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FOREWORD

One of humanity's greatest legacies is the extensive knowledge about plants, which forms the
basis of culture itself. The fascination of ambient pancha-mahabhutas in plant bodies is the
first step in the biological process of producing essential oils. Owing to their distillation of
“essential”  components  from  “nonessential”,  essential  oils  are  the  most  significant  plant
wealth. They are frequently referred to as the “plant's soul” or the “quintessence for healing”.
Aromatherapy is a form of traditional, alternative, or harmonizing therapy that uses volatile
plant metabolites, known as essential oils, and other aromatic plant compounds to change a
person's  mind,  body,  and  spirit.  Essential  oils  are  so-called  “essential,”  not  for  their
indispensable role in life, but because “essential” is the attribute of “essence”, and these oils
comprise the essence of a plant’s fragrance. Aromatherapy encompasses not only the artistic
application of essential oils to induce virtuous changes on aesthetic and mystical levels but
also the scientific application of essential oils to effect salutary changes in the physical realm.
Essential oils have a tremendous impact on the body's and mind's deepest levels.

Nowadays, there is rising attention to the use of alternate and complementary therapies along
with core medicine. This empirical discovery suggests that human immune responses may be
stimulated, augmented, or somehow refined by persistent exposure to aromatic compounds.
Aromatherapy is the practice of using essential  oils as the major therapeutic agent to treat
several diseases. Essential oils have been used for millennia by humans for their paramount
importance  in  traditional  and  alternative  medicinal  approaches.  Furthermore,  their
applications are also documented in Ayurveda, Chinese medicine, and homeopathy. There is a
curiosity  to  unveil/rediscover  the  possible  paradoxes  of  synthesis,  mechanisms,  and
applications  of  essential  oils  and  provide  validated  information  on  a  common  platform.

The  book  “Aromatherapy:  The  Science  of  Essential  Oils”  shows  a  broad  picture  of
essential  oils-based  aromatherapy in  several  sub-sections,  including  historical  perspective,
aromatherapy  evolution,  essential  oils  biochemistry  and  biosynthesis,  therapeutic
applications,  and  pharmacological  aspects  of  essential  oils,  essential  oil  toxicities,  and
regulatory aspects. The major highlights of the book pertain to correlation studies on essential
oils  mediated  skin  remediation;  the  use  of  a  combination  of  different  essential  oils  for
aromatherapy;  understanding  of  the  molecular  mechanism  behind  aromas  and  the  role  of
aromatherapy; essential oils characteristics and properties against particular condition; current
status  and  future  prospective  of  aromatherapy.  The  book  effectively  presents  many
perceptions,  and  replicas,  and  a  treasure  of  brilliant  articles,  both  detailed  overviews  and
studies,  which  can  broaden  our  understanding  of  all  aspects  of  essential  oils  as  limitless
molecules  meant  for  numerous  applications.  The  material  in  this  book  was  gathered  from
reliable,  reputable  sources.  It  provides  a  great  comparison  to  help  grasp  the  principles  of
aromatherapy based on essential oils.

The  chapters,  written  by  professionals  and  experts  in  their  corresponding  fields,  cover  a
profuse spectacle of topics and provide a groundwork in the natural chemistry of essential oils
and their  major applications.  This comprehensiveness of  the book brands it  as a ‘one-stop
platform’ and devising it as equally valuable for physiochemists, medical professionals, plant
scientists, pharma-industrialists, microbiologists, ayurveda experts, biotechnologists, herbal-
drug  scientists,  and  physicians.  Beyond  multidisciplinary,  interdisciplinary,  and
transdisciplinary research that incorporates the viewpoints of several disciplines, integrated,
theory- and issue-driven aromatherapy procedures/protocols have vast scope. The intricacy of
essential oils is being revealed with continual investigation, and it is becoming more and more
clear how important they are to many businesses and how they may be used in healthcare.
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Future  discoveries  and  creative  uses  might  result  from  the  continued  investigation  and
comprehension of their intricate biological makeup. Furthermore, research and documentation
on  aromatherapy  must  eventually  be  placed  within  the  larger  frameworks  of  protecting
biodiversity,  managing  resources  sustainably,  and  protecting  intellectual  and  biological
property  rights.  This  book  will  additionally  accommodate  as  a  wide-ranging  outline  of
traditional  and  current  information  on  the  health  effects  of  aromatherapy,  that  will  be
pertinent  to  the  advancing  back  to  nature  crusade  of  today’s  world.

This  book  is  intended  to  satiate  the  requirements  of  EO  manufacturers,  purveyors,  and
consumers as well as the scientific fraternity, academicians, and legislators who will find the
most recent knowledge given by exclusive experts under one cover. I am certain that readers
in the field of life sciences would find this book very useful. The authors, editorial team, and
publisher deserve congratulations and best compliments for publishing this useful book.

Ir. Jonathan A. Lal
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PREFACE

Writing the first edition of a book on the fascinating topic of aromatherapy, The Science of
Essential Oils, is a privilege and an honour for us.

Since  about  6,000  years  ago,  essential  oils  have  been  utilised  to  boost  one's  health  or
disposition.  Aromatherapy  is  "the  therapeutic  application  or  the  medical  use  of  aromatic
compounds (essential  oils)  for  holistic  healing,"  according to  the National  Association for
Holistic  Aromatherapy  (NAHA).  Numerous  essential  oils  are  thought  to  contain  antiviral,
nematocidal,  antifungal,  insecticidal,  and antioxidant  characteristics  in  addition to  varying
degrees of antibacterial action. Applications for aromatherapy include inhalation, topical use,
and massage. Users should be mindful that "natural" goods are actually chemicals and might
be dangerous if used improperly.

When using essential  oils,  it  is  critical  to follow the advice of a trained professional.  This
book also discusses how commonly used therapeutic drugs, personal care products, and other
chemicals, when consumed or applied to the body, can be toxic if not thoroughly researched.
Although  there  is  a  growing  awareness  of  the  benefits  of  Aromatherapy,  it  is  still
underutilised,  and  people  need  to  be  educated  about  how  Aromatherapy  is  safe  for  users
through  therapeutic  application  and  what  precautions  can  be  taken  before  use.  All  of  the
authors  in  this  book  are  highly  skilled  researchers  who  have  extensive  and  up-to-date
knowledge of the subject matter and are actively conducting research in the relevant fields.

We made every attempt to give information compiled from research articles already published
on the topic for each chapter, and we organised it into subsections to make it easier to read.
We did our best to utilise plain language that readers of all reading levels might understand.
We  anticipate  that  after  reading  the  book,  the  reader  will  be  better  informed  about  the
advantages  of  routine  use  of  essential  oils,  aromatherapy  in  general,  and  about  how other
plants and natural elements interact with aromatherapy on the skin and inside the body.

Pradeep Kumar Shukla
Department of Biological Sciences

Faculty of Science, Sam Higginbottom University of Agriculture
Technology and Sciences, Prayagraj

Uttar Pradesh, India

Department of Biochemistry
Babu Banrasi Das University

Lucknow, India

Ajeet Kumar Srivastav
Redcliffe Hygiene Private Limited

Gurugram-122016
Haryana, India



iv

Deepti Chopra
Photobiology Laboratory, Systems Toxicology and Health Risk Assessment Group

CSIR-Indian Institute of Toxicology Research
Vishvigyan Bhavan 31, P.O. Box No. 80, M.G. Marg

Lucknow-226001, India

Shikha Agnihotry
Department of Computational Biology and Bioinformatics

Jacob Institute of Biotechnology and Bio-Engineering
Sam Higginbottom University of Agriculture

Technology and Sciences
Prayagraj (Allahabad)

Uttar Pradesh, India

Pragati Misra
Centre for Tissue Culture Technology, Jacob Institute of Biotechnology and

Bioengineering
Sam Higginbottom University of Agriculture

Technology and Sciences, Prayagraj
Uttar Pradesh, India

&

Jyoti Singh
Photobiology Laboratory, Systems Toxicology and Health Risk Assessment Group

CSIR-Indian Institute of Toxicology Research
Vishvigyan Bhavan 31, P.O. Box No. 80, M.G. Marg

Lucknow-226001, India



v

DEDICATION

In  grateful  remembrance  of  Professor  Ramesh  Chandra  Pant,  whose  love  for  learning
continues to inspire us through the pages of life.

In the tapestry of our lives, there are threads woven by exceptional individuals who leave an
indelible mark on our hearts and minds. You were one such luminary, a beacon of wisdom,
compassion, and inspiration. You have ignited our curiosity, fuelled our dreams, and left an
indelible mark on our hearts. Your legacy lives on, in the hearts of those who were fortunate
enough to be your students. As we continue to learn and grow, we carry the torch of your
teachings,  forever  grateful  for  the  privilege  of  having  known and learned  from you.  Your
teachings continue to resonate in our hearts, guiding us throughout life.



vi

List of Contributors
Alka Sagar Department of Microbiology and Biotechnology, Meerut Institute of Engineering

and Technology, Meerut, UP, India

Ashwani Kumar Department  of  Entomology,  Naini  Agricultural  Institute,  Sam  Higginbottom
University  of  Agriculture,  Technology  and  Sciences,  Prayagraj,  Uttar  Pradesh,
India

Archana Shukla Department  of  Biological  Sciences,  Faculty  of  Science,  Sam  Higginbottom
University  of  Agriculture,  Technology  and  Sciences,  Prayagraj,  Uttar  Pradesh,
India

Angel Kushwaha Department  of  Molecular  and  Cellular  Engineering,  Jacob  Institute  of
Biotechnology and Bioengineering, Sam Higginbottom University of Agriculture,
Technology and Sciences, Prayagraj, Uttar Pradesh, India

Ajeet Kumar
Srivastav

Redcliffe Hygiene Private Limited, Gurugram-122016, Haryana, India
Department of Biochemistry, Babu Banrasi Das University, Lucknow, India

Arun K. Chaurasia Department  of  Genetics  and  Plant  Breeding,  Naini  Agricultural  Institute,  Sam
Higginbottom  University  of  Agriculture,  Technology  and  Sciences,  Prayagraj,
Uttar Pradesh, India

Chirag Maheshwari ICAR-Central Institute of Agricultural Engineering, Navi Bagh, Bhopal, Madhya
Pradesh-462038, India
ICAR-Indian Agricultural Research Institute, Pusa, New Delhi-110012, India

Deepti Chopra Photobiology Laboratory, Systems Toxicology and Health Risk Assessment Group
CSIR-Indian Institute of Toxicology Research Vishvigyan Bhavan 31, P.O. Box
No. 80, M.G. Marg Lucknow-226001, India

Divya Dubey Photobiology Laboratory, Systems Toxicology and Health Risk Assessment Group,
CSIR-Indian Institute of Toxicology Research, Vishvigyan Bhavan 31, P.O. Box
No. 80, M.G. Marg, Lucknow-226001, India

Eugenia P. Lal Department  of  Biological  Sciences,  Faculty  of  Science,  Sam  Higginbottom
University  of  Agriculture,  Technology  and  Sciences,  Prayagraj,  Uttar  Pradesh,
India

Gagan Sharma Redcliffe Hygiene Private Limited, Gurugram-122016, Haryana, India

Ghanshyam Pandey Department of Plant Protection and Plant Pathology, Naini Agricultural Institute,
Sam Higginbottom University of Agriculture, Technology and Sciences, Prayagraj,
Uttar Pradesh, India

Jyoti Singh Photobiology Laboratory, Systems Toxicology and Health Risk Assessment Group,
CSIR-Indian Institute of Toxicology Research, Vishvigyan Bhavan 31, P.O. Box
No. 80, M.G. Marg, Lucknow-226001, India

Jaya Upadhyay Department of Gastroenterology, Sanjay Gandhi Post graduate Institute of Medical
Sciences, Lucknow, Uttar Pradesh, India

Lakshmi Bala Department of Biochemistry, Babu Banrasi Das University, Lucknow, India

Muzaffar Hasan ICAR-Central Institute of Agricultural Engineering, Navi Bagh, Bhopal, Madhya
Pradesh, India



vii

Mohd. Danish
Kamar

Photobiology Laboratory, Systems Toxicology and Health Risk Assessment Group,
CSIR-Indian Institute of Toxicology Research, Vishvigyan Bhavan 31, P.O. Box
No. 80, M.G. Marg, Lucknow-226001, India
Academy  of  Scientific  and  Innovative  Research,  AcSIR  Headquarters,  CSIR-
HRDC  Campus,  Sector  19,  Kamla  Nehru  Nagar,  Ghaziabad-201002,  Uttar
Pradesh,  India

