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Abstract The use of plants and their products as sources of
antioxidants to enhance health and food preservation is
currently of great interest. Many plant species, especially
those belonging to the Lamiaceae family have exhibited
strong antioxidant activity. Salvia macrosiphon is an
endemic medicinal plant in Iran, belonging to Lamiaceae
family and has many pharmaceutical properties. This study
was carried to evaluate the effects of different concentra-
tions of sodium chloride [0.4 (control), 2.3, 4.5 and
6.8 dSm™'] on growth, total phenolic content and antiox-
idant activity of S. macrosiphon plants. Results showed that
salinity stress affects plant growth by changing plants’ both
fresh and dry weights. In addition, although total phenolic
content in S. macrosiphon plants decreased with salinity,
there was an increase in leaf antioxidant content. The
absence of correlation between phenolic contents present in
S. macrosiphon plants and antioxidant activity could be
explained by the fact that other antioxidant molecules are
also synthesized under stress conditions.
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1 Introduction

The use of plants and their products as sources of antioxi-
dants to enhance health and food preservation is of great
current interest (Rice-Evans et al. 1997). Epidemiological
studies have suggested positive associations between the
diet rich in fruits and vegetables and disease prevention
(Scalbert and Williamson 2000). These health promoting
effects have been attributed to the antioxidant-active com-
ponents present in such diet (Kaur and Kapoor 2001).
Antioxidants are known to act as free radical scavengers and
their decomposition resulting in the suppression of some
disorders (Halliwell 2000). However, there are concerns
about the use of synthetic antioxidants, because of their
instability and their possible carcinogenic effects (Namiki
1990). Consequently, in recent years, there has been a
growing interest in the studies of natural health substances
and additives (Tomaino et al. 2005) as the potential
antioxidant sources. The synthesis of natural antioxidants
and their accumulation in plants are generally stimulated in
response to abiotic stresses such as salinity (Shannon et al.
1994). Indeed, when plants are subjected to environmental
stresses such as salinity, reactive oxygen species (ROS) are
generated in response to stress conditions (Dat et al. 2000).
The negative effect at the various environmental stresses is
at least partially due to the generation of reactive oxygen
species and/or inhibition of the system which defends
against them (Asada 1997). Salinity stress also limits plant
growth by adversely affecting various physiological and
biochemical processes like photosynthesis, antioxidant
activity, nitrogen metabolism and ion homeostasis (Misra
et al. 2006). To control the levels of reactive oxygen species
and to protect the cells under stress conditions, plant tissues
contain several reactive oxygen species scavenging
enzymes and a network of low molecular weight
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Table 1 Physical and chemical properties of the soil

Texture (%) Cation and anion in saturated extract (mE/L) EC PH TNV oC

dSm™! % %

Sand Silt Clay Kt Na* Mg®" Ca** Sum SO4=2 CI~ HCO;~ Sum npo;? ¢ ) ) @
Cation Anion

175 446 379 0.02 048 1 2.5 4 0.53 0.95 2.5 3.98 52 04 8.1 32 0.03

TNV total neutralizing value, OC organic carbon

antioxidants such as ascorbate, glutathione, phenolic com-
pounds and tocopherols (Blokhina et al. 2003).

Because of the difficulty in detecting the activity of each
antioxidant component separately, several methods have
been developed for determining the total antioxidant activity
(TAA) of fruits, vegetables and foods (Wang et al. 1997,
Benzie and Strain 1997). Moreover, due to interferences by
the processes of synergisms and antagonisms among dif-
ferent antioxidants, the sum of antioxidant activities might
not reflect the total antioxidant potential of the tissues under
study. For these reasons, the concept of total antioxidant
activity has been introduced (Pellegrini et al. 1999).

