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Abstract: 

The present study revealed the impact of various concentrations of chromium on the growth of 

Amarathus viridis L. and Mirabilis jalapa L. The results showed that the morphometric characters  such 

as root length, shoot length, leaf area, fresh weight and dry weight of Amarathus viridis L. were 

significantly decreased with increasing concentration of heavy metal, but those characters were 

increased in Amarathus viridis L. when it was cultivated together with Mirabilis jalapa L. than the 

Amarathus viridis L. grown individually.  Thus, from the above findings, it is clear that the plant 

Mirabilis jalapa L. acted as hyper-accumulator and because of the phytoextraction capability of this 

hyper-accumulator, the experimental plant, Amarathus viridis L. (hypo-accumulator) may grow well in 

metal stressed environment. 
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INTRODUCTION 

In recent years, heavy metals-induced soil pollution has increased due to the widespread usage of 

chromium (Cr) in chemical industries. The release of Cr into the environment has reached its peak 

causing hazardous environmental pollution. Heavy metal-induced soil pollution is one of the most 

important abiotic stresses acting the dynamic stages of plant growth and development. In severe cases, it 

can kill the plants and their derivatives and thereby pose a potential threat to human food safety. Heavy 

metal contamination of soils is a major environmental problem worldwide (CI, 2011) and 

phytoextraction has emerged as a potential cost-effective and environmentally sustainable approach for 

removing toxic metals from soils (Eriksson et al., 1997). Phytoextraction and phytoremediation have 

been applied successfully for cleaning – up soils contaminated with metals from tannery sludge.  

 

Chromium (Cr) is the seventh element on earth that has various valence states of oxidation (Iyaka, 

2009), including trivalent (Cr3+) and hexavalent nature (Cr6+). Trivalent chromium is present in its most 

stable and common valence level. Trivalent chromium is an essential trace element for the human body 

and plays an important role in the regulation of blood sugar (Zhang et al., 2019), and excessive 

chromium has an adverse effect on plant photosynthesis and nutrient absorption (Cai et al., 2019). In 

addition, chromium accumulated in plants enters the human body through the food chain, causing 

dermatitis, bronchitis, tuberculosis, and so on. It also increases the risk of cancer in humans. The toxicity 

of hexavalent chromium is 100 times more than that of trivalent chromium with serious toxicity 

(Qianqian et al., 2022), and its high chemical activity, which occurs with the rapid development and use 

of chemicals in a wide range of applications, is more easily absorbed by plants, resulting in its 

accelerated release into the environment. 

 

The remediation of soil contaminated with heavy metals involves two main aspects of consolidation and 

activation. The earlier remediation methods were mainly based on excavation and landfill, but their 

sustainability was not viable, especially with the advancement of science and technology. Further, the 
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treatment of heavy metal soil pollution has now evolved into the use of chemical soil stabilization 

(Hamon et al., 2002), soil leaching (Huang and Keller, 2020), electrodynamic restoration (Zhang M. et 

al., 2019), and the use of plant ecological restoration (Lian et al., 2018). The earlier methods were 

relatively expensive and labor intensive; however, the chemicals released during the process can cause 

secondary pollution of the soil environment. Using plants for heavy metal remediation is relatively 

inexpensive, and also has good economic and environmental benefits, which is the key direction for 

future development and exploitation.  

 

The relationship between soil and water pollution and the uptake of metals by plants is determined by 

many chemical and physical factors of the soil and the physiological functions of the plants.  Soils 

contaminated with trace elements of metals can pose a threat, both directly; due to the negative impact of 

metals on plant growth and yield, and indirectly; due to entering the human food chain with a potential 

negative impact on humans. A drop in yields of just a few percent could ultimately lead to significant 

losses in production and income. Some food importers are now specifying the acceptable maximum 

contents of metals in food, which might limit the possibility for the farmers to export their contaminated 

crops (Bjuhr 2007), (Liu et al. 2013).  

 

Phytoremediation is an environmentally friendly, cost-effective, in-situ process that uses living plants to 

reduce, remove, or immobilize hazardous contaminants from soil and ground water and render them 

innocuous. It is a financially possible and feasible ways in regards to the remediation of our current 

circumstance without presenting any new pollutants. Here, we summarize some of studies carried out 

regarding phytoremediation of chromium metal using hyper-accumulator plant. 

