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ABSTRACT  

Prolific plants of Tradescantia spathacea Sw. and Chlorophytum orchidastrum were tissue cultured and grown in 
hydroponics. The plants were investigated for their capacity to accumulate lead metal in greenhouse conditions.  The 
results of this study revealed that the Pb-treated plants of Tradescantia spathacea Sw. and Chlorophytum orchidastrum 
showed hyperaccumulating capacity with values in their shoots of 99.9897 mgg-1 dry weight (10% Pb) and 44.7950 mgg-

1 dry weight (4.48 % Pb), respectively. These values exceed the threshold value of >1mgg−1 (0.1%) dry weight of Pb in the 
shoots as a good criteria for a plant to be hyperaccumulator.  Most of the absorbed Pb were retained in the roots with 
215.66811mgg−1 for Tradescantia spathacea Sw. and 43.0504 mgg−1 for Chlorophytum orchidastrum. Lead analysis was 
done by atomic absorption spectrophotometric method.  The results of the study suggest that the two plants investigated 
were suitable for phytoremediation of lead metal due to its high tolerance and hyperaccumulation of the Pb metal in 
their roots with subsequent uptake to their shoots.   
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INTRODUCTION 
Heavy metal contamination in soil, water, sediments and air as a result of industrial revolution has 
dramatically increase [1-3].  Industrial activities such as the energy and fuel production, mining and 
smelting of metalliferous ores [1,4], and other human activities such as the use of sewage sludge or urban 
composts, pesticides and fertilizers, emissions from municipal waste incinerators and car exhausts [1,4, 5, 
6] are primary sources of heavy metal contamination in the environment. Among the heavy metals, lead 
(Pb) is one of the major contaminants found in soil, sediments, water and air [4, 7].  Lead is in fact one of 
the most persistent metals with a soil retention time of about 150-5000 years in the environment [7], and 
it usually accumulates in the surface of soils [8].  Pb input and contamination in the environment 
continues to be one of the most serious global environmental and human hazards despite regulatory 
measures and policies adopted in many countries.     
Pb is a non-essential toxic heavy metals that do not have biological functions, but affects plants and are 
able to enter plant tissues through transport systems of plant metabolism for the essential micronutrients 
like Zn, Ni, Cu and Mn [9].  Lead is easily absorbed and accumulated [4, 10] and alters the plant’s 
metabolism [11].  Some plants respond to Pb overload and caused a number of toxicity symptoms that 
includes chlorosis [12], stunded growth [13], and blackening of the root system [4]. While other plants do 
not exhibit deleterious effects and these plants are said to be metal-hyperaccumulators. These metal-
hyperaccumulators have the potential to address metal-pollution by phytoremediation [14-15], a viable 
alternative to traditional approaches for the remediation of toxic heavy metal.  Phytoremediation uses the 
ability of plants to concentrate elements and compounds from the environment and metabolize these 
molecules in their tissues [16].  
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Intensive investigation has been conducted on the ability of plants in removing Pb from soil using 
Polygonum hydropiper L. [17], Rumex acetosa L. [18], Brassica juncea [19], Tithonia diversifolia and 
Helianthus annuus, sunflower species [20], Brassica napus L. [21], Catharanthus roseus L. [22], Sebertia 
acuminata, Armeria maritima, Aeollanthus biformifolius and Eichhornia crassipes [1].   The current 
research was concerned on using locally-prolific plants growing along the roadsides and highways in 
Iligan City, Lanao del Norte, Philippines such as Tradescantia spathacea Sw. and Chlorophytum 
orchidastrum. The research’s objective was to tissue culture the said plants to evaluate their ability to 
accumulate Pb upon treatment with 1000 ppm concentration of Pb2+ in hydroponics media in the 
greenhouse.   
Tradescantia spathacea Sw. (Figure 1A) is also known as Rhoeo discolor (L. Her.) Hance whose common 
name is Moses of the Cradle or as “Bangka-bangkaan” in the local dialect of the Philippines.  It is a short-
stemmed tender foliage plant having small, dense, spreading clumps. It forms a solid groundcover of 
upright leaves. The six to eight- inch long, sword-shaped leaves are green above and purplish below. The 
plant is known to have an antioxidant and chemoprotective antimutagen [23], antimicrobial properties 
[24] and antitumoral property [25]. 
Chlorophytum orchidastrum Lindl (Figure 1B) is one of the 215 species of Chlorophytum, an important 
genus of the family Liliaceae [26], is found mainly in tropical and subtropical countries and is cultivated 
for their ornamental flowers.  The plant is about 30-40 cm high and 60-80 cm in diameter having green 
leaves with an orange petiole and midrib.  Among all the species of Chlorophytum genus, Chlorophytum 
comosum was the only species reported to be a potential Pb hyperaccumulator [27] and a potential Cd 
hyperaccumulator [28] having known to exhibit stress tolerance and phytoremediation capacity [29].   
 

