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Abstract

Nanotechnology derives from the technology that entailed its designing,

production, and application in the nanometer range. Incorporation of

nanotechnology in the cosmetic formulation commences the thrust area of

research. Nanosized cosmetic formulations offer increased UV protection,

penetrate deep into the skin layer, and provide effective release of

ingredients, with good solubility and stability. Many of them also exhibit UV

protective, antioxidant, and antimicrobial activities. The magnificence of

micellar nanoparticles has now become the latest fascinating nanotechnology

in the international and local cosmetic market. The micellar nanoparticles

effectively enhance the surface area and actively transport the bioactive

compounds into the skin. Vesicular nanosystems such as liposome and

niosomes are versatile in nature and are able to encapsulate bioactive

compounds of different solubilities. Natural compounds with photoprotective

activity have created interest in the area of cosmetic formulation since they

reduce the oxidative stress, toxicity, and damage caused by radiation.

Nanocosmetics can be found in a variety of products ranging from hair care

to sunscreen to oral care. The information provided in this chapter about

various photoprotection formulations serves as a guide for future research to

meet the necessary standards in the cosmeceuticals and cosmetics industries.

Keywords

Nanoformulations Photoprotection Free radicals

Ultraviolet radiation Nanocosmeceuticals Nanopharmaceuticals

This is a preview of subscription content, log in via an institution.

Home  Photoprotective Green Pharmacology: Challenges, Sources and Future Applications  Chapter

Log in

Menu Search Cart

Photoprotective Green Pharmacology: Challenges, Sources and Future Applications pp 201–222

https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-981-99-0749-6_9
https://link.springer.com/
https://link.springer.com/book/10.1007/978-981-99-0749-6
https://link.springer.com/
https://idp.springer.com/auth/personal/springernature?redirect_uri=https://link.springer.com/chapter/10.1007/978-981-99-0749-6_9
javascript:;
javascript:;
https://order.springer.com/public/cart
https://link.springer.com/book/10.1007/978-981-99-0749-6
https://link.springer.com/chapter/10.1007/978-981-99-0749-6_9/cover


1/15/24, 11:54 AM Role of Nanotechnology in the Development of Photoprotective Formulations | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-99-0749-6_9 2/9

Chapter EUR   29.95
Price includes VAT (India)

Buy Chapter

eBook EUR   128.39

Hardcover Book EUR   159.99

Tax calculation will be finalised at checkout

Purchases are for personal use only

Learn about institutional subscriptions

References

Aguilar-Toalá JE, Hernández-Mendoza A, González-Córdova AF, Vallejo-

Cordoba B, Liceaga AM (2019) Potential role of natural bioactive peptides for

development of cosmeceutical skin products. Peptides 122:170170

Alkilani AZ, McCrudden MT, Donnelly RF (2015) Transdermal drug delivery:

innovative pharmaceutical developments based on disruption of the barrier

properties of the stratum corneum. Pharmaceutics 7(4):438–470

Alves TF, Morsink M, Batain F, Chaud MV, Almeida T, Fernandes DA, da Silva

CF, Souto EB, Severino P (2020) Applications of natural, semi-synthetic, and

synthetic polymers in cosmetic formulations. Cosmetics 7(4):75

Azeem A, Rizwan M, Ahmad FJ, Iqbal Z, Khar RK, Aqil M, Talegaonkar S

(2009) Nanoemulsion components screening and selection: a technical note.

AAPS PharmSciTech 10(1):69–76

Aziz ZAA, Mohd-Nasir H, Ahmad A, Mohd. Setapar SH, Peng WL, Chuo SC,

Khatoon A, Umar K, Yaqoob AA, Mohamad Ibrahim MN (2019) Role of

nanotechnology for design and development of cosmeceutical: application

in makeup and skin care. Front Chem 7:739

Bala K, Saini P, Katare DP (2014) Current status and future potential of herbal

radioprotectants. World J Pharm Pharm Sci 3(8):1341–1366

Brandt FS, Cazzaniga A, Hann M (2011) Cosmeceuticals: current trends and

market analysis. Semin Cutan Med Surg 30(3):141–143. WB Saunders

Available as PDF

Read on any device

Instant download

Own it forever

https://www.springernature.com/gp/librarians/licensing/agc/ebooks


1/15/24, 11:54 AM Role of Nanotechnology in the Development of Photoprotective Formulations | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-99-0749-6_9 3/9

