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Preface

The field of natural products chemistry is immense, fascinating, and interesting
because of limitless structural varieties and substitution patterns of natural products,
and their specific metabolic origins and fates, cellular transformations, and versatile
physiological and other biological activities. Iridoids and their 7,8-seco-derivatives,
called secoiridoids, are one of the major classes of secondary plant metabolites,
mainly found in a restricted group of plant families. Most of these plant metabolites
are found in commonly used folk medicinal plants and edible fruits and vegetables
of many countries. Their physiological activities in plants and some specific insects
are indispensible in which they occur. The potent and versatile pharmacological
activities of some naturally occurring iridoids prompted for in-depth study on their
transcriptomes and metabolomes analyses to reveal the specific gene expression in
their biosynthesis for utilization of these genes in biotechnological production
of these iridoids as raw materials in pharmaceutical industries. Most of the existing
monographs and textbooks have a limited coverage on these plant iridoids.
Therefore, I have decided to elaborate all the aspects of the naturally occurring
iridoids in this book to furnish a comprehensive idea upon this subject and to bring
it in the limelight of the students and researchers. In this book, the occurrence and
distribution in plant families and insects, methods of isolation, separation and
purifications by different chromatographic techniques, structural diagnosis and
elucidation by modern spectroscopic methods, methods of partial and total syn-
thesis, biosynthesis of some bioactive iridoids using both transcriptome and
metabolome analyses and tracer technique, pharmacological and other biological
activities, metabolic fate in microorganisms and animals, pharmaceutical and
nutraceutical applications of iridoids in medicine and dietary supplements, and
pesticidal applications in eradication of harmful parasitic insect vectors of some
diseases have been elaborated. In addition to these, the application of iridoids as
chemotaxonomic markers in the study of chemosystematics and phylogeny of plant
families is also highlighted.

This book is specifically designed as a textbook for the students of graduate and
postgraduate levels of pharmacognosy, pharmacy, and pharmaceutical chemistry.
This book will provide a detailed and extensive overview and a unifying concept on
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the naturally occurring iridoids. I feel this book will motivate the interest of the
students and researchers in this significant area of natural science for the discovery
of gene expression in plants for biosynthesis of these metabolites. This book will be
a valuable tool in pharmaceutical industry for application of these plant metabolites
in various drug formulations.

To the readers of this book, I seek for their valuable suggestions and comments
for improvement of this monograph in the next edition.

I am grateful to Prof. I. Calis of Near East University, TRNC, for kindly pro-
viding the 2D NMR spectra of lamiide and auroside; Prof. S. R. Jensen of the
Technical University of Denmark; Prof. R. Tundis of University of Calabria, Italy;
and Prof. A. Viljoen of Tshwane University of Technology, Pretoria, South Africa,
for kindly providing some of their research papers on iridoids. I am grateful to my
publisher for their support and interest in the publication of this monograph.

I wish to acknowledge the help of the students, Dr. Goutam Kulsi of Seoul
National University, Korea; Dr. Arup Kr. Roy of NEIST, India; Dr. Nayim Sepay
and Sri Tapas Halder of Jadavpur University, India, for providing some papers on
iridoids; Dr. Ankita Chakraborty of Tripura University; my son, Dr. Subhajit Dinda
of DDM College, Tripura; Dr. Brajagopal Samanta of Nabajibon Colony Nabajiban
Vidyamandir, West Bengal, India; and Sri Goutam Das, City College, West Bengal,
for drawing some structures in preparation of this manuscript.

Finally, I wish to express my hearty affections to my wife, Chitralekha, children,
Subhajit and Manikarna and son-in-law, Shekhar, and regards to my mother-in-law
Mrs. Pravabati Das for their constant encouragement in the completion of this book.

