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The relationships between salt stress and antioxidant enzymes activities, proline, phenol and anthocya-
nine contents in Hyssopus officinalis L. plants in growth stage were investigated. The plants were sub-
jected to five levels of saline irrigation water, 0.37 (tap water as control) with 2, 4, 6, 8 and 10 dSm-! of
saline water. After two months the uniform plants were harvested for experimental analysis. Antioxidant
enzymes activities and proline, phenol and anthocyanine contents of the plants were examinated.
Enhanced activities of peroxidase, catalase and superoxide dismutase were determined by increasing
salinity that plays an important protective role in the ROS-scavenging process. Proline, phenol and antho-
cyanine contents increased significantly with increasing salinity. These results suggest that salinity toler-
ance of Hyssopus officinalis plants might be closely related with the increased capacity of antioxidative
system to scavenge reactive oxygen species and with the accumulation of osmoprotectant proline, phenol
and anthocyanine contents under salinity conditions.
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INTRODUCTION

Soil salinity is one of the most dangerous environmental stresses that can induce
oxidative stress in plants. Biochemical and physiological responses to salt stress in
plants alters and almost all plant processes are affected [12, 20]. The major effect of
salinity is the inhibition of plant growth possibly by reducing enzymatic activities and
biochemical constituents [21]. One of the biochemical responses of plants to salt
stress is the production of reactive oxygen forms (ROS) which disturb in turn the
balance between ROS production and disappearance of their effects by antioxidant
enzymes thus, causes oxidative damage to lipids, proteins, and nucleic acids [27, 28].
To overcome the negative consequences of salt stress, plants have evolved various
protective mechanisms either to reduce or to completely remove ROS. One of the
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protective mechanisms is the change in enzymatic antioxidant activity, which oper-
ates with a sequential and simultaneous action of many enzymes such as superoxide
dismutase, peroxidase, and catalase, which react with ROS to keep it at low level. The
salt tolerant plants for effective removal of ROS are an efficient antioxidant system
[27]. The relationship between salinity or drought diverse environment and the inner
surface of the water-soluble antioxidants (anthocyanins) or antioxidant enzymes have
been reported [40]. Phenolics represent a chemically diverse group of compounds
produced by a large number of metabolic pathways. A phenolic is characterised by
the presence of an aromatic ring bearing one or more hydroxyls, and these com-
pounds occur in both monomeric and polymeric forms, e.g. condensed tannins. The
ecological and physiological activities of phenolic compounds in the plants are
diverse and highly variable [32]. Phenols and polyphenolic compounds such as flavo-
noids, act as antioxidants and cytotoxic effects of oxygen radicals in plant cells are
removed [25]. The high amount of phenols and flavonoids in extracts may explain
their high antioxidative activities [32]. Anthocyanins are a large group of water-solu-
ble pigments of the family of flavonoids which are found in all plant tissues and are
mainly responsible for the colour of plants and fruits organic herbs [19]. These sub-
stances are accumulated in various tissues and are influenced by various environmen-
tal stimuli [10]. Proline accumulation is a common metabolic response when higher
plants are exposed to water deficits and high salinity. Proline acts as an osmolyte that
not only stabilizes protein structures, but also acts as the regulator of cellular redox
potential [37]. Medicinal plants have long been paid attention and in traditional
medicine they have been used when treating many diseases. It has been recognized
that the direct and indirect effects of industrialization on human societies cause dis-
eases, such as heart disease, diabetes, cancer, in most urban communities. Therefore,
identification and cultivation of plants in large human communities can help to cure
the disease. Although, much progress has been made in synthetic organic chemistry,
medicinal plants still make up about 25% of prescription drugs [22]. Hyssop
(Hyssopus officinalis L.) from the family of Lamiaceae has been used for hundreds of
years as an important culinary and medicinal plant. It is native to the Caucasus,
North-Western Iran, the Turkish North Eastern Black Sea region, and Southern
Anatolia [23]. It has a very strong spicy taste and pungent flavour. It is commonly
used in traditional medicine. Hyssop extracts and oil may be found as flavour ingredi-
ent in many food products, mainly sauces and seasonings, also in bitters and liqueurs.
The oil is a fragrance component in soaps, cosmetics and perfumes, especially in eau
de cologne and oriental bases [39]. Extracts from the leaves are antimicrobial, mildly
spasmolytic [41] and exhibit strong antiviral activity against HIV [16]. Although,
hyssop herb is valued and widely cultivated in the world, no information is available
on the response of the plant to salinity. Hence, the effect of salinity on the activity of
antioxidant enzymes and levels of phenolic compounds and anthocyanin defense
mechanism to better understand hyssop under salt stress were studied.
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MATERIALS AND METHODS