 
Figure 1. (A) Tradescantia spathacea Sw. and (B) Chlorophytum orchidastrum L. plants  

 
MATERIALS AND METHODS 
Plant materials 
Plant samples were botanically authenticated by Dr. Victor B. Amoroso of the Center of Biodiversity 
Research and Extension in Mindanao (CEBREM), Central Mindanao University, University Town, Musuan, 
Bukidnon, Philippines.  Voucher specimens of the plant samples were deposited at Central Mindanao 
University Herbarium (CMUH). 
In vitro micropropagation of the test plants.  In vitro micropropagation of the plant was conducted at 
the Tissue Culture Laboratory, Department of Horticulture, College of Agriculture, Central Mindanao 
University, University Town, Musuan, Bukidnon, Philippines.  
In vitro micropropagation of Tradescantia spathacea Sw.  Actively growing shoots of Tradescantia 
spathacea Sw. bearing seven to eight nodes, were collected from 1.0-yr-old plants.  These shoots were 
used as explants source removing shoot tips and leaves.  The node segments were rinsed thoroughly 
under running tap water to remove any soil attached to the surfaces and finally rinsed with distilled 
water.  Aseptically, the stalks containing the nodal segments were surface-sterilized in enough volume of 
commercial bleach solution of 4.5%–5.0% (w/v) sodium hypochlorite with 2 drops of Tween 20 (Sigma-
Aldrich) for 20 min, and subsequently rinsed five times for 10 min with sterilized distilled water.  After 
sterilization, explants were excised as single node segments (~1.5 cm), and were aseptically dissected to 
remove the fleshy pulp covering to expose the node using sharp surgical blades and tweezers.  Then, the 
nodal segments were placed in sterilized paper prior to culture.  The segments were then cultured on a 
nutrient medium consisted of modified MS medium [30] solidified with 6 g/L agar (Vetec®).  The pH of 
the MS medium was adjusted to 5.8, before autoclaving for 15 min at 120 °C. 
In vitro micropropagation of Chlorophytum orchidastrum.  Seeds of Chlorophytum orchidastrum were 
surface sterilized with 4.5%–5.0% (w/v) sodium hypochlorite with 2 drops of Tween 20 (Sigma-Aldrich) 
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for 20 min and subsequently rinsed five times for 10 min with sterilized distilled water.  After rinsing in 
sterilized water, the seeds were then transferred aseptically nutrient medium consisted of modified MS 
medium [30] solidified with 6 g/L agar (Vetec®).  The pH of the MS medium was adjusted to 5.8, before 
autoclaving for 15 min at 120 °C. 
Culture initiation, multiplication and elongation of Tradescantia spathacea Sw. and Chlorophytum 
orchidastrum. The cultured plants with shoot clusters were transferred on growth medium 
supplemented with 1 ppm of N-naphthylacetic acid (rooting hormone).  After rooting was established, the 
test plants were further transferred to MS medium supplemented with 5 ppm benzylaminopurine (BAP) 
for shoot elongation [31]. 
Rooted shoots from different culture media were transferred in the greenhouse with the following 
growth conditions: oxygenized hydroponic solution with pH adjusted to 5.7, 16 h: 8 h photoperiod regime 
at 25 °C during the night and 28 °C during the day.  The test plants were grown until carrying about 5-7 
leaves. 
Heavy Metal (Pb) Treatment.  Twelve-weeks old hydroponics grown Tradescantia spathacea Sw. and 
Chlorophytum orchidastrum with 5-7 leaves were randomly selected.  The test plants were group into 
two: the first group was taken as control while the other group was treated with 1000 ppm Pb2+ solution.   
Treatment commenced with a single application of 1000 ppm Pb2+ in the hydroponics media, and the 
volume was maintained by irrigation with oxygenated hydroponic solution weekly.  After 30 days of 
exposure, 10 biological replicates with 3 technical replicates each were taken (total 30 samples).  For 
each of the control and treated plants, roots, stems and leaves were harvested separately. Stems and 
leaves were washed thoroughly with deionized water while root samples were immersed in 10 mM CaCl2 
in an ultrasonic bath for 15 min and then rinsed with deionized water to remove surface-bound Pb [32].  
The plant tissues were then freeze dried for 3 days followed by oven drying for 10 days at 45 °C to 
constant weight.   All dried samples were weighed and ground for Pb analysis. 
Pb Metal Analysis.  The analytical method for the determination of Pb employed the sub-sampling 
process of coning and quartering a representative sample from the freeze-dried plant samples. 
Approximately 100 mg samples in triplicate were digested with a mixture of 5 mL of 65 % conc. HNO3 and 
2 mL of 30 % H2O2 in a pressurized oven using an automatic microwave digester (Ethos 1 Microwave 
Digester, Milestone, USA). The digestion process was set with a temperature of 200 °C for 45 minutes, 
applying a pressure of 45 bar, while a 1500 W microwave power supply was used for heating. Pb levels of 
the different plant parts were analyzed using Flame Atomic Absorption Spectrophotometry (Spectra 
Flame Atomic Absorption Spectrophotometer, Agilent, USA), according to published protocols [33]. 
 
