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Abstract

© The Royal Society of Chemistry 2017. Clay nanoparticles are widely used as additives for the
fabrication of polymer nanocomposites in industry. The nanoclay dopants effectively attenuate
mechanical  and  functional  properties  of  nanocomposites  thus  expanding  their  practical
applications. This implies an increased risk of human exposure to nanoclays and\or nanoclay-
doped polymer  composites.  Consequently,  the  evaluation  of  the  toxicity  of  nanoclays  and
nanoclay-doped polymer composites is deemed to be of crucial importance, since the expanding
use of nanoclays increases the risk of human exposure. Recent studies report the evaluation of
toxicity  of  various  nanoclays  employing  both  in  vitro  and  in  vivo  models,  based  on
microorganisms, cell cultures, invertebrates and mammals. In this chapter, we overview the
toxicity  evaluation  and  biocompatibility  studies  of  clay  nanoparticles  and  nanoclay-doped
nanocomposite polymer materials.

http://dx.doi.org/10.1039/9781782626725-00399

References

[1] M. L. Du B. C. Guo D. M. Jia Polym. Int. 2010 59 574
[2] T. Hanemann D. V. Szabó Materials 2010 3 3468
[3] R. Rothon, Particulate-Filled Polymer Composites, Longman, Harlow, UK, 1995
[4] V. Mittal Materials 2009 2 992
[5] L. W. Carter, J. G. Hendricks and D. S. Bolley, US Pat., No. 2,531,396, 1950
[6] K. Yano A. Usuki A. Okada T. Kurauchi O. Kamigaito J. Polym. Sci., Part A: Polym. Chem. 1993 31 2493
[7] Y. Kojima K. Fukumori A. Usuki A. Okada T. Kurauchi J. Mater. Sci. Lett. 1993 12 889
[8] E. Joussein S. Petit J. Churchman B. Theng D. Righi B. Delvaux Clay Miner. 2005 40 383
[9] G. Tari I. Bobos C. Gomes J. Ferreira J. Colloid Interface Sci. 1999 210 360

[10] R. Price B. Gaber Y. Lvov J. Microencapsulation 2001 18 713
[11] V. Vergaro E. Abdullayev Y. M. Lvov A. Zeitoun R. Cingolani R. Rinaldi S. Leporatti Biomacromolecules 2010 11

820
[12] D. Shchukin R. Price G. Sukhorukov Y. Lvov Small 2005 1 510
[13] H. Kelly P. Deasy E. Ziaka N. Claffey Int. J. Pharm. 2004 274 167
[14] N. Veerabadran R. Price Y. Lvov Nano 2007 2 215
[15] Y. Lvov D. Shchukin H. Mohwald R. Price ACS Nano 2008 2 814
[16] E. Abdullayev R. Price D. Shchukin Y. Lvov ACS Appl. Mater. Interfaces 2009 2 1437
[17] N. Veerabadran D. Mongayt V. Torchilin R. Price Y. Lvov Macromol. Rapid Commun. 2009 30 94
[18] D. Kommireddy I. Ichinose Y. Lvov D. Mills J. Biomed. Nanotechnol. 2005 1 286
[19] Y. Lvov K. Ariga I. Ichinose T. Kunitake Langmuir 1996 12 3038

http://dx.doi.org/10.1039/9781782626725-00399


[20] M. T. Viseras C. Aguzzi P. Cerezo G. Cultrone C. Viseras J. Microencapsulation 2009 26 279
[21] M. Liu B. Guo Q. Zou M. Du D. Jia Nanotechnology 2008 19 205709
[22] W. Zhou B. Guo M. Liu R. Liao A. Rabie D. Jia J. Biomed. Mater. Res., Part A 2009 2 1456
[23] P. Yuan P. Southon Z. Liu M. Green J. Hook S. Antill C. Kepert J. Phys. Chem. C 2008 112 15742
[24] P. Liu M. Zhao Appl. Surf. Sci. 2009 255 3989
[25] M. Dai X. L. Zheng X. Xu X. Y. Kong X. Y. Li G. Guo F. Luo X. Zhao Y. Q. Wei Z. Qian J. Biomed. Biotechnol. 2009

2009 595126
[26] Y. P. Ye H. B. Chen J. S. Wu L. Ye Polymer 2007 48 6426
[27] Y. Zhang Y. Chen H. Zhang B. Zhang J. Liu J. Inorg. Biochem. 2013 118 59
[28] Y. Chen Y. Zhang J. Liu H. Zhang K. Wang Chem. Eng. J. 2012 210 298
[29] W. Wei R. Minullina E. Abdullayev R. Fakhrullin D. Mills Y. Lvov RSC Adv. 2014 4 488
[30] H.-J. Choi T. J. Stazak Jr C. Montemagno J. Nanopart. Res. 2013 15 1
[31] S. A. Konnova I. R. Sharipova T. A. Demina Y. N. Osin D. R. Yarullina O. N. Ilinskaya Y. M. Lvov R. F. Fakhrullin