Manoj Kumar
Tripathi

ICAR-Central Institute of Agricultural Engineering, Navi Bagh, Bhopal, Madhya
Pradesh-462038, India

Pragati Misra Centre  for  Tissue  Culture  Technology,  Jacob  Institute  of  Biotechnology  and
Bioengineering,  Sam  Higginbottom  University  of  Agriculture,  Technology  and
Sciences, Prayagraj, Uttar Pradesh, India

Pradeep Kumar
Shukla

Department  of  Biological  Sciences,  Faculty  of  Science,  Sam  Higginbottom
University  of  Agriculture,  Technology  and  Sciences,  Prayagraj,  Uttar  Pradesh,
India

Priyanka Spring Department  of  Botany,  Abhilashi  PG  Institute  of  Science,  Mandi,  Himanchal
Pradesh University, Himanchal Pradesh, India

Rahul M.
Srivastava

Maulana  Azad  National  Institute  of  Agricultural  Engineering,  Bhopal,  Madhya
Pradesh, India

Rajpal S. Jadam ICAR-Central Institute of Agricultural Engineering, Navi Bagh, Bhopal, Madhya
Pradesh-462038, India

Shikha Agnihotry Department  of  Computational  Biology  and  Bioinformatics,  Jacob  Institute  of
Biotechnology and Bio-Engineering, Sam Higginbottom University of Agriculture,
Technology and Sciences, Prayagraj (Allahabad), Uttar Pradesh, India

Sandeep Negi Photobiology Laboratory, Systems Toxicology and Health Risk Assessment Group
CSIR-Indian Institute of Toxicology Research Vishvigyan Bhavan 31, P.O. Box
No. 80, M.G. Marg Lucknow-226001, India

Shambhavi Pandey Department  of  Forensic  Sciences  ,  Faculty  of  Science,  Sam  Higginbottom
University  of  Agriculture,  Technology  and  Sciences,  Prayagraj,  Uttar  Pradesh,
India

Suman Sanju Department  of  Botany,  Abhilashi  PG  Institute  of  Science,  Mandi,  Himanchal
Pradesh University, Himanchal Pradesh, India

Suchit Ashish John Department  of  Biological  Sciences,  Faculty  of  Science,  Sam  Higginbottom
University  of  Agriculture,  Technology  and  Sciences,  Prayagraj,  Uttar  Pradesh,
India

Shailesh Marker Department  of  Genetics  and  Plant  Breeding,  Naini  Agricultural  Institute,  Sam
Higginbottom  University  of  Agriculture,  Technology  and  Sciences,  Prayagraj,
Uttar Pradesh, India

Saumya Shukla Photobiology Laboratory, Systems Toxicology and Health Risk Assessment Group,
CSIR-Indian Institute of Toxicology Research, Vishvigyan Bhavan 31, P.O. Box
No. 80, M.G. Marg, Lucknow-226001, India
Department  of  Biochemistry,  School  of  Dental  Sciences,  Babu  Banarasi  Das
University,  BBD  City,  Faizabad  Road,  Lucknow-226028,  Uttar  Pradesh,  India



viii

Sakshi Yadav Photobiology Laboratory, Systems Toxicology and Health Risk Assessment Group,
CSIR-Indian Institute of Toxicology Research, Vishvigyan Bhavan 31, P.O. Box
No. 80, M.G. Marg, Lucknow-226001, India
Department of Botany, University of Lucknow, Lucknow-226007, India



Aromatherapy: The Science of Essential Oils, 2024, 1-30 1

CHAPTER 1

Aromatherapy  Evolution  and  Blending  Basics  of
Essential Oils
Shikha  Agnihotry1,*,  Deepti  Chopra3,  Jyoti  Singh3,  Sandeep  Negi3,  Ajeet
Kumar Srivastav2,5, Jaya Upadhyay4 and Gagan Sharma2

1 Department of Computational Biology and Bioinformatics, Jacob Institute of Biotechnology and
Bio-Engineering,  Sam  Higginbottom  University  of  Agriculture,  Technology  and  Sciences,
Prayagraj  (Allahabad),  Uttar  Pradesh,  India
2 Redcliffe Hygiene Private Limited, Gurugram-122016, Haryana, India
3 Photobiology Laboratory, Systems Toxicology and Health Risk Assessment Group CSIR-Indian
Institute of Toxicology Research Vishvigyan Bhavan 31, P.O. Box No. 80, M.G. Marg Lucknow-
226001, India
4 Department of Gastroenterology, Sanjay Gandhi Post graduate Institute of Medical Sciences,
Lucknow, Uttar Pradesh, India
5 Department of Biochemistry, Babu Banrasi Das University, Lucknow, India

Abstract: The history of aromatherapy begins over 3500 years BC. Aromatics were at
the time for religious purposes, perfume, and medicine. Then, in 1910, René-Maurice
Gattefossé, a chemical engineer from Lyon, discovered the therapeutic properties of
pure lavender after an explosion in his laboratory, which left him with major burns. He
treated them with lavender essential oil. Won over by that “miracle”, he founded the
French Society of Aromatic Products and published around twenty works that are still
considered references today. These works would give aromatherapy its reputation and
its very name, as it was Gattefossé who coined the term “aromatherapy”, in 1935. He
conducted many rewarding personal and scientific experiments on essential oils. Other
scientists, such as Charles Chamberland, a biologist and assistant to Louis Pasteur, had
already  examined  their  spectacular  antimicrobial  action.  In  the  5th  century  BCE,
Hippocrates was already treating patients with aromatic vapours.  Aromatherapy is a
branch  of  phytotherapy  that  uses  the  volatile  active  ingredients  of  aromatic  plants.
These are plants that have the ability to synthesize an essence. This science focusses on
the use of essential oils for therapeutic, curative, or preventive purposes. For the most
part, the essential oils are extracted by steam distillation of parts of the plant (such as
leaves,  flowers,  or  bark).  Only  the  essences  of  citrus  pericarp  (such  as  orange  or
mandarin zest) tend to be obtained via mechanical cold pressing. In 1929, Sévelinge, a
pharmacist from Lyon, demonstrated the antibacterial efficacy  of certain essential oils.
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Then, in the 1950s,  a military physician used them to treat  injured soldiers in Indo-
china. In 1975, Pierre Franchomme, a pharmacologist and aromatologist, brought about
decisive  progress  by  proposing  that  the  concept  of  “chemotype”,  the  “plant’s  true
chemical ID card”, should be taken into account, listing the key aromatic compounds
characterizing each plant and how they affect its properties. Today, aromatherapy is
more  frequently  the  focus  of  scientific  studies.  It  is  recognized  as  a  fully-fledged
branch  of  medicine.  Over  17,000  articles  on  aromatherapy  have  appeared  in  an
international  high-level  scientific  publications.

Keywords:  Aromatherapy,  Essential  Oil,  Therapeutic,  Phytotherapy  and
Chemotherapy.

1. INTRODUCTION

A  subset  of  phytotherapy  denoted  as  aromatherapy  makes  utilization  of  the
volatile  active  components  of  fragrant  plants.  The  application  of  essential  oils
(EOs) for medicinal, curative, or preventative reasons is the main accentuation of
this  science.  The term “aromatherapy” was first  utilized in  1935 by Lyon-born
chemist René-Maurice Gattefossé, who used EOs in several fruitful scientific and
personal  studies.  Notwithstanding  their  olfactory  resemblance,  EOs  are
compounds with distinct  chemical  characteristics  because of  their  composition,
which  gives  them  a  uniqueness  that  cannot  be  superseded  by  other  synthetic
molecules.  Since  they  have  a  categorical  chemical  makeup,  synthetic
products—referred  to  as  “essences”—function  in  a  constrained  way  inside  the
body, whereas EO acts more broadly [1, 2]. Because of their numerous biological
benefits  and  therapeutic  applications,  EOs  are  among  the  most  consequential
natural products made from plants [3, 4]. For millennia, essential oils have played
a  consequential  role  in  many  diverse  civilizations  all  over  the  world.  Even  the
most  archaic  races  understood  that  scent  essences  had  a  particular  influence.
Essential  oils  were  employed  for  ceremonial  and  medicinal  purposes  by  the
Chinese,  Indians,  and  Egyptians.  Archaic  Egyptians  were  well  vigilant  of  the
physiological effects of scents and the first types of aromatherapy. Sanskrit is the
pristine language of the old Indian book recognized as Ayurveda. Derived from
the terms Veda, which betokens “erudition,” and ayur, which denotes “life.” The
most revered book in India, the Vedas, lists approximately 700 distinct herbs and
aromatics,  codifying  the  utilization  of  these  substances  for  both  religious  and
medicinal purposes. Herbs have been utilized by humans for medicinal purposes
since the dawn of time. One of the first inscribed records of humans is the Rig
Veda,  which  was  composed  about  5,000  years  ago  in  India.  It  verbalizes  how
herbs  can  be  remedied.  The  textbooks  for  the  age-old  medicinal  science  of
Ayurveda,  which is  still  in utilization today,  are included in a number of texts.
Herbal recipes abound in these publications. Virtually all therapeutic plants are
fragrant  plants,  just  as  they  were  in  the  past.  Like  virtually  all  other  medicinal
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traditions  that  have  persisted  through  the  ages,  Ayurveda  was  drawn  to  the
fragrances of plants and engendered methods to extract their scents. One of the
sacred plants in India is basil, which is verbalized to arouse the mind and heart
and give love and devotional spirit. However, it took considerably longer for the
methodical  extraction  of  essences  for  medicinal  or  cosmetic  uses  to  emerge.
Essential  oil  use  is  growing  these  days,  and  aromatherapy  is  becoming  more
widely  accepted.

Interest  in  utilizing  coalesced  essential  oils  in  aromatherapy  as  therapeutically
efficacious  agents  has  significantly  increased  recently.  There  is  a  dearth  of
research on the aromatherapy benefits of coalesced essential oils on humans, even
though these oils are being utilized more and more to enhance patients' quality of
life and palliate a variety of illnesses. Applying an amalgamation of essential oils
might have a synergistic impact and be efficacious in treating solicitousness and
melancholy  [5].  Essential  oils  are  fascinating  natural  compounds  derived  from
aromatic plants that play a paramount role in conventional pharmacopeia. There
has been an abundance of attention lately on utilizing sundry EOs as substitute
medicinal  and  antibacterial  agents.  Furthermore,  more  focused  and  logical
research is still required to address how to apply those efficacious EOs and their
individual constituents in the pabulum and agriculture sectors in order to engender
novel natural pharmaceutical drugs and incipient health-oriented products [6].

2. AROMATHERAPY EVOLUTION

The therapeutic use of aromatic plants seems to be as old as human civilization
itself. Plants such as fennel, coriander seeds, cumin, and many others have been
found  at  the  sites  of  ancient  burial  grounds.  Many  texts  from  Asia  to  Ancient
Egypt, and much of the Mediterranean area, describe the various procedures and
rituals involved in the making of healing ointments, medicated oils, poultices, and
healing perfumes [7, 8].

