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Preface

Forskolin, a naturally occurring labdane diterpenoid, is useful in the treatment of
obesity, diabetes, heart diseases, cancer, asthma, glaucoma and hypertension. Coleus
forskohlii is the only source of Forskolin. We were working on different aspects of
micropropagation, in vitro production of secondary metabolites for the last several
years. We found that by 2006 itself more than 17,000 papers using forskolin as a
pharmacological tool have been published in scientific literature. We also found that
there is no comprehensive account on Forskolin and Coleus forskohlii. This book is
an answer to this.

I proposed this book with Dr. Mohammad Majeed, of Sami Sabinsa Corporation,
pioneer in Coleus research. A visionary, he migrated to USA with 8 US Dollars and
established a company, based on Coleus and Curcumin, which is now worth Rupees
one thousand crores. First he readily agreed but due to his busy business work he
opted out and I had to take whole load in editing this book. Some of his colleagues
initially gave their helping hand. I thank them for the same. My students came to my
rescue to complete the job.

I thank all the journals, who gave me permission to reproduce some of the figures
from their publication. I thank Springer Nature, especially Shri Naren Agarwal and
Momoko Asawa for their support in bringing this book to a shape.

Anantapur, Andhra Pradesh, India T. Pullaiah
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Coleus forskohlii—A Multipurpose
Medicinal Plant 1

Abstract

Forskolin is a naturally occurring labdane diterpenoid, derived from the root of
Coleus forskohlii. Forskolin, a diterpenoid the compound of our interest, is useful
in preventing the clotting of platelets, in reducing intraocular pressure in cases of
glaucoma, as a hypotensive, and as an aid to nerve regeneration following trauma.
Coleus forskohlii is the only species to contain forskolin.

Keywords

Coleus forskohlii · Forskolin · Labdane diterpenoid

1.1 Introduction

For millennia, humankind has used plants and plant-derived drugs for the treatment
or alleviation of many types of diseases. It is estimated that one-fourth of prescrip-
tion drugs contain at least one chemical originally identified and extracted from a
plant.

The types of plant constituents used as drugs are classified as “Secondary
metabolites” which are biosynthetically derived from primary metabolites, but are
more limited in distribution in the plant kingdom, usually being restricted to a
particular taxonomic group. Although they have no obvious roles in a plant’s,
primary or “main stream” metabolism, secondary compounds often play
ecologically significant roles in how plants deal with their environment and are
therefore important in their ultimate survival. Since plant secondary metabolites
serve basically to combat infectious diseases.

In terms of cellular economy, secondary metabolites are generally metabolically
expensive to produce and accumulate and are therefore frequently present in plants
in much smaller quantities than primary metabolites. In addition, secondary
metabolites tend to be biosynthesized in specialized cell types and at distinct

# The Author(s), under exclusive license to Springer Nature Singapore Pte
Ltd. 2022
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development stages, making their extraction, isolation, and purification difficult.
Secondary metabolites that are used commercially as biologically active compounds
are generally higher value-low volume products. Thus, secondary metabolites can be
considered as special materials or fine chemicals (Balandrin and Klocke 1988).

2 1 Coleus forskohlii—A Multipurpose Medicinal Plant

Forskolin (7-β-acetoxy-8, 13-epoxy-1α, 6 β, 9α-trihydroxy-labd-14-ene-11-one),
a naturally occurring labdane diterpenoid, derived from the tuberous roots of Coleus
forskohlii (Willd.) Briq. (Syn.: Plectranthus barbatus Andrews) an ancient root drug
of Ayurveda, the codified Indian medicine. Coleus belongs to the family Lamiaceae.
C. forskohlii, cited in ancient Hindu and Ayurvedic texts, is gaining its importance
globally. Forskolin is useful in preventing the clotting of platelets, in reducing
intraocular pressure in cases of glaucoma, as a hypotensive, and as an aid to nerve
regeneration following trauma. Forskolin is useful in the treatment of obesity,
diabetes, heart diseases, cancer, asthma, glaucoma, and hypertension (Khatun et al.
2011).

Coleus forskohlii is the only species to contain forskolin and enjoys a unique
position in the field of chemotaxonomy. Shah et al. (1980) searched for alternative
and/or superior sources of forskolin within the family Lamiaceae in roots and shoots
of six species belonging to the genus Coleus and six other species belonging to the
allied genera and indicated that only C. forskohlii contained forskolin.

Chemical assay of roots and shoots of 24 species of the following genera (value in
parentheses refers to the number of species) viz. Anisochilus (4) Hyptis (1),
Lavandula (1) Basilicum (1), Ocimum (1), Orthosiphon (3) Anisomeles (1),
Colebrookea (1) Dysophylla (1) Gomphostemma (1), Leucoceptrum (1), Leonurus
(1), Nepeta (1), Pogostemon (2), Salvia (3), and Stachys (1) in the family Lamiaceae
also confirmed the exclusive presence of forskolin in C. forskohlii.

In nature, C. forskohlii exhibits several fascinating morphologic variations in the
plants collected from different ecogeographic regions. Shah (1989) has given a
comprehensive account of morphological, histological, cytological, palynological,
phonological, and agronomical variations in 10 natural and two cultivar ecotypes
located at 12 diverse ecogeographic sites. Striking morphological variations were
observed in the roots, growth habit, shoot height, number of branches, pattern of
branching, leaf morphology, floral bracts, inflorescence length, and indumentum.
Vishwakarma et al. (1988) reported variations in forskolin content from 0.01 to
0.44% in 6-month-old dry roots. Scientists at Hoechst India Limited in their search
for forskolin-rich strain, assayed 102 root samples of single clones and of
populations collected from natural sources from different ecogeographic regions in
India and more than 12 cultivar root samples from Gujarat, Maharashtra, and
Belgaum farms in Karnataka between the years 1982 and 1986 for forskolin content.
Forskolin content in these samples ranged between 0.066% and 0.58% by dry
weight.

Forskolin, exclusively found in the root of C. forskohlii, has been used in
traditional Indian Ayurvedic and Southeast Asian medicine since ancient times
(Kanne et al. 2015). C. forskohlii is commonly found in Nepal, Burma, Thailand,
and India. India is a leading exporter of C. forskohlii extracts and their products to
various countries (Bhowal and Mehta 2017). By 2006 itself more than 17,000 papers



using forskolin as a pharmacological tool have been published in scientific literature
(Staudinger et al. 2006).
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Abstract

The genus Coleus earlier consisted of about 150 species, but many of these have
now been transferred to other genera. The species of the Coleus are perennial,
much branched and aromatic herbs. They grow well on dry hill slopes exposed to
sunlight from 300 to 1800 m altitude. The Plant List includes 56 scientific plant
names of species rank for the genus Coleus; of these only two species, i.e., Coleus
decurrens Gürke, and Coleus forskohlii (Willd.) Briq. are accepted species
names. Coleus forskohlii is an aromatic, perennial, and herbaceous species
grown in tropical and temperate regions of the World. The name forskohlii was
given to commemorate the Finnish Botanist, Forskel. In this chapter, Botany of
Coleus, including chromosome number, genetic improvement, and mutation
breeding are given.

Keywords

Coleus forskohlii · Taxonomy

2.1 Introduction

The name Coleus is derived from Greek word Koleus means sheathing around the
style. The genus Coleus earlier consisted of about 150 species, but many of these
have been transferred to other genera. The species of the Coleus are perennial, much
branched and aromatic herbs. The species are distributed in Asia, tropical Africa,
Australia, the Philippines, East Indies, and Malay Archipelago. More than
500 varieties of Coleus are cultivated for their colorful variegated leaves (Uphof
1959). They grow well on dry hill slopes exposed to sunlight from 300 to 1800 m
altitude. The species of the genus have branched quadrangular stem with hairy
nature. Roots are thick, tuberous, or fasciculate, fusiform with aromatic smell. The
flowers are pale bluish to laver color, corolla bi-lipped, and lower lobes are elongated
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These are:

and concave. The leaves and roots are with characteristic odor. The major chemical
constituents of the Coleus species are volatile oils, glycosides, flavonoids, and
phenolic components (Soni Himesh and Singhai 2012). The species of the Coleus
have been reported to use to cure different human ailments in different cultures.
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2.2 Botany of Coleus forskohlii

The genus Coleus was described by de Loureiro in 1790 for the species
C. amboinicus in his Flora Cochinchinensis. The character conveyed by the generic
name is also the character of circumscription of the genus and segregates genus
Coleus from its allied earlier published genus Plectranthus having free stamens.
Presently, there is no unanimity regarding generic status of Coleus Taxonomists
(Morton 1962) working on the African flora observing varying degrees of fusion of
the stamens in certain populations of Coleus disagreed to accept the character of
monadelphous stamens as a reliable character and merged all the Coleus spp. under a
larger generic concept of Plectranthus. Species of Coleus growing over their range
of distribution in the Indian Subcontinent have been examined and found consis-
tently to show distinct character of connate filaments.

Today, there are more than 500 varieties of Coleus in cultivation all over the
world. Coleus plants are very colorful and can be grown indoors as well as outdoors.

The Plant List includes 56 scientific plant names of species ranked for the genus
Coleus. Of these only two species—Coleus decurrens Gürke and Coleus forskohlii
(Willd.) Briq. are accepted species names (Anon n.d. http://www.theplantlist.
org/1.1/browse/A/Lamiaceae/Coleus/).

Coleus anamallayensis Bedd.
Coleus aulihanensis Schweinf. & Volkens.
Coleus brazzavillensis A. Chev.
Coleus bullulatus Briq.
Coleus casamancicus A. Chev. ex Hutch. & Dalziel.
Coleus chevalieri Briq.
Coleus clandulosus Hook. f.
Coleus decurrens Gürke—accepted.
Coleus denudatus (A. Chev. ex Hutch. & Dalziel) Robyns.
Coleus doba Hochst. ex Chiov.
Coleus × eureka auct.
Coleus forskohlii (Willd.) Briq.—accepted.
Coleus gazensis S. Moore.
Coleus gibsonii Verl.
Coleus huberi Regel.
Coleus kisanfuensis De Wild.
Coleus lageniocalyx Briq.
Coleus lateriticola A. Chev.

http://www.theplantlist.org/1.1/browse/A/Lamiaceae/Coleus/
http://www.theplantlist.org/1.1/browse/A/Lamiaceae/Coleus/


Coleus leucophyllus Baker.
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Coleus luengerensis Gürke.
Coleus macrostachys Benth.
Coleus × marshallii T. Moore.
Coleus matopensis S. Moore.
Coleus mechowianus Briq.
Coleus montanus Hochst. ex Ces.
Coleus montanus Gürke.
Coleus mucosus Hayata.
Coleus myrianthellus Briq.
Coleus nervosus Briq.
Coleus omahekense Dinter.
Coleus orbicularis Baker.
Coleus osmirrhizon Elliot.
Coleus palliolatus S. Moore.
Coleus parensis Gürke.
Coleus parvifolius Benth.
Coleus petiolatissimus Briq.
Coleus petrophilus Gürke.
Coleus poggeanus Briq.
Coleus polyanthus S. Moore.
Coleus preussii Gürke.
Coleus saxicola Gürke.
Coleus subbaraoi Kumari & Malathi.
Coleus subscandens Gürke.
Coleus trichophorus Briq.
Coleus × tryonii auct.
Coleus ulugurensis Gürke.
Coleus × veitchii Dombrain.
Coleus viridis Briq.
Coleus wugensis Gürke.
Coleus xanthanthus C.Y. Wu & Y.C. Huang.

The Plant List treats Coleus forskohlii (Willd.) Briq. and Plectranthus barbatus
Andrews as separate species while most others treat them as conspecific. In this
book, we treat them as conspecific. Finnish botanist, Peter Forsskål was
commemorated with this species name forskohlii.

Coleus species are native to tropical and subtropical regions of Africa, Australia,
the East Indies, the Malay Archipelago, and the Philippines (Lebowitz 1985). In
India, C. forskohlii is observed to grow over a wide geographic range between the
latitudes 8° and 31°N, in subtropical and warm temperature climates (Mukherjee
1940). C. forskohlii is an herbaceous, pubescent weakly aromatic species with
annual stems and perennial rootstock. Roots are polymorphic tuberous, semi-
tuberous, and non-tuberous (fibrous). Tuberous roots are one to several, succulent
but hard, tortuous or straight, short and stout, or long and slender. The cultivated



types are fleshy and succulent spindle shaped or fusiform generally long, not so
stout, several, and radially spread. Root tubers in both kinds have white or orangish
pink flesh, have bitter aftertaste, and are aromatic.
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Fig. 2.1 Coelus forskohlii (Source: https://www.indiamart.com/proddetail/coleus-forskohlii-
tablets-10885766933.html)

Coleus forskohlii (Willd.) Briq. in Engl. & Prantl, Pflanzenfam. 4(3a): 359.
1897. Plectranthus forskohlii Willd., Sp. Pl. 3: 169. 1800, non Vahl 1790.
Plectranthus barbatus Andrews, Bot. Repos. 9: t. 594. 1810; Codd., Bothalia 11:
394. 1975. Coleus barbatus (Andr.) Benth. ex G. Don in J.C. Loudon, Hort. Brit.
483. 1924; Wall., Pl. Asiat. Rar. 2: 15. 1830–1831; Hook. f. Fl. Brit. India 4: 625.
1885; Gamble, Fl. Madras 2: 1129. 1924; Paton et al., Phytokeys 129: 23. 2019.

Perennial aromatic herb, 30–60 cm high; stem decumbent and ascending, stout,
villous; roots thick, and fleshy. Roots tuberous. Leaves fleshy, ovate or obovate
2.5–10 × 1.3–3.5 cm, base narrowed, margin crenate, apex obtuse, pubescent on
both sides, gland-dotted below. Flowers in 6–10 flowered whorls, in densely hairy,
spiciform racemes; bracts conspicuous, broadly ovate, mucronate, pubescent and
ciliate, caducous; calyx hairy, 5 mm long, glandular, throat villous, lower lip with
four teeth, subulate-sub aristate, upper lip ovate, acuminate; corolla purple or pale
blue, bent at a right angle, upper lip short, broadly ovate, sub-equally 4-lobed, lower
lip boat-shaped, joined to the tube by a narrow neck, villous without; stamens
4, didynamous, filaments connate at base into a sheath, anthers blue, with red glands
on the lower surface, style slender, long, stigma bifid. Nutlets 4, smooth, and dark
brown (Khan et al. 2012) (Figs. 2.1, 2.2, and 2.3).

Occasional in laterite and rocky areas.

https://www.indiamart.com/proddetail/coleus-forskohlii-tablets-10885766933.html
https://www.indiamart.com/proddetail/coleus-forskohlii-tablets-10885766933.html
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Fig. 2.2 Coleus crop (Source
https://www.aromediherbs.
com/coleus-forskohlii.html)

Fig. 2.3 Coleus forskohlii roots (Source: https://tnau.ac.in/hcri-coimbatore/department-of-ma-
technologies-developed/)

Fl. & Fr.: October–December.
World Distribution. Eritrea to East and Central Africa, Arabian Peninsula, Indian

Subcontinent to SC. China, Myanmar, Thailand. Widely cultivated.
In nature, C. forskohlii exhibits several fascinating morphologic variations in the

plants collected from different ecogeographic regions. Shah (1989) has given a
comprehensive account of morphological, histological, cytological, palynological,
phonological, and agronomical variations in 10 natural and two cultivar ecotypes
located at 12 diverse ecogeographic sites. Striking morphological variations were
observed in the roots, growth habit, shoot height, number of branches, pattern of
branching, leaf morphology, floral bracts, inflorescence length, and indumentum.
Root morphology differs with populations as they may be fibrous, tuberous,
non-tuberous, or semi-tuberous in nature. Tubers and leaves have somewhat differ-
ent odors. Growth habit of C. forskohlii plant is usually variable: decumbent,
procumbent, or erect. Vishwakarma et al. (1988) reported variations in forskolin

https://www.aromediherbs.com/coleus-forskohlii.html
https://www.aromediherbs.com/coleus-forskohlii.html
https://tnau.ac.in/hcri-coimbatore/department-of-ma-technologies-developed/
https://tnau.ac.in/hcri-coimbatore/department-of-ma-technologies-developed/


content from 0.01% to 0.44% in 6-month-old dry roots. Scientists at Hoechst India
Limited in their search for forskolin-rich strain, assayed 102 root samples of single
clones and of populations collected from natural sources from different
ecogeographic regions in India and more than 12 cultivar root samples from Gujarat,
Maharashtra, and Belgaum farms in Karnataka between the years 1982 and 1986 for
forskolin content. Forskolin content in these samples ranged between 0.066% and
0.58% by dry weight.

10 2 Botany of Coleus forskohlii

Abraham et al. (1988) observed pedicillate cytoplasmic vesicles containing
yellowish to reddish brown substance storing secondary metabolites in freehand
sections of fibrous and tuberous roots of Coleus forskohlii collected from Tamil
Nadu and Kerala. The vesicles were observed to be common in cork cells in vascular
supply to the rootlet and at the periphery of the nematode-infested tissue. Concen-
tration of the vesicles around the infested zone suggests their protective role. The
vesicles being exclusive to C. forskohlii assume diagnostic importance.

Coleus forskohlii is the only species to contain forskolin and enjoys a unique
position in the field of chemotaxonomy. Shah et al. (1980) searched for alternative
and/or superior sources of forskolin within the family Lamiaceae in roots and shoots
of six species belonging to the genus Coleus and six other species belonging to the
allied genus and indicated that only C. forskohlii contained forskolin.

2.3 Chromosome Number

C. forskohlii is diploid with chromosome number n = 14 (Reddy 1952). However,
Riley and Hoff (1961) reported that South African C. forskohlii is diploid with basic
chromosome number n = 16. Bir and Saggoo (1982, 1985) reported that Central
Indian collections have basic chromosome number of n = 17, while South Indian
collections have chromosome number n = 15. They concluded that variability in
base numbers could be due to aneuploidy at generic level which ultimately leads to
morphological variations. Shah (1989) reported that populations from different
ecogeographic areas vary greatly in their morphology.

2.4 Genetic Improvement

Medicinal Plant Division of Indian Institute of Horticultural Research at Bangalore,
worked on polyploidy and hybridization studies from 1989 to 1994. A total of
34 varieties have been developed which include 11 autotetraploids of diploids,
11 intervarietal hybrids, 11 autotetraploids of the hybrids, and one grafted variety.
An autotetraploid of the superior variety registered an increase of 23.1% in forskolin
content, 1.3% over its diploid progenitor in pot studies. This tetraploid, using diploid
progenitor as the check variety, was evaluated in a multilocational trial at four
sites—three in Tamil Nadu and one in Karnataka for forskolin accumulation and
root tuber yield. Percentage increases of forskolin in the tetraploid varied from site to
site, being 2.3, 15, 17.7, and 51%. The root tuber yield, however, was decreased by



47.8, 46.1, 14, and 36.7% at the respective sites, indicating unstable growth
characteristics of the autotetraploid and thereby making the autotetraploid unsuitable
for commercialization. The diploid cultivar thus continues to be the variety of choice
by the farmers (Hegde and Krishna 1991).
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2.5 Mutation Breeding

Srinvasappa et al. (2010) obtained high yielding type of C. forskohlii through
mutation breeding. Remarkable variations were observed in the leaf shape, plant
height, leaf color, tuber yield, and forskolin content. The mutant M3RC-2-3
recorded the highest tuber yield (168.64 g/plant) and forskolin content (1.74%),
amounting to 155.88% increase over the control K-8 (0.68%). The other three
mutants M3UC-5-2, M3RC-1-4, and M3UC-1-3 closely followed the M3RC-2-3
with regard to dry tuber yield per plant (139.48, 122.98, and 141.00 g, respectively),
and forskolin content (1.63%, 1.69%, and 1.51%, respectively), resulting in 139.71,
148.53, and 122.06% increase over the control.

In vitro mutation in C. forskohlii was carried with shoot tip and callus explants by
Velmurugan et al. (2008). Among the mutagenic treatments, the highest forskolin
content (0.80%) was observed in 25Gy gamma rays +750 μM EMS. However, the
callus-derived in vitro mutants in TC1M1 generation produced tallest plants at
120 and 180 DAP, respectively, in 5Gy gamma rays +175 μM EMS treatment.
The gradual increase in dose of mutagen expressed a reduction in number of tuber
plant-1, length of tuber, fresh and dry tuber yield plant-1. The treatment 1.50kR
gamma rays+200 μM EMS produced a 188.89% increase over the control for the
forskolin content
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Traditional Medicinal Uses
and Pharmacognosy of Coleus forskohlii 3

Abstract

Coleus forskohlii is an aromatic medicinal plant of the family Lamiaceae. In
traditional medicine, plant parts have been used to treat different human ailments
throughout the world. In folk medicine, it has been reported as a remedy for
laxative, gastric problems, wounds, ringworms, and Candida infections. Pharma-
cognostical analysis of leaf parts of Coleus forskohlii indicated the presence of
multicellular, uniseriate glandular trichomes as a diagnostic feature. Outer cortex
of stem sections showed the presence of 3–4 layers of collenchyma cells. Stelar
region consists of 7–9 conjoint, collateral, and open type of vascular bundles
arranged in ring-like structure. Root anatomy showed the presence of cork,
phellem, phelloderm, phloem, primary and secondary xylem. Leaf samples
showed higher physicochemical characters than stem and root samples.

Keywords

Coleus forskohlii · Traditional uses · Ethnobotany · Pharmacognosy

3.1 Introduction

Coleus forskohlii is an aromatic medicinal plant of the family Lamiaceae. In
traditional medicine, the plant parts have been used to treat different human ailments
throughout the world. It is commonly used in different countries to treat various
human diseases. C. forskohlii has been used in traditional Indian Ayurvedic medi-
cine, under the name “Makandi” or “Mayani,” and Southeast Asian medicine since
ancient times (Kanne et al. 2015). The local people of Egypt and Africa, the leaf is
used as diuretic, emmenagogue, and as an expectorant, whereas the same part is used
to cure stomach and intestinal disorders in Brazil (Valdes et al. 1987). In India, the
leaf is used as a condiment and the tubers are used to prepare pickles. In Ayurveda
system of medicine, the plant has been used as a remedy for several diseases such as
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respiratory disorders, asthma, bronchitis, heart diseases, burning sensation, consti-
pation, insomnia, abdominal colic, epilepsy, convulsions, and angina (Ammon and
Muller 1985). The tuberous root parts are used as a medicament for worms and to
relieve burning sensation of festering boils. Root tuber extract along with mustard oil
is applied externally on skin infections and eczema. It is also reported to have
therapeutic value in the veterinary field (De Souza and Shah 1988). Forskolin, the
bioactive component of C. forskohlii, is used in cosmetics to reduce graying of hair.
The root tubers contain essential oil with delicate and attractive odor (Misra et al.
1994). With its spicy aroma, the essential oil is used as flavoring agent in the food
industry (Chowdhary and Sharma 1998).
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Coleus forskohlii (Syn.: Coleus barbatus) is popularly used in Brazil for the
healing of liver and stomach diseases (Fischman et al. 1991).

3.2 Uses in Traditional Systems of Medicine

Coleus forskohlii is considered to be the wild ancestor of all the tuber varieties,
known as Kaffir Potatoes. It has several ethnomedicinal uses, which have been
transmitted by word of mouth from generation to generation. Interestingly, the
roots of the plant have a long history of food use in India in the form of pickle/
condiment. According to Ayurveda, it has been used to ease pain, support healthy
inflammation response, hemorrhoids, help manage cough, worms, skin-related
problems, ascites (fluid retention), external ulcers, abdominal pain, low appetite,
urine retention, and constipation (https://forslean.com/forslean/overview/).

Coleus showed therapeutic benefits in curing psoriasis, asthma, angina, and
cancer diseases (Thorne Research 2006). Forskolin isolated from C. forskohlii in
combination with hydroxycitric acid is used to control body fat (Gupta 2004).
Essential oil isolated from C. forskohlii found to be active against skin disease-
causing bacterial species (Majeed and Prakash 2007).

3.3 Ethnobotanical Uses

In folk medicine of Kenya C. forskohlii is used to cure stomach pain, nausea, and as a
laxative (Lukhoba et al. 2006; Johns et al. 1990; Hamill et al. 2003). In Brazil
ethnomedicine it is used to treat intestinal spasms and gastric problems (Camara
et al. 2003). In the Democratic Republic of Congo and Kenya, the plant is used as a
remedy for wounds and ringworms (Chifundera 2001; Githinji and Kokwaro 1993).
In Tanzanian folk medicine, the leaf juice made from fresh leaves of C. forskohlii
(Syn.: C. barbatus) is applied as external and gargle two times to cure Candida
infection (Runyoro et al. 2006).

C. forskohlii has been used for centuries in Indian Ayurvedic traditional medicine
as well as in the folk medicine of Brazil, tropical Africa, and China for the treatment
of various diseases (Table 3.2). In addition, C. forskohlii is used to alleviate fever in
East Africa and India, as a children’s tonic, and also as an emetic utilized by the

https://forslean.com/forslean/overview/


Samburu of Kenya for strength. In Uganda, the plant is used to treat spiritual
ailments. In Africa, the plant is applied in ethnoveterinary medicine, for instance
in Kenya, it is used to treat Coast Fever in cattle C. forskohlii is used against
snakebites in India, Gabon and Kenya, and as an insecticide to protect grain stores
(Alabashi and Melzig, 2010).
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Lukhoba et al. (2006) reported that C. forskohlii is planted as an ornamental and
as a hedge, fence, or boundary marker as well as soil improver for growing grains
such as cowpeas, green grams, and maize; it is also planted on the hillsides to prevent
soil erosion and is used for making manure. The leaves of C. forskohlii are cooked as
a vegetable in Kenya and Yemen; it is fed to sheep, goats, and cattle. In Kenya, the
soft velvety leaves are used as sanitary tissue to clean milk guards and both leaves
and stems are used to hasten the ripening of bananas (Alabashi and Melzig, 2010)
(Table 3.1).

3.3.1 Digestive System

In India, C. forskohlii is used to treat abdominal colic (Dubey et al. 1981). It is also
used to cure stomachache and as a purgative in Kenya and for treating nausea in
Southern Uganda (Lukhoba et al. 2006; Matu and van Staden 2003). In Brazil, it is
used as a substitute for boldo (Peumus boldus) to treat gastric disturbances (e.g.,
gastritis and intestinal spasms) and hepatic disorders (Lukhoba et al. 2006; Schultz
et al. 2007; Kelecom 1983; Camara et al. 2003), teeth and gum disorders (Lukhoba
et al. 2006).

3.3.2 Nervous System

In Asia, it is used for treating insomnia, convulsion (Lukhoba et al. 2006; Dubey
et al. 1981), and against dizziness and fluster (Yang et al. 2006). In Tanzania,
C. forskohlii is used for treating psychiatric problems (Lukhoba et al. 2006).

3.3.3 Skin

In East Africa (Kenya, Congo), C. forskohlii is used to treat wounds and ringworms,
to reduce swelling on bruises and as a bath for babies with measles (Lukhoba et al.
2006; Matu and van Staden 2003).