 

MATERIALS AND METHODS 

Seeds of Amarathus viridis L and Mirabilis jalapa L were procured from the local seed centers, 

Sivagangai, Sivagangai Distirct, Tamil Nadu. The plant Mirabilis jalapa L was chosen as hyper-

accumulator and as co-cultivator for Amarathus viridis L in this study. The effect of various 

concentrations of chromium sulphate on the morphometric characters were analyzed on the selected 

plants. The experimental soil for raising the cultivars was prepared by mixing red soil, black soil and 

sandy soil in the ratio of 1 : 1 : 1. The prepared soil was sterilized by solar sterilization method 

(Handiseni et al., 2010) for 5 days. Mirabilis jalapa L and Amarathus viridis L. seeds of 10 numbers 

each were sown together in all the pots for the experimental purpose. The heavy metal of chromium 

sulphate was treated in the experimental plants with different concentrations viz., 2 mM, 4 mM, 6 mM, 8 

mM and 10 mM (w/v) in five replicates. The aqueous solutions of chromium sulphate were applied in 

the pots after the development of first leaves in the seedlings. Then the plants were watered with the 

individual concentration of metal on every alternate days. A set of plants without heavy metal treatment 

was maintained as control and on 35th day growth parameters were analyzed in all pots including the 

control (Arts and Marks 1971), (Abdul baki and Anderson 1973).  

 

Phytoremediation treatment: Co-cultivation of the hypo-accumulator and the hyper-accumulator 

Amarathus viridis L. (hypo-accumulator) and Mirabilis jalapa L. (hyper-accumulator) seeds were sown 

together uniformly in all the pots. Appropriate amount of chromium sulphate was given separately for 

the experimental plants with different concentrations           

(2 mM, 4 mM, 6 mM, 8 mM and 10 mM (w/v)) in 5 replicates. Then the plants were watered with the 

respective concentration of metals on every alternate day and on 35th day growth parameters were 

analyzed.  
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RESULTS AND DISCUSSION 

The effect of chromium sulphate on the morphometric characteristics viz., root length, shoot length and 

leaf area of study plants has been presented in Table 1 and the effect on fresh weight and dry weight in 

Table 2. The root length, shoot length, leaf area, fresh weight and dry weight of Amarathus viridis L. 

were reduced with the increasing concentrations of the metal when comparing to the control but they 

were increased in Amarathus viridis L ., when it was co-cultivated  with Mirabilis jalapa L. (Table 1 and 

Table 2). 

 

Heavy metals either retard the growth of the whole plant or plant parts (Shaq and Iqbal 2006), (Shanker 

et al. 2005). Chromium stress has a tingling effect at low concentrations, however inhibits the growth of 

most plant seedlings at high concentrations. Low chromium concentrations can increase the net rate of 

photosynthesis and promote plant growth by promoting the electron transport activity of PSII, which can 

increase the proportion of medulla and outer skin tissue in the root and promote root and root hair 

growth. A high concentration of chromium hinders water transport, reduces transpiration, affects the 

uptake of minerals by the root system, and disrupts enzymatic reactions in the plant body, resulting in 

short stature of the plant, yellowing, and dropping of the leaves, as well as a significant reduction in leaf 

area and biomass. It was reported that high chromium concentrations could cause permanent plasma 

wall detachment and water loss in plant tissues (Madrid, 2010; Singh et al., 2021; Srivastava et al., 

2021) and irreversible damage to mitochondria, resulting in decreased respiration and even plant cell 

death. It was also found that high chromium concentrations caused abnormal stomatal conductivity, 

reduced intercellular space, and reduced growth and yield of plants (Rath and Das, 2021). The plant 

parts typically the roots which have direct contact with the tainted soils show fast and delicate changes 

in their development. Huge impacts of number of metals (Cu, Ni, Pb, Cd, Zn, Al, Hg, Cr, As, Fe) on root 

growth varied and the root system usually becoming malformed with short curved side roots (Wong and 

Bradshaw 1982). In this work, reduction in plant height might be mainly due to the reduced root and 

shoot growth and furthermore, lesser supplements and water transport to the above parts of the plant. 

Similarly it was accounted that Cr transport to the upper parts of the plant can have a direct effect on cell 

elongation of shoot adding to the decrease in plant stature (Shanker et al. 2005).  

 

The uptake of heavy metals in plants affects the normal metabolism of plants. To reduce its toxic effects, 

plants also excrete organic acids, with a high affinity for heavy metals to combine with and to form 

chelates, which can be divided into external and internal chelation (Oliveira, 2012; Liu et al., 2018). 

