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Abstract 

 

We investigated the functional mechanisms of brine mineral water (BMW) in plants. Antioxidant activities were determined by 

DPPH free radical-scavenging analysis of crude extracts of Rehmannia glutinosa treated with BMW. The DPPH was measured by 

value for the density of antioxidant required to absorbance equal to 50% that of a control containing no antioxidant. Plants treated 

with 0.05-0.1% BMW showed weak antioxidant activity. The concentrations of the principal mineral components, Mg2+, K+, and Sr2+ 

were increased in samples treated with 1% BMW. Antimicrobial activities of BMW-treated R. glutinosa were determined. The 

greatest inhibition was against Salmonella typhimurium and Klebsiella pneumoniae. The effect of BMW treatment on plant growth 

over four weeks was investigated and determined by addition of distilled water into 100% BMW, which plant growth was enhanced 

about 8 cm by 0.05-0.1% BMW. The expression of marker genes involved in plant metabolism was monitored in control and BMW-

treated plants. The RgAPX gene was induced in 5% BMW-treated plants after 48 h, and transcription of the PAL gene was 

significantly higher in 5% BMW–treated plants after both 1 and 48 h. In addition, rbcL gene expression was higher in BMW-treated 

than in control plants. These data suggest that BMW has various effects in plants. This work explains the relationship between 

biological activity and biomass in terms of the expression of functional genes. BMW affects biological activities, growth, and the 

secondary metabolism of plants. 

 

Keywords: Antimicrobial activities, Antioxidant activities, BMW, Marker genes 

Abbreviations: APX_ascorbate peroxidase; BMW_brine mineral water; DPPH_2,2-diphenyl-1-picrylhydrazyl; DSW_deep sea 

water; ICP_ inductively coupled plasma; PAL_phenylalanine ammonia-lyase; rbcL_ribulose 1,5-bisphosphate carboxylase large 

subunit; Rg_Rehmannia glutinosa.. 

 

Introduction 

 

Rehmannia glutinosa Liboschitz (Scrophulariaceae), a 

comprehensive traditional herbal medicine, is used widely in 

Korea. It promotes the production of body fluids and removal 

of pathogenic heat from blood (Won et al., 2010). There have 

been many reports of its pharmacological activities in the blood, 

immune, endocrine, cardiovascular, and nervous systems (Won 

et al., 2010). Also, R. glutinosa Liboschitz is known for its 

broad clinical applications, such as in hemostasis, antitumor 

treatment, immune-enhancement, anti-hypertension, and bone 

metabolism (Oh et al., 2003; Chao et al., 2006). This herb 

contains iridoids, phenolics, glycosides, and norcarotenoids 

(Morota et al., 1989). The overall pharmacological activities of 

R. glutinosa are associated with the presence of multiple 

compounds related to various therapeutic functions (Xue and 

Roy, 2003; Qian et al., 2007). Brine mineral water (BMW) 

generally refers to seawater at depths equal to those at which 

photosynthesis occurs, and to which sunlight does not reach 

(Kim et al., 2009). BMW contains an abundance of minerals, 

such as Ca, Sr, Mn, Zn, Fe, Cu, Ni, V, and Se, and is more 

similar to human body fluids than deep seawater (DSW) (Moon 

et al., 2004). The abundance of minerals has attracted attention, 

and studies have demonstrated the usefulness of BMW for a 

variety of applications (Kim et al., 2008). DSW is also enriched 

with various minerals and useful for a variety of applications 

(Hachmuth, 1991). DSW has been shown to both control and 

reduce serum lipid levels in rabbits (Yoshioka et al., 2003). 

Various environmental stresses enhance the production of 

reactive oxygen species (ROS) (Meloni et al., 2003). ROS 

interact with a number of cellular macromolecules, such as 

DNA, proteins, lipids, and pigments, which can result in 

destructive processes in plant cells (Mittler 2002). It is crucial 

for plants to balance the generation and elimination of ROS 

during exposure to environmental stresses (Light et al., 2005). 

