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INTRODUCTION 

 

The tremendous progress in scientific technology has evolved human life 
globally and these developments have raised new issues which pose chal- 
lenges to the environment, particularly protection and conservation (Bennett 
et al., 2003). Further, in industrialized society exposure to toxic chemicals and 
metals becomes unavoidable. Various anthropogenic activities lead to heavy 
metal enrichment, especially in developing countries where it has become a 
serious threat to the environment (Wang et al., 2001) by affecting the health of 
animals as well as humans. The pollution by heavy metals degrades the qual- 
ity of water, soil and air, thus having deleterious effects on agricultural pro- 
duction. The governments around the world are duty bound to their citizens 
to advocate a safe environment free from pollution. However, these environ- 
mental issues are outweighed by other concerns for the countries’ economic, 
agricultural and industrial development for ever-increasing populations. Thus 
this prioritization in a particular direction becomes the driving force actu- 
ally responsible for environmental pollution (Ikhuoria and Okieimen, 2000). 
Plants play a pivotal role in transforming solar energy to green energy and have 
tremendous potential to remediate soil from heavy metals. The conventional 
methods available currently for the remediation of heavy-metal-contaminated 
soils are expensive and are not necessarily eco-friendly. However, phytoreme- 
diation is a novel ‘green technology’ which utilizes plants’ potential to restore 
the health of the environment. The conclusions drawn on the basis of funda- 
mental and applied research is that the plants possess tremendous potential 
for eliminating, degrading or neutralizing a variety of heavy metal toxicants. 
The wonderful nature of this technology is in its cost effectiveness, simplic- 
ity, sustainability, environmental compatibility and the fact that it is more 
aesthetically attractive than the conventional classical technologies. It can be 
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ABSTRACT

Social media is perhaps responsible for largest share of traffic on the Internet. It is one of the largest online 
activities with people from all over the globe making its use for some sort of activity. The behaviour of 
these networks, important actors and groups and the way individual actors influence an idea or activity 
on these networks, etc. can be measured using social network analysis metrics. These metrics can be 
as simple as number of likes on Facebook or number of views on YouTube or as complex as clustering 
co-efficient which determines future collaborations on the basis of present status of the network. This 
chapter explores and discusses various social network metrics which can be used to analyse and explain 
important questions related to different types of networks. It also tries to explain the basic mathematics 
behind the working of these metrics. The use of these metrics for analysis of collaboration networks in 
an academic setup has been explored and results presented. A new metric called “Average Degree of 
Collaboration” has been defined to quantify collaborations within institutions.

INTRODUCTION

Man’s desire to quantify things is as old as the mankind itself. We derive great pleasure when we are 
able to represent something in terms of numbers particularly if the measurement at hand is of qualita-
tive nature. Social networks have been around since time immemorial but they attracted attention of 
the sociologists only in the 1930’s (Cooley et al., 1997). Before the advent of computers analysis and 
understanding of large scale complex networks was almost impossible. The computational power of 
computers and their ability to store large amounts of data has provided the much needed impetus to the 
analysis and understanding of large scale complex social networks. These networks have attracted huge 
attention from the researchers and policy makers because they are being used for a variety of purposes. 
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of Nanomaterials in Agriculture                     

     Sourabh     Dwivedi    ,     Quaiser     Saquib    , 
    Abdulaziz     A.     Al-Khedhairy    , and     Javed     Musarrat    

    Abstract  

  Nanotechnology offers immense opportunities for improvement in the 
quality of life through applications in agriculture and the food systems. 
Development of nanotechnology-based novel agro-products, viz., nanosensors, 
nano-fertilizers, nano-pesticides and nanoformulations of biocontrol agents, 
is currently a subject of intense investigation. A variety of nanomaterials 
has been recommended for use in agriculture, in order to help reduce the 
consumption of agrochemicals by use of smart delivery systems, minimize 
the nutrient losses and increase the yield through optimized water and 
nutrients management. Nanotechnology-derived devices have also been 
explored in the areas of plant breeding and genetics. Additionally, the 
agricultural products and/or by-products can be utilized as a source for 
developing bio-nanocomposites. Nevertheless, the potential advantages of 
nanotechnology applications in the agricultural sector are still marginal, 
and have not been commercialized to a signifi cant extent, as compared to 
other industrial sectors. Researches in the area of agricultural nanotech-
nology are being extensively pursued in quest for the solutions to the agri-
cultural and environmental challenges, such as sustainability, increased 
productivity, disease management and crop protection through innovative 
techniques for monitoring, assessing and controlling the agricultural 
practices. This chapter provides a basic knowledge about the role of nano-
technology in developing sustainable  agriculture and environment, and 
eventually in the welfare of human society, at large, in the near future.  
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17.1       Introduction 

 Signifi cant developments in the agricultural 
sector have been witnessed in recent years with 
the rapid technological advancements and inno-
vations, to address the challenging issues of sus-
tainable production and food security. Indeed, the 
demand for food will be increasing with the pas-
sage of time, while the natural resources such as 
water, fossil fuel, land and soil fertility are gradu-
ally being depleted. Furthermore, the cost of 
production inputs, viz., pesticides, chemical fer-
tilizers and micronutrients, is enhancing at an 
alarming rate. Therefore, to address these perti-
nent issues, advanced researches in the area of 
nanotechnology are underway for development 
of precision farming practices. This will lead to 
reduction in the production costs and maximize 
the output with a precise control at a nanometer 
scale. In this context, nanotechnology offers 
enormous potential for improvement in the quality 
of life through its applications in agriculture and 
the food system (Ditta  2012 ). Nanotechnology-
based devices are being explored in the fi eld of 
plant breeding and genetic transformation 
(Torney et al.  2007 ). Smart delivery systems for 
agrochemicals, which were otherwise sprayed, 
have been developed using nanomaterials as car-
riers for the delivery of active ingredients, with 
minimum losses and increased yields through 
optimized water and nutrient management 
(Gogos et al.  2012 ). Further, the agricultural pro-
duce or its waste like wheat straw and soy hulls 
could be effectively utilized by converting into 
bio-nanocomposites, with enhanced physical and 
mechanical properties, for bio-industrial pur-
poses (Alemdar and Sain  2008 ). Researches in 
the area of agricultural nanotechnology are being 
pursued for almost a decade, searching for solu-
tions to various challenges, such as sustainability, 
improved varieties and increased productivity. 
Several studies have revealed the increasing trend 
of both the scientifi c publications and patents in 
agricultural nanotechnology, especially for dis-
ease management and crop protection (Sastry 
et al.  2010 ; Gogos et al.  2012 ). Most likely, the 
knowledge of nanotechnology gained in other 
emerging sectors, such as electronics energy and 