External chelation refers to plants that secrete organic acids through their roots into the rhizosphere that 

combine with metal ions to alter their mobility and solubility in the medium (Zeng et al., 2008). 

Increasing and prolonging the treatment time of chromium content in the culture medium increased the 

secretion of organic acids such as oxalic acid, citric acid, and malic acid, which promoted the absorption 

of chromium ions by rice. The exogenous application of citric acid to duckweed (Lemna minor) also 

promoted the absorption of chromium ions by rice (Sallah-Ud-Din et al., 2017).  

 

As an industrially widespread heavy metal, chromium is one of the main sources of environmental 

pollution. Its high toxicity is closely related to its rapid permeability through biofilm and subsequent 

interaction with proteins and nucleic acids in plants. For some plants, the effects of chromium from the 

point of view of independent seed germination, external performance, aboveground and root growth, 

internal regulatory genes, and the change in the protein, show that the plant’s defense against heavy 

metal chromium absorption, resistance, and detoxification mechanism are very complicated and that 

there are major differences between different plants in their response to chromium stress. In addition, 

previous studies have shown that chromium also has some effect on the absorption of other heavy metals 

(Turner and Rust, 1971b; Moral et al., 1996) 
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The use of hyper-accumulators, in soils contaminated with heavy metals to restore ecological function is 

quite common. Hyper-accumulator plants refer to plants capable of growing in metal-rich soils and 

whose absorption of heavy metal ions from the soil is more than 100 times that of ordinary plants, and 

whose leaf-to-root ratio of heavy metal content is >1 (Baker et al., 2000). For chromium, the plant 

absorption threshold should be 300 µg·g −1 (Garcíahernández et al., 1998; Van Der Ent et al., 2013). 

Current studies have identified that plant such as Prosopis laevigata (Buendía-González et al., 2010; 

Gill et al., 2016), can be hyper-accumulator of chromium. However, existing hyper-accumulator plants 

have low biomass and economic benefits, so they cannot be used in a variety of practical remediation 

projects. 

 

Heavy metals uptake using phytoremediation process, seems to be a prosperous way to remediate heavy 

metals contaminated environment. It has benefits compared to the other normally utilized ordinary 

technologies. A few components must be considered to achieve a superior of remediation result. The 

most significant factor is a suitable plant which can be utilized to take-up the heavy metals. Indeed, the 

phytoremediation strategy is by all accounts truly outstanding however, has a few restrictions. More 

research should be directed to limit this restriction to apply this procedure successfully. 

 

REFERENCES: 

1. Abdul baki, A.A, Anderson, J.D. (1973). Vigour determination in soybean seed by multiple criteria. 

Crop Science, 13: 630-633. 

2. Akinci, I. E., and Akinci, S. (2010). Effect of chromium toxicity on germination and early seedling 

growth in melon (Cucumis melo L.). Afr. J. Biotechnol. 929, 4589–4594. Available online at: 

http://www.academicjournals.org/AJB 

3. Ali, S., Bharwana, S. A., Rizwan, M., Farid, M., Kanwal, S., Ali, Q., et al. (2015). Fulvic acid 

mediates chromium (Cr) tolerance in wheat (Triticum aestivum L.) through lowering of Cr uptake 

and improved antioxidant defense system. Environ. Sci. Pollut. Res. 22, 10601–10609. doi: 

10.1007/s11356-015-4271-7. 

4. Arts, H.H, and Marks, P.L. (1971). A summary table of biomass and net annual primary production 

in forest ecosystem. (Editor, Young, HE) Life science and Agricultural experimental station. 

University of Marine. Orano, Maire. USA.  

5. Baker, A. J. M., Mcgrath, S. P., Reeves, R. D., and Smith, J. A. C. (2000). “Metal hyper-

accumulator plants: a review of the ecology and physiology of a biological resource for 

phytoremediation of metal-polluted soils,” in Phytoremediation of Contaminated Soil and Water 

(CRC Press), 85–107. doi: 10.1201/9780367803148-5 

6. Bjuhr, J (2007). Trace Metals in Soils Irrigated with Waste Water in a Periurban Area Downstream 

Hanoi City, Vietnam, Seminar Paper, Institutionen för markvetenskap, Sveriges lantbruksuniversitet 