Plants with high antioxidant contents have been reported to 
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have greater tolerance for oxidative injury (Thakur and Rai, 

1981; Upadhyaya et al., 1989). APX is the most important 

peroxidase in hydrogen peroxide (H2O2) detoxification, 

working both in the cytosol and chloroplasts (Gossett et al., 

1994). Expression of the APX gene is rapidly induced by 

various stresses (Garg and Singh, 1971). Phenylalanine 

ammonia-lyase (PAL) is an enzyme upstream of the 

phenylpropanoid pathway and is involved in the production of 

a variety of phenolic compounds with structural and defense-

related functions (Romero et al., 2008). Ribulose 1,5-

bisphosphate carboxylase (Rubisco) is specific to the Bundle 

sheath (BS) cells of mature C4 leaves and provides an excellent 

model system of regulation of photosynthetic gene expression 

in these plants (Patel and James, 2008). The rbcL gene is 

localized to chloroplasts and translated on prokaryotic-like 

plastid ribosomes (Sasanuma, 2001). In the present work, we 

treated R. glutinosa with BMW to investigate its functional 

mechanisms in plants. We focused on BMW up-take into 

whole plants at various concentrations. The antioxidant and 

antimicrobial activities of BMW-treated R. glutinosa were 

determined. The main components of the samples were 

identified using inductively coupled plasma optical emission 

spectrometry (ICPOES). This work explains the relationship 

between biological activity and biomass in terms of the 

expression of functional genes. Our results indicate that BMW 

can induce an increment of plant biomass by enhancing various 

biological activities. 

 

Results and Discussion 

 

Antioxidant activity 

 

The primary method of determining free radical-scavenging 

activity is DPPH analysis (Kil et al., 2009). The DPPH free 

radical-scavenging activity of extracts of R. glutinosa treated 

-tocopherol and 

ascorbic acid (Table 2). Crude extracts (1.0 mg mL-1) were 

subjected to DPPH analysis, and all showed antioxidant activity. 

Extract activity was BMW concentration-dependent, and 

ranged from 254 to 318 mg mL-1 (Table 2). Most samples 

treated with 0.05-0.1% BMW showed weak antioxidant activity 

(Table 2). With regard to RC50 values (the concentration of 

antioxidant required to achieve absorbance equal to 50% of that 

of a control containing no antioxidants), samples treated with 

greater than 0.5% BMW had lower radical-scavenging activity 

(Table 2). Exposure to proton radical scavengers is known to 

significantly decrease the level of DPPH (Yamaguchi et al., 

1998). Thus, free radical-scavenging activity has a marked 

impact on the phenolic composition of the sample. Mineral 

water is known to exhibit electron-donating antioxidant activity, 

as determined by DPPH analysis in a study that aimed to 

determine its composition (Ham et al., 2005). The antioxidant 

activities of DSW (deep sea water) and Danasoo were also 

determined using DPPH analysis, and were shown to increase 

in a dose-dependent manner (Kim et al., 2008).  

 

Antimicrobial activity of BMW-treated samples 

 

The antimicrobial activity of crude extracts of R. glutinosa was 

determined with a serial two-fold dilution assay. BMW-

treatment inhibited the antimicrobial activity of the crude 

extracts (Table 3). The greatest antimicrobial activity was 

detected in the extract of plants treated with 0.1% BMW, which 

had an MIC of 500 ㎍ ㎖-1. The strongest inhibition was 

against S. typhimurium and K. pneumoniae. No antimicrobial 

activity against other strains was detected. S. typhi was also 

used as a bacterial target (Perez and Anesini, 1994). Methanol 

extracts of some medicinal plants exhibited marked 

antibacterial activity against S. typhi (Rani and Khullar, 2004). 

P. vulgaris, followed by S. typhimurium were the least sensitive 

to medicinal plant extracts (Parekh et al., 2005). Extracts of 

Terminalia chebula and Ocimum sanctum, both of which are 

traditional Indian medicinal plants, exhibited antibacterial 

activity against K. pneumonia (Sharma et al., 2009). Crude 

Acacia nilotica L. extract showed maximum antibacterial 

activity against K. pneumoniae (Mahmood et al., 2012).  

