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ABSTRACT 
 
 Plants can increase salinity tolerance by modifying the biosynthesis of polyamines. Under salt stress diverse 
changes of polyamine levels were reported depending on species, varieties and plant tissue. There are 
indications that polyamines are modulators of salt-stress resistance and influence the plant performance under 
saline condition. The aim of the present study was to examine how salt stress influences free polyamine 
concentrations in Aeluropus littoralis as monocot halophyte grass. The result showed that one week after salt 
exposure the free total polyamines pool was decreased in A.littoralis shoot. In addition spermine level in salt 
treated plants was much lower than spermine content in control plants. Furthermore, high amounts of 
spermidine and spermine was found in non-stressed plants.  
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Introduction 
 
 Polyamines have been proposed as a new 
category of plant growth regulators that are purported 
to be involved in a large spectrum of physiological 
processes, such as embryogenesis, cell division, 
morphogenesis, and development [2,11]. In higher 
plants putrescine (Put), spermidine (Spd), and 
spermine (Spm) are the most abundant PAs and are 
implicated in various developmental processes [16]. 
Plant polyamines are preferentially detected in 
actively growing tissues. However, concentration of 
PAs may vary markedly depending on plant species, 
organ and tissue and also on the developmental stage. 
Their biological activity is attributed to cationic 
nature therefore PAs interact with negatively charged 
macromolecules such as DNA, RNA, proteins and 
phospholipids [7,8,9,10,12]. Because the levels of 
PAs altered during the adaptation to stresses in a 
variety of plants, it is thought that they are also 
involved in these processes. However, the 
physiological role of stress-induced PA accumulation 
remains unknown. Salinity is a complex 
environmental constraint that presents two main  
components: an osmotic component due to decrease 
in the external osmotic potential of the soil solution 
and an ionic component linked to the accumulation 
of ions which become toxic at high concentrations 
(mainly Na+ and Cl-). The accumulation of these 

elements leads to decrease the absorption availability 
of essential elements (e.g, potassium and calcium) 
[4]. Salt stress induced increase in the endogenous 
polyamine contents has been reported in various 
plant species [6,1]. El-Shintinawy (2000) found that 
salt stress enhanced the accumulation of Spd and 
Spm concentration associated with a decrease in Put 
in the wheat cultivars. In contrast, in other wheat 
cultivars, it was found that salt stress increased the 
concentration of Put and decreased that of Spm [14]. 
However, in rice Lin and Kao (1995) found that 
increasing NaCl concentration caused a decrease in 
free Put concentration, but an increase in Spd 
concentration in a salt intolerant rice cultivar, cv. 
Taichung Native 1. These reports indicate that the 
individual polyamines have different roles during the 
response of plants to salt stress. The halophytes are 
highly specialized plants, which have greater 
tolerance to salinity. They can germinate, grow and 
reproduce successfully in saline areas which would 
cause the death of regular plants. Metabolic 
imbalances caused by ion toxicity, osmotic stress and 
nutritional deficiency under saline conditions lead to 
oxidative stress and reduced plant performance [17]. 
Study of PAs changes pattern in response to salinity 
in some halophytic species such Aeluropus littoralis, 
will be provided better evidences to find a general 
model of PAs action under salinity stress. The 
present study was undertaken with the objectives to 
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evaluate the metabolic levels of free polyamines in 
the shoot of A. littoralis plants growing under salinity 
stress. 
Materiels and Methods 
 
Growth condition and treatments: 
 
 Seeds of halophyte plant Aeluropus littoralis 
(collected from the Province Mazandaran, Iran) were 
germinated in acid-washed sand. Seedlings were 
irrigated daily with Hoagland nutrient solution 
according to evaporation demand. Plants were grown 
in a greenhouse with a daily temperature of 25–28°C, 
relative humidity of 60–70% and a 14-h photoperiod 
at 800–1000 µmol photons m−2 s−1 of photo 
synthetically active radiation. Six-week-old seedlings 
were treated with 0 (control), 200 and 400 mmol/L 
NaCl. The final salinity level was achieved by raising 
100 mmol/L NaCl every 24 h in order to avoid 
osmotic shock. Plant samples (shoot) were taken for 
analysis 35 days after salt exposure. 
 
Na+ and K+ measurement: 
 
 The shoots of the plants were rinsed with 
deionized water three times and then dried at 80C to 
a constant weight after filtration with Whatman 
paper. A total of 0.1 g dry powder samples were then 
extracted with 5mL4 M HCl at 37°C overnight to 
release the free cations and centrifuged at 10,000g 
for 10min. The resulting supernatants of the extracts 
were diluted and Na+ and K+ were determined with a 
Shimadzu  AA-680 atomic absorption / flame 
spectrophotometer. 
 