3.3.4 Respiratory System

C. forskohlii is used to cure asthma, bronchitis, cold, cough, pneumonia (Lukhoba
et al. 2006; Jin and He 1998; Yang et al. 2006; Muhayimana et al. 1998), and general
respiratory ailments (Dubey et al. 1981; Lukhoba et al. 2006; Matu and van Staden
2003).
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Table 3.1 Ethnobotanical uses of Coleus forskohlii (Syn.: Plectranthus barbatus) (Source:
Alabashi and Melzig, 2010, with permission)

Digestive system Respiratory system Cardiovascular system
In India for abdominal colic
(Dubey et al. 1981). For
stomachache and as purgative
in Kenya and for nausea in
Southern Uganda (Lukhoba
et al. 2006; Matu and van
Staden 2003). In Brazil, as a
substitute for boldo (Peumus
boldus) to treat gastric
disturbances (e.g., gastritis
and intestinal spasms) and
hepatic disorders (Lukhoba
et al. 2006; Schultz et al.
2007; Kelecom 1983; Camara
et al. 2003). Teeth and gum
disorders (Lukhoba et al.
2006)

Asthma, bronchitis, cold,
cough, and pneumonia
(Lukhoba et al. 2006; Jin and
He 1998; Yang et al. 2006;
Muhayimana et al. 1998).
General respiratory ailments
(Lukhoba et al. 2006; Dubey
et al. 1981; Matu and van
Staden 2003)

Angina, hemorrhage, and
hypertension (Lukhoba et al.
2006; Dubey et al. 1981)

Nervous system Pain, inflammation,
musculoskeletal

Sensory

In Asia, for insomnia,
convulsion (Lukhoba et al.
2006; Dubey et al. 1981) and
against dizziness and fluster
(Yang et al. 2006). In
Tanzania, for psychiatric
problems (Lukhoba et al.
2006)

Inflammation, abdominal and
spasmodic pain, and painful
micturition (Lukhoba et al.
2006; Dubey et al. 1981).
Muscular, generalized pain,
stiff neck, backache, bone
dislocation, and rheumatism
(Lukhoba et al. 2006)

For conjunctivitis in Congo
and earache in Kenya
(Lukhoba et al. 2006)

Skin Metabolic and endocrine
system

Infection

In East Africa (Kenya,
Congo), for wounds and
ringworms, to reduce
swelling on bruises and as a
bath for babies with measles
(Lukhoba et al. 2006; Matu
and van Staden 2003)

In Ayurvedic medicine for
hypothyroidism (Ding and
Staudinger 2005). As an
emmenagogue, oral
abortifacient (Lukhoba et al.
2006; Almeida and Lemonica
2000). In Somalia as an
aphrodisiac (Lukhoba et al.
2006)

Throat and mouth infections,
tonsillitis, gastrointestinal
infections, genitourinary
infections (e.g., syphilis in
Central Africa), and eye and
ear infections (Lukhoba et al.
2006). In Rwanda, Kenya,
French Guiana, and Brazil to
treat malaria (Lukhoba et al.
2006; Muhayimana et al.
1998; Vigneron et al. 2005).
In Kenya for measles (Matu
and van Staden 2003)
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Table 3.2 Quantitative physicochemical values of C. forskohlii were collected from four geo-
graphical zones (Source Srivastava et al. 2002)

Locations

Parameters
Tarikhet (Uttar
Pradesh)
Mean ± SD

Agrakhal (Uttar
Pradesh)
Mean ± SD

Vijaywada
(Andhra Pradesh)
Mean ± SD

Salem (Tamil
Nadu)
Mean ± SD

Loss on drying 10.70 ± 0.653 8.03 ± 0.157 9.74 ± 0.333 8.40 ± 0.200

Total ash 7.19 ± 0.373 7.82 ± 0.345 7.58 ± 0.372 8.61 ± 0.105

Acid-insol. ash 1.41 ± 0.226 0.96 ± 0.171 1.15 ± 0.085 2.26 ± 0.050

Tannin 0.76 ± 0.043 0.86 ± 0.082 0.46 ± 0.030 0.77 ± 0.012

Protein 12.68 ± 0.890 12.63 ± 0.325 7.97 ± 0.068 6.50 ± 0.170

Sugar 2.73 ± 0.388 2.30 ± 0.035 8.39 ± 0. 678 7.56 ± 0.909

Starch 12.00 ± 0.153 13.16 ± 0.870 20.07 ± 6.784 15.91 ± 4.354

Alcohol
extractive (I.P.)

16.15 ± 0.691 16.93 ± 2.244 28.83 ± 1.033 27.42 ± 1.020

Water
extractive (I.P.)

23.51 ± 0.385 27.40 ± 1.507 36.08 ± 1.319 32.00 ± 0.707

Successive extractives

Hexane 4.88 ± 0.057 4.19 ± 0.205 4.27 ± 0.083 3.79 ± 0.222

Chloroform 5.55 ± 0.100 1.41 ± 0.130 2.23 ± 0.170 1.96 ± 0.115

Acetone 17.68 ± 0.119 4.44 ± 0.417 15.59 ± 0.395 17.35 ± 0.227

Alcohol 17.70 ± 0.064 6.34 ± 1.158 15.52 ± 0.282 16.52 ± 0.036

Water 17.13 ± 0.130 26.80 ± 1.045 23.50 ± 0.270 19.42 ± 0.393

3.3.5 Pain, Inflammation, and Musculoskeletal Problems

It is used to treat inflammation, abdominal and spasmodic pain, painful micturition
(Lukhoba et al. 2006; Dubey et al. 1981), muscular, generalized pain, stiff neck,
backache, bone dislocation, and rheumatism (Lukhoba et al. 2006).

3.3.6 Metabolic and Endocrine System

In Ayurvedic medicine, C. forskohlii is used to treat hypothyroidism (Ding and
Staudinger 2005). It is also used as an emmenagogue and oral abortifacient
(Lukhoba et al. 2006; Almeida and Lemonica 2000). In Somalia it is used as an
aphrodisiac (Lukhoba et al. 2006).

3.3.7 Cardiovascular System

It is also used to treat Angina, hemorrhage, and hypertension (Lukhoba et al. 2006;
Dubey et al. 1981).
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3.3.8 Sensory

It is used to treat conjunctivitis in Congo and earache in Kenya (Lukhoba et al.
2006).

3.3.9 Infection

C. forskohlii is used to treat throat and mouth infections, tonsillitis, gastrointestinal
infections, genitourinary infections (e.g., syphilis in Central Africa), and eye and ear
infections (Lukhoba et al. 2006). In Rwanda, Kenya, French Guiana, and Brazil it is
used to treat malaria (Lukhoba et al. 2006; Muhayimana et al. 1998; Vigneron et al.
2005). In Kenya it is used to treat measles (Matu and van Staden 2003).

3.4 Pharmacognosy

Srivastava et al. (2002) described the pharmacognostic characters of roots of
C. forskohlii. The following account is from this paper.

3.4.1 Macroscopic Characters of Root

Roots tuberous with pale brown color, tapering with few secondary roots, light in
weight, 1.5–3.5 cm in diameter, wrinkled diagonally, cut portion of the root tuber
surface with yellowish white color, fracture short, characteristic pleasing aromatic
odor with bitter to pungent taste (Srivastava et al. 2002).

3.4.2 Microscopic Characters

A transverse section of the root is irregular in outline, with epidermal cells not visible
due to secondary growth. The outermost layer is made up of multilayered rectangular
cork cells. Under the cork cells 1–2 layers of cambium are present, followed by
parenchymatous secondary cortical region made up of rectangular cells and it
consists of sclereids and calcium oxalate crystals (Fig. 3.1a, b). A continuous ring
of vascular cambium is present below the cork region (Fig. 3.2a, b). The phloem is
made up of companion cells, sieve tubes, and phloem parenchyma. Well-developed
and thin-walled medullary rays are arranged radially in the vascular region. The cells
of medullary rays are varying in size and are heterogenous (Fig. 3.3).

Medullary rays in transverse section of the young root showed very wide in size
than the cells of older roots. The xylem is composed of barrelshaped, solitary, and
porous vessels. These vessels are rich in starch and showed reticulate to spiral
thickenings. They also consist of starch grains with 20–60 mm diameter, distinct
hilum, and star-shaped cleft at the central position. Tailed vessels are also observed.
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Fig. 3.1 C.S. of root showing sclereids in (a) young root (b) mature root (Source: Srivastava et al.
2002)

Fig. 3.2 C.S. of root showing vascular region in (a) young root (b) mature root (Source: Srivastava
et al. 2002)

Fig. 3.3 Cellular details of
LS of mature root (Source:
Srivastava et al. 2002)



Tracheidal fibers and tracheids have bordered pits. Well-developed xylem paren-
chyma is present in young roots, whereas plenty of fibers are present in older roots.
Pith portion is made up of parenchyma in young root, closely packed vessels,
tracheids, and fibers are present in the mature roots (Srivastava et al. 2002).
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Pharmacognostic studies of C. forskohlii leaf, root, and root tubers were
conducted to localize the active principle of forskolin by using histochemical
methods (Khatun et al. 2011a, b). Histochemical analysis of leaf sections revealed
that forskolin was localized in leaf internal tissues such as palisade and spongy
parenchyma and glandular trichomes of both upper and lower epidermis (Figs. 3.4,
3.5, and 3.6). The presence of forskolin in leaf tissues was visualized as brown color
by staining with 10% vanillin-perchloric acid. It was further confirmed by using thin
layer chromatography technique (Khatun et al. 2011a).

Histochemical analysis results on C. forskohlii root and root tubers revealed that
forskolin was located in xylem, medullary rays, cortex, and cork cells. The presence
of forskolin was stained as violet color in root (Fig. 3.7) and root tuber cells
(Fig. 3.8a–c). The presence of forskolin in leaf tissues was visualized as brown
color by staining with 10% vanillin-perchloric acid. It was further confirmed by
using thin layer chromatography technique (Khatun et al. 2011b).

3.4.3 Study of Powder

The powdered root tuber is yellowish brown in color and pleasant aromatic odor
with a bitter taste.

Microscopic examination of root powder shows oil globules, plenty of starch
grains of circular, elliptical and ovoid shapes, sclereids, starch-filled vessels,
tracheids, tailed vessels, parenchymatous patches, and calcium oxalate crystals
(Fig. 3.9a–f). Root powder treated with 1 N NaOH + nitrocellulose saturated with
amyl acetate turns greenish brown under UV light. Preliminary phytochemical
analysis indicates the presence of alkaloids, flavonoids, and triterpenoids (Srivastava
et al. 2002).

Tamboli et al. (2015) gave a detailed report on quality control of C. forskohlii,
which includes physicochemical parameter determination, safety evaluation, micro-
scopical evaluation, and chromatographic fingerprinting as well. Microscopic eval-
uation of transverse section of Coleus reveals that periderm, secondary phloem, and
wide secondary xylem cylinder, which occupies a major portion of the root
fragmentary.

3.4.4 Phytochemical Studies

The dried plant material was successively extracted with alcohol, acetone, hexane,
chloroform, and water using Soxhlet apparatus. The percent yield of each extract
was calculated and tabulated (Table 3.2). The quantity of total ash, water and acid
soluble ash contents, and quantity of tannins, sugars, starch, and proteins were
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Fig. 3.4 Coleus forskohlii—Anatomy of leaf showing localization of forskolin in leaf internal
tissues. UE upper epidermis, V violet-stained vesicles, HT hairy trichomes, LE lower epidermis, PP
palisade parenchyma, GT glandular trichome, VG violet-stained gland, T trachea, SP spongy
parenchyma (Source: Khatun et al. 2011a)



determined. Further, the amount of heavy metals such as Cu, Zn, Pb, Co, Mn, and Cr
were determined with standard procedures and tabulated (Table 3.2). Thin layer
chromatography was performed to develop a fingerprint profile for quality evalua-
tion and standardization of the drug by using coleonol as a reference.
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Fig. 3.5 Anatomy of leaf showing localization of forskolin in leaf internal tissues. UE upper
epidermis, V violet-stained vesicles, HT hairy trichomes, PP palisade parenchyma (Source: Khatun
et al. 2011a)

Disticraj and Jayaraman (2015) investigated the pharmacognosy and phytochem-
istry of C. forskohlii.

3.4.4.1 Powder Analysis of Whole Plant
Odor: Characteristic odor.

Color: Fresh powder pale green in color, dried powder grayish green in color.
Taste: Slightly acrid.



3.4 Pharmacognosy 23

Fig. 3.6 Anatomy of leaf showing localization of forskolin in leaf internal tissues. V violet-stained
vesicles, HT hairy trichomes, LE lower epidermis, GT glandular trichome, VG violet-stained gland,
SP spongy parenchyma (Source: Khatun et al. 2011a)

3.4.4.2 Physicochemical Analysis of Whole Plant of C. forskohlii
(Disticraj and Jayaraman 2015)

Average % of Physicochemical constants.

1. Total ash 1.23

2. Water soluble ash 2.22

3. Acid insoluble ash 2.04

4. Loss on drying 1.11

5. Water soluble extractive 0.78

6. Alcohol soluble extractive 1.67

7. Crude fiber content 1.03

Transverse section of fresh leaves of C. forskohlii showed the presence of very
thin cuticles on epidermis, stomata on both lower and upper surfaces (Fig. 3.10).
Glandular and nonglandular trichomes were observed on both epidermises. Palisade



tissue is present on both sides of the leaf. Multicellular heads with sessile glands,
covering trichomes, spiral ducts, vessels, and starch grains were observed
(Fig. 3.11a–g) (Ullah et al. 2013).
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Fig. 3.7 Anatomy of root showing localization of forskolin in root internal tissues. V violet-stained
vesicles, C cortex cells, X xylem cells, M medullary rays (Source: Khatun et al. 2011b)

Study on the morphology and structures of trichomes of C. forskohlii of China
origin, revealed that, four types of morphologically distinct trichomes were observed
under a microscope (Huang et al. 2021). They are micro and macro types of
glandular trichomes, peltate glandular trichomes, and nonglandular types of
trichomes (Fig. 3.12a–d) observed on aerial parts of C. forskohlii growing in
China (Huang et al. 2021).
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Fig. 3.8 (a) Cross section of root tuber showing localization of forskolin in root internal tissues.
(b) Cross section of root tuber showing localization of forskolin in root internal tissues. (c) Cross
section of root tuber showing localization of forskolin in root internal tissues. V violet-stained
vesicles, C cork cells, X xylem cells, M medullary rays (Source: Khatun et al. 2011b)

3.5 Conclusion

The Pharmacognostic studies of various parts of C. forskohlii have been helpful in
the correct identification of species if possible varietal differentiation based on the
tissue differentiation and staining of major phytochemicals in the secretory cells. The
distribution of xylem and phloem elements and other structural parts in the internal
organs such as roots and stems for quality control. These studies also help in the
mapping of high-yielding varieties based on anatomical features.
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Fig. 3.9 Microscopic observations of powdered root. (a) Tracheid filled with starch, (b) Vessel
filled with starch, (c) Starch grains, (d) Rhomboidal calcium oxalate crystals, (e) Sclereid, and (f)
Oil globules (Source: Srivastava et al. 2002)

Fig. 3.10 Transverse section
of lamina of the leaf (Source:
Ullah et al. 2013)
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Fig. 3.11 Epidermal
characters of C. forskohlii leaf
(a) Epidermis with stomata,
sessile glandular, and
covering trichomes; (b)
Covering trichomes; (c) Spiral
ducts; (d) Multicellular head
of sessile gland; (e) Vessels;
(f) Starch grains; and (g)
Palisade cells (Source: Ullah
et al. 2013)

Fig. 3.12 Trichomes types were observed on C. forskohlii. (a) Glandular capitate macro type, (b)
Glandular capitate micro type, (c) Peltate glandular trichomes, and (d) Multicellular nonglandular
trichomes (Source: Huang et al. 2021)

References

Alabashi RH, Melzig MF (2010) Plectranthus barbatus: a review of phytochemistry, ethnobotani-
cal uses and pharmacology- Part I. Planta Med 76:653–661



28 3 Traditional Medicinal Uses and Pharmacognosy of Coleus forskohlii

Almeida FC, Lemonica IP (2000) The toxic effects of Coleus barbatus on the different periods of
pregnancy in rats. J Ethnopharmacol 73:53–60

Ammon HPT, Muller AB (1985) Forskolin: from an ayurvedic remedy to a modern agent. Planta
Med 46:473–477

Camara CC, Nascimento NR, Macedo-Filho CL, Almeida FB, Fonteles MC (2003) Antispasmodic
effect of the essential oil of Plectranthus barbatus and some major constituents on the Guinea-
pig ileum. Planta Med 69:1080–1085

Chifundera K (2001) Contribution to the inventory of medicinal plants from the Bushi area, South
Kivu Province, Democratic Republic of Congo. Fitoterapia 72:351–368

Chowdhary AR, Sharma ML (1998) GC-MS investigations on the essential oil from Coleus
forskohlii Briq. Indian Perfumer 42:15–16

De Souza NJ, Shah V (1988) Forskolin—an adenylate cyclase activating drug from an Indian herb.
Econ Med Plant Res 2:1–16

Ding X, Staudinger JL (2005) Induction of drug metabolism by forskolin: the role of the pregnane X
receptor and the protein kinase A signal transduction pathway. J Pharmacol Exp Ther 312:849–
856

Disticraj S, Jayaraman P (2015) Pharmacognostical and phytochemical analysis of Asparagus
racemosus Willd, Anisomeles malabarica (L) R.Br., Cleome monophylla L. and Coleus
forskohlii L. Int J Pharm Biol Sci 5(4):61–66

Dubey MP, Srimal RC, Nityanand S, Dhawan BN (1981) Pharmacological studies on coleonol, a
hypotensive diterpene from Coleus forskohlii. J Ethnopharmacol 3:1–13

Fischman LA, Skorupa LA, Souccar C, Lapa A (1991) The water extract of Coleus barbatus Benth
decreases gastric secretion in rats. Mem Inst Oswaldo Cruz 86(Suppl. 2):141–143

Githinji CW, Kokwaro JO (1993) Ethnomedical study of major species in the family Labiatae from
Kenya. J Ethnopharmacol 39:197–203

Gupta S (2004) Nutracosmetics: a new growth segment. http://www.Happi.com/
Hamill FA, Apio S, Mubiru NK, Bukenya-Ziraba R, Mosango M, Maganyi OW, Soejarto DD

(2003) Traditional herbal drugs of southern Uganda (II). Literature analysis and antimicrobial
assays. J Ethnopharmacol 84:57–78

Huang X, You P, Chen Y, Zhang T, Gong L, Zou P et al (2021) Trichomes of Coleus forskohlii:
morphology and volatile compounds. Pharmacogn Mag 17:558–564

Jin QD, He BH (1998) Minor constituents from Coleus forskohlii. Acta Bot Yunn 20:469–473
Johns T, Kokwaro JO, Kimani EK (1990) Herbal remedies of the Luo of Siya district, Kenya:

quantitative criteria for consensus. Econ Bot 44:369–381
Kanne H, Burte NP, Prasanna V, Gujjula R (2015) Extraction and elemental analysis of Coleus

forskohlii extract. Pharm Res 7:237–241
Kelecom A (1983) Isolation, structure determination, and absolute configuration of barbatusol, a

new bioactive diterpene with a rearranged abietane skeleton from the labiate Coleus barbatus.
Tetrahedron 39:3603–3608

Khatun S, Cakilcioglu U, Chatterjee NC (2011a) Pharmacognostic value of leaf anatomy and
trichome morphology for identification of forskolin in a novel medicinal plant Coleus forskohlii.
Biol Divers Conserv 4(2):165–171

Khatun S, Cakilcioglu U, Chatterjee NC (2011b) Phytochemical constituents vis-a-vis
histochemical localization of forskolin in a medicinal plant Coleus forskohlii Briq. J Med Plants
Res 5(5):711–718

Lukhoba CW, Simmonds MSJ, Paton AJ (2006) Plectranthus: a review of ethnobotanical uses. J
Ethnopharmacol 103:1–24

Majeed M, Prakash L (2007) Fighting acne and more effective natural approaches to skin care.
Cosmet Toilet:215–219

Matu EN, van Staden J (2003) Antibacterial and anti-inflammatory activities of some plants used for
medicinal purposes in Kenya. J Ethnopharmacol 87:35–41

Misra LN, Tyagi BR, Ahmad A, Bahl JR (1994) Variability in the chemical composition of the
essential oil of Coleus forskohlii genotypes. J Essent Oil Res 6:243–247

http://www.happi.com/


References 29

Muhayimana A, Chalchat JC, Garry RP (1998) Chemical composition of essential oils of some
medicinal plants from Rwanda. J Essent Oil Res 10:251–259

Runyoro DK, Ngassapa OD, Matee MI, Joseph CC, Moshi MJ (2006) Medicinal plants used by
Tanzanian traditional healers in the management of Candida infections. J Ethnopharmacol
106(2):158–165

Schultz C, Bossolani MP, Torres LMB, Lima-Landman MTR, Lapa AJ, Souccar C (2007) Inhibi-
tion of the gastric H+, K+-ATPase by plectrinone A, a diterpenoid isolated from Plectranthus
barbatus Andrews. J Ethnopharmacol 111: 1–7

Srivastava SK, Chaubey M, Khatoon S, Rawat AKS, Mehrotra S (2002) Pharmacognostic evalua-
tion of Coleus forskohlii. Pharm Biol 40(2):129–134

Tamboli ET, Chester K, Ahmad S (2015) Quality control aspects of herbs and botanicals in
developing countries: Coleus forskohlii Briq a case study. J Pharm Bioallied Sci 7:254–259

Thorne Research (2006) Monograph on Coleus forskohlii. Altern Med Rev 11(1):47–51
Ullah S, Ibrar M, Barkatullah N, Rooh Ullah M (2013) Pharmacognostic, larvicidal and phytotoxic

profile of Coleus forskohlii and Rosmarinus officinalis. J Pharmacogn Phytother 5(4):59–63
Valdes LJ, Mislankar SG, Paul AG (1987) Coleus barbatus (C. forskohlii) (Lamiaceae) and the

potential new drug forskolin (Coleonol). Econ Bot 44:474–483
Vigneron M, Deparis X, Deharo E, Bourdy G (2005) Antimalarial remedies in French Guiana: a

knowledge attitudes and practices study. J Ethnopharmacol 98:351–360
Yang QR, Wu HZ, Wang XM, Zou GA, Liu YW (2006) Three new diterpenoids from Coleus

forskohlii Briq. J Asian Nat Prod Res 8:355–360



Alasbahi and Melzig ( ) reviewed in detail about the phytochemistry, medicinal
uses as well as ethnobotanical uses along with the pharmacology of Coleus forskohlii
Briq. (Syn. C. barbatus Benth. Lamiaceae) (Table ). Several scientific studies and
reviews were published on the phytochemistry and pharmacology of C. forskohlii.
Kavitha et al. ( ) and Bhowal and Mehta ( ) reviewed the botanical, phyto-
chemical, and pharmacological profiles and referred to as a nontoxic natural medi-
cament when applied in recommended dose. In addition, Forskolin is regarded as
safe even with LD50 value of 3100 mg/kg BW. It was reported to delay the fetal
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Abstract

Diterpenoid, forskolin is extracted from the roots of Coleus forskohlii Briq. (Syn.
C. barbatus Benth. Lamiaceae). This species is the only source of forskolin.
Many other phytochemicals have been isolated from leaves and roots. This
chapter gives an account of diversified phytochemicals of terpenes, biosynthesis
of forskolin, extraction, and separation of forskolin. Interestingly only a few
compounds in the flavonoids were characterized. Various phytochemicals
isolated from different parts of C. forskohlii have also been given. The biosyn-
thetic process of forskolin has been discussed in addition to the scientific methods
for its isolation and purification from stems and roots. The probable biosynthetic
path of genkwanin is given. The biotechnological intervention and improvement
methods of forskolin production in microbial models are also discussed.

Keywords

Coleus forskohlii · Forskolin · Coleonol · Barbutasin · Plectrin · Biogenesis ·
Phytochemicals · Diterpenes
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Table 4.1 Diterpenoids isolated from C. forskohlii (Source: Alasbahi and Melzig 2010)

No. of the Part C. forskohlii
compound used location

1 (+)-Allylroyleanone
(plectranthone J)

L East
Africa—
Kenya

Ruedi (1986)

2 Coleon S L China Yao and Xu
(2001); Yao et al.
(2002)

3 Coleon O L East
Africa—
Kenya

Kubo et al. (1984)

4 Coleon T L China Yao and Xu
(2001); Yao et al.
(2002)

5 Plectrin L East
Africa—
Kenya

Ruedi (1986);
Kubo et al. (1984)

6 Barbatusin L Brazil Zelnik et al.
(1977); de
Albuquerque et al.
(2007); Wang
et al. (1973)

3β-Hydroxy-3-deoxybarbatusin L Brazil Zelnik et al. (1977)

8 Cyclobutatisin L Brazil Zelnik et al.
(1977); de
Albuquerque et al.
(2007); Wang
et al. (1974)

7β-Acetyl-12-
deacetoxycyclobutatusin

L Brazil de Albuquerque
et al. (2007)

10 (16R)-Coleon E L East
Africa—
Kenya

Ruedi (1986);
Ruedi and Eugster
(1972)

11 Coleon F L East
Africa—
Kenya

Ruedi (1986);
Ruedi and Eugster
(1973)

12 (16R)-Plectrinon A L Brazil, East
Africa—
Kenya

Schultz et al.
(2007); Ruedi
(1986)

13 Plectrinon B L East
Africa—
Kenya

Ruedi (1986)

14 14-Deoxycoleon U R China Xu et al. (2005)

15 Coleon C WP China Liu et al. (2007)

16 6,7-Secoabietane diterpene I S Brazil Kelecom et al.
(1987)

17 6,7-Secoabietane diterpene II S Brazil Kelecom et al.
(1987)
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Table 4.1 (continued)

No. of the
compound

Part
used

C. forskohlii
location

18 Cariocal S Brazil Kelecom and dos
Santos (1985)

19 Abietatriene (dehydroabietane) R India Mathela et al.
(1986)

20 Demethylcryptojaponol
(11-hydroxysugiol)

R China Xu et al. (2005)

21 Ferruginol S Brazil Kelecom
(1983a, b)

22 Sugiol WP China Li et al. (2006)

23 20-Deoxocarnosol S Brazil Kelecom et al.
(1986)

24 6β-Hydroxycarnosol S Brazil

25 Barbatusol S Brazil Kelecom
(1983a, b)

8,13-Epoxylabd-14-en-11-one-diterpenoids
26 Forskolin (7β-acetoxy-

1α,6β,9α-trihydroxy-8,13-epoxy-
labd-14-en-11-one; coleonol;
colforsin; 1-deacetyl forskolin B,
6-deacetylforskolin J)

R,R India, China Bhat et al.
(1977a, b); Shah
et al. (1980);
Gabetta et al.
(1989); Liu et al.
(1992); Zhang
et al. (2005)

27 9-Deoxyforskolin (7β-acetoxy-
1α,6β-dihydroxy-8,13-epoxy-
labd- 14-en-11-one)

R India Gabetta et al.
(1989); Bhat et al.
(1983)

28 1,9-Dideoxyforskolin
(7β-acetoxy-6β-hydroxy-8,13-
epoxy-labd-14-en-11- one)

R India Bhat et al.
(1977a, b);
Gabetta et al.
(1989)

29 1,9-Dideoxy-7-deacetylforskolin
(6β,7β-dihydroxy-8,13-epoxy-
labd-14-en- 11-one)

R India Bhat et al.
(1977a, b);
Gabetta et al.
(1989)

30 Deacetyl-1-deoxyforskolin (6β,
7β, 9α-trihydroxy-8,13-epoxy-
labd-14-en-l lone)

R India Gabetta et al.
(1989)

31 6-Acetyl-1-deoxyforskolin WP China Xu et al. (2006)

32 6-Acetyl-1,9-dideoxyforskolin WP China Xu et al. (2006)

33 1,6-Di-O-acetylforskolin
(1α,6β,7β triacetoxy-9α-hydroxy-
8,13-epoxy-labd- 14-en-11-one;
forskolin A;
1,7-diaceylisoforskolin)

R,
WP

China Jin and He (1998);
Wu et al. (2005);
Jin et al. (1990)
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No. of the
compound