 

Analysis of main components 

 

The effect of BMW on the mineral composition of R. glutinosa 

was investigated (Table 4). The Mg, K, and Sr concentrations 

were higher in samples treated with 1% BMW. The Mg 

concentration of samples treated with 1% BMW increased to 

16.336 µg ml-1 compared to 10.620 µg ml-1 in the control. K 

was also higher (512.921 µg ml-1) than in the control (330.550 

µg ml-1). The concentration of Sr was induced significantly in 

the sample treated with 1% BMW (0.217 µg ml-1), which was 

5.7 times that in the control (0.038 µg ml-1). 

Inductively coupled plasma (ICP) is used to determine the 

trace element composition of plant materials (Kos et al., 1996; 

Barnes, 1998; Amarasiriwardena et al., 1998; Rodushkin et al., 

1999). Diluted 70% HNO3 was used for dissolution of Al, Ca, 

Cd, Cu, Fe, Mg, Pb, and Zn from plant materials (Wieteska et 

al., 1996). DSW was shown to contain a high Cl concentration 

(17.9 µg ml-1) in an analysis of Ca, Mg, K, Na, Cl, and SO4 

content (Shon et al., 2008). This work is the first to describe 

ICP analysis of BMW-treated plants.  

 

Effect of BMW on plant growth 

 

We investigated the effect of on plant growth BMW treatment 

for four weeks (Fig. 1). Treatment with 0.1% BMW resulted in 

medium-to-high plant growth. In addition, root length was the 

longest (6.5 cm) after treatment with 0.1% BMW. The pattern 

of general growth increased after treatment with 0.05-0.1% 

BMW, but was reduced by higher concentrations. Thus the 

effect of BMW on plant height and root length was similar. 

Fruit growth and weight are both DSW concentration-

dependent (Woo and Kang, 2006). Growth in terms of height, 

fresh and dry weight, stem diameter, and leaf area was 

inhibited by DSW with a higher NaCl content (Hong et al., 

2006).  

 

Effect of BMW on R. glutinosa antioxidant gene expression 

 

We next investigated the effect of BMW treatment on the 

expression of marker genes involved in plant antioxidant 

activity by RT-PCR analysis of cDNA synthesized from 

samples (Fig. 2). The APX protein functions in the first step of 

the ascorbate-glutathione cycle and is the most important 

peroxidase in H2O2 detoxification, acting both in the cytosol 

and chloroplasts (Michalak, 2006). APX-related gene 

expression is rapidly induced by various stresses (Michalak, 

2006). In this study, the RgAPX gene was induced after 48 h in 

5% BMW-treated compared to control plants (Fig. 2). PAL 

catalyzes the first step in the general phenylpropanoid pathway 

and supplies substrates for the biosynthesis of various phenolic  

 



426 

 

Table 1. The primers used for reverse transcriptase-PCR  

Gene Forward primer (5’→3’) Reverse primer (5’→3’) 

RgActin aacgtgccagccatgtatgt gcttctccttcacgtcacga 

RgAPX gaactgtgctccgatcatgc atggaacttcaggtcctccg 

RgPAL1 ttagaacgtcgcctcaatgg ctcggaaaattgagcgaaca 

RgrbcL ggaagatctgcgaatccctc gaaacgatctctccaacgca 

 

 
 

Fig 1. Increasing effect for plant growth in Rehmannia glutinosa treated by Brine Mineral Water. Variation on (A) plant growth, (B) 

plant height, (C) root length. The differences of B and C were represented as a standard deviation (SD).  

 

Table 2.  free radical-scavenging activity DPPH1) by treatment with various concentrations of Brine Mineral Water (BMW) in 

Rehmannia glutinosa.  

Concentrations of BMW (%) RC50 (µg ml-1) (2) 

0 342.52±4.3 

0.05 290.76±5.2 

0.1 254.34±4.5 

0.5 296.84±6.0 

1 318.05±2.5 

5 297.41±2.0 

α-tocopherol 

L-ascorbic acid 

12.0±0.2 

< 2 
1) DPPH: 2, 2-diphenyl-2-picryl-hydrazyl.  2) RC50 (µg ml-1) = Amount required for 50% reduction of DPPH after 30min. Each value is mean ± standard deviation of 

three replicate tests. 

