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ABSTRACT  
The activity of chelation of hexane (HLE), chloroform (CLE), ethyl acetate (EALE) and methanol (MLE) extracts from Phragmites 
australis (common reed) leaves were evaluated in vitro using ferrozine method for iron chelation and murexide method for zinc and copper 
chelation. In the iron chelation method using these extracts at different concentrations showed that the HLE possesses the highest significant 
(p ≤ 0.01) capacity to chelate ferrous ions below the EDTA (standard chelator) with absorbance’s arrive to the lesser extent 0,2±0,011, 
0,04±0,013 which expresses 85% and 97% ( compared to the control) of inhibition respectively. In the zinc and copper chelation assay the 
same extracts was also studied in vitro using the murexide assay. The results obtained showed also that hexane extract has a good chelation 
effect towards zinc and copper ions where HLE and EDTA have highest significant (p ≤ 0.01) capacity dose dependent among them with 
increased absorbance’s 0,41±0,01 and 0,42±0,02 respectively for the zinc chelation and 0,43±0,03, 0,13±0,005 for copper chelation.  
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INTRODUCTION 

 
 Water is something of a rare commodity in Algeriadue to the impact of climate change. Renewable natural 
water resources are estimated at approximately 15 billion m3per year that is approximately 404 m3per individual 
per year, near the threshold of 500 m3 per capita per year, which is widely recognized as the deficiency 
threshold that indicates developing of crises [4]. 
 In Algeria sustainable water management is one of the main areas of sustainable development, since the 
water must meet the needs of present and future generations meet. Agriculture is the largest consumer of water 
resources, given the reduced water inflows recorded for several decades. Farmers, especially those in inland 
areas, are interested in the use of wastewater wadis. The future development of water resources depends on 
solutions characterized by high energy consumption, for example sea water desalination, the reuse of 
wastewater and the introduction of drip irrigation. Development of the water sector will therefore be closely tied 
to the development of the energy sector, but the cost of treatment is still a problem, it is minimized by system of 
phytoremediation [5]. 
 A large number of plants, have very interesting biological properties, which find their application in various 
fields especially in environment. The evaluation of phytoremediation properties, such as accumulation and 
chelation of heavy metals is considered very important and very useful, especially for plants, which are 
economics [14].  
 Heavy metal pollution caused by a combination of natural leaching and anthropogenic activity is becoming 
a significant environmental problem. Thousands of hectares of arable landhave been contaminated, representing 
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a significant health hazard to the population. Phytoremediation is seen as a favorable strategy to remove the 
contamination. The optimal phytoremediating plant needs to be highly productive in terms ofbiomass and 
efficient in terms of accumulation of heavy metals. One such species is the Phragmites australis, a most 
effective accumulator of Cd, Pb and Zn, and it has been widely exploited as a sewage treatment wetlandspecies. 
However, the most efficient accumulators appear to bepoor in terms of biomass production [15]. 
 Phragmites australis is a macrophyte plant of economic interest frequently found in wetlands throughout 
temperate and tropical regions of the world. In addition, it can accumulate several metals, including Fe, Zn and 
Cu [11].  
 This plant can withstand extreme environmental conditions. Phragmites ecotypes exist with their own 
stable morphological, physiological and ecological characteristics, which are adapted to specific environments, 
including the presence of toxic heavy metal contaminants, such as zinc, iron and copper [6]. Consequently, P. 
australis is considered a plant with high detoxification and phytoremediation potential and has been widely used 
to engineer wetlands for the treatment of industrial wastewater containing heavy metals. Therefore, much 
attention has recently been focused on the response of this plant to heavy metal stresses [9]. 
 The objective of this study is to explore the chelating activity of the leaves of the common reed (P. 
australis) using different solvents (hexane, chloroform, ethyl acetate and methanol) 
 

MATERIALS AND METHODS 
 
2.1. Materials: 
2.1.1. Chemicals: 
 All chemicals products were purchased from sigma- aldrich or fluka. 
 
2.1.2.Collection and Extraction preparation of plant materials: 
 Ariel part (leaves) of P. australis were collected from Elhamadia region situated in south of Bordj Bou 
Arreridj (east of Algeria) in the month of March 2013. The collected plant materials were washed with running 
tap water and dried in shade for four weeks. After drying the plant leaves were ground in moulinex mill until a 
fine powder of clear green color. The powder is prepared just prior to extraction. 
 The air dried leaf powders (21 g) were successively extracted by soxhlet extraction using solvents (190 ml) 
of increasing polarity Hexane, chloroform, ethyl acetate and methanol for six cycles for each one. The extracts 
were then concentrated to dryness at 45 °C in a rotary vacuum evaporator (Buchi). Finely, the extracts were 
dried and stored at 4°C in a sterile container for further use [10]. 
 
