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Abstract— The effects of various LEDs on active oxygen metabolism and patterns of SOD, POD and CAT isozymes in 

Houttuynia cordata Thunb. seedlings were investigated. After three weeks of light treatment, the MDA content was higher 

under blue LED compared with the control (P﹤0.05), while it decreased under white, red and yellow LEDs (P﹤0.05). The 

content of H2O2 was gradually increased in red, yellow, green and blue LEDs. The production rate of superoxide anion 

increased under yellow and blue LEDs by contrast with the control (P﹤0.05), and it decreased under white LED (P﹤0.05). 

LEDs altered the banding patterns of POD enzymes where the more loci of POD isozymes were observed under green and 

blue LEDs. The increased intensities of Fe-SOD were showed in green and blue LEDs. As for Mn-SOD and CAT enzymes, 

enhanced intensities appeared in all LED groups compared with the control. Our results indicated that the antioxidant 

system of Houttuynia cordata seedlings were more sensitive to short light wavelength than the long ones.  
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I. INTRODUCTION 

Among environment factors, light is not only an essential energy source for plant but also an important signal influence plant 

development, biosynthesis and gene expression throughout the life cycle of a plant [1-2]. The light spectrum affects growth 

and photosynthesis of plants has been well demonstrated in many species [3-4]. 

The light-emitting diodes (LED) is a unique type of semiconductor diode which showed great advantages over existing 

indoor agricultural lighting wherein the adjustable light intensity and quality, high photoelectric conversion efficiency, longer 

life, and low thermal output, and so on [5]. LED has been applied in plant disease prevention [6], plant tissue culture [7-8], 

space agriculture [9] and alga incubation [10-11]. Some studies demonstrated that LED with certain spectra may improve 

antioxidant activity of pea seedlings [12]; influence antioxidant properties as well as growth and photosynthesis of leaf 

lettuce [13-14]. 

Houttuynia cordata Thunb. is one of authorized medical and edible plants by China's Ministry of Health. It is rich in 

nutritious for human being including certain secondary metabolites as rutin, quercitrin and quercetin which showed 

antioxidant effects. Li concluded light intensity affected yield and quality of Houttuynia cordata Thunb.[15],while there is 

little knowledge about oxidative metabolism in Houttuynia cordata Thunb. under different LED light spectra. In the present 

study, we investigated different LED light spectra on the contents of malondialdehyde (MDA), hydrogen peroxide (H2O2) 

and reactive oxygen species (ROS) of Houttuynia cordata Thunb. We also analyzed the alteration of antioxidant isozyme 

patterns. 

II. MATERIALS AND METHODS 

2.1 Plant material and light treatments 

The rhizoma of Houttuynia cordata Thunb. were from Yichang city, Hubei province, China，and were cultivated in plastic 

containers with nutrient solution in a controlled growth chamber at 25 ºC /20 ºC (day/night), with a 12 hr photoperiod per 

day, 75% relative humidity and a photosynthetic photon flux density of 40 umol / (m
2
.s). When the third leave fully 

expanded, seedlings were treated with various LED lights. Six treatments were designed as following: white LED (W), red 

LED (wavelength 620-630nm, R), yellow LED (wavelength 585-590nm, Y), green LED (wavelength 515-520nm, G) and 

blue LED (wavelength 455-460nm, B), the fluorescent lamps were used as the control (CK). Three weeks later, the seedlings 

were ready for analysis. 
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2.2 Measurements 

2.2.1 The contents of MDA and H2O2 

MDA content was measured according Ye and Zhu [16] with slight modifications. The supernatant of material grinding 

solution was precipitated with 0.6% (w/v) 2-thiobarbituric acid. The reaction mixture was incubated in a water-bath shaker at 

100 ºC for 30 min. The amount of MDA was estimated as micromole per gram FW. 