Quantification of free Pas: 
 
 Free PAs were quantified according to Roussos 
et al (2007) with minor medications. Samples of 
fresh leaves (0.5 g) were homogenized in 1 mL of 
5% (v/v) perchloric acid (PCA) and incubated at 4 °C 
for 1 h. The homogenate was centrifuged at 12000 × 
g for 30 min at 4 °C; the supernatant and pellet were 
collected separately. The supernatant was used to 
determine the free PAs. A 200-µL  aliquot  of  each  
extract  was  added  to  200  µL  of saturated Na+, 
CO  and 400 µL of  dansyl chloride  (5 mg per mL of  
acetone) at room  temperature,  and mixed  for 90 
min at 70 °C in the dark. Excess dansyl chloride was 
inactivated by adding 200 µL of proline (100mg/ml) 
for 30 min. Dansylated polyamines were extracted 
into 0.5 mL of toluene after 1 min of vortex stirring. 
The upper organic phase was collected and stored at -
20°C for HPTLC measurement. 
 
Result: 
   
 Quantification of free PAs (putrescine, 
spermidine & spermine) in normal and stressed 
plants showed that endogenous amounts of 

spermidine and spermine in normal A.littoralis plants 
was much higher than putrescine content and this 
status was also conserved in plants under stress 
(Figure 2 ). More ever based on these data total free 
PAs pool was affected by salinity levels and free PAs 
accumulation in plants experienced 200 mM and 400 
mM NaCl was significantly reduced in comparison to 
non-stressed plants (Figure. 1B). A comparison 
between 200 mM and control revealed that there 
wasn’t any significant difference for putrescine and 
spermidine contents while in 400 mM treated plants 
compared to normal condition a significant reduction 
observed for both shoot putrescine and spermidine 
contents (Figure. 2A, B, C). In addition an obvious 
reduction (up to 50%) in spermine levels was 
observed in plant subjected to salinity in comparison 
to non-stressed plants (Figure. 2C). Calculation of 
polyamine (Spd+Spn) to diamine (Put) ratio 
indicated that polyamine to diamine ratio, was 
decreased in response to salinity levels (Figure. 2D). 
Finally in comparison to control condition, Na+ 
accumulation was greatly enhanced in shoot parts of 
salt treated plants, but when salinity severity 
increased no significant difference was observed 
between 200 and 400 mM treated plants for 
accumulated sodium ions. In contrast, shoot 
potassium content reduced in salt treated plants in 
comparison to control (Figure. 1A).  
 
Discussion: 
 
 The present experiment indicated that in 
response to salinity the free total polyamines pool 
was decreased in A.littoralis shoot parts. Reduction 
in total PAs rates may be due to a decrease in 
biosynthesis or increase in polyamine oxidation 
processes. Spermine level in salt treated plants was 
much lower than spermine content in control plants. 
The decreased amount of spermine in plants undergo 
200 & 400 mM NaCl may be due to degradation 
activity of PAO enzyme or may be because of 
converting free soluble spermine to conjugated and 
bounded forms. DAO and /or PAO catalyze the 
oxidative deamination of amino groups of Put or Spd 
and Spm, respectively, producing the corresponding 
aldehyde, H2O2 and 1,3-diaminopropane in case of 
Spd and Spm. These enzymes have been proposed to 
be involved in lignification and cell wall stiffening in 
plants. In addition polyamine catabolism has 
considerable attention largely because generates a 
secondary messenger and a signaling molecule H2O2 
as one of the products, with a potential to provide 
defense against biotic and abiotic stresses [3, 13]. 
However, given the existing data about the protective 
role of spermine it seems that reduction in the 
endogenous amount of spermine maybe an initial 
response during the first days to combat salinity 
stress. Regarding long-term salinization, it have been 
suggested that high titers of spermidine and/or 
spermine, are correlated with the response of plants 
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to salinity. Under long-term salt stress, Spermine 
content in many species was higher than in the 
corresponding control condition.  In addition 
A.littoralis plants normally tend to accumulate higher 
amounts of spermidine and spermine than putrescine 
in shoot parts (Figure. 2). Having high amounts of 
spermidine and spermine in normal plant might result 
from a metabolic modification caused by growth 
processes. It has often been postulated that a high 
spermidine and spermine content was generally 
associated with rapid tissue growth [15]. Higher 

levels of salinity accumulated more sodium ions and 
caused K+ deficiency in shoot parts. Because of the 
halophytic nature of A.littoralis plant and due to 
insignificant difference between 200 and 400 mM 
stressed plants for endogenous Na+ content (Figure. 
1A), it was assumed that the deleterious effect of K+ 
deficiency and imbalanced Na+/K+ ratio induced with 
high salinity in salt treated plants influenced whole 
plant PAs homeostasis and changed free PAs content 
pattern. 

 

 
 
Fig. 1: Sodium & potassium concentrations (A) in shoot of A.littoralis plants exposed to different levels of 

salinity for 7 days, (B) Impact of salt stress on shoot endogenous total free polyamines concentrations 
in A.littoralis plants. The data represent mean ± SD.  

 

 
 

 
 
Fig. 2: Effect of salinity levels on free endogenous putrescine (A), spermidine (B) and spermine (C) 

concentrations and (Spm + Spd / Put) ratio in shoot parts of A.littoralis plants. The data represent 
mean ± SD. 
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Conclusion: 
 
 Polyamines titers altered in different manners 
dependent upon several factors, such as plant species, 
tolerance or sensitivity to stress, and duration of 
stress. In order to cope with salinity A.littoralis 
plants adjust free PAs homeostasis in shoot parts to 
alleviate deleterious effects of salinity.  
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