2.2. Methods: 
2.2.1. Ferrous ion chelating activity: 
 The chelation of iron (II) ions by the P.australis extracts was determined as described byGulzaret al.(2013) 
with some modification. A 500 µl of hexane, chloroform, ethyl acetate and methanol extracts solutions (1 
mg/ml) in DMSO or EDTA (1 mg/ml)in distilled water was mixed with 50 µl FeSO4 (2 mM) in distilled water 
and 450 µl methanol. Five minutes later, 50 µl of ferrozine (5mM in distilled water) was added to the mixture. 
The controls contained all the reaction reagents except the extract. After a 10 min equilibrium period, the 
absorbance of the solution was measured spectrophotometrically at 562 nm. The percentage of inhibition of 
ferrozine-Fe2+ complex formation was given by the formula: % inhibition= [(AC - AS)/ AC] ×100 
 Where AC was the absorbance of the control and AS was the absorbance in the presence of the sample of P. 
australis extracts and standard. 
 
2.2.2. Zinc and copper chelating assay: 
 The chelating activity of zinc ions for P australis leaf extracts solution 1mg/ml or 10mg/ml in DMSO for 
Zn and Cu chelating activity respectively was measured by the method of murexide described byWatak and 
patil, (2012)with slight modification. A volume of 0,5 ml of DMSO containing a different volumes (25, 50, 75, 
100, 125 and 175 µl) ofHLE, CLE, EALE, MLE or EDTA (1mg/ml in deionized water as a standard) from Zn 
chelation assay or 0,5ml of different concentrations (1, 2, 3, 4, 5, 7mg/ml) and (10, 20, 30, 40, 50, 70µg/ml) for 
EDTA from copper chelation was mixed with 1,6 ml deionized water and 0,1 ml of ZnCl2or CuSO4 8mM in 
HCl buffer (0,1M prepared by addition of KCl 0,1M at pH 5). After 30 second 0,1 ml of murexide (5mM in the 
same buffer) was added. Murexide reacted with the divalent zinc orcopperto form stable magenta complex 
speciesthat where very soluble in water. The mixture was then kept at room temperature in the dark for 10 min, 
and the absorbance was measured at 462 nm. The control containing deionized water without sample. A lower 
absorbance of the reaction mixture indicated a higher Zn2+or Cu2+ chelating activity. The test was carried out in 
triplicate. The percentage of inhibition of murexide-Zn2+ or Cu2+ complex formation was given by the formula: 
% inhibition= [(AC - AS)/ AC] ×100. 
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 Where AC was the absorbance of the control and AS was the absorbance in the presence of the sample of 
plant extracts and standard. 
 
Statistical Analysis: 
 Results are expressed as mean ± SD of three parallel replicates. Student’s t test used to compare all products 
(extracts and standard) against control using Excel software. Parametric one-way analysis of variance 
(ANOVA) followed by LSD comparisons to compare the mean values among the groups was performed using 
CoStat software. P values < 0.01 were regarded as significant and P values < 0.001 very significant. 
 

RESULTS AND DISCUSSION 
 
 The iron-chelating activity is based on absorbance measurement of iron (II)–ferrozine complex. This 
complex produced a red chromophore with a maximum absorbance at 562 nm. The chelators agents are able to 
capture ferrous ion beforferrozine. Figure 1 demonstrate that the addition of increased volumes of hexane leaf 
extract and EDTA as a standard induces a significant (p ≤ 0,01) decrease dose-dependent in the optical density 
at 562 nm compared to the control suggesting that the hexane extract possesses a high capacity to iron chelate 
where the absorbance obtained decreased to a lesser extent 0,2±0,011 compared to the EDTA (standard 
chelator) 0,04±0,013. The addition of the same volumes of the rest leaf extracts (chloroform, ethyl acetate and 
methanol) showed a high stable absorbances which is still higher than 1,  this prove that those extracts have a 
less capacity to chelate ferrous ions compared to the EDTA (standard chelator) and hexane leaf extract. 
 The difference between hexane extract and the control was statistically significant with maximum inhibition 
that exceeds 85% from 100 µl. The EDTA (standard chelator) produced to a significant (p ≤ 0.01) effect (97 %) 
compared to the control. The comparison of variances between our products used (extracts and EDTA) showed 
a difference very significant in the following order EDTA ˃ HLE ˃  CLE ˃  MLE ˃ EALE. This analysis showed 
also that EDTA and HLE regroup in the same range. 
 