Hyssop seeds (Hyssopus officinalis L.) were obtained from the Institute of Medicinal
Plants Research of Iranian Academic Center for Education, Culture and Research
(ACECR), Tehran, Iran. Ten seeds per plastic pot (30 cm diameter and 50 cm height)
were sown. The pots were transferred to the greenhouse of the ACECR in a controlled
environment of 25/15 °C day/night temperatures, 16 h photoperiod, 70% relative
humidity and 400 pmol m=2 s-! photon flux density. The four-month-old plants were
then transferred to 5-liter containers filled with air-dried clay loam soil. After two
weeks from the planting date, the plants were subjected to five levels of saline irriga-
tion water, 0.37 (tap water as control) with 2, 4, 6, 8 and 10 dSm! of saline water.
The plants were placed in a greenhouse under controlled conditions above. Natural
saline water was obtained from Hoz-e-Soltan Lake in Qom, Iran. Upon examination
of the saline water sampled from Hose-e-sultan Lake the major ions were found in it:
Nat 112 g 'L, K 1.17 g I1, CI- 191 g I, Mg2* 6.26 g 11, CaZ" 0.2 g I-!, SO,% 26.9
g -1, CO32-0.069 g I-and HCO5~ 0.073 g I-1. Saline treatments were applied for two
months and at the completion of this period, plants were harvested. The roots and
aerial parts were subjected to assay some physiological parameters. Measurement of
physiological parameters was carried out at the Plant Physiology Lab, Faculty of
Biological Sciences, Kharazmi University, Tehran, Iran. Phosphate buffer (0.1 M L-1;
pH 6.8) was used to extract the enzyme. In order to calculate enzyme activities, pro-
tein contents were determined according to Bradford [8]. Superoxide dismutase
(SOD) activity was assayed by monitoring its inhibition of the photochemical reduc-
tion of metyltiazol tetrazolium (MTT). One unit of enzyme activity was defined as the
quantity of enzyme that reduced the AS60 of control by 50% [18]. Guayacol proxi-
dase (GPX) activity was assayed according to Dazy et al. [15] and enzyme activity
was calculated based on the changes in absorbance at 470 nm per min per pug protein.
Catalase (CAT) activity was assayed by [11] and enzyme activity was calculated
based on the changes in absorbance at 240 nm per min per pg protein. To measure
proline contents, fresh parts were homogenized in 3% sulfosalicylic acid. Proline
contents of the samples were determined according to Bates et al. [5]. Total phenolic
contents of the samples were determined using the Folin—Ciocalteu reagent assay
[34], with gallic acid as standard. Acidic methanol (methanol 99.5% and HCI 1%,
ratio 99 at 1) was used to extract the anthocyanin. Fresh leaves were homogenized in
5 ml acidic methanol and then were set aside for 24 hours at 4 °C in dark to allow
anthocyanins to extract. The solution was then centrifuged at 4000 g for 10 min, and
the supernatant was increased by 2 ml. Finally, the absorbance of the supernatant was
measured at 530 nm [13]. To determine the concentration of anthocyanin samples
from the standard curve anthocyanin (cyanidin 3-glucoside brand Kuromanin
Chloride) was used. The experiments were carried out in randomized complete block
design. The data were analyzed by using one-way analysis of variance using SPSS.
Each data was the mean of four replicates in each group.
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RESULTS

Responses of antioxidant enzyme activities in plants of Hyssopus officinalis to salt
stress are shown in Figures 1-3. Fig. 1 shows the effects of increasing concentrations
of salt stress on SOD activity. SOD activity under salinity was higher than that of
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Fig. 1. Effect of salinity treatment on the activity of SOD in the roots and leaves of Hyssopus officinalis
L. plants. Values are the means+ SE from four replicates. Different letters above columns indicated sig-
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Fig. 3. Effect of salinity treatment on the activity of CAT in the roots and leaves of Hyssopus officinalis
L. plants. Values are the means=+SE from four replicates. Different letters above columns indicated sig-
nificant (P<0.05) differences