 

 

 
Fig 2. Patterns of gene expression following on different concentration and treat-time (0, 1, 12, 24, 48 hours) in Rehmannia glutinosa 

treated by Brine Mineral Water. The experiment was repeated at least three times and a representative result is shown. 
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Table 3. Antimicrobial activity in Rehmannia glutinosa treated with Brine Mineral Water (ppm). 

Microorganisms MIC1) (µg ml-1) 

 

Brine Mineral Water (BMW) 

0% 0.0.5% 0.1% 0.5% 1% 5% 

Bacillus sublitis >1000 1000 1000 >1000 >1000 >1000 

Staphylococcus aureus >1000 >1000 >1000 >1000 >1000 >1000 

Salmonella typhimurium 1000 1000 500 1000 1000 1000 

Klebsiella pheumonia 1000 1000 500 1000 1000 1000 

Eschrichia coli >1000 >1000 >1000 >1000 >1000 >1000 

Canolida albicans >1000 >1000 >1000 >1000 >1000 >1000 

Pichia jadinii >1000 >1000 >1000 >1000 >1000 >1000 

Tetracycline 8 8 8 8 8 8 
1) The MIC value against bacteria were determined by the serial 2-fold dilution method. The values of 500 and 1000 were represented a dilution concentration (microbial 

culture broth added nutrient medium) 

 

Table 4. Components of mineral deposition determined by ICP/MS measurement from root samples of Rehmannia glutinosa treated 

with Brine Mineral Water (BMW). 

 
Brine Mineral Water (BMW) 

Components 

 (µg ml-1) 
0% 0.1% 0.5% 1% 5% 

Mg 10.620 5.226 6.423 16.336 11.607 

Mn 0.948 0.611 0.480 1.210 0.364 

Se 0.004 0.007 0.002 0.007 0.007 

V 0.007 0.004 0.004 0.008 0.007 

K  330.550 237.273 217.406 512.921 361.166 

Sr  0.038 0.028 0.070 0.217 0.275 

 

 

compounds (Romero et al., 2008). PAL mRNA is induced by a 

wide array of environmental factors (Sanchez-Ballesta et al., 

2000). PAL gene transcriptional level was increased 

significantly in BMW–treated plants after 1 and 48 h (Fig. 2). 

rbcL expression is localized to chloroplasts, and its transcripts 

are translated on prokaryotic-like plastid ribosomes (Sasanuma, 

2001). The rbcL genes are likely regulated by light in all plant 

species (Zhou et al., 2001). In addition, rbcL expression was 

higher in BMW-treated than control plants (Fig. 2). Factors that 

affect Rubisco expression are involved in cell development, 

photosynthetic metabolism, hormones, senescence, and disease 

(Patel and Berry, 2008). 

 

Materials and Methods 

 

Sample preparation 

 

Subcultures of R. glutinosa tissue for 8 weeks were incubated 

in the presence of BMW (Geumjin Hot Spring Water, 

TONGYANG Life Science Corp.) and collected. Whole plant 

samples (~10 g) were collected from each culture condition, 

homogenized, and extracted with 80% methanol at room 

temperature for 48 h. Based on concentration, the extract was 

adjusted as a 100 µg ml-1 by addition of 80% methanol to 

match with powder weight. Each mixture was then passed 

through Whatman No. 42 filter paper to remove debris, and the 

extracts were evaporated at 40°C using a rotary evaporator. 

 

Antioxidant activity using the 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) assay 

 

Sample extracts (~1 mL) were added to 1 mL of 0.15 M DPPH 

solution. The reaction mixture was shaken well and incubated 

for 30 min at room temperature in the dark. Absorbance at 517 

nm of the resulting solution was measured. The percent 

inhibition of DPPH was calculated according to the method of 

Kil et al. (2009).  

 

Analysis of ion content by inductively coupled plasma optical 

emission spectrometry (ICPOES)  

 

Samples (0.5 g) were suspended for 6 h in a mixture of 7 mL 

HNO3 plus 1 mL H2O2. Solutions were then evaporated by 

heating (Goh and Lee, 1999). The resultant samples were 

dissolved in 50 mL dH2O and filtered. Ion concentrations were 

determined by ICPOES (model OPTIVA 7300DV; 

PerkinElmer, Waltham, MA, USA).  