Many plant species, especially those belonging to the
Lamiaceae family have been shown to possess strong
antioxidant activities (Hirasa and Takemasa 1998). Salvia
macrosiphon Boiss is one of the most important members of
the Lamiaceae family which belongs to genus Salvia. It is a
perennial, herbaceous and strongly aromatic (lemon-scented)
plant which is endemic to Iran. The GC-mass analyses of S.
macrosiphon essential oils have been shown to contain:
linalool (26.3 %), hexylhexanoate (9.6 %), hexyl isovalerate
(9.3 %), hexyl-2-methyl-butanoate (8.9 %), sclareol (7.2 %)
and hexyl octanoate (6.1 %) as the major compounds in this
plant (Javidnia et al. 2005). S. macrosiphon is generally
known for its multiple pharmacological effects including its
analgesic and anti-inflammatory activities (Karami et al.
2012). Moreover, some studies have reported a powerful
antimicrobial property (Vahdani et al. 2011), inhibitory
effects on the tumor cell lines (Amirghofran et al. 2010) and
strong antioxidant activity (Gohari et al. 2011) of the essential
oils and extracts of this plant. Several genus of Lamiaceae
family such as salvia species are used in folk medicine as
antiseptics, astringents and spasmolytics. Many studies have
indicated the antioxidant, antimicrobial and antiviral activities
of some Salvia species extract (Yamini et al. 2007). Although
there are reports on the medicinal properties of S. macrosi-
phon, to the best of our knowledge, no studies have been done
on the effects of salt stress on antioxidant activities of this
plant under environmental stresses.

The present study was undertaken for the first time to
investigate the effects of salinity stress on growth, total
phenolic content and antioxidant activity of this plant. It is
hoped that results obtained may be useful to both plant
breeders and growers of this very important medicinal plant.
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2 Materials and Methods
2.1 Experimental

Experiments were carried out in the research greenhouse of
Biology Department, College of Sciences, Shiraz Univer-
sity, Shiraz, Iran. Experiments lasted for 7 months from
December 2012 to June 2013. Seeds of S. macrosiphon
were kindly provided by Research Center for Agriculture
and Natural Resources, Shiraz, Iran. To break the seed
dormancy, they were soaked in boiling water for 10 min
and then placed in Petridishes moistened with distilled
water and kept in refrigerator (4 °C) 7 days Seeds were
then sown in plastic pots containing silt and powdered
leaves (1:2) and were allowed to grow in the greenhouse
with the mean day/night temperature and relative humidity
of 29 + 4/17 £ 2 °C, and 38 £ 5/50 = 5 % respectively.
Sixty days after seed germination, uniform seedlings with
two nodes and four opposite leaves were transplanted into
big plastic pots (30 x 50 cm). Each pot was filled with
10 kg of air-dried soil and two seedlings were used per pot.
Physical and chemical properties of the soil used are pre-
sented in Table 1.

2.2 Irrigation

Eight weeks after transplanting, plants were subjected to
different levels of salinity supplied with irrigated water. To
prevent osmotic shock to seedlings, salt solutions were
added gradually at several stages lasting 3 weeks. To keep
the levels of soil salt concentration constant, distilled water
was used in subsequent irrigations. At the end of salt
treatments, total soil salinities, including control, were
determined by EC meter (0.40, 2.3, 4.5, 6.8 dSm_l). Salt
stress symptoms (leaf tip chlorosis and necrosis) in plants
treated with high salt concentrations appeared after
3 weeks. At this time, the seedlings were harvested.

2.3 Growth Parameter Measurements

Plants were weighed individually for their fresh weight and
then placed in Whatman paper bags. The bags were kept
for 72 h in an oven set at 70 °C and shoot and root dry
weights were determined by analytical balance.
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2.4 Total Phenolic Extraction

Harvested leaves were dried at room temperature for
1 week. The leaves were extracted by stirring 200 mg of
dry leaf powder in 2 mL methanol-acetic acid (85:15 v/v).
The extracts were kept at —18 °C in the dark. After 24 h,
extracts were sonicated for 15 min and centrifuged at
10,000x g in refrigerated centrifuge for 20 min. The
supernatants were removed; n-Hexane was added (1:1 v/v)
and mixed thoroughly. The mixture was centrifuged at
10,000xg in a refrigerated centrifuge for 20 min. The
polyphenol fraction (lower phase) was removed, filtered
through 0.2 pm membrane filter and stored at —18 °C for
future analysis (Justesen et al. 1998).

2.5 Total Phenolics Measurement

Total phenolic content was determined by the Folin—Cio-
calteu method (Singleton and Rossi 1965). Two hundred
microliters of diluted samples was added to 1 mL of 1:10
diluted Folin—Ciocalteu reagent. The mixture was shaken
and allowed to stand for 6 min and then 800 pL of 7 %
Na,COj solution was added. After incubation for 90 min at
23 °C, the solutions absorbance was read at 760 nm by
microplate reader, model BioTek ELx808. Solutions of
gallic acid (0-500 mg/L) were used to prepare the standard
curves. Results were expressed as milligram gallic acid
equivalent (mg AGE)/g leaf dry weight.

