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Abstract 
 

In the present study, SNP (0, 50, 100, 200, and 300 μM) was administered hydroponically to 10 –day-old seedlings of 

radish (Raphanus sativus L. cherry bella) through roots for 5 days and physiological and biochemical effects on leaves were 

examined. It was determined that compared to control; leaves had loss of pigment (chl a+b and carotenoid), soluble protein 

content was declined and MDA and GSSG contents were increased. In addition, GSH content and SOD activity was 

decreased whereas CAT activity was increased. While % rates of fatty acids in the leaf were declined and exceptionally 

decreased for palmitic, linoleic and palmitoleic acid, it showed an increase and an exceptional increase for stearic and 

linolenic acid.  Generally, high doses of SNP significantly triggered the toxicity. 
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Introduction 

 

Sodium nitroprusside (SNP) is often used as a donor 

of Nitric oxide (NO) is a free radical that can be easily 

diffused from cell membranes (Stöhr and Ullrich, 2002). 

NO is also described as physiological messenger 

molecule with a half-life of few seconds within the cell 

(Graziano & Lamattina, 2005; Baudouin & Hancock, 

2014). NO plays important roles in various plant 

physiological processes, including seed germination and 

dormancy, growth and development of plant tissue, plant 

cell maturation and senescence, flowering, hormone 

responses, stomatal closure and programmed cell death 

(Kong et al., 2016). 

The role of NO has been widely discussed in recent 

years. In a study conducted by Yan et al., (2016) on wheat 

seedlings, 50 µM of SNP treatment decreased root 

growth, root/shoot ratio, and contents of chlorophyll a, 

chlorophyll b, and carotenoids and increased MDA and 

proline contents and GR activity, compared to the control. 

Singh & Shah (2014) demonstrated in rice seedlings, that 

SNP treatment increased lipid peroxidation, CAT and 

SOD activity. Total protein content was decreased as SNP 

concentration was increased, but an increase was 

observed at 700 µM of SNP (Kerkütlüoğlu, 2007). In a 

study in which soy bean seedlings were treated with SNP 

(0.01, 1 and 100 µM), chlorophyll and carotenoid 

contents were decreased with the increasing concentration 

(Aytamka, 2005). Yin et al., (2012) conducted a study on 

sweet potato (Ipomoea batatas Lam cv. Xinxiang) plant 

and reported that 24 hours of SNP treatment elevated both 

SOD and CAT activity in roots, but decreased in case of 

ongoing treatment.  

Oxidative stress occurs when reactive oxygen 

species that are harmful for cells or kill cells form in 

plant tissue (Chen et al., 2016). SNP was administered 

after pea seeds were exposed to Cd and GSH, SOD, and 

CAT activities were found to decrease in roots and leaves 

of seedlings (Nahar et al., 2016; Yu et al., 2013). In a 

study conducted on chickpea (Cicer arietinum L.) plant it 

was reported that SNP treatment protected the plant by 

significantly decreasing ion leakage and lipid 

peroxidation levels induced by Cd toxicity (Kumari et 

al., 2010). The effects of SNP (250 µM) on Cd (750 µM) 

toxicity were evaluated on Cynodon dactylon (dog’s 

tooth grass) seedlings. Compared to seedlings treated 

with SNP, fresh weight and GSH content was decreased 

but MDA content was increased for seedlings treated 

with  SNP+Cd (Shi et al., 2014). In another study, the 

levels of soluble protein, proline, total phenol, GSH and 

GSH/GSSG were increased evidently in the presence of 

SNP under chilling stress (Dong et al., 2018). Since there 

are no studies in the literature  that  examine SNP and 

fatty acids together, we had to address this issue through 

salicylic acid (SA) which is also a signal molecule for 

plants. Especially 250 µM of SA considerably influenced 

fatty acid content in leaves of sunflower (Moradkhani et 

al., 2012). Similar results were obtained for some weeds, 

as well (Popova et al., 2012).  

In the present study, physiological and biochemical 

effects in leaves of radish seedlings treated with SNP 

were examined.  