Agartala, Tripura, India Biswanath Dinda
July 2018
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Summary of Contents

The entitled monograph describes the various aspects of naturally occurring iridoids
namely their generic name, classification, occurrence and distribution in plants and
insects, isolation techniques, characterization by spectroscopic and chemical
methods, synthesis of bioactive iridoids and secoiridoids, biosynthesis, methods of
identification of transcriptomes and metabolomes involved in their biosynthesis,
role as phylogenic markers in plants, pharmacological activities, pharmacokinetics
in mammals, insects and microorganisms, and applications in food supplements,
herbal medicines, modern medicines and natural pesticides. The entire subject is
presented in seven chapters. The emphasis is given in pharmacology of iridoids and
their prospective applications in pharmaceutical and insecticidal industries.

The naturally occurring iridoid monoterpenoids 1, and their secoderivatives,
known as secoiridoids 2, are widespread in about 56 plant families of dicotyledons
(angiosperms)and in one family of monocotyledons (Cyperaceae).Some of these
iridoids have been isolated from 8 families of insects. So far about 3000 iridoids of
diverse skeletal and substituent pattern have been reported. Many of them possess
significant pharmacological activities and have been isolated from several edible
plants of folk-lore use.
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The most of significant aspects of iridoid research are discussed in different
chapters.

In Chap. 1, iridoid glycosides, secoiridoid glycosides and their aglycones of
different basic skeletons and conjugated patterns are presented.
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In Chap. 2, the occurrence and distribution of iridoids in the plant species of
different genus in 60 plant families and 8 insect families are discussed.

In Chap. 3, the purification and isolation of iridoids from crude plant and insect
extracts using different chromatography techniques have been discussed. In addi-
tion, their identification using different spectroscopic techniques including 2D
NMR and NMR spectral data of some common iridoids and secoiridoids are pre-
sented. These methods could be useful in the identification of iridoids of unknown
structures and their quantification in plant extracts and herbal drugs.

In Chap. 4, the synthesis of some bioactive iridoids, secoiridoids and their
pharmacologically useful analogues, biosynthesis, and analysis of transcriptomes
and metabolomics involved in their biosynthetic pathways are elaborately
discussed. Furthermore, their role in the study of phylogeny and evolutionary
systematics of plants are discussed. The identified genes involved in their biosyn-
thesis could be useful for commercial production by tissue culture process.

In Chap. 5, about 40 types of pharmacological activities of iridoids including
anti-inflammatory, anticancer/antitumor, antiviral, antiprotozoal, neuroprotective
and neurogenic, hepatoprotective, cardioprotective, hypoglycemic and hypolipi-
demic, repellent/antifeedant activities as well as physiological role of iridoids in
insects are discussed. Some of these bioactive iridoids could be prospective drugs in
pharmaceutical and pesticidal industries.

In Chap. 6, the metabolism of iridoids in microorganisms and mammals and
pharmacokinetics in mammals are briefly discussed, Moreover, disposition of some
iridoids in animals is highlighted.

In Chap. 7, applications of iridoids as their extracts/ mixture and pure isolates in
diet supplements, herbal drugs, modern medicines including cosmetics and dyes,
and in pesticides are presented.



