtain a concentration of 1 mg/ml separately. 
These were serially diluted two-times and seven 
different concentrations were obtained. Solution 
of each concentration (1 mL) was transferred into 
clean sterile universal vials with a pipette and 
aerated seawater (10 mL) was added. About 10 
nauplii were transferred into each vial with 
pipette. A check count was performed. The 
number alive after 24 h was noted. The mortality 
endpoint of this bioassay was defined as the 
absence of controlled forward motion during 30 
sec of observation. The controls used were 
DMSO, normal saline and podophyllotoxin. 
 

RESULTS AND DISCUSSION 
A combination of VLC and PTLC of the DCM 
extract of E. glabra afforded 1 and Sep-Pak 
fractionation followed by prep-HPLC of the 
MeOH extract produced 2.  The ESIMS analysis 
of 1 showed the [M+1]+ ion at m/z 559, suggesting 
the molecular weight of 558 and solving for 
C36H62O4 which was consistent with the structure 
of hexacosyl-(E)-ferulate.  The 1H NMR spectrum 
showed signals characteristic for a ferulic acid 
moiety (δ 6.25, d, J=16.0 Hz; 6.88, d, J=8.2 Hz; 
7.00, d, J=1.8 Hz; 7.04, dd, J=8.2, 1.8; 7.57, d, 
J=16 Hz; 3.89, s) and a hexacosyl unit (δ 0.84, t, 
J=6.80 Hz; 1.22, s; 4.15, t, J=6.8 Hz).  The 
deshielded nature of the oxymethylene signal (δ 
4.15) confirmed its link to the carbonyl of the 
ferulic acid moiety and thus provided evidence for 
ester formation. The spectroscopic data were in 
good agreement with those of published data for 
hexacosyl-(E)-ferulate (6). 
The UV spectrum of 2 showed absorptions at 295 
(sh) and 331 nm. The ESIMS analysis of 2 
displayed the [M+H]+ ion at m/z 639, suggesting 
the molecular weight of 638 and solving for 
C30H38O15 which was consistent with the structure 
of leucosceptoside A.  The 1H and 13C NMR 
spectra (table 1) showed all signals corresponding 
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Table 1. 1H (250 MHz , coupling constant J in Hz in parentheses) and 13C NMR (62.5 MHz) data of  2 

Chemical shift δ in ppm Chemical shift δ in ppm Carbon number 
δH δC 

Carbon number 
δH δC 

1 - 131.2 Glucose moiety   
2 6.70 d (2.0) 116.8 1’’ 4.36 d (7.5) 103.9 
3 - 144.4 2’’ 3.40* 75.8 
4 - 145.9 3’’ 3.80 t (9.5) 81.2 
5 6.68 d (8.0) 116.2 4’’ 4.94 t (9.5) 70.3 
6 6.57 dd (2.0, 8.0) 121.3 5’’ 3.70*  75.9 
7 2.80 m 36.7 6’’ 3.54*, 3.79* 62.4 
8 4.1 m* 

3.8 m* 
72.0 Rhamnose moiety   

1’ - 127.4 1’’’ 5.19 d (1.5) 102.7 
2’ 7.06 d (2.0) 115.2 2’’’ 3.78* 71.8 
3’ - 149.1 3’’’ 3.58* 72.0 
4’ - 150.5 4’’’ 3.28* 73.5 
5’ 6.78 d (8.5) 116.2 5’’’ 3.56* 70.3 
6’ 6.96 dd (2.0, 8.5) 124.1 6’’’ 1.12 d (6.5) 18.4 
7’ 7.59 d (16.0) 147.6    
8’ 6.28 d (16.0) 115.3    
9’ - 167.9    

OMe 3.88 s 56.4    
* Overlapped peaks. 
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to a ferulic acid, a 3,4-dihydroxyphenyl ethanol, a 
glucose and a rhamnose moieties.  The 
unambiguous identification of this compound was 
achieved by direct comparison of these 
spectroscopic data with those published for 
leucosceptoside A [2] (7).  
There is no report on the occurrence of ferulic 
acid derivatives, 1 and 2, in the genus 
Eremostachys.  However, isolation of hexacosyl-
(E)-ferulate [1] was previously reported from 
Erythrina excelsa (6).  Within the family 
Lamiaceae, phenylethanoid glycoside ester of 
ferulic acid, leucosceptoside A [2], has previously 
been reported from other genera, Phlomis 
grandiflora, Marrubium velutinum, Stachys 
officinalis and  Prostanthera melissifolia (8-14). 
DPPH assay measures the free radical scavenging 
capacity of a compound. DPPH is a molecule 
containing a stable free radical. In the presence of 
an antioxidant which can donate an electron to 
DPPH, the purple color, which is typical to free 
DPPH radical, decays, and the change in 
absorbance at 517 nm is followed 
spectrophotometrically. In cases where the 
structure of the electron donor is not known (e.g., 
a plant extract), this method can afford data on the 
reduction potential of the sample, and hence can 
be helpful in comparing the reduction potential of 
unknown materials. The antioxidant activity of 1 
and 2 was determined by this method and the 
RC50 values were found to 9.76 x 10-2 and 1.48 x 
10-2 mg/mL, respectively.   The RC50 value of the 
positive controls, trolox and quercetin, were 3.07 
x 10-3 and 2.78 x 10-5  mg/mL,  respectively.  
Since reactive oxygen species are important 
contributors to tissue injury and inflammation, the 
antioxidant properties of 1 and 2 probably 
contribute to the antiinflamatory properties of the 
E. glabra (traditional use). 
The brine shrimp lethality assay, which has been 
proven to be an effective and rapid assay method 
to screen compounds for potential general toxicity 
and cytotoxic activity (5) was used to determine 

the general toxicity of 1 and 2. The LD50 of these 
compounds were > 1.0 mg/mL. LD50 value of 
podophyllotoxin, a well known cytotoxic lignan 
was 2.79 x 10-3 mg/mL  
Hexacosyl-(E)-ferulate [1] has characteristic 
coconut-like essence. As this compound possesses 
significant antioxidant property and has no 
toxicity towards brine shrimps, it has the potential 
of being developed as a drug or used as a 
flavouring agent in food industry.    The 
hexacosyl moiety of 1 has previously been 
reported to have various types of pharmacological 
activities, e.g. promotion of maturation of central 
neurons in culture and neurotrophic activity (15, 
16), attenuated degeneration of cholinergic 
neurons (17), reduction of cell loss in some 
neurodegenerative disorders like Alzheimer's 
disease or stroke (15), inhibition of glucose-
stimulated insulin secretion (18) and increasing 
the phagocytosis activity of cultured macrophages 
(19).  
The phenylethanoid glycosides acteoside, which 
is structurally very similar to 2, showed inhibitory 
effect on histamine and bradykinin induced 
contractions of guinea-pig ileum, and in vivo 
antiinflammatory activity when administered 
orally to rats mainly in the fourth hour after the 
administration of the phlogistic agent. The 
antiinflammatory properties were thought to be 
due to the inhibition of bradykinin and histamine 
(20).  Also the five other similar phenylethanoids, 
isolated from Plantago lanceolata showed 
inhibitory effects on arachidonic acid-induced 
mouse ear edema (21). It is therefore reasonable 
to say that compound 2 may also possess similar 
pharmacological properties. 
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