Cândido TM, Ariede MB, Pinto CASDO, Lourenço FR, Rosado C, Velasco MVR,

Baby AR (2022) Prospecting in vitro antioxidant and photoprotective

properties of rosmarinic acid in a sunscreen system developed by QbD

containing Octyl p-methoxycinnamate and bemotrizinol. Cosmetics 9(2):29

Chauhan AS (2015) Dendrimer nanotechnology for enhanced formulation

and controlled delivery of resveratrol. Ann N Y Acad Sci 1348(1):134–140

Che Marzuki NH, Wahab RA, Abdul Hamid M (2019) An overview of

nanoemulsion: concepts of development and cosmeceutical applications.

Biotechnol Biotechnol Equip 33(1):779–797

Chen J (2016) The cell-cycle arrest and apoptotic functions of p53 in tumor

initiation and progression. Cold Spring Harb Perspect Med 6(3):a026104

Chen G, Deng X (2018) Cell synchronization by double thymidine block. Bio-

protocol 8(17)

Chen S, Hanning S, Falconer J, Locke M, Wen J (2019) Recent advances in

non-ionic surfactant vesicles (niosomes): fabrication, characterization,

pharmaceutical and cosmetic applications. Eur J Pharm Biopharm 144:18–39

Choi SJ, McClements DJ (2020) Nanoemulsions as delivery systems for

lipophilic nutraceuticals: strategies for improving their formulation, stability,

functionality and bioavailability. Food Sci Biotechnol 29:149–168

Dent P, Yacoub A, Fisher PB, Hagan MP, Grant S (2003) MAPK pathways in

radiation responses. Oncogene 22(37):5885–5896

Everett WH, Curiel DT (2015) Gene therapy for radioprotection. Cancer Gene

Ther 22(4):172–180

Geyer RK, Nagasawa H, Little JB, Maki CG (2000) Role and regulation of p53

during an ultraviolet radiation-induced G1 cell cycle arrest. Cell Growth

Differ 11(3):149–156

Gumus ZP, Guler E, Demir B, Barlas FB, Yavuz M, Colpankan D, Senisik AM,

Teksoz S, Unak P, Coskunol H, Timur S (2015) Herbal infusions of black seed

and wheat germ oil: their chemical profiles, in vitro bio-investigations and

effective formulations as phyto-nanoemulsions. Colloids Surf B: Biointerfaces

133:73–80



1/15/24, 11:54 AM Role of Nanotechnology in the Development of Photoprotective Formulations | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-99-0749-6_9 4/9

Gupta V, Mohapatra S, Mishra H, Farooq U, Kumar K, Ansari MJ, Aldawsari

MF, Alalaiwe AS, Mirza MA, Iqbal Z (2022) Nanotechnology in cosmetics and

cosmeceuticals—a review of latest advancements. Gels 8(3):173

Ha ES, Sim WY, Lee SK, Jeong JS, Kim JS, Baek IH, Choi DH, Park H, Hwang SJ,

Kim MS (2019) Preparation and evaluation of resveratrol-loaded composite

nanoparticles using a supercritical fluid technology for enhanced oral and

skin delivery. Antioxidants 8(11):554

Harris SL, Levine AJ (2005) The p53 pathway: positive and negative feedback

loops. Oncogene 24(17):2899–2908

He H, Pham-Huy LA, Dramou P, Xiao D, Zuo P, Pham-Huy C (2013) Carbon

nanotubes: applications in pharmacy and medicine. Biomed Res Int

2013:578290

Hoang HT, Moon JY, Lee YC (2021) Natural antioxidants from plant extracts

in skincare cosmetics: recent applications, challenges and perspectives.

Cosmetics 8(4):106

Huang RX, Zhou PK (2020) DNA damage response signaling pathways and

targets for radiotherapy sensitization in cancer. Signal Transduct Target Ther

5(1):1–27

Jean S, Kiger AA (2014) Classes of phosphoinositide 3-kinases at a glance. J

Cell Sci 127(5):923–928

Kaul S, Gulati N, Verma D, Mukherjee S, Nagaich U (2018) Role of

nanotechnology in cosmeceuticals: a review of recent advances. J Pharma

2018:1–19

Kazi KM, Mandal AS, Biswas N, Guha A, Chatterjee S, Behera M, Kuotsu K

(2010) Niosome: a future of targeted drug delivery systems. J Adv Pharm

Technol Res 1(4):374

Kim IY, Nakagawa S, Ri K, Hashimoto S, Masaki H (2009) Liquid crystal 0/W

emulsions to mimic lipids and strengthen skin barrier function. Cosmet

Toiletries 124(7)