control. SOD activity in the roots and leaves of the hyssop plants increased by
increasing salinity concentration. Activity of SOD in both of roots and leaves of hys-
sop plants increased significantly compared with control plants (Fig. 1). The effect of
increasing concentrations of salinity on peroxidase enzyme activity is shown in
Figure 2. GPX activity in the leaves and roots significantly increased and in the leaves
of hyssop plants more than roots (Fig. 2). In treated plants with saline water, CAT
activity in the leaves and roots significantly increased and in the leaves of plants more
than roots (Fig. 3). Table 1 contains the effects of increasing concentrations of salt
stress on proline content. By increasing the salt concentration proline content in roots
and leaves of hyssop plants increased significantly. Increased proline content in
leaves was higher than in the root (Table 1). In the present study, total phenolic con-
tent in each extract was determined spectrometrically according to the Folin—
Ciocalteu method and calculated as gallic acid equivalent (GAE). A significant differ-

Table 1
Effect of salinity treatment on the proline content (ug g-! FW) in the roots and leaves
of Hyssopus officinalis L. plants

Saliniy treatment (dSm!)

control 2 4 6 8 10
Root 54+0.414 7.07+0.35¢ 9.8+1.060 10.93+0.662 11.69+0.412b 12.44+0.662
Leaf 11.1+0.574d 16.1£0.13¢ 17.44+0.20¢ 18.3+0.51bc 20.34+1.393b 21.15+1.03a

Values are means + SE. Values with similar letters are not significantly different.
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Table 2
Effect of salinity treatment on the phenol content (mg g-! DW) in the roots and
leaves of Hyssopus officinalis L. plants

Saliniy treatment (dSm")

control 2 4 6 8 10
Root 8.4+0.43d 124+0.81¢d 15+1.08¢ 23.1+1.17° 26.3+1.43b 35.1+£3.092
Leaf 12.6+1.5¢ 19.3+1.9¢ 27.24£2.2b 32.8+1.2742b 32.54+2.412b 35.7+3.892

Values are means + SE. Values with similar letters are not significantly different.

ence (P<0.05) for total phenolic content was measured among the extracts. The
phenol content in the roots and leaves of the hyssop plant significantly increased with
increasing salt concentration (Table 2). Content of anthocyanin, was extracted with
acidic methanol and measured by a spectrophotometer and calculated as cyanidin
3-glucoside equivalent. The anthocyanin content of the leaves significantly increased
with increasing salinity (Table 3).

Table 3
Effect of salinity treatment on the anthocyanin content (mg g-! FW) in the leaves
of Hyssopus officinalis L. plants

Saliniy treatment (dSm1)

control 2 4 6 8 10

Leaf | 375.8+£38.7¢ | 367.7+15.8¢ | 449.2+19.1¢d | 463.5+13.1% | 550.3£39.92b | 607.5+£34.22

Values are means + SE. Values with similar letters are not significantly different.