(SLU), Uppsala, Sweden,  

7. Buendía-González, L., Orozco-Villafuerte, J., Cruz-Sosa, F., Barrera-Díaz, C. E., and Vernon-

Carter, E. J. (2010). Prosopis laevigata a potential chromium (VI) and cadmium (II) hyper-

accumulator desert plant. Bioresour. Technol. 101, 5862. doi: 10.1016/j.biortech.2010.03.027 

8. Cai, M., Hu, C., Wang, X., Zhao, Y., Jia, W., Sun, X., et al. (2019). Selenium induces changes of 

rhizosphere bacterial characteristics and enzyme activities affecting cr/selenium uptake by pak choi 

(Brassica campestris L. ssp. Chinensis makino) in cr contaminated soil. Environ. Pollut. 249, 716–

727. doi: 10.1016/j.envpol.2019.03.079 

9. CI, Copper history Future, Van Commodities Inc., 

(2011), http://trademetalfutures.com/copperhistory.html 

10. Eriksson J, Andersson, A,   Andersson, R. (1997) “The state of Swedish farmlands,” Tech. Rep. 

4778, Swedish Environmental Protection Agency, Stockholm, Sweden, view at: Google Scholar 

https://www.ijtas.com/
http://www.academicjournals.org/AJB
http://trademetalfutures.com/copperhistory.html
https://scholar.google.com/scholar_lookup?title=The%20state%20of%20Swedish%20farmlands&author=J.%20Eriksson&author=A.%20Andersson&author=&author=R.%20Andersson&publication_year=1997


 

International Journal of Technology and Applied Science (IJTAS) 

E-ISSN: 2230-9004   ●   Website: www.ijtas.com   ●   Email: editor@ijtas.com 

 

IJTAS26031216 Volume 17, Issue 3, March 2026 5 

 

11. Garcíahernández, M., Murphy, A., and Taiz, L. (1998). Metallothioneins 1 and 2 have distinct but 

overlapping expression patterns in Arabidopsis. Plant Physiol. 118, 387–397. doi: 

10.1104/pp.118.2.387 

12. Gill, R. A., Zhang, N., Ali, B., Farooq, M. A., Xu, J., Gill, M. B., et al. (2016). Role of exogenous 

salicylic acid in regulating physio-morphic and molecular changes under chromium toxicity in 

black- and yellow seeded Brassica napus L. Environ. Sci. Pollut. Res. 23, 20483–20496. doi: 

10.1007/s11356-016-7167-2 

13. Hamon, R. E., Mclaughlin, M. L., and Cozens, G. (2002). Mechanisms of attenuation of metal 

availability in in situ remediation treatments. Environ. Sci. Technol. 36, 3991–3996. doi: 

10.1021/es025558g 

14. Handiseni, M, Sibiya, J, Ogunlela, V,  Koomen, I. 2010. Evaluation of non-chemical methods of 

soil sterilization in Paprika (Capsicum annum L.) Seedlings production in the small holder farming 

sector of Zimbabwe. Agricultura Tropica et Subtropica. 43 (2): 97-108 

15. Huang, Y., and Keller, A. A. (2020). Remediation of heavy metal contamination of sediments and 

soils using ligand-coated dense nanoparticles. PLoS ONE 15, e0239137. doi: 

10.1371/journal.pone.0239137 

16. Iyaka, Y. A. (2009). Chromium in soils: a review of its distribution and impacts. Cont. J. Environ. 

Sci. 3, 13–18. doi: 10.4314/afrrev.v3i3.47511 

17. Lian, X., Piao, S., Huntingford, C., Li, Y., Zeng, Z., Wang, X., et al. (2018). Partitioning global 

land evapotranspiration using CMIP5 models constrained by observations. Nat. Clim. Chang. 8, 

640–646. doi: 10.1038/s41558-018-0207-9 

18. Liu X, Li X, Chermaine Ong SM, Chu Z. (2013). Progress of Phytoremediation: Focus on New 

Plant and Molecular Mechanism. J. Plant Biol. and Soil Health. 2013; 1(1): 5. 

19. Liu, L., Li, W., Song, W., and Guo, M. (2018). Remediation techniques for heavy metal-

contaminated soils: principles and applicability. Sci. Total Environ. 633, 206–219. doi: 

10.1016/j.scitotenv.2018.03.161 

20. Madrid, L. (2010). “Heavy metals”: Reminding a long-standing and sometimes forgotten 

controversy. Geoderma 155, 128–129. doi: 10.1016/j.geoderma.2009.11.031 

21. Martínez C E , Motto, H L (2000). “Solubility of lead, zinc and copper added to mineral 

soils,” Environmental Pollution, vol. 107, no. 1, pp. 153–158.  