 

Material and Methods  

 

Seedlings growth and experimental design: To grow 

seedlings of radish (Raphanus sativus L. cherry bella) 

which was the experimental material of the present study, 

uniform seeds were chosen and soaked in tap water at 23-

25
o
C in darkness for 6 hours. At the end of this period, 

seedlings were left for germination  at 23-25
o
C in darkness 

for 3 days by aligning them in the germination boxes with 

lids where they can breathe. The seedlings with equal 

radicula length were chosen and transferred between filter 

papers soaked with nutrient solution contained by 150 ml 

of glass beakers prepared previously. Seedlings were 

allowed to grow in growth chamber for 10 days. Seedlings 

growing homogenously were treated with different test 

solutions of SNP (0, 50, 100, 200, and 300 µM) via 

hydroponic method for 5 days. Leaves of seedlings were 

harvested following the treatments. Contents of pigment 

(chl a+b and carotenoid), soluble protein, MDA, GSH, and 

GSSG, activities of SOD and CAT, and fatty acid contents 

in these leaves were analyzed.  
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Biochemical analysis: Chlorophyll and carotenoid 

contents (mg.g
-1

.FW) in leaves of seedlings treated with 

SNP were analyzed according to the method of Arnon 

(1949). Total chlorophyll and carotenoid contents were 

analyzed using the absorption values according to Witham 

et al., (1971). Protein (1g) was extracted in leaves in 

accordance with Larson and Beevers (1965). Extracts were 

stored in separate test tubes. Total protein content (mg.g
-1

) 

was measured with the method of Lowry et al., (1951). The 

level of lipid peroxidation in the leaf was quantified by 

determining MDA content based on the method of Yilmaz 

et al., (2009). GSH and GSSG contents in leaf extracts 

were determined according to the method of Yilmaz et al., 

(2009). SOD activity (Mourente, 1999) and CAT activity 

(Aebi, 1984) were analyzed in liquid portions of plant 

extracts. Fatty acids were analyzed in solid parts of leaf 

extracts. Fatty acids were analyzed in gas chromatography 

(Christie, 1990; Hara and Radin, 1978). Results were 

determined in terms of weight % of total. Three replicates 

were maintained for each treatment. All physiological 

analyses were replicated three times for each treatment. In 

each analysis, 1 g of leaf tissue was used. 

 

Statistical analyses: One-way ANOVA (SPSS 15.0 

Evaluation Version Production Mode Facility) was used 

to analyze the results. The difference between the 

treatments was considered as significant at the value of 

p≤0.05. Duncan’s test was performed to compare the 

means. In all these parameters, the data which were not 

statistically significant were not considered (p>0.05) 

(Tables 1, 2). 
 

Results 

 

Variations in chlorophyll (a+b) and carotenoid 

contents: Compared to the control, SNP treatment led 

to decreases of 15.04%, 24.77 %, and 33.62 % in 

chlorophyll a+b contents in leaves of radish seedlings 

for 100 µM, 200 µM and 300 µM concentrations; 

respectively. For carotenoid content, decreases of 

16.32%, 26.53%, and 30.61% were determined for 100 

µM, 200 µM, and 300 µM concentrations, respectively 

(p≤0.05) (Table 1). 

 

Variations in protein and malondialdehyde contents: It 

was found that there were an increase of 18.25 % and a 

decrease of 64.29% in protein content respectively for 50 

µM and 300 µM concentrations, and an increase of 

116.85% and a decrease of 21.45% in MDA content 

respectively for 200 µM and 300 µM concentrations in 

leaves of radish seedlings treated with SNP, compared to 

the control (p≤0.05) (Table 1). 

 

Variations in reduced glutathione (GSH) and oxidized 

glutathione (GSSG) contents: Compared to control; a 

decrease of 40.40% for 300 µM concentration concerning 

the effect over GSH and a decrease of 73.01% for 300 

µM concentration concerning the effect over GSSG were 

determined in leaves of radish seedlings treated with SNP 

(p≤0.05) (Table 1).  

 

Variations in superoxide dismutase (SOD) and 

catalase (CAT) contents: Compared to control, 100 µM, 

200 µM, and 300 µM concentrations caused the decreases 

of 23.31%, 28.53%, and 40.14%, respectively in SOD 

activities and 50 µM, 100 µM, 200 µM, and 300 µM 

concentrations caused the increases of 25.39%,  62.92%, 

64.39%, and 70.33% in CAT activities in leaves of radish 

seedlings treated with SNP (p≤0,05) (Table 2). 