DISCUSSION

Under normal conditions, reactive oxygen species (ROS) are effectively scavenged
by antioxidant systems. However, when plants are subjected to environmental stress-
es involving salinity, ROS formation overcomes the antioxidant system capacity [40].
These cytotoxic ROS can seriously destroy normal metabolism through the oxidative
damage of lipids, proteins, and nucleic acids [28]. In response to oxidative stress,
plants have developed defense systems to scavenge the ROS which is composed of
low-molecular mass antioxidants (glutathione, ascorbate and carotenoids) as well as
ROS-scavenging enzymes, such as SOD, CAT, POX, APX and GR [28, 40]. ROS-
scavenging enzymes are capable of protecting the cells from oxidative injury [26].
The enzyme SOD is involved in scavenging reactive oxygen species in the chloro-
plast. SOD is a key enzyme responsible for the degradation of superoxide radicals
resulting in hydrogen peroxide production. Superoxide is rapidly converted to H,0,
by SOD activity [40]. In this study, increasing concentrations of salt stress caused a
significant increase in total SOD activity in the leaves and roots of hyssop plants.
An increase in SOD activity [26, 28, 40] has also been obtained in previous studies.
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In the present work, SOD activity test indicated that increase in SOD activity helped
to reduce oxidative damage to biomolecules [6] and be a defensive mechanism devel-
oped by Hyssopus officinalis plants against salt stress. Similar results were reported
[28]. POD is widely distributed in higher plants where it is involved in various pro-
cesses, including lignification, auxin metabolism, salt tolerance and heavy metal
stress [30]. Therefore, POD has often served as a parameter of metabolism activity
during growth alterations and environmental stress conditions. GPX activity increased
with salinity concentration, a significant increase in GPX activity was observed in
leaves and roots. These results are consistent with the findings of [17]. In leaves of
rice plant, salt stress preferentially enhances the content of H,O, and the activities of
SOD, APX, and GPX, whereas it decreases catalase activity [35]. Enhancement in the
peroxidase activity as a result of soil salinity was also verified in Morus alba [35].
Further, the activities of SOD and POD, two essential components of antioxidant
defense system, both increased under stress treatments. Thus increased POD and
SOD activities might enable plants to protect themselves against salt stress. These
results suggest that the increased POD activity could contribute to the antioxidant
mechanism of Hyssopus officinalis seedlings against higher salt concentrations stress.
CAT converts H,O, to water and molecular oxygen in peroxisomes [28]. CAT is the
most effective antioxidant enzymes in preventing oxidative damage [27]. Increasing
concentrations of salt stress caused a significant increase in total CAT activity in the
leaves and roots of hyssop plants. Similar to our findings, increased CAT activity in
Cassia angustifolia L. [1], maize [4], Jatropha curcas [17], Calendula officinalis L.
[12] and Sesamum indicum [24] differing in salt tolerance was found. The results
show that increased CAT activity coordinated with the changes of SOD and POD
activities plays an important protective role in the ROS-scavenging process and the
active involvement of these enzymes are related, at least in part, to salt-induced oxi-
dative stress tolerance in Hyssopus officinalis plants. Compatible solutes such as
proline have been shown to accumulate in plants under osmotic (salinity as well as
drought) stress, indicating a protective or a regulatory role [3, 42]. It helps in main-
taining desired osmotic potential (i.e. involved in osmotic adjustment), protect vari-
ous cellular components (membranes, proteins/enzymes and nucleic acids) and
maintain cellular redox [38]. Many plants accumulate proline as a nontoxic and pro-
tective osmolyte under saline conditions [28]. The results showed that the amount of
proline increased significantly with salt concentration. Similar results were reported
in plants under salt stress [2, 28]. Proline is accumulated in leaves, stems, and roots
of Pringlea antiscorbutica and this osmolyte was shown to accumulate at a 2-3
higher concentration in the cytoplasm than in the vacuole [28]. Sadder et al. [33]
showed that free proline content in leaves of Atriplex halymus increased with increas-
ing salt concentration. Increased proline in high concentrations of salt can lead to
osmotic adjustment. Leaf phenolic contents are important protective components of
plant cells. The potential of phenolics to act as an antioxidant is mainly due to their
properties to act as hydrogen donators, reducing agents and quenchers of singlet O,
[14]. The synthesis of phenolics is generally affected in response to different biotic/
abiotic stresses including salinity [29] and increased phenolic contents were observed
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in wheat cultivars leaves in growth stage under saline conditions [2]. Along with
increasing salinity the concentration of phenolic content increased in the leaves and
roots of hyssop. Similar results were reported in Nigella sativa showing that the phe-
nolic contents were also affected significantly due to salt stress [7]. Queslati et al. [31]
demonstrated the increase of phenols following saline treatment of Mentha pulegium.
Salinity stress-induced total phenolic content accumulation has also been previously
observed in strawberry and sugarcane [14]. The results suggest that the increasing of
total phenolic content in hyssop as a result of salt stress is believed to protect the plant
from oxidative damage. Anthocyanins have a wide range of biological activity such
as antioxidant, photoprotection, osmoregulation, heavy metal ions chelation, antimi-
crobial and antifungal activities, which help plants to survive under different stress
conditions. Under salinity, the level of anthocyanins in hyssop increased significantly
in comparison with control. Tereshchenko et al. [36] reported that the level of antho-
cyanins increased significantly in bread wheat (Triticum aestivum L.) under salinity
and drought stress. Experiments in whole-plant systems have shown similar results.
Anthocyanin accumulation induced by salinity conditions was observed in Zea mays
roots, Morus alba leaves and the lower stems of Casuarina equisetifolia seedlings
[10]. Enhanced synthesis of secondary metabolites under stressful conditions is
believed to protect the cellular structures from oxidative damage [9]. These results
suggest that salinity tolerance of Hyssopus officinalis plants might also be closely
related with the increased capacity of antioxidative system to scavenge reactive oxy-
gen species and with the accumulation of osmoprotectant proline, phenol and antho-
cyanine contents under salinity conditions.
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