22. Moral, R., Gómez, I., Pedreno, J. N., and Mataix, J. (1996). Absorption of Cr and effects on 

micronutrient content in tomato plant (Lycopersicum esculentum M.). Agrochimica 40, 132–138. 

23. Oliveira, H. (2012). Chromium as an environmental pollutant: Insights on induced plant toxicity. J. 

Bot. 2012, 1–8. doi: 10.1155/2012/375843 

24. Prasad, M N V. 1997. In: Trace metals. Eds. Plant Ecophysiology. John Wiley & Sons, Inc. 207-

249. 

25. Qianqian, M., Haider, F. U., Farooq, M., Adeel, M., Shakoor, N., Jun, W., et al. (2022). Selenium 

treated foliage and biochar treated soil for improved lettuce (Lactuca Sativa L.) growth in Cd-

polluted soil. J. Clean. Prod. 335, 130267. doi: 10.1016/j.jclepro.2021.13026 

26. Rath, A., and Das, A. B. (2021). Chromium stress induced oxidative burst in Vigna mungo (L.) 

Hepper: physio-molecular and antioxidative enzymes regulation in cellular homeostasis. Physiol. 

Mol. Biol. Plants 27, 265–279. doi: 10.1007/s12298-021-00941-3 

27. Sallah-Ud-Din, R., Farid, M., Saeed, R., Ali, S., Rizwan, M., Tauqeer, H. M., et al. (2017). Citric 

acid enhanced the antioxidant defense system and chromium uptake by Lemna minor L. grown in 

hydroponics under Cr stress. Environ. Sci. Pollut. Res. 24, 1–10. doi: 10.1007/s11356-017-9290-0 

28. Shanker AK, Cervantes C, Loza-Tavera H, Avudainayagam S (2005) Chromium toxicity in plants. 

Environ Int 31: 739-753. 

29. Shaq M, Iqbal M Z (2006) Tolerance of Peltophorum pterocarpum D. C. Baker Ex K. Heyne. 

seedlings to lead and cadmium treatment. J New Seeds 7: 83 – 94.  

https://www.ijtas.com/


 

International Journal of Technology and Applied Science (IJTAS) 

E-ISSN: 2230-9004   ●   Website: www.ijtas.com   ●   Email: editor@ijtas.com 

 

IJTAS26031216 Volume 17, Issue 3, March 2026 6 

 

30. Singh, D., Sharma, N. L., Singh, C. K., Yerramilli, V., Narayan, R., Sarkar, S. K., et al. (2021). 

Chromium (VI)-induced alterations in physio-chemical parameters, yield, and yield characteristics 

in two cultivars of mungbean (Vigna radiata L.). Front. Plant Sci. 12, 735129. doi: 

10.3389/fpls.2021.735129 

31. Srivastava, D., Tiwari, M., Dutta, P., Singh, P., Chawda, K., Kumari, M., et al. (2021). Chromium 

stress in plants: toxicity, tolerance and phytoremediation. Sustainability 13, 4629. doi: 

10.3390/su13094629 

32. Turner, M. A., and Rust, R. H. (1971b). Effects of chromium on growth and mineral nutrition of 

soybeans. Soil Sci. Soc. Am. J. 35, 755–758. doi: 10.2136/sssaj1971.03615995003500050035x 

33. Van Der Ent, A., Baker, A. J. M., Reeves, R. D., Pollard, A. J., and Schat, H. (2013). Hyper-

accumulators of metal and metalloid trace elements: facts and fiction. Plant Soil 362, 319–334. doi: 

10.1007/s11104-012-1287-3 

34. Wong MH, Bradshaw AD (1982) A comparison of the toxicity of heavy metals,  using root 

elongation of rye grass, Lolium perenne. New Phytol 91: 255 – 261.  