 

Variations in fatty acid contents: According to our 

data we found the following; increase of 124% in 50 µM 

concentration for fatty acid 16:0, a decrease of 69.94% 

in 300 µM concentration for fatty acid 16:1, increases of 

82.35% and 61.34%  in 200 µM and 300 µM 

concentrations for fatty acid 18:0 respectively, decreases 

of 80.71% and 64.47% in 200 µM and 300 µM 

concentrations for fatty acid 18:2, and an increase of 

39.15% in 100 µM concentration for  fatty acid 18:3 in 

the leaves of seedlings treated with SNP, compared to 

control  (p≤0.05) (Table 2). 

 

Table 1. Variations of photosynthetic pigment, protein, MDA, GSH and GSSG in leaves of radish seedlings treated with SNP. 

Groups 
Chl a+b 

(mg.g-1.FW) 

Carotenoid 

(mg.g-1.FW) 

Protein 

(mg.g-1) 

MDA 

(nmol.g-1) 

GSH 

(μg.g-1) 

GSSG 

(μg.g-1) 

Control 1.13 ± 0.01 0.49 ± 0.01 2.52 ± 1.53 2.61 ± 0.22 15.27 ± 3.63 14.49 ± 7.25 

50 μM 1.17 ± 0.05 0.46 ± 0.02 2.98 ± 1.33* 2.66 ± 0.18 15.50 ± 7.75 13.17 ± 6.59 

100 μM 0.96 ± 0.01* 0.41 ± 0.02* 0.87 ± 0.39 3.03 ± 0.72 17.17 ± 6.59 9.68 ± 4.84 

200 μM 0.85 ± 0.01* 0.36 ± 0.02* 0.95 ± 0.43 5.66 ± 0.67* 16.86 ± 5.43 6.97 ± 4.48 

300 μM 0.75 ± 0.02* 0.34 ± 0.02* 0.90 ± 0.4* 2.05 ± 0.15* 9.1 ± 1.25* 3.91 ± 0.25* 

*: Compared to the control; Significant at probability levels of p≤0.05. Mean of the data ± SE (n: 3) 
 

Table 2. Variations in SOD and CAT enzyme activity and fatty acids in leaves of radish seedlings treated with SNP. 

Groups 
SOD 

(unit/g) 

CAT 

(μg/g) 

Fatty Acid Content (wt % of total) 

16:0 16:1 18:0 18:2 18:3 

Control 10.34 ± 0.61 394.72 ± 5.28 0.91 ± 0.40 1.73 ± 0.77 1.19 ± 0.53 1.97 ± 0.88 1.58 ± 1.15 

50 μM 9.26 ± 0.73 494.95 ± 6.05* 2.04 ± 0.31* 0.95 ± 0.43 1.62 ± 0.73 1.98 ± 0.89 3.49 ± 0.80 

100 μM 7.93 ± 0.01* 643.06 ± 12.50* 0.66 ± 0.30 1.75 ± 0.78 0.99 ± 0.44 1.54 ± 0.69 3.59 ± 0.60* 

200 μM 7.39 ± 0.18* 648.89 ± 10.0* 0.90 ± 0.40 1.18 ± 0.53 2.17 ± 0.20* 0.38 ± 0.17* 2.62 ± 0.17 

300 μM 6.19 ± 0.18* 672.34 ± 5.67* 0.52 ± 0.23 0.52 ± 0.23* 1.92 ± 0.08* 0.70 ± 0.31* 2.71 ± 0.21 

*: Compared to the control; Significant at probability levels of p≤0.05. Mean of the data ± SE (n: 3). 
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Discussion 

 
Because we did not find any report on SNP in radish, 

therefore, we tried to discuss the parameters mostly through 
indirect publications. It was determined that as concentration 
of SNP increased, breakdown of photosynthetic pigments 
increased; in other words, chlorophyll a+b contents (Filippou 
et al., 2013; Ziogas et al., 2015; Sheokand et al., 2008; Yan 
et al., 2016) and carotenoid content decreased (Yu et al., 
2013; Yan et al., 2016) in leaves of radish seedlings. It was 
reported that NO repressed ATP synthesis and electron 
transport in chloroplasts reversibly and NO produced by 
nitrate reductase (NR) enzyme inhibited the photosynthesis 
(Aytamka, 2005). 