 
 
Fig. 1: Iron chelation activity by increasing volumes (25 to 175 µl) of hexane leaf extract (HLE), chloroform 

leaf extract (CLE), ethyl acetate leaf extract (EALE), methanol leaf extract (MLE) of P.australisand 
EDTA as a standard at 562 nm. Results presents mean ± SD (n = 3). Results were compared by the 
Student's t-test with a P < 0.01 taken as significant. 

 

 
 
Fig. 2: Zinc chelation activity of hexane leaf extract (HLE), chloroform leaf extract (CLE), ethyl acetate leaf 

extract (EALE), methanol leaf extract (MLE) of P.australis and EDTA as a standard at 462 nm. Results 
presents mean ± SD (n = 3). Results were compared by the Student's t-test with a P < 0.01 taken as 
significant. 

 
 In the zinc or copper chelating assay, the chelator were able to capture the ions and inhibit the formation of 
Zn2+ or Cu2+- murexide complex which has an absorption maximum at 462 nm where the low absorbance 
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indicate a high chelating activity.  The addition of different volumes (25, 50, 75, 100, 125 and 175µl) of HLE, 
CLE, EALE and MLE or EDTA as positive control showed that HLE and EDTA have highest significant (p ≤ 
0.01) capacity dose dependent among them with increased absorbance’s 0,41±0,01 and 0,42±0,02 (figure 2) and 
highest percentage of inhibition (56% and 55%)   at 100 µl  respectively. 
 In the copper chelation assay, the uses of different concentrations (1, 2, 3, 4, 5, 7mg/ml) of the same 
extracts or (10, 20, 30, 40, 50, 70µg/ml) of the EDTA showed a  significant (p ≤ 0.01) dose dependent ability to 
chelate copper ions with 0,43±0,03 at 7mg/ml compared to the control and the rest extracts (CLE, EALE and 
MLE) which presented a high stable absorbance, but this capacity still low compared to the standard chelator 
which gave a very significant (p ≤ 0.001) capacity with 0,13±0,005 at only  70µg/ml .  
 The statistical analysis between all products showed a difference very significant where the HLE and 
EDTA present always greater.  
 

 
 
Fig. 3: Copper chelation activity of hexane leaf extract (HLE), chloroform leaf extract (CLE), ethyl acetate leaf 

extract (EALE), methanol leaf extract (MLE) of P. australis and EDTA as a standard at 462 nm. Results 
presents mean ± SD (n = 3). Results were compared by the Student's t-test with a P < 0.01 taken as 
significant. 

 
 According to [8] Phragmites australis has a high capacity to absorb and accumulate iron and Zinc by roots 
and their transfer to the aerial parts.   
 Some studies confirm the results obtained by Phragmites australis. Indeed, in vivo work proves that this 
plant has a large bioaccumulate heavy metals these latter is transferred by the adsorption process. 
 Roots of Phragmites australis can absorb and accumulate a great quantity of heavy metals in order Zn and 
Cu because of the cortex parenchyma with a large intercellular air spaces. Then the heavy metals transferred to 
aerial parts where accumulated in leaf vacuoles [1].   
 Some studies have also developed that the concentration of zinc increases by order root> stem> leaves with 
exogenous increase of zinc [7].      
 Practically the chelation of heavy metals by the leaves of P. australis gives the best results with extracts of 
hexane. According To [12] this results due to the presence of propionate and iso-butyrate (fatty acids with short 
aliphatic chain).where propionic acid and isobutyric acid cheeks the role of electron donors and transforms the 
ferrous or ferric iron is therefore inhibits the formation of the complex ferrous- ferrozine [2], as these fatty acids 
have the ability to form complex with copper and zinc faster than murexide.     
 
