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ABSTRACT

The genus Astragalus is a rich source of a variety of biologically active compounds including
phenols, saponins, polysaccharides and essential oils. The present study was conducted to de-
termine ontogenetic variation of the volatile organic compounds as well as total phenolic con-
tents and antioxidant activity in leaves of A. compactus. The leaves of plant were harvested at
vegetative, flowering and fructification stages and were analyzed by gas chromatography
coupled with mass spectrometry (GC-MS). Total phenolic content (TPC) was determined us-
ing the Folin-Ciocalteau reagent and the antioxidant capacity was evaluated with the 1,1-
diphenyl-2-picrylhydrazyl (DPPH) test. Different classes of volatile compounds were identi-
fied including alcohols, esters, hydrocarbons, sterols and terpenoides. Significant variation of
these compounds was found during phenological stages of development. Sterols and hydro-
carbons were the main components of essential oils at the vegetative stage. The presence of
terpenoides (phytol) and alcohols (docosanol) was significant at the flowering stage. Fructifi-
cation phase was characterized by the high content of sterols and hydrocarbons and absence
of phytol. The antioxidant activity and phenolic content were related to the physiological
stage and the highest amount detected at fructification phase. The ontogenetic variations of
phenolic contents and antioxidant properties are largely contributed by climatic factors such
as temperature and solar radiation.

Keywords: antioxidant, Astragalus compactus, GC-MS, phenological stages, total phenolic
content, volatile compounds

INTRODUCTION gion, Western-North and South America,
Europe, North Africa and Australia (Polhill,
1981; Evans, 2002). Iran, possessing nearly
800 species, is one of the most important
centres of diversity for this genus (Maas-
soumi, 1998).

Astragalus root has long been one of the
most important tonic herbs used in tradi-
tional Chinese medicine and has been used

The genus Astragalus (Fabaceae) is one
of the largest genera of vascular plants,
comprising about 2500 species of herbs or
shrubs (Lock and Simpson, 1991). Astraga-
lus is mainly distributed in cool, temperate,
arid and semiarid continental region of
South-Western Asia, Sino Hymalayan re-
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to improve resistance to infections and to
aid in immunological disorders and viral
infections, and as hepatoprotective (Rios
and Waterman, 1997; Verotta and El-
Sebakhy, 2001). It has also been proven to
be effective for clinical treatment of nephri-
tis, cardiovascular diseases, hypertension,
diabetes, and cancers (Miller, 1998; Sin-
clair, 1998). The interesting pharmacologi-
cal properties of Astragalus were often as-
sociated with its chemical composition. The
known beneficial components of Astragalus
are mainly flavonoid, triterpene saponins,
polysaccharides and essential oils (Pistelli,
2002). Despite the fact that the phenolic
compounds are among the most important
antioxidants in plant (Choudhary and
Swarnkar, 2011), the information on the
antioxidant activity of Astragalus is limited.
On the other hand, although a great deal of
research has been carried out on phenols,
saponins and polysaccharides of different
Astragalus species (Smee et al., 1996; Ni-
kolov and Benbassat, 1997; Krasteva and
Nikolov, 2000; Gardner et al., 2001; John-
son et al., 2001), few studies have been
done on the volatile compounds of the ge-
nus (Platikanov et al., 2005; Teyeb et al.,
2011).

The volatile compounds consist of a
complex mixture of chemicals with special
chemical and physical properties, and are
among the most valuable compounds pro-
duced by plants. It is shown that the volatile
components of plant can be affected in a
number of ways, especially by developmen-
tal and environmental factors (Circella et
al., 1995; Kokkini et al., 1997; Maifiez et al.,
1991; Taveira et al., 2003). Knowledge of
the factors that determine the chemical var-
iability and yield for each species is im-
portant in particular for medicinal plants, to
optimize the time of collection and to ob-
tain higher yields of high-quality essential
oils. As well as volatile compounds, the an-
tioxidant capacity and phenolic content of
plant species could be greatly affected by
the environmental factors and growing sea-
son (Howard et al., 2002, Toor et al., 2006).
Such a variation is attributed to the differ-
ence in growing temperatures and light in-

tensity. Therefore, it is hypothesized that
changes in solar radiation received and
temperatures in different seasons may affect
the phenolic content and antioxidant com-
ponents of plants.