medical sciences, could be effectively transferred 
or adopted for agricultural applications. Also, the 
improved fuel additives and lubricants can 
improve the performance and the carbon foot-
print of agricultural machinery. Furthermore, the 
improved packaging measures could benefi t 
farmers by reducing the post-harvest loses and 
degradation of products before consumption. 
Apart from the progress achieved in environmen-
tal monitoring and drug delivery techniques 
(Chen et al.  2013 ), nanotechnology can also 
benefi t the poultry and livestock sectors. 
Nanotechnology is poised to provide better solu-
tions to multiple problems in agriculture and 
food sciences by offering novel approaches in 
preservation of raw materials and their process-
ing for development of better quality plant and 
other food products. Thus, agricultural nanotech-
nology has a potential for (i) reducing the amount 
of pesticide consumption through nanocarriers 
via effective targeted delivery to the pests; (ii) 
making nano-fertilizers/ nutrients more available 
to nanoscale plant pores, resulting in greater 
nutrient use effi ciency; (iii) adding nano- silicon 
to increase water uptake effi ciency in plants; and 
(iv) developing nanobiosensors for slow release 
of fertilizers and other agrochemicals, and pro-
viding many more benefi ts.  

17.2     Nano Farming: A New 
Perspective 

 Precision farming or agriculture has emerged in 
recent years with the developments in the fi eld of 
wireless networking and miniaturization of the 
sensors for monitoring, assessing and controlling 
agricultural practices (  http://www.lofar.org/p/
Agriculture.htm    ). It relates to site-specifi c crop 
management and covers a wide range of pre- and 
post-production aspects of agriculture from horti-
culture to fi eld crop production (Burrell et al. 
 2004 ; Mayer et al.  2004 ; Zhang et al.  2004 ). 
Recently, precision farming based on tiny micro-
electromechanical systems (MEMS) called 
‘smart dust’ is regarded as a future nanotechnol-
ogy for agricultural applications. Smart dust is 
comprised of sensors, robots and transponders 
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�G � �>?� PJاGا�� F��M"أو� ،� �ا��e�9ة «M,� l°*V�1� �/Å��� �ا�د��� ��*JاGU�� �Qر�M��ا  !ه

����ا�½��Uوا¢��اع� �Gا�?×��GU���:[��3اJ*���ا���()���"�G"G,��>��M(ا,�����ون�ا1 +<�م�

��()�Á�)=��7ن�3+�6#�أو�ذا��eاء�G[�PJاGا��F��M"�WX7��>+*V��()ا������*JاG�8أن�ا����،

�T�?���أ�FR,�WX7��>+*���()ا������*JاGا��Y>7���
�?�FR,�W¡إ�YK���WX7أ���وا��³J.�إن�ا

� �³Jوا� ��+G,���]��ق �ا�	(د ����=� F+���()ا���� ��*JاGا�� �و O!ا .� �ا���()� �ا�دب ���اث

� G:M3�Gل� �3� WX7� ���Ñأو��� Y>B�� �ان 2O>�� �أ�� �در�� W¡إ� 2Oو�� ��*JاGا�� WX7� �>+*V

�27� ��>+3� �](دي Ya�� �ذا"� ÀJGا�� ��� �/¯O�� ��*JاG���� �U�+3� �g� �ذ�£ Yو��...PJاGe


(د"�ن�"ا�GاJ*��"�و"ا���()�" .ذ�£�  . .. !ا��27ا

����ا � �"�إن�ا�GاJ*���ا���()�����g:أ�� ,ـ"د���Yأ?	
Gر��Çدب�ا¢���Uي"��GMل:

��/Ø,�Ù3�����(GJد���)[د������3�WX7ذ����G>�رة�G���),G+"�lة�ا�����Mا��Ú�Mا�(وا��ت�وا�

� �وا�+*!ر�"
	��ه PJG+��¬���Sا �"<���ه 2O>�� �ا�!ي �³JاGا��Ú�Mوا�� �ا��#م �/Ø,� �و"(":» ،

  . "������¸3G�G3�«>زرا��a¸�أو����S+3ا���aلا�½(ا,���وا���P3����G�GDا

�"�أ]GUب�أو��Gع�أد·¸� أG3�J"��3س�ا���اث�ا�GM�,�،�"¸a()3ل��27ا�GاJ*���ا���()�:

�«Q)��،���Ñ�"#ا���a()3أ����أ��PJاG������> Gا�*��=(�ا�½������وا��" .  

� :2()B*ا�� �ا�M(ن ��� lÛ��*ا�� �ا�دب �7G[G3� �*و"GMل� 
(د+3� �ا���3ج �/Åات�"إ�M+


���وإ�<�������G"��Iأ���/ÅÓ,�،رة�G�
��،�و��Å/����ن�ا�]+U63���,�M �7ت�G>وK(ا,�ت�3

،� PJاGا�� T=G�� �أ]�]�� �Gرة����B د� 27� �و�b7ت ¸3Gا��� PJاGا�� ��� �/c�¹أر� �و��ت �Jو

.�"PJاGU�������½ت�ا��>	U���(رئ�رؤ�MU��YM�"��g��³،�وJاGا��F��*ا������Þن�إزاء��	ا¢^  

�"G3�Jس �"�Gع��أ�3 �/Å��� �ا���()�: ��*JاGا�� T��,� �ا�د���" ����ت�>U�� أو?	
Gر

�P¬���� �²
+93� Y²"� �����Kو� �K(ا,�� �أ��ا � �/Ø,� �ا�	(د 2>I+�� �D��ا��� �ا�(وا�� 23

                                                           

 7 ., P: 543A Dictionary of literary Terms, J. A. Cuddon. Indian Book Company, 1977  

  



��3� W¡إ� ��G=GUل �D��ا��� �ا�(وا�� Y�3� WX7� �"�ل �gو� ،� �ÉG¹G��ا �³JاGا�� �ا�(وى ��� ��JG G�ا

ا�½(ا,�ت�وا������aا���ا ���وا�]�Gرة����ا��ÀJGات�وراء���ود�ا�GاJ*���وإ�7دة�=�����J�ر 

�(GJ���7�>+ار":�ط�ا���U�����,��²
+93�Y²"ا�!ي�".  