Aromatic oils have been a part of human history for more than 3,500 years BC
and appear with regularity throughout all major civilisations down the ages, with
uses  ranging  from  religious  ritual,  food  flavouring,  medicine,  perfumery  and
masking of bad odours [9]. It is impossible to date exactly when the plants were
first  used  medicinally,  since  such  a  development  would  have  occurred  over
thousands of years [10]. In ancient times, our ancestors relied on a combination of
experimentation  and  observation  to  explore  the  diverse  uses  of  plants.  They
engaged in trial and error, testing various parts of plants, such as leaves, roots, or
berries,  to  discern  their  potential  applications  as  food,  medicine,  or  in  other
aspects  of  daily  life.  This  hands-on  approach  allowed  them  to  discover  the
valuable properties and benefits offered by different plants, gradually building a
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CHAPTER 2

Plant  as  Potential  Resources  for  Efficacious
Essential  Oils:  Underpinning  Aromatherapy
Evolution
Pragati  Misra1,*,  Ghanshyam  Pandey2,  Shambhavi  Pandey3,  Atul  Singh4,
Arun  K.  Chaurasia5,  Eugenia  P.  Lal6,  Shikha  Agnihotry7,  Ajeet  Kumar
Srivastav8,9  and  Pradeep  Kumar  Shukla6

1 Centre for Tissue Culture Technology, Jacob Institute of Biotechnology and Bioengineering, Sam
Higginbottom  University  of  Agriculture,  Technology  and  Sciences,  Prayagraj,  Uttar  Pradesh,
India
2  Department  of  Plant  Protection  and  Plant  Pathology,  Naini  Agricultural  Institute,  Sam
Higginbottom  University  of  Agriculture,  Technology  and  Sciences,  Prayagraj,  Uttar  Pradesh,
India
3  Department  of  Forensic  Sciences,  Faculty  of  Science,  Sam  Higginbottom  University  of
Agriculture,  Technology  and  Sciences,  Prayagraj,  Uttar  Pradesh,  India
4  Department  of  Agriculture,  Koneru  Lakshmaiah  Education  Foundation,  Vaddeswaram,  AP,
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Abstract:  The  basis  of  healthcare  has  been  medicinal  plants  from  the  dawn  of
humanity. For over 4000 years, people have carefully documented and passed down
through generations the various ways in which these have been utilized.  The Indian
Vedic literature, which dates to roughly 2000 BC, contains a list of around 700 compo-
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unds.  Cinnamon,  spikenard,  ginger,  myrrh,  coriander,  and  sandalwood  are  a  few of
these.  Since  ancient  times,  aromatic  plant  parts  and  oils  have  been  used  for  their
therapeutic  and  culinary  characteristics,  as  well  as  to  produce  incense,  perfumes,
cosmetics, and for incense sticks. Ritual use was widespread in early cultures, where it
served both sacred and therapeutic objectives that were intricately intertwined. Since
prehistoric  times,  plant  essential  oils  have  been  utilized  in  foods,  aromatherapy,
perfumes, cosmetics, spices, and alimentation. They have also been applied in other
medical  procedures  and  phytotherapy.  In  the  current  era  of  pharmaceutical  science,
interest in herbal medicines has grown relative to conventional or synthetic treatments
because  they  are  more  affordable,  more  widely  accepted,  compatible  with  human
physiology, and have fewer adverse effects. The medicinal properties and applications
of  an  expanding  number  of  emerging  essential  oils  have  been  researched  and
documented by pharmacists. The interest in analysing their bioactivity has progressed
owing  to  their  widespread  use,  particularly  the  recently  investigated  antibacterial,
antioxidant, anticancer, and antidiabetic effects. The traditional Indian or Ayurvedic
system  of  medicine,  as  well  as  other  ecumenical  customary  systems,  would  be
transformed  if  plant  predicated  knowledge  were  to  be  incorporated.  The  uses  of
numerous plants for therapeutic, medical, aesthetic, psychological, olfactory, massage,
aromatherapy, and other associated issues are examined in this chapter.

Keywords:  Aromatherapy,  Bioactivity,  Essential  oils,  Medicinal  plants,
Phytotherapy.

1. INTRODUCTION

Essential oils are organic, volatile, and complex chemicals that are produced as
secondary metabolites by the corresponding aromatic plants and are distinguished
by  their  aroma  [1].  Each  part  of  the  plant,  either  bud,  flowers,  leaves,  stalks,
twigs,  seeds,  fruits,  roots,  wood,  or  bark,  is  capable  of  producing essential  oils
(EOs),  which  are  subsequently  stored  in  secretory  cells,  cavities,  canals,
epidermic cells, or glandular trichomes [2]. EOs are liquids that are lipid soluble,
clear,  and  rarely  coloured.  They  are  insoluble  in  organic  solvents  and  have  a
density that is typically lower than that of water. Constituents are secondary plant
metabolites that  are lipophilic,  extremely volatile,  and reach masses below 300
molecular weight. They can be physically separated from other parts of the plant
or  membranous  tissue.  The  most  recent  applications  of  EOs  include  being  as
antioxidants and preservatives in victuals, fused into foodstuff packing material
[3], and significant application as crop protectants [4, 5].

For  ages,  EOs  have  been  used  extensively  in  the  pharmaceutical,  agricultural,
sanitary,  and  cosmetic  industries.  They  have  also  been  included  in  cuisines  as
herbs or spices [6, 7]. According to [8], a number of variables, including pabulum,
temperature, humidity, solar radiation, location, genetics, and harvesting time, can
have  an  impact  on  EOs.  The  Thymus  plant's  thymol  and  carvacrol  have  been
found  to  have  high  antioxidant  properties  [9].  Thymol  also  has  a  number  of
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biological  and  pharmacological  properties,  including  activities  that  are
antimutagenic, anticancer, antioxidant, and anti-inflammatory [10]. Carvacrol is
already  being  used  as  a  food  ingredient  to  prevent  bacterial  infection  and
amplification  because  of  its  pleasant  scent  and  antibacterial  properties  [11].
Numerous  essential  oils  have  antioxidant  and  antibacterial  characteristics  in
addition  to  serving  as  food  and  cosmetic  additives  [12  -  15].

A phenolic monoterpene called carvacrol (2-methyl-5-isopropylphenol) is found
in the EOs produced by several aromatic plants, including Origanum vulgare L.,
Nigella sativa L., and Thymus vulgaris L. [16, 17]. Carvacrol is observed as a safe
pabulum  adjunct  and  adds  flavour  to  beverages  and  chewing  gum  because  it
demonstrated  low  toxicity  in  rats  [18,  19].

The  oils  of  numerous  herbs,  including  Carthamus  tinctorius  L.  and  Pandanus
odoratissimus L., contain α-terpineol, an evaporative monoterpene alcohol with a
faintly sugary aroma [20, 21]. According to pharmacological research, α-terpineol
has antinociceptive, anticonvulsant, and hypotensive properties [22 - 24].

Numerous  researchers  have  hypothesised  that  (-)-α-bisabolol  has  a  range  of
biological  properties,  including  antifungal  [25],  antinociception  [26],  and
anticancer  actions  [27].  When  rats  were  pretreated  with  the  KATP  channel
blocker glibenclamide, the gastroprotective effect of (-)-α-bisabolol (100 mg/kg)
was overturned,  indicating the significance of  endogenous prostaglandins in its
gastroprotective function [28]. An aromatic chemical called anethole (1-methoxy-
4-(1-propenyl)-benzene) is widely consumed in the industry as a flavouring agent
for food and beverages. Northeastern Brazil is home to the Euphorbiaceae bush
Croton  zehntneri  Pax  et  Hoff,  also  known as  “canela  de  cunh”  and  “canela  de
cheiro” [29]. Anethole, a key component of the essential oil of Croton zehntneri
(EOCZ), is used therapeutically in traditional medicine for a number of adverse
conditions,  such  as  too  much  pain,  anxiety  and  gastrointestinal  disturbances.
Anetholes can also exhibit anti-inflammatory and anaesthetic activities [30, 31].

2. PLANTS AS SOURCE OF ESSENTIAL OILS

Essential oils are found in many different plants; however, the primary source of
essential  oils  might  come from different  portions  of  the  plant  (Table  1).  These
consist of barks, fruits, seeds, peels, roots, leaves, and so on. Typically, complex
mixtures of polar and nonpolar natural chemicals make up plant essential oils.

2.1. Salvia

The Lamiaceae family has over 900 species, with the genus Salvia (sage) being
remarkably enormous, important medicinal and aromatic genera [32]. It is clear
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Abstract: Essential oils which are complex blends of volatile compounds particularly
present in a copious amount in aromatic plants, and are mainly composed of terpenes
biochemically  generated  through  the  mevalonate  pathway.  In  natural  conditions,
essential oils play a significant role in the defense mechanism of plants as antibacterial,
antiviral, antifungal, insecticides and protect from herbivores by reducing their taste for
such  plants.  Because  of  their  chemical  constituents,  essential  oil  holds  various
biological activities such as antioxidants, antimicrobial, anti-inflammatory, etc. which
finds  important  applications  in  food,  cosmetic,  agriculture,  industrial,  and  medical
fields. This chapter covers the chemical constituents and chemistry of essential oils on
the one hand and their biological activities on the other hand.

Keywords: Biological activities, Chemical composition, Essential oil chemistry.

1. INTRODUCTION

Essential oils are volatile, natural, complex compounds characterized by a strong
odour  and  are  formed  by  aromatic  plants  as  secondary  metabolites.  They  are
usually obtained by steam or hydro-distillation first developed in the Middle Ages
by Arabs. Known for their antiseptic, i.e., bactericidal, virucidal and fungicidal,
and  medicinal  properties  and  their  fragrance,  they  are  used  in  embalment,
preservation of foods and as antimicrobial, analgesic, sedative, anti-inflammatory,
spasmolytic  and  locally  anesthetic  remedies.  Up  to  the  present  day,  these
characteristics  have  not  changed  much  except  that  more  is  now  known  about
some  of  their  mechanisms  of  action,  particularly  at  the  antimicrobial  level.  In
nature,  essential  oils  play  an  important  role  in  the  protection  of  plants  as
antibacterial, antiviral, antifungal, insecticides and against herbivores by reducing
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their  appetite  for  such  plants.  They  also  may  attract  some  insects  to  favor  the
dispersion  of  pollen  and  seeds,  or  repel  undesirable  others.  Essential  oils  are
extracted from various aromatic plants generally localized in temperate to warm
countries  like  Mediterranean  and  tropical  countries,  where  they  represent  an
important part of the traditional pharmacopoeia. They are liquid, volatile, limpid
and rarely coloured, lipid soluble and soluble in organic solvents with a generally
lower density than that of water. They can be synthesized by all plant organs, i.e.,
buds,  flowers,  leaves,  stems,  twigs,  seeds,  fruits,  roots,  wood,  or  bark,  and  are
stored in secretory cells, cavities, canals, epidermic cells or glandular trichomes.
Essential oils have been largely employed for their properties already observed in
nature,  i.e.,  for  their  antibacterial,  antifungal,  and  insecticidal  activities.  At
present,  approximately  3000  essential  oils  are  known,  300  of  which  are
commercially  important,  especially  for  the  pharmaceutical,  agronomic,  food,
sanitary,  cosmetic,  and  perfume  industries.  Essential  oils  or  some  of  their
components are used in perfumes and make-up products, in sanitary products, in
dentistry, in agriculture, as food preservers and additives, and as natural remedies.
For  example,  d-limonene,  geranyl  acetate,  or  d-carvone  are  employed  in
perfumes,  creams,  soaps,  as  flavour  additives  for  food,  as  fragrances  for
household cleaning products and as industrial solvents. Moreover, essential oils
are used in massage as mixtures with vegetal oil or in baths but most frequently in
aromatherapy.  Some  essential  oils  appear  to  exhibit  particular  medicinal
properties  that  have  been  claimed  to  cure  one  or  another  organ  dysfunction  or
systemic disorder [1,  2].  Chemical  composition essential  oils  are very complex
natural  mixtures  which  can  contain  about  20–60  components  at  quite  different
concentrations. They are characterized by two or three major components at fairly
high  concentrations  (20–70%)  compared  to  others  components  present  in  trace
amounts.  For  example,  carvacrol  (30%)  and  thymol  (27%)  are  the  major
components  of  the  Origanum  compactum  essential  oil,  linalol  (68%)  of  the
Coriandrum sativum essential oil, a- and b-thuyone (57%) and camphor (24%) of
the  Artemisia  herba-alba  essential  oil,  1,8-cineole  (50%)  of  the  Cinnamomum
camphora  essential  oil,  a-phellandrene  (36%)  and  limonene  (31%)  of  leaf  and
carvone  (58%)  and  limonene  (37%)  of  seed  Anethum  graveolens  essential  oil,
menthol  (59%)  and  menthone  (19%)  of  Mentha  piperita  (=Mentha  ·  piperita)
essential  oil.  Generally,  these  major  components  determine  the  biological
properties  of  the  essential  oils.  The  components  include  two groups  of  distinct
biosynthetical  origin  [3-5].  The  main  group  is  composed  of  terpenes  and
terpenoids and the other of aromatic and aliphatic constituents, all characterized
by  low  molecular  weight.  It  is  known  that  plants  produce  essential  oils  as
secondary metabolites  in  response to physiological  stress,  pathogen attack,  and
ecological factors. Moreover, in nature, essential oils are recognised as defence
compounds and attractors of pollinators, facilitating the reproduction of vegetal
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species.  The  environmental  variations,  in  turn,  are  also  important  in  a  plant’s
ability  to  produce  these  compounds.  Considering  all  of  these  factors,  the  main
problems related to the cultivation of  aromatic plants  are due to variations that
occur in quantitative and qualitative changes in the essential oils production. The
main  factors  involved  in  the  biosynthesis  of  essential  oils  from  medicinal  and
aromatic plants are discussed in this chapter. In order to optimize its commercial
exploitation, the different factors involved in the production of essential oils must
be taken into account, since the induction of its substance synthesis could affect
the  specific  compounds  of  interest  and  their  economic  applications,  as  well  as
affecting the standard amount of produced oil.