Regarding the importance of the varia-
bility in composition of volatiles and lack
of information about the effect of seasonal
variation on the phenolic content and anti-
oxidant activity of Astragalus, we studied
ontogenetic variation of volatile and antiox-
idant activity in leaves of A. compactus
Lam. A. compactus Lam. is one of the Asi-
atic species, which is famed for the produc-
tion of gum tragacanth as an economically
important natural product (Movafeghi et al.,
2010). The aims of the presented study
were: (1) to analyze the volatile composi-
tion of A. compactus leaves; (2) to deter-
mine the link between volatile content of
plant and developmental stages; and (3) to
evaluate the effect of ontogenetic variation
on the antioxidant activity and phenolic
contents.

MATERIAL AND METHODS

Plant material

Leaves of A. compactus Lam. were har-
vested at three phenological phases (vegeta-
tive, flowering and fructification stages)
from the Payam Mountains at the east
Azerbaijan province of Iran, at altitudes
above 2200 m and transferred into the la-
boratory. Voucher specimens were deposit-
ed in the herbarium of the Tabriz University
of Medical Science. The samples were
dried for 10 days at room temperature and
then were powdered.

Extraction

A quantity of 100 grams of powdered
roots was extracted with n-hexane using a
Soxhlet apparatus for 8 h. The extract was
concentrated to ~1 ml under reduced pres-
sure on a rotary evaporator. The extract was
stored in sealed vials at 4 °C until GC-MS
analysis.
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Analytical procedure

Recognition of compounds was carried
out by a Shimadzu GC-MS-QP 5050A gas
chromatograph (Shimadzu Corporation,
Kyoto, Japan). The column used for the
analysis was a 60 m x 0.25 mm i.d. DB1
capillary column coated with a film of di-
methylpolysiloxane (J&W Scientific, Fol-
som, CA, USA). An aliquot of 1 pl of the
n-hexane extract was injected into the GC-
MS system in the split mode (split ratio
1:42). Helium was used as the carrier gas
with a flow rate of 1 ml/min. The column
temperature was maintained at 100 °C for
2 min. Then, it was programmed to 300 °C
at a rate of 5 °C/min and the final tempera-
ture was held for 38 min. Injector tempera-
ture and detector temperature were opti-
mised at 270 °C and 310 °C, respectively.
The MS operating parameters were as fol-
lows: ionization energy, 70 eV; ion source
temperature, 280 °C; quadrupole, 100 °C;
solvent delay, 3.0 min; scan speed 2000 u/s
and scan range 30-600 u, EV wvoltage
3000 volt.

Identification of components

The components were identified on the
basis of comparison of their retention indi-
ces and mass spectra with those for stand-
ard compounds and by matching with the
Wiley 229, Nist 107 and Nist 21 libraries.

DPPH radical-scavenging activity

The DPPH quenching ability of plant
methanolic extracts was measured accord-
ing to Hanato et al. (1988). A quantity of
5 ml of the extract at different concentra-
tions was added to 5 ml of a DPPH meth-
anolic solution. The mixture was shaken
vigorously and left standing at room tem-
perature for 30 min in the dark. The absorb-
ance of the resulting solution was then
measured at 517 nm. The same procedure
was applied for the quercetin as a positive
control. The antiradical activity was ex-
pressed as ICsy (ug/ml), the antiradical con-
centration required to cause a 50 % inhibi-
tion. A lower ICsy value corresponds to a
higher antioxidant activity of plant extracts.

The ability to scavenge the DPPH radical
was calculated using the following equa-
tion:

DPPH scavenging effect (%) =
(A() - Al)/A()XIOO

where Ay is the absorbance of the control at
30 min, and A; is the absorbance of the
sample at 30 min.

Determination of TPC

TPC was estimated using the Folin-
Ciocalteau colorimetric method described
previously (Meda et al., 2005) with a little
modification. Briefly, 5 g of powdered
samples were individually dissolved in
50 ml of aceton-water (in 4-6 ratio). After
30 min, 1 ml of these solutions were mixed
with 0.2 ml of Folin—Ciocalteau reagent,
and 1 ml of 2% sodium carbonate
(NayCOs). After incubation at 40 °C for
30 min, the absorbance of the reaction mix-
tures were measured at 760 nm by using a
spectrophotometer (Shimadzu, Kyoto, Ja-
pan). Quantification was done on the basis
of the standard curve of gallic acid. Results
were expressed as pg of gallic acid equiva-
lent (GAE) per mg of dry weight (DW).