RESULTS and DISCUSSION 
After 30 days of growth following heavy metal exposure, the plants Tradescantia spathacea Sw. exhibited 
tolerance and resistance with minimal toxicity symptoms as manifested by wilting and yellowing of the 
basal leaves and  very minimal browning of the roots as assessed by the naked eye.  Similarly, there was 
yellowing of the basal leaves and browning of the roots of Chlorophytum orchidastrum that was observed 
after 20 days of metal exposure, in which slight toxicity symtoms were exhibited earlier than the 
Tradescantia spathacea Sw. 
Results of the study revealed that the roots of Pb-treated plant Tradescantia spathacea Sw. has the highest 
Pb content of 215.6681 mgg-1 dry weight Pb followed by the stem with 93.8937 mgg-1 dry weight and only 
6.0960 mgg-1 Pb dry weight was translocated to the leaves as shown Table 1.  Tradescantia spathacea Sw. 
has Pb accumulation on the shoots of 10.00% (i.e. stem of 9.39 % and 0.61% Pb was accumulated in the 
leaves) (Table 2).  
Higher levels of lead were determined on the roots of Chlorophytum orchidastrum with the value of 
43.0504 mgg-1 dry weight then followed by the stem of 34.8325 mgg-1 dry weight and 9.9624 mgg-1 dry 
weight was determined on the leaves as shown in Table 1.  Chlorophytum orchidastrum has 4.48% Pb 
accumulated on the shoots  (Table 2).  
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Table 1.  Mean Pb concentrations of the plant parts of Tradescantia spathacea Sw. and Chlorophytum   
orchidastrum, in mgg-1 dry weight (mean ± SD). 