2. CHEMICAL CHARACTERISTICS OF ESSENTIAL OILS

The designation essential oil originated from Aristotle’s era, because of the idea
of  life-essential  elements  —  fire,  air,  earth  and  water.  In  this  case,  the  fifth
element was considered the soul or the spirit of life. Distillation and evaporation
were  the  processes  of  removing  the  soil  from  the  plant  or  essential  oils.
Nowadays, these oils are also known as volatile oils, but far from being the soul,
essential  oils  are  a  complexity  of  aroma’s  composition.  Those  constituents  of
essential oils are generally derived from phenylpropanoid routes [6]. The studies
of  those  routes  have  disclosed  the  relevance  of  the  aspect  of  physiology
regulation,  but  certainly  isoprenoid  exemplifies  the  major  group  of  secondary
metabolites in herbs, which exhibit extremely vast varieties of chemical structures
and biochemical functions. Since primary metabolites exist in all plant cells that
are qualified by division, secondary metabolites are there exclusively by accident
and  are  not  essential  for  that  herb.  In  contrariety  to  primary  metabolites,
secondary  compounds  vary  extensively  in  their  occurrence  in  those  herbs  and
some may appear only in a unique or a few species [7]. Due to the connection of
terpenoids  in  many  pharmacological  properties  and  their  great  value  added
especially for pharmaceutical, cosmetic, and food industries, the isoprenoid route
has  been  a  spotlight  for  most  related  articles.  Essential  oils  are  nearly  always
rotational and have a high refractory index; they are sparingly soluble in water,
usually less dense than water and liquid at room temperature, but there is some
exception,  as  trans-anethole  (anise  camphor)  from  the  oil  of  anise  (Pimpinella
anisum L.), and they may be classified using different criteria: consistency, origin
and chemical nature. As stated by their consistency, essential oils are classified as
essences, balsams, or resins. Depending on their origin, essential oils are natural,
artificial, or synthetic. Essential oils are aromatic chemical compounds that come
from  plant’s  glands.  Due  to  their  volatility,  flavour,  and  toxicity,  this  class  of
compounds also plays significant aspects in the defence’s herbs, communication
between plants and pollinator attractiveness [6, 8]. A lot of herbs can be viewed as
being  composed  of  a  basic  unit  called  isoprene  or  isopentane.  Terms  such  as
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Abstract:  Essential  oils  are  natural  plant  products  that  have  a  wide  range  of
applications in various fields like medicine, flavors, fragrance, etc. Their wide range of
uses benefits people by exhibiting a variety of diverse properties like anti-allergic, anti-
inflammatory,  antiviral,  antibacterial,  insect  repellent,  anticancer,  anti-oxidant,  and
many more. They are also crucial to plants in terms of function. They are aromatic and
are present in plants inside specialized cells or glands. Their biosynthesis occurs in the
leaves and is present inside them until flowering. After the flowering of the plant, these
oils get transferred to the flowers. These essential oils can be extracted using a variety
of techniques, including solvent applications, steam distillation, and more. The quality
and amount of essential oils in plants are affected by a variety of circumstances. These
factors include the development stage of plants, the effect of UV radiation, the effect of
Arbuscular mycorrhizal fungi, the effect of light quality, the effect of salt stress, and
the effect of fertilizers.

Keywords:  Anticancer,  Anti-oxidant,  Arbuscular  mycorrhizal  fungi,  Essential
oils,  UV  radiations.

1. INTRODUCTION

Natural plant compounds called essential oils are used in a variety of industries,
including  medicine,  flavoring,  and  scent.  Their  wide  range  of  uses  benefits
humans by exhibiting a variety of diverse properties, such as anti-allergic, anti-
cancer, anti-inflammatory, antiviral, antibacterial, antimicrobial, insect repellent,
anti-oxidant, and many others, in addition to being beneficial to the plant itself [1,
2]. They  have an  aromatic  character  and are  found in the  specialized  cells  or
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glands of plants. They play a crucial part in the plant's defense mechanisms. Their
increased concentration protects plants from predators and pests while also acting
as  an  attractant  for  pollinators  [3].  Volatile  organic  compounds  extracted  from
various  parts  of  the  plant  have  distinct  therapeutic  and  energetic  properties.  In
addition,  these  are  highly  complex  substances  that  are  both  highly  potent  and
extremely precise in action. Essential oils are typically not treated as oils because
they don't contain any fatty substances. They are derived from an essence rich in
natural  flavors  and  active  ingredients  that  are  secreted  by  various  plant  parts.
These beneficial  liquids are produced by distilling or pressing secretory organs
[4].

2. AROMATIC PLANTS' ESSENTIAL OIL-SECRETING CELLS

Essential  oils  became  very  popular  due  to  the  significance  of  their  medicinal
value,  culinary,  and  fragrant  properties,  as  well  as  various  other  biological
applications  [5].  Plants  contain  specialized  secretory  structures  that  are
responsible for their production. After being created in plants, these essential oils
are  occasionally  released  by  conical-papillate  cells,  non-specialized  cells,
glandular trichomes, osmophores, ducts, and cavities [6]. The architecture of these
cells  can  be  examined  with  contemporary  tools  including  light  microscopy,
scanning,  and  transmission  electron  microscopy  [7].

2.1. Osmophores

The word “Osmophores” comes from the words “Osmo,” which means “smell,”
and “phore,” which means “to carry.”This term was first used in 1962 to designate
a  floral  tissue  enclosed  area  that  is  specifically  designed  for  scent  emission.
Osmophores  are  regions  of  floral  tissue  that  are  enclosed  and  are  considered
responsible for the emission of odor. These are also referred to as floral fragrance
glands, a specialized group of cells that are distributed on the sepals and petals of
flowers  to  attract  insect  pollinators  [7].  Except  for  the  eighteen  species  of
Stanhopea and Sievekingia, having Osmophores along with epidermal cells which
are  morphologically  different  from  the  adjacent  cells,  they  are  composed  of
multilayered  glandular  epithelium  with  homogeneous  cell  layers  [8,  9].  Large
amounts  of  storage  compounds  like  starch  are  found in  the  mesophyll  of  these
cells.  Most  epidermis  cells  don't  have  these  deposits.  This  makes  a  difference
between the layer  of  production and the layer  of  emissions [9].  More than 200
species  of  flowers  have  conical-papillate  cells  on  their  petals,  and  Osmophore
cells  resemble  these  cells  [10],  which  include  Stanhopea,  Rosa  x  hybrid,
Galanthus nivalis, Orchidaceae, Araceae and Arabidopsis thaliana (Brassicaceae)
[11]. Conical-papillate shape contributes to light reflection and offers a very large
surface  area  for  evaporation.  In  Antirrhinum  majus,  the  MIXTA  gene,  which
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gives rise to the conical shape, has been cloned (Scrophulariaceae). Surprisingly,
its overexpression in 35S is as follows: MIXTA Nicotiana tabacum (Solanaceae)
causes  ectopic  trichome  secretion  across  the  plant,  implying  a  link  between
conical-papillate  cells  and  the  differentiation  of  secreting  trichomes  [12].  Two
characteristics  that  are  possibly  related  to  the  production  of  fragrances  are
cytoplasmic  lipid  inclusions  and  plastoglobuli  in  amyloplasts.  These
characteristics  demonstrated  enough  variation  to  be  included  due  to  their
important  properties.  Plastoglobuli  are  found  in  the  amyloplasts  of  both
Sievekingia  species and the majority of Stanhopea  species. The Osmophores of
Galanthus  nivalis  flowers  exhibit  polarised  epidermal  cell  protoplasts,  big  cell
nuclei,  and  huge  vacuoles  with  diverse  contents  in  the  periphery  region  of  the
cells [13]. The Osmophores in Stanhopea graveolens and Cycnoches chlorochilon
are located at the base of the labellum. The wrinkled surfaces of the Osmophores
increased the surface area of the scent emission. Secretion remains are visible on
the surface of the epidermis in S. graveolens, but not in C. chlorochilon [7].

2.2. Glandular Trichomes (GTs)

Trichomes,  which  are  hairs  found  on  the  surface  of  plants,  serve  a  variety  of
purposes, such as pest and insect control, heat retention, and moisture retention
[14]. Plants contain trichomes of different varieties, and they occasionally have
complex  structures  [15].  They  can  be  classified  into  two  different  types  (non-
glandular  as  well  as  glandular  trichomes)  [16].  Glandular  trichomes  (GTs)  are
hairs found on the epidermis. These cells are specialized for the biosynthesis and
release  of  specific  secretory  substances,  such  as  nectar,  mucilage,  acyl  lipids,
digestive enzymes, and essential oils. These trichomes are abundant and exhibit a
variety of morphologies throughout the plant kingdom. A mixture of chemicals is
contained  in  or  secreted  by  these  trichomes.  Plants  have  a  large  number  of
secreting trichomes with various morphologies. A large number of chemicals that
are  very  helpful  in  the  pesticide,  pharmaceutical,  and  flavor  or  fragrance
industries are secreted by GTs. Some crop species use these as well because they
exhibit resistance to insects and pests [15]. There is a growing interest in learning
about  the  chemical  composition  of  glandular  trichome  exudates  and  taking
advantage  of  their  numerous  applications  today  [20].

GTs  are  found  in  several  monocotyledon  plants,  including  Tradescantia,
Dioscorea,  and  Sisyrinchium.  GTs  are  more  common  in  eudicots  and  are
distinctive  vegetative  epidermal  features  of  numerous  families  and  genera,
including  Lamiaceae,  Asteraceae,  Sphaerosepalaceae,  Caryophyllaceae,
Cucurbitaceae,  Fabaceae,  Rosaceae,  Sapindaceae,  Saxifragaceae,  and
Cannabaceae  [17].  Metcalfe  and  Chalk  gave  a  more  comprehensive  list  of  the
distributions  of  GTs  in  dicotyledons  of  various  morphological  categories  [20].
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Abstract: The importance of medicinal plants in enhancing people's lives all around
the  world  is  undeniable.  The primary metabolites  of  therapeutic  plants  are  essential
oils, which are widely used in a variety of businesses since their biological qualities
were  first  identified  in  mythology.  The  biological  effects  of  essential  oils  include
insecticidal,  antiviral,  antibacterial,  and  antioxidant  activities.  These  distinctive
qualities  raise  their  attraction  and  favourability  in  several  international  businesses.
They are crucial as scent providers in the cosmetics business and have been employed
as food preservatives in the food sector. Surprisingly, some components of essential
oils are used in medicine since research has shown that some plant-based essential oils
may be able to prevent, delay, or even reverse the growth of cancerous cells, the current
focus is on investigating aromatherapy's potential in terms of Essential Oils biological
qualities. This chapter's goal is to present a short and in-depth examination of Essential
Oils’  cytotoxicity,  activity,  therapeutic  and  pharmacological  potential,  and  common
misunderstandings regarding these issues.
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1. INTRODUCTION

Essential  Oils  (EOs) are natural  compounds having pharmacological,  cosmetic,
agrochemical,  and  nutritional  uses  that  have  an  extensive  history  in  the
pharmaceutical sciences [1]. Aromatherapy and phytotherapy make considerable
use  of  EOs,  with  some  of  them  acting  as  anti-anxiety  medications  [2].
Phytotherapy  is  the  “art  and  science”  of  utilizing  medicinal  plants  to  cure,
prevent, or even threaten illness. Aromatherapy is the sanative use of EOs and is
considered a subcategory of phytotherapy. These objects have long been in use
and are acknowledged by both traditional and modern medical systems. Although
medicinal  plants  are  commonly  used  to  treat  central  nervous  system disorders,
preclinical and clinical research is sometimes limited [3].

J. B. Dumas (1800-1844), a renowned French scientist who began his career as a
pharmacist,  is  credited  for  evaluating  stearoptenes  and  being  the  first  to  do
systematic research on EOs. His first EO article appeared in Liebig's Annalen der
Pharmacie. Turpentine oil appears to be linked to nearly every key discovery in
the history of EOs. Turpentine oil  was the first  EO to be mass-produced in the
USA (United States of America) Naturally, there were legitimate reasons for this,
such as enormous expanses of pine trees, notably in North and South Carolina,
Georgia,  and  Alabama,  and  the  massive  and  ever-increasing  need  for  oil,  both
locally and internationally [4].