H2O2 extracttion was made from 0.5 g of the treated plant in ice-cold acetone. By addition of 5% (w/v) titanic sulfate and 

ammonia, the peroxide–titanium complex was precipitated then dissolved H2SO4, the absorbance was read at 412 nm. H2O2 

content was calculated from a standard curve prepared in similar way [17]. 

2.2.2 The generation rate of superoxide anion 

The production rate of superoxide anion was determined by the hydroxylamine method [18]. Briefly, fresh leaf sample was 

homogenized in phosphate buffer (65mmol/L, pH7.8), then centrifuged. The supernatant was mixed with hydroxylamine 

hydrochloride and kept at 25°C for 20min. α-Naphthylamine and aminobenzenesulfonic acid were used as chromogenic 

agents and kept at 25°C for 20min. Absorbance of the supernatant was measured at 530 nm by spectrophotometer (722S, Vis 

spectrophotometer, JingHua). 

2.2.3 The electrophoresis of antioxidant enzymes 

To determine the variation in the expression pattern of antioxidant enzyme，the leaves (0.2 g) from different treatments were 

grinded into homogenate with phosphate buffer (50mM, pH 7.8), containing 1% PVP. The grinding fluid was centrifuged 

and the supernatant was collected as crude enzyme. 

Superoxide dismutase (SOD) isozymes were dyed as colorless bands on the gels, incubated in NBT under dark condition. 

The gel was immersed in phosphate buffer (0.05M, pH 7.8), and the different isozymes of SOD were identified by staining 

the gels again after previous incubation at 25 ºC for 30 min in 5 mM KCN or 5 mM H2O2. Cu/Zn-SOD were inhibited by 

KCN, Fe-SOD were inactivated by H2O2, while Mn-SOD are resistant to both the inhibitors [19-21]. 

Peroxidase (POD) isozymes were visualized as pale blue bands by incubating the gels for 10-15 min in the dye liquor 

containing 5M acetic acid, 1.5M sodium acetate, 70 ml of distilled water and 3-5 drops of H2O2 [16] . 

Isozyme bands for catalase (CAT) were showed by soaking the gel in 0.03% H2O2 for 10 min under darkness and oscillation. 

After rinsed three times with distilled water, the gel was stained in a reaction mixture containing 2% (w/v) potassium 

ferricyanide and 2% (w/v) ferric chloride (1:7). The isozymes appeared as bright yellow bands on a brown background [22]. 

2.3 Statistical analysis 

All the data give as means ± SD (n=3). Statistical significance was estimated at P<0.05 according to Duncan’s multiple range 

test and one-way ANOVA with SPSS software program 17.0. 

III. RESULTS 

3.1 Effects of various LEDs on MDA content 

Reactive oxygen species degraded polyunsaturated lipids, forming malondialdehyde [23]. MDA content was significantly 

increased in blue LED (P﹤0.05) compared with the rest LEDs, and no statistical differences showed between green LED 

and the control. They were remarkable decreased under white, red and yellow LEDs compared with the control (P﹤0.05). 
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FIG.1 EFFECTS OF DIFFERENT LIGHT SPECTRA ON MDA CONTENT OF HOUTTUYNIA CORDATA THUNB. 

SEEDLINGS. 

The means and standard deviations were based on triplicate incubations. Horizontal bars at different levels above the 

columns indicate significant (P﹤0.05) differences among the treatments. The same below. 

3.2 Effects of various LEDs on ROS level 
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FIG.2 EFFECTS OF DIFFERENT LIGHT SPECTRA ON H2O2 CONTENT (A) AND SUPEROXIDE ANION 

PRODUCTION RATE (B) OF HOUTTUYNIA CORDATA THUNB. SEEDLINGS. 