Chapter 1 )
Classification of Iridoids Check or

1.1 Introduction

Iridoids are the highly oxygenated monoterpenes, represented by the cyclopenta[c]
pyranoid skeletal structure 1, based on the structure of monoterpene iridane,
4,8-dimethyl-cis-2-oxabicyclo-[4.3.0]-nonane 2 (Fig. 1.1) [1]. These compounds
are widespread as secondary plant metabolites in the angiosperm plant families and
some ant species [2]. In many plants, these iridoids exist as 7,8-secoderivatives,
known as secoiridoids la (Fig. 1.1), which are formed by the cleavage of
cyclopentane ring at the C-7-C-8 bond. These compounds are found in about 57
plant families of dicotyledons mainly belonging to the Asterids clade in wide
structural diversities [3]. Although these compounds were first isolated from plants
in 1800 s, the pioneering work on the structures of this class of compounds started
after isolation of iridodial 3, iridomyrmecin 4, and isoiridomyrmecin(=iridolactone)
5 (Fig. 1.1) from some species of Iridomyrmex (namely 1. detectus, I. humilis, 1.
conifer, I. nitidus, and I. purpureus), a genus of ants mostly found in Australia [4].
Later on, iridodial 3 was isolated from an Australian plant of genus, Myoporum [5].
Based on these information, the generic name of this class of compounds was
adapted as ‘iridoids’ because of their structural similarity with iridodial 3, which on
intramolecular acylation gives the pyran skeletal structure of iridoid [6].
Application of iridoids, iridodial 3, and dolichodial 3a (Fig. 1.1) in defense
mechanism of ants of genera, Iridomyrmex, Dolichoderus (D. scabridus), and
Tapinoma (T. sessile), stimulated the interest on the search of more iridoids from
plants [7]. Several insects in the orders Coleoptera, Lepidoptera, Hymenoptera, and
Hemiptera ingest these iridoid-containing plants and sequester these compounds
and use them as defenses against their predators or to increase their reproductive
behavior [8]. Iridoids are found in a number of folk medicinal plants that have been
used in folk medicine for treatment of various diseases including skin disorders,
sedatives, hypotensive, diabetes, and other inflammatory diseases [9]. The active
research work on the pharmacology of naturally occurring iridoids revealed that
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these compounds exhibit a wide range of pharmacological activities such as
antidiabetic, hypolipidemic, cardioprotective, hepatoprotective, neuroprotective,
wound healing, and antitumor activities [9-13]. In some plant families such as in
Bignoniaceae, Oleaceae, and Plantaginaceae, these compounds are used as
chemotaxonomic markers for the study of systematics of plants [14—16]. Several
plant iridoids and secoiridoid-originated indole alkaloids, such as vincristine and
vinblastine, are used in modern medicine for the treatment of inflammatory dis-
orders including tumor [17]. A number of review articles on the isolation and
structure elucidation, chemistry, distribution, biosynthesis, biological activity, and
listings with spectroscopic data of plant iridoids are available [18-25]. From these
review articles, it is evident that about 3000 plant-derived iridoids have been
reported. Thus, there is a need to develop the chemistry and pharmacology of these
naturally occurring iridoids for their commercial utilization in drug formulations in
pharmaceutical industry.

1.2 The Numbering of Substituted Iridoid
and Secoiridoid Glucosides

The trivial names of iridoids and secoiridoids are frequently used in the naming of
these compounds. In most cases, the naming of the iridoids is done from the genus
of the plant source. The numbering of the skeletal structures of iridoid and
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Fig. 1.2 Numbering of substituted iridoid glucosides

secoiridoid glucosides with substituent is shown in 6 and 6a (Fig. 1.2). The sub-
stituent on C-1 is given a single prime (') designation, while the additional sub-
stituents are designated as double prime ("), triple prime ('), etc., according to their
substitution position on the basic carbon skeleton of the iridoid glucoside, except in
cases of substituents on other substituents. The substituents on a substituent are
designated by successive primes.

1.3 Classification of Iridoids

Iridoids are broadly classified into five groups: iridoid glycosides, iridoid aglycones
or non-glycosidic iridoids, secoiridoid glycosides, secoiridoid aglycones, and di-
and trimeric iridoid, and secoiridoid glycosides. Iridoid glycosides are divided into
five subgroups: iridoid glycosides of eight-carbon basic skeleton, iridoid glycosides
of nine-carbon basic skeleton, iridoid glycosides of ten-carbon basic skeleton, iri-
doid glycosides of fourteen-carbon basic skeleton or iridoid glycosides of plumeria
type, and alkaloid-conjugated iridoid glycosides. Iridoid glycosides of ten-carbon
basic skeleton are divided into two subgroups: simple iridoid glycosides of
ten-carbon basic skeleton and iridoid glycosides of valeriana type. Iridoid aglycones
are divided into four subgroups: simple iridoid aglycones and derivatives, rear-
ranged iridoid aglycones, iridoid aglycones of valeriana type, and iridoid aglycones
of plumeria type. Secoiridoid glycosides are divided into four subgroups: simple
secoiridoid glycosides, terpene-conjugated secoiridoid glycosides,
phenolic-conjugated secoiridoid glycosides, and alkaloid-conjugated secoiridoid
glycosides. The following iridoids are illustrative of these groups and subgroups
(Fig. 1.3).