Other detoxification mechanisms that plants have 
developed to cope with abiotic stress (including metals) 
are linked to some plant growth regulators such as NO, 
jasmonic acid (JA), salicylic acid (SA), and ethylene (ET) 
(Khan and Khan, 2014; Iqbal et al., 2015; Liu et al., 
2015). In leaves of radish seedlings, SNP treatment with 
300 μM concentration was found to cause the highest 
decrease in protein contents (Kerkütoğlu, 2007; Filippou 
et al., 2013; Finkel, 2012) and the highest increase at 200 
μM concentration on MDA content (Kumari et al., 2010; 
Zhao-Duan et al., 2009; Singh et al., 2008; Ziogas et al., 
2015; Sun et al., 2007; Sheokand et al., 2008; Yan et al., 
2016). Impaired permeability of membrane occurring in 
cells was reported to lead to protein and lipid breakdown 
and later the death of cell (Selçukcan and Cevahir, 2008). 
As concentration increased, GSH and GSSG contents of 
radish seedlings decreased (Shi et al., 2014; Nahar et al., 
2016; Sun et al., 2007; Sheokand et al., 2008; Kaur & 
Bhatla, 2016).  

Nitric oxide (NO) is a small signaling molecule that 

has cytoprotective roles in plants. SNP treatment led to the 

highest decrease in SOD activity (Silveria et al., 2015; 

Nahar et al., 2016; Graziano and Lamattina, 2005; Sun et 

al., 2007; Sheokand et al., 2008; Yin et al., 2012) and the 

highest increase in CAT activity (Sun et al., 2007; Kazemi 

et al., 2010; Kumari et al., 2010; Yin et al., 2012; Yan et 

al., 2016) in 300 μM concentration in leaves of radish 

seedlings. NO decreased accumulation of H2O2 and O2
-.
. 

Over-production of reactive oxygen species caused 

oxidative damage such as peroxidation of membrane lipids, 

protein oxidation, enzyme inhibition, DNA and RNA 

damage (Sun et al., 2007). The highest decrease was 

observed in 300 μM concentration in fatty acids 16:0 and 

16:1, the highest increase in 200 μM concentration in fatty 

acid 18:0, the highest decrease in 200 μM concentration in 

fatty acid 18:2, and the highest increase in 100 μM 

concentration in fatty acid 18:3 in leaves of radish seedlings 

treated with SNP (Moradkhani et al., 2012; Popova et al., 

2012). In conclusion, high doses of SNP solely triggered 

toxic effect, therefore antioxidant responses. 
 

References 

 

Aebi, H. 1984. Catalase In vitro. Methods in Enzymology. 105: 

121-126. 

Arnon, D.I. 1949. Copper enzyme in isolated chloroplasts. 

Polyphenoloxydase in Beta vulgaris. Plant Physiol., 24: 1-15. 

Aytamka, E. 2005. The relationship between salt stress and 

nitric oxide in Glycine max L. seedlings, science graduate 

school for higher studies. Istanbul University, Istanbul. 

Baudouin, E. and J.T. Hancock. 2014. Nitric oxide signaling in 

plants. Front Plant Sci., 4: 553. 

Chen, Z., H. Chen, Y. Zou and Y. Wen. 2016. Stomatal 

behaviors reflect enantioselective phytotoxicity of chiral 

herbicide dichlorprop in Arabidopsis thaliana. Sci. Total 

Environ., 562: 73-80. 

Christie, WW. 1990. Gas chromatography and lipids, Glasgow. 

The Oily Press. 302.  

Dong, N., L.Yuanfa, Q. Jianxun, C. Yonghao and H. Yanbin. 2018. 

Nitric oxide synthase-dependent nitric oxide production 

enhances chilling tolerance of walnut shoots In vitro via 

involvement chlorophyll fluorescence and other physiological 

parameter levels. Scientia Horticulturae, 230: 68-77. 

Filippou, P., C. Antoniou and V. Fotopoulos. 2013 The nitric 

oxide donor sodium nitroprusside regulates polyamine and 

proline metabolism in leaves of Medicago truncatula 

plants. Free Radic. Biol. Med., 56: 172-183. 