Conclusion: 
 In this study, the chelation effect of hexane, chloroform, ethyl acetate and methanol extracts from plant 
Phragmites australis against the iron, zinc and copper ions was evaluated in vitro. The results obtained showed 
that the hexane extract is a good chelator. This activity was evaluated by the chelation tests of iron, zinc and 
copper prove that the extract of the hexane Phragmites australis possess very advantageous chelating properties 
compared to standard chelator. The chelating activity of heavy metals from the extract of the obtained hexane 
Phragmites australis is probably due to the presence of fatty acid short aliphatic chain which cheeks the role of 
an electron donor in the case of iron, and making complex with zinc and copper. 
 

REFERENCES 
 
[1] Bonanno, G., R.L. Giudice, 2010. Heavy metal bioaccumulation by the organs of Phragmitesaustralis 

(common reed) and their potential use as contamination indicators. Ecological Indicators, 10: 639-645. 
[2] Finke, N., V. Vandieken, B.B. Jørgensen, 2007. Acetate, lactate, propionate, and iso butyrate as electron 

donors for iron and sulfate reduction in Arctic marine sediments, Svalbard. FEMS Microbiol Ecol., 59: 10-
22.  



5                                                                          Sellal A. et al, 2016 
Advances in Environmental Biology, 10(1) January 2016, Pages: 1-5 

[3] Gulzar, I.I., F.J. Aveen, M.I. Banar, 2013. Evaluation of antioxidant activity, phenolic, flavonoid and 
ascorbic acid contents of three edible plants from Erbil/Kurdistan. Tikrit Journal of Pure Science, 3: 46-51. 

[4] Hamiche, A.M., A.B. Stambouli, S. Flazi, 2015. A review on the water and energy sectors in Algeria: 
Current forecasts, scenario and sustainability issues. Renewable and Sustainable Energy Reviews, 41: 261- 
276.  

[5] Hannachi, A., R. Gharzouli, T.Y. Djellouli, , 2014. Gestion et valorisation des eaux usées en Algérie. 
Larhyss Journal, 51- 62. 

[6] Jiang, X., C. Wang, 2007. Cadmium distribution and its effects on molybdate-containing hydroxylases in 
Phragmitesaustralis. Aquatic Botany, 86: 353-360. 

[7] Jiang, X., C. Wang, 2008. Zinc distribution and zinc-binding forms in Phragmitesaustralis under zinc 
pollution. Journal of Plant Physiology, 165: 697-704. 

[8] Kleche, M., H. Berrebbah, N. Grara, S. Bensoltane, M. Djekoun, M.R. Djebar, 2013. Phytoremediation 
using Phragmitesaustralis roots of polluted water with metallic trace elements (MTE). Annals of Biological 
Research, 3: 130-133. 

[9] Ibrahim, M.M., A.A. Alsahli, G. El-gaaly, 2013. Evaluation of phytoremediation potential of six wild plants 
for metal in a site polluted by industrial wastes: a field study in riyadh, Saudi Arabia. Pak J Bot., 2: 571- 
576. 

[10] Londonkar, R.L., U.M.K.C.B. Sanjeevkumar, H.B. Nayaka, 2014. Evaluation of in vitro anti-thrombolytic 
activity and cytotoxicity potential of Typhaangustifolia L leaves extracts. International Journal of Pharmacy 
and Pharmaceutical Sciences, 6: 81-85. 

[11] Rocha, A.C.S., C.M.R. Almeida, M.C.P. Basto, M.T.S.D. Vasconcelos, 2014. Antioxidant response of 
Phragmitesaustralis to Cu and Cd contamination. Ecotoxicology and Environmental Safety, 109: 152-160. 

[12] Shivhare, Y., 2011. Medicinal Plants as Source of Antiemetic Agents: A Review. Asian J. Pharm. Tech, 1: 
25-27. 

[13] Watak, S., S.S. Patil, 2012. Formation and Evaluation of Herbomineral Complex. Asian J. Pharm. Ana, 2: 
52-67. 

[14] Witters, N., R.O. Mendelsohn, S. Van Slycken, N. Weyens, E. Schreurs, E. Meers, F. Tack, R. Carleer, J. 
Vangronsveld,  2012. Phytoremediation, a sustainable remediation technology? Conclusions from a case 
study. I: Energy production and carbon dioxide abatement. Biomass and bioenergy, 39: 454- 469. 

[15] Zhao, C., J. Xu, Q. Li, S. Li, P. Wang, F. Xiang, 2014. Cloning and Characterization of a 
PhragmitesaustralisPhytochelatin Synthase (PaPCS) and Achieving Cd Tolerance in Tall Fescue. Plos one, 
9: 1-10. 

 
 