Statistical analysis

The experiment was a completely ran-
domized design with three replications. Da-
ta were subjected to analysis of variance
(ANOVA) and means were separated by
Duncan multiple range test at P <0.05 sig-
nificant level.

RESULTS AND DISCUSSION

GC-MS analysis

The obtained results showed the pres-
ence of different groups of compounds in-
cluding alcohols, fatty acids, hydrocarbons,
sterols, terpenoides and aldehydes in A.
compactus leaves. The identified com-
pounds and relative quantitative distribution
are shown in Table 1. Significant differ-
ences in the composition of the volatiles
were found during different phenological
stages (Figure 1).
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Figure 1: Comparison of the
average percentages of hydro-
carbons, sterols, terpenoides
and alcohols at different devel-
opmental stages

M Vegetative stage

M Flowering stage

u Fructification stage

Table 1: Chemical composition (%) of volatiles from the leaves of Astragalus compactus in three
developmental phases

No Compound K.I. Vegetative Flowering Fructification
1 Octadecanal 1357 0.55 Nd Nd
2 Pentadecanoicacid14-methyl-methylester 1598 Nd Nd 0.52
3 1-Heptadecene 1700 Nd Nd 0.72
4 1-octadecene 1900 0.09 Nd Nd
5 Phytol 1943 Nd 43.05 0.57
6 Eicosane 2000 Nd 9.72 0.54
7 Methyl linoleate 2150 Nd Nd 1.06
8 9,12,15-octadecatrienoicacid-methylester NA Nd Nd 1.68
9 Linoleic acid 2173 0.19 Nd 1.73
10 Docosane 2200 0.07 Nd Nd
11 Tricosane 2300 0.68 8.67 1.88
12 9-Tricosene NA 0.39 Nd Nd
13 Tetracosane 2400 0.31 Nd Nd
14 Docosanol 2494 Nd 21.52 Nd
15 Pentacosane 2500 Nd Nd 1.38
16 Squalene 2790 1.32 Nd 2.25
17 Octacosane 2800 0.46 Nd Nd
18 Triacontane 3000 5.37 Nd Nd
19 Triacontan 1-bromo NA 0.71 Nd Nd
20 Tetratetracontane NA 6.89 Nd Nd
21 Cyclotetracosane NA - Nd 3.85
22 Cyclooctacosane NA 11.33 Nd 33.86
23 Campestrol 3355 7.41 Nd Nd
24 Gamma-sitosterol NA 33.28 Nd 31.92
25 Stigmasta-5,22-dien-3-ol NA 12.95 Nd Nd
26 Ergost-7,22-dien-9,11-epoxy-3-ol,acetate NA Nd 17.01 Nd
Hydrocarbons 25.95 18.39 4448
Steroles 53.64 17.01 31.92
Esters Nd Nd 3.26
Terpenoids 1.32 43.05 Nd
Alcohols Nd 21.52 Nd
Other compounds 1.45 Nd 2.30
Total 82 99.97 81.97

KI: Kovats indices, NA: Not Available, Nd: Non detected.
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The major constituents detected in
vegetative stage were sterols amounting to
53.64 %. Gamma sitosterol, campestrol and
stigmasta-5,22-dien-3-ol were the predomi-
nant identified sterols. This is in agreement
with the descriptions of Engvild (1995) and
Ebrahimzadeh et al. (2001) that reported
campestrol, gamma-sitosterol, and stigmas-
terol as the predominant sterols in the aerial
parts and roots of the genus. Hydrocarbons
(25.59 %) were the other main functional
group identified in the vegetative stage. An
almost complete series of n-alkanes have
previously been identified in leaf materials
of the different Astragalus species (Platika-
nov et al., 2005; Teyeb et al., 2011) and it is
suggested that they probably function as a
component part of the waxes. However, the
presence of tetratetracontane and cycloocta-
cosane in the volatile composition of the
genus has not yet been reported. Low
amounts of linoleic acid and one aldehyde
(octadecanal) were also detected in the veg-
etative stage.

The composition of the volatiles strong-
ly changes at the stage of flowering. The
main component in this stage of leaf devel-
opment was phytol. Phytol protects leaves
from the loss of water and parasites. This
compound has also been detected in the leaf
of other studied Astragalus species. In A.
gombiformis, phytol is the main component
of leaf volatiles at flowering stage, while in
other species including A. cicer, A. spruneri
and A. glycyphyllos hydrocarbons were the
main identified volatiles at flowering
(Platikanov et al., 2005; Teyeb et al., 2011).
Considerable amount of docosanol was de-
tected at flowering stage. Alcoholic com-
pounds could have important ecological
functions in plants as allelochemicals.
There are reports about the role of docosa-
nol as a male pheromone in some insects,
indicating the change in the plant-insect in-
teractions at flowering stage (Miiller and
Buchbauer, 2011). Docosanol also could
have medicinal properties as antiviral com-
pound. Relatively high concentration of hy-
drocarbons and sterols also were detected in
flowering stage.