�WX7� �ا�M�رة YD3� �ا�(وا��ت � !ه ��� ���ت½ßU�� à�>"� lا��� �ا�½����� 
�ت��ا� إن

���*JاGا��� ��¶+"�lا���Y��[G���23ن�ا���g�،���?)وا���)Ä�6+اء�وا�GR:�������ا�	ان�أو�ا����ا�

  .���()�ا

������ ��� 1GKا�?×��د� �ا����ء �إن "� �ا���()�: ��*JاGا�� T()*V� ��3ر?����� ���J� و3<�

����PM��1ط�أ)B¬�YM*ا�����	3�à(¾ان���P���GJا��ن�،�وا�(أ��	+ �R>O9"�) �²ف�ا��	C71ا

�MU��  ." ا�
��iÍG،�أي����ا�M7##����ا

O��،�PJاGا��Y�OBCإ�1أداة���G ��3أن�ا�½��ل���M+7أ"�G ا���Kأو�1وأ��U½ر�ا���3�2

¸� �Gأ?×�� دا�<��ا�Gا�PJ،�أ��3ا�
��+�ز)��،�أو�ا��K1اع�ا�½���Úوا�¶	�»�،���M()Ä�WX7وا��Àد�̂¾

l�� ا)Oا����ء�إ �رة��".�  

�"� :�/Å����()ا������*JاGا���im@7زي�G,ر�G+?�7(ف�ا���Jوا�½��ل�و�PJاG�23ا��Ù(¾3

���Rأن�ا�*�دي�وا��G9+��¸3Gل�إ���K�23ت�وá��
�¡3�G ��3�W(7��و����وا��³J،�,����23ا

���	
"� �/Ø,� PM"� lا��� ���Ç�اث �و�@` ،� PJاGا�� 23� ��¾ء �أ�� WX7� �³JاGا������ ��9�ث 8��

¸M�.�إÅ/���1"�9ول�أن�V	�â�Ñ+ا�Gا�Y��PJ"�9ول�أن�"
�FRا�G>Sض�ا��23�aوراء�ا����ء�،���3

.�"PJاGا��FR
  و�93��gو����

�� �ا���Mد 23� �7�د �رأى �Jا�#"و� �a()3أ� ���ã+���� F/¯��� 23� ��Ñ�"-����*JاGا�� �أن روث

�23�F�)ا��WX7�،�F��*ا���
¸�ا���ÉGا�]�Gري��,�،�F��*ري����G�ا���()����gا���ÉGا�]

���	
ا3+#������](ار،�إ�1أ���3
GRم�،�,U@`� <��أي���ث�3
��åÎ،�أو�أي���ث��@`����"

*O`�وا�+�������ن�ا�Gaن�وا��aن�,:*�8ا�VG¸�،�و�â�3ا���Gا��ت�إ¡�Wأæ½�ص�أو��:�"�ت�أو�ا�

���*JاGد�"ا��Mا�����U7��UÄ��3أ�G �7دي���ا�،�و !ا��hijا�! �Ye�،�)Bوأ�����ا�����²وا���،

  8ا���()�"�.

و��aد�^	+3�ÚU6<��ورد�¬�Bن��T()*Vا�GاJ*���ا���()����Å/��ا��3اج�ا�Gا����PJ½��ل�

9�� PJاGا�� �أرض ��� ��:*Bا�� �وا�*+M�ات ��27وا���(�وا�]�Gرة �أ�� <� Y�,� 2O>��1� 8�

                                                           

�  ،إ���س ���ل 	"	د 9و	�ن  " ،ا�وا$��� ا��"ر�� &% ا�روا�� ا�	'ر�� ا�	��'رة. را12 �(ذه ا���ر��0ت ر���� ا�	����2ر "8 ;�$�م ا�
�� ا=داب ، �2	�� ا>���در���   ا��ر��� وآدا�(� ، �



��M�M��PM"��/çأو�أ��ا���Mرئ�?�ن���ث�ا��Mا��PI(و���GR	¬�)KÌ9ا���Mا�����À��eوإن��،

GËا (��YD3ا�رواح�وا�����ت�وا�*
�ر)�Àوا�(ؤ)�،��23��RUeو���R�²(�ا��a"��واJ*���و�¾ء��23

U	�� �أن �(�ا��MرئI(و� �ا�G3ر � !ه ��� �ذرة ��MD3ل �"�aا�� £B��1و� PJاGود�ا���� �أن �إذ �/A� F

�PJاG6(ق���ود�ا��أن������a3Ó����U ن�����أ�e��>Ueوو����7و���)O,ود����WX7�TJG+3�PJاGا�

3�ل���1�F��7�رك����*�YMا���Gف.�W¡إ�YU	C�وده�و���P[G�و  

��³JاGا�� �> � 2()��7� ���ن �وا�9	Gب ��J�ا�� �ا�+Gازن �g� �ا���()� ��*JاG��,

3�#�ل,� �أوا�½��¡�، �G)(ا��وا�
��+�زي"� �أو�"�G)(ه ��,)�� �K�	Ñ+[ا� PJاGا�� �Ñ+[1	�خ �/Ø,

��،�وإن�ا�½��ل�ا�½#ق��*<��U>7�Yوا���SUا�U"��()*B*��دور ��.�,#����أن��+�Fا�¾ج���ن�,

�Y>7�W¡إ�lié�Mا��Y>*ا��Y(G9"�YD3��3�M+3��� ا����ت�وأ]������M+زي���+��
ا�Gا��³Jوا�

�در� WX7� Y>*ا�� ��Gaن �أن "� �°*>�� ،� �و Gر)���*(ي ،� 2
���7=(�ا� �وا?+<�ل �ا¢"�Mن، 23� �

�Y>7� �أ�3م �أ�� ��B*(�ا��Mرئ 8��� �SUا�� WX7� �وا�	��(ة �ا�!ات �>7� ��� YSUS+وا�� ا�(ؤ)�

��lié,!�وL3 (�و,���J�ر�?:����23ا¢3+�ع�وإ �رة�ا�� ��B،�و"
���ا�M�رات�ا¢��ا�7���7��J

  ...10ا��Mرئ 

  ا/.-�,+�ا�*�()'&���%�ا�����ا������:

�²()�ت�ا��GM"�lم��WX7و=�Tا�GاJ*���ا���()��Ga3�Ú9,��b7��Ï/��ا������و�23ا�

���*JاGا��Y>7د�G�23و���M9+ا��Yح��23أ���M"²()��و)��ي�,�رس،�إذ��(د���،�	ا���/Ï�>[و

��R
=G���Rأ]�]���3<��ة����Ú���K�`>K�),اG"�،صG�ا���()��و,*��RUا�����MDدا�YKا��

WX7� Úا��� �ا�+Gاء :� �gو� �](د��، ��>���T=و� �و�Gد :���� � ��#��Kال، Y��J����� �7�(��Á(ي

�����)�������Xرز��*���Fا��D�� �،) �²:�3*���ة�ا��Mرئ��:*�ا�GaBك�ا�Ga"�����MUM)�2ا�*�
"

�Fا�G7� ���ن �ا�	(د �3¾ج �را¬*�: �ا���اث، FR
�� �IJ��+3+�ن �M()Ä+�ن ��G�Gد ��#��Kال Y��Mا�


�،�أ��Kا:��ëìGBVا�,�aر��Gل�ا�¾�3ن�واU+63�(GRن�وا��a�.  

�Ú���K...G�� � �Gدو���� ،�)Kآ� �J��� 23� ��(اه �3� �ا�	<�ت، £U"� �أ <�� ��*¾ز و3<�

�����UM+ا�� �"<���ا�(وا�� lا��� ��M����وا �>²���ا �ا���()� ��Ñ:ا�� �ا]C:�ال �ا���()�: ��*JاGا�

"�W¡وع�إ�íوا��،�PJاGد�ا��*V�`O*V���¶()"���Ñأو���Y�:U���îر�ا�(وG��GM"���Ñ:����3م��WX7ا�+

3
GRم�ا�O(و�����Gا�	�()��،�وإ�#ل�ا�
�Iءات�ا�½������،�وا]C:�ال�ا�	�رد�دا��Fا��GIر�

                                                           

� ا���وم ا?������ ا�دو���، ا��دد 9 �، 19. ا�وا$��� ا��"ر�� &% أA	�ل إ�راھ�م ا��و�% : روا�� ا�ورم �	وذ�2، '�ح ا�د�ن �Aدي ، 	2
2012  

� ا���وم . "�	د أ�و أ"	د، �+� Aن: ا�وا$��� ا��"ر�� &% أA	�ل إ�راھ�م ا�10 ��و�% : روا�� ا�ورم �	وذ�2، '�ح ا�د�ن �Aدي ، 	2
  2012، 19ا?������ ا�دو���، ا��دد 



�ا�*��=(� T�ËG"� W¡إ� �ا���Gء �أ��Kا: ،� �وï3/<�ن �3+*�د�2 �¬	�رد�2 ���S¹<���ا�� ��� Ú½ß�ا

  .ا�O���(¾3)×�ة�

  :123ة�ا��ا�����ا������

���M*3�ة�V	S+(ق� <���J��()ا������*JاGر)®�ا��"�YD>ت���
�*�3�� # �P3د�GM7��

�،� 2()B*ا�� �ا�M(ن ���Ñ()B7ت ��� �������� �ا�و¡� �ا�
��ة �U*+"و� .� �?��Dة �و3<��ات à3#3و� ر�@	��

� ��7م ��� ���أت �D��Dا�� �وا�
��ة ،� �"��Ñ�*·أر� ��� ]�[Gا�� �a()3��� ����Dا�� �أ1955���a()3وا�
��ة ��

 Ìا� ���� �ا��و¡� �ا�	+Gى WX7� �3	+<(ة ��1"¾ال �gو� ��Ñ�"#ا���U�+3� �ا�
��ات � !ه P�>و�� .� ن

��Qا���()�����أور���*JاGأ (�ا��F/Ï�7وإ��ا�FR��>7ل�أ#K�23وا�)B^�2�!�2ا�
��7#م�ا�دب�وا�

���ت�ا�:�رزة�ا�!��2½ßو�23ا��.�F��*�9ء�ا��أ���M��W¡و3¯/��إ�،���Ñ�"#ا���a()3أ�W¡إ��Qو�23أور�،

���E��J��ا�
�2ا���^¸�,(ا����G)(�ا"���� ¾�روه�ا�*(وف��*<��Ñ()B7�����Uت�ا�M(ن�]� <Gا

��"�aا�� �X���>+�G��G>�[�3و� ،� 2()B*ا�� �ا�M(ن T�+�3� ��� ¸·Gaا����+ÑQر�e�G6وا��� ،� 2()B*ا�

��a()3ا�د·¸��23أ��Jرز�ا���GU,�`@U�وا� ،�2()B*ن�ا�)Mت�ا���Ñ� # ت�و��Ñ()B7�����¡��ا¢�

��3ر?��� ���ر]�� Y�()و���� �ا�M(ن T�+�3� ��� ��Ñ�"#ا��)Kأوا� ��� ��Ñ�"#ا�� �a()3أ� 23� ا�(وا«¸

�2()B*ن�ا�)Mا�.  

��*¬��3��U�)�?�23���Dا�د��ء�وا�
����ن�]� <Gا����"�G)(�أدب�ا�GاJ*���ا���()�����ا

��Ñ�"#ا���a()3���«:")3��:ن��Ìا���ى�إ�1أ)Kا��F��*د�ا�#Qو��a()3وأ��Qأور��b7�����:*+ا� .   

3� E������Eا�GاJ*���ا���()��3��GRËره�3 �,��Rك�ا�½#ف��Gل�"�ر)® +��زع�,���.

�رو�Qر"G��G�¾ا���� �Jا���� ��� �ذ�£ �و·	¶� .� E�����ا P¹و� 23� ��Gل �ا�½#ف � ��ك �>?

��G G3�à��ð�Eق����.�,�íى�أن�"�ر)®�GRËر��>U��®(ر�"�WX7��M,اG�ا�G�BCار)���23ا��*��ا


�وت�و)��واح���ن�+3�E����  ؟1922،�و�1923،�و�1924،�و�1925ا

?�.Tا�� �أو�ج. � �G,(ا�¾روه �أ �؛ �S»�=و� E�����ا P¹وا� ��Gل �ا�½#ف ��G�� £�!