Lademann U, Cain K, Gyrd-Hansen M, Brown D, Peters D, Jäättelä M (2003)

Diarylurea compounds inhibit caspase activation by preventing the



1/15/24, 11:54 AM Role of Nanotechnology in the Development of Photoprotective Formulations | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-99-0749-6_9 5/9

formation of the active 700-kilodalton apoptosome complex. Mol Cell Biol

23(21):7829–7837

Lademann J, Knorr F, Richter H, Blume-Peytavi U, Vogt A, Antoniou C, Sterry

W, Patzelt A (2008) Hair follicles—an efficient storage and penetration

pathway for topically applied substances. Skin Pharmacol Physiol 21(3):150–

155

Lane ME (2013) Skin penetration enhancers. Int J Pharm 447(1–2):12–21

Lee JS, Feijen J (2012) Polymersomes for drug delivery: design, formation

and characterization. J Control Release 161(2):473–483

Lohani A, Verma A, Joshi H, Yadav N, Karki N (2014) Nanotechnology-based

cosmeceuticals Int Sch Res Notices 2014:1–14

Mironidou-Tzouveleki M, Tsartsalis S (2010) Nanotechnology and

radiopharmaceuticals: diagnostic and therapeutic approaches. Curr Drug

Deliv 7(2):168–174

Mishra V, Bansal KK, Verma A, Yadav N, Thakur S, Sudhakar K, Rosenholm JM

(2018) Solid lipid nanoparticles: emerging colloidal nano drug delivery

systems. Pharmaceutics 10(4):191

Modicade ML, Keating AV, de Fátima Pina M, Raimi-Abraham BT (2019)

Engineering of nanofibrous amorphous and crystalline solid dispersions for

oral drug delivery. Pharmaceutics 11(1):7

Mohanty S, Badhei L, Pal A, Panda P (2022) Novel cosmeceutical

formulations: a better approach to photoprotection. Int J Appl Pharm

14(4):9–17

Mohd-Setapar SH, John CP, Mohd-Nasir H, Azim MM, Ahmad A, Alshammari

MB (2022) Application of nanotechnology incorporated with natural

ingredients in natural cosmetics. Cosmetics 9(6):110

Mu L, Sprando RL (2010) Application of nanotechnology in cosmetics. Pharm

Res 27(8):1746–1749

Müller RH, Petersen RD, Hommoss A, Pardeike J (2007) Nanostructured lipid

carriers (NLC) in cosmetic dermal products. Adv Drug Deliv Rev 59(6):522–



1/15/24, 11:54 AM Role of Nanotechnology in the Development of Photoprotective Formulations | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-99-0749-6_9 6/9

530

Naseri N, Valizadeh H, Zakeri-Milani P (2015) Solid lipid nanoparticles and

nanostructured lipid carriers: structure, preparation and application. Adv

Pharm Bull 5(3):305

Nohynek GJ, Lademann J, Ribaud C, Roberts MS (2007) Grey goo on the

skin? Nanotechnology, cosmetic and sunscreen safety. Crit Rev Toxicol

37(3):251–277

Omer H (2021) Radiobiological effects and medical applications of non-

ionizing radiation. Saudi J Biol Sci 28(10):5585–5592

Pawlik TM, Keyomarsi K (2004) Role of cell cycle in mediating sensitivity to

radiotherapy. Int J Radiat Oncol Biol Phys 59(4):928–942

Poschenrieder ST, Schiebel SK, Castiglione K (2017) Polymersomes for

biotechnological applications: large-scale production of nano-scale vesicles.

Eng Life Sci 17(1):58–70

Puri A, Loomis K, Smith B, Lee JH, Yavlovich A, Heldman E, Blumenthal R

(2009) Lipid-based nanoparticles as pharmaceutical drug carriers: from

concepts to clinic. Crit Rev Ther Drug Carrier Syst 26(6):523

Rajabalaya R, Musa MN, Kifli N, David SR (2017) Oral and transdermal drug

delivery systems: role of lipid-based lyotropic liquid crystals. Drug Des Devel

Ther 11:393

Rajan R, Jose S, Mukund VB, Vasudevan DT (2011) Transferosomes—a

vesicular transdermal delivery system for enhanced drug permeation. J Adv

Pharm Technol Res 2(3):138

Rao YS, Kumari PK (2020) Biodegradable nanopsheres—current status.