Finkel, T. 2012. From sulfenylation to sulfhydration: what a 

thiolate needs to tolerate, Sci. Signal, 5(215): 10. 

Graziano, M. and L. Lamattina. 2005. Nitric oxide and iron in 

plants: on emerging and converging story, Trends in Plant 

Sci., 10(1): 4-8. 

Hara, A. and N.S. Radin. 1978. Lipid extraction of tissues with a 

low-toxicity solvent. Anal. Biochem., 90: 420-426. 

Iqbal, N., S. Umar and N.A. Khan. 2015. Nitrogen availability 

regulates proline and ethylene production and alleviates 

salinity stress in mustard (Brassica juncea), J. Plant 

Physiol., 178(2015): 84-91. 

Kaur, H. and S.C. Bhatla. 2016. Melatonin and nitric oxide 

modulate glutathione content and glutathione reductase 

activity in sunflower seedling cotyledons accompanying 

salt stress, Nitric. Oxide, 59: 42-53.  

Kerkütlüoğlu, E. 2007. Effects of nitric oxide (NO) on lentil 

(Lens culinaris medik.) seed germination and early seed 

growth, master’s thesis, Harran University Institute of 

Science and Technology, Şanlıurfa. 

Khan, M.I.R. and N.A. Khan. 2014. Ethylene reverses 

photosynthetic inhibition by nickel and zinc in mustard 

through changes in PS II activity, photosynthetic nitrogen 

use efficiency, and antioxidant metabolism. Protoplasma, 

251: 1007-1019. 

Kong, X., T. Wang, W. Li, W. Tang, D. Zhang and H. Dong. 

2016. Exogenous nitric oxide delays salt-induced leaf 

senescence in cotton (Gossypium hirsutum L.). Acta 

Physiol Plantarum, 38: 1-9. 

Kumari, A., S. Sheokand and K. Swaraj. 2010. Nitric oxide 

induced alleviation of toxic effects of short term and long 

term Cd stress on growth, oxidative metabolism and Cd 

accumulation in Chickpea, Braz. J. Plant Physiol., 22: 4. 

Larson, L.A. and H. Beevers. 1965. Amino acid metabolism in 

young pea seedlings. Plant Physiol., 40: 424- 432. 

Liu, S., R. Yang, Y. Pan, M. Ma, J. Pan, Y. Zhao, Q. Cheng, M. 

Wu, M.Wang and L. Zhang. 2015. Nitric oxide contributes 

to minerals absorption, proton pumps and hormone 

equilibrium under cadmium excess in Trifolium repens L. 

plants. Ecotox. Environ. Safe, 119: 35-46. 

Lowry, O.H., N.J. Rosenbrough, A.L. Farr and R.J. Randall. 

1951. Protein measurement with the Folin-phenol reagent, 

The J. Biochem., 193: 265-277. 

Moradkhani, S., R.A. Khavari, N.K. Dilmaghani and N. 

Chaparzadeh. 2012. Effect of salicylic acid treatment on 

cadmium toxicity and leaf lipid composition in sunflower. 

J. Stress Physiol. and Biochem., 8-4. 

Mourente, G., D.R. Tocher, E. Diaz, A. Grau and E. Pastor. 

1999. Relationships between antioxidants, antioxidant 

enzyme activities and lipid peroxidation products during 

early development in Dentex dentex eggs and larvae. 

Aquaculture, 179: 309-324. 



SONGÜL ÇANAKCI-GÜLENGÜL & FADİME KARABULUT 1762 

Nahar, K., M. Hasanuzzaman, M.M. Alam, A. Rahman, T. Suzuki 

and M. Fujita. 2016. Polyamine and nitric oxide crosstalk: 

Antagonistic effects on cadmium toxicity in mung bean 

plants through upregulating the metal detoxification, 

antioxidant defense and methylglyoxal detoxification 

systems. Ecotoxicol. & Environ. Safety, 126: 245-255. 

Popova, L.P., L.T. Maslenkova, A. Ivanova and Z. Stoinova. 

2012. Role of salicylic acid in alleviating heavy metal 

stress, in: Environmental Adaptations and Stress Tolerance 

of Plants in the Era of Climate Change, 447-466. 