 

Test of antimicrobial activity  

 

Seven bacterial and fungal strains were used: Bacillus subtilis, 

Staphylococcus aureus, Escherichia coli, Salmonella 

typhimurium, Klebsiella pneumoniae, Candida albicans, and 

Pichia jadinii. The bacteria were cultured in liquid medium 

with shaking for 12 h at 37 or 30°C. The extracts were then 

diluted to the highest concentration (100 µg ml-1), and serial 

two-fold dilutions were made in the range 7.8–100 µg ml-1. 

Diluted inocula (180 µg) were transferred to wells of 96-well 

plates. Aliquots (20 µg) of stock solution were then added to 

the wells. Next, the plates were shaken at 300 rpm for 20 s and 

then incubated at the appropriate temperature for 24 h. The 

minimum inhibitory concentration (MIC) was determined as 

the lowest concentration that inhibited the growth of the 

microorganisms. Tetracycline was used as the standard 

antibiotic.  

 

Measurement of plant height and root length 

 

The effect of BMW on plant height and root length was 

determined compared to the control. The plant height and root 

file:///F:/Pulication/금진광천수/지황/Reference/PAL%5b1%5d.htm%23bib36
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length of samples were measured after in vitro culture for four 

weeks. Values are presented as means ± standard deviations 

(SD).  

 

Analysis of functional gene expression using reverse 

transcriptase-polymerase chain reaction (RT-PCR)  

 

Four gene-specific primers (Table 1) were designed and used 

for amplification of the RgActin (EU526396), RgAPX 

(AY462246), RgPAL1 (AF401636), and RgrbcL (GQ436719) 

genes. PCR amplification was carried out in a thermal cycler 

using 25 cycles of a 5 min predenaturation at 94°C, 1 min 

denaturation at 94°C, 1 min annealing at 55°C, and 1 min 

elongation at 72°C; a final 10 min elongation was performed at 

72°C. The relative expressions of APX, PAL1, and rbcL in the 

leaves of R. glutinosa at 0, 1, 12, 24, and 48-h post-treatment 

were determined.  

In conclusion, this is the first report of the biological 

phenomena induced by BMW. The physical properties of DSW 

are essential to understanding the mechanisms underlying these 

results. Few studies have focused on the effect of BMW in 

plants. We found that BMW affects the antioxidant activities 

and growth in plants. These results establish the mechanism(s) 

underlying the function of BMW in plants. Furthermore, BMW 

had a marked influence on plant mineral content. 

 

Acknowledgments 

 

This research was financially supported by the Ministry of 

Knowledge Economy (MKE) and Korea Institute for 

Advancement of Technology (KIAT) (Project No. 70010973) 

through the Research and Development for Regional Industry. 

  

References 

 

Amarasiriwardena D, Krushevska A, Barnes RM (1998) 

Microwave-assisted vapor-phase nitric acid digestion of 

small biological samples for inductively coupled plasma 

spectrometry. Appl Spec. 52:900-907.  

Barnes KW (1998) A streamlined approach to the 

determination of trace elements in foods.  Atomic Spec. 

19:31-39.  

Chao JCJ, Chiang SW, Wang CC, Tsai YH, Wu MS (2006) 

Hot water extracted Lycium barbarum and Rehmannia 

glutinosa inhibit proliferation and induce apoptosis of 

hepatocellular carcinoma cells. World J Gastroenterol. 

12:4478-4484. 

Garg OK, Singh BP (1971) Physiological significance of 

ascorbic acid in relation to drought resistance in rice. Plant 

Soil. 43:219-224.  

Goh CH, Lee Y (1999) Aluminum uptake and aluminum-

induced rapid root growth inhibition of rice seedlings. J Plant 

Biol. 42:151-158. 

Gossett DR, Millhollon EP, Lucas MC, Banks SW, Marney 

MM (1994) The effects of NaC1 on antioxidant enzyme 

activities in callus tissues of salt-tolerant and salt-sensitive 

cotton cultivars. Plant Cell Rep. 13:498-503.  

Hachmuth C (1991). On the properties of deep seawater at 

Keahole point. In: Proceed Inter Forum on Deep Sea Water. 

pp. 46-49.  