Terpenoids are the principal ingredients of EOs, which are lipophilic secondary
metabolites  obtained  from  plants.  Numerous  studies  have  shown  that  EOs  are
neurotoxic, and they paralyze insects before killing them, Such property allows us
to consider EO components as natural pesticides. One of the best studied effects
of  EOs  is  suppression  of  acetylcholinesterase  (AChE).  Nevertheless,  EOs  only
have  a  minor  inhibitory  effect  on  AChE.  The  positive  allosteric  regulation  of
GABA (gamma-aminobutyric acid) receptors is another hypothesized mechanism
of action for EOs, which respond to the neurotransmitter (GABArs). Numerous
studies show that EOs increases the GABA effect on mammalian receptors. On
the other hand, no information is available on the binding of EO components to
insect GABArs. EOs also displays an impact on the octopaminergic systems of
insects.  Recent  information indicates  that  EOs exhibit  the ability  to  elevate  the
levels of calcium and cyclic adenosine monophosphate (cAMP) in nerve cells. In
addition, other EO compounds compete with octopamine for the attention of the
receptor.  Electrophysiological  research  on  the  Periplaneta  americana  has
demonstrated  parallels  in  the  activities  of  EO  constituents  and  octopamine.
According  to  this,  EOs  may  have  the  ability  to  influence  neuronal  activity  via
octopamine  receptors.  EO  constituents  are   ideal  intrants  for  bio-insecticides
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application due to the vast array of potential targets in the insect nervous system
[5].

Bergapten (BPs) or furocoumarin, also known as 5-methoxy psoralen (5-MOP), is
a kind of psoralen found in grapefruit juice, citrus EOs, and bergamot EOs [6, 7].
Numerous  medicinal  plants  contain  this  furanocoumarin  derivative,  notably
belonging  to  the  Rutaceae  and  Umbelliferae  families,  such  as  plum,  coriander,
parsley, and cardamom [8, 9]. Many research efforts have been carried out to look
at  the  biological  consequences  of  furanocoumarins  obtained  from  using  herbal
and citrus extracts, including the fact that they serve as antimicrobial, antioxidant,
anti-inflammatory agents, necrotic, and antitumor agents [10].The combination of
BP's anti-inflammatory and pro-resolution qualities suggests it could be salutary
for treating chronic inflammatory illnesses [11]. It has also been demonstrated to
have  analgesic  and  anticoagulant  characteristics,  hepatoprotective  quality,  and
anticonvulsant  effects  [12  -  14]  Additionally,  numerous  investigations  showed
that BP inhibits topoisomerase 1, cyclooxygenase (COX), and 5-lipoxygenase (5-
LOX) [13, 15] Fig. (1).

Fig.  (1).   Representative  scheme  regarding  pharmacological  activities  and  molecular  mechanisms  of
bergapten. ↑: increased; ↓: decreased; mRNA: messenger ribonucleic acid; LDL: low-density lipoprotein;
ROS: reactive oxygen species; NO: nitric oxide; iNO: inducible nitric oxide; RANK: receptor activator of
nuclear factor-κB; P13k/Akt: phosphoinositide-3-kinase–protein kinase B/Akt; NF-κB: nuclear factor kappa
light chain enhancer of activated B cells; NFATc1: nuclear factor-activated T cells c1; TNF-α: tumor necrosis
alpha; COX: cyclooxygenase; IL-6: interleukin-6; HIV: human immunodeficiency virus [16].
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CHAPTER 6

Human Organs System and Essential Oils (EOs)
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Abstract:  Some patients  prefer  complementary  and  alternative  medicine  treatments
because they are under the impression that these methods are safer than conventional
medication  because  of  their  “natural”  origins.  EOs  can  be  used  in  a  bath,  during  a
massage, as a spray, a paste, a gel, or via inhalation. People think that these oils get into
the skin through the upper dermis. There are different ideas about how aromatherapy
could  help  people.  The  components  of  EOs  are  essential  for  the  treatment  and
prevention of cancer; the processes responsible for EOs' antimutagenic capabilities are
numerous.  These  EOs  boost  immunity,  improve  blood  circulation,  protect  from
respiratory and skin diseases, and improve digestion. These are also helpful in relieving
pain in  joints  and muscular  regions.  Their  importance in  boosting brain  functioning
helps in the treatment of various neurological problems. They have a significant impact
on  resolving  human  reproductive  issues.  They  play  a  significant  role  in  modern
medicine and are increasingly used to treat a wide range of illnesses. Their value as a
natural remedy of last resort is universally acknowledged. Their increasing application
to the treatment of human health issues has paved the path for natural aromatherapy to
find widespread acceptance among the general public.

Keywords:  Aromatherapy,  Anti-Cancer  Activity,  Antimutagenic,  Anti-
inflammatory  Activity,  Essential  oils  (EOs).

1. INTRODUCTION

Some  patients  prefer  complementary  and  alternative  medicine  because  they
believe it is safer, less poisonous, and less likely to create side effects. After all, it
is perceived as “natural.” Essential oils can be applied topically, inhaled, blended
into a paste or spray, added to a bath, or  used in a variety of other ways. They are
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thought to be absorbed into the skin through the dermis at the top layer [1] (Fig.
1).

Fig. (1).  Essential oils obtained from various plant components.

2. MECHANISMS OF ACTION OF NATURAL ESSENTIAL OILS

Several  hypotheses  explain  how aromatherapy  can  produce  therapeutic  results,
including systemic effects (working as a medicine or an enzyme), placebo effects,
and general emotional or “reflective” effects that elicit happy emotions (Fig. 2)
[2].

Essential  oils  contain  a  variety  of  chemical  components  that  have  different
medicinal properties. Essential oils can be derived from practically any part of the
plant,  including  the  leaves,  flowers,  wood,  roots,  vetivert,  calamus,  and  sap  of
eucalyptus, peppermint, lavender, rose, juniper, and frankincense, to name a few.
They  often  contain  many  naturally  volatile  organic  compounds.  These  oils
frequently  contain  a  combination  of  numerous  organic  compounds  having
medicinal  capabilities,  which  correspond  to  varying  concentrations  of  each
molecule in the oil. wound recovery. Ketone-rich oils have certain qualities, but
alcohol-rich oils have properties that are antibacterial and anti-infectious [3].
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Fig. (2).  Various uses of essential oils.

3. ANTI-CANCER ACTIVITY OF ESSENTIAL OILS (EOS)

EO constituents  are  crucial  in  the  treatment  and prevention  of  cancer.  Because
oxidation causes damage to various biological substances and, as a result, many
diseases such as Parkinson's disease,  Alzheimer's disease,  liver disease,  cancer,
diabetes,  arthritis,  aging,  AIDS  inflammation,  and  atherosclerosis,  antioxidant
activity is one of the most researched topics in EOs [4]. Antioxidants have been
used to treat a variety of ailments as they guard against oxidative damage [5]. To
find natural antioxidants that are safe to use, researchers have been examining the
antioxidant  capabilities  of  several  EOs.  Numerous  studies  have  demonstrated
essential  oils  are  the  best  natural  providers  of  antioxidants  [6].  In  eukaryotes,
hydrogen peroxide  and superoxide  anions  combine  to  create  hydroxyl  radicals,
which are  particularly  harmful  to  mitochondrial  DNA. Damaged mitochondrial
DNA hinders the formation of the electron transport protein, which exacerbates
the  buildup  of  reactive  oxygen  species  (ROS)  (Fig.  3)  [7].  Reactive  phenoxy
radicals  are  created  when  damaged  mitochondrial  membrane  free  radicals
combine  with  EOs  to  stop  further  damage  [8].
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CHAPTER 7

Therapeutic  Applications  and  Pharmacological
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Abstract:  When  referring  to  a  drug's  active  component  as  “Quinta  essential,”
Paracelsus  von  Hohenheim,  a  Swiss  physician  used  the  word  “essential  oil”  for  the
very first time in the sixteenth century. Plant oils and extracts have been utilised for a
variety  of  purposes  for  thousands  of  years.  Essential  oils  have  long  been  used  in
traditional  medicine  and  by  practitioners  of  alternative  rejuvenation  approaches.
Because of their considerable immunomodulatory and antibacterial action, they have
been used for many years to treat various ailments. Many volatile chemicals generated
by  plant  secondary  metabolism  combine  to  make  essential  oils.  Components  of
essential oil may be classified into two related types on a biosynthetic level. The two
primary groups are terpene or terpenoid inchoation compounds, as well as aromatic and
aliphatic  components.  Since  the  Middle  Ages,  essential  oils  have  been  utilized  for
antibacterial, biocidal, anti-fungal, antiprotozoal, and antifeedant purposes, as well as
painkiller, calming, anti-inflammatory, anti-spasmodic, and  locally  anesthetic therapy.
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However, little is understood about how essential oils function. Plant oils and extracts'
antimicrobial characteristics have served as the foundation for a variety of enterprises,
including pharmaceuticals, alternative medicine, and herbal treatments.

Keywords: Essential oils, Pharmacological and industrial applications, medicinal
uses.

1. INTRODUCTION

Essential  oil  (EO)  study  was  in  its  infancy  until  the  late  1800s,  the  chemical
nature of EOs was stated in broad groups such as terpenes, aromatic polyketides,
and  phenylpropanoids,  or  else  using  specialized  chemical  nomenclature.
Following Belaiche's concept to identify chemical categories that might be trained
to  anticipate  the  biological  activity  of  EOs,  vocabulary  to  describe  EO
characteristics was later established and updated. Aromatherapie exactement, is a
book  written  by  French  authors  Pierre  Franchomme  and  Daniel  Penoel,  that
pioneered a paradigm for EO ranking,  based on their  structural  function that  is
still in use today [1].

EOs  have  historically  been  used  for  antibacterial,  biocidal,  anti-parasitic,  and
antifeedant  effects,  as  well  as  painkiller,  relaxing,  anti-inflammatory,  anti-
spasmodic,  and  locally  anesthetic  therapies  (Table  1)  [2,  3].  Now  there  are
recognized  possible  techniques  for  employing  EOs  or  their  components  in
medications  for  human  or  animal  use  [4].  Most  EOs  work  best  when  applied
superficially,  such  as  in  mouth  rinses  and  deep  throats,  or  inhalation;  they  are
rarely  ingested,  despite  being  generally  recognized  as  safe  (GRAS)  [5].  Aside
from preventing and healing certain ailments, EOs have extraordinary potential
for  promoting  and  maintaining  overall  health.  However,  their  poor  water
solubility and durability, as well as its significant volatility and deleterious effects,
have restricted its application in medicines [6].

Aromatic  plants  and  their  EOs  have  been  used  for  flavor  and  fragrance,  as
seasonings or spices, in treatments, as bactericidal agents, and as a protectant for
perishable  goods  since  ancient  times.  EOs  from medicinal  and  aromatic  plants
have  shown  biological  activity  among  natural  compounds,  and  their  ability  to
scavenge free radicals has piqued the curiosity of researchers [7, 8].

Herbal compounds fight free radicals, which have been linked to several illnesses
such  as  cancer  and  neurological  disorders.  Furthermore,  they  degrade  food's
sanitary and sensory properties [9]. EOs have potent antimicrobial properties [10 -
12]. Because of these characteristics, they may be a beneficial source for lowering
resistant bacteria. Furthermore, EOs are classified as safe substances, and some of
them  include  chemicals  that  may  be  used  as  antibacterial  supplements  [13].



Pharmacological Practices Aromatherapy: The Science of Essential Oils   209

Several studies have shown that they help prevent diseases and toxins in food [14,
15]. This means that they will be used in the multigrain processing industry [10],
which  will  address  the  issue  of  food  poisoning  despite  increased  hygiene
standards [11].  As a consequence of limits  on the use of  synthetic antioxidants
and  increased  interest  in  natural,  non-toxic  antioxidants,  several  studies  on  the
antioxidant effects of EOs have been done. Many components of EOs in plants,
such  as  terpenoids,  monoterpenes,  ethyl  alcohol,  ketones,  acetaldehyde,  and
esters,  work  together  to  protect  the  plant  against  herbivores,  and  bacteria  [16].
Due to the toxicological effect of produced goods, EOs are prioritised in the food
processing,  dietary  supplement  manufacturing,  and  pharmaceutical  sectors.
Increased  efforts  have  been  made  to  favor  the  employment  of  EOs  as  natural
antioxidants and preservatives [17]. Herbal products for usage as pharmaceuticals,
scents, aesthetics, and food additives are getting popular among the public at large
patients and medical professionals [18]. Because of the biological advantages they
provide, essential/volatile oils (VOs) have received a lot of attention among all of
these  natural  medications  [19,  20].  These  applications  range  from  employing
rosewood and cedarwood for the smell to flavoring drinks with lime, fennel, or
juniper berry oil [21], also to prevent the spoilage of stored food crops [22].