Samples Mean Pb content in the 
roots, mgg-1 DW 

Mean Pb content in 
the stems,  
mgg-1 DW 

Mean Pb content in 
the leaves, 
mgg-1 DW 

Mean Pb content in the 
shoots, mgg-1 DW 

TTC 0.0271 ± 0.0010 0.0029 ± 0.0000 0.0101 ± 0.0020 0.0130 ± 0.0020 

TTPb 215.6681 ± 12.3880 
 

93.8937 ± 2.9500 6.0960 ± 0.2430 
 

99.9897 ± 3.1520 
 

COC 0.0448 ± 0.0026 
 

0.0021 ± 0.0020 
 

0.0008± 0.000 
 

0.0027 ± 0.0017 
 

COPb 43.0504 ± 0.4288 
 

34.8325 ± 3.9745 9.9624 ± 0.7188 44.7950 ± 3.5750 

TTC= Tradescantia spathacea Sw.; control, TTPb= Pb-treated Tradescantia spathacea Sw.; COC= 
Chlorophytum orchidastrum; control; COPb= Pb-treated Chlorophytum orchidastrum; DW – dry weight 
 

Table 2. % Pb levels on the plant parts of Tradescantia spathacea Sw. and Chlorophytum orchidastrum. 
Samples Mean Pb content 

in the roots, 
mgg-1 DW 

Mean Pb content in 
the stems, 
mgg-1 DW 

Mean Pb content in 
the leaves, 
mgg-1 DW 

Mean Pb content in the 
shoots, mgg-1 DW 

TTC 0.00 0.00 0.00 0.00 
TTPb 21.57 9.39 0.61 10.00 

COC 0.00 0.00 0.00 0.00 

COPb 4.31 3.48 1.00 4.48 

TTC= Tradescantia spathacea Sw.; control, TTPb= Pb-treated Tradescantia spathacea Sw.; COC= 
Chlorophytum orchidastrum; control; COPb= Pb-treated Chlorophytum orchidastrum.; DW – dry weight 
  
A lead metal -hyperaccumulator plant is one that can concentrate the metals to a level >1 mgg−1 (0.1%) of 
the shoots dry weight for Pb [35, 36, 9].  Tradescantia spathacea Sw. and Chlorophytum orchidastrum, 
have values of 10.00 % and 4.48 % Pb accumulation on the shoots, respectively.  These values being 
greater than the threshold values, i. e. >1 mgg−1 (0.1%) of dry weight Pb suggest the potential of these 
plants to be lead metal-hyperaccumulator.  This further suggests an effective ability of the plant to uptake 
and transport Pb from roots to shoots by accumulation.  
This study also revealed that the highest concentration of Pb was found mainly on the roots with 43.0504 
mgg-1 dry weight for Tradescantia spathacea Sw. and 215.6681 mgg-1 dry weight for Chlorophytum 
orchidastrum.  Similar results of higher metal accumulation found in the roots have been reported in Vicia 
faba, Pisum sativum, and Phaseolus vulgaris [36], V. unguiculata [37], Nicotiana tabacum, [38], Zea mays 
[39], Lathyrus sativus [40], Avicennia marina [41] and Allium sativum [42].  As have been reported, the 
very limited translocation to the shoots despite the higher concentration found in the roots was mainly 
due to the susceptibility of Pb to be immobilized by molecule such as negatively charged pectins within 
the cell wall [43, 7], precipitation of insoluble lead salts in intercellular spaces [37] and the sequestration 
of Pb in the vacuoles of root cells [42]. 
 
CONCLUSION 
Both Tradescantia spathacea Sw. and Chlorophytum orchidastrum plants were found to have the ability to 
hyperaccumulate Pb metal beyond the threshold level of 1 mgg-1 DW on their shoots without exhibiting 
significant deleterious or toxicity symptoms on the plants on Pb overload.   These plants are potential 
plants for the phytoremediation of lead metal contaminated sites.  It is recommended that other toxic 
metal studies be conducted to further establish the potential of these plants to hyperaccumulate in mix-
metal condition. 
 
ACKNOWLEDGEMENT  
The authors would like to acknowledge the financial support from the Commission on Higher Education- 
Faculty Development Program II (Ph.D. Sandwich Program) of the Philippine government.  We would like 
also to sincerely thank the Central Mindanao University (CMU) for the scholarship grant and the 
Inorganic-Bioinorganic Chemistry Research Laboratory, Chemistry Dept., CSM, Mindanao State 
University-Iligan Institute of Technology (MSU-IIT).        
 