The fructification stage is characterized
by the presence of high concentrations of
hydrocarbons and sterols and by the reduc-
tion or absence of alcohols in leaves. Ex-
cept for cyclotetracosane and cyclooctaco-
sane, other hydrocarbons have been previ-
ously reported in other species of Astraga-
lus. Gamma-sitosterol was the only identi-
fied sterol in fructification stage. The dis-
tinctive features of this stage were the dis-
appearance of alcohols and strong reduction
of phytol. Most of other studied species of
Astragalus also show a low concentration
or absence of phytol at fructification phase.
The reason could be the use of this compo-
nent in the synthesis of lignin and/or by fur-
ther oxidation of phenol compounds cata-
lysed by the increase of polyphenoloxidase
and peroxidase activity. According to
Manez et al. (1991) the changes in the
composition of the volatiles with the matu-
ration of the organ are directly related to
higher rates of cyclization and dehydration
of the compounds.

Total phenolic content

Based on obtained results, the TPC
ranged from 5.01 to 8.28 ug GAE/mg DW
(Table 2). The TPC (Figure 2) was signifi-
cantly higher at the fructification stage than
the vegetative and flowering stage. It has
been shown that the mean temperature and
solar radiation are significantly higher in
summer months than the other months
(Toor et al., 2006). Therefore, increase of
TPC during fructification could be due to
an increase in the amount of UV radiation
associated with an increase in solar radia-
tion received by the plants. The increased
temperature and increase in the age of
plants may have also caused an accumula-
tion of phenolics in plants. Light increases
the rate of biosynthesis of phenolics in
plants by increasing the activities of en-
zymes, especially phenylalanine ammonia-
lyase (PAL) which plays an important role
in converting phenylalanine into coumaric
acid, which are the initial precursor mole-
cules involved in the synthesis of phenolic
components in plants (Smith, 1973).
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Figure 2: Variation of the Total
phenolic contents (TPC) in
leaves of A. compactus during
development
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Table 2: The antioxidant activity and Total phenolic contents (TPC) in leaves of A. compactus during

development

Developmental

Total phenolic content (TPC) (ug

DPPH radical scavenging activity

stage GAE/mg DW) (IC50 (Hg/ml))

Vegetative stage 5.01 + 0.09° 190.4 + 4.89°
Flowering stage 518 +0.17° 176.6 + 4.87°
Fructification stage 8.28 + 0.12° 75.0 + 3.07°

* Values with different superscript letters are statistically different (p < 0.05). Positive control (querce-

tin): 0.029 pg/ml

Antioxidant activity

A developmental variation in antioxi-
dant activity of A. compactus was observed
with the ICsyp ranging from 75 to
190.4 pg/ml (Table 2). The capacity to
quench free radical seemed to be related to
the physiological stage. Figure 3 shows that
the fructification stage exhibited the highest
antioxidant activity (corresponds with the
lowest 1Csg), whilst flowering and vegeta-
tive stages showed the less antioxidant ac-
tivity (corresponds with higher I1Csy).

The higher antioxidant activity at fructi-
fication stage is related to the higher total
phenolic content. Therefore, a positive rela-
tionship was observed between the antioxi-
dant activity and the total phenolic content.
The increase in the antioxidant activity and
total phenolics at the fructification stage,
which is characterized by the high tempera-
ture and a high exposure to solar radiation,
leads us to conclude that A. compactus ac-
cumulates antioxidant compounds specially
phenolic contents before and during this
period probably to protect itself against so-
lar radiations and/or grazers.
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Figure 3: Variation of the anti-
oxidant activity (ICso (ug/ml)) in
leaves of A. compactus during
development
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These results show that the antioxidant
activity of A. compactus is influenced by
the environmental conditions and the high
solar radiation has a positive effect on the
accumulation of major antioxidant compo-
nents. The results suggest that A. compactus
methanolic extracts may serve as potential
sources of natural antioxidants and that the
fructification phase could be considered as
the best stage for the harvesting of the
leaves of this plant species.
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