35. Zeng, F., Chen, S., Miao, Y., Wu, F., and Zhang, G. (2008). Changes of organic acid exudation and 

rhizosphere pH in rice plants under chromium stress. Environ. Pollut. 155, 284. doi: 

10.1016/j.envpol.2007.11.019 

36. Zhang, M., Xiangchun, W., Long, Y., and Yangyang, C. (2019). Research on progress in combined 

remediation technologies of heavy metal polluted sediment. Int. J. Environ. Res. Public Health 16, 

5098. doi: 10.3390/ijerph16245098 

37. Zhang, X. H., Liu, J., Huang, H. T., Chen, J., Zhu, Y. N., and Wang, D. Q. (2007). Chromium 

accumulation by the hyper-accumulator plant Leersia hexandra Swartz. Chemosphere 67, 1138–

1143. doi: 10.1016/j.chemosphere.2006.11.014 

 

Table 1: Effect of Chromium sulphate on the morphometric characteristics of hyper-accumulator 

(Mirabilis jalapa L. ) and hypo-accumulator (Amarathus viridis L.) 

All the values are the averages of five observations. Mean±Standard error 

Metal 

conce

n 

tratio

n  

Root length (cm) Shoot length (cm) Leaf area (cm2) 

Chromiu

m stress 

on 

Amarat

hus 

viridis 

L.   

After co-

cultivation 

Chromiu

m stress 

on   

Amarat

hus 

viridis 

L.  

After co-cultivation Chromiu

m stress 

on  

Amarat

hus 

viridis L   

After co-cultivation 

Amarat

hus 

viridis 

L.   

Mirabil

is 

jalapa 

L. 

Amarat

hus 

viridis 

L.   

Mirabili

s jalapa 

L. 

Amarat

hus 

viridis L   

Mirabili

s jalapa 

L. 

Contr

ol 

7.51±0.0

5 

8.2±0.04 6.2±0.0

3 

18.23±0.

45 

20.73±0.

56 

16.32±0

.54 

10.26±0.

11 

10.75±0.

03 

8.9±0.0

4 

2mM 7.23±0.0

3 

8.4±0.02 5.92±0.

75 

17.9±0.0

56 

19.87±0.

31 

15.34±0

.65 

10.12±0.

23 

10.25±0.

04 

8.5±0.3

6 

4mM 6.92±0.0

2 

7.8±0.04 5.3±0.0

41 

16.23±0.

05 

18.43±0.

56 

14.43±0

.21 

9.43±0.0

2 

10.12±0.

14 

8.2±0.0

3 

6mM 6.2±0.03 7.5±0.04 4.9±0.0

72 

15.9±0.0

67 

17.54±0.

43 

13.45±0

.56 

9.12±0.0

08 

9.97±0.0

86 

7.8±0.0

6 

8mM 5.35±0.0

2 

5.65±0.0

3 

4.2±0.4

3 

14.51±0.

03 

16.08±0.

78 

12.29±0

.67 

8.23±0.0

26 

9.29±0.9

78 

7.3±0.0

10 

10m

M 

4.98±0.0

2 

5.23±0.0

5 

3.7±0.7

8 

13.25±0.

06 

14.65±0.

11 

11.45±0

.78 

7.78±0.0

22 

9.01±0.0

45 

6.782±0

.01 
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Table 2: Effect of Chromium sulphate on the morphometric characteristics of hyper-accumulator 

(Mirabilis jalapa L.) and hypo-accumulator (Amarathus viridis L.) 

Metal 

concentrat

ion  

Fresh weight (gm) Dry weight (gm) 

Chromium 

stress on 

Amarathus 

viridis L.   

After Co-cultivation Chromium 

stress on 

Amarathus 

viridis L.   

 

After Co-cultivation 

Amarathus 

viridis L.   

Mirabilis 

jalapa L. 

Amarathus 

viridis L.   

Mirabilis 

jalapa L. 

Control 5.6±0.045 6.2±0.034 7.8±0.341 1.23±0.023 2.23±0.034 3.96±0.33 

2mM 4.95±0.11 5.34±0.23 6.8 ±045 0.92±0.034 1.96±0.045 3.45±0.04 

4mM 3.23±0.034 5.02±0.98 6.20±0.76 0.86±0.067 1.56±0.098 3.01±0.045 

6mM 2.87±0.023 4.98±0.23 5.69±0.34 0.75±0.056 1.23±0.034 2.8±0.034 

8mM 2.08±0.034 3.89±0.34 4.98±0.32 0.45±0.045 0.93±0.054 2.2±0.045 

10mM 0.87±0.05 1.9±0.098 2.5±0.45 0.12±0.056 0.33±0.078 2.8±0.098 

All the values are the averages of five observations. Mean±Standard error 
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