Table 1. Essential oils for common problems. Adapted from Ali et al. [6].

Condition Essential Oils

Anxiety, agitation, stress,
challenging behaviors

Angelica archangelicarad. (angelica), Cistus ladaniferus (labdanum)
Citrus aurantium var. amarafol. (petitgrainbigarade),

Citrus aurantium var. amaraper. (orange bigarade), Citrus bergamia
(bergamot) Citrus sinensis (sweet orange)

Cymbopogon martini (palmarosa)
Eucalyptus staigeriana (lemon-scented ironbark),

Lavandula angustifolia (lavender)
Litsea cubeba (may chang)
Ocimum basilicum (basil)

Origanum majorana (sweet marjoram)
Pelargonium graveolens(geranium)
Pogostemon patchouli (patchouli)

Valeriana officinalis (valerian)

End-of-life agitation
Lavandula angustifolia (lavender)

Santalum album (sandalwood)
Boswellia carteri (frankincense)

Fatigue

Angelica archangelicarad. (angelica)
(nervous)

Cistus ladaniferus (labdanum) (chronic)
Citrus aurantium var. amara (neroli bigarade)

Citrus paradisi (grapefruit)
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CHAPTER 8

Future  Perspective  of  Aromatherapy  in  Skin  and
Cancer Therapeutics
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Abstract: Essential oils have a direct influence on cancer cells along with an impact at
a chemical level on the immune system. Essential oils work efficiently in getting rid of
microorganisms and other foreign bodies from the human body by augmenting white
blood  cell  activity.  Many  more  small  molecules  change  the  way  that  the  main
components  of  many essential  oils  act.  Furthermore,  numerous  components  play  an
important  part  in  various  characteristics  of  essential  oils  like  smell/fragrance,
concentration, colour, texture, cell diffusion, lipophilicity/hydrophilicity, and fixation
over  cellular  membranes  and  their  distribution  within  the  cell.  Biologically,  in  the
central nervous system disorders, volatile essential oils may affect synergistically along
with the treatment drugs/chemicals. One of the important considerations is the specific
time at which the plant possesses the highest quantity of volatile essential oils along
with  the  chemical  constituent  mixture.  Essential  oils  are  a  beneficial  non-medicinal
alternative and they could be included in routine conventional care for some particular
health conditions when their protection and quality control issues have been calculated.
Alternative medicine involving the usage of essential oils is hopeful to decrease the
redundant effects of current medicine and if explored precisely, the therapy will benefit
both the patients and the common man.

Keywords: Essential oil, Aromatherapy, Aromatherapeutic oils, Terpenoids, and
Phenylpropanoids.
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1. INTRODUCTION

Without a scientific basis, the practise of aromatherapy relies on the application of
aromatic chemicals, such as essential oils (EOs) and aroma compounds, with the
promise of improving psychological or physical well-being. This is offered in lieu
of regular treatment, as an alternate solution, or as a substitute drug. Alternatively,
precision-based treatment may be used in place of traditional medication. Those
who specialise in practising aromatherapy, such as inhalation massage, the use of
water immersion techniques, or the partial significance of healing essential oils,
are known as aromachologists. Unfortunately, there is now no credible medical
evidence that suggests aromatherapy can prevent, cure, or treat disease. Placebo-
controlled experiments are difficult to correct because aromatherapy relies heavily
on smell. The idea that it could prevent nausea and vomiting after surgery is quite
alluring.

Essential oils (EOs) are a blend of low molecular weight plant-based molecules
that are extracted using a variety of solvents and steam distillations. The primary
components of EOs that give them their distinctive biological qualities and smell
include  terpenoids,  phenylpropanoids,  etc.  Various  physiological  and
pharmacological  actions,  including  those  that  are  anti-inflammatory,  antiviral,
antiprotozoal,  anti-mycotic,  anti-mutagenic,  anti-tumourigenic,  and  anti-
diabeticThe characteristics of nti-diabetes match EOs. The primary components of
essential  oils  (EOs)  of  global  relevance,  particularly  in  the  pharmaceutical  and
cosmetic industries, have been identified and characterised by means of costly and
precise phytochemical investigation. This chapter contains the current locations of
the bioactive qualities and therapeutic potential of EOs (Fig. 1). The volatile oils,
also known as essential  oils,  are  extracted using a  variety of  methods from the
plant's  flowers,  leaves,  stems,  roots,  fruits,  and  bark.  The  discovery  of  EOs'
antimicrobial and antibacterial properties, as well as their skin absorptivity-based
properties, led to their continued use.

The main methods used in aromatherapy that include the absorption of EOs on the
skin's surface with perceptible feeling are fragrance inhalation, steam baths, baths,
and local application. These lubricants change as they move through the system
and  exert  a  noticeable  influence  where  the  accentuated  area  is.  This  type  of
therapy makes use of a variety of adjustments and concoctions to provide relief
from a range of issues, including insomnia, melancholy, gastrointestinal distress,
headaches, back pain, respiratory issues, swollen joints, skin allergies, and urinary
tract issues. When other aspects of diet and lifestyle are taken into account, EOs
are proven to be more competent. Based on research on medicinal, therapeutic,
improving,  olfactory,  massage,  psychological,  and  safety  issues,  aromatherapy
makes use of a range of plant parts. For cancer patients, there are benefits such as
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decreased anxiety and a decrease in the physical symptoms of stress, fatigue, and
agitation [1].

Fig. (1).  Mechanism by which essential oil enhances the function of the immune system [24].

Any medicinal qualities that extra virgin olive oil (EO) may possess are derived
from its biological components and structure. The advantages of essential oils and
aromatherapy can be explained by a plethora of theories. The relationship between
the  brain's  olfactory  and  paleomammalian  cortical  systems  accounts  for  the
majority  of  the  mechanisms  by  which  aromatherapy  affects  temperament  and
emotions,  according  to  published  research  [2].  Biochemistry  and  psychology
organisations, who may not be able to distinguish between the scent produced by
EOs  and  fake  perfumes  and  have  a  different  take  on  the  possible  methods  by
which  aroma  influences  the  human  brain,  disproved  these  assertions  [3].  The
mechanism that  EOs  are  supposed  to  have  on  different  body  parts  is  currently
insufficient.  These  are  mostly  conjectural  in  nature  due  to  the  paucity  of
noteworthy  research  studies  on  the  topic.  Research  delving  deeply  into  the
neurophysiology of smell  and its  connection to the limbic system is scarce [4].
The chapter covered the use of essential oils (EOs) in aromatherapy and how to
increase well-being. The use of essential oils (EOs) in aromatherapy for personal
care has improved in the United States throughout the previous few years [5].



296 Aromatherapy: The Science of Essential Oils, 2024, 296-301   

SUBJECT INDEX

A 

 
AChE 230 

  inhibitors 230 

  inhibitory activities 230 

Acids 16, 35, 41, 46, 68, 69, 70, 87, 98, 146, 

171, 180, 193, 230, 233, 241, 242, 245 

   aminobutyric 180 

   ascorbic 171 

   carbolic 233 

   carnosic 41, 193 

   cinnamic 230 

   ginkgolic 242 

   glucuronic 70 

   glycyrrhizic 46 

   hexadecanoic 35 

   madecassic 241 

   mevalonic 68 

   phenolic 87 

   rosmarinic 41, 193 

   salicylic 16 

   shikimic 69 

   sulfuric 87 

Adeno virus 219 

AKT pathways 135 

Algae, green 140 

Allergic 138, 139, 140, 141, 283 

  contact dermatitis (ACD) 138, 140, 141, 

283 

  response 138, 139 

Alzheimer’s disease 79, 145, 170, 179, 190, 
191 

Amyloid precursor protein (APP) 145 

Amyloplasts 97 

Aniline hydroxylase 289 

Anophthalmia 143 

Anthelmintic Activity 81 

Anti-agitational actions 146 

Anti-cancer activity 168, 170 

Anti-inflammatory 126, 168, 174, 230, 247 

  activity 168, 174, 230, 247 

  agents 126 

Anti-nonmelanoma action 135 

Anti-tuberculosis treatments 224 

Anti-tumour effect 173 

Anti-ulcer action 238 

Antiangiogenic agent 81 

Antibacterial 3, 9, 12, 16, 17, 34, 39, 40, 41, 

42, 43, 44, 45, 46, 47, 64, 65, 77, 81, 95, 

108, 147, 148, 193, 195, 207, 211, 213, 

217, 218, 222, 223, 224, 225, 244, 285 

  action 195, 207, 217, 218 

  activity 77, 193, 217, 218, 222, 223, 224, 

225, 244 

  agents 3, 39, 77, 81, 223 

  drugs 223 

  properties 9, 12, 16, 17, 41, 42, 108, 211, 

213, 218, 224, 285 

Antibacterial wound dressings 192, 215 

   broad-spectrum 192 

Antibiotic resistance 108, 222, 223 

Anticancer 33, 39, 134, 281, 284 

  actions 33, 39 

  agents 134 

  chemotherapy 281 

  treatment 284 

Antifungal 40, 78, 79, 81, 86, 216, 223, 247 

  actions 216, 223, 247 

 activities 78, 79, 86, 223 

  agents 40, 78, 81 

  properties 79 

Antihistamine activity 239 

Antimicrobial 34, 35, 37, 38, 39, 41, 42, 45, 

46, 47, 64, 78, 214, 215, 216, 217, 244, 

245, 246, 247, 248, 289, 290 

  activity 35, 37, 41, 78, 214, 217, 246, 247 

  agents 247, 248 

  effects 244, 245 

  medicine 214 

  resistance 248 

Antimutagenic 81, 172, 174, 286, 287 

  activity 81, 172 

  drugs 286 
Pradeep Kumar Shukla, Ajeet Kumar Srivastav, Deepti Chopra, Shikha Agnihotry, Pragati Misra and Jyoti

Singh (Eds.)
All rights reserved-© 2024 Bentham Science Publishers



Subject Index Aromatherapy: The Science of Essential Oils      297 

  mechanism 287 

  properties 174, 286, 287 

Antimycobacterial action 224 

Antineoplastic effect 173 

Antioxidant 32, 33, 34, 37, 38, 39, 40, 41, 44, 

45, 46, 47, 79, 80, 81, 83, 145, 170, 171, 

172, 173, 174, 209, 215, 223, 229, 230, 

233, 236, 238, 246, 247, 248 

  activity 170, 171, 172, 173, 174, 223, 229, 

236, 238, 246, 247, 248 

  agents 79, 81, 215 

  effect 46, 172, 173, 209 

  enzymes 174 

     natural 79, 170, 172, 209, 229 

  properties 37, 40, 41, 79, 80, 83, 145, 171, 

229 

Antiproliferative 172, 173, 234, 287, 288 

  action 172 

  effect 172, 173, 234, 287, 288 

  property 172 

Antitumor agents 126 

Antiviral medications 224 

Anxiety disorders 183 

Anxiolytic properties 183 

Apoptosis induction 172 

Arbuscular mycorrhizal fungi (AMF) 95, 105, 

106 

Aspergillus minutus 79 

 

B 

 
Bacteria, pathogenic 223 

Bacteriolysis 246 

Blood 35, 44 

  disorders 44 

  pressure, regulating 35 

Bronchitis 39, 41, 43, 178, 236 

Burning incense 9 

 

C 

 
Cancer 34, 133, 134, 136, 137, 144, 168, 170, 

231, 232, 237, 284, 288, 289, 290, 291 

   bowel 237 

   cervical 144, 232 

   colon 288 

   therapies, traditional herbal 231 

Cancer cells 44, 232, 288 

   bladder 44 

   colon 232 

   gastric 232 

   metastatic breast 288 

Central nervous system (CNS) 129, 130, 136, 

144, 147, 176, 179, 187, 188, 244 

Chemicals 98, 235 

   oxygenated 98 

   plant-derived 98 

   proinflammatory 235 

Chinese healing system 8 

Chitosan electrospun nanofibers 215 

Chlorosis 106 

Cholinesterase 190 

Chromatographic 86, 87 

  methods 86, 87 

  profiling 87 

Chronic 138, 241, 242, 243 

  poisoning symptoms 138 

  wound healing 241, 242, 243 

Cognitive dysfunction 190 

Colonoscopy 137 

Concentrations 42, 45, 101, 105, 106, 109, 

137, 141, 143, 145, 183, 215, 217, 219, 

225 

   brain oxygen 109 

   inhibitory 225 

Cosmetic(s) 32, 141, 277 

  industries 32, 277 

  skin-lightening 141 

Cyclooxygenase 126 

Cytokines 138, 175, 176 

   pro-inflammatory 175 

Cytotoxic 143, 172, 173, 174, 225 

  action 225 

  effect 143, 172, 173, 174 

 