Part
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C. forskohlii
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34 1-Acetylforskolin
(1α,7β-diacetoxy-6β,
9α-dihydroxy-8,13-epoxy-labd-
14-en-11-one; forskolin B)

R,
WP

China Jin and He (1998);
Wu et al. (2005);
Jin et al. (1990)

35 Isoforskolin (6β-acetoxy-
1α,7β,9α-trihydroxy-8,13-epoxy-
labd-14-en-11-one; coleonol B;
forskolin C; 1-deacetylforskolin
I)

R, R,
L,
WP

India, China Jin and He (1998);
Bhat et al.
(1977a, b); Zhang
et al. (2005); Wu
et al. (2005); Jin
et al. (1990);
Carpy et al.
(1991); Prakash
et al. (1988); Xu
and Kong (2004);
Yang et al. (2006);
Feng et al. (2016)

36 1,9-Dideoxycoleonol B
(7β-hydroxy-6β-acetoxy-8,13-
epoxy-labd-14-en-11-one)

R India Roy et al. (1993)

37 7-Deacetylforskolin
(1α,6β,7β,9α-tetrahydroxy-8,13-
epoxy-labd-14-en-11- one;
deacetylforskolin;
6-deacetylisoforskolin; forskolin
D)

R, R,
WP

India, China Jin and He (1998);
Bhat et al.
(1977a, b);
Gabetta et al.
(1989); Wu et al.
(2005); Jin et al.
(1990)

38 Forskolin E (lα,7β-diacetoxy-
6β-hydroxy-8,13-epoxy-labd-14-
en-l1-one; 9-dehydroxyforskolin
B)

R,
WP

China Jin and He (1998);
Xu et al. (2006)

39 Forskolin F (7β-acetoxy-
6β,9α-dihydroxy-8,13-epoxy-
labd-14-en-11-one;
1-deoxyforskolin;
1-deacetoxyforskolin B; coleonol
D)

R, R,
WP

India, China Jin and He (1998);
Gabetta et al.
(1989); Prakash
et al. (1988); Xu
et al. (2006);
Khandelwal et al.
(1989)

40 Forskolin G (1α-hydroxy-
6β,7β-diacetoxy-8,13-epoxy-
labd-14-en-11-one; l-deacetyl-9-
dehydroxyforskolin A;
l-deacetyl-6-acetylforskolin E)

R,
WP

China Xu and Kong
(2004); Yang et al.
(2006); Xu et al.
(2006); Shen et al.
(2002); Shan et al.
(2006)

41 Forskolin H (1α,6β-diacetoxy-
8,13-epoxy-labd-14-en-11-one;
7-deacetoxy-9-
dehydroxyforskolin A;
plectromatin C)

R,
WP

China Xu and Kong
(2004); Yang et al.
(2006); Xu et al.
(2006); Shen et al.
(2002)
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Part
used

C. forskohlii
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42 Forskolin I (1α,6β-diacetoxy-
7β,9α-dihydroxy-8,13-epoxy-
labd-14-en-11-one;
7-deacetylforskolin A;
1-acetylforskolin C)

R,
WP

China Xu and Kong
(2004); Yang et al.
(2006); Shen and
Xu (2005); Yang
et al. (2007)

43 Forskolin J (1α,9α-dihydroxy-
6β,7β-diacetoxy-8,13-epoxy-
labd-14-en-11-one; 6-O-
acetylforskolin;1-
deacetylforskolin A;
7-acetylforskolin C)

R China Xu and Kong
(2004); Shen and
Xu (2005); Yang
et al. (2007)

44 1,6-Diacetoxy-9-deoxyforskolin
(1α,6β, 7β-triacetoxy-8,13-
epoxy-labd-14- en-11-one;
forskolin K; 9-dehydoxyfoskolin
A)

R,
WP

China Li et al. (2006); Xu
and Kong (2004);
Yang et al. (2007)

45 6β-Hydroxy-8,13-epoxy-labd-14-
en-11-one (forskolin L)

R, R China, India Gabetta et al.
(1989); Xu and
Kong (2004);
Yang et al. (2007)

46 Coleosol (6β,9β-dihydroxy-8,13-
epoxy-labd-14-en-11-one;
6β,9β-dihydroxy-
11-oxomanoyloxide)

R India Prakash et al.
(1988); Jauhari
et al. (1978)

47 1-Acetoxy coleosol (1α-acetoxy-
6β,9α-dihydroxy-8,13-epoxy-
labd-14-en-11-one)

R India Roy et al. (1993)

48 Coleol (9α-hydroxy-8,13-epoxy-
labd-14-en-11-one)

R India Gabetta et al.
(1989); Prakash
et al. (1988);
Singh et al.
(1984); Katti et al.
(1979)

49 11-Oxomanoyloxide (8,13-
epoxy-labd-14-en-11-one)

R India Gabetta et al.
(1989)

50 Coleonol E (7α-acetoxy-
6β-hydroxy-8,13-epoxy-labd-14-
en-11-one)

R India Painuly et al.
(1979)

51 Coleonol F (6β-acetoxy-
7α,9α-dihydroxy-8,13-epoxy-
labd-14-en-11-one)

R India Painuly et al.
(1979)

52 Deoxycoleonol (7α-acetoxy-
1α,6β-dihydroxy-8,13-epoxy-
labd-14-en-11-one)

R India Tandon et al.
(1978)

8,13-Epoxy-labd-diterpenoids with some deviations
53 3-Hydroxyforskolin WP China Shan and Kong

(2006)
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54 3-Hydroxyisoforskolin WP China Shan and Kong
(2006)

55 13-Epi-9-deoxycoleonol
(13-epi-9-deoxyforskolin;
7β-acetoxy-1α,6β-dihydroxy-
8,13-epoxy-labd-14-en-11-one)

R India Tandon et al.
(1992)

56 Coleonol C (6β-acetoxy-
1α,7α,9α-trihydroxy-
8,13-β-epoxy-labd-14-en-11-one)

R India Tandon et al.
(1978)

57 Coleonone (8,13-epoxy-labd-14-
en-12-one)

R India Singh et al.
(1984); Katti et al.
(1979)

58 Manoyl oxide (8,13-epoxy-labd-
14-ene)

R India Mathela et al.
(1986)

Miscellaneous labdane diterpenoids
59 13-Epi-sclareol R India Sashidhara et al.

(2007)

60 Forskoditerpene A
(5β,9β,10α,12β-9,12-cyclo-
7,13E-labdadien-15-oic acid)

WP China Shan et al. (2008)

61 12-Hydroxy-8,13E-labdadien-15-
oic acid

WP China Xu and Kong
(2006)

62 Coleolic acid (11-ol,13-Me,
8(9),13(14)Z-labdadien-15-oic
acid)

WP China Liu et al. (2007)

63 Coleonic acid (11-one,13-Me,
8(9),13(14)Z-labdadien-15-oic
acid)

WP China Liu et al. (2007)

8,13-Epoxy-labd-14-en-11-one-diterpene glycosides
64 Forskoditerpenoside A

(6β-acetoxy-7β,9α-dihydroxy-
8,13-epoxy-labd-14-en-
11-one-1α-O-β-D-
glucopyranoside)

WP China Shan et al. (2007)

65 Forskoditerpenoside B
(6β,7β-diacetoxy-9α-hydroxy-
8,13-epoxy-labd-14-en-
11-one-1α-O-β-D-
glucopyranoside)

WP China Shan et al. (2007)

66 Forskoditerpenoside C
(6β-acetoxy-7β-hydroxy-8,13-
epoxy-labd-14-en-11-one-1α
-O-β-D-glucopyranoside)

WP China Shan et al. (2008)

67 Forskoditerpenoside D (6β,
7β-diacetoxy- 8,13-epoxy-labd-
14-en-11-one-1α -O-β-D-
glucopyranoside)

WP China Shan et al. (2008)
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68 Forskoditerpenoside E
(6β-acetoxy-8,13-epoxy-labd-14-
en-11-one-
1α-O-β-Dglucopyranoside)

WP China Shan et al. (2008)

Other assorted compounds
69 Thymoquinol-2-O-β-

glucopyranoside
WP Saudi Arabia Shaker et al.

(2022)

70 Syringic acid WP Saudi Arabia Shaker et al.
(2022)

71 Methyl 3,4,5-trihydroxybenzoate, WP Saudi Arabia Shaker et al.
(2022)

72 Luteolin WP Saudi Arabia Shaker et al.
(2022)

73 Cytochalasin B – China Zhang and Kong
(2009)

74 N-benzoyl-L-phenylalaninol – China Zhang and Kong
(2009)

75 3,6-Dibenzyl-2,5-
dioxopiperazine

– China Zhang and Kong
(2009)

76 2-Furoic acid – China Zhang and Kong
(2009)

77 Vanillic acid – China Zhang and Kong
(2009)

78 Loliolide – China Zhang and Kong
(2009)

79 Chamaecydin – China Wang et al. (2009)

80 6
α-hydroxydemethylcryptojaponol

– China Wang et al. (2009)

81 α-Cedrene – China Wang et al. (2009)

82 Lupeol – China Huang et al.
(2011)

83 Uvalo – China Huang et al.
(2011)

84 Dehydroabietane AP Saudi Arabia Mothana et al.
(2014)

85 5,6-Didehydro-7-hydroxy-
taxodone

AP Saudi Arabia Mothana et al.
(2014)

86 Taxodione AP Saudi Arabia Mothana et al.
(2014)

87 6α,11,12,-Trihydroxy-7β,20-
epoxy-8,11,13-abietatriene

AP Saudi Arabia Mothana et al.
(2014)

88 Barbaterpene (2’R-
hydroxydocosanoylursa-12-en-
3β-ol)

– Saudi Arabia Amina et al.
(2018)
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development and anti-implantation effect in pregnant rats at the dose of 880 mg/kg
BW may be applied as an abortifacient natural drug (Almeida and Lemonica 2000).
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89 Barbatustero – Saudi Arabia Amina et al.
(2018)

90 1,2,3,4,6-Penta-O-galloyl-{beta}-
D-glucose (PGG)

– Brazil dos Santos et al.
(2012)

91 Plectrabarbene – Musayeib et al.
(2020)

Fig. 4.1 Structure of
forskolin

Forskolin (C22H34O7; Fig. 4.1) is a 7 β-acetoxy 8, 13- epoxy-1α, 6 β, and
9α-trihydroxy labd-14-en-11-one. The researchers of CDRI (Central Drug Research
Institute), Lucknow, India between 1974 and1986, isolated and characterized
11-oxo-manoyl oxide, a diterpenoid from the roots of C. forskohlii. The effective
and pharmacologically active diterpene was characterized and named “Coleonol”.
Thereafter de Souza, “Hoechst India” Limited, Mumbai called this compound as
forskolin (Bhat et al. 1977a, b; Fig. 4.1) with similar pharmaceutical activities as
Coleonol. The location of 7-acetoxy group made the difference between coleonol
and forskolin. Forskolin is a semi-white solid crystal with a melting point of
228–230 °C and UV absorption maxima peaks such as 210 and 305 nm were
reported. Tandon et al. (1979) reported variations in the quantity of Forskolin and
other compounds using chromatographic analysis obtained from the samples from
different countries such as Africa, India, and Brazil which has assigned for the
climatic conditions.

An anti-inflammatory flavone, genkwanin (7-O-methylapigenin) was reported
(Alasbahi and Melzig 2010). The flavonoids such as chrysosplenetin and
4,7-dimethoxy-5,6-dihydroxyflavone were also isolated from this plant (Gabetta
et al. 1989). The minor components namely rosmarinic acid, scutellatrin 4′-methyl



ether 7-O-glucuronide obtained from the polar extracts with a significant inhibition
effect on the activity of acetylcholinesterase (Falé et al. 2009).
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The altitudinal difference in the quantity of forskolin in the populations of
Gopeswar with 1488 m MSL (mean sea level) to the Pipalkoti plants (Uttarakhand
of India) with 1339 mMSL using HPLC studies. The Pipalkoti plants showed a high
amount of forskolin (Rana et al. 2021). Isoforskolin, an analogue of forskolin, has
been obtained by Feng et al. (2016) from Yunnan of China. Researchers found that
the Yunnan native plant Coleus foskohlii contains rich isoforskolin but not foskolin.

4.2 Biogenesis

4.2.1 Forskolin

The biosynthesis of forskolin (Figs. 4.1 and 4.2) is noticed as acetate—mevalonate
pathway. The compound namely, 8, 13-epoxy-labd-14-en-11-one is the initially
produced labdane diterpenoid (mono oxygenated) and simultaneous inclusion of
oxygen produces 1,9-dideoxy forskolin, 9-deoxyforskolin, and forskolin. However,
a few more diversified terpenoids were synthesized besides Forskolin as the end
product in the sequence (Akhila et al. 1990).

Fig. 4.2 Representative path of biosynthesis of forskolin
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Isopentenyl diphosphate (IPP, a C-5 membered compound), is a metabolic
precursor, from this two special pathways were initiated in the cytoplasm namely
IPP and the mevalonate (MVA) paths besides an alternative pathway in the plastids
namely 2C-methyl-D-erythritol 4 phosphate (MEP) pathway also being reported
(Rohmer et al. 1993, 1996; Eisenreich et al. 1998). However, the IPP is biosynthetic
initial metabolite to Forskolin was produced through non-mevalonate path. Here,
Geranyl geranyl diphosphate (GGPP) synthase was identified as a crucial and key
enzyme in the production of Forskolin, which is being synthesized in the leaves and
transported to stems and roots (Engprasert et al. 2004). GGPP synthase (prenyl-
transferase) catalyzes the reaction among allylic diphosphate condensing with the
three molecules of IPP during production of GGPP. Wang and Ohnuma (1999)
reported that Geranyl geranyl diphosphate is a linear molecule that is considered a
precursor for the biosynthesis of diterpenes.

Although total synthesis of forskolin has been reported (Hashimoto et al. 1988), it
is uneconomic due to structural complexity of the molecule. It is reported as not
much effective than the naturally obtained forskolin, moreover C. forskohlii is
reported as the only botanical source. Shah et al. (1980) studied that the forskolin
was exclusively reported from C. forskohlii and it is not detected in its allied Coleus
species viz., C. amboinicus, C. blumei, C. canisus, C. malabaricus, C. parviflorus,
and C. spicatus. Forskolin was not detected in six taxonomical allied species in the
Lamiaceae such as Plectranthus species namely, P. coesta, P. incanus, P.
melissoides, P. mollis, P. rugosus, and P. stocksii. Further, analysis carried out on
one hundred samples of Coleus, Orthosiphon and Plectranthus species of
Ocimoideae (the sub family of Lamiaceae) also confirmed the absence of Forskolin
in all the tested samples from Japan.

The structural complexity of Forskolin and its extraction as well as difficulty in
the process of chemical synthesis are major problems in its commercial production
not being able to meet the industrial needs. However, the scientific advancement
boosted rapid improvement in the analysis and interpretation of biosynthetic paths in
diterpene production, a novel approach to the synthesis for the green production of
Forskolin. The heterologous biosynthesis was initiated by Yuan et al. (2020),
through understanding its structure, activity and its biosynthesis through
bio-engineering models leading to construction of new strains of bacteria for the
high yielding of Forskolin.

4.2.2 Molecular Approach

Multiple approaches from different scholars lead to the identification of precursors
for the biosynthesis of Forskolin from the C. forskohlii roots cultures (Bhat et al.
1977a, b; Asada et al. 2012). Zerbe et al. (2013) described its pathway through
454 and Illumina sequencing technology. Pateraki et al. (2014) reported the
forskolin from the cork tissue of roots of C. forskohlii based on the histochemical



tests and identified specialized cells possessing specific structures with oily
organelles. The localization of forskolin confirmed a diterpene simplest backbone
such as “(13R) manoyl oxide” in the specialized oily organelles. The “(13R) manoyl
oxide” was reported to be synthesized in two specialized reactions favoured by two
distinct class of enzyme belonging to Diterpene synthases.
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Pateraki et al. (2014) studied the transcripts data and reported six functional
“diterpene synthases” (diTPS) such as CfTPS1 (KF444506), CfTPS2 (KF444507),
CfTPS3 (KF444508), CfTPS4 (KF444509), CfTPS14 (AGN70881.1), and CfTPS15
(KF4710011). These genes (diTPS) were heterologously translated in certain models
such as Escherichia coli and Nicotiana benthamiana transient expressions. The
chemical studies reported that the genes like CfTPS1 and CfTPS2 were functionally
different from “type II diTPS” except the CfTPS15 (yet to be reported and confirmed
from the authors’ firsthand observations). An enzymatic study showed that CfTPS2
synthesized an intermediate compound “copal-8-ol diphosphate” in combination
with CfTPS3 resulting in the production of 13R-MO, a stereospecific metabolite.
The combination of CfTPS2 and CfTPS4 was also reported for the production of
13R-MO and its epimer 13S-MO, whereas the other combinations failed to produce
“manoyl oxide.” The findings CfTPS2 and CfTPS3 led foundation for approaching
forskolin biosynthetic pathway studies. Subsequently, cytochrome P450 enzymes
(P450s) and acetyltransferases were reported and analyzed using metabolomics
studies and other informatics tools of molecular modelling (Pateraki et al. 2017).
The sequencing of RNA and analysis of C. forskohlii root tissue resulted in the
discovery of genes like 263,652 cDNA. These studies noticed that 29 cytochrome
P450 candidate genes were screened and found relative expression levels in the root
tissue (cork). Seven genes were reported to belong to the CYP76AH subfamily, such
as CfCYP76AH8 (KT382348), CfCYP76AH9 (KT382347), CfCYP76AH10
(KT382346), CfCYP76AH11 (KT382349), CfCYP76AH15 (KT382358),
CfCYP76AH16 (KT382359), and CfCYP76AH17 (KT382360). Two
acetyltransferase (ACT) genes were also reported, like CfACT1–6 (KT382361)
and CfACT1–8 (KT382363). Among these genes, five were analyzed and sequenced
the full-lengths (CfCYP76AH8, CfCYP76AH9, CfCYP76AH10, CfCYP76AH11,
and CfCYP76AH17). However, the two genes like CfCYP76AH15 and
CfCYP76AH16 were studied partially for its cDNAs.

The cytochrome P450s and acetyltransferase genes in C. forskohlii were func-
tionally characterized using transient expression studies in Nicotiana benthamiana,
and the intermediate metabolites were identified. The genes like CfCYP76AH15,
CfCYP76AH8, and CfCYP76AH17 can catalyze the reaction from 13R-MO to
produce 11-oxo-manoyl oxide and found that the gene like “CfCYP76AH15” as a
highly efficient. The gene namely CfCYP76AH8 and CfCYP76AH17 also found
effective in monooxidizing reaction at the C-1 site. The CfCYP76AH11 favored the
conversion of 13R-MO into “9-deoxy-7-deacetylforskolin.” Whereas
CfCYP76AH16 catalyzed the transformation of 13R-MO into “9-hydroxymanoyl
oxide” and CfCYP76AH15 coupled with CfCYP76AH11 and CfCYP76AH16
catalyzed the transformation of 13R-MO into 7-deacetylforskolin. The enzyme



CfCYP76AH15 catalyzed the acetylation of 7-deacylforskolin to form forskolin.
Two ACT enzymes such as CfACT1–6 and CfACT1–8 catalyze the acetylation of
7-deacylforskolin. CfACT1–8 exhibited high specificity and activity, and effectively
converted 7-deacylforskolin into forskolin (Ju et al. 2021).
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4.2.2.1 Bioengineering Process for Biosynthesis of Forskolin
The utilization of microorganisms in the biosynthesis of commercially valuable and
interesting natural products has been a regular practice. Ju et al. (2021) discussed the
construction of cell factories to produce forskolin via synthetic biological methods.
Expression of specific enzymes in the production of forskolin in various microbial
models such as Escherichia coli, Synechocystis sp. PCC 6803 (Cyanobacteria) and
Saccharomyces cerevisiae (yeast) have been utilized as tools for forskolin biosyn-
thesis. The studies on the 13R-MO metabolic pathway in reconstructed strain
Synechocystis sp. PCC 6803 has been reported for its optimized expression of the
MEP pathway and through exploring the optimal induction conditions favored
production of precursor compounds like 13R-MO (menoyl oxide) with a maximum
yield of 0.45 mg/g DCW (Englund et al. 2015). Sutardja et al. (2019) demonstrated
the production of the diterpenoid, forskolin (cAMP booster) using Cyanobacterium,
Synechocystis PCC 6803 model and achieved enhanced production of 13R-MO by
15 times through the overexpression of key enzymes in the MEP pathway, as it did
with expression of the terpene synthases alone.

4.2.2.2 Genkwanin
The only non-glycosylated flavone namely, genkwanin (7-O-methyl-apigenin)
detected from C. forskohlii which proved its anti-inflammatory effects (Gao et al.
2014). The study about the biosynthesis of genkwanin has been reported to involve
Flavone synthase expression and production (Jeon et al. 2009). It was well studied
about the production of certain secondary metabolites through the expression of
geranylgeranyl diphosphate synthase (GGPPS), 1-deoxy-D-xylulose-5-phosphate
reducto-isomerase (DXR), Diterpene synthases, Cytochrome-P450
monooxygenases (CYP450s), and Chalcone synthase (Engprasert et al. 2004,
2005; Zerbe et al. 2013; Awasthi et al. 2015, 2016a, b).

A detailed study on the gene expression of genkwanin explained the relation of
mannitol to the production of anthocyanin and genkwanin. The study revealed an
inverse relationship in the expression of anthocyanin in the presence of mannitol
(Fig. 4.3). The genes such as flavone synthase (CYP93B) and flavonoid
3 monooxygenase (CYP706C) are involved in the expression and synthesis of
certain flavonoids in the leaf tissues. The maximum expression of the two genes of
cytochrome P450 gene cassette (CfCYP93B and CfCYP706C) in leaf tissues
correlated with the flavonoid synthesis. Whereas mannitol enhanced the expression
of CfCYP93B and simultaneous depression in CfCYP706C. The quantification
studies indicated that genkwanin has a positive correlation with the enhanced
anthocyanin which has been affected by the mannitol treatment. The molecular
docking approach along with certain protein modelling studies was supporting the



expression of CfCYP93B involvement in the transformation of naringenin to proba-
ble flavonoids namely genkwanin through apigenin. However, CfCYP706C inteferes
in the mobilization of flavonoid precursors and channelizes toward synthesis of
flavonols and anthocyanins.
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Fig. 4.3 Representation of effect of Mannitol (an elicitor) on gene expression of flavonoid
(Genkwanin) biosynthesis in C. forskohlii

Alignment, phylogenetic analysis, modelling, and molecular docking analysis of
protein sequences suggested that CfCYP93B may be involved in the conversion of
naringenin to flavones (possibly genkwanin through apigenin), while CfCYP706C
may act on common precursors of flavonoid metabolism and channel the substrate
toward production of flavonols or anthocynanins. Hence, it is understood that the
production of Genkwanin and its accumulation depended on mannitol treatment
which decreases the expression of CfCYP706C and even suppresses the production
of other flavonoids in C. forskohlii (Awasthi et al. 2016c).

4.2.3 Extraction and Separation of Forskolin

The only natural source for forskolin is the tubers of C. forskolii and they are under
commercial cultivation. After harvesting the tubers with 75–85% of moisture are
stored after drying with less than 12% moisture. The plant tubers made into slices of
0.5 cm, are dried at 40 °C and packed in polythene-lined gunny bags for the
maximum extraction of forskolin (Rajangam 2005). The standardization for the
forskolin quantification studies using gas-liquid chromatography (GLC) by Inamdar
et al. (1980) and later thin layer chromatography (TLC) and high-performance liquid
chromatography (HPLC) were employed by Inamdar et al. (1984). Antibody-
specific affinity chromatography was also employed for the quantification of
forskolin in plant tissues during the developmental stages (Yanagihara et al. 1996).
Later Demetzos et al. (2002) used the Nuclear magnetic resonance spectrum coupled



with GC-MS for the quantification of forskolin. Another advanced technique namely
RPLC (Reverse Phase Liquid Chromatography) coupled with a detector (photo-
diode array) at 210 nm was also reported as a sensitive technique for the detection
from plants as well as market samples claiming for the forskolin as active principle
(Schaneberg and Khan 2003). Later, Saleem et al. (2006) developed an economically
feasible RPHPLC method using an adsorbent (activated charcoal) in the column
which aids in obtaining high purity forskolin. Whereas Wu et al. (2007) developed a
fingerprint approach for the quality control for the detection of forskolin.
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4.2.4 Protocol for Separation and Preparation of Pure Forskolin

The method of isolation and separation of Forskolin from the raw material (stems)
and extract has been discussed by Saleem et al. (2005). The dried, powdered stem
material (up to 1000 μm) was extracted with chloroform continuously at 30 ± 5 °C
through stirring for 2 h. The extract is separated and filtered and the filtrate has been
concentrated at a reduced pressure which yields a semisolid substance. This residue
loaded on silica gel column of 100 cm length ad 25 cm diameter with activated
charcoal and toluene. The fractionation of residue performed on the solvent system
used in the proportions of toluene and ethyl acetate in different ratios sequentially
with the increasing polarity of the solvent combinations (Toluene: Ethyl acetate, 95:
5; 90:10; 90:20; 85:15; 80:20). The fractions of 80:20 ratio was carefully pooled and
concentrated at reduced pressure (240–270 mbars) at 40 °C which results into a solid
residue further crystallized in the ethyl acetate and n-hexane (1:15 ratio) and appears
off-white. Saleem et al. (2005) confirmed this product as Forskolin through spectro-
scopic and analytical techniques and suggested a standardized protocol for isolation
of forskolin. The yield of the forskolin obtained from dried stem powder has been
reported as 100 mg/500 g or 0.0002%.

In another study by Saleem et al. (2006) reported isolation protocol from the roots
using an alternate method to the column chromatography which may be a tedious
process. In their study, 100 grams of dried root powder (up to 1000 μm) was
continuously stirred at 60 °C with toluene (500 ml) and the extract was concentrated
at reduced pressure at 40 °C to obtain 15 ml residue. The process was continued
thrice and the extracts were pooled up and separated with n-hexane (150 ml), which
results into a brownish semisolid precipitate of amorphous powder (1.6 grams).
Later, a 10-ml syringe (7.5 cm length x 1.7 cm diameter) without a needle was taken
and filled with the activated charcoal (6 grams) eluted with methanol using a
Buchner flask. This protocol was repeated two times and connected with a vacuum
motor. The elution with acetonitrile: methanol with the ratio of 1:1 for three times
was followed by thin layer chromatography (TLC) to confirm the prominent spots of
yellow color indicating the forskolin. The fractions of the similar spots on TLC were
pooled and concentrated under reduced pressure which yields about 500 mg residue.
This product was washed with n-hexane to remove nonpolar impurities for 2–3
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instances and the remaining part was left for dryness. This part was dissolved in
chloroform (5 ml) and again mixed with n-hexane to remove the coloring material
until a pale-yellow product was obtained. Further, the Forskolin has been
crystallized using the standardized protocols of Saleem et al. (2006) and examined
in the reverse phase liquid chromatography or spectroscopic studies. This method
has been encouraged as a simple, easy, and reliable for the isolation of Forskolin.
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Roy et al. (1993) reported two new diterpenes namely, 1,9 dideoxy coleonol B and
1-acetoxy coleosol from the roots. Yao et al. (2002) characterized the two new
diterpenoids, forskolin G and H from the chloroform fractions of the roots and
elucidated the structures as 1α-hydroxy-6β,7β-diacetoxy-8,13-epoxylabd-14-ene-
11-one and 1α,6β-diacetoxy-8,13-epoxylabd-14-ene-11-one. The new glycosides
of labdane diterpenes such as Forskoditerpenoside A and B were isolated and
characterized from the whole plant using ethanol extracts (Shan et al. 2007).
Forskoditerpenoside A and B were demonstrated for the relaxative property in
guinea pigs. Shan et al. (2008) reported three novel metabolites such as
forskoditerpenoside C, D and E as minor components along with “Forskoditerpene
A” from the ethanol extract and proved for the ralaxative effect in guinea pigs (Shan
et al. 2008). Besides, Shan et al. (2008) also reported 8,13-epoxy-labd-14-en-11-one
glycoside and Forskoditerpene A labdane derivatives from the C. forskohlii.