Indian Drugs 57(5):7–18

Rao SV, Sravya BN, Padmalatha K (2018) A review on cubosome: the novel

drug delivery system. GSC Biol Pharm Sci 5(1):76–81



1/15/24, 11:54 AM Role of Nanotechnology in the Development of Photoprotective Formulations | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-99-0749-6_9 7/9

Rastogi RP, Kumar A, Tyagi MB, Sinha RP (2010) Molecular mechanisms of

ultraviolet radiation-induced DNA damage and repair. J Nucleic Acids

2010:592980

Salvioni L, Morelli L, Ochoa E, Labra M, Fiandra L, Palugan L, Prosperi D,

Colombo M (2021) The emerging role of nanotechnology in skincare. Adv

Colloid Interf Sci 293:102437

Sarheed O, Dibi M, Ramesh KV (2020) Studies on the effect of oil and

surfactant on the formation of alginate-based O/W lidocaine nanocarriers

using nanoemulsion template. Pharmaceutics 12(12):1223

Schaue D, Kachikwu EL, McBride WH (2012) Cytokines in radiobiological

responses: a review. Radiat Res 178(6):505–523

Shankar SJ, Jaswanth Gowda BH, Akshatha RS, Metikurki B, Rehamathulla M

(2020) A review on the role of nanocrystals and nanosuspensions in drug

delivery systems. Int J Appl Pharm 12(1):10–16

Singh R, Lillard JW Jr (2009) Nanoparticle-based targeted drug delivery. Exp

Mol Pathol 86(3):215–223

Singh R, Tiwari S, Tawaniya J (2013) Review on nanotechnology with several

aspects. Int J Res Comput Eng Electron 2(3):1–8

Smith TA, Kirkpatrick DR, Smith S, Smith TK, Pearson T, Kailasam A,

Herrmann KZ, Schubert J, Agrawal DK (2017) Radioprotective agents to

prevent cellular damage due to ionizing radiation. J Transl Med 15(1):1–18

Souto EB, Fernandes AR, Martins-Gomes C, Coutinho TE, Durazzo A, Lucarini

M, Souto SB, Silva AM, Santini A (2020) Nanomaterials for skin delivery of

cosmeceuticals and pharmaceuticals. Appl Sci 10(5):1594

Souto EB, Jäger E, Jäger A, Štěpánek P, Cano A, Viseras C, de Melo Barbosa R,

Chorilli M, Zielińska A, Severino P, Naveros BC (2022) Lipid nanomaterials for

targeted delivery of dermocosmetic ingredients: advances in

photoprotection and skin anti-aging. Nano 12(3):377

Szalaty PM, Derda I (2020) “Revolutionizing beauty industry”: co-creation

and customer engagement for brand image development. Case study

research of a crowdsource-driven cosmetics company volition beauty. Int J

Market Commun New Media 8(14)



1/15/24, 11:54 AM Role of Nanotechnology in the Development of Photoprotective Formulations | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-99-0749-6_9 8/9

Tanabe S, O’Brien J, Tollefsen KE, Kim Y, Chauhan V, Yauk C, Huliganga E,

Rudel RA, Kay JE, Helm JS, Beaton D (2022) Reactive oxygen species in the

adverse outcome pathway framework: toward creation of harmonized

consensus key events. Front Toxicol 4:81

Teng Y, Fan Y, Ma J, Lu W, Liu N, Chen Y, Pan W, Tao X (2021) The PI3K/Akt

pathway: emerging roles in skin homeostasis and a group of non-malignant

skin disorders. Cells 10(5):1219

Verma P, Pathak K (2010) Therapeutic and cosmeceutical potential of

ethosomes: an overview. J Adv Pharm Technol Res 1(3):274

Vijay S, Damodar G, Rajesh A (2015) NF-kB as a key player in regulation of

cellular radiation responses and identification of radiation countermeasures.