CONFLICT OF INTEREST 
The authors declare no conflict of interest. 

Enot  et al 



BEPLS Vol 6 [3] February 2017                     49 | P a g e            ©2017 AELS, INDIA 

REFERENCES 
1. Mangkoedihardjo, S. and Surahmaida (2008).  Jatropha curcas L. for Phytoremediation of Lead and Cadmium 

Polluted Soil. World Applied Sciences Journal, 4 (4):519-522. 
2. Varun, M., D’ Souza, R., Pratas, J., Paul, M.S. (2011). Evaluation of phytostabilization, a green technology to 

remove heavy metals from industrial sludge using Typha latifolia L. Biotechnol. Bioinf. Bioeng., 1(1):137-145. 
3. Mojiri, A. (2011).  The Potential of Corn (Zea mays) for Phytoremediation of Soil Contaminated with Cadmium 

and Lead.  J. Biol. Environ. Sci., 5(13):17-22. 
4. Sharma, P. and Dubey, R.S. (2005).  Braz. J. Plant Physiol., 17(1):35-52. 
5. Zhao, F.J., Lombi, E., McGrath, S.P. (2003).  Assessing the potential for zinc and cadmium phytoremediation with 

the hyperaccumulator Thlaspi caerulescens. Plant and Soil, 249:37–43. 
6. McGrath, S.P., Shen, Z.G., Zhao, F.J. (1997). Heavy metal uptake and chemical changes in the rhizosphere of 

Thlaspi caerulescens and Thlaspi ochroleucum grown in contaminated soils Plant and Soil, 188:153–159.  
7. Fahr, M., Laplaze, L., Bendaou, N., Hocher, V., El Mzibri, M., Bogusz, D., Smouni, A. (2013). Effect of lead on root 

growth. Front. Plant. Sci., 175:1-7.  
8. Jiang, W., Liu, D., Hou, W. (2000). Hyperaccumulation of lead by roots, hypocotyls, and shoots of Brassica juncea.  

Biologia Plantarum, 43:603-606. 
9. Rascio, N., and Navari-Izzo, F. (2011). Heavy metal hyperaccumulating plants: How and why do they do it? And 

what makes then interesting? Plant Sci., 180:169–181. 
10. Kibria, M.G., Maniruzzaman, M., Islam, M., Osman K.T. (2010). Effects of soil-applied lead on growth   and 

partitioning of ion concentration in Spinacea oleracea L. tissues. Soil & Environ., 29:1-6. 
11. Cheng, S. (2003).  Effects of Heavy Metals on Planta and Resistance Mechanisms.  ESPR-Environ. Sci. &   Pollut. 

Res., 4:256-264. 
12. Verret, F., Gravot, A., Auroy, P., Leonhardt, N., Alain, V., Richaud, P., Pierre, A. (2004).  Overexpression   of AtHMA4 

enhances root-to-shoot translocation of zinc and cadmium and plant metal tolerance. FEBS  Letters, 576:306–
312. 

13. Shah, K., Nongkynrih, J.M. (2007).  Metal hyperaccumulation and bioremediation.  Biologia Plantarum, 
51(4):618-634. 

14. Nouri, J., Lorestani, B., Yousefi, N., Khorasani, N., Hasani, A., Seif, F., Cheraghi, M. (2011).   Phytoremediation 
potential of native plants grown in the vicinity of Ahangaran lead–zinc mine (Hamedan, Iran). Environmental 
Earth Sciences, 62(3):639-644. 

15. Klang-Westin, E., and Jan, E.  (2003).  Potential of Salix as phytoextractor for Cd on moderately contaminated 
soils.  Plant and Soil, 249(1):127-137. 

16. Salt, D.E., Smith, R.D. and Raskin, I.  (1998).  Phytoremediation.  Annu. Rev. Plant Physiol. Plant Mol. Biol., 
49:643–668. 