Shen and Xu (2005) identified two more new diterpenoids forskolin I (1 α, 6 β
diacetoxy-7 β, 9 α-dihydroxy-8, 13-epoxylabd-14-en-11-one) and forskolin J (1 α,
9 α-dihydroxy-6 β, 7 β diacetoxy-8, 13-epoxylabd-14-en-11-one) from C. forskohlii
of Yunnan (Shen and Xu 2005). The labdane diterpene glycosides such as
forskoditerpenoside A and B were also obtained from the ethanol extract of the
whole plant (Shan et al. 2007). This was the first report on the occurrence of
glycosides derived from labdane diterpene in the nature and these compounds
showed relaxative effects on isolated guinea pig tracheal spirals. Later, three new
minor labdane diterpene glycosides, forskoditerpenoside C, D, and E, and a novel
labdane diterpene forskoditerpene A, from the ethanol extract of the whole plant of
C. forskohlii were isolated (Shan et al. 2008).

A sequence of phyto-products by de Souza and Shah (1988) were identified such
as β-configuration of the 7-oxygenated group, i.e., deacetyl forskolin and 9-deoxy
forskolin (Bhat et al. 1993), 1,9-dideoxy forskolin (de Souza and Shah 1988),
1,9-dideoxy-7-deacetyl forskolin (Rupp et al. 1985), 7 β-acetoxyl-6 β,
α-dihydroxy-8, 13-epoxy-labd-14-en-11-one (Gupta 1988), 6 β, 7 β,
α-dihydroxy-8,13 epoxy-labd-14-ene-11-one (Gupta 1988), 6 β,7 β,9α-trihydroxy-
8,13-epoxy-labd-14-en-11-one (Akhila et al. 1990) 6 β,dihydroxy-8, 13-epoxy labd-
14-en-11-one (Vishwakarma et al. 1988), and 8, 13-epoxy-epoxy-labd-14-en-11-one
(Mersinger et al. 1988), respectively.Α configuration of the 7-oxygenated group was
coleonol B and C, deoxy coleonol, coleonol E (Sen et al. 1992), coleonol D (Tripathi



et al. 1995), and coleonol F (Krombholz et al. 1992). The compounds in which, C-11
is not oxygenated have also been reported such as Coleonome (Akhila et al. 1990)
and Coleonol (Delpech et al. 1996). Other secondary compounds found in
C. forskohlii are monoterpenes, monoterpene glycosides, sesquiterpenes, and phe-
nolic glycosides (Ahmed and Merotra 1991; Ahmed and Vishwakarma 1988).
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C. forskohlii was reported to contain diterpenoids viz., deactylforskolin,
9-deoxyforskolin, 1,9-deoxyforskolin, 1,9-dideoxy-7- deacetyl forskolin in addition
to forskolin (7 β-acetoxy- 8,13-epoxy-1α, 6 β, 9 α-trihydroxylabd-14-en-11-one) in
tuber roots extract (Ammon and Kemper 1982; de Souza and Shah 1988; Bhat et al.
1977a, b; Saleem et al. 2006). Forskolin was discovered in 1974 and termed as
coleonol (Tandon et al. 1977; Dubey et al. 1981; Soni and Singhai 2012). However,
after the identification of other coleonols and diterpenoids, the name of coleonol was
later changed to forskolin (Ammon and Kemper 1982).

Misra et al. (1994) reported the presence of 3-decanone, bornyl acetate,
β-sesquiphellandrene, and γ-eudesmol as major constituents in essential oil from
the roots of 10 genotypes of C. forskohlii. Chowdhary and Sharma (1998) found
18 important compounds of which 22% were hydrocarbons and 69% were
oxygenated compounds with α-fenchyl acetate and α-pinene as major components.
Essential oil extracted from the stem showed chemical constituents like α-pinene,
β-caryophyllene, sabinene, β-phellandrene, limonene, α-humulene, α-copaene, and
caryophyllene oxide (Kerntopf et al. 2002). Essential oil obtained from Coleus plants
has attracted the food industry and perfumery due to its attractive fragrance and spicy
nature.

Xu et al. (2005) reported six compounds from the roots and identified them as
14-deoxycoleon U, demethylcryptojaponol, α-amyrin, betulic acid, α-cedrol, and
β-sitosterol. The compounds namely, α-amyrin and betulic acid were first time
isolated from C. forskohlii. The hexane extract of C. forskohlii roots was analyzed
using gas chromatography coupled with mass spectrometry (GC-MS-MS) and
identified six major chemical components such as α-cedrene, β-cadinene, citronellal,
and two labdane derivatives besides ß-citronellol. These components have been
characterized and identified as a rich source for medical and other biological
properties from C. forskohlii (Murugesan et al. 2012).

The forskolin derivatives viz., Δ5–6-deoxy-7-deacetyl-7-methyl amino carbon
forskolin (HIL 568), a potential antiglaucoma agent and 6-(3-dimethylamino
propionyl) forskolin hydrochloride (NKH 477), a potential cardiotonic agent were
developed (Hosono et al. 1990). Newer compounds are being identified from the
root extracts of C. forskohlii. Xu et al. (2005) obtained six compounds from the roots
of C. forskohlii and identified structures as α-amyrin, betulic acid, α-cedrol,
dimethyl-cryptojaponol, 14-deoxycoleon U, and β-sitosterol and the compounds
viz., α-amyrin and betulic acid were isolated from C. forskohlii for the first time.

Shaker et al. (2022) investigated the antimicrobial activities of C. forskohlii
fractions and identified major active compounds. The antimicrobial assays revealed
that ethyl acetate was the most potent fraction and the major abundant metabolite of



C. forskohlii. Thymoquinol-2-O-β-glucopyranoside, syringic acid, methyl 3,4,5-
trihydroxybenzoate, and luteolin were isolated herein for the first time.
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Wang et al. (2009) isolated 12 compounds from C. forskohlii of which
chamaecydin, 6-alpha-hydroxydemethylcryptojaponol, and alpha-cedrene were
isolated for the first time from C. forskohlii. Zhang and Kong (2009) isolated and
identified six compounds for the first time from the genus Coleus. These include
cytochalasin B, N-benzoyl-L-phenylalaninol, 3,6-dibenzyl-2,5-dioxopiperazine,
2-furoic acid, vanillic acid, loliolide and forskolin D. Huang et al. (2011) obtained
seven compounds from ethyl acetate fraction of C. forskohlii and were identified as
lupeol, oleanolic acid, Uvalo, β-sitosterol, colonic acid, demethylcryptojaponol, and
coleolic acid. Lupeol and Uvalo were isolated from the genus for the first time.

Chromatographic separation of the n-hexane extract of the aerial part of
C. forskohlii (Syn.: Plectranthus barbatus) led to the isolation of five abietane-
type diterpenes: dehydroabietane, 5,6-didehydro-7-hydroxy-taxodone, taxodione,
20-deoxocarnosol, and 6α,11, 12,-trihydroxy-7β,20-epoxy-8,11,13-abietatriene
(Mothana et al. 2014).

The chemical investigation of ethyl acetate soluble fraction of the ethanol extract
of C. forskohlii (Syn.: Plectranthus barbatus) resulted in six compounds,
barbaterpene (2’R-hydroxydocosanoylursa-12-en-3β-ol) and barbatusterol new to
the literature along with four known compounds, stigmasterol, sugiol, 11,14-
dihydroxy-8,11,13-abietatrien-7-one, and caffeic acid (Amina et al. 2018).

MeOH extract from the leaves of C. forskohlii showed in vitro anti-trypanosomal
activity (dos Santos et al. 2012). The bioassay-guided fractionation resulted in the
isolation of a gallic acid derivative, identified as 1,2,3,4,6-penta-O-galloyl-β-D-
glucose (PGG), after a thorough NMR and MS spectral analysis. Finally, this
compound was tested against trypomastigote forms of T. cruzi and displayed sixfold
more effectiveness than the standard drug benznidazole. Musayeib et al. (2020)
reported plectrabarbene, a new abietane diterpene from C. forskohlii (Syn.:
Plectranthus barbatus) aerial parts.

4.4 Prospective of Bioengineering of Forskolin

The biosynthesis and production of forskolin using microbial tools are yet to be
investigated to overcome the technical artifacts. An effective mechanism needs to be
developed based on the existing studies in high quantities. Since Forskolin is an
effective pharmacological metabolite, there is a need to improve its production and
yield capacity in plant or microbial tools. Establishing the recombinant microbial
system may lead to achieve the demand for the industry and may become cost-
effective as well as safe drugs.
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4.5 Conclusion

The present discussion highlighted the various phytoconstituents of the C. forskohlii
from leaves, stems, and roots especially diterpenoids with special reference to
Forskolin a pharmacologically active ingredient. The suitable methods for obtaining
the forskolin from its stems and roots were discussed to understand the convenient
procedure for its isolation. The biosynthetic path way gives indication to the
propagators to induce high per cent of forskolin during cultivation. This plant has



demand over the global markets for its application in different human ailments
including cancer. Moreover, forskolin is obtained naturally from this plant without
exemption. Hence, the biotechnological approach is essential to obtain the high
forskolin lines and necessary to develop high throughput technology for its isolation
and processing.
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Pharmacology of Coleus forskohlii
and Forskolin 5

Abstract

Diterpene forskolin is the active constituent derived from the roots of Coleus
forskohlii. It is endowed for its versatile pharmacological properties. Forskolin is
the only plant-derived compound known to stimulate the enzyme adenylate
cyclase and subsequently effecting cyclic AMP (cAMP) synthesis. Because of
its broad range of activity in signal transduction reactions, the cAMP is known as
the “second messenger.” In the current chapter, some of the pharmacological
properties including antiobesity, antidiabetic, antithrombotic, antioxidant, anti-
inflammatory activity, asthma, glaucoma, heart disorders, hypertension, and
anticancer activity of C. forskohlii and forskolin are discussed in detail.
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TG Triglycerides
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VLDL Very low-density lipoprotein

5.1 Introduction

Geographic origin of the plant Coleus forskohlii is mostly from the subtropical
regions of south Asia. Since ages, the root portion of the plant is used in Ayurvedic
medicine. Typically the root of this plant is used as a marinated food, or pickle. This
contains forskolin (7-β-acetoxy-8, 13-epoxy-1α, 6 β, 9α-trihydroxy-labd-14-ene-11-
one), a diterpenoid. Forskolin is the only plant-derived compound known to stimu-
late the enzyme adenylate cyclase and subsequently effecting cAMP synthesis.
Because of its broad range of activity in signal transduction reactions, the cAMP
is known as the “second messenger.” Forskolin as a rapid, and reversible activator of
adenylyl cyclase underlies its wide range of pharmacological effects and is a
valuable tool in studying the role of cAMP.

In cell lysates and intact tissues, forskolin activates adenylate cyclase probably by
interacting with the catalytic subunit of the enzyme. Even at low concentrations,
forskolin is reported to potentiate the hormonal activation and cAMP-dependent
cellular responses. Thus, forskolin can be an invaluable tool for investigating the role
of cyclic AMP in various physiological responses (Seamon and Daly 1981; Seamon
et al. 1981).

A review article authored by Alasbahi and Melzig (2012) described the role of
forskolin in modulating cAMP function. The secondary messenger, cAMP is
involved in various cellular processes of the body, activates and inhibits disease
pathogenesis as well as impacts the mechanism of action of many drugs. It also helps
in attenuating the development or progression of fibrosis in the heart and lungs,
regulating the coronary microvascular nitric oxide production, augmenting the
myo-protective effects of ischemic precondition, stimulating injured retinal ganglion
cells. Along with this, cAMP is also reported to show protective effect on exposure
to ethanol, behavioral sensitization toward morphine and cocaine and cisplatin-
induced oxidative injuries.

Forskolin is also reported to inhibit a number of membrane transport proteins and
channel proteins via cAMP-independent pathway. Similar topographies are
predicted on the membrane of many channel proteins and forskolin is predicted to
bind these homologous sites (Laurenza et al. 1989). Forskolin can have a higher
affinity to glucose transporter because of its structural homology with hexose
molecule (Joost et al. 1988). It is also used to treat allergies, respiratory problems,
cardiovascular diseases, glaucoma, psoriasis, hypothyroidism, weight loss, eczema,
asthma, and hypertension (Patel 2010). And very recently, forskolin is used as a
natural remedy to enhance the ability of antibiotics in treating urinary tract infections
(UTI) (Abraham and Miao 2015).
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5.2 Pharmacological Properties

Pharmacologically forskolin has been reported for many of its therapeutic properties
since ages. In this concern, numerous preclinical and clinical studies have been
carried out to prove its beneficial activities.

Seamon and Daly (1986), Valdes et al. (1987) and Alasbahi and Melzig (2010),
Nisar et al. (2020) gave a detailed review on pharmacology of C. forskohlii and
forskolin. Recently, Salehi et al. (2019) have discussed the therapeutic potential of
forskolin. Many other reviews were published on the pharmacology of C. forskohlii,
these include De Souza (1993), Reddy et al. (2005), Anonymous (2006), Wagh et al.
(2009a), Kavitha et al. (2010), Patel (2010), Sharma and Vasundhara (2011), Soni
and Singhai (2012), Kamini et al. (2013), Kaushal et al. (2013), Lakshmanan et al.
(2013), Lakshmanan and Manikandan (2015), Saraswati et al. (2016), Bhowal and
Mehta (2017), Lokesh et al. (2018), and Mitra et al. (2020). Sano (1983) reviewed
the effect of forskolin on adenylate cyclase activity.

A summary of the effects of forskolin is shown in Fig. 5.1.

5.2.1 Antiobesity

Obesity, a complex metabolic disorder involves accumulation of excess body fat and
thereby impairs the normal health of the individual. It causes adverse effects on BP,
cholesterol, TGs, and insulin resistance and there by triggers the risk related to
coronary heart disease, ischemic stroke, and type 2 diabetes mellitus. Along with
this, 44% are prone to diabetes, 23% prone to ischemic heart disease, and 7–41%
susceptible to cancer burdens. Unhealthy food habits and sedentary lifestyles are the
major reason for the increased prevalence of obesity in children and adolescents
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Fig. 5.1 Effects of Forskolin on human health (Source: Salehi et al. 2019)



(Shivaprasad et al. 2014). Majeed et al. (2021) reviewed the lesser investigated
natural ingredients, including C. forskohlii in the management of obesity.
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Despite a better understanding of the pathophysiology of obesity, only a few
drugs are approved for use by regulatory authorities due to adverse effects (Ryan
et al. 1999). Thus, in order to prevent the prevalence of obesity, many traditional
medicines involving herbal sources are being used over thousands of years
(Shivaprasad et al. 2014).

The Sami/Sabinsa group is a pioneer in providing the natural extracts for use in
nutritional and cosmetic applications. One among them includes forskolin-enriched
extract (ForsLean®) and an essential oil from the roots of C. forskohlii. But the
water-insoluble feature of forskolin has limited its applicability. In this concern, a
novel delivery system called Ocufors® has been developed to increase its usage and
applicability in the management of glaucoma (Majeed 2012).

Administration of 50 mg/kg extracts of C. forskohlii showed reduction in body
weight, food intake, and fat accumulation (Han et al. 2005). Increased food intake
and weight gain in cafeteria diet-induced obesity in rats was significantly halted with
the administration of C. forskohlii extract (CFE) (50 and 100 mg/kg). Normalization
of increased levels of total cholesterol (TC), LDL, VLDL, TGs, and reduced HDL
was observed with CFE treatment (Shivaprasad et al. 2014). A combinatory treat-
ment of forskolin and rolipram for 10 weeks in female albino rats stimulated
lipolysis and inhibited body weight increase by increasing cAMP levels. Compared
to the individual treatment, combination therapy using the two agents was more
effective in preventing diet-induced obesity (Doseyici et al. 2014). Lipolysis in fat
cells is regulated by cAMP-dependent mechniasm (Schimmel 1984). Increased
cAMP level due to activated adenylate cyclase is reported to subsequently phos-
phorylate and activate hormone-sensitive lipase (Belfrage et al. 1982). The relation-
ship between cAMP production and lipolysis induced by forskolin in rat fat cells was
investigated by Allen et al. (1986) and Okuda et al. (1992). The relationship between
the cAMP-induced lipolysis varied with each treatment in the study. In the intact
fat cells, forskolin-induced cAMP production and lipolysis were observed but
at 10-5 M concentration lipolysis was observed with no increase in cAMP level.
In other cases, i.e., in the cell homogenate, forskolin showed no stimulation of
lipolysis and contrasting to the same, in a cell-free system consisting of endogenous
lipid droplets and a lipoprotein lipase-free lipase fraction, forskolin stimulated both
cAMP production and lipolysis prepared from fat cells. Thus, more experimental
proofs are required to understand the relationship between cAMP and lipolysis
(Okuda et al. 1992). Effects of forskolin and isoproterenol on the cAMP content
of human adipocytes were investigated by Burns et al. (1987). Alterations in adipo-
cyte cAMP concentrations in response to 100 μM forskolin and 10 μM isoproterenol
were similar. Investigation by Litosch et al. (1982) indicate that forskolin increases
production of cAMP in adipocytes through activation of adenylate cyclase. Lipolysis
is activated by forskolin but at higher concentrations of total cAMP than
catecholamines. Forskolin elevates cAMP and FFA release in rat adipocytes in a
manner different from existing lipolytic factors (Ho and Shi 1982).



5.2 Pharmacological Properties 69

In order to manage the weight gain and decrease fat accumulation, forskolin is
hypothesized in preclinical studies to enhance anabolic functions in the body to
increase muscle mass. Further clinical study in 50 obese healthy subjects consuming
forskolin for a period of 12 weeks showed enhancement in lean body mass,
promoted fat loss, and improved the overall body composition (Majeed et al. 2009).

In an open field study, an extract of C. forskohlii root standardized for diterpene
forskolin was tested for weight loss and lean body mass increase (Badmaev et al.
2002). The stimulated cAMP from diterpene of the plant is hypothesized to release
fatty acids from the adipose tissue depots and thereby results in enhanced thermo-
genesis yielding low body fat and increased lean body mass (Girardier 1983). Six
healthy overweight women tested for antiobesity effect by forskolin for 8 weeks
showed a significant reduction in body weight and fat content, as well as promoted
the lean body mass. Weight loss was statistically significant after 4 and 8 weeks with
a mean change of 4.3 and 9.17 lbs., respectively. Also, at the maximum forskolin
concentration of 50 mg/day there was no adverse effect on the systolic/diastolic
blood pressure or pulse rate, thus indicating it as an effective weight management
agent (Badmaev et al. 2002; Badmaev and Majeed 2004).

Similarly, a randomized study on 30 subjects consuming forskolin for 12 weeks
showed favorable changes in body composition by significantly decreasing body fat
percentage and fat mass. Also significant increase in bone mass, testosterone level
was observed with the treatment (Michael et al. 2005).

Battochio et al. (2005) tested the effect of water extract of C. forskohlii (WEF) on
weight gain, food energy utilization, and lipid metabolism in young rats with
obstructive cholestasis. Cholestasis, independently of WEF, and WEF, indepen-
dently of cholestasis both reduced ingested feed, energy utilization, and weight
gain but there was no significant interaction between the two factors. Cholestasis,
independently of WEF, increased liver wet weight, liver fat content, total serum
cholesterol, and triacylglycerol. The WEF, independently of cholestasis, reduced
these values, and there was a significant interaction between the two factors. The
combination of Coleus extract with ephedrine and caffeine in doses of 20 mg and
200 mg, respectively, were found to be effective in the management of human
obesity. Administration of these compounds separately to obese individuals was
clinically ineffective (Badmaev and Majeed 2004).

An extract of C. forskohlii roots (ForsLean®) was tested by Tsuguyoshi (2004) in
a 12-week open field study on overweight Japanese volunteers. This study indicates
its usefulness in weight loss management with no apparent subjective and objective
side effects (Tsuguyoshi 2004). Henderson et al. (2005), who evaluated the effec-
tiveness of C. forskohlii (CF) on body composition, reported that CF has the
potential to positively influence the loss and management of overall body weight.

The safety and efficacy assessment of ForsLean™ (250 mg of 10% CF extract) in
a double-blind, randomized manner in 23 females for 12 weeks showed no adverse
effects with the treatment. And significant differences were observed in caloric
intake, body mass gain, scanned mass, and fat mass. The subjects treated with CF
extract reported less fatigue, hunger, and also experienced stomach fullness (Krieder
et al. 2005).



70 5 Pharmacology of Coleus forskohlii and Forskolin

Kamohara (2016) reported that the extract of C. forskohlii had a substantial effect
on weight loss and was safe and effective in reducing body fat in overweight/obese
people. Chen et al. (2021) also reported that forskolin administration improved
glucose metabolism and reduced fat cell diameter in high-fat diet-fed mice. Hayley
(2015) also reported the antiobesity effect of C. forskholii extract. Tung et al. (2021)
evaluated the antiobesity effects of Garcinia indica extract (GIE), C. forskohlii
extract (CFE), and the combinations of these two extracts in 3 T3-L1 cells and
high-fat diet (HFD)-induced obese mice. GIE, CFE, and the combinations of GIE
and CFE were able to decrease body weight and adipocyte size by promoting fatty
acid β-oxidation in HFD-induced obese mice.

C. forskohlii extract is used in weight loss products. The extract’s alleged efficacy
is attributed to forskolin. However, C. forskohlii extract (CFE) has been shown to
induce fatty liver in mice, with components other than forskolin playing a part in this
effect. Virgona et al. (2012, 2013) observed that CFE induced hepatic cytochrome
P450 (CYP) while inducing fatty liver in mice, although these induction events were
not seen with forskolin alone. The substance that induced fatty liver and hepatic CYP
induction was soluble in ether and ethyl acetate (Yokotani et al. 2012). CYP was
induced by CFE at a dose lower than that needed to induce fatty liver, but both
phenomena seemed to be related. CFE-mediated CYP induction was clearly detected
in a high-carbohydrate diet (Yokotani et al. 2013). Umegaki et al. (2014) reported
that de novo synthesis and accumulation of triglyceride in the liver, is a major
underlying mechanism of fatty liver induction by CFE.

5.2.2 Antidiabetic Effect

The elevation of cAMP levels by forskolin activates two signaling pathways: Protein
kinase A (PKA) and guanine exchange by cAMP (Holz 2004). This results in a
glucose-mediated response to pancreatic β-cells and insulin release (Ammon and
Müller 1984). An in vivo study also supported the evidence of forskolin, causing a
decrease in serum glucose levels, which decreased the severity of fasting hypergly-
cemia (Ríos-Silva et al. 2014). A clinical study on forskolin administration in
conjunction with a hypocaloric diet in 41 patients revealed glucose-dependent
insulin release and insulin sensitivity (Loftus et al. 2015). Moreover, forskolin has
also shown attenuation of retinal inflammation in diabetic mice by limiting glucose
transport into the retina (You et al. 2018).

Joost and Steinfelder (1987) reported that forskolin inhibits insulin-stimulated
glucose transport in rat adipose cells by direct interaction with the glucose trans-
porter rather than through activation of adenylate cyclase. Damera et al. (2019)
reported that forskolin alleviates diabetic nephropathy via inhibition of aldose
reductase and advanced glycation end product formation.
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5.2.3 Antithrombotic Effect

Thrombosis are the blood clots in the veins caused due to injury, surgery, and certain
medication. Clot formation includes two major principles including platelet aggre-
gation and coagulation. Antithrombotic agents are used to prevent primary and
secondary infection and to clear blood clots (Becker 2013). Forskolin as an
antithrombotic agent inhibits platelet aggregation by stimulating adenylate cyclase
activity, and augment prostaglandins’ effects (Siegl et al. 1982; Adnot et al. 1982). It
acts as a potential cerebral vasodilator. Forskolin fed at 10 μg/kg/min to rabbits
showed an increase in blood flow in cerebrum, myocardium, and kidney, whereas a
reduction in mean arterial pressure was noted (Wysham et al. 1986).

According to previous reports, the platelet aggregation induced by ADP,
arachidonate, and collagen in human subjects, and in vivo models like rat and rabbit
was potentially inhibited by forskolin treatment (de Souza et al. 1983; Agarwal et al.
1989). According to Agarwal et al. (1989) plasma adenosine plays an important role
in forskolin’s antiplatelet activity. Antiplatelet aggregation of forskolin elevates
cAMP level. The amount of elevation correlates with the degree of ADP-induced
aggregation inhibition (de Souza et al. 1983) and also relates to the progressive
inhibition of fibrinogen binding in thrombin-stimulated human platelets (Graber and
Hawiger 1982). Other than this, at low concentration, forskolin was reported to
augment prostaglandins’ and aspirin efficacy and potency (de Souza et al. 1983;
Kariya et al. 1985; Salim 2003) in inhibiting platelet aggregation. Thus, both direct
effect on adenylyl cyclase and receptor-mediated stimulation of the enzyme is
attributed to forskolin (de Souza et al. 1983).

Christenson et al. (1995), who evaluated forskolin’s effects on blood flow,
platelet aggregation and metabolism, found that forskolin has a dose-dependent
vaso-relaxing effect.

Synthetic vascular grafts have a thrombogenic surface and this impact leads to
graft failure. The systemic pharmacologic interventions even though are used to
lower platelet sequestration but these are associated with various side effects.
Application of forskolin to inner surface of PTFE vascular grafts showed significant
reduction in early platelet sequestration, as well as the graft potency was increased
with the treatment (Christenson et al. 1989, 1991).

Beyond this, forskolin was found to exert an inhibitory effect on phospholipase C
(de Chaffoy de Courcelles et al. 1987; Doni et al. 1988). The C-kinase activation
plays a major role in enhancing the platelet’s signal transduction. In this scenario,
forskolin inhibits platelet secretion and aggregation by antagonizing C-kinase activ-
ity (de Chaffoy de Courcelles et al. 1987). Some of the other targets of the anti-
aggregating activity of forskolin include increasing the nitric oxide synthase activity
and inhibiting platelet-activating factor binding to the receptors (Russo et al. 2004;
Wong et al. 1993).
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5.2.4 Cardiovascular Effects

Forskolin was found to lower blood pressure and increase the heart’s contractility. It
works via vasorelaxation, causing relaxation of smooth muscles in the walls of blood
vessels. This is believed to be due to forskolin’s cAMP-elevating ability, which
relaxes the arteries and increases heart muscle contraction. It was also found to
increase cerebral blood flow and enhance post-stroke recovery (Patel and Saraf
2016).

In isolated heart tissue, forskolin activates membrane-bound adenylate cyclase
and a cytoplasmic cAMP-dependent protein kinase to a much higher degree than
isoprenaline. Therefore, Metzer and Lindner (1981) postulated that the adenylate
cyclase activation correlates with the positive inotropic effect via an enhanced
calcium uptake by the heart muscle cell.