Discover 3(1):1–22

Volcic M, Karl S, Baumann B, Salles D, Daniel P, Fulda S, Wiesmüller L (2012)

NF-κB regulates DNA double-strand break repair in conjunction with

BRCA1–CtIP complexes. Nucleic Acids Res 40(1):181–195

Wu SY, Chou HY, Yuh CH, Mekuria SL, Kao YC, Tsai HC (2018) Radiation-

sensitive dendrimer-based drug delivery system. Adv Sci 5(2):1700339

Zhou H, Luo D, Chen D, Tan X, Bai X, Liu Z, Yang X, Liu W (2021) Current

advances of nanocarrier technology-based active cosmetic ingredients for

beauty applications. Clin Cosmet Investig Dermatol 14:867

Author information

Authors and Affiliations

Natural Products Laboratory, Department of Bioengineering and

Biosciences, Integral University, Dasauli, Lucknow, Uttar Pradesh, India

Sonam Dwivedi & Iffat Zareen Ahmad

Corresponding author

Correspondence to Iffat Zareen Ahmad .

Editor information

Editors and Affiliations

Department of Botany, MMV, Banaras Hindu University, Varanasi, Uttar

Pradesh, India

Vinod K. Kannaujiya

mailto:iffat@iul.ac.in


1/15/24, 11:54 AM Role of Nanotechnology in the Development of Photoprotective Formulations | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-99-0749-6_9 9/9

Center of Advanced Study in Botany, Banaras Hindu University, Varanasi,

Uttar Pradesh, India

Rajeshwar P. Sinha

Department of Biotechnology, S. S. Khanna Girls’ Degree College,

Prayagraj, Uttar Pradesh, India

Md. Akhlaqur Rahman

Center of Biotechnology, University of Allahabad, Prayagraj, Uttar

Pradesh, India

Shanthy Sundaram

Rights and permissions

Reprints and permissions

Copyright information

© 2023 The Author(s), under exclusive license to Springer Nature Singapore

Pte Ltd.

About this chapter

Cite this chapter

Dwivedi, S., Ahmad, I.Z. (2023). Role of Nanotechnology in the Development of

Photoprotective Formulations. In: Kannaujiya, V.K., Sinha, R.P., Rahman, M.A., Sundaram,

S. (eds) Photoprotective Green Pharmacology: Challenges, Sources and Future

Applications. Springer, Singapore. https://doi.org/10.1007/978-981-99-0749-6_9

.RIS .ENW .BIB

DOI

https://doi.org/10.1007/97

8-981-99-0749-6_9

Published

26 October 2023

Publisher Name

Springer, Singapore

Print ISBN

978-981-99-0748-9

Online ISBN

978-981-99-0749-6

eBook Packages

Biomedical and Life Sciences

Biomedical and Life Sciences

(R0)

Publish with us

Policies and ethics

https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&title=Role%20of%20Nanotechnology%20in%20the%20Development%20of%20Photoprotective%20Formulations&author=Sonam%20Dwivedi%2C%20Iffat%20Zareen%20Ahmad&contentID=10.1007%2F978-981-99-0749-6_9&copyright=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Singapore%20Pte%20Ltd.&publication=eBook&publicationDate=2023&startPage=201&endPage=222&imprint=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Singapore%20Pte%20Ltd.
https://citation-needed.springer.com/v2/references/10.1007/978-981-99-0749-6_9?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-99-0749-6_9?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-99-0749-6_9?format=bibtex&flavour=citation
https://link.springer.com/search?facet-content-type=%22Book%22&package=11642&facet-start-year=2023&facet-end-year=2023
https://link.springer.com/search?facet-content-type=%22Book%22&package=43708&facet-start-year=2023&facet-end-year=2023
https://www.springernature.com/gp/policies/book-publishing-policies




ISBN 978-981-99-0748-9    ISBN 978-981-99-0749-6 (eBook) 
https://doi.org/10.1007/978-981-99-0749-6 

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature Singapore 
Pte Ltd. 2023 
This work is subject to copyright. All rights are solely and exclusively licensed 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, expressed 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. 