D 

 
Degenerative diseases 172 

Diarrhea 109, 141 

Digestive system 18 

Diseases 10, 35, 42, 45, 78, 109, 136, 175, 

176, 197, 213, 235 

   cardiovascular 42, 45, 136 

   gastrointestinal 109 

   infectious 10, 35, 176 

   inflammatory 175 

   inflammatory bowel 175 

   metabolic 213 

   neoplastic 78 



298   Aromatherapy: The Science of Essential Oils    Shukla et al. 

   neurodegenerative 235 

   neurological 197 

   respiratory 176 

Disorders 36, 39, 45, 46, 114, 148, 149, 196, 

208, 224, 230, 235, 236 

   bacterial respiratory system 236 

   cardiovascular 45, 46 

   gastrointestinal tract 230 

   infectious 39, 224 

   inflammatory 196 

   neurological 149, 208 

   respiratory 36 

DNA 88, 140, 170, 176, 232, 288, 290, 291 

   damage repair 291 

   fragmentation 232, 288 

   mitochondrial 170 

   radiation-damaged 291 

   repair pathways 290 

DNA repair 174 

   suppressing 174 

Drowsiness 34, 187 

Drugs 111, 131, 142, 182, 188, 192, 207, 223, 

248, 282, 289, 290 

   allopathic prescription 192 

   chemopreventive 289 

   chemotherapeutic 290 

 

E 

 
Effects 37, 44, 104, 109, 140, 145, 185, 232, 

239, 247 

   combinatorial 247 

   cumulative 185 

   cytostatic 37 

   hepatoprotective 239 

   narcotic 44 

   neuroprotective 109 

   neurotoxic 145 

   osmotic 104 

   phototoxic 140 

   proapoptotic 44, 232 

Efficacy 189, 228 

   anticonvulsant 189 

   antiviral 228 

Electroencephalograms 213 

Epidermidis 37, 193, 221 

Epidermis 97, 131, 193 

Epilepsy 21, 145, 188 

Extraction 17, 81, 83, 85, 86, 99, 100, 211 

   liquid-phase micro 86 

   microwave-assisted 86 

 

F 

 
Fever 4, 16, 137, 232 

   glandular 16 

   hay 4 

   hemorrhagic 232 

   yellow 16 

Food 35, 66, 209, 217 

  industries 35, 66, 217 

  poisoning 209 

Fourier transformed infrared spectroscopy 87 

Fragrance 97, 137, 185, 277 

  allergy 137 

  industries 97 

  inhalation 185, 277 

Functions 33, 108, 174 

   gastroprotective 33 

   immune system’s 108 

   immunological 174 

 

G 

 
Gas chromatography (GC) 35, 38, 86, 87, 89 

Gastric 239 

  epithelium 239 

     ulcers 239 

Gastrointestinal 36, 130, 142, 277 

  distress 277 

  mucosa 142 

Gastroprotective effects 33, 236, 238 

Gemcitabine radiosensitizes 290 

Glomus macrocarpum (GM) 105, 106 

Glucose, lowering circulating 239 

Glycosides, cardiac 242 

 

H 

 
Helicobacter pylori 108 

Herbal 4, 15, 16, 32, 34, 192, 195, 239, 241, 

289 

  medicines 4, 15, 32, 34, 239, 289 

  metabolites 241 

  therapies 16, 192, 195 

Herpes simplex virus 219, 228 

Human 231, 232, 234 

  cervical adenocarcinoma 231 

  colon adenocarcinoma 232 



Subject Index Aromatherapy: The Science of Essential Oils      299 

  dermal fibroblasts 234 

  umbilical vein endothelial cells (HUVEC) 

232 

Hydro distillation (HD) 72, 81, 82, 83, 85, 86, 

130, 189 

Hypercholesterolemia 195 

Hyperplasia 237 

 

I 

 
Illnesses 39, 126, 194 

   autoimmune 194 

   chronic inflammatory 126 

   oral cavity 39 

Immune system 39, 136, 138, 174, 214, 230, 

276, 278 

Immunoglobulin, secretory 291 

Infections 13, 17, 33, 34, 78, 108, 137, 184, 

213, 217, 224, 236, 241, 245, 248, 286, 

289, 291 

   bacterial 33, 108, 217 

   cure microbial 34 

   fungal 78 

   malarial 248 

   microbial-mediated 248 

   microbiological 17, 34 

   respiratory tract 137 

   urinary tract 289 

Infectious viral infections 224 

Inflammation 43, 44, 110, 112, 113, 139, 175, 

193, 194, 195, 196, 229, 230, 234, 235 

   acnes-induced 193 

   joint tissue 194 

   lip 139 

   reducing 110, 195 

Infusion 43, 44, 232, 234, 246 

   hepatic arterial 232 

   intraperitoneal 234 

Inhalation 244, 280 

  delivery pathway 244 

  disorders mistook 280 

Inhibitory neurotransmitter 188 

Insomnia 44, 130, 210, 212, 277, 285, 289 

 

L 

 
Lipid 172, 219, 222 

  bilayer processes 219 

  oxidation 172, 222 

Lipid peroxidation 45, 130, 172, 230, 233 

   non-enzymatic 172 

Lipoxygenase 69, 70 

  oxidize 70 

Liquid column chromatography method 87 

Liver 129, 130, 144, 170, 233, 288 

  cancer 288 

  disease 170 

 

M 

 
Mechanisms 44, 172, 173, 174, 182, 183, 218, 

219, 243, 247, 278, 280, 287, 290 

   biochemical 44 

   enzyme-dependent 219 

   phytochemical 280 

Medications 11, 45, 46, 125, 133, 138, 141, 

144, 179, 180, 183, 186, 187, 188, 190, 

208, 213, 239 

   anti-anxiety 125 

   anti-inflammatory 46, 179 

   anti-thrombocytopenia 45 

   neuroleptic 190 

   oral aspirin 239 

   topical herbal 141 

Medicinal 6, 8, 15, 31, 32, 34, 38, 124, 125, 

140, 218, 219, 223, 237, 241, 242, 243, 

247 

  herbs 8, 15, 140, 218, 219, 237 

  plants 6, 31, 32, 34, 38, 124, 125, 219, 223, 

241, 242, 243, 247 

Menthone concentrations 101 

Microwave-assisted hydrodistillation 

(MAHD) 84, 85 

Minimum 46, 79 

  bactericidal concentration (MBC) 46 

  fungicidal concentrations (MFCs) 79 

Mycobacterium tuberculosis 176 

 

N 

 
Nervous system 21, 42, 44, 126, 179, 185, 

190, 213, 279 

   parasympathetic 44 

   peripheral 190 

   stimulating effects, central 185 

Neurobiological system 146 

Neuroblastoma 40 

Neurodegenerative disorders 109, 235 



300   Aromatherapy: The Science of Essential Oils    Shukla et al. 

Neuroinflammation 235 

Neurological system 146 

Neurons, glutamatergic 188 

 

O 

 
Oil(s) 3, 18, 20, 25, 35, 38, 39, 40, 41, 47, 65, 

71, 74, 78, 79, 82, 83, 89, 101, 103, 105, 

106, 107, 108, 109, 110, 112, 113, 114, 

133, 134, 141, 192, 193, 194, 195, 215, 

216, 218, 223, 276, 280, 283, 290 

   algeriensis 39, 40 

   anise 79 

   anti-inflammatory 25 

   aromatherapeutic 276, 280 

   cinnamon 79, 218, 223 

   copaiba 193 

   frankincense 108, 195, 216 

   ginger 109, 112, 194 

   lipophilic nature of essential 78 

   medicated 3 

   rosewood 134 

   rubefacient 195 

   sandalwood 133, 193 

   tea tree (TTO) 78, 79, 112, 113, 141, 192, 

215, 283, 290 

   therapy 110 

   thyme 38, 71 

Onchocercal skin disorder (OSD) 282 

Optimal soothing environment (OSE) 181 

 

P 

 
Pain 34, 109, 110, 111, 114, 142, 179, 184, 

194, 195, 234, 235, 236, 237, 239, 277, 

283 

   abdominal 34, 109 

   arthritis 114 

   inflammatory 239 

   knee 194 

   stomach 142, 236 

Parkinson’s disease 79, 145, 170, 230 

Pathways 64, 70, 72, 74, 90, 144, 231, 234, 

288  

   glucosinolate 90 

   metabolic 231, 234 

   mevalonate 64 

   mitochondrial 288 

   neurotransmitter 144 

   plant biosynthetic 70 

   shikimic acid 70, 72, 74 

Pattern recognition receptor (PRR) 230 

Peripheral blood lymphocytes (PBLs) 291 

Photosensitizing effects 140, 141 

Phototoxic reactions 140, 141 

Plants, thymus 39, 193 

Pneumonia 177, 178, 236 

Production 138, 193, 216 

   cytokine 138, 193 

   exoenzyme 216 

Properties 37, 133, 147, 150, 188, 190, 191, 

208, 211, 224, 225, 239, 285, 287, 288 

   anticandidal 285 

   anticarcinogenic 288 

   anticonvulsant 188, 190 

   antidiabetic 239 

   antiparasitic 147 

   antiproliferative 287 

   antiviral 211, 224, 225 

   chemopreventive 133, 287 

   photochemotherapy 150 

   phytotoxic 37 

   receptor binding 191 

   sensory 208 

 

Q 

 
Quorum sensing inhibition (QSI) 216 

 

R 

 
Reactive oxygen species (ROS) 88, 126, 135, 

145, 170, 175, 229 

Respiratory 6, 134, 176, 177, 227, 236, 244, 

245, 277 

  conditions 177 

  distress 6 

  issues 277 

  syncytial virus 227 

  system 134, 176, 236, 244, 245 

 

S 

 
Secondary metabolites (SMs) 32, 36, 64, 65, 

66, 67, 101, 102, 106, 218, 244, 245, 

247 

Skin 20, 45, 46, 131, 133, 139, 168, 197, 212, 

231, 277, 281, 282 



Subject Index Aromatherapy: The Science of Essential Oils      301 

  absorption 131 

  allergies 139, 277, 281 

  cancer 133, 231 

  carcinoma 231 

  diseases 168, 197 

  disorders 45, 212, 282 

  infections 46 

  rashes 281 

  sensitive 20 

Spectrophotometry 87 

Stress, mental 197, 283 

 

T 

 
Therapy 10, 39, 47, 78, 110, 113, 180, 207, 

208, 211, 213, 223, 241, 276, 277, 280, 

286, 289, 291 

   anesthetic 207, 208 

   complementary 110, 211, 280 

   immunosuppressive 78 

   occupational 286 

   plant-based 291 

   wound 241 

Thin-layer chromatography (TLC) 86 

Thymidine kinase (TK) 232 

Thymidylate synthase (TS) 232 

Toxins 112, 174, 196, 209, 231 

   environmental 196 

Traditional chinese medicine 8, 138 

Transmission electron microscopy 96 

Transporter, transmembrane proton 244 

Tumor necrosis factor (TNF) 176, 230 

 

V 

 
Viruses, human herpes 227 

Volatile organic compounds (VOCs) 72, 73, 

81, 96, 169 

 

W 

 
Wounds 11, 241 

   heal 11, 241 

   surgical 241 

   traumatic 241 




	Cover
	Title
	Copyright
	End User License Agreement
	Contents
	Foreword
	Preface
	Dedication
	List of Contributors 
	Aromatherapy Evolution and Blending Basics of Essential Oils 
	Shikha Agnihotry1,*, Deepti Chopra3, Jyoti Singh3, Sandeep Negi3, Ajeet Kumar Srivastav2,5, Jaya Upadhyay4 and Gagan Sharma2
	1. INTRODUCTION
	2. AROMATHERAPY EVOLUTION
	2.1. India
	2.2. China
	2.3. Egyptians
	2.4. Greeks
	2.5. Romans
	2.6. Hebrews and Early Christians
	2.7. Middle Ages (500-1500AD)
	2.8. Medieval Islam
	2.9. Tudor Times (1485-1603)
	2.10. 17th Century
	2.11. 18th Century and Industrial Revolution
	2.12. 19th Century Scientific Approach
	2.13. Development of Aromatherapy in the 20th Century