Bristow et al. (1983) reported a positive inotropic effect of forskolin. Forskolin
was also found to exert positive inotropic actions on the isolated guinea pig heart,
isolated rabbit heart, and on the dog and cat heart in situ (Lindner et al. 1978). In
addition, forskolin augmented coronary blood flow in the isolated guinea pig heart.
Forskolin increased the heart rate and lowered BP in dogs, cats, rats, rabbits, and
spontaneously hypertensive and renal hypertensive rats (Bhowal and Mehta 2017).
The cAMP increases the contractility by opening the slow Ca2+ channels, thus
leading to elevation of intracellular calcium and the hypotensive effect by the
increase of cAMP in the vascular smooth muscle (de Souza et al. 1983; Ammon
and Müller 1985; Bhat et al. 1983; Lindner and Metzger 1983). However, the
inotropic and chronotropic effects of forskolin in conscious dogs were reported to
be due to mediated by neural mechanisms in addition to direct activation of adenylyl
cyclase (Iwase et al. 1996). The cardiodynamic profile of forskolin was examined by
Vaden and Adams (1985).

Abe and Karaki (1989) reported that forskolin exhibited a concentration-
dependent inhibitory effect on vascular contractility of rat aorta by decreasing the
cytosolic Ca2+ level at a lower concentration (0.1 μM) and decreasing the sensitivity
of contractile elements to Ca2+ at a higher concentration (1.0 μM). According to
Rembold and Chen (1998), repolarization and reduction in the intracellular Ca2+

sensitivity of force were found to be the primary mechanism of forskolin-induced
relaxation of intact rat tail artery (White et al. 2000).

It has been shown by Bristow et al. (1984) that forskolin is a potent, powerful
activator of myocardial adenylyl cyclase in human cardiac tissue preparations. In a
clinical study by Ammon and Müller (1985), forskolin improved coronary blood
flow and myocardial function without increasing the myocardial oxygen consump-
tion. Moreover, in a comparative study, forskolin was found to induce a better
cardiac performance than that produced by either dobutamine or by sodium
nitroprusside in patients with stage III (NYHA) congestive cardiomyopathy
(Baumann et al. 1990). Furthermore, forskolin was found to increase blood flow in
the cerebrum and increase flow to the myocardium and kidneys despite a decrease in
mean arterial pressure (Wysham et al. 1986).
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Forskolin significantly lowers blood pressure via relaxation of vascular smooth
muscle (Lindner et al. 1978; Dubey et al. 1981; Kramer et al. 1987; Schlepper et al.
1989). Intravenous forskolin administered at 3 μg/kg/min significantly reduced
diastolic blood pressure (17%) and improved left ventricular function without
increasing myocardial oxygen consumption (Kramer et al. 1987).

Forskolin at 4 μg/kg/min intravenously given to dilated cardiomyopathy patients
resulted in decreased vascular resistance, increased heart rate, and improved left
ventricle contractility (Schlepper et al. 1989). Lindner and Metzger (1983) reported
that the action of forskolin on muscle cells is modified by hormones, Ca ions, and Ca
antagonists.

A hypotensive effect was observed on i.v. administration of forskolin in
anesthetized cats by Dohadwalla (1985). An i.v. dosage of 50 μg/kg forskolin for
16 min the duration of action was 16 min. The cardiovascular responses to bilateral
carotid occlusion and vagal and preganglionic sympathetic nerve stimulation to
challenges with acetylcholine, epinephrine, norepinephrine, and isoprenaline were
not affected by 2 mg/kg of forskolin. This evidence suggests that the hypotensive
action of forskolin may not be due to inhibition of central vasomotor tone or α or β
adrenoreceptor inhibition (Majeed 2012).

The hypotensive effect of forskolin was studied in detail using normotensive
anesthetized dogs (Dohadwalla 1985). Within 1–5 min of intravenous administration
of 0.1 mg/kg of forskolin, a sharp fall in systolic and diastolic blood pressure of
about 70 mm Hg was recorded. Simultaneously, the left ventricular pressure (dp/dt)
was increased from 3100 to 4100 mm Hg/s, demonstrating its positive inotropic
property.

The hypotensive effect of forskolin was further investigated in conscious sponta-
neously hypertensive (SH) rats (Dohadwalla 1985). Forskolin, in doses ranging from
2.5 to 10 mg/kg given intraperitoneally (i.p.) daily for 5 days, showed a dose-
dependent fall in systolic blood pressure.

Studies by Dohadwalla (1985) suggest that forskolin’s hypotensive action may be
due to its direct smooth muscle relaxation property. The increase in cAMP levels in
peripheral vascular smooth muscle cells mediates vasodilation and the ensuing
hypotension. Jagtap et al. (2011) reported that C. forskohlii possesses
antihypertension property in geriatric population.

5.2.5 Cystic Fibrosis

Cystic fibrosis is caused due to the mutation in the cystic fibrosis transmembrane
conductance regulator (CFTR) gene (De Boeck and Amaral 2016). Two potential
drug targets namely, potentiator VX-770 and corrector VX-809 linked to CFTR gene
can be used to treat cystic fibrosis (Boj et al. 2017). CRE sequence (TGACaTCA)
present in the promoter CFTR gene has thrown more light on cAMP regulation
processes to gene expression (Matthews and McKnight 1996). Around 45–50% of
cystic fibrosis patients suffer from a homozygous mutation named, F508DEL (Boj
et al. 2017). In 1991, Drumm et al. reported that the association between CFTR and



chloride conductance is sensitive to forskolin, where the order of sensitivity occurs at
a similar level as the disease severity (Drumm et al. 1991). Several clinical studies,
such as NCT03652090, NCT03390985, NCT03894657, and NCT02807415 are
reported for cystic fibrosis, where forskolin is used to analyze drug sensitivity
(Salehi et al. 2019).
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5.2.6 Glaucoma

Several animal and human studies have demonstrated forskolin’s ability to lower
intraocular pressure (IOP), possibly via cAMP activation and a reduction in aqueous
flow (Caprioli and Sears 1983; Badian et al. 1984; Caprioli et al. 1984; Seto et al.
1986; Meyer et al. 1987; Matsumoto et al. 1990).

Caprioli and Sears (1983) for the first time described the effect of forskolin on
aqueous humor dynamics and intraocular pressure. The topical application of
forskolin lowered the intraocular pressure. Effect of forskolin eye drops on intraoc-
ular pressure in healthy males was also reported by Badian et al. (1984). However,
Lee et al. (1987) on monkeys and Brubaker et al. (1987) on humans reported that
forskolin had no lasting effect on intraocular pressure in monkeys with glaucoma.

The ocular penetration of forskolin in suspension was investigated by Matsumoto
et al. (1990). Only 0.03% of the instilled forskolin penetrated the ocular tissue.
Topical 1% forskolin suspension caused cAMP increase in the aqueous humor
30 minutes after instillation, but cAMP returned to baseline level 60 minutes after
instillation. The weak IOP lowering effect of topical forskolin suspension was
considered to be due to its poor ocular penetration. However, a slight modification
of molecular structure might increase ocular penetration. Authors suggested that
only a slight increase in penetrative potential would be needed to make forskolin
effective in antiglaucoma therapy.

Wagh et al. (2012) gave a detailed review on the antiglaucoma effects of
forskolin. Wagh (2007) formulated forskolin ophthalmic drug delivery systems to
test for its antiglaucoma efficacy. Ophthalmic Inserts (Tandale and Wagh 2011) of
forskolin extract (OIE) and pure forskolin 98% (OIF) were prepared as matrix-
controlled delivery to achieve once a day administration. Ophthalmic Insert Drug
Delivery System (OIDDS) for forskolin showed a significant reduction in IOP up to
24 h and an increased corneal residence time up to 12 h with sustained therapeutic
action (Wagh et al. 2008, 2009b, c; Wagh and Samanta 2010; Wagh and Pathare
2012).

Gupta and Samanta (2010) developed an ophthalmic delivery system of the
forskolin, based on the concept of temperature-activated in situ gelations, which is
likely to increase bioavailability. Poloxamer 407 (Pluronic F-127) is a block copol-
ymer made of poly (oxyethylene) and poly (oxy propylene). An increase in temper-
ature induces the sol–gel transition; however, it depends on the polymer’s
concentration and the presence of other additives. These formulations were thera-
peutically efficacious; reducing IOP for 12 hours and showed sol–gel phase



transition (gelling) temperature of 22 °C and sustained drug release 72% in vitro
behavior over a period of 4 h.
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Dual-drug delivery system based on in situ gel-forming nanosuspension of
forskolin to enhance antiglaucoma efficacy was developed by Gupta et al. (2010).
In vitro experiments indicated that the formulation prolonged forskolin release for
more than 5 h. The IOP was lowered by 31% in dexamethasone-induced
glaucomatous rabbits and lasted for 12 h, which is significantly better than the effect
of traditional eye suspension (18%, 4–6 h). Their investigations successfully proved
that the pH and thermoreversible polymeric in situ gel-forming nanosuspension with
controlled drug release ability exhibits a greater potential for glaucoma therapy.

Forskolin, a diterpene, is very poorly water soluble. Saettone et al. (2009)
evaluated the solubilization of forskolin by some eye-compatible polymeric agents.
While β- and 7-cyclodextrin were not particularly effective solubilizers, one
polyoxyethylene-polyoxypropylene block copolymer (PluronicR F-127) increased
the drug solubility by 40 times in water.

Majeed et al. (2014a, 2015b) assessed lowering of IOP using forskolin eye drops
in the treatment of open-angle glaucoma. They used β-cyclodextrin to solubilize the
molecule for ocular application. The trend towards a decrease in IOP pressure was
higher in the forskolin group as compared to the Timolol group. Forskolin 1% w/v
aqueous solution was found to be effective and safe in treating open-angle glaucoma.
Forskolin 1% eye drops can be a safe alternative to beta blockers in glaucoma
patients having concomitant asthma. The effect of forskolin 1% w/v aqueous
solution is more effective than 0.5% Timolol eye drops. Forskolin Ophthalmic
Solution developed by Sami-Sabinsa group (previously known as Sami Labs Lim-
ited) has been accorded approval in 2006. Subsequently, the efficacy of the
Forskolin was observed at a much lower dose of 0.15% Forskolin solution (Majeed
et al. 2014b, 2015b). Current treatment for glaucoma includes β-blockers and
prostaglandin analogs, which have their own disadvantages.

Khan et al. (2018) reported that chitosan-coated poly lactic-co-glycolic acid
(PLGA) nanoparticles amplify forskolin’s ocular hypotensive effect. The particle
size of optimized CS-PLGA NPs was found as 201.56 nm with a good PDI and
positive zeta potential value with 72.32% entrapment efficiency and drug loading.
Adenylate cyclase stimulation and ocular hypertension inhibition by forskolin
analogs were also investigated by Yang et al. (2001).

Feng et al. (2016) isolated Isoforskolin (ISOF) from C. forskohlii, native to
Yunnan in China. They found that C. forskohlii contained rich isoforskolin but not
forskolin. ISOF was reported to activate adenylyl cyclase (AC) isoforms. The
ophthalmologic and cardiovascular effects of ISOF were firstly reported in the
1990s. They found ISOF could lower blood pressure and intraocular pressure.

5.2.7 Asthma

Asthma is characterized by decreased cAMP levels in bronchial smooth muscle as
well as high levels of possible adverse events (PAE). Mast cells, in response to



allergenic stimuli, degranulate, releasing histamine causing bronchial smooth mus-
cle contractions. Forskolin’s activation of cAMP inhibits human basophil and mast
cell degranulation, resulting in subsequent bronchodilation.
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Forskolin relaxes guinea pig airways (Dohadwalla 1985). Kreuter et al. (1985)
reported that forskolin blocked bronchospasms, the characteristic feature of asthma
and bronchitis in guinea pigs caused by histamine and leukotriene. Forskolin
produced a dose-dependent abolition of bronchospasms induced by histamine,
acetylcholine, and serotonin in guinea pigs following intravenous administration.
It is suggested that the bronchospasmolytic effect may also be brought about through
stimulation of adenylate cyclase (Dohadwalla 1985). Bruka (1986) evaluated the
bronchodilator activity of Forskolin for its potential use in the treatment of asthma.

Forskolin was tested double-blind and crossover in 12 healthy volunteers
(nonsmokers) by whole-body plethysmography by Kaik and Witte (1986). The
bronchodilating effect (after 5 min) was comparable to fenoterol at early time points,
while fenoterol resulted in a stronger action at later time points.

A study involving humans revealed that inhaled forskolin powder formulations
could cause bronchodilation in asthma patients (Bauer et al. 1993). Aerosolized dry
forskolin powder resulted in a significant relaxation of bronchial muscles and relief
of asthma symptoms (Bauer et al. 1993). In six asthmatics, nebulized forskolin
administration resulted in an increase in forced expiratory volume. Two patients
experienced immediate relief from bronchoconstriction and shortness of breath,
while the remaining four patients reported relief after 10–15 min (Lichey et al.
1984).

Forskolin acts by increasing the bronchial smooth muscle’s cAMP levels, which
reduces bronchial reactivity and causes bronchodilator effect (Yousif and Thulesius
1999). Hiramatsu et al. (1994) explained the role of forskolin in tracheal muscles.
Forskolin also possesses an activity that inhibits interleukin production (IL-13, IL-5,
and IL-1β), eotaxin and histamine. Studies by Tsukawaki et al. (1987) have shown
that forskolin relaxes airway smooth muscle in guinea pigs in vitro and in vivo by
raising tissue cAMP levels and that its actions are independent of beta-adrenoceptors
(Tsukawaki et al. 1987).

Kasonia (1995) screened methanol extract of six species including C. forskohlii
(Syn.: C. barbatus). The extract showed relaxation activity on tracheal smooth
muscle. González-Sánchez et al. (2006) determined the efficacy of forskolin in
preventing asthma attacks. Isoforskolin significantly elevated cAMP levels in rat
lung homogenate, and relaxed the histamine-induced contraction of isolated guinea
pig trachea and lung smooth muscle (Feng et al. 2016).

5.2.8 Anticancer Activity

Many metastasizing tumor cell lines induce platelet aggregation both in vitro and
in vivo. Upon aggregation, platelets release substances that promote tumor growth
(Kim et al. 2004). Forskolin is a potent platelet aggregation inhibitor by stimulating
platelet adenylate cyclase and increase of intracellular cAMP (Siegl et al. 1982).



Agarwal and Parks (1983) reported that forskolin at 2 μM inhibited the melanoma
cell-induced human platelet aggregation. Administration of 82 μg of forskolin to
mice 30–60 min prior to injection with a highly metastatic melanoma cell line (B16
F10) reduced tumor colonization in the lungs by 70% (Agarwal and Parks 1983).
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Crude extracts of C. forskohlii roots, stems, and leaves were tested by Costa and
Nascimento (2003) against pulmonary mucoepidermoid human carcinoma (cell
NCI-H292) and epidermoid carcinoma of the larynx (cell HEp-2). Significant
anticancer activity was observed against NCI-H292 cells by the acetonic and
methanolic extracts of the roots. Sashidhara et al. (2007) isolated bioactive com-
pound 13-epi-sclareol, which showed antiproliferative activity in breast and uterine
cancers in vitro. Yamanaka et al. (2010) examined the expression and functional
involvement of Hedgehog (Hh) signal transcription factors in pediatric tumor cells.

Huang et al. (2011) obtained seven compounds from ethyl acetate fraction of
C. forskohlii. Their structures were identified as lupeol, oleanolic acid, uvalo, beta-
sitosterol, colonic acid, demethylcryptojaponol, and coleolic acid. Compounds
lupeol, oleanolic acid, demethylcryptojaponol, and coleolic acid showed antitumor
activity. Moreover, compound lupeol is firstly found to have antitumor activity from
the plants. Coleusin factor is a diterpenoid compound isolated from the root of
C. forskohlii. Coleusin factor has been reported to suppress proliferation of and
induce apoptosis in several types of cancer cells (Geng et al. 2007; Sun et al. 2011).
Geng et al. (2014) reported that administration of Coleusin factor inhibits the growth
of osteosarcoma xenografted in nude mice without systemic or immunologic
toxicity.

Findings of Rajkumar and Malathi (2016) suggested that root ethanol extract of
C. forskohlii possesses anticancer properties against gastric cancer cell lines through
the apoptosis induction. Saeed et al. (2016) evaluated the cytotoxicity of the
methanolic extract of C. forskohlii (Syn.: Plectranthus barbatus) leaves against
two neoplastic leukemia lines, through resazurin assay. Although they correlated
these results to the presence of forskolin and coleusin factor, they did not isolate
them, but mentioned that these molecules showed cytotoxicity to murine melanoma
cells (Agarwal and Parks 1983) and osteosarcoma (Geng et al. 2014). Borges et al.
(2020) identified an antineoplastic activity of ethyl acetate fraction (EAF) of
C. forskohlii leaves, but the identified constituents of EAF were plectrin, hydrolyzed
abieatane, barbatusin, 3β-hydroxy-3-deoxibarbatusin, cyclobutatusin, luteolin,
rosmarinic acid, and coleoside B.

Abd-Allah et al. (2017) investigated the hormonal and immunological responses
to C. forskohlii treatment in female rats with experimentally polycystic ovaries
syndrome. Opioid and immune systems were impaired in hyper androgenized rats
(Polycystic Ovarian Syndrome model) and the C. forskholii treatment could restore
most of these functions. Sapio et al. (2017) described some features of cAMP
signaling that are relevant to cancer biology and address the state of the art
concerning the natural cAMP elevating compound forskolin and its perspectives as
an effective anticancer agent.

Illiano et al. (2017) reported that forskolin exerts significant growth and migra-
tory inhibitory effects on Panc-1 and AsPC-1 pancreatic cancer cells. Forskolin



strongly enhances gemcitabine-induced antiproliferative effects by both cell cycle
inhibition and cell death induction. Illiano et al. (2018) investigated forskolin’s
effects on the sensitivity of MDA-MB-231 and MDA-MB-468 TNBC cells to
doxorubicin through MTT assay, and cell cycle progression and cell death by flow
cytometry, cell number counting, and immunoblotting experiments. They
demonstrated that forskolin strongly enhances doxorubicin-induced antiproliferative
effects by cell death induction.
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Ganash and Qanash (2018) reported that C. forskohlii has a promising effect on
tumor activities by inhibiting cell proliferation with the IC50 89.13. Hayashi et al.
(2018) reported that forskolin increases the effect of everolimus, an anticancer drug,
on aromatase inhibitor-resistant breast cancer cells. De Freitas et al. (2018) extracted
proteins from C. forskohlii (Syn.: Plectranthus barbatus) and evaluated their cyto-
toxicity against A549 and RAW264.7 cancer cells. The aqueous extract from the
leaves presented cytotoxic action against lung carcinoma tumor cell lines.

Mothana et al. (2019) investigated the cytotoxic activities of crude extract of
C. forskohlii and its isolated compounds. The crude ethanolic extracts of the
C. forskohlii showed remarkable cytotoxic activity against Hela, HepG2, and
HT-29 cancer cell lines with IC50 values of 10.1, 10.7, and 32.0 μg/mL, respectively,
which were comparable with the positive control values. Four compounds
(Coleonol B, forskolin, sugiol, and 5,6-dehydrosugiol) were isolated from chloro-
form fraction and ferruginol from hexane fraction. The isolated diterpenoids showed
interesting cytotoxic effects with IC50 values between 15.1 and 242 mg/mL. The
greatest activity was shown by ferruginol, followed by 5,6-dehydrosugiol and
forskolin. Sugiol and Coleonol B exhibited a moderate to weak cytotoxic activity
(Mothana et al. 2019). Coleon C extracted from Coleus is useful as inhibitor for
tumor growth and tumor cell proliferation (Liu et al. 2007).

Wang et al. (2019) reported that forskolin exerts anticancer roles in
non-Hodgkin’s lymphomas (NHL) via regulating Axin/β-catenin signaling pathway.
Moreover, forskolin improves the effects of SP600125 on cell apoptosis enhance-
ment and tumorigenesis inhibition of NHL cells.

Cordeiro et al. (2022) evaluated the antineoplastic activity of C. forskohlii (Syn.:
Plectranthus barbatus) leaf aqueous extract (CFA) and acetone: water (7:3) organic
extract (CFO). Cytotoxicity in normal peripheral blood mononuclear cells at
concentrations ranged between 0.1 and 100 μg/mL and in neoplastic cell lines
Toledo, K562, DU-145, and PANC-1 at 1, 10, and 100 μg/mL.

5.2.9 Antioxidant Activity

A comparative assay was made between crude ethanolic extract of Peumus boldus
and C. foskohlii in order to evaluate their relative in vitro antioxidant capacities by
Tamasiro et al. (1998). The concentration necessary to decrease 50% of the sponta-
neous autoxidation of the system indicates that C. forskohlii (29 μg/mL) was almost
10 times less active than P. boldus (3.2 μg/mL).



5.2 Pharmacological Properties 79

In comparison to other Coleus species, a higher amount of polyphenols and
higher antioxidant activity is reported in the extract of C. forskohlii. According to
Rasineni et al. (2008), the leaf extract of C. forskohlii contains a significantly higher
amount of total polyphenols, flavonols, and flavones and also exhibit high antioxi-
dant activity. The plant is also a rich source of diterpenoids with different oxygen
patterns. Till 2001, approximately, six diterpenoids were isolated from whole plant.
In the same year, Yao and Xu (2001) have isolated two new diterpenoidquinones and
named them as coleon S and T.

Maioli et al. (2010) assessed the antioxidant activity of the water extract of
C. forskohlii leaves on Fe2 + -citrate-mediated membrane lipid peroxidation in
isolated rat liver mitochondria and in non-mitochondrial systems. Treatment at
15–75 μg/ml C. forskohlii extract showed significant reduction in DPPH, OH
scavenging activity, and iron chelation. Along with this, mitochondria protection
against Fe2+/citrate-mediated swelling and malondialdehyde production was also
reported. According to authors, the extract containing nepetoidin—caffeic acid
esters as phenolic compounds is probably involved in all the pharmacological
changes and thus accounts for hepatoprotective action.

The antioxidant status of various parts of C. forskohlii was analyzed by Khatun
et al. (2011). The enzymatic antioxidant properties measured in terms of the
activities were significantly higher in tubers than in the leaves, roots, and stems.
Besides their medicinal properties, the tubers possessed significantly rich sources of
both enzymatic and nonenzymatic antioxidants.

Ganash and Qanash (2018) reported that C. forskohlii has different antioxidant
enzymes, including catalase, polyphenol oxidase, and peroxidase. Recently,
Mothana et al. (2019) evaluated the antioxidant activity of crude extracts of
C. forskohlii and its isolated compounds. C. forskohlii extract showed the ability
to inhibit β-carotene’s discoloration at a 1000 μg/mL concentration with a total
antioxidant value of 66%. Results of the DPPH radical scavenging method
demonstrated comparable free radical scavenging activity. Also, the chloroform
fraction of C. forskohlii exhibited the highest antioxidant and free radical scavenging
activity among the tested fractions with values of 76 and 80% at 1000 μg/mL.
Among the isolated compounds, sugiol, 5,6-dehydrosugiol and ferruginol were
able to inhibit the discoloration of β-carotene with total antioxidant values of 65%,
67%, 69%, respectively. Ibrahim et al. (2018) investigated the antioxidant activity of
plant and callus cultures of C. forskohlii (Syn.: Plectranthus barbatus). Aqueous
methanol extracts exhibited higher DPPH radical scavenging activity than hexane
extracts at all tested concentrations.

Essential oils (EOs) from the roots, stems, and leaves of C. forskohlii, cultivated
in northern Italy, were obtained by steam distillation. The highest yields were
obtained from roots (268.15), followed by leaves (64.34 mg/kg), and stems
(19.76 mg/kg). A total of 128 structures were identified. Fe++ chelating and
antiradical activities (DPPH and ABTS) were evaluated: root and stem EOs showed
the strongest activities, while EOs from leaves did not show relevant activities
(Gelmini et al. 2015). Shanmugam et al. (2018) reported antioxidant activity of
rhizome extracts of C. forskohlii. Total phenol and flavonoid contents were found to



be, respectively, 38.82Â ± 0.22 mg gallic acid equivalents/g and 21.34Â ± 0.32
quercetin equivalent/g.
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Fadlelmula et al. (2020) investigated the antioxidant activity and total phenolic
content of C. forskohlii. Butanolic extract showed the highest radical scavenging
followed by ethyl acetate extract. Where the n-butanol exhibited highest Total
Phenolic Content (TPC) value, followed by ethyl acetate then petroleum ether,
ethanol, and eventually chloroform extract exhibited the lowest (TPC) value.

5.2.10 Anti-Inflammatory Activity

The hexane, chloroform, methanol, 80% methanol, and water extracts of
C. forskohlii were screened for in vitro anti-inflammatory activity. Methanolic and
water extracts showed maximum activity (James 2003). Similarly, extracts from
12 medicinal plants including C. forskohlii of Kenya showed anti-inflammatory
activity (Matu and van Staden 2003). Intraperitoneal administration of forskolin to
rats showed significant inhibition of Carrageenan-induced paw edema in a dose-
dependent manner (Rupp et al. 1986).

Menon and Latha (2011) screened the extracts of C. forskohlii for its in vitro anti-
inflammatory activity. The antioxidant and anti-inflammatory effect accessed by
using DPPH and BSA anti-denaturation and HRBC membrane stabilization assay
indicated that among the extracts, water and methanolic extracts showed maximum
anti-inflammatory property. Metabolic profiling of the methanolic extract by using
thin layer chromatography confirmed the presence of forskolin as a major bioactive
compound.

Forskolin was evaluated at a dose of 10 mg/kg body mass for its anti-
inflammatory and anti-nociception properties in rats in comparison with diclofenac
by Suresh et al. (2018). The percent inhibition in inflammation exhibited, by
diclofenac were found to be 0, 18, 37, 20, and 17.2%, and by forskolin 0%, 11%,
40%, 31%, and 6.8% at 0, 30, 60, 90, 120 min drug reaction time, respectively.
Diclofenac increased the tail flick latency time at 30, 60, and 90 min forskolin at
90 min.

Xiao et al. (2021) reported that isoforskolin alleviates AECOPD by improving
pulmonary function and attenuating inflammation which involves downregulation of
Th17/IL-17A and NF-κB/NLRP3.

5.2.11 Antidepressant Effect

The imbalance level of neurostimulators such as serotonin and dopamine in brain is
associated with depression. In order to address the issue, supplements involving
5-HTP, tryptophan, or SSRI drugs like Prozac or Zoloft are used. In case of
catecholamine neurotransmitters like epinephrine, and norepinephrine deficiency,
the amino acids L-Phenylalanine or L-Tyrosine, or monoamine oxidase inhibitors
like GeroVital (GH3) or Deprenyl are reported to be helpful. As per recent research,



drugs that elevate the catecholamines by increasing cAMP levels can be better agents
to improve neurostimulatory function. In accordance with this, forskolin at
0.01–0.1 mg/kg showed strong antidepressant activity by significantly decreasing
immobility ratings. The minimum dosage of 0.01 mg/kg dose showed 150 times
more potency than the standard drug (amitriptyline-15 mg/kg) (Maeda et al. 1997).
In a clinical study, forskolin infusion in a 75-min duration to four depressed and five
schizophrenic patients showed transient mood elevation or stimulation (Bersudsky
et al. 1996).
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5.2.12 Antistress Effect

Tiwari et al. (2014) investigated the antistress activity of forskolin. Elevated plus
maze (EPM) model and forced swimming test (FST) revealed that forskolin has
antistress activity.

5.2.13 Antidyspeptic Activity

The aqueous extract of C. forskholii is reported to induce antidyspeptic activity by
decreasing gastric secretion and it also shows protection against stress-induced
gastric ulcers (Lygia et al. 1991).

5.2.14 Anti-Ulcer Activity

Plectrinon A one of the active ingredients of C. forskohlii inhibits the gastric H+/K+-
ATPase, more effectively than the classic proton pump inhibitor omeprazole. The
inhibition of these proton pumps in the stomach effectively helps in regulating ulcer
formation (Li et al. 2006).