�،� ����دي Y(أ�3ر� �أ�D3ل 2()=�*��ا �ا���Mد F²*3� ���ن �ا�G,�ق 23� ��Gع � ��ك 2Oو�� .�  �ر"GUب

�,(ا�¾�روه� ¸^���ا� 2
�ا� �J��� ���ن �,�رس �وو��ي ،� �زG3را ���ر?Ñ	Gن `ìGو�� ،� �G+Ñ�3ن و]�<Gر

���WX7�Y���+U��E�<»�������23ا�
�2ا��G �(����)RË��X�OBCا�!ي�=�غ�ا1890-1965(��

���*JاGوا�� �ا�+*:���� �*¬� �3"� ���+?� ¸
,� �,�<�ر. ��<GRر)� �ز23 �ا�+*:���� �*¬� �3� �U�)�ا

���Eا�!ي��1925ا���()�:��Ye�B3ا�
�2ا���X�OBCا�ور·¸�ا����8"�ا���در�����7م���=�غ�ا

�Gرة�?:��ة�G���T()*+U���M��[�23ع���F����"Magic Realism" ��23ـ��TU+6���X�OBC�2ا�
ا�



�ا�
�G"G(اف� �و�#ء ،�)²���ا �ووG¹ح �M�J�ا�� Y�=�
+���� �+���7� ��� ،� �ا�+*:��ي) 2
�(ا� �أى ،

��M�M�������د���وا�(و����  . ا����F7ا�U<`�و"<�Y�Dا��Gا�������ا

¶	¬� �/¯7� �3+<��ة 2O�� �������	U�� �ا3+�ادا �ا���()� ��*JاGا���b+*�� �روه �"(?����eن �

��¡Ga�	وا��l° !ا��PJاGا��`O7�،�F��*ء����ا����Ç��¸M�Mد�ا��G�Gدي�وا���ا�و¡�WX7�Wا��hióا

  .ا�!�R���*��2<��ا�	������Gن�

�hióض�ا�G>��G ��³ا���(ي�JاGا���X�OBC�2ا�
و�	��رؤ)��روه�إن�أ G��Fا���ا�

�"�:��*Jوا��QGU[أ�F[)ل�ا�#K�23��¹)7س�ا�!ي��9+�ج�G>U�ا���U�OBV��ô:Ñ��،�hióا��M�M¸�ا

�Gرة�����ة�".�    

�ا�+� ��ات�   23� �ا1]+
�دة WX7� �ا�
��ن P��ßV� �()�� �روه ��eن �ذ�£ �()Ä� و27

�Gرة���lió�27ا���b*����¾3��R�¾3و��������	ا�����õ^رل����e(و)��و
����U�U9+ا�����G�Ga�	ا�

  وا�e�P3���ö,��3*�����ا�¿��:��.�

3� �دورا À:*�� lا��� �ا�K(ى ���½ßا�� � �Gأ�3 �ا���()� ��*JاGا�� ��ق�� P�[G"� ��� �>R

)��¡�:3�+�G��G>�[�3��¡��)�ا�!ي��eن����ا�:�ا���3+� (ا����	��������و,�<��1960-1878ا��a"��ا¢�

� �ا��SUت �3+*�دة �U3� `@[�"� �()Ä� 27� �وذ�£ ،� ������ا� �ا���()� ��*JاG���� �*¬900. 

Novecento�� ��7م �وا¢ ���1926 ��	 )̂
�ا� ��� �+O"� À��e� .��U*+�� �3� )BÑ�� F+/Ïو� ������

�"�ر)®� ��� ¸a[و�b3دو� ��GMل .� ���,�aر�روه �أ,�aره À�3و"¾ا� ،� �و�M�ا �إ��ا�7 �ا���()� ��*JاG���

�.� PJاGU�� �وا�
��+�زي 3�Sا�� �ا����� F��M"� �أراد �¡�:3�+�G�� ���ن �ا¢]:�^¸ ��Çدب Ù��b3�e

�ا� 2
�ا� 23� 1��� ���+Oا�� WX7� �أ,�aره �:Ä� �أ�� 8�9�� �روه 23� TU+Kوا�Ô�#(و� .� �G)(ي+
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Bibliographic Data Extraction
from the Web Using Fuzzy-Based
Techniques

Tasleem Arif and Rashid Ali

1 Introduction

The exponential growth of the Web in addition to making the availability of
diversified data ubiquitous [18], has made the job of information search very tough
[26]. In order to find relevant information from the sea of data (the Web), the
information scientists need to devise efficient techniques to extract the required
data. These search techniques have to be supplemented with effective data pro-
cessing techniques that can use the acquired data in an intelligent way that even-
tually can help address user queries satisfactorily. Thus, it can be assumed that the
efficiency and efficacy of extraction, processing, and usage of data depends largely
upon the methodology used by the end user/application to search for the desired
results.

Though the use of search engines for finding relevant information on the Web is
on the rise [22], technically, they are primarily limited to a simple
relevance-ranking mechanism [11]. With the exponential growth of the Web and
abundance of keywords repetition across documents the results returned by a search
engine are vast and mostly beyond the limit of comprehension of a human being.
Whereas, with the increasing role of named entities on the Web [6] it is expected
that the search results should be highly expressive, e.g., if one searches for Prime
Minister of a country, he should get a list of all the Prime Ministers of that country
along with all other relevant details. Besides, the search results should present data

T. Arif (&)
College of Computer Science and IT, Shaqra University,
Duwadmi, Riyadh Province, Kingdom of Saudi Arabia
e-mail: tarif@su.edu.sa

R. Ali
Department of Computer Engineering, Aligarh Muslim University,
Aligarh 202002, Uttar Pradesh, India
e-mail: rashidaliamu@rediffmail.com

© Springer Nature Singapore Pte Ltd. 2017
R. Ali and M. M. S. Beg (eds.), Applications of Soft Computing for the Web,
https://doi.org/10.1007/978-981-10-7098-3_7

101



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Advances in Experimental Medicine 
and Biology

Volume 1048

Editorial Board
IRUN R. COHEN, The Weizmann Institute of Science, Rehovot, Israel
ABEL LAJTHA, N.S. Kline Institute for Psychiatric Research,  
Orangeburg, NY, USA
JOHN D. LAMBRIS, University of Pennsylvania, Philadelphia, PA, USA
RODOLFO PAOLETTI, University of Milan, Milan, Italy
NIMA REZAEI, Tehran University of Medical Sciences Children’s Medical 
Center, Children’s Medical Center Hospital, Tehran, Iran