2.6 Antioxidant Activities

Harvested leaves were dried at room temperature for
1 week. Leaf extracts were obtained by stirring 1 g of
dried-leaf powder with 10 mL pure methanol for 30 min.
The extracts were then kept for 24 h at 4 °C, filtered
through Whatman No. 4 filter papers, the filtrates were
dried using rotary evaporator at 45 °C and stored at 4 °C
for later analysis.

2.6.1 1, 1-Diphenyl-2-picrylhydrazyl (DPPH) Scavenging
Activity

The effect of methanolic extracts on DPPH degradation
was estimated according to (Hanato et al. 1988; Bruits et al.
2001). The dried plant extracts were dissolved in pure
methanol at different rates (1, 3.2, 6.25, 12.5, 25, 50, 100,
200, 400, 800, 1600, 3200 pg mL™") and then 20 pL of
these solutions was added to 200 pL of a 100 mmol L'
DPPH methanolic solution. The mixture was shaken vig-
orously and left standing at room temperature for 30 min.
The absorbance of the resulting solutions was then read at
517 nm after 30 min by microplate reader model BioTek

ELx808. The free radical scavenging activities of the
solutions were expressed as ICsy (mg mL™"), that is the
antiradical dose required to cause a 50 % inhibition. A
lower ICso value corresponds to a higher antioxidant
activity of the plant extract (Patro et al. 2005). The
potential of extracts to scavenge DPPH radicals was cal-
culated using the following equation:

DPPH radical scavenging activity (%) = 100 — [(Ab-
sorbance of sample — Absorbance of blank) x 100/Ab-
sorbance of control]. Methanol (200 pl) plus extracting
solution (20 pul) was used as blank, while DPPH solutions
plus methanol were used as negative control. The positive
control was DPPH solution plus different concentrations of
gallic acid. The free radical scavenging activities of the
solutions were expressed as ICsy (mg mL~!) which was
calculated graphically using different concentrations of
samples versus DPPH inhibition percentage.

2.7 Statistical Analysis

Three replications were used for each treatment. Data were
expressed as means. The means were compared using the
one-way and multivariate analysis of variances (ANOVA)
followed by Duncan’s multiple range tests. The differences
between individual means were deemed to be significant at
P < 0.05.

3 Results
3.1 Effect of Salt Stress on Plant Growth

The rates of plant growth were adversely affected by the
increase in external NaCl concentration (Table 2). However,
the root fresh weights were not affected by external salt
concentrations significantly. At external NaCl of 6.8 dSm ™",
the root dry weight decreased by 40 % as compared to
control plants. The shoot fresh weight was decreased by 17
and 58 % at the external NaCl salinity of 4.5 and 6.8 dSm ™"
respectively. However, salinity did not affect shoot dry
weights significantly as compared with control plants and
those grown under moderate salinity (2.5 dSm™ ).

3.2 Effect of Salt Stress on Total Phenolic Contents

The absorbance values of the plant extract solutions reacted
with Folin—Ciocalteu reagent in comparison with those of
gallic acid standard solutions are shown in Fig. 1. Salt
treatments decreased leaf total phenolic compounds sig-
nificantly. At 6.8 dSm~' NaCl, total phenolics were
3.76 mg AGE g~' DW which was reduced by 2.6 times as
compared to control leaves (Fig. 1).

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
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Table 2 Effects of salinity on

. —1
plants fresh and dry weight NaCl concentration (dSm™ ")

Fresh weight (g)

Dry weight (g)

Shoot Root Shoot Root
0.4 (Control) 9.8 £0.060 a,* 2.6 +0.04 a 14+£0.12a 0.725 £ 0.02 a
2.3 92 +0.002a 2.03 £0.00 a 1.2 +£0.14ab  0.590 + 0.08 ab
4.5 8.1 +£0.02b 204 £002a 0975+£0.1b 0.521 £ 0.1 ab
6.8 4.1+£0.01c 1.7+ 0.1 a 0.933 £ 0.03 b 0.431 £ 0.00 b

* Values (means of three replicates &= SE) of each parameter followed by at least one same letter are not

significantly different at P < 0.05

[
N

[
o

Total phenolic content
(mg AGE g DW)
(o)}

0.4 2.3 4.5 6.8
NaCl concentration (dSm™?)