5.2.15 Hepatoprotective Activity

Forskolin and 1,9-dideoxyforskolin are efficacious agonists of the pregnane X
receptor (PXR, NR1I2) and thus there is an activation of PXR which mediates the
hepatoprotective effect (Jeff et al. 2006).

Staudinger et al. (2006) reviewed in detail the hepatoprotective activity of
forskolin and C. forskohlii extracts. Forskolin and 1,9-dideoxyforskolin induce
CYP3A gene expression in primary cultures of rodent hepatocytes (Sidhu and
Omiecinski 1996). An approach has been made to evaluate the effect of
C. forskohlii and its major constituents on cytochrome P450 (CYP3A, CYP2B,
and CYP2C) mRNA expression in rat hepatocytes by Nagarajappa et al. (2016).
The test substances did not show any significant mRNA expression compared to the
control against CYP3A, CYP2B, and CYP2C. It can be concluded from this study



that C. forskohlii and its major constituents may not be involved in CYP450
induction-based drug interaction. Recent studies have revealed that both forskolin
and 1,9-dideoxyforskolin are efficacious PXR agonists (Ding and Staudinger 2005;
Dowless et al. 2005). The findings suggest that herbal therapy with C. forskohlii
extract should be approached cautiously in patients on combination therapy, due to
the potential for herb–drug interactions (Staudinger et al. 2006). El-Agroudy et al.
(2016) reported that forskolin significantly reduced hepatic fibrosis induced by CCl4.
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5.2.16 Antimicrobial Activity

Ethanolic extract of the C. forskohlii roots was shown to exhibit marked inhibitory
action against E. coli toxin-induced secretory response in rabbits and guinea pig ileal
loops (Yadava et al. 1995). Water, hexane, and methanol extracts of 12 plant species
were screened for in vitro antibacterial activities by Matu and van Staden (2003).
The highest activity was found in the methanol extracts of C. forskohlii against
Staphylococcus aureus.

Nilani et al. (2006) evaluated the antifungal activity of solvent extracts of
C. forskohlii against Aspergillus niger, A. fumigatus, A. ruantii, Proteus vulgaris,
and Candida albicans. The petroleum ether extract of C. forskohlii exhibited signifi-
cant antifungal activity against all the selected organisms. Similar activity was
observed against C. albicans (ATCC 90028) by Runyoro et al. (2006).

Bodiwala et al. (2009) evaluated various extracts of the aerial parts of
C. forskohlii at their noncytotoxic concentration against HIV-1 NL4–3. Chloroform,
ethyl acetate, and n-butanol extracts showed 45.6, 66.5, and 37.7% inhibition of
HIV, respectively, in CEM-GFP cells infected with HIV-1NL4–3 at 5 μg/mL. Four
diterpenes, 1-deoxyforskolin, 1,9-dideoxyforskolin, forskolin, and isoforskolin were
isolated from the chloroform extract and tested against the virus. 1-Deoxyforskolin
and forskolin were found to be active against HIVNL4–3.

Aqueous extract of C. forskohlii is traditionally used as an anti-inflammatory and
antifungal agent. The effect of this extract and of its main component, rosmarinic
acid, on the viability of the cariogenic bacteria, Streptococcus sobrinus and
S. mutans, was determined by MIC and MBC by Figueiredo et al. (2010). The
influence of this extract on the biofilm formation and the inhibition of
glucosyltransferase enzyme produced by this species were also analyzed. The
aqueous extract of C. forskohlii was a stronger inhibitor than rosmarinic acid with
MIC values of 3.8 mg/mL for S. sobrinus and 2.9 for S. mutans compared to 8.4 and
7.3 mg/mL for rosmarinic acid. Similarly, C. forskohlii showed better inhibition of
biofilm formation and glucosyltransferase inhibition activity, suggesting that the
extract may be useful in the prevention of dental caries (Figueiredo et al. 2010).

Senthilkumar et al. (2010) evaluated the antibacterial activity of C. forskohlii
against five human pathogenic bacteria Staphylococcus aureus, S. epidermidis,
Salmonella typhi, Klebsiella pneumoniae, and Vibrio parahemolyticus. Their study
revealed a remarkable antibacterial activity against Gram-negative bacterial strains
than Gram-positive bacterial strains. The most effective activity was shown by



C. forskohlii with MIC ranging from 15 mm against S. typhi and 14 mm with
S. aureus. The extracts inhibited K. pneumoniae and V. parahemolyticus with
8 mm and 10 mm, respectively.
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Manikandan et al. (2018) showed that silver nanoparticles of C. forskohlii root
extracts exhibit antibacterial activity against two human bacterial pathogens such as
Bacillus subtilis and Alcaligenes faecalis. Saklani et al. (2011) evaluated the antimi-
crobial activity of the extracts (Pet. ether, diethyl ether, chloroform, methanol, and
ethanol) of roots C. forskohlii against bacteria Staphylococcus aureus, Pseudomonas
fluorescens, Sericea, Klebsiella pneumoniae, Bacillus pumilus and fungi Aspergillus
flavus, A. parasiticus, Trichoderma rubrum, Microsporum gypseum. The different
extracts of the plant C. forskohlii were found to have maximum antibacterial and
antifungal activity.

In vitro antibacterial activity of crude root extract of C. forskohlii was
investigated by Anbuselvan and Muralikrishnan (2013) against Escherichia coli,
Pseudomonas aeruginosa, Salmonella typhi, Klebsiella pneumoniae, Staphylococ-
cus aureus, and S. epidermidis. Gram-negative bacterial strains were more suscepti-
ble to the crude extracts as compared to Gram-positive bacterial strains. However,
this study revealed maximum growth inhibition and effectiveness were remarkably
observed in the extracts of C. forskohlii.

The antimicrobial activity of different extracts of C. forskohlii roots was reported
by Baskaran et al. (2011) against various bacterial and fungal species. In vitro
antibacterial activity of crude extracts of roots, shoots, and leaves of C. forskohlii
were screened by Malleswari et al. (2013) against Bacillus subtilis, Pseudomonas
fluorescens, P. aeruginosa, K. pneumoniae, E. coli, S. aureus, and Streptococcus
pneumoniae. Gram-negative bacterial strains were more susceptible to the crude
extracts as compared to Gram-positive bacterial strains.

Mwitari et al. (2013) reported that C. forskohlii (Syn.: Plectranthus barbatus) has
both bactericidal and fungicidal activities. Figueiredo et al. (2014) evaluated
methanolic extract of leaves from Plectranthus barbatus against oral pathogens
Streptococcus mutans and S. sobrinus. The extract showed bacteriostatic activity
with MIC of 0.3 mg/mL. The MBC obtained for extract was 0.6 mg/mL against
S. sobrinus and 0.8 mg/ml against S. mutans. When methanol extract of P. barbatus
was used to inhibit the growth of the two bacterial strains in biofilm, IC50 value was
1.9 mg/mL against S. sobrinus biofilm and 0.7 mg/mL against S. mutans biofilm,
respectively. P. barbatus IC50 values for the biofilm formation were 0.63 mg/mL and
0.13 mg/mL against S. sobrinus and S. mutans, respectively. GTF from S. sobrinus
was inhibited at 30% when 0.3 mg/ml of P. barbatus extract was used. Veríssimo
et al. (2013) also reported antimicrobial activity of C. forskohlii (Syn.: Plectranthus
barbatus) extract against Staphylococcus aureus, S. epidermidis (6.25 mg/mL),
Streptococcus pneumoniae (6.25 mg/mL), and Escherichia coli.

Kala (2014) evaluated the effect of petroleum ether, methanol, ethyl acetate,
acetone, and chloroform extracts of C. forskohlii on Gram-positive bacteria like
Bacillus subtilis, Staphylococcus aureus and Gram-negative bacteria E. coli, Pseu-
domonas aeruginosa and the yeast Candida utilis. All the extracts showed signifi-
cant activity against all pathogens.
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Sasikala et al. (2014) evaluated the antibacterial activities of C. forskohlii in
different extracts at 80 μl against three bacteria, namely Bacillus cereus, Escherichia
coli, and Lactobacillus. The water and acetone extracts exhibited the highest antimi-
crobial activity in almost all the pathogenic bacteria. Chloroform root extract on
E. coli showed MIC 26.33 while root water extract showed MIC 25.5. Acetone root
extract showed MIC 22.83 on B. cereus while petroleum root extract showed MIC
22.0 on Lactobacillus. The water extracts were much active against all the bacteria
tested.

A study on antimicrobial efficacy of C. forskohlii against Staphylococcus aureus
showed both bacteriostatic and bacteriocidal activity at MIC values ranging from
60 to 300 μg/ml (Snowden et al. 2014). Nidiry et al. (2015) showed that forskolin is
one of the antifungal compounds present in the C. forskohlii, where root extracts
exhibited mycelia growth inhibition of Colletotrichum gloesporoides and spore
germination inhibition of Alternaria solani.

Rajkumar and Malathi (2015) investigated the antimicrobial activity of
C. forskohlii. Ethanolic extract of C. froshkolii roots showed highest antibacterial
activity compared to stem and leaf. The highest antimicrobial activity was observed
against Klebsiella pneumoniae (19 mm) and Candida albicans (16 mm) in ethanolic
extract of root.

The antimicrobial activities of various extracts of C. forskohlii roots were studied
by Singh and Singh (2016). The ethanolic extract was more effective against
Bacillus cereus, Micrococcus luteus, Klebsiella pneumoniae, and Staphylococcus
aureus, whereas acetone extract was more effective against Micrococcus luteus,
Bacillus cereus, and Klebsiella pneumoniae. The different extracts were also found
to be effective against the fungi such as Aspergillus niger, A. flavus, Candida
albicans, C. tropicalis, and Cryptococcus neoformans.

C. forskohlii extracts in different solvents were tested against some gastrointesti-
nal pathogens by Mathur et al. (2011). In the case of Escherichia coli, the inhibition
was recorded by the treatment of all the extracts. Staphylococcus aureus was found
to be resistant to hexane extract while ethanol extract inhibited S. aureus’ growth. In
the case of Salmonella typhimurium, all extracts showed good inhibitory effects. In
the case of Staphylococcus epidermidis compared to control, water extract showed
more inhibition than other extracts.

Atulkar et al. (2015) evaluated the antimicrobial activity of ethanolic extract of
C. forskohlii root against Staphylococcus aureus, Pseudomonas aeruginosa, E. coli,
Bacillus subtilis, and Aspergillus niger. S. aureus is the most sensitive strain
(12.03 mm) of those tested while other microorganisms showed less sensitivity.

Ganash and Qanash (2018) reported that C. forskohlii has antibacterial activities
against Staphylococcus aureus, E. coli, and S. typhi while weak antifungal activity
was observed. Mothana et al. (2019) evaluated the antimicrobial activity of crude
extracts and isolated compounds of C. forskohlii. MIC, MBC, and MFC of the
extracts and isolated compounds were investigated. The most sensitive strains were
the Gram-positive bacteria Streptococcus mutans and the fungal strain Cryptococcus
neoformans, which were more susceptible to C. forskohlii extracts with MIC values
between 62.5 and 250 mg/mL than the other microbial strains.
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Nguta and Kiraithe (2019) reported antimicrobial activity of C. forskohlii
methicillin-resistant Staphylococcus aureus, Escherichia coli, S. aureus, and Bacil-
lus cereus. The crude ethanolic rhizome extract was tested by Shanmugam and
Pradeep (2019) in three different concentrations (10, 20, and 30 mg/mL) for
antibacterial activity. Maximum antibacterial activity was noted against Bacillus
subtilis (15 mm), followed by B. cereus (14 mm), Pseudomonas aeruginosa
(12 mm), and Staphylococcus aureus (12 mm). E. coli was not inhibited even at
the highest concentration tested i.e. 30 mg/ml.

Essential oils (EOs) from the roots, stems, and leaves of C. forskohlii, cultivated
in north Italy, were evaluated for their in vitro antimicrobial activity, showing
optimal growth-inhibition in antibiogram (∅ > 35 mm) and MIC tests (32–64 μg/
mL) against Candida albicans, while EOs from leaves showed a good activity
(25 < ∅ < 34 mm, MIC 64–128 μg/mL) against Escherichia coli (Gelmini et al.
2015). Ramkumar et al. (2019) reported antimicrobial activity of rhizome extract of
C. forskohlii (Syn.: Plectranthus barbatus) against Escherichia coli, Staphylococcus
aureus, and Bacillus subtilis species of bacteria and Candida albicans and Aspergil-
lus flavus species of fungi.

Fadlelmula et al. (2020) evaluated the antimicrobial activity of C. forskohlii from
Saudi Arabia, where n-butanol showed the maximum inhibition. Khatun (2020)
studied the antimicrobial activity of tuber extracts of C. forskohlii. Higher inhibition
zone was recorded in Pseudomonas sp. which was 3.5 cm. S. aureus showed lowest
inhibition zone of 2.0 cm. Higher mycelial growth inhibition was found in
Curvularia lunata (76.70% at 11 μg/mL tuber extract) followed by Alternaria
alternata (68.20% at 11 μg/mL tuber extract) and Fusarium oxysporum (65.84%
at 11 μg/mL tuber extract).

Al-Ghamdi (2021) investigated the antimicrobial activity of C. forskohlii stem
extract. The antimicrobial activity showed that all microorganisms tested were
resistant at the concentration of 25 and 50 mg/ml of plant extracts, whereas the
concentrations of 100, 150, and 200 mg/mL showed varying activities. Alghamdi
et al. (2021) investigated the bactericidal activity of C. forskohlii extract against
multidrug-resistant Acinetobacter baumannii strains isolated from hospital. The
MIC of the extract against the pathogenic strains was approximately 4 mg. The
plant extract has the ability to kill MDR Acinetobacter strains.

Chakraborty et al. (2022) evaluated the antimicrobial activities of in vitro and ex
vitro grown plants of C. forskohlii against 20 MDR strains of urinary tract infections
(UTI) bacteria. When methanolic leaf extracts were tested, 17 among 20 UTI
pathogens were found to be sensitive at only 0.75 mg/cup concentration, and three
were resistant even at the 6.0 mg/cup concentration. Both the in vitro and ex vitro
plants exhibited the highest efficacy against the pathogenic strain of Klebsiella with
the ZI 17.66 ± 0.33 and 18.66 ± 0.57 mm, respectively.

Shaker et al. (2022) investigated the antimicrobial activities of C. forskohlii
fractions against Gram-positive and Gram-negative bacteria and fungus Candida
albicans and identified major active compounds. The antimicrobial assays revealed
that ethyl acetate was the most potent fraction and the major abundant metabolites of



C. forskohlii. Thymoquinol-2-O-β-glucopyranoside, syringic acid, methyl 3,4,5-
trihydroxybenzoate, and luteolin were isolated herein for the first time.
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Cordeiro et al. (2022) evaluated the antimicrobial activity of C. forskohlii leaf
aqueous extract (CFA) and acetone: water (7:3) organic extract (CFO). CFO showed
bacteriostatic activity against Acinetobacter baumannii (MIC = 250 μg/mL) clinical
isolate and CFA fungistatic activity against Trichophyton rubrum (MIC = 800 μg/
mL).

5.2.17 Hypothyroidism

Forskolin is reported to increase thyroid hormone production and stimulate its
release by activating guanine nucleotide-binding proteins (Saunier et al. 1990).
The stimulation of thyroid hormone can in turn promote normal body weight and
thereby contributes to the antidepressant effects.

Laurberg (1984) compared the effects of 10-5 M forskolin and 100 mu units/ml
TSH on the dynamics of T4 and T3 secretion from perfused dog thyroid lobes. Both
agents induced pronounced increases in T4 and T3 secretions. The increase in
secretion was significantly steeper during forskolin than during TSH stimulation.

5.2.18 Skin Problems

According to Majeed and Prakash (2007), Coleus oil can be used as a useful, topical
preparation due to its antimicrobial properties. The ingredient has shown effective
inhibition of Propionibacterium acnes, and other microorganisms responsible for
skin infections and eruptions.

Psoriasis is an immune system problem affecting the skin cells to form scales,
itchy and dry patches. It can be alleviated by normalizing the cAMP/cGMP ratio.
Similar to asthma, decreased levels of cAMP and cGMP levels are reported in
psoriasis. Supplementation of forskolin to psoriatic patients in a randomized clinical
trial showed regulation of the monophosphates level and thereby improvising their
condition (Ammon and Müller 1985).

5.2.19 Antispasmodic Effect

Based on the screening of Indian plants for their effective biological activity, the
extract of C. forskohlii roots effectively lowered the blood pressure and also showed
antispasmodic effect (Dubey et al. 1974). The contractility of the guinea-pig ileum
with the treatment of C. forskohlii essential oil (PBEO) at concentrations ranging
from 1 to 300 μg/mL was studied. The oil was reported to contain α-pinene,
myrcene, and caryophyllene as the major ingredients. In comparison with the
standard drugs like alpha-pinene and papaverine, treatment with PBEO decreased
the basal tonus of the ileum with a maximal response of 62.7 ± 3.8%. PBEO also



blocked the phasic contractions evoked by acetylcholine as well as decreased
the contractions induced by histamine or barium chloride. In addition, PBEO relaxed
the precontracted tissues and at the higher concentration (300 μg/mL) it decreased
the maximal response of calcium chloride-induced contraction in depolarized
tissues. These results suggest PBEO as an effective intestinal relaxant and antispas-
modic ingredient (Câmara et al. 2003).
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5.2.20 Protection against Gastric Ulcers

Painful inflammation of stomach lining due to bacterial infection and excess usage of
anti-inflammatory drugs causes gastric ulcers. The water extract of stems and leaves
of C. forskohlii given at 1–10 g/kg, p.o. to rats and mice was checked for its
protective effect against gastric ulcers. After the treatment, increase in the intestinal
transit by 30% and reduced gastric secretion was observed at 2 g/kg of the
C. forskohlii extract. Also, reduction in total acid secretion and increase in gastric
pH from 34.4 ± 11.0 to 2.7 ± 0.5 mEq/L and 2.2 ± 0.3 to 6.5 ± 0.8, respectively,
were reported. Thus, according to the study, the water extract of C. forskohlii
potentially reduces the gastric secretion and thereby protects the stomach lining
from gastric ulcers (Fischman et al. 1991). Similar results were reported by Schultz
et al. (2007). The water extract of C. forskohlii leaves injected at 0.5–0.1 g/kg into
the duodenal lumen decreased the volume and total acidity of gastric acid secretion
in pylorus-ligated mice.

5.2.21 Bone Formation

An in vivo study, to evaluate the effect of forskolin in the bone formation was
reported by Doorn et al. (2012). As per the results, forskolin enhances the bone
formation by activating human mesenchymal stromal cells and also PKA acts as a
major string in balancing the adipogenic and osteogenic differentiation. Two PKA
activators, i.e., 8-bromo-cAMP and forskolin were compared with standard
dibutyryl cyclic adenosine monophosphate (db-cAMP) for their effects on prolifera-
tion and osteogenic differentiation. All the three compounds used in the study
induced alkaline phosphatase levels, bone-specific target genes, and secretion of
insulin-like growth factor-1. Along with this, proliferation of hMSCs was inhibited
in a dose-dependent manner, and compared to other two compounds, greater amount
of bone formation was initiated by forskolin treatment (Doorn et al. 2012).

5.2.22 Nerve Regeneration

Kilmer and Carlsen (1984) reported that accumulating adenylate cyclase activity was
translated into a twofold increase in cAMP concentration in the regenerating nerve
stump, coincident with the initiation and elongation of regenerative nerve sprouts.



The role of cAMP in regeneration by using forskolin was studied in situ. In the study,
forskolin produced an approximately 40-fold greater elevation in neuronal cAMP
than an equimolar (10-5) concentration of isoprenaline. Moreover, the elevated
cAMP concentration persisted for at least 60 min in the continued presence of
forskolin. Daily injection of forskolin into the dorsal lymph sac of Rana pipiens,
or delivery of forskolin through an implanted osmotic pump, produced a sustained
40% increase in sensory nerve regeneration rate in freeze-lesioned sciatic nerves.
Hence, as per the study, stimulation of nerve growth is achieved by the increase in
cAMP concentration, and the activation of appropriate protein kinases.
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5.2.23 Functional Neural Differentiation of Human Adipose
Tissue-Derived Stem Cells

Adult mesenchymal stem cells (MSCs) derived from adipose tissue are reported to
differentiate into mesenchymal, endodermal, and ectodermal cell lineages in vitro. In
order to prove the same, the multipotent ability of human adipose tissue-derived
stem cells (hADSCs) as MSCs and investigation of their neural differentiation
potential was carried out. Treatment with bFGF and forskolin initiated the differen-
tiation of neural cells including neurons and glia. Compared to the primary hADSCs,
a significant increase in immunoreactivities, neuronal markers, astrocyte marker, and
oligodendrocyte marker was observed in neural differentiated-hADSCs
(NI-hADSCs) cells. Moreover, NI-hADSCs also acquired neuron-like functions,
and expressed high levels of ionic channel genes for sodium, potassium, and calcium
molecules with the treatment. Hence the study, emphasizes the role of bFGF and
forskolin in initiating the self-renewing capacity of hADSCs and its multipotency as
stem cells (Jang et al. 2010).

5.2.24 Neuronal Acetylcholinesterase Inhibitor

Falé (2011) and Falé et al. (2011, 2012) determined the function of C. forskohlii
herbal tea as inhibitor of the brain AChE activity. When the plant extract was
intragastrically administered, vestigial amounts of metabolites from C. forskohlii
extract compounds were present in rat plasma, but none were found in brain,
although inhibition of brain acetylcholinesterase activity was detected. However,
when C. forskohlii extract was administered intraperitoneally, all its compounds
were found in plasma, and rosmarinic acid was found in brain.

5.2.25 Antipsoriasis Effect

Dean (2012) reported that forskolin successfully cures psoriasis by regulating cAMP
levels in skin cells which enables its use in the treatment of psoriasis.
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5.2.26 Anticonvulsant Activity

Fernandes et al. (2012) reported the anticonvulsant activity of a hydroalcoholic
extract of C. forskohlii leaves on seizures induced by strychnine sulfate (2.0 mg/
kg) but was quite ineffective against pilocarpine-induced convulsions (600 mg/kg)
in mice.

5.2.27 Neurological Disorders

Neuroprotective strategies of blood–brain barrier penetrant “forskolin” (AC/cAMP/
PKA/CREB activator) to ameliorate mitochondrial dysfunctioning in neurotoxic
experimental model of autism were investigated by Mehan et al. (2019). They
revealed that adenyl cyclase activator, that is, FSK-mediated cAMP/CREB activa-
tion, might be a unique platform for the prevention of neurodegenerative diseases.

5.2.28 Immunomodulator Activity

Kapewangolo et al. (2013) investigated the influence of ethyl acetate fraction of
C. forskohlii leaves on secretion inhibition of proinflammatory cytokines by PBMCs
and verified that this extract significantly inhibited the secretion of IL-2, IL-6, IL-10,
TNF, and IL-17A at 25 and 50 μg/ml. Cordeiro et al. (2022) evaluated the immuno-
modulatory potential of C. forskohlii (Syn.: Plectranthus barbatus) leaf aqueous
extract (CFA) and acetone: water (7:3) organic extract (CFO). CFO at 100 μg.mL-1

significantly inhibited IFN-γ and IL-17A cytokines.

5.2.29 Analgesic Activity

Ezeonwumelu et al. (2019) investigated the analgesic activity of aqueous leaf extract
of C. forskohlii (Syn.: Plectranthus barbatus) at 100, 200, and 400 mg/kg of body
weight. Tail-flick test was nonsignificant while formalin-induced pain test
demonstrated significant activity.

5.2.30 Antiprotozoal Activity

Chromatographic separation of the n-hexane extract of the aerial part of C. forskohlii
led to the isolation of five abietane-type diterpenes: dehydroabietane (1);
5,6-didehydro-7-hydroxy-taxodone (2); taxodione (3); 20-deoxocarnosol (4); and
6α,11,12,-trihydroxy-7β,20-epoxy-8,11,13-abietatriene (5) (Mothana et al. 2014).
The isolated abietane-type diterpenes were tested in vitro for their antiprotozoal
activity against erythrocytic schizonts of Plasmodium falciparum, intracellular
amastigotes of Leishmania infantum, Trypanosoma cruzi, and free trypomastigotes



of T. brucei. Compound (2) 5,6-didehydro-7-hydroxy-taxodone showed remarkable
activity with acceptable selectivity against P. falciparum and T. brucei. Compounds
(3)–(5) exhibited non-specific antiprotozoal activity due to high cytotoxicity.
Dehydroabietane showed no antiprotozoal potential.
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Methanolic extract from C. forskohlii leaves showed in vitro anti-trypanosomal
activity (dos Santos et al. 2012). The bioassay-guided fractionation resulted in the
isolation of a gallic acid derivative, identified as 1,2,3,4,6-penta-O-galloyl-{beta}-
D-glucose (PGG). This compound was tested against trypomastigote forms of
T. cruzi and displayed an EC{sub 50} value of 67 {mu}M, at least 6.6-fold more
effective than the standard drug benznidazole.

5.2.31 Antimalarial Activity

Lawi et al. (2018) evaluated the antimalarial activity of C. forskohlii (Syn.:
Plectranthus barbatus) extracts. Extracts from leaves are more active against Anoph-
eles gambiae with LC50 = 55.65 μg/mL followed by twigs and roots with
LC50 = 465 μg/mL and LC50 = 636 μg/mL at 72 h exposure, respectively. Twig
extracts showed a moderate effect on both A. gambiae and A. eagyptiae after 48 h
and 72 h exposure time with a 100% (MRC) Mortality Rate Concentration of
>1000 μg/mL.

5.2.32 Anthelmintic Activity

Sirama et al. (2019) investigated anthelmintic activity of C. forskohlii (Syn.:
Plectranthus barbatus) (leaves) used by traditional medicine practitioners of Migori
County using adult Haemonchus contortus. The anthelmintic activities of 6.25 mg/
mL, 12.5 mg/mL, and 25 mg/mL concentrations of water, acetone, and methanol
crude extracts of C. forskohlii (leaves) were compared with the effect produced by
the standard drug albendazole. Death of H. contortus worm was determined within a
period of 24 h. The extract had mean mortality of 0–16.7% at 6.25 mg/mL;
3.3–26.7% at 12.5 mg/mL; and 6.7–33.3% at 25 mg/mL.

5.2.33 Gastroprotective and Anti-Helicobacter pylori Effects

Pezzin et al. (2017) reported gastroprotective and anti-Helicobacter pylori effects of
C. forskohlii (Syn.: Plectrnthus barbatus). The oral treatment with the extracts
showed gastroprotection ranging 60–71%. The anti-H. pylori results were signifi-
cant, showing MIC of 256 μg/mL for the ethyl acetate fraction (EAF) and 512 μg/mL
for the aqueous extract. Porfirio et al. (2010) also reported gastroprotective activity
of herbal tea of C. forskohlii.
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5.2.34 Other Uses

Alwyn andWhite (1992) reported that forskolin acts as a noncompetitive inhibitor of
nicotinic acetylcholine receptors. And according to Roger et al. (1987), regulation of
dog thyroid epithelial cell cycle was achieved by forskolin and adenylate cyclase
activator. Chen et al. (2009) conducted an in vitro skin diffusion study of pure
forskolin versus forskolin containing C. forskohlii root extract.

5.3 Nano-Emulsions and Nanoparticles as Vehicles for Topical
Delivery of Forskolin

Miastkowska et al. (2017) reported the effect of nano-emulsions as vehicles for
topical delivery of forskolin topical administration.