The H2O2 content and the superoxide anion production rate were measured as the representatives of ROS level of Houttuynia 

cordata Thunb. seedlingsq (Fig.2A, 2B). Strikingly increased of H2O2 content was observed when Houttuynia cordata 

Thunb. seedings were treated with white, yellow, green and blue LEDs compared with the control (P﹤0.05), and they were 

not significantly different between red LED and the control (P﹥0.05) (Fig.2A). With the decreased LED light wavelength 

from red to blue, H2O2 content increased significantly (P﹤0.05). Under yellow and blue LEDs, the superoxide anion 

production rate was remarkably higher than the control (P﹤0.05), and slightly up in red LED. However, white and green 

LEDs induced the decreased superoxide anion production rate.  
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3.3 Superoxide dismutase isozymes pattern of Houttuynia cordata Thunb. seedlings under various LEDs  

 

FIG.3 EFFECTS OF DIFFERENT LIGHT SPECTRA ON SOD ISOZYME PROFILE OF HOUTTUYNIA CORDATA 

THUNB. SEEDLINGS (A: STANDARD DYEING, B: PRE-DYED WITH KCN, C: PRE-DYED WITH H2O2) 

 

TABLE 1 

THE INTEGRAL OPTICAL DENSITY OF THE ISOZYME OF SOD IN HOUTTUYNIA CORDATA TUNB. SEEDLING 

LEAVES UNDER DIFFERENT LIGHT SPECTRA 

Bands of isozyme Rf 
IOD 

CK W R Y G B 
Fe-SOD1 0.64 25.85 24.83 36.29 14.35 48.95 55.43 

Fe-SOD2 0.70 52.72 43.62 58.06 24.28 72.00 98.80 

Mn-SOD 0.83 6.62 10.77 17.58 34.66 15.88 10.07 

 

Plants have evolved an advanced antioxidant enzyme system to eliminate free radicals and ROS during the evolution process. 

SOD catalyzes the dismutation of superoxide into oxygen and hydrogen peroxide. Polyacrylamide gel electrophoresis 

showed that 3 loci expressed for the SOD isozymes where two loci for Fe-SOD (Fig. 3B) and one for Mn-SOD (Fig. 3C), 

and Cu/Zn-SOD was not observed in the leaves of Houttuynia cordata Tunb. seedlings. The integral optical density (IOD) of 

Fe-SOD1 and Fe-SOD2 was enhanced under red, green and blue LEDs compared with the control, while it decreased under 

white and yellow LEDs and the lowest IOD was observed under yellow LED treatment (Table 1). The IOD of both Fe-SOD1 

and Fe-SOD2 was higher under green and blue LEDs than that under red and yellow ones. However, it was not the case for 

Mn-SOD where the higher IOD appeared under red and yellow LEDs than that under green and blue LEDs. 

3.4 Peroxidase isozyme pattern of Houttuynia cordata Tunb seedlings under different LEDs 

 

FIG.4 EFFECTS OF DIFFERENT LIGHT SPECTRA ON POD ISOZYME PROFILE OF HOUTTUYNIA CORDATA 

THUNB. SEEDLINGS 
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TABLE 2  

THE INTEGRAL OPTICAL DENSITY OF THE ISOZYME OF POD IN HOUTTUYNIA CORDATA TUNB. SEEDLINGS 

UNDER DIFFERENT LIGHT SPECTRA 

Bands of 

isozyme 
Rf 

IOD 

CK W R Y G B 

POD1 0.17 300.02 419.35 219.59 407.87 370.80 239.77 

POD2 0.37 89.15 141.11 251.13 212.63 507.08 146.67 

POD3 0.40   114.62 78.41 194.15 6.04 

POD4 0.52     111.11  

POD5 0.60 127.43 117.75 382.65 260.79 202.21 264.94 

POD6 0.63 160.21 150.57 340.32 343.92 194.20 272.77 

POD7 0.67   192.46 321.86 102.07 152.49 

POD8 0.70 1442.9 369.61 340.36  163.49 163.27 

 

POD isozymes presented various banding patterns (Fig. 4 and Table 2). The loci that POD expressed were 5, 5, 7, 6, 8 and 7, 

respectively under the control, white, red, yellow, green and blue LEDs. POD1, POD2, POD5 and POD6 were observed in 

all treatment groups, while POD4 appeared only in green LED group and POD8 was not observed in yellow LED group. As 

IOD value showed, LED induced higher intensities of POD2, POD3 and POD7 compared with the rest loci. 