Selçukcan, E.Ç. and Ö.G. Cevahir. 2008. Investigation on the 

relationship between senescence and nitric oxide in 

sunflower (Helianthus annuus L.) seedlings. Pak. J. Bot., 

40(5): 1993-2004. 

Sheokand, S., A. Kumari and V. Sawhney. 2008. Effect of nitric 

oxide and putrescine on antioxidative responses under NaCl 

stress in chickpea plants. Physiol. Mol. Biol. Plants, 14-4.  

Shi, H., T. Ye and Z. Chan. 2014. Nitric oxide-activated 

hydrogen sulfide is essential for cadmium stress response in 

bermudagras (Cynodon dactylon L. Pers.), Plant Physiol. & 

Biochem., 74: 99-107. 

Silveira, N.M., J.A. Oliveira, C. Ribeiro, R.A. Canatto, L. 

Siman, J. Cambraia and F. Farnese. 2015. Nitric oxide 

attenuates oxidative stress induced by arsenic in lettuce 

(Lactuca sativa) leaves. Water Air Soil Pollut., 226: 379. 

Singh, H.P., D.R. Batish, G. Kaur, K. Arora and K.R. Kohli. 

2008. Nitric oxide (Sodium Nitroprusside) suplementation 

ameliorates Cd toxicity in hydroponically grown wheat 

roots. Environ. & Exp. Bot., 63: 158-167.  

Singh, P. and K. Shah. 2014. Evidences for reduced metal-

uptake and membrane injury upon application of nitric 

oxide donor in cadmium stressed rice seedlings. Plant 

Physiol. Biochem., 83:180-184. 

Stöhr, C. and W.R. Ullrich. 2002. Generation and possible roles 

of NO in plant roots and their apoplastic space. J. Exp. Bot., 

53(379): 2293-2303. 

Sun, B., Y. Jing, K. Chen, L. Song, F. Chen and L. Zhang. 2007. 

Protective effect of nitric oxide on iron deficiency-induced 

oxidative stress in maize (Zea mays), J. Plant Physiol., 164: 

536-543. 

Witham, F.H., D.F. Blaydes and R.M. Dewlin. 1971. 

Experiments in plant physiology new york, von nonstrand 

reinhold company, 55-56.  

Yan, F., Y. Liu, H. Sheng, Y. Wang, H. Kang and J. Zeng. 2016. 

Salicylic acid and nitric oxide increase photosynthesis and 

antioxidant defense in wheat under UV-B stress. Biologia 

Plantarum, 60(4): 686-694. 

Yilmaz, O., S. Keser, M. Tuzcu, M. Guvenc, B. Cetintas, S. 

Irtegun, H. Tastan and K. Sahin. 2009. A practical HPLC 

method to measure reduced (GSH) and oxidized (GSSG) 

glutathione concentrations in animal tissues. J. Ani. & 

Veterin. Adv., 8(2): 343-347.  

Yin, J.Y., S.F.X. Bai, F.H. Wu, G.Q. Lu and H.Q. Yang. 2012. 

Effect of nitric oxide on the activity of phenylalanine 

ammonia-lyase and antioxidative response in sweetpotato 

root in relation to wound-healing. Postharvest Biol. 

Technol., 74: 125-131. 

Yu, L., R. Gao, Q. Shi, X. Wang, M. Wei and F. Yang. 2013 

Exogenous application of sodium nitroprusside alleviated 

cadmium induced chlorosis, photosynthesis inhibition and 

oxidative stress in cucumber. Pak J Bot., 45: 813-819. 

Zhao-Duan, Y., L.N. Wang, C. Chen-Xing and H. Xiang-Yang. 

2009. The Effects of Exogenous Nitric oxide on growth, 

active oxygen metabolism and Photosynthetic characteristics 

in cucumber (Cucumis sativus) seedlings under cadmium 

stress. Acta Botanica Yunanica, 31(6): 486-492. 

Ziogas, V., G. Tanou, M. Belghazi, P. Filippou, V. Fotopoulos, 

D. Grigorios and A. Molassiotis. 2015. Roles of sodium 

hydrosulfide and sodium nitroprusside as priming 

molecules during drought acclimation in citrus plants. Plant 

Mol. Biol., 89: 433-450. 

 

(Received for publication: 18 September 2017) 