Forskolin-loaded human serum albumin nanoparticles (FR-HSANPs) were suc-
cessfully prepared by incorporation and affinity-binding methods by Nagati et al.
(2020). The drug loading was more than 88% and further sustained release profiles
were observed as it is 77.5% in 24 h time. The cytotoxicity results with HepG2 cells
indicated that FR-HSANPs showed significantly higher cytotoxicity and lower cell
viability as compared to free forskolin (FR). Further, Nagati et al. (2020) used
circular dichroism and molecular dynamics simulations to elucidate the possible
structural changes including local conformational changes and rigidity of the
residues of both HSA and HSA-forskolin complexes.

5.4 Intestinal Permeability of Forskolin

The intestinal permeability of forskolin was investigated by Liu et al. (2012) using a
Single-Pass Intestinal Perfusion (SPIP) technique in rats. Three different
concentrations of forskolin (11.90, 29.75, and 59.90 μg/mL) were used to study
the permeability across duodenum, jejunum, ileum, and colon. The results of the
study indicated that forskolin could be absorbed in all the segments of the intestine
with an effective permeability (P (eff)) comparable to that of drugs with high
intestinal permeability. The P (eff) was highest in the duodenum as compared to
other intestinal segments and decreased at highest concentration of Forskolin,
suggesting a saturation of permeability. Forskolin was found to be a substrate for
P-glycoprotein (PgP) as the addition of verapamil (inhibitor of PgP) could enhance
its permeability across the rat jejunum. After oral administration in humans, the
absorbed fraction of dissolved forskolin was estimated to be 100% calculated from
rat P (eff). In conclusion, dissolved forskolin can be absorbed readily in the intestine.



92 5 Pharmacology of Coleus forskohlii and Forskolin

5.5 Effects on Pregnancy

Toxic effects of C. forskohlii were investigated during the different periods of
pregnancy in rats. Hydroalcoholic extract of C. forskohlii at 880 mg/kg/day exerted
a variety of toxic effects including delay in fetal development and imposed anti-
implantation. After embryo implantation, a delay in the development associated with
maternal toxicity was observed (Almeida and Lemonica 2000). Hence, care should
be taken in consuming C. forskohlii during gestation period.

5.6 Toxicological Studies

Acute, subacute, chronic oral toxicity, and mutagenicity of hydroethanolic extract of
C. forskohlii (CF), standardized to 10% forskolin was investigated in male and
female Wistar rats. A single dose of 2000 mg/kg body weight once daily for
14 consecutive days was evaluated for toxicity, general behavior, and pharmacolog-
ical effects. In subacute oral toxicity, the test substance was administered for 28 days
with daily doses of 100, 300, and 1000 mg/kg body weight. No deaths were reported
in all the toxicity studies performed. No significant changes were observed in the
hematology and serum biochemistry values from the control group animals. CF
extract (10% forskolin) did not produce any significant toxic effects in Wistar rats at
1000 mg/kg body weight and had no potential to induce mutagenicity (Majeed et al.
2015a). Acute toxicity tests by Ezeonwumelu et al. (2019) revealed no deaths in rats
after oral treatment with up to 10,000 mg/kg of extract.

A post-marketing nationwide online survey was conducted by Nishijima et al.
(2019) for the herbal ingredient C. forskohlii extract (CFE). The fitted curve showed
that the safe intake amount of CFE was less than 250 mg/day; however, considering
its effectiveness, 500 mg/day of CFE might be acceptable.

5.7 Antifeedant Activity

An aphid antifeed diterpene, plectrin isolated from C. forskohlii showed antifeedant
activity to the green bug Schizaphis gramineum and pink bollworm Pectinophora
gossypiella. A 50% feedant inhibition was observed at 50 and 100 ppm of plectrin
(Kubo et al. 1984).

5.8 Patents

A variety of pharmacological activities of C. forskohliiwere the subjects of a number
of patents, for example, lean body mass and energy balance (Majeed 1998, 2005,
2008, 2018a, b, 2019a, b, 2020), antispasmodic effects on smooth muscle of the
respiratory system, antiasthmatic, cough-relieving and phlegm-expelling (Zhang
et al. 2005; Liu et al. 2006; Jin et al. 1997), inhibition of the absorption of alveolar



bones (Tanaka 2003), reduction of the total body weight (Godard et al. 2005;
Badmaev and Majeed 2007), induction of lipolysis in rat adipose tissue (Yamashita
et al. 2004), and inhibition of the α-glucosidase (Miura 2007) as well as promotion of
subcutaneous fat decomposition (Saito et al. 2000). Other patents presented an
antiallergic effect (Kawakami 2003), hair-loss preventing effect and activation of
the process of melanogenesis (Bonte et al. 1999), an antiaging effect (Adachi et al.
1996) as well as antimicrobial activity of the essential oil (Majeed and Prakash
2003).
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Micropropagation of Coleus forskohlii 6

Abstract

Forskolin is obtained from Coleus forskohlii, which is the only known source of
this compound. The current requirements of forskolin are met through large-scale
propagation, the herbal industry faces huge problems due to variations in
forskolin content in the cultivated materials. The growing demand for forskolin
as a potent therapeutic agent and the problems associated with obtaining consis-
tent yields have led to the alternative sources and evaluation of various biotech-
nological tools for sustainable production of forskolin. This chapter gives the
protocols for micropropagation of C. forskohlii. Details of the explants, methods
of sterilization, medium components, growth hormones, their concentrations,
rooting, and acclimatization methods are given.
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BAP 6-Benzyl aminopurine
B5 medium Gamborg medium
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2,4,5-TP 2,4,5-Trichloropropionic acid
GA3 Gibberellic acid
HgCl2 Mercuric chloride
IAA Indole-3-acetic acid
IBA Indole-3-butyric acid
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MS medium Murashige and Skoog medium
NAA α-Naphthalene acetic acid
Picloram 4-Amino-3,5,6-trichloropicolini acid
SCC Standard Culture Conditions

6.1 Introduction

Forskolin is obtained from Coleus forskohlii, which is the only known source of this
compound. The importance of wild C. forskohlii and its forskolin was realized only
4–5 decades ago. The growing demand for forskolin as a potent therapeutic agent
and health supplement for glaucoma, obesity, congestive cardiomyopathy, and
asthma helped entrepreneurs to work on the species aggressively and bring it to
the commercial cultivation through contract farming. The current requirements of
forskolin are met through large-scale propagation, but the herbal and nutraceutical
industries always look for controlled chemistry and consistency in the desired
content in the cultivated crops. Somehow, the cultivated C. forskohlii crops show
a lot of variations in forskolin content because of various factors, which range from
0.1% to 0.44% (Vishwakarma et al. 1988). The growing demand for forskolin and
inherent problems associated with obtaining consistent yield from cultivated sources
have led to the evaluation of various biotechnological tools for sustainable produc-
tion of forskolin. Petersen (1994) reviewed in vitro culture and the production of
forskolin from C. forskohlii. Chandel and Sharma (1997) gave a detailed review on
micropropagation of Coleus forskohlii. Similarly, Nagpal et al. (2008) reviewed
micropropagation and in vitro production of secondary metabolites in various
species of Coleus. Velmurugan et al. (2010) reviewed direct and indirect organo-
genesis in C. forskohlii. Recently, Mitra et al. (2020) have given a detailed review on
the methods of micropropagation of C. forskohlii.

Selection of quality planting material with desired traits like high yield, disease /
pest and drought resistance, chemical contents, etc. is very important. Tissue culture
methods have been studied in the case of C. forskohlii to take care of large-scale
plantations with desired uniform quality. Aspects related to explant, media
constituents for shoot induction, rooting, acclimatization and in vitro conservation
studies are discussed here.

6.2 Explant

Micropropagation protocol relies upon the type of explants, time of collection, and
optimization of surface sterilization methods (Suryanarayana and Pai 1998). In case
of C. forskohlii, the best response from the explants was reported when the plants
were collected and inoculated from the months of March to August (Kaul et al.



2015). Explants were taken either from in vitro plants or field grown (in vivo) plants
or from both sources (Thangavel et al. 2014a, b). Sen et al. (1992) used 30 days old
aseptically germinated seedlings as the experimental material for shoot tip and callus
culture. The shoots tips and side shoots collected from plants maintained ex situ have
been the preferred choice of explants for initiating in vitro cultures by many workers
(Mukherjee et al. 1996; Tefera 1998).
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The choice of the explants is an important factor when developing a process for
in vitro propagation. In C. forskohlii various explants—shoot tip, nodal segment,
root, hypocotyl, and leaf—have been utilized in both direct and indirect organogen-
esis experiments. Most commonly, the shoot tip (Sen and Sharma 1991; Sen et al.
1992; Reddy et al. 2001; Bhattacharya and Bhattacharya 2001; Asamenew and
Narayanaswamy 2004; Rajasekharan et al. 2005, 2010; Sreedevi 2006; Sreedevi
et al. 2013b; Vibhuti and Kumar 2019), and nodal segment (Sharma et al. 1991;
Asamenew and Narayanaswamy 2004; Rajasekharan et al. 2005, 2010; Sreedevi
2006; Dube et al. 2011; Sahai and Shahzad 2013; Sreedevi et al. 2013b, Sreedevi and
Pullaiah 2014; Thangavel et al. 2014a, b; Mahmoud et al. 2019) were used in almost
all micropropagation experiments. However, shoot tip is the explant of the choice
since it is easily obtainable and also produces genetically stable propagules (Mitra
et al. 2020). In contrast, during screening experiments by Sreedevi et al. (2013b) it
was found that nodal explants exhibited relatively better response. Nodal explants
implanted on MSmedium with 0.5 mg/l BAP actively proliferated after 7–10 days of
initiation resulting in higher percent (96.67%) of multiple shoots, whereas shoot tip
exhibited a lower percentage of frequency (76.67%) with delayed response starting
from 12 to 14 days. Leaf was also used as an explant source for both direct and
indirect experiments (Figs. 6.1a and 6.2a, b) (Reddy et al. 2001; Ashwinkumar 2006;
Krishna et al. 2010; Sahai and Shahzad 2010; Gopi and Mary 2014; Gangopadhyay
et al. 2016; Vibhuti and Kumar 2019). Sreedevi et al. (2013a) used petiole and
internode also as explants for callus induction and the best response was obtained
with leaf explants for callus induction. Senthil Kumar et al. (2019) used young
leaves as an explant source for both direct and indirect regeneration. Sen et al. (1992)
used hypocotyls as explants while Tripathi et al. (1995) used root as explants.
Praveena et al. (2012) and Kaul et al. (2015) reported that among the three explants
(leaf, node, and shoot tip) shoot tip showed the best response.

When apical shoot tip and nodal segment were used as explant on MS media
supplemented with NAA (1 mg/ml) and BAP (2 mg/ml) the explant propagated
effectively after 15 days of incubation (Sharan et al. 2014). Compared to the nodal
segment (as explant) the proliferation in apical tip (as explant) was more robust.
Only shoot induction could be visualized when nodal segment was used as explant
but, both rooting and shooting could be noticed in apical tip when used as explant.
For propagation of both the explants composition of media was same (MS,
supplemented with BAP (2 mg/l) and NAA (1 mg/l). The media has influenced
both rooting, shooting, and multishooting in the apical tip its effect has been
restricted to shooting and multishooting in the nodal segment (Sharan et al. 2014).

With a view to establishing clean cultures various surface sterilants with various
concentrations and treatment durations are employed. The leaves/shoots are washed



thoroughly with Tween-20 followed by tap water and treated with 0.1% Bavistin for
about 45 min. For sterilization of actively growing shoots which are most sensitive to
the sterilizing process, a weak solution of HgCl2 (0.1–0.2%) is generally used.
Sreedevi and Pullaiah (2014) and Thangavel et al. (2014a, b) used 70% (v/v) ethyl
alcohol as surface sterilant while Bhattacharya and Bhattacharya (2001) and Dube
et al. (2011) used antibiotics like streptocycline as a surface sterilant. If the duration
of sterilization is correctly chosen microorganisms are destroyed and plant tissues
are not damaged. Treatment with 0.1% mercuric chloride solution for 4–5 min
resulted in 80–95% sterile cultures (Kaul et al. 2015). If the treatment time is
below 4 min or above 5 min, the sterilization percentage is low and the culture
gets dehydrated. Similarly, explants treated with 70% ethyl alcohol get dehydrated,
irrespective of the duration of the treatment.
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Fig. 6.1 Direct regeneration of shoots from leaf explants of Coleus forskohlii: (a) Shoot buds
regenerated on MS medium with 5.0 mg L-1 BAP after 28 days; (b) Shoot bud elongation on MS
medium with 0.1 mg L-1 BAP and 0.1 mg L-1 IAA; (c) Rooting of regenerated shoot on ½ MS
media; (d) Plants transferred in greenhouse (Source: Krishna et al. 2010)

Chouhan et al. (2020) also reported that the explant when treated with 0.1%
mercuric chloride solution for 4–5 minutes, offered a more sterile culture. Surface
sterilization with mercuric chloride with concentrations (0.1 g/L) for15 min was
carried out by Mahmoud et al. (2019).
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Fig. 6.2 Direct regeneration of shoots from leaf explants of Coleus forskohlii: (a) Shoot buds
regenerated on MS medium with Kinetin 2.0 mg/l + NAA 0.5 mg/l after 25 days; (b, c) Multiple
Shoots development on KIN 1 mg/l + NAA 0.1 mg/l; (d, e) Elongated shoots; (f). Rooting of
regenerated shoot on ½ Strength MS media; (g, h) In vitro Accamalization and hardening; (i) Plants
transferred in greenhouse conditions (Source: Senthil Kumar et al. 2019)
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6.3 Media Constituents for Shoot Induction

MS medium (Murashige and Skoog 1962) has been used in most of the
micropropagation experiments of C. forskohlii in both direct and indirect organo-
genesis. Mandler-Henger (1988), however, used BS medium (Gamborg et al. 1968)
for both callus formation and shoot induction. Swaroopa et al. (2016) tested the
effectiveness of three media—MS, B5, and LS—for callus induction and they
reported that MS medium was more effective for callus induction. Mahmoud et al.
(2019) used MS medium for micropropagation of C. forskohlii (Syn.: Plectranthus
barbatus).

Three percent (w/v) sucrose has been used in most of the experiments as a carbon
source (Rajasekharan et al. 2010; Sahai and Shahzad 2010). Sreedevi et al. (2013b)
suggested the usage of cane sugar instead of sucrose displayed a positive response.

Shoot tips and nodal segments were cultured by Asamenew and Narayanaswamy
(2004) on MS medium fortified with various concentrations of Kn. Results were
better on MS medium supplemented with 1 mg/l Kn. Rajasekharan et al. (2005)
reported that multiple shoots were induced from shoot tips and nodes on MS basal
medium supplemented with 0.54 μM NAA and 8.87 μM BAP. When the concentra-
tion of BAP was gradually decreased, it led to amplification of shoot multiplication
and finally BAP was omitted after 4 months. Rajasekharan et al. (2010) reported that
C. forskohlii culture could be maintained at Standard Culture Conditions (SCC) for a
period of 3 months and at 10 °C with low light intensity for a period of 6 months
without subculture.

B5Medium (Gamborg et al. 1968) has been used for both callus induction and for
plant regeneration by Balasubramanya et al. (2012). Sreedevi et al. (2013a) reported
that for callus induction, in the presence of 2,4-D (2 mg/l), B5 medium responded
best for all explants when compared to MS medium, but better multiplication rate
and healthy shoot buds developed on MS medium. Thus, indirect organogenesis was
done in two steps.

Plant cultures are greatly influenced by physical factors such as temperature,
relative humidity, and light. In C. forskohlii, the desirable photoperiod for better
micropropagation was found to be 40–200 μmol/m2/s. Further, the photoperiod
duration was similar for all in vitro experiments, i.e., 16 h light and 8 h dark. In
C. forskohlii, the temperature regimes for all the in vitro experiments were
maintained in the range of 25 ± 2 °C (Kaul et al. 2015; Vibhuti and Kumar 2019).

High forskolin-yielding plants of C. forskohlii by somaclonal variation or UV
mutation were made by Mandler-Henger (1988). The cultures were established on
B5 medium with growth regulators, 2, 4-D and Kn, for callusing and BAP and IAA
for shooting and rooting, respectively. Essentially, the same was done with micro
calli after treating them with different doses of mutagenic UV.

Sen and Sharma (1991) could obtain shoot multiplication in vitro from shoot tip
explants within 20–25 days from 30 days old aseptically germinated seedlings of
C. forskohlii, using 2 mg/l of BAP. Different auxins supplemented at the level of
0.05 mg/l with BA did not yield better results. Sharma et al. (1991) reported that
in vitro clonal multiplication of C. forskohlii has been achieved on MS medium



supplemented with Kn (2 mg/l) and IAA 1 mg/l) using nodal segments. Shoots
multiplied at a rate of 12-fold every 6 weeks.
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The shoot cultures initiated from shoot tip explants developed multiple shoots
with unorganized tissues at the cut ends on un-supplemented MS basal medium as
well as on MS medium supplemented with BAP (0.5–2.5 mg/l) (Sen et al. 1992).
The best effect was observed with 2 mg/l BAP. Malathy and Pai (1999) obtained
callus by culturing leaf, stem, and root on MS medium supplemented with auxins
NAA, 2,4-D, IBA, and IAA. Callus of stem origin exhibited a greater potential for
organogenesis than callus originating from other organs.

Asamenew and Narayanaswamy (2000) could obtain regenerated plants of
C. forskohlii in a two-step culture. Callus was obtained from shoot tip explants
cultured on MS medium containing IAA (1 mg/l) and BAP (1.5 mg/l). From
compact greenish callus on passage to MS basal medium containing various
concentrations and combinations of IAA and Kn adventitious shoots (17.33) were
obtained. On the medium containing IAA (1 mg/l) and Kn (2 mg/l) the response was
better. The authors also presented a method for the rapid in vitro propagation of
C. forskohlii from shoot tips and nodal segments which were cultured on MS
medium fortified with different concentrations of Kn and better results were obtained
with 1 mg/l Kn (Asamenew and Narayanaswamy 2004).

Bhattacharya and Bhattacharya (2001) reported a maximum of 12 multiple shoots
from shoot tip explants of C. forskohlii on MS medium fortified with 0.46 mM Kn
and 0.57 mM IAA. These multiple shoots exhibited 100% sprouting and developed
into individual shoots.

Reddy et al. (2001) cultured leaf segments on MS medium fortified with Kn
(0.4–9.3 μM) alone or in combination with 2.4-D (2.2 μM or 4.5 μM). After 4 weeks
of inoculation, all the cultured leaf segments showed growth of callus from the cut
ends of leaf. However, Kn alone showed prominent growth of callus. Supplementa-
tion of 2,4-D did not enhance callus formation. The callus developed on this medium
subsequently turned brown within 4 weeks of culture. When this callus was
subcultured on MS medium containing various amounts of Kn, the formation
of adventitious shoot buds was noticed from the surface of the callus within
3 weeks of culture. Formation of leaves and shoot elongation were noticed within
8 weeks of culture. The frequency of shoot regeneration was the highest at
4.6 μM Kn.

Protocol for indirect regeneration of C. forskohlii from leaf explants was given by
Anbazhagan et al. (2005). Callus induction was obtained on MS medium fortified
with BAP (1 mg/l) along with NAA (2 mg/l). After 7 weeks of initial culture
regeneration of shoots was observed. On medium fortified with 1 mg/l BA alone
maximum number of shoots (23.80 ± 1.47 shoots) were obtained.

Different urea-derived herbicides and various cytokinin analogues were used to
determine their effects on callusing response and shoot regeneration capacity of
C. forskohlii (Srinivasan et al. 2006). Among them, monuron and diuron evoked
profuse callusing responses from leaf segments on MS medium. Herbicide monuron
(2 mg/l) showed a maximum of 3 multiple shoots/explant with a frequency of 75%



whereas diuron (0.5 mg/l) showed a higher frequency of shoot regeneration (90%)
with a mean number of 6 shoots/explant.
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MS medium supplemented with 5 mg/l BAP promoted regeneration of multiple
shoots through direct organogenesis from the leaf (Fig. 6.1a–d) (Krishna et al. 2010).
These were further elongated on MS media supplemented with 0.1 mg/l BAP and
0.1 mg/l IAA. Mahmoud et al. (2019) cultured the nodes on MS medium fortified
with different concentrations of cytokinins (BA, Kn, and TDZ). The mean number of
axillary shoots per explant of C. forskohlii reached the highest value of 6.19 on MS
medium containing 2.0 mg/l TDZ. Where, the highest value of mean length was
6.44 cm on MS medium containing 1.0 mg/l Kn.

Senthil Kumar et al. (2019) obtained in vitro regeneration using leaf explants of
C. forskohlii through indirect and direct organogenesis. In direct regeneration
method, the maximum direct shoot proliferation was observed on leaf explant in
Kn (2.0 mg/l) with NAA (0.1 mg/l) (Fig. 6.2a–i). In the indirect regeneration
method, the growth regulator combination which produced highest percentage of
organogenic callus induction from leaf explant was Kn (1.0 mg/l) (Fig. 6.3a–h).
Highest shoot buds and multiple shoots were produced from callus clump with Kn
(1.0 mg/l) + NAA (0.1 mg/l).

Rajasekharan et al. (2010) reported that the nodal segments of C. forskohlii
cultured on ½MS + 8.84 μM BAP + 0.54 μM NAA produced 2 shoot buds after
8–10 days of culture. Within 90 days C. forskohlii achieved a height of 3.53–4.80.

The effect of various auxins, i.e., NAA, IBA, and IAA (0.1–1.0 μM) along with
optimal concentration of BAP was assessed on leaf explants by Sahai and Shahzad
(2010). They reported that BAP (2 μM) in combination with NAA (0.1 μM) proved
to be most responsive with approximately 35 shoots/ explant and 5.4 cm mean shoot
length/ culture. Histological studies by Sahai and Shahzad (2010) clearly established
the endogenous origin of shoot buds from the Base Petiole Transition (BPT) region.
Shoot buds can either originate endogenously from perivascular cambium or exoge-
nously from single epidermal cells. Meristematic zone formation by continuously
dividing cells in cortex near the vascular region showed the perivascular origin of
shoot buds (Fig. 6.4 A-E). The formation of shoot buds from the leaf surface was
found to be exogenous with only the epidermis being involved in shoot formation.

Among two cytokinins (BAP and Kn), BAP at 1.5 mg/l was found to be superior
for shoot regeneration (Dube et al. 2011). Among different concentrations of BAP,
1.5 mg/l was found to be optimum in terms of percent response (96.7), shoot length
(5.1 cm), and number (4.7) of shoots per explant. Balasubramanya et al. (2012)
reported that the leaf explants inoculated on medium supplemented with Kn at a
concentration of 3 mg/l produced hard nodular callus intermixed with small green
and white protuberances. Shoot buds and roots were regenerated randomly from the
surface of the callus.

Praveena et al. (2012) reported that MS medium fortified with 2,4-D at 1.5 mg/l
registered highest response for callus induction. Among explants, shoot tip explants
registered the highest growth (898.04 mg fr. Wt.) at 1 mg/l IBA followed by leaf
lamina explants (575.85 mg fr. Wt.). 2, 4-D at various concentrations induced the
highest growth increment and formation of callus in node and leaf lamina explants



(Table 6.1). Callus was initiated in all the explants after 2 weeks in culture. Shoot tip
explants were more proliferative and registered the highest growth 1951.94 mg
fr. Wt. at 1.5 mg/l 2, 4-D concentration. The authors reported that 0.5 mg/l BAP
was found best for shoot induction.
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Fig. 6.3 Mass Shoot propagation from the leaf-derived organogenic callus of C. forskohlli (a) leaf
explant; (b) organogenic callus from leaf explant in KIN 1.0 mg/l; (c) Shoot bud induction from
leaf-derived callus; (d) mass multiplication in Kn 1.0 mg/l + NAA 0.5 mg/l; (e) elongated shoots; (f)
Rooting of regenerated shoot on½MSmedia; (g) In vitro Accamalization and hardening; (h) Plants
transferred in greenhouse conditions (Source: Senthil Kumar et al. 2019)

Sahai and Shahzad (2013) reported a high-frequency regeneration system for
micropropagation of C. forskohlii. Shoot multiplication was achieved through



axillary bud development and direct adventitious shoot formation in nodal explants
on MS medium containing BAP (5 μM).
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Fig. 6.4 (a, b) Shoot induction from base petiole transition (BPT) in leaf explants on BA (2 μM),
(c) Whole basal leaf lamina involved in shoot organogenesis on BA (2 μM) in 4-week-old culture,
(d) Shoot multiplication and elongation in 4-week-old culture on combination medium, and (e)
Shoot proliferation in 6-week-old culture on BA (2 μM) + NAA (0.1 μM) (Source: Sahai and
Shahzad 2010)

For induction of callus Atulkar et al. (2014) inoculated the leaf explants on MS
medium fortified with various concentrations of 2,4-D ranging from 0.01 to 2.5 mg/l.
The callus was subcultured onto MS medium fortified with various concentrations
and a combination of auxins (NAA) and cytokinin (BAP) showed an organic
response and produced multiple shoots.

Gopi and Mary (2014) reported that highest callus induction was 80% at the end
of the fourth week and it was recorded on a medium fortified with 0.5 mg/l of 2,4-D
and 1.0 mg/l of BAP. Somatic embryogenesis was achieved on medium fortified
with the combination of BAP (1.0 mg/l) + NAA (1.0 mg/l) + Kn (0.5 mg/l). The
highest number of somatic embryos per culture was 28.5.

Sreedevi and Pullaiah (2014) described a large-scale micropropagation protocol
for C. forskohlii. MS medium fortified with BAP (0.25 mg/l) and Kn (0.25 mg/l)
resulted in an average of 41 multiple shoots. Thangavel et al. (2014a, b) reported a
maximum number of 9.95 shoots with 88.6% regeneration frequency from in vitro
nodal explants cultured on MS medium fortified with 4.65 μM Kn. In vivo node
explants produced a maximum of 8.47 shoots on MS medium fortified with 4.65 μM
Kn + 1.73 μM GA3. Shoot apices when cultured on a medium with 2 mg/l BAP
showed the best morphogenetic response (with 15–20 shoots per explants and 80%
response) (Kaul et al. 2015).