Chem. Commun. 2013 49 4208
[32] G. Cavallaro G. Lazzara S. Konnova R. Fakhrullin Y. Lvov Green Mater. 2014 2 232
[33] P.-R. Li J.-C. Wei Y.-F. Chiu H.-L. Su F.-C. Peng J.-J. Lin ACS Appl. Mater. Interfaces 2010 2 1608
[34] A. A. Taylor G. M. Aron G. W. Beall N. Dharmasiri Y. Zhang R. J. C. McLean Environ. Toxicol. 2014 29 961
[35] M. Kryuchkova A. Danilushkina Y. Lvov R. Fakhrullin Environ. Sci.: Nano 2016 3 442 452
[36] X. Guo N. Mei J. Food Drug Anal. 2014 22 105
[37] E. J. Murphy E. Roberts L. A. Horrocks Neuroscience 1993 55 597
[38] M. Baek A. J. Lee S. J. Choi Mol. Cell. Toxicol. 2012 8 95
[39] A. K. Sharma B. Schmidt H. Frandsen N. R. Jacobsen E. H. Larsen M. L. Binderup Mutat. Res. 2010 700 18
[40] S. Lordan J. E. Kennedy C. L. Higginbotham J. Appl. Toxicol. 2011 31 27
[41] J. Houtman S. Maisanaba M. Puerto D. Gutiérrez-Praena M. Jordá S. Aucejo A. Jos Appl. Clay Sci. 2014 90 150
[42] M. R. Dzamukova E. A. Naumenko Y. M. Lvov R. F. Fakhrullin Sci. Rep. 2015 5 10560
[43] X. Lai M. Agarwal Y. Lvov C. Pachpande K. Varahramyan F. Witzmann J. Appl. Toxicol. 2013 33 1316
[44] Q. Liu Y. Liu S. Xiang X. Mo S. Su J. Zhang Appl. Clay Sci. 2011 51 214
[45] G.  Janer E.  Fernández-Rosas E.  Masdel  Molino D.  González-Gálvez G.  Vilar  C.  López-Iglesias V.  Ermini  S.

Vázquez-Campos Nanotoxicology 2014 8 279
[46] S. Maisanaba M. Puerto S. Pichardo M. Jordá F. J. Moreno S. Aucejo A. Jos Food Chem. Toxicol. 2013 57 266
[47] S. Maisanaba S. Pichardo M. Puerto D. Gutiérrez-Praena A. M. Cameán A. Jos Environ. Res. 2015 138 233
[48] G. I. Fakhrullina F. S. Akhatova Y. M. Lvov R. F. Fakhrullin Environ. Sci.: Nano 2015 2 54
[49] P.-H. Chen K.-M. Hsiao C.-C. Chou Biomaterials 2013 34 5661
[50] A. Nouara Q. Wu Y. Li M. Tang H. Wang Y. Zhao D. Wang Nanoscale 2013 5 6088
[51] Q. Wu Y. Zhao G. Zhao D. Wang Nanomedicine 2014 10 1263
[52] J. Kim T. Shirasawa Y. Miyamoto Biomaterials 2010 31 5849 5854
[53] M. W. Wiles H. J. Huebner E. Afriyie-Gyawu R. J. Taylor G. R. Bratton T. D. Phillips J. Toxicol. Environ. Health, Part

A 2004 67 863
[54] E. C. Patterson D. J. Staszak J. Nutr. 1977 107 2020
[55] R. Slamova M. Trckova H. Vondruskova Z. Zraly I. Pavlik Appl. Clay Sci. 2011 51 395
[56] M. J. Wilson J. Chem. Ecol. 2003 29 1525
[57] M. Liu Y. Zhang C. Wu S. Xiong C. Zhou Int. J. Biol. Macromol. 2012 51 566
[58] M. Liu C. Wu Y. Jiao S. Xiong C. Zhou J. Mater. Chem. B 2013 1 2078
[59] M. C. Bottino G. H. Yassen J. A. Platt N. Labban L. J. Windsor K. J. Spolnik A. H. Bressiani J. Tissue Eng. Regener.

Med. 2013 9 E116
[60] L. Kong Y. Gao W. Cao Y. Gong N. Zhao X. Zhang J. Biomed. Mater. Res. 2005 5A 275
[61] L. Kong Y. Gao W. Cao Y. Gong N. Zhao X. Zhang Eur. Polym. J. 2006 42 3171
[62] K. S. Katti D. R. Katti R. Dash Biomed. Mater. 2008 3 034122
[63] S. Barua N. Dutta S. Karmakar P. Chattopadhyay L. Aidew A. K. Buragohain N. Karak Biomed. Mater. 2014 9

025006
[64] S.-h. Hsu M.-C. Wan J.-J. Lin Appl. Clay Sci. 2012 56 53
[65] E. A. Naumenko I. D. Guryanov R. Yendluri Y. M. Lvov R. F. Fakhrullin Nanoscale 2016 8 7257 7271



[66] F. C. H. Pinto A. Silva-Cunha G. A. Pianetti E. Ayres R. L. Orefice G. R. Da Silva J. Nanomater. 2011 2011 528628
[67] S. Maisanaba D. Gutiérrez-Praena M. Puerto M. Llana-Ruiz-Cabello S. Pichardo R. Moyano A. Blanco M. Jordá-

Beneyto A. Jos J. Toxicol. Environ. Health, Part A 2014 77 731