3.5 Catalase isozyme pattern of Houttuynia cordata Tunb seedlings under different LEDs 

 

FIG. 5 EFFECTS OF DIFFERENT LIGHT SPECTRA ON CAT ISOZYME PROFILE OF HOUTTUYNIA CORDATA 

THUNB. SEEDLINGS 

 

TABLE 3 THE INTEGRAL OPTICAL DENSITY OF THE ISOZYME OF CAT IN HOUTTUYNIA CORDATA TUNB. 

LEAVES UNDER DIFFERENT LIGHT SPECTRA 

Bands of isozyme Rf 
IOD 

CK W R Y G B 

CAT1 0.48 280.56 683.62 585.98 370.19 1584.05 623.36 

 

One CAT loci expressed under all groups (Fig.5 and Table 3). The IOD values of CAT1 in all the LEDs were higher than the 

control. The IOD value was the highest in green LED group; it was the lowest under the control. 

IV. DISCUSSION 

Under stressed environment, ROS levels increased dramatically [24]. Plants have developed various strategies including 

antioxidant system to alleviate the negative effects of ROS [25]. MDA, as the biomarker of oxidative damage, have applied 

to determine oxidative injury as a simple and sensitive method [26]. Our results showed higher MDA accumulation under 

shorter wavelength LEDs as green and blue compared with under longer ones, suggesting the more serious membrane lipids 

peroxidation under green and blue LED spectra. We believe the higher energy that the shorter wavelength lights own give the 

reason. 

SOD constitutes the first cellular defense line against oxidative stress that eliminate the superoxide anion radical [27]. Our 

results showed the higher expression of Fe-SOD1 and Fe-SOD2 under green and blue LEDs than under red and yellow ones. 

However, it is not the case for Mn-SODs. It has been reported that Fe-SODs are abundantly localized in plant chloroplasts 



International Journal of Environmental & Agriculture Research (IJOEAR)                                                 [Vol-1, Issue-8,  December- 2015] 

Page | 33  

  

while Mn-SODs were found predominantly in mitochondrion and peroxisomes [28-29]. It turned out that chloroplasts were 

sensitive to short wavelength light and mitochondrions were more subtle to long wavelengths.  

CAT and POD were important H2O2 detoxifying enzymes. The present results showed short wavelength induced more POD 

loci to express, as for CAT, no more loci expressed under shorter wavelength LED, but higher CAT activity presented. All in 

all, shorter wavelength LEDs lead to more serious lipid oxidation due to the higher energy they exert, thus the more 

isoenzyme loci expressions of Fe-SOD, POD as well as the higher activity of CAT. Mn-SOD loci expression is exceptional 

which might due to its localization. This result is in agreement with the level of H2O2 content that gradually increased from 

red to blue LEDs. The present results suggest differential expression of SOD/POD/CAT seem to form important components 

of antioxidant defense in Houttuynia cordata Thunb. leaves under various LEDs  which helps to enhance oxidative stress 

resistance. 

V. CONCLUSION 

The experiment suggested that the short wavelength light lead to more seriously oxidative damage than longer wavelengths. 

Upon varied LEDs treatment, short wavelength light promoted the accumulation of ROS which resulted in the improved 

antioxidase activities and more loci expression. By reason of the different expression of Fe-SOD and Mn-SOD, we deemed 

that light spectra have unlike mechanism on chloroplasts and mitochondria which need to further investigation. 

ACKNOWLEDGEMENTS 

This research project was supported by the National Nature Science Foundation of Shanxi Normal University (ZR1510). 