Vibhuti and Kumar (2019) cultured shoot tip, node, and leaf on MS medium with
different plant growth regulators. Adventitious shoots developed after 7 days from
shoot tip explants when cultures on a medium containing 2 mg/ BAP and 1 mg/l Kn
while callus was formed from leaf explants on a medium fortified with 1 mg/l NAA.
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Table 6.1 A detailed report on various tissue culture studies of Coleus forskohlii to date

Culture medium + Plant Growth
Regulators (PGRs) mg/l

Leaf For callus induction
B5 + 2.3 μM 2,4-D + 0.93 μM
Kn
For shoot induction
B5 + 5μMBAP

Callus formation
Shoot induction

Mandler-Henger
1988

Shoot tip MS+ 2 mg/l BAP Multiple shoots Sen and Sharma
1991

Nodal
segment

MS + 2 mg/l Kn + 1 mg/l IAA
For rooting MS + 1 mg/l IAA

Multiple shoots
Rooting

Sharma et al.
1991

Shoot tip MS + 2 mg/l BAP 80–90% response Sen et al. 1992

Leaf, stem,
root

MS+ combination of different
concentrations of IAA + IBA

Malathy and Pai
1999

Shoot tip For callus induction MS + 1 mg/
l IAA + 1.5 mg/l BAP
For shoot induction MS + 1 mg/
l IAA + 2 mg/l Kn

Callus formation and
adventitious shoots

Asamenew and
Narayanaswamy
2000

Shoot tip
Nodal
segment

MS +0.46 mM Kn +0.57 mM
IAA
MS +0.46 mM Kn +0.57 mM
IAA

Twelve shoots per
explant
100% response

Bhattacharya and
Bhattacharya
2001

Leaf For callus induction
MS + 2.4 μM Kn
For shoot induction
MS + 4.6 μM + 0.54 μM NAA

Callus growth
prominent
Multiple shoot

Reddy et al. 2001

Shoot tip,
nodal
segment

MS+ 1 mg/l Kn Multiple shoots Asamenew and
Narayanaswamy
2004

Leaf For callus induction MS + 1 mg/
l BAP + 2 mg/l NAA
For regeneration MS + 1 mg/l
BAP

Profuse callus
23 shoots

Anbazhagan et al.
2005

Shoot tip,
node

MS + 0.54 μMNAA + 8.87 μM
BAP

Multiple shoots Rajasekharan
et al. 2005

Nodal
segment, leaf

For callus induction MS+ 2 mg/
l 2,4-D
For shoot induction
MS + 0.5 mg/l Kn

Nodular, compact,
green callus
Multiple shoots

Ashwinkumar
2006

Leaf MS+ monuron+diuron
MS+ 2 mg/l monuron
MS+ 0.5 mg/l diuron

Callus formation
75% regeneration
90% regeneration

Srinivasan et al.
2006

Leaf MS + 5 mg/l BAP 76.4% response Krishna et al.
2010

Shoot tip,
nodal
segment

½ MS + 8.87 μM
BAP + 0.54 μM NAA

2 shoot buds per
explant

Rajasekharan
et al. 2010

Leaf MS+ 2 μM BAP + 0.1μMNAA 35 shots per explant Sahai and
Shahzad 2010
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Table 6.1 (continued)

Culture medium + Plant Growth
Regulators (PGRs) mg/l

Nodal
segment

For shoot induction
MS + 1.5BAP
For root induction MS+ no
growth regulators

96.7% response, 4.7
shots/explant

Dube et al. 2011

Leaf For callogenesis B5 + 2,4-D,
2,4,5-T, 2,4,5-TP, Picloram
For multiple shoot induction
B5+ 0.5 mg/l BAP,
B5 + 0.5 mg/l Kn

Friable callus
Green shoot buds
without callus

Balasubramanya
et al. 2012

Leaf, node,
shoot tip

For callus induction MS
+1.5 mg/l 2,4-D
For shoot induction
MS + 0.5 mg.l BAP
For rooting

Shoot tip showed best
response

Praveena et al.
2012

Leaf MS + 2 μM BAP + 0.1 μM
NAA

35 shoots per explants Sahai and
Shahzad 2013

Leaf,
internode,
petiole, leaf

For callus induction B5 + 2 mg/l
2,4-D and MS + 2 mg/l 2,4-D
For shoot induction MS+ 2 mg/l
BAP + 1 mg/l NAA
For rooting ½ MS

98% response was in
leaf explants on B5
medium
53.33% response with
leaf explant

Sreedevi et al.
2013a

Node
Shoot tip

MS + 0.5 mg/l BAP
MS + 0.5 mg/l BAP
For rooting ½ MS

96.67% response with
36 shoots
76.67% response

Sreedevi et al.
2013b

Leaf Callus induction MS+ 1 mg/l
2,4-D + 0.5 BAP
Shoot induction MS+ 0.5 mg/l
BAP + 0.1 NAA

Profuse callus
80% response with
3 shoots/explant

Atulkar et al.
2014

Leaf For callus induction MS + 1 mg/
l 2,4-D
For somatic embryogenesis
1 mg/l BAP + 1 mg/l NAA + 0.
mg/l Kn

80% response
72% response

Gopi and Mary
2014

Nodal
segment

MS + 0.25 mg/l
BAP + 0.25 mg/l Kn
For rooting ½ MS

41 multiple shoots per
explant

Sreedevi and
Pullaiah 2014

Nodal
segment

For shoot induction
MS + 4.65 mM Kn
For rooting MS + 7.38 μM IBA

88.6% response with
9.95 shoots per explant

Thangavel et al.
2014a, 2014b

Apical and
axillary
meristem

For shoot induction MS + 2 mg/
l BAP

80% response Kaul et al. 2015

Leaf Gangopadhyay
et al. 2016

Leaf For callus induction MS+ 2 mg/
l 2,4-D; MS+ 2 mg/l NAA

76.7% response Swaroopa et al.
2016
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Shoots originated directly at the axillary position of the nodal explants in presence of
cytokinins in the medium. Among two cytokinins (BAP and Kn), BAP at 1.5 mg/l
was found to be superior and production of multiple shoots. Janarthanam and
Sumathi (2020) reported that after 30 days of culture 24.3 shoots/ explant developed
on MS medium fortified with 4.44 μM BAP with 80% response and an average
length of 5.6 cm (Fig. 6.5a–f).
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Table 6.1 (continued)

Culture medium + Plant Growth
Regulators (PGRs) mg/l

Node MS + 2 mg/l TDZ Mahmoud et al.
2019

Shoot tip leaf
node

MS+ 1.5 mg/l BAP
MS+ 1 mg/l Kn
MS+ 1.5 mg/l BAP

Multiple shoots
Callus growth
Multiple shoots

Vibhuti and
Kumar 2019

Nodal For shoot induction MS+
4.44 μM BAP
For rooting ½ MS+ 2.46 μM
IBA

80% response, 24.3
shoots per explants
100% response

Janarthanam and
Sumathi 2020

Many growth adjuvants have been used for both callus induction and shoot
multiplication and coconut water is one among them. The main advantage of using
coconut water is to replace the hormones and to reduce the cost of the media. In
C. forskohlii, Sreedevi et al. (2013b) reported that MS basal medium with coconut
water exhibited multiple shoot regeneration, but lower than the medium fortified
with BAP (0.5 mg/l).

Different explants like leaf, node, and shoot tip of C. forskohlii were cultured by
Chouhan et al. (2020) on different hormone concentrations of MS medium. Nodal
explants in MS medium containing 2.0 mg/l BAP showed better multiplication at the
rate of 4–8 shoots per explant. Callus from leaves of C. forskohlii has been induced
in MS medium containing 1 mg/l 2,4-D and 0.5 mg/l BAP after 5 weeks of
incubation. The explants were subcultured and more shoots were obtained using
the growth hormones 1 mg/l IAA and 2 mg/l Kn. Chouhan et al. (2020) also studied
gene expression in C. forskohlii through plant tissue culture. In vitro optimal
multiplication of 20.4 ± 0.28 shoots per explant was achieved by Chakraborty
et al. (2022) in MS medium fortified with 1.0 mg/l BAP and 0.1 mg/l NAA.

6.4 Rooting and Acclimatization

Sen and Sharma (1991) reported that in 90% of the excised shoots, rooting occurred
on an un-supplemented basal medium within 20 d. The rooted shoots transferred to
soil showed 60% survival. Rooting was achieved by Sen et al. (1992) upon transfer
of shoots onto MS medium containing IAA (1 mg/l). In vitro produced plants were
established in soil with almost 100% survival.
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Fig. 6.5 (a) Mother plant of Coleus forskohlii (b–f). Stages of in vitro plant regeneration from
nodal explants of Coleus forskohlii. (b). Initiation of multiple shoots from nodal explant inoculated
on MS medium supplemented with BAP 4.44 μM after 2 weeks of culture. (c). Proliferation of
multiple shoots from nodal explants on MS containing BAP 4.44 μM after 30 days of culture. (d).
Rooting of in vitro regenerated shoots inoculated on half-strength MS containing 2.46 μM IBA. (e)
Healthy in vitro developed plantlet. (f) Well established and hardened in vitro plants transferred to
small paper pots (Source: Janarthanam and Sumathi 2020)

In general, rooting of regenerated shoots is a separate step in many
micropropagation protocols. However, the total time schedule was condensed to
only one step by Bhattacharya and Bhattacharya (2001). In vitro produced plants
were established in soil with almost 100% survival. Velmurugan (2007) reported
that for better rooting of callus-derived microshoots, the ideal medium was found to
be half strength MS medium fortified with IBA (0.2 mg/l).

Reddy et al. (2001) and Dube et al. (2011) also reported that rooting occurred
spontaneously in the regenerated on half-strength MS medium without growth
regulators. Leafy shoots derived from leaf callus were transferred to MS basal
medium for rooting and 1 week after inoculation, root formation was noticed from
the basal cut portion of the shoot. Reduction of MS salts to half-strength enhanced
root formation from the shootlets. The maximum frequency of root formation (80%),
number (25), and length (7.5 cm) of the roots were achieved in half-strength MS



medium without growth regulators. Rajasekharan et al. (2005, 2010) also reported
that rooting was simultaneous and occurred in the same medium on which multiple
shoots were induced, and there was no need to use a separate medium for rooting.
Rooting in multiplication media enabled successful establishment ex vitro and 85%
survival. High rooting frequencies were obtained from shoots of in vitro grown
plantlets by Sreedevi et al. (2013a, b) and Sreedevi and Pullaiah (2014)½MS devoid
of plant growth regulators. Regenerated plants were acclimatized in greenhouse
conditions and then transferred to soil with 100% survival.
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Krishna et al. (2010) transferred regenerated and elongated shoots to half-strength
MS medium with 1.5% sucrose which resulted in profuse rooting. Rooted plants
were acclimatized and transferred to soil and were maintained in a greenhouse.

Regenerated microshoots were transferred by Sahai and Shahzad (2010) to a root
induction medium composed of half-strength MS basal medium devoid of any PGR
as well as in combination with varying concentrations of IBA, NAA, and IAA
(1–5 μM) individually. Rhizogenesis was induced in the 2-week old culture.
Regenerated microshoots rooted spontaneously in half-strength MS medium devoid
of PGR. Rooted plantlets were transferred to thermocol cups containing soilrite for
proper hardening. Thereafter, the plants were potted in earthen pots containing a
mixture of garden manure: garden soil: soilrite (1: 2: 1) and kept under the sun in
field conditions. Rooting was induced by Praveena et al. (2012) with nodal explants,
cultured in MS medium fortified with BAP 1.5 mg/l + 2, 4-D 2 mg/l.

Regenerated shoots were subcultured by Thangavel et al. (2014a, b) on half-
strength MS medium with the supplementation of GA3 for shoot elongation.
GA3 + Kn (1.73+ 2.32 μM) was found to be more potent for shoot elongation
(8.36 cm shoot length) followed by GA3 (1.73 μM) alone with 7.58 cm shoot length.
Micropropagated shoots were rooted by Thangavel et al. (2014a, b) on MS medium
supplemented with 7.38 μM IBA, within 20 days of culture. In vitro raised plantlets
were hardened and subsequently transferred to the field conditions with a 90%
survival rate.

In C. forskohlii regeneration of shoots and roots are concomitant and no separate
treatments are required (Kaul et al. 2015). Rooted plants were separated carefully
and transferred to small pots containing vermiculite. Plantlets were then placed in the
greenhouse for 5 days and then transferred to the field for hardening with a 100%
survival rate. Senthil Kumar et al. (2019) obtained rooting of the regenerated shoots
on half-strength MS medium without any growth regulators. They reported that
addition of IAA and IBA suppressed rooting response of the regenerated shoots.
This is in contrast to the other reports. Mahmoud et al. (2019) reported that the mean
number of roots/explant of C. forskohlii reached the highest value and the mean
lengths were 30.00 and 11.8 cm, respectively, on 1/2 MS medium containing
0.5 mg/l IBA.

Janarthanam and Sumathi (2020) reported that the in vitro shoots showed a higher
response for the development of rooting on half-strength MS supplemented with
2.46 μM IBA. Maria et al. (2022) described a simple protocol for in vitro root
induction of C. forskohlii.
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The plants were successfully ex vitro adapted with 93.3% survival on the mixture
substrate of soil, peat, and sand (2:1:1 v/v/v). The maximum survival of in vitro
raised plantlets was obtained by transferring them to the potting mixture containing
equal parts of sand: red soil: vermiculite (1:1:1). The ideal hardening environment
was covering the plantlets with punched polythene covers and keeping them under a
mist chamber condition exerted greater survival percentage of plantlets (Velmurugan
2007; Velmurugan et al. 2008).

Mahmoud et al. (2019) reported that the survived acclimatized plants were 93%
after 2 weeks from transferring rooted plantlets on a mixture of soil, vermiculite, and
sand (2:1:1: v/v/v). After a month of transferring the rooted plantlets, the percentage
of surviving was 83%.

6.5 In Vitro Conservation

In vitro conservation studies of C. forskohlii were carried out by Rajasekharan et al.
(2005) with 2–3 week maintained in vitro plants under standard and reduced culture
conditions (SCC, RCC). In vitro plants could be successfully conserved in full
strength MS medium (FMS) under SCC for 6 months without subculture with full
potential to regenerate, producing viable shoots.

6.6 Conclusion and Future Prospects

Commensurate with the in vitro propagation studies, field performance studies of
in vitro raised plants need to be explored. Unfortunately, in the case of C. forskohlii,
very little importance is given lab to land aspect and hence restricted utility of this
technology. Further, not much work has been done on the use of elicitors, genetic
transformation, and somaclonal variations to develop high-yielding varieties. Trans-
lation of lab studies in the field for commercial production of desired high-yielding
genotypes in terms of biomass and forskolin content and disease and pest-resistant
varieties need to be looked into. The micropropagation protocols given above will be
useful for regeneration of genetically modified crop varieties. Since forskolin is
obtained from roots, hairy root culture using reactors needs to be studied for
commercial production of the forskolin.
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Abstract

Root of Coleus forskohlii is the only source of the labdane diterpenoid forskolin.
Forskolin is useful in preventing the clotting of platelets, in reducing intraocular
pressure in cases of glaucoma, as a hypotensive and as an aid to nerve regenera-
tion following trauma. To meet the ever-increasing demand for forskolin from the
pharmaceutical industry several attempts have been made to standardize and use
plant tissue culture techniques. In this chapter, methods of obtaining forskolin
through hairy root cultures, callus cultures, and suspension cultures have been
described in detail. The effect of various biotic and abiotic elicitors on forskolin
production has also been discussed.
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7.1 Introduction

Secondary metabolites are metabolically expensive to produce and accumulate and
are therefore frequently present in plants in much smaller quantities than primary
metabolites. In addition, secondary metabolites tend to be biosynthesized in
specialized cell types and at distinct development stages, making their extraction,
isolation, and purification difficult. Hence, secondary metabolites that are used
commercially are generally higher value-low volume products. Thus, secondary
metabolites can be considered special materials or fine chemicals (Balandrin and
Klocke 1988).

Large-scale culturing of plant cells is carried out in cell suspension systems from
which secondary metabolites can be extracted. The main advantage is it may provide
a continuous, reliable source of natural products year-round and may be more easily
purified, thus possibly reducing production and processing costs (Balandrin and
Klocke 1988). In the intact plant, the biosynthesis of secondary metabolites thought
to be protective compounds can be induced by stresses such as fungal infection.

Forskolin, a naturally occurring labdane diterpenoid, derived from the root of
C. forskohlii is gaining its importance globally. To meet the increasing demands of
pharmaceutical industry for production of forskolin attempts have been made to
standardize and use plant tissue culture techniques. Petersen (1994) reviewed in vitro
culture and the production of forskolin from C. forskohlii. Nagpal et al. (2008)
reviewed micropropagation and in vitro production of secondary metabolites in
various species of Coleus.

7.2 Organized Cultures

7.2.1 Hairy Root Cultures

Krombholz et al. (1990, 1992) established hairy root cultures using Agrobacterium
rhizogenes strain 15,834 on Gamborg’s B5 medium containing 1 mg/l IBA. The
biomass multiplied 20 times in 3 weeks. Though the forskolin yield was nearly the
same as with untransformed cultures, yet due to better growth, overall production of
forskolin was much higher (4.5 mg/l) for transformed root cultures. Hairy roots of
C. forskohlii were induced by Sasaki et al. (1998) by infection with the A. rhizogenes
MAFF 03-01724 strain for high forskolin production.

Mukherjee et al. (2000b) reported enhanced forskolin production in genetically
transformed cultures of C. forskohlii by casein hydrolysate. Mukherjee et al. (2002)
reviewed the studies on genetic transformation of C. forskohlii for forskolin
production.

The growth and rosemarinic acid (RA) production by C. forskohlii hairy root
cultures in various liquid media were examined by Li et al. (2005). The hairy root
cultures showed good growth in hormone-free MS medium containing 3% sucrose
and Gamborg B5 medium containing 2% sucrose. RA yield reached 4.0 mg



(MS medium) and 4.4 mg (B5 medium) after 5 weeks of culture in a 100-ml flask
containing 20 ml of each medium.
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Hairy root cultures developed from leaf explants of C. forskohlii upon infection
with A. rhizogenes strains A4 and LBA9402 for the production of forskolin were
investigated by Kukreja and Garg (2007). The hairy roots were excised and grown
on B5 medium. For root growth and biomass production B5 medium was less
responsive. Hence, all hairy root lines were transferred to a hormone-free WP liquid
medium which supported maximum hairy root biomass (6.33 g). The root biomass
further increased by 50% reaching 9.33 g with the addition of IBA (1.0 mg/l).
Forskolin content ranged from 0.011 to 0.11% for different lines of A4 strain and
from 0.005% to 0.083% for LBA9402. Similarly, the level of immediate precursor,
9-deoxyforskolin was also higher for lines of A4 strain.

An experiment was conducted by Uma Maheswari et al. (2011) for induction and
establishment of Rhizobium rhizogenes (Syn.: Agrobacterium rhizogenes) mediated
hairy root culture of C. forskohlii on hormone-free semisolid MS Medium with
B5vitamins. Hairy roots were induced with the strains of Agrobacterium rhizogenes
ATCC18534. It resulted in the emergence of hairy roots from the leaf and stem
explants after 20th day of infection (Fig. 7.1a, b).

Reddy et al. (2012) elucidated the effect of precursors and elicitors on the
production of forskolin from transformed root cultures of C. forskohlii. By infecting
leaf explants with A. rhizogenes strain A4 hairy root cultures are established on MS
basal medium. Suspension cultures of hairy roots were initiated on MS medium
containing 1 mg/l IBA and 600 mg/l casein hydrolysate. They investigated the
biomass growth and forskolin production in suspension cultures of hairy roots.
They found that forskolin production was parallel to the growth of biomass. After
5 weeks of growth maximum forskolin production was observed. Abiotic elicitors
like salicylic acid, copper sulfate, methyl jasmonate, and precursors α-ketoglutaric
acid and L-phenylalanine were added to hairy root cultures on different days of
incubation period to increase the yield of forskolin. Addition of elicitor methyl
jasmonate (500 μM) and the precursor L-phenylalanine (1 mM) on day 14 signifi-
cantly enhanced the production of forskolin over the control hairy root cultures. A
detailed phytochemical investigation of the secondary metabolites of Coleus
forskohlii hairy root cultures was undertaken by Asada et al. (2012) which resulted
in the isolation of 22 compounds, including four forskolin derivatives and a
monoterpene.

Pandey et al. (2014) induced hairy roots from the nodal segments and mature leaf
of C. forskohlii using A. rhizogenes strain MTCC 2364. The response of nodal
segment was much better and produce large amount of hairy roots (Fig.7.2). Hairy
roots emerged from the base of the node within 12 days of culture. When the shoot
portion was cut and transferred to a new MS basal medium it started producing roots
within 5 days. Forskolin content was highest in hairy roots when compared with
other plant parts. Tips of hairy roots were cut down after 4 weeks of culture and
inoculated onto the MS and B5 liquid and semisolid medium with cefotaxime
400 mg/l and devoid of any growth regulators. The cultures were maintained on
rotary shaker at 100 rpm at 25 °C in the dark. The cultured tips showed growth



within 3 weeks of culture and these actively grown root tips were cut and subcultured
at regular intervals of 3 weeks. A total of four subcultures were done. In every
subculture, the concentration of cefotaxime was reduced to 200 mg/l. The hairy roots
were subcultured on MS and B5 liquid media for further proliferation. The
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Fig. 7.1 Hairy roots induced by Agrobacterium rhizogenes in C. forskohlii leaf explants (Source:
Uma Maheswari et al. 2011)
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Fig. 7.2 Hairy root culture in Coleus forskohlii: (a) After co-cultivation root emerged from
explant; (b) After co-cultivation from nodal part of stem shoot started emerging; (c) After
25 days it produced lots of roots; (d) Upper shoot portion was cut and transferred; (e) Within
5 days from the base of shoot, root started emerging; (f) Measured length of root after 10 days of



proliferation of hairy roots was better on B5 liquid medium. Sen et al. (1993)
cultured roots of Coleus forskohlii on different media under different cultural
regimes. The roots grew well in the presence of all dosages of 4-Cl-IAA and
5,6-Cl2-IAA with 25% MS and 1% sucrose and produced more forskolin as com-
pared with IAA or IBA. The highest amount of forskolin (0.09%) was raised at
50 micrograms/l 4-Cl-IAA after 60 days of culture.
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7.2.2 Shoot Cultures

For obtaining plants with higher forskolin content, Mander-Henger (1988) obtained
callus induction on B5 medium and treated these calli with different doses of
mutagenic UV. From these UV-treated calli, he could regenerate plants that were
hardened and transferred to the soil. These regenerated plants showed variation in
leaf morphology and arrangement. Compared to the untreated control, some
regenerated plants showed a 1.5–2 fold increase in forskolin content.

In vitro clonal multiplication of C. forskohlii on MS medium fortified with Kn
(2 mg/l) and IAA 1 mg/l) using nodal explants was investigated by Sharma et al.
(1991). Shoots multiplied at a rate of 12-fold every 6 weeks.

Sen et al. (1992) investigated the production of forskolin in shoot tips, callus, and
root tip cultures. Cultures were established on MS and White’s basal media with and
without PGRs. From shoot tip explants of aseptically germinated seedlings callus
and multiple shoots were obtained. BAP at 0.5–2.5 mg/l promoted shoot induction
but forskolin production was not affected. Callus was generated on MS medium and
then transferred to White’s medium with 1 mg/l BAP and 1 mg/l NAA where they
became friable, whitish, and rhizogenic after 2 months. The PGR composition of the
medium plays an important role in the production of secondary metabolites. DDF,
another component in the root tubers of C. forskohlii, is pharmacologically inactive.
DDF, also found in cell culture, can be transformed into active forskolin by intro-
duction of the essential hydroxyl groups 1α and 9α by the fungus Scophlariopsis and
chemical acetylation (Ganguli 1986; Nadkarni et al. 1986; Inamdar et al. 1989).

Tripathi et al. (1995) could produce of forskolin from root callus of C. forskohlii.
Phytohormones, glycine, casein hydrolysate, and sucrose content in the medium
influenced growth and production of forskolin. Biomass production was highest with
4 ppm NAA.

Mukherjee et al. (1996) made an attempt to determine the potential of tumorous
cultures for the production of forskolin. They initiated transformed cultures of
C. forskohlii using A. tumefaciens. They could obtain tumor tissue and shooty
teratomas in in vitro cultures. Forskolin was detected in tumorous callus (0.002%),

Fig. 7.2 (continued) inoculation of cut shoot; (g) Transferred shoot started producing root in huge
amount in MS basal medium; (h) Amount of root started increasing day by day; (i) Shoot portion
also started producing root; and (j) Established hairy root culture in B5 medium (Source: Pandey
et al. 2014)



rhizogenic callus (0.11%), and root cultures (0.14%) but not in shooty teratomas.
Mukherjee et al. (2003) reported an increase in the yield of forskolin in transformed
roots, rhizogenic calli, and suspension cultures of C. forskohlii under the influence of
IAA, IBA, NAA, 2,4-D, KN, BAP, GA3, and auxin conjugates IAA-ala, IAA-gly,
IAA-phe, and IAA-asp.
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7.3 Unorganized Cultures

7.3.1 Callus Cultures

Swaroopa et al. (2016) investigated the response of different explants for callus
induction. To obtain friable callus, cultures have been initiated from explants such as
petiole, leaf, root, internode, and node of in vitro germinated plants. These explants
were placed on MS, B5, and LS medium supplemented with 2 mg/l 2, 4-D to study
the effect of media and explants on callus proliferation.

7.3.1.1 Effect of Sucrose on Callus Induction and Forskolin Content
The effect of various concentrations of sucrose on biomass yield and forskolin
content was tested by Swaroopa et al. (2016). Sucrose not only influenced the nature
of the callus and biomass production but also affected the forskolin content. Of the
concentrations tested sucrose at 3% and 4% resulted in higher biomass accumula-
tion, i.e., 86 gm and 89 gm (Fresh wt) within 15 days of initiation. However,
maximum forskolin content was recorded in callus proliferated on medium
supplemented with 4% sucrose. Swaroopa et al. (2016) reported that higher level
of sucrose resulted in rhizogenic callus and increase in forskolin content.

7.3.1.2 Effect of Plant Growth Regulators on Callus Induction
and Growth

Malathy and Pai (1999) obtained callus by culturing leaf, stem, and root on MS
medium supplemented with auxins NAA, 2,4-D, IBA, and IAA. Forskolin content
on stem callus was higher than on leaf callus.

Swaroopa et al. (2016) reported that highest percentage of callus induction was
obtained on MS medium individually amended plant growth regulators such as
2, 4-D at 2 mg/l followed by NAA and IAA. Rhizogenesis on callus was observed
on NAA and IAA supplemented medium. The cytokinins, BAP, and Kn at various
concentrations and combinations were also tested by Swaroopa et al. (2016).

For callus induction, different combinations of growth regulators at different
concentrations were also tested. Medium containing 3 mg/l NAA + 1 mg/l BAP
resulted in highest percentage of callus induction (60.7 ± 5.8) and biomass produc-
tion (89.5 ± 1.0). The combination in the medium resulted in high percentage of
forskolin (184 ± 5.0 mg/kg DCW), but less biomass compared to 2 mg/l 2, 4-D
(Swaroopa et al. 2016).
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7.3.1.3 Growth and Forskolin Profile of Callus Cultures and Suspension
Cultures

A time-course study of growth of callus cultures was conducted by Swaroopa et al.
(2016) for 30 days on MS medium supplemented with 2, 4-D (2 mg/l) and 3%
sucrose showed a sigmoidal curve. The fresh biomass was high in callus cultured on
a solid medium. The growth cycle showed a lag phase of 4 days followed by an
exponential phase of growth which resulted in increased growth till the 22nd day
(39.73 gm FW) of culture and thereafter it reached the stationary phase (Swaroopa
et al. 2016).

7.3.2 Suspension Cultures

Mersinger et al. (1988) reported forskolin production in untransformed suspension
cultures of C. forskohlii. They reported that certain stages of differentiation in the
direction of root formation are required for forskolin production. For initiation of
callus cultures high producing plants of C. forskohlii were cultured on B5 medium
fortified with 0.5 mg/l 2,4-D and 0.2 mg/l Kn under continuous light. To establish
suspension cultures, the cultures were then transferred to B5 medium supplemented
with different concentrations and combinations of 2,4-D, Kn, casein hydrolysate,
IBA, or BAP. Forskolin production was observed in the cultures maintained on
hormone-free medium or those supplemented with a combination of IBA and Kn or
BAP. Maximum forskolin production (0.03%) was observed in medium containing
0.4 mg/l BAP alone followed by 0.025% in medium containing combination of IBA
(0.4 mg/l) and Kn (0.2 mg/l). The suspension cultures lost their capacity to produce
forskolin after 3–4 years and new cultures had to be established. With respect to
forskolin production, the two cell strains cultured in continuous light or darkness
(light and dark strains, respectively) showed different behavior. Forskolin produc-
tion was higher in the light strain than in the dark strain. For the light strain,
maximum forskolin production (0.15%) was observed in the second culture period
(14 days) whereas the dark strain attained maximum production (0.05%) only in the
fourth induction period.

Mukherjee (1998) and Mukherjee et al. (2000a) reported that the establishment