More information about this series at http://www.springer.com/series/5584



Quaiser Saquib • Mohammad Faisal 
Abdulaziz A. Al-Khedhairy 
Abdulrahman A. Alatar
Editors

Cellular and Molecular 
Toxicology of 
Nanoparticles



ISSN 0065-2598     ISSN 2214-8019 (electronic)
Advances in Experimental Medicine and Biology
ISBN 978-3-319-72040-1    ISBN 978-3-319-72041-8 (eBook)
https://doi.org/10.1007/978-3-319-72041-8

Library of Congress Control Number: 2018930255

© The Editor(s) (if applicable) and The Author(s) 2018
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or 
part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, 
and transmission or information storage and retrieval, electronic adaptation, computer software, 
or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specific statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, express or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made. The publisher remains 
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Printed on acid-free paper

This Springer imprint is published by the registered company Springer International Publishing 
AG part of Springer Nature.
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Quaiser Saquib
Zoology Department, College of 
Sciences
King Saud University
Riyadh, Saudi Arabia

Abdulaziz A. Al-Khedhairy
Zoology Department, College of 
Sciences
King Saud University
Riyadh, Saudi Arabia

Mohammad Faisal
Department of Botany and 
Microbiology, College of Sciences
King Saud University
Riyadh, Saudi Arabia

Abdulrahman A. Alatar
Department of Botany and 
Microbiology, College of Sciences
King Saud University
Riyadh, Saudi Arabia



ix

 1  Toxicity Assessment in the Nanoparticle Era . . . . . . . . . . . . . . .  1
Valeria De Matteis and Rosaria Rinaldi

 2  Mechanisms of Uptake and Translocation of Nanomaterials 
in the Lung . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   21
Chloé Puisney, Armelle Baeza-Squiban, and Sonja Boland

 3  Transmucosal Nanoparticles: Toxicological Overview  . . . . . . .  37
Swapnil Talkar, Sagar Dhoble, Anuradha Majumdar,  
and Vandana Patravale

 4  The Toxicity of Nanoparticles to Human Endothelial Cells . . .  59
Yi Cao

 5  The Role of Autophagy in Nanoparticles-Induced Toxicity  
and Its Related Cellular and Molecular Mechanisms . . . . . . . .  71
Yubin Li and Dianwen Ju

 6  Nanoparticles-Caused Oxidative Imbalance  . . . . . . . . . . . . . . .  85
Mariusz Zuberek and Agnieszka Grzelak

 7  Toxicity of Metal Oxide Nanoparticles . . . . . . . . . . . . . . . . . . . .  99
Koyeli Girigoswami

 8  Relevance of Physicochemical Characterization of  
Nanomaterials for Understanding Nano-cellular  
Interactions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  123
Henriqueta Louro

 9  Toxicogenomics: A New Paradigm for Nanotoxicity  
Evaluation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  143
Sourabh Dwivedi, Quaiser Saquib, Bilal Ahmad,  
Sabiha M. Ansari, Ameer Azam, and Javed Musarrat

 10  Nickel Oxide Nanoparticles Induced Transcriptomic  
Alterations in HEPG2 Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  163
Quaiser Saquib, Maqsood A. Siddiqui, Javed Ahmad,  
Sabiha M. Ansari, Mohammad Faisal, Rizwan Wahab, 
Abdulrahman A. Alatar, Abdulaziz A. Al-Khedhairy,  
and Javed Musarrat

Contents



x

 11  Nanoparticle-Protein Interaction: The Significance and Role 
of Protein Corona . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  175
Saad Mohammad Ahsan, Chintalagiri Mohan Rao,  
and Md. Faiz Ahmad

 12  Cellular and Molecular Toxicity of Iron Oxide  
Nanoparticles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  199
Blanca Laffon, Natalia Fernández-Bertólez, Carla Costa, 
Fátima Brandão, João Paulo Teixeira, Eduardo Pásaro,  
and Vanessa Valdiglesias

 13  Detection of DNA Damage Induced by Cerium Dioxide 
Nanoparticles: From Models to Molecular Mechanism  
Activated  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  215
Tiago Alves Jorge de Souza, Thiago Lopes Rocha, and 
Leonardo Pereira Franchi

 14  Mechanisms Underlying Neurotoxicity of Silver  
Nanoparticles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  227
Lidia Strużyńska and Joanna Skalska

 15  Toxic and Beneficial Potential of Silver Nanoparticles:  
The Two Sides of the Same Coin . . . . . . . . . . . . . . . . . . . . . . . . .  251
Lilian Rodrigues Rosa Souza, Veronica Santana da Silva, 
Leonardo Pereira Franchi, and Tiago Alves Jorge de Souza

 16  Molecular and Cellular Toxicology of Nanomaterials  
with Related to Aquatic Organisms  . . . . . . . . . . . . . . . . . . . . . .  263
Mohd Ashraf Rather, Irfan Ahmad Bhat, Niti Sharma, and 
Rupam Sharma

 17  Cytotoxicity and Physiological Effects of Silver  
Nanoparticles on Marine Invertebrates  . . . . . . . . . . . . . . . . . . .  285
Adriano Magesky and Émilien Pelletier

 18  A Drosophila Model to Decipher the Toxicity  
of Nanoparticles Taken Through Oral Routes . . . . . . . . . . . . . .  311
S. Aurosman Pappus and Monalisa Mishra

 19  Using of Quantum Dots in Biology and Medicine . . . . . . . . . . .  323
Svetlana Pleskova, Elza Mikheeva, and Ekaterina Gornostaeva

 Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  335

Contents



xi

Bilal  Ahmad Department of Agricultural Microbiology, Faculty of 
Agricultural Sciences, Aligarh Muslim University, Aligarh, Uttar Pradesh, 
India

Javed  Ahmad A.R.  Al-Jeraisy Chair for DNA Research, Zoology 
Department, College of Sciences, King Saud University, Riyadh, Saudi 
Arabia

Md. Faiz Ahmad Department of Pharmacology, School of Medicine, Case 
Western Reserve University, Cleveland, OH, USA

Saad  Mohammad  Ahsan Centre for Cellular and Molecular Biology 
(CSIR-CCMB), Hyderabad, Telangana State, India

Abdulrahman A. Alatar Department of Botany and Microbiology, College 
of Sciences, King Saud University, Riyadh, Saudi Arabia

Abdulaziz  A.  Al-Khedhairy Zoology Department, College of Sciences, 
King Saud University, Riyadh, Saudi Arabia