REFERENCES 

[1] S.D.Clouse, “Integration of light and brassinosteroid signals in etiolated seedling growth,” Trends in Plant Science, vol. 6, pp. 443-

445, 2001. 

[2] N. Erdei, C. Barta, E. Hideg, and B. Böddi, “Light-induced wilting and its molecular mechanism in epicotyls of dark-germinated pea 

(Pisum sativum L.) seedlings,” Plant and Cell Physiology, Vol. 46, pp. 185-191, 2005. 

[3] M. Johkan, K. Shoji, F. Goto, S. Hahida, and T. Yoshihara, “Effect of green light wavelength and intensity on photomorphogenesis 

and photosynthesis in Lactuca sativa,” Environmental and   Experimental Botany, vol. 75, pp. 128-133, 2012. 

[4] H. Wang, M. Gu, J. X. Cui, K. Shi, Y. H. Zhou, and J. Q. Yu, “Effects of light quality on CO2 assimilation, chlorophyll-fluorescence 

quenching, expression of Calvin cycle genes and carbohydrate accumulation in Cucumis sativus,” Journal of Photochemistry and 

Photobiology B: Biology, vol. 96, pp. 30-37, 2009. 

[5] Y. Naichia, and J. P. Chung, “High-brightness LEDs-Energy efficient lighting sources and their potential in indoor plant cultivation,” 

Renewable and Sustainable Energy Reviews, vol. 13, pp. 2175-2180, 2009. 

[6] A. Schuerger, and C. S. Brown, “Spectral quality may be used to alter plant disease development in CELSS,” Adv Space Res, vol. 14, 

pp. 395-398, 1994. 

[7] S. J. Kim, E. J. Hahn, J. W. Heo, and K. Y. Paek, “Effects of LEDs on net photosynthetic rate, growth and leaf stomata of 

chrysanthemum plantlets in vitro,” Scientia Horticulturae, vol. 101, pp. 143-151, 2004. 

[8] H. M. Li, C. M. Tang, and Z. G. Xu, “The effects of different light qualities on rapeseed (Brassica napus L.) plantlet growth and 

morphogenesis in vitro,” Scientia Horticulturae, vol. 150, pp. 117-124, 2013. 

[9] C. F. Johnson, C. S. Brown, R. Wheeler, J. C. Sager, D. K. Chapman, and G. F. Deitzer, “Infrared light-emitting diode radiation 

causes gravitropic and morphological effects in dark-grown oat seedlings,” Photochemistry and Photobiology , vol. 63, pp. 238-242, 

1996. 

[10] M. Atta, A. Idris, A. Bukhari, and S. Wahidin, “Intensity of blue LED light: A potential stimulus for biomass and lipid content in 

fresh water microalgae Chlorella vulgaris,” Bioresource Technology, vol. 148, pp. 373-378, 2013. 

[11] Y. J. Zhao, J. Wang, H. Zhang, C. Yan, and Y. J. Zhang, “Effects of various LED light wavelengths and intensities on microalgae-

based simultaneous biogas upgrading and digestate nutrient reduction process,” Bioresource Technology, vol. 136, pp. 461-468, 2013. 

[12] M. C. Wu, C. Y. Hou, C. M. Jiang, Y. T. Wang, C. Y. Wang, H. H. Chen, and H. M. Chang, “A novel approach of LED light 

radiation improves the antioxidant activity of pea seedlings,” Food Chemistry,Vol.101, pp.1753-1758, 2007. 

[13] G. Samuolienė, R. Sirtautas, A. Brazaitytė, and P. Duchovskis, “LED lighting and seasonality effects antioxidant properties of baby 

leaf lettuce,” Food chemistry, vol. 134, pp. 1494-1499, 2012. 