Ham S, Kim S, Moon S, Jeon M, Oh D, Cui C (2005) 

Antioxidative, antimutagenic and cytotoxic effects of the 

mineral water. J Food Hygiene Safety. 20:53-57.  

Hong SY, Yoon BS, Kang WH (2006) Effects of irrigation 

methods of deep sea water on the growth of plug seedlings. J 

Bio-Environ Control. 15:156-161  

Kil HY, Seong ES, Ghimire BK, Chung I, Kwon SS, Goh EJ, 

Heo K, Kim MJ, Lim JD, Lee D, Yu CY (2009) Antioxidant 

and antimicrobial activities of crude sorghum extract. Food 

Chem. 115:1234-1239. 

Kim WJ, Li Hua, Yoon TJ, Sim JM, Choi SK, Lee KH (2009) 

Inhibitory activity of brine mineral water on cancer cell 

growth, metastasis and angiogenesis. Kor Food Nutr. 22:542-

547. 

Kim YJ, Jung IS, Song HJ, Choi EY, Choi IS, Choi YJ (2008) 

Study of deep ground sea-like water on antioxidant activity 

and the immune response in RAW264.7 macrophages. J Life 

Sci. 18:329-335.  

Kos V, Budic B, Hudnik V, Lobnik F (1996) Determination of 

heavy metal concentrations in plants exposed to different 

degrees of pollution using ICP-AES. Fresenius J Anal Chem. 

354:648-652.  

Light GG, Mahan JR, Roxas VP, Allen RD (2005) Transgenic 

cotton (Gossypium hirsutum L.) seedlings expressing a 

tobacco glutathione S -transferase fail to provide improved 

stress tolerance. Planta. 222:346-354.  

Mahmood A, Mahmood A, Aleem R (2012) Qureshi1 

antimicrobial activities of three species of family 

Mimosaceae. Pak J Pharma Sci. 25:203-206. 

Meloni DA, Oliva MA, Martinez CA, Cambraia J (2003) 

Photosynthesis and activity of superoxide dismutase, 

peroxidase and glutathione reductase in cotton under salt 

stress. Environ Exp Bot. 49:69-76.  

Michalak A (2006) Phenolic compounds and their antioxidant 

activity in plants growing under heavy metal stress. Polish J 

Environ Stud. 15:523-530. 

Minesh P, James OB (2008) Rubisco gene expression in C4 

plants. J Exp Bot. 59:1625-1634.  

Mittler R (2002) Oxidative stress, antioxidants and stress 

tolerance. Trends Plant Sci. 7:405-410. 

Moon DS, Jung DH, Kim HJ, Shin PK (2004) Comparative 

analysis of resources characteristics for deep ocean water and 

brine groundwater. J Korean Soc Marine Environ Eng. 7:185-

189.  

Morota T, Sasaki H, Nishimura H, Sugama K, Masao CCZ, 

Mitsuhashi H (1989) Two iridoid glycosides from 

Rehmannia glutinosa. Phytochem. 28:2149-2153.  

Nakano Y, and Asada K (1981) Hydrogen peroxide scavenged 

by ascorbate-specific peroxidase in spinach chloroplasts. 

Plant Cell Physiol. 22:867-880.  

Oh KO, Kim SW, Kim JY, Ko SY, Kim HM, Baek JH, Ryoo 

HM, and Kim JK (2003) Effect of Rehmannia glutinosa 

Libosch. extracts on bone metabolism. Clin Chim Acta. 

334:185-195.  

Parekh J, Jadeja D, Chanda S (2005) Efficacy of aqueous and 

methanol extracts of some medicinal plants for potential 

antibacterial activity. Turk J Biol. 29:203-210. 

Patel M, James OB (2008) Rubisco gene expression in C4 

plants. J Exp Bot. 59: 1625–1634.  

Perez C, Anesini C (1994) In vitro antibacterial activity of 

Argentine folk medicinal plants against Salmonella typhi. J 

Ethnopharm. 44:41-46. 

Qian ZM, Li HJ, Li P, Ren MT, Tang D (2007) Simultaneous 

qualitation and quantification of thirteen bioactive 

compounds in Flos Lonicerae by high-performance liquid 

chromatography with diode array detector and mass 

spectrometry. Chem Pharm Bull. 55:1073-1076.  