Sabiha  M.  Ansari Department of Botany and Microbiology, College of 
Sciences, King Saud University, Riyadh, Saudi Arabia

S. Aurosman Pappus Department of Biological Sciences, IISER Kolkata, 
Nadia, West Bengal, India

Ameer Azam Department of Applied Physics, Faculty of Engineering and 
Technology, Aligarh Muslim University, Aligarh, Uttar Pradesh, India

Armelle  Baeza-Squiban CNRS UMR 8251, Unit of Functional and 
Adaptive Biology (BFA), Laboratory of Molecular and Cellular Responses to 
Xenobiotics, University Paris Diderot (Sorbonne Paris Cité), Paris, France

Irfan Ahmad Bhat Division of Fish Genetics and Biotechnology, Central 
Institute of Fisheries Education, Mumbai, India

Sonja Boland CNRS UMR 8251, Unit of Functional and Adaptive Biology 
(BFA), Laboratory of Molecular and Cellular Responses to Xenobiotics, 
University Paris Diderot (Sorbonne Paris Cité), Paris, France

Contributors



xii

Fátima Brandão Department of Environmental Health, Portuguese National 
Institute of Health, Porto, Portugal

ISPUP-EPIUnit, Universidade do Porto, Porto, Portugal

Yi Cao Key Laboratory of Environment-Friendly Chemistry and Applications 
of Ministry Education, Laboratory of Biochemistry, College of Chemistry, 
Xiangtan University, Xiangtan, People’s Republic of China

Carla  Costa Department of Environmental Health, Portuguese National 
Institute of Health, Porto, Portugal

ISPUP-EPIUnit, Universidade do Porto, Porto, Portugal

Veronica Santana da Silva Department of Biology, ICB-UFMG, Federal 
University of Minas Gerais – UFMG, Belo Horizonte, MG, Brazil

Valeria De Matteis Dipartimento di Matematica e Fisica “Ennio De Giorgi”, 
Università del Salento, Lecce, Italy

Tiago Alves Jorge de Souza Department of Genetics, Faculty of Medicine 
of Ribeirão Preto; USP, Ribeirão Preto, São Paulo, Brazil

Sagar  Dhoble Department of Pharmaceutical Sciences and Technology, 
Institute of Chemical Technology, Mumbai, India

Sourabh Dwivedi Department of Applied Physics, Faculty of Engineering 
and Technology, Aligarh Muslim University, Aligarh, Uttar Pradesh, India

Mohammad  Faisal Department of Botany and Microbiology, College of 
Sciences, King Saud University, Riyadh, Saudi Arabia

Natalia  Fernández-Bertólez Department of Psychology, Area of 
Psychobiology, Universidade da Coruña, DICOMOSA Group, A Coruña, 
Spain

Department of Cell and Molecular Biology, Universidade da Coruña, A 
Coruña, Spain

Leonardo Pereira Franchi Department of Chemistry, Faculty of Philosophy, 
Sciences and Letters of Ribeirão Preto; USP, Ribeirão Preto, São Paulo, 
Brazil

Koyeli Girigoswami Department of Medical Bionanotechnology, Chettinad 
Hospital and Research Institute, Chettinad Academy of Research and 
Education, Rajiv Gandhi Salai, Kelambakkam, Kanchipuram, Tamil Nadu, 
India

Ekaterina Gornostaeva Lobachevsky Nizhny Novgorod State University, 
Nizhniy Novgorod, Russia

Agnieszka  Grzelak Department of Molecular Biophysics, Faculty of 
Biology and Environmental Protection, University of Lodz, Lodz, Poland

Dianwen Ju Department of Microbiological and Biochemical Pharmacy & 
The Key Laboratory of Smart Drug Delivery, Ministry of Education, School 
of Pharmacy, Fudan University, Shanghai, People’s Republic of China

Contributors



xiii

Blanca  Laffon Department of Psychology, Area of Psychobiology, 
Universidade da Coruña, DICOMOSA Group, A Coruña, Spain

Yubin Li Department of Microbiological and Biochemical Pharmacy & The 
Key Laboratory of Smart Drug Delivery, Ministry of Education, School of 
Pharmacy, Fudan University, Shanghai, People’s Republic of China

Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA, 
USA

Henriqueta  Louro Department of Human Genetics, National Institute of 
Health Dr. Ricardo Jorge (INSA), Lisbon, Portugal

Toxicogenomics and Human Health (ToxOmics), Nova Medical School/
Faculdade de Ciências Médicas, Universidade Nova de Lisboa, Lisbon, 
Portugal

Adriano  Magesky Institut de sciences de la mer de Rimouski (ISMER), 
Université du Québec à Rimouski, Rimouski, QC, Canada

Anuradha  Majumdar Department of Pharmacology and Toxicology, 
Bombay College of Pharmacy, Mumbai, India

Elza Mikheeva Lobachevsky Nizhny Novgorod State University, Nizhniy 
Novgorod, Russia

Monalisa Mishra Neural Developmental Biology Lab, Department of Life 
Science, National Institute of Technology, Rourkela, Odisha, India

Javed  Musarrat Department of Agricultural Microbiology, Faculty of 
Agricultural Sciences, Aligarh Muslim University, Aligarh, Uttar Pradesh, 
India

Department of Biosciences and Biotechnology, Baba Ghulam Shah Badshah 
University, Rajouri, Jammu and Kashmir, India

Eduardo  Pásaro Department of Psychology, Area of Psychobiology, 
Universidade da Coruña, DICOMOSA Group, A Coruña, Spain

Vandana  Patravale Department of Pharmaceutical Sciences and 
Technology, Institute of Chemical Technology, Mumbai, India

Émilien  Pelletier Institut de sciences de la mer de Rimouski (ISMER), 
Université du Québec à Rimouski, Rimouski, QC, Canada

Svetlana  Pleskova Lobachevsky Nizhny Novgorod State University, 
Nizhniy Novgorod, Russia

Chloé Puisney CNRS UMR 8251, Unit of Functional and Adaptive Biology 
(BFA), Laboratory of Molecular and Cellular Responses to Xenobiotics, 
University Paris Diderot (Sorbonne Paris Cité), Paris, France

Chintalagiri  Mohan  Rao Centre for Cellular and Molecular Biology 
(CSIR-CCMB), Hyderabad, Telangana State, India

