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ABSTRACT
The effect of salt stress on distribution of alkaline metals in
the roots and shoots of Lycium barbarum and Lycium
chinense grew ex vitro in hydroponic at three levels of
salinity, 50 mM, 100 mM and 200 mM NaCl were
investigated. The content of Na+ and K+ gradually decreased
in the roots and rose in the shoots of Lycium chinense with
increasing salinity level as compared to control. The content
of Na+ increased in the roots, but slightly decreased in the
leaves of Lycium barbarum. The ratios K+/Na+ were higher in
the shoots in comparison with roots of both plants. They were
reduced more in the roots of L. barbarum and in the shoots of
L. chinense during NaCl treatment. Measured total
antioxidant capacity by FRAP assay and DPPH radical
methods changed by the same manner in the leaves of L.
chinense and were enhanced after treatment with 50 mM
NaCl, while they gradually decreased in the leaves of L.
barbarum. The results were discussed from the view of
mechanisms of action of alkaline metals on the generation of
reactive oxidant species (ROS) in different organs and the
participation of water – and lipid soluble antioxidants in the
defense of plants.
MATERIAL AND METHODS
Plant material. Seeds and in vivo explants from the species
of L. barbarum and L. chinense were used for developing of
in vitro multiplication protocol as described by Dimitrova et al.
(2016). Hydroponic experiment. The uniform explants were
selected and transplanted to polyethylene vessels containing
1.2 l of 1/4 Hoagland solution (Hoagland and Arnon, 1941)
(pH 5.9) in growth chamber with a 16-h photoperiod (PAR
100 μmol m-2 s-1 measured on the upper leaf surface, 25/17±1
ºC day/night temperature, 54/45% relative humidity). The
experiments were set as four treatments including control,
each treatment with 7 replications. The salt treatment was
applied on the 48th day after transplanting of explants when
the plants had adapted to the conditions of 1/2 Hoagland
nutrient solution and 0 (control), 50, 100, and 200 mM NaCl
was added as described by Dimitrova et al. (2016)
Determination of ion content. To determine the content of
K+ and Na+ (mg g DW-1), 0.25 g dry leaf samples were
extracted after acidic digestion with Suprapur grade Fluka
reagents
and
analyzed
by
atomic
absorption
spectrophotometer (Perkin-Elmer 5000, UK). The K+/Na+ ratio
was calculated from the content of K+ and Na+.
Total
antioxidant
capacity.
Spectrophotometric
quantification of water- (WS – AOC) and lipid-soluble (LS –
AOC) antioxidant capacity (expressed as equivalents of
ascorbate and α-tocopherol, respectively) was performed
through the formation of phosphomolybdenum complex
(Prieto et al., 1999). The assay was based on the reduction of
Mo(VI) to Mo(V) by the sample analysis and the subsequent
formation of a green phosphomolybdenum complex at acidic
pH. The dry plant samples (0.1 g DW) was ground with pestle
and mortar to a fine powder. 3 ml distilled H2O was added
and the suspension was homogenized, transferred to tubes
and shaken for 2 h at room temperature in the dark. The
suspension was filtered and extraction was repeated with 3
ml distilled H2O. The pellet was washed again with 2 ml
distilled H2O. For lipid-soluble antioxidant capacity
(expressed as α-tocopherol) procedure was the same, but the
extraction was carried out with hexane as a solvent. The
method was optimized and characterized with respect to
linearity interval, reproducibility and molar absorption
coefficients for the quantitation of water-soluble and lipidsoluble antioxidant capacities expressed as equivalents of
ascorbate, and α-tocopherol. Absorption coefficients were:
(3.4 ± 0.1) × 103 M-1 cm-1 for ascorbic acid, and (4.0 ± 0.1) ×
103 M-1 cm-1 for α-tocopherol.
DPPH assay. Free radicals scavenging activity was
measured from the bleaching of the purple-colored methanol
solution of free stable radical (2,2-diphenyl-1-picrylhydrazyl,
DPPH•) inhibition after Tepe et al. (2006). DPPH• radical is a
stable radical with a maximum absorption at 517 nm that can
readily undergo reduction by an antioxidant. The inhibition of
free radical DPPH• in percent (I %) was calculated in the
following way: I% = (Ablank - Asampe / Ablank) × 100, where Ablank
is the absorbance of the control reaction (containing all
reagents except the test compound), Asample is the
absorbance of the test compound, i.e. plant extracts. The
reaction mixture was consisted of different concentrations
from 15 to 180 μg ml-1 plant methanol extract, 2.4 ml
methanol and 0.1 mM methanol solution of DPPH•. Control
and tested samples were incubated in the dark for 30 min
before spectrophotometrically assay.
Ferric reducing power (FRAP assay). The FRAP reagent
was freshly prepared by mixing acetate buffer (300 mM, pH
3.6), ferri 2, 4, 6-tripiridyl-s-triazine (TPTZ) solution (10 mM
TPTZ in 40 mM HCl) and FeCl3-6H2O (20 mM) in a ratio
10:1:1 (Benzie and Strain, 1996). To perform the assay, 900
μl of FRAP reagent, 90 μl distilled water and 30 μl of plant
extract were mixed and incubated at 37 °C for 15 min. The
absorbance was measured at 595 nm, using FRAP working
solution as a blank. The antioxidant potential of samples was
determined from a standard curve plotted using the
FeSO4.7H2O linear regression. The results were corrected for
dilution and expressed as μmol of Fe2+ g-1 of dried sample.
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Accumulation of Na+ , K+ and K+/Na+ ratio in the roots.
Conclusion We examined distribution of alkaline metals and
changes in antioxidant capacity of two Lycium species in order to
develop practicable strategy for selecting salt tolerant plants.
Lycium barbarum accumulated Na+ predominantly in the roots,
while Lycium chinense – in the leaves during treatment with
increasing NaCl concentrations. K+/Na+ ratio slightly lowered in the
roots and significantly decreased in the leaves of Lycium chinense
after these treatments. WS-AOC prevailed in the leaves of this
plants and measured DPPH and FRAP capacity is greater than in
Lycium barbarum. Our novel results asserted assumption that
Lycium chinense is more salt tolerant in comparison with Lycium
barbarum at the salinity conditions tested.
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