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd. 
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721, 
Singapore 

Editors 
Vinod K. Kannaujiya 
Department of Botany, MMV 
Banaras Hindu University 
Varanasi, Uttar Pradesh, India 

Md. Akhlaqur Rahman 
Department of Biotechnology 
S. S. Khanna Girls’ Degree College 
Prayagraj, Uttar Pradesh, India 

Rajeshwar P. Sinha 
Center of Advanced Study in Botany 
Banaras Hindu University 
Varanasi, Uttar Pradesh, India 

Shanthy Sundaram 
Center of Biotechnology 
University of Allahabad 
Prayagraj, Uttar Pradesh, India

https://doi.org/10.1007/978-981-99-0749-6


vii

 1   Photobiology: Historical Background, Sources, and  
Complications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    1 
Sarita Agrawal and Shubhra Malviya

 2   Algal Photoprotective Phytochemicals: Sources and Potential 
Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   33 
Neha 
Kumari, Sonal Mishra, Jyoti Jaiswal, Amit Gupta, Varsha K. Singh, 
and Rajeshwar P. Sinha

 3   Bioprospection of Photoprotective Compounds from  
Cyanobacteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   65 
Prashant R. Singh, Ashish P. Singh, Rajneesh, Amit Gupta, 
Rajeshwar P. Sinha, and Jainendra Pathak

 4   Photoprotective Compounds: Diversity, Biosynthetic Pathway  
and Genetic Regulation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   83 
Saumi Pandey and Vinod K. Kannaujiya

 5   Bioprospecting and Evolutionary Significance of Photoprotectors  
in Non- flowering Lower Plants  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 
Amit Gupta, Ashish P. Singh, Niharika Sahu, Jyoti Jaiswal, Neha 
Kumari, Prashant R. Singh, and Rajeshwar P. Sinha

 6   Impacts of Climate Alterations on the Biosynthesis of Defensive  
Natural Products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  141 
Pooja Singh and Krishna Kumar Choudhary

 7   Photoprotective Therapeutics: Recent Trends and Future 
Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  171 
Atifa Haseeb Ansari, Neeharika Srivastava, Sippy Singh, and 
Durgesh Singh

Contents

https://doi.org/10.1007/978-981-99-0749-6_1
https://doi.org/10.1007/978-981-99-0749-6_1
https://doi.org/10.1007/978-981-99-0749-6_1
https://doi.org/10.1007/978-981-99-0749-6_2
https://doi.org/10.1007/978-981-99-0749-6_2
https://doi.org/10.1007/978-981-99-0749-6_2
https://doi.org/10.1007/978-981-99-0749-6_3
https://doi.org/10.1007/978-981-99-0749-6_3
https://doi.org/10.1007/978-981-99-0749-6_3
https://doi.org/10.1007/978-981-99-0749-6_4
https://doi.org/10.1007/978-981-99-0749-6_4
https://doi.org/10.1007/978-981-99-0749-6_4
https://doi.org/10.1007/978-981-99-0749-6_5
https://doi.org/10.1007/978-981-99-0749-6_5
https://doi.org/10.1007/978-981-99-0749-6_5
https://doi.org/10.1007/978-981-99-0749-6_6
https://doi.org/10.1007/978-981-99-0749-6_6
https://doi.org/10.1007/978-981-99-0749-6_6
https://doi.org/10.1007/978-981-99-0749-6_7
https://doi.org/10.1007/978-981-99-0749-6_7
https://doi.org/10.1007/978-981-99-0749-6_7


viii

 8   Cancer Therapeutics: Mechanism of Action, Radiation Toxicity,  
and Drug Formulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  185 
Durgesh Singh, Sippy Singh, and Atifa Haseeb Ansari

 9   Role of Nanotechnology in the Development of Photoprotective 
Formulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  201 
Sonam Dwivedi and Iffat Zareen Ahmad

 10   Photoprotective Effects of Nutraceuticals and Food Products . . . . . .  223 
Urmila Jarouliya and Meenu Jain

 11   Pharmacology of Natural and Synthetic Phytoprotectants:  
Application and Consequences in Cancer Therapies  . . . . . . . . . . . . .  241 
Sneha Singh, Pajeb Saha, Nidhi Rai, Sabitri Kumari, and Shashi 
Pandey-Rai

Contents

https://doi.org/10.1007/978-981-99-0749-6_8
https://doi.org/10.1007/978-981-99-0749-6_8
https://doi.org/10.1007/978-981-99-0749-6_8
https://doi.org/10.1007/978-981-99-0749-6_9
https://doi.org/10.1007/978-981-99-0749-6_9
https://doi.org/10.1007/978-981-99-0749-6_9
https://doi.org/10.1007/978-981-99-0749-6_10
https://doi.org/10.1007/978-981-99-0749-6_10
https://doi.org/10.1007/978-981-99-0749-6_11
https://doi.org/10.1007/978-981-99-0749-6_11
https://doi.org/10.1007/978-981-99-0749-6_11

	Contents