Mohd Ashraf Rather Department of Fisheries Biology, College of Fisheries 
Shirgaon, Rantagiri, Maharashtra, India

Contributors



xiv

Rosaria Rinaldi Dipartimento di Matematica e Fisica “Ennio De Giorgi”, 
Università del Salento, Lecce, Italy

Thiago  Lopes  Rocha Institute of Tropical Pathology and Public Health, 
Federal University of Goiás, Goiania, Goiás, Brazil

Quaiser  Saquib Zoology Department, College of Sciences, King Saud 
University, Riyadh, Saudi Arabia

A.R. Al-Jeraisy Chair for DNA Research, Zoology Department, College of 
Sciences, King Saud University, Riyadh, Saudi Arabia

Niti Sharma Regional Centre, Central Inland Fisheries Research Institute, 
Guwahati, Assam, India

Rupam  Sharma Division of Fish Genetics and Biotechnology, Central 
Institute of Fisheries Education, Mumbai, India

Maqsood A. Siddiqui A.R. Al-Jeraisy Chair for DNA Research, Zoology 
Department, College of Sciences, King Saud University, Riyadh, Saudi 
Arabia

Joanna  Skalska Laboratory of Pathoneurochemistry, Department of 
Neurochemistry, Mossakowski Medical Research Centre, Polish Academy of 
Sciences, Warsaw, Poland

Lilian  Rodrigues  Rosa  Souza Department of Chemistry, FFCLRP-USP, 
University of São Paulo – USP, Ribeirão Preto, SP, Brazil

Lidia  Strużyńska Laboratory of Pathoneurochemistry, Department of 
Neurochemistry, Mossakowski Medical Research Centre, Polish Academy of 
Sciences, Warsaw, Poland

Swapnil  Talkar Department of Pharmaceutical Sciences and Technology, 
Institute of Chemical Technology, Mumbai, India

João  Paulo  Teixeira Department of Environmental Health, Portuguese 
National Institute of Health, Porto, Portugal

ISPUP-EPIUnit, Universidade do Porto, Porto, Portugal

Vanessa  Valdiglesias Department of Psychology, Area of Psychobiology, 
Universidade da Coruña, DICOMOSA Group, A Coruña, Spain

ISPUP-EPIUnit, Universidade do Porto, Porto, Portugal

Rizwan  Wahab A.R.  Al-Jeraisy Chair for DNA Research, Zoology 
Department, College of Sciences, King Saud University, Riyadh, Saudi 
Arabia

Mariusz Zuberek Department of Molecular Biophysics, Faculty of Biology 
and Environmental Protection, University of Lodz, Lodz, Poland

Contributors



xv

Dr. Quaiser  Saquib is currently working as an assistant professor in 
Zoology Department, College of Sciences, King Saud University, Riyadh, 
Saudi Arabia. He is also serving as coordinator of Al-Jeraisy Chair for DNA 
Research in KSU. He earned his PhD from AMU, India. His interest includes 
molecular toxicity and biophysical research. Dr. Saquib has been conferred 
the “2016 Scientist of the Year Award” by the National Environmental Science 
Academy, India, and the “2008 Young Scientist Award” by the Environmental 
Mutagen Society of India. A total of 49 research publications, 2 books, and 2 
book chapters have been added to his credentials. He is the principal and 
 co- investigator in several projects funded by the National Plan for Science 
and Technology, Saudi Arabia. Dr. Saquib is also engaged in teaching and 
training of graduate and postgraduate students at KSU.

Dr. Mohammad  Faisal is an associate professor at the Department of 
Botany and Microbiology, King Saud University, Riyadh, Saudi Arabia. He 
received his PhD degree in botany from AMU, India. He is a well-known 
plant biotechnologist and an active researcher; he also worked as postdoctoral 
fellow at the Centro de Investigaciones Biologicas, Madrid, Spain, and young 
scientist at AMU, Aligarh, India. He availed several national fellowships dur-
ing his doctoral work. Dr. Faisal has been awarded the 2017 Plant 
Biotechnologist Award by the SESR, India, and the 2015 Scientist of the Year 
Award by the NESA. He has published over 64 research articles, and these 
papers have been cited over 1362 times with Google h-index of 23. He holds 
life membership of several academic societies and is fellow of the SESR. He 
is in the editorial board of several peer-reviewed international journals.

Abdulaziz  A.  Al-Khedhairy is currently serving as director of Twasol 
Research Excellence Program in King Saud University, Riyadh, Saudi Arabia. 
He has been appointed at several key academic and administrative positions in 
KSU, including dean of Community College and assistant vice-president for 
Graduate Studies and Research. Professor Al-Khedhairy is also supervising 
Al-Jeraisy Chair for DNA Research. His research interest includes molecular 
genetics of inherited diseases in the Saudi community and interactions of 
eukaryotic DNA with genotoxic chemicals and their prolonged effect on 
human genes. He has published 160 research articles, 9 book chapters, and 2 
books. He also has one US patent. He has been conferred with KACST Golden 
Award for Excellence in Research. As a principal and co-investigator, he has 
successfully supervised several projects funded by KACST, KSA.

About the Editors



143© The Author(s) 2018 
Q. Saquib et al. (eds.), Cellular and Molecular Toxicology of Nanoparticles, Advances  
in Experimental Medicine and Biology 1048, https://doi.org/10.1007/978-3-319-72041-8_9

Toxicogenomics: A New Paradigm 
for Nanotoxicity Evaluation

Sourabh Dwivedi, Quaiser Saquib, Bilal Ahmad, 
Sabiha M. Ansari, Ameer Azam, 
and Javed Musarrat

Abstract

The wider applications of nanoparticles (NPs) has evoked a world-wide 
concern due to their possible risk of toxicity in humans and other organ-
isms. Aggregation and accumulation of NPs into cell leads to their interac-
tion with biological macromolecules including proteins, nucleic acids and 
cellular organelles, which eventually induce  toxicological effects. 
Application of toxicogenomics to investigate molecular pathway-
based toxicological consequences has opened new vistas in nanotoxicol-
ogy research. Indeed, genomic approaches appeared as a new paradigm in 
terms of providing information at molecular levels and have been proven 
to be as a powerful tool for identification and quantification of global 
shifts in gene expression. Toxicological responses of NPs have been dis-
cussed in this chapter with the aim to provide a clear understanding of the 
molecular mechanism of NPs induced toxicity both in in vivo and in vitro 
test models.
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