Fig. 1 Effect of salinity on total phenolic content in leaves of Salvia
macrosiphon. Means of three replicates & S.E., bars with different
letters are significantly different (P < 0.05) based on the oneway-
ANOVA, separated by Duncan test

3.3 Effect of Salt Stress on Leaves Antioxidant
Activity

The effects of salt stress on leaf extracts antioxidant
activity were determined by DPPH free radical scavenging
activity. The leaves of S. macrosiphon plants exhibited a
significant increase in antioxidant activity under salt stress.
At 4.5 dSm™" NaCl, leaf extracts with the ICs, value of
720 mg mL~" displayed the highest free radicals
quenching activity as compared to other treatments
(Fig. 2).

4 Discussion

Salinity stress limits plant growth and development by
adversely affecting various physiological and biochemical
processes like photosynthesis, antioxidant activity, nitrogen
metabolism and ion homeostasis (Misra et al. 2006). Our
results revealed that plants treated with low salt concen-
trations (2.3 dSm™") did not exhibit significant changes in
their growth parameters as compared to control. When
exposed to moderate salinity (4.5 dSm™"), they showed a
decrease in biomass production. However, high salinity
stress (6.8 dSm™') limited the growth drastically by

@ Springer

7.6
7.5
7.4
7.3 c
7.2
7.1

ICo (mg mlY)

6.9
6.8

0.4 23 4.5 6.8
NaCl concentration (dSm™)

Fig. 2 Effect of salinity on antioxidant activity (ICsy values) in
leaves of Salvia macrosiphon. Means of three replicates & S.E., bars
with different letters are significantly different (P < 0.05) based on
the oneway-ANOVA, separated by Duncan test

affecting both plant dry and fresh weights. Nevertheless,
this Salvia species was able to survive at this NaCl con-
centration. Our results are similar to those reported by Ben
Taarit et al. (2009) who reported a reduction in biomass
production in Salvia officinalis when exposed to 50 and
75 mM NaCl.

Since the important roles of antioxidant molecules in the
detoxification of free radicals are well recognized, nutri-
tionist, clinical researchers and various segments of food
and pharmaceutical industries have an increasing interest in
determining the antioxidant potential of physiological flu-
ids, foods and natural products (Halliwell 2000). During
salinity stress, plants protect themselves against oxidative
damages caused by ROS using both enzymatic and non-
enzymatic antioxidant mechanisms (Ardic et al. 2009).
Among non-enzymatic antioxidants, plant tissues contain a
network of low-molecular mass antioxidants such as
ascorbate, glutathione, phenolic compounds and toco-
pherols whose production could be induced by environ-
mental stresses such as salinity (Blokhina et al. 2003). In
the present study, our results showed that NaCl salinity
increased total antioxidant activity in leaf methanolic
extract (Fig. 2). However, salinity caused a marked
reduction in the total phenolic content in all NaCl
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treatments. The major cause of total phenolic oxidation in
S. macrosiphon plants can be due to increased activity of
peroxidase (POD) under salt stress conditions (Tarchoune
et al. 2010; Tarchoune et al. 2012a, b). On the other hand,
the lack of correlation between total phenolic contents in
S. macrosiphon plants and antioxidant activity could be
explained by the fact that the levels of single antioxidant
molecules do not necessarily reflect their total antioxidant
activity, which depends on the synergistic and redox
interactions among the different antioxidant molecules
present in S. macrosiphon (Tarchoune et al. 2012a, b).
The present results obtained for S. macrosiphon were in
line with those findings by Tarchoune et al. (2012a, b)
who reported for Ocimum basillcum L. plants under
salinity treatments. These authors found that although the
major phenolic acids in O. basillcum decreased with
salinity, an increase in total antioxidant activity caused by
the increase in glutathione and ascorbic acid content
under the same conditions was observed. In conclusion,
the use of moderate salinity levels can be an effective
method in making S. macrosiphon a superior pharma-
ceutical asset. These facts should be taken into consid-
eration in the economic cultivation of this valuable
medicinal plant. Further study will be needed to determine
the effects of salinity on the physiological and biochem-
ical processes of the S. macrosiphon plants at the repro-
ductive and vegetative stages.
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