17. Chu, T.T.H. (2014).  Study on the growth and tolerance ability of Polygonum hydropiper L. and  Hymenachne 
acutigluma (Steud.) Gilliland on Pb and Cd polluted soil.  J. Viet. Env., 6(3):298-302. 

18. Gawęda, M. (2009). Heavy Metal Content in Common Sorrel Plants (Rumex Acetosa L.) Obtained from  Natural 
Sites in Małopolska Province.  Polish J. of Environ. Stud., 18(2):213-218. 

19. Lim, J., Salido, A.L., Butcher, D. (2004).  Phytoremediation of lead using Indian mustard (Brassica juncea) with 
EDTA and electrodics. Microchemical Journal, 76(1):3-9. 

20. Adesodun, J., Atayese, M., Agbaje, T., Osadiaye, B., Mafe, O., Soretire, A. (2010). Phytoremediation Potentials of 
Sunflowers (Tithonia diversifolia and Helianthus annuus) for Metals in Soils Contaminated with Zinc and Lead 
Nitrates. Water, Air, and Soil Pollution, 207(1):195-201. 

21. Adiloglu, S.  and Saglam, M.T.  (2013). Removal of lead (Pb) pollution in agricultural areas by phytoremediation 
method with the use of canola (Brassica napus L.) plant. In:  Proceedings of the 13th International Conference of 
Environmental Science and Technology, 2013, Athens, Greece, 5-7.  

22. Subhashini, V., Swamy, ; A. V. (2013).  Phytoremediation of Pb and Ni Contaminated Soils Using   Catharanthus 
roseus (L.). Universal Journal of Environmental Research and Technology, 3(4):465-472. 

23. Arriaga-Alba, M., Blasco, J.L., Ruíz-Pérez, N.J., Sánchez-Navarrete, J., Rivera-Sánchez, R., González-Avila, M.  
(2011). Antimutagenicity mechanisms of the Rhoeo discolor ethanolic extract.  Experimental and toxicologic 
pathology, 63(3):243-248. 

24. Tan, J.B.L., Lim, Y.Y., Lee, S.M. (2015). Antioxidant and antibacterial activity of Rhoeo spathacea (Swartz) Stearn 
leaves. J Food Sci Technol, 52(4):2394–2400. 

25. Rosales-Reyes, T., de La Garza, M., Arias-Castro, C., Rodríguez-Mendiola, M., Fattel-Fazenda, S., Arce-Popoca, E., 
Hernández-García, S., Villa-Treviño, S. (2008). Aqueous crude extract of Rhoeo discolor, a Mexican medicinal 
plant, decreases the formation of liver preneoplastic foci in rats.  Journal of Ethnopharmacology, 115(3):381-
386.  

26. Acharya, D., Mitaine-Offer, A., Kaushik, N., Miyamoto, T., Paululat, T. Mirjolet, J., Duchamp, O., Lacaille-Dubois, M. 
(2010).  Steroidal Saponins from Chlorophytum orchidastrum. J. Nat. Prod. 73:7–11. 

27. Wang, Y., Wu, D., Wang, N., Hu, S. (2011).  Effect of Chlorophytum comosum growth on soil enzymatic activities of 
lead-contaminated soil.  Proc. Environ. Sci. 10:709–714. 

28. Wang, Y., Yan, A., Dai, J., Wang, N., Wu, D. (2012).  Accumulation and tolerance characteristics of cadmium in 
Chlorophytum comosum: a popular ornamental plant and potential Cd hyperaccumulator. Environ. Monit. 
Assess., 184:929–937. 

29. Chauhan, R., Quraishi, A., Jadhav, S. K., Keshavkant, S. (2016).  A comprehensive review on pharmacological 
properties and biotechnological aspects of Genus Chlorophytum.  Acta. Physiol. Plant., 38:116-130.  

Enot  et al 



BEPLS Vol 6 [3] February 2017                     50 | P a g e            ©2017 AELS, INDIA 

30. Murashige, T and Skoog, F. (1962).  A revised medium for rapid growth and bio-assays with tobacco tissue 
cultures. Physiol. Plant. 15:473-497. 