	3. ESSENTIAL OILS
	3.1. Top Notes
	3.2. Middle Notes
	3.3. Base Notes

	4. SAFETY GUIDELINES
	4.1. Internal Use
	4.2. Hazardous Oils
	4.3. Toxicity
	4.4. Patch Test
	4.5. Dermal/Skin Irritation
	4.5.1. Sensitization
	4.5.2. Phototoxicity
	4.5.3. Pregnancy
	4.5.4. Epilepsy
	4.5.5. Diabetes
	4.5.6. Homeopathy
	4.5.7. Neat Application
	4.5.8. Babies and Children
	4.5.9. Assessing Condition


	5. SELECTING OILS
	5.1. For Cold And Flu
	5.2. For Skin Care
	5.3. For Headache
	5.4. For Wounds
	5.5. For Mental Fatigue
	5.6. For Cystitis
	5.7. For Eczyema
	5.8. For Refreshing
	5.9. For Stress
	5.10. Sore Throat
	5.11. Detoxifying/Hangovers/Cellulite
	5.12. For Purifying Sick Room
	5.13. Effects of Essential Oils
	5.14. Through Smell
	5.15. Through Skin

	CONCLUSION
	REFERENCES

	Plant as Potential Resources for Efficacious Essential Oils: Underpinning Aromatherapy Evolution 
	Pragati Misra1,*, Ghanshyam Pandey2, Shambhavi Pandey3, Atul Singh4, Arun K. Chaurasia5, Eugenia P. Lal6, Shikha Agnihotry7, Ajeet Kumar Srivastav8,9 and Pradeep Kumar Shukla6
	1. INTRODUCTION
	2. PLANTS AS SOURCE OF ESSENTIAL OILS
	2.1. Salvia
	2.2. Hyssop
	2.3. Nepeta
	2.4. Thymus
	2.5. Mentha
	2.6. Rosemary
	2.7. Eucalyptus
	2.8. Lippia
	2.9. Boswellia
	2.10. Lavender
	2.11. Rose
	2.12. Marjoram
	2.13. Pomegranate
	2.14. Cinnamon
	2.15. Glycyrrhiza
	2.16. Dictamnus

	CONCLUSION
	REFERENCES

	Essential Oil Biochemistry 
	Manoj Kumar Tripathi1, Rahul M. Srivastava2, Muzaffar Hasan1,*, Chirag Maheshwari1,3 and Rajpal S. Jadam1
	1. INTRODUCTION
	2. CHEMICAL CHARACTERISTICS OF ESSENTIAL OILS
	3. CHEMICAL COMPOSITION AND CONGENERIC GROUPS
	3.1. Chemistry of Essential oils
	3.1.1. Terpenes/Terpenoids- 
	3.1.2. Phenylpropanoids


	4. BIOLOGICAL ACTIVITY OF ESSENTIAL OIL
	4.1. Essential Oils as Antibacterial Agents
	4.2. Essential Oils as Antifungal Agents
	4.3. Essential Oils as Antioxidant Agents
	4.4. Other Activities of Essential Oil

	5. ESSENTIAL OIL PREPARATION TECHNIQUES
	5.1. Classical Extraction Techniques
	5.1.1. Maceration
	5.1.2. Cold Pressing
	5.1.3. Hydrodistillation (HD)
	5.1.4. Steam Distillation (SD)
	5.1.5. Solvent Extraction
	5.1.6. Enfleurage
	5.1.7. Soxhlet Extraction

	5.2. Innovative Extraction Techniques
	5.2.1. Supercritical Fluid Extraction
	5.2.2. Microwave-Assisted Hydrodistillation (MAHD)
	5.2.3. Subcritical Extraction
	5.2.4. Solvent Free Microwave Extraction

	5.3. Chromatographic Separation Techniques for Essential Oil
	5.3.1. Thin Layer Chromatography
	5.3.2. Analytical TLC
	5.3.3. Liquid Chromatography
	5.3.4. Gas Chromatography
	5.3.5. IR Spectrophotometry
	5.3.6. NMR Spectroscopy


	6. PHOTO TOXICITY
	7. PROCESSING OF ESSENTIAL OILSS FOR FLAVOR FUNCTIONS
	CONCLUSION
	REFERENCES

	Essential Oils’ Biosynthesis and their Application 
	Sandeep Negi1,*, Ajeet Kumar Srivastav2,3 and Lakshmi Bala2
	1. INTRODUCTION
	2. AROMATIC PLANTS' ESSENTIAL OIL-SECRETING CELLS
	2.1. Osmophores
	2.2. Glandular Trichomes (GTs) 

	3. BIOSYNTHESIS OF ESSENTIAL OILS
	3.1. Essential Oils' Chemical Composition
	3.2. Extraction of Essential Oils
	3.3. Essential Oils Extracted by Steam Distillation
	3.4. Essential Oil Extraction using Various Solvents

	4. FACTORS INFLUENCING ESSENTIAL OIL QUANTITY AND QUALITY IN PLANTS
	4.1. Developmental Stage of the Plant
	4.2. The Influence of UV Radiation
	4.3. Effect of Light Quality
	4.4. Effect of Salt Stress
	4.5. Effect by the Presence of Arbuscular Mycorrhizal Fungi
	4.6. Impact of Fertilizers on Essential Oil

	5. HEALTH BENEFITS OF ESSENTIAL OILS
	5.1. Important Roles in Hormonal Balance
	5.2. Increase Immunity and Fight Infections
	5.3. Helps in the Improvement of Digestion
	5.4. Promotes Energy Towards Higher Levels
	5.5. Boost Cognitive Function
	5.6. Reduce Anxiety and Emotional Stress
	5.7. Reduce Pain and Aches
	5.8. Improve the Health of Your Skin and Hair
	5.9. Decrease Toxicity
	5.10. Reduce Migraines and Headaches
	5.11. Encourage Restful Sleep
	5.12. Relief from Inflammation
	5.13. The Advantages of Essential Oils for Pain Relief
	5.14. Skin Irritations Can Be Healed
	5.15. Alternatives to Candles and Incense that are Less Dangerous

	CONCLUSION
	REFERENCES

	Essential Oils Toxicity and Conflicts 
	Archana Shukla1,*, Angel Kushwaha2, Suman Sanju3, Priyanka Spring3, Ashwani Kumar4, Pragati Misra5 and Pradeep Kumar Shukla1
	1. INTRODUCTION
	2. TOXICITY MYTHS ABOUT EOS
	3. EOS' ORAL TOXICITY, BOTH SHORT-TERM (ACUTE) AND LONG-TERM (CHRONIC)
	3.1. Dermal Absorption and Detoxification
	3.1.1. EOs and EO Components' Chemo-preventive Efficacy on Tumorigenesis
	3.1.2. Skin-damaging Consequences of EOs and EO Components

	3.2. Inhalation: Absorption and Detoxification
	3.2.1. Detoxification

	3.3. Dermatitis and Sensitization
	3.4. Photosensitization and Phototoxicity of EOs
	3.5. Commonest Allergenic EOs and Components
	3.6. Abortifacient and Teratogenic Oils
	3.7. Genotoxicity of EOs
	3.8. Neurotoxicity of EOs
	3.9. Possible Hazards of Novel EOs and Plant Extracts

	4. SAFE EOS AND THEIR TOXICITY
	4.1. Clary Sage
	4.2. Rosemary
	4.3. Lavender

	5. SAFETY WARNINGS IN AROMA THERAPY INDUSTRY
	CONCLUSION
	REFERENCES

	Human Organs System and Essential Oils (EOs) 
	Sandeep Negi1,*, Ajeet Kumar Srivastav2,3 and Lakshmi Bala2
	1. INTRODUCTION
	2. MECHANISMS OF ACTION OF NATURAL ESSENTIAL OILS
	3. ANTI-CANCER ACTIVITY OF ESSENTIAL OILS (EOS)
	3.1. Antimutagenic

	4. ANTI-INFLAMMATORY ACTIVITY
	5. EFFECT OF ESSENTIAL OILS ON THE RESPIRATORY SYSTEM
	6. EFFECT OF ESSENTIAL OILS ON THE NERVOUS SYSTEM
	6.1. Analgesic Action of Essential Oil (EOs)
	6.2. Anxiolytic Action
	6.3. Effects of the Treatment of Stress
	6.4. Influence on Learning, Memory, Attention, and Arousal
	6.5. Action on Relaxation, Sedation, and Sleep
	6.6. Anticonvulsive Action and Treatment of Epilepsy
	6.7. Action on Dementia and Alzheimer’s Disease

	7. EFFECT OF ESSENTIAL OILS ON THE SKIN
	7.1. Essential Oils and Aromatherapy as Alternative Therapy for Acne
	7.1.1. Tea Tree Oil (TTO)
	7.1.2. Copaiba
	7.1.3. Sandalwood Oil
	7.1.4. Rosemary Extract
	7.1.4. Jeju Essential Oil
	7.1.5. Korean Citrus


	8. EFFECT OF ESSENTIAL OILS ON MUSCLES, JOINTS, AND THE CIRCULATION
	8.1. Eucalyptus Oil
	8.2. Ginger Oil
	8.3. Turmeric Oil
	8.4. Frankincense Oil
	8.5. Orange Oil
	8.6. Effect of Essential Oils on the Reproductive System

	CONCLUSION
	REFERENCES

	Therapeutic Applications and Pharmacological Practices of Essential Oils 
	Pragati Misra1,*, Suchit Ashish John2, Shailesh Marker3, Shikha Agnihotry4, Ajeet Kumar Srivastav5,7, Alka Sagar6 and Pradeep Kumar Shukla2
	1. INTRODUCTION
	2. THERAPEUTIC APPLICATION OF ESSENTIAL OILS
	2.1. Modes of EO Application
	2.1.1. Ingestion

	2.2. Inhalation
	2.3. Novel Methods of EO Application

	3. PHARMACOLOGICAL PRACTICES AND PROPERTIES OF ESSEN- TIAL OILS
	3.1. Expectorants and Diuretics
	3.2. Antibacterial and Antifungal Actions
	3.3. Antiviral Activity
	3.4. Antioxidant Activity
	3.5. Anti-Inflammatory Activity
	3.6. Cytotoxicity / Anticancer / Chemoprotective Activity
	3.7. Repellent and Insecticidal Activity
	3.8. Hepatoprotective / Nephroprotective Activity
	3.9. Analgaesia / Antinociceptive Activity
	3.10. Skin Care Activity
	3.11. Memory Booster
	3.12. Respiratory Tract
	3.13. Anxiety
	3.14. Anti Ulcer / Gastroprotective Activity
	3.15. Diabetes Remedy
	3.16. Antherosclerosis Remedy
	3.17. Wound Rejuvenating and Remedy

	4. MECHANISM OF THE BIOLOGICAL ACTIVITIES OF ESSENTIAL OILS
	CONCLUSION
	REFERENCES

	Future Perspective of Aromatherapy in Skin and Cancer Therapeutics 
	Deepti Chopra1,*, Saumya Shukla1,3, Sakshi Yadav1,2, Jyoti Singh1, Divya Dubey1 and Mohd. Danish Kamar1,4
	1. INTRODUCTION
	2. NATIONAL STATUS OF AROMATHERAPY
	3. INTERNATIONAL STATUS OF AROMATHERAPY
	4. AROMATHERAPY IN SKIN TREATMENT
	4.1. National Status
	4.2. International Status

	5. AROMATHERAPY IN CANCER TREATMENT
	5.1. National Status
	5.2. International Status

	6. EOS AS A THERAPEUTIC AGENT
	7. THE CURRENT USE OF AROMATHERAPY AS AN OCCUPATIONAL THERAPY
	8. ANTIMUTAGENIC PROPERTIES AND DETOXIFICATION ENHAN- CEMENT
	9. ANTIPROLIFERATIVE MECHANISM OF ACTION OF EOS
	10. CANCER CELL SPECIFICITY OF EOS
	11. SYNERGISM OF EO EXTRACTS WITH CONVENTIONAL CHEMOTHERAPEUTIC AGENTS: THE POTENTIAL OF COMBINATION THERAPY USING EOS
	12. THE AIMS OF AROMATHERAPY
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	Subject Index
	Back Cover