[14] M. Johkan, K. Shoji, F. Goto, S. Hahida, and T. Yoshihara, “Effect of green light wavelength and intensity on photomorphogenesis 

and photosynthesis in Lactuca sativa,” Environmental and Experimental Botany,vol. 75, pp. 128-133, 2012. 

[15] A. M. Li, S. H. Li, X. J. Wu, H. M. Lu, M. Huang, and R. H. Gu, “Influence of Light Intensity on the Yield and Quality of Houttuynia 

cordata,” Plant Production Science, vol. 18, pp. 522-528, 2015. 

[16] B. X. Ye, and X. C. Zhu, “Basic experiments of biological science,” Higher Education Press, Bei-Jing, 2007. 

[17] L. Li, “Plant physiology module experiment guide,” Science Press, Bei-Jing, 2009. 



International Journal of Environmental & Agriculture Research (IJOEAR)                                                 [Vol-1, Issue-8,  December- 2015] 

Page | 34  

  

[18] A. G. Wang, and G. H. Luo, “Quantitative Relation between the Reaction of Hydroxylamine and Superoxide Anion Radicals in 

plants,” Palnt Physiology Communications, vol. 6, pp. 55-57, 1990. (in chinese) 

[19] G. H. Luo, and A. G. Wang, “Gel electrophoresis and display of SOD activity,” Plant physiology communication , vol. 6, pp. 44-45, 

1983. (in Chinese) 

[20] Q. S. Yuan, “Superoxide Dismutase,” East China University Of Science And Technology Press, Shang-Hai, 2009. 

[21] H. Rahnama, and H. Ebrahimzadeh, “Antioxidant isozymes activities in potato plants (Solanum tuberosum L.) under salt stress,” 

Journal of Sciences, Islamic Republic of Iran, vol. 17, pp. 225-230, 2006. 

[22] S. J. Dong, and C. L. Liu, “An iron staining methed for determination of catalase activity,” Prog.Biochem.Biophys, vol. 23, pp. 86-88, 

1996. (in Chinese) 

[23] W. A. Pryor, and J. P. Stanley, “Suggested mechanism for the production of malonaldehyde during the autoxidation of 

polyunsaturated fatty acids. Nonenzymic production of prostaglandin endoperoxides during autoxidation,” the journal of organic 

chemistry, vol. 40, pp. 3615–3617, 1975. 

[24] T. P. A. Devasagayam, J. C. Tilak, K. K. Boloor, K. S. Sane, S. S. Ghaskadbi, and R. Lele, “Free Radicals and Antioxidants in Human 

Health: Current Status and Future Prospects,” The Journal of the Association of Physicians of India, vol. 52, pp. 794-804, 2004. 

[25] S. Kavita, and N. Sareeta, “Heat exposure alters the expression of SOD, POD, APX and CAT isozymes and mitigates low cadmium 

toxicity in seedlings of sensitive and tolerant rice cultivars,” Plant Physiology and Biochemistry, vol. 57, pp. 106-113, 2012. 

[26] J. A. Hernandez, and M. S. Almansa, “Short-term effects of salt stress on antioxidant systems and leaf water relations of pea leaves,” 

Physiologia Plantarum, vol. 115, pp. 251-257, 2002. 

[27] J. M. McCord, and I. Fridovich, “Superoxide Dismutase.An Enzymic Function for Erythrocuprein (Hemocuprein),” Journal of 

Biological Chemistry, vol. 244, pp. 6049-6055, 1969. 

[28] D. Herouart, M. Van Montagu, and D. Inze, “Redox-activated expression of the cytosolic copper/zinc superoxide dismutase gene in 

Nicotiana,” Proceedings of the National Academy of Sciences, vol. 90, pp. 3108-3112, 1993. 

[29] M. Hultberg, H. L. Jonsson, K. J. Bergstrand, and A. S. Carlsson, “Impact of light quality on biomass production and fatty acid 

content in the microalga Chlorella vulgaris,” Bioresource technology, vol. 159, pp. 465-467, 2014. 