31. Huizing, H.J., Pfauth, E.C., Malingre, T.M., Sietsma, J.H. (1983).  Regeneration of plants from tissue and cell-
suspension cultures of Symphytum officinale L and effect of in-vitro culture on pyrrolizidine alkaloid production.  
Plant Cell Tissue and Organ Culture, 2:227-238. 

32. Zheng, L., Liu, X., Lutz-Meindl, U., Peer, T. (2011). Effects of Lead and EDTA- Assisted Lead on Biomass, Lead 
Uptake and Mineral Nutrients in Lespesdeza chinesis and Lespedeza davidii. Water Air Soil Pollut.,  220:57-68. 

33. Official Method 999.10 (2005). Lead, cadmium, zinc, copper, and iron in foods - Atomic absorption 
spectrophotometry after microwave digestion. Official Methods of Analysis of AOAC International 18th Ed., AOAC 
International, Gaithersburg, MD, USA. 

34. Alkorta, J., Hernandez-Allica, J. M., Becerril, I., Amezaga, I., Albizu, I., Garbisu, C. (2004). Recent findings on the 
phytoremediation of soils contaminated with environmentally toxic heavy metals and metalloids such as zinc, 
cadmium, lead and arsenic. Rev. Environ. Sci. Biotechnol., 3:71–90. 

35. Sainger, P.A., Dhankhar, R., Sainger, M., Kaushik, A., Singh, R.P. (2011). Assessment of heavy metal tolerance in 
native plant species from soils contaminated with electroplating effluent. Ecotoxicology and Environmental 
Safety, 74:2284-2291. 

36. Piechalak, A., Tomaszewska, B., Baralkiewicz, D., Malecka, A. (2002). Accumulation and detoxification of lead ions 
in legumes.  Phytochemistry, 60:153-162. 

37. Kopittke, P.M., Asher, C. J., Kopittke, R.A., and Menzies, N.W. (2007).  Toxic effects of Pb 2+ on growth of cowpea 
(Vigna unguiculata). Environmental Pollution, 150:280-287. 

38. Gichner, T., Znidar, I., Száková, J. (2008). Evaluation of DNA damage and mutagenicity induced by lead in tobacco 
plants. Mutat. Res. Genet. Toxicol. Environ. Mutagen., 652(2):186–190. 

39. Gupta, D., Nicoloso, F., Schetinger, M., Rossato, L., Pereira, L., Castro, G., Srivastava, S., Tripathi, R. (2009). 
Antioxidant defense mechanism in hydroponically grown Zea mays seedlings under moderate lead stress. J. 
Hazard. Mater., 172(1):479–484. 

40. Brunet, J., Varrault, G., Zuily-Fodil, Y., Repellin, A. (2009).  Accumulation of lead in the roots of grass pea 
(Lathyrus sativus L.) plants triggers systemic variation in gene expression in the shoots. Chemosphere, 
77(8):1113–1120. 

41. Yan, Z., Ke, L., Tam, N.F.Y. (2010). Lead stress in seedlings of Avicennia marina, a common mangrove species in 
South China, with and without cotyledons. Aquat. Bot., 92(2):112–118. 

42. Jiang, W. and Liu, D. (2010). Pb-induced cellular defense system in the root meristematic cells of Allium sativum L. 
BMC Plant. Biol., 10:40-48. 

43. Pourrut, B., Shahid, M., Dumat, C., Winterton, P., Pinelli, E. (2011). Lead uptake, toxicity, and detoxification in 
plants. Rev. Environ. Contam. Toxicol., 213:113–136. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CITATION OF THIS ARTICLE 
Enot, M. M., Sillero-Mahinay, Myrna.  A study of potential lead metal hyperaccumulator in tissue cultured plants of 
Tradescantia spathacea Sw. and Chlorophytum orchidastrum L. grown in hydroponics.  Bull. Env. Pharmacol. Life Sci., 
Vol 6[3] February 2017: 45-50 

Enot  et al 