Rani P, Khullar N (2004) Antimicrobial evaluation of some 

medicinal plants for their anti-enteric potential against multi-

drug resistant Salmonella typhi. Phyto Res. 18:670-673. 

 

 



429 

 

Rodushkin I, Ruth T, Huhtasaari A (1999) Comparison of two 

digestion methods for elemental determinations in plant 

material by ICP techniques. Anal Chim Acta. 378:191-200.  

Romero I, Sanchez-Ballesta, MT, Maldonado R, Isabel 

Escribano M, Merodio C (2008) Anthocyanin, antioxidant 

activity and stress-induced gene expression in high CO2-

treated table grapes stored at low temperature. J Plant Physiol. 

165:522-530.  

Sanchez-Ballesta MT, Lafuente MT, Zacarias L, Granell A 

(2000) Involvement of phenylalanine ammonia-lyase in the 

response of Fortune mandarin fruits to cold temperature. 

Physiol Plant. 108:382-389.  

Sasanuma T (2001) Characterization of the rbcS multigene 

family in wheat: subfamily classification, determination of 

chromosomal location and evolutionary analysis. Mol 

General Gene. 265:161-171.  

Sharma A, Chandraker S, Patel VK, Ramteke P (2009) 

Antibacterial Activity of Medicinal Plants Against Pathogens 

causing Complicated Urinary Tract Infections. Indian J 

Pharm Sci. 71:136-139.  

Shon YH, Kim MK, Jang JS, Jung EJ, Nam KS (2008) Effect 

of deep sea water on phase I, phase II and ornithine 

decarboxylase. J Life Sci. 18:381-386. 

Thakur PS, Rai VK (1981) Growth characteristics and proline 

content in relation to water status in two Zea mays L. 

Cultivars during rehydration. Biol Plant. 23:98-103.  

Upadhyaya A, Davis TD, Walser RH, Galbraith AB, Sankhla N 

(1989) Uniconazole-induced alleviation of low temperature 

damage in relation to antioxidation activity. HortSci. 24:955-

957. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wieteska E, Zióek A, Drzewińska A (1996) Analysis of 

superconductor oxides YBa2Cu3O8−x by inductively coupled 

plasma atomic emission spectrometry and complexometric 

titration. Analy Chim Acta. 330:251-257. 

Won TH, Ryu SK, Kang SS, Shin J (2010) Simultaneous 

Analysis of Bioactive Metabolites from Rehmannia glutinosa 

by HPLC-DAD-MS/MS. Nat Product Sci. 16:116-122.  

Woo C, Kang W (2006) Use of east deep sea water for the 

increase of functional components of ginseng (Panax ginseng 

C.A. Meyer) and tomato (Lycopersicon esculentum L.). 

Korean J Plant Res. 19:331-335.  

Xue TH, Roy R (2003) Studying traditional Chinese medicine. 

Science. 300:740-741.  

Yamaguchi T, Takamura H, Matoba T, Terao J (1998) HPLC 

method for evaluation of the free radical-scavenging activity 

of foods by using 1, 1-diphenyl-2-picrylhydrazyl. Biosci 

Biotechnol Biochem. 62:1201-1204.  

Yoshioka S, Hamada A, Cui T, Yokota J, Yamamoto S, 

Kusunose M, Miyamura M,  Kyotani S, Kaneda R, Tsutsui 

Y, Odani K, Odani I, Nishioka Y (2003) Pharmacological 

activity of deep-sea water: examination of hyperlipemia 

prevention and medical treatment effect. Biol Pharm Bull. 

26:1552-1559.  

Yu CY, Jin ZL, Jeong JY, Lim JD, Chae YA (1999) In vitro 

selection and plant regeneration from fusaric acid-tolerant 

cell lines of Rehmannia glutinosa Lib. Korean J Med Crop 

Sci. 7:245-250.  

Zhou J, Ma L, Zhang S, Zhu Y, Sun D (2001) Extracellular 

calmodulin stimulates light-independent RbcS-GUS 

expression in suspension-cultured cells of transgenic tobacco. 

Plant Cell Physiol. 42:1049-1055.  

http://www.sciencedirect.com/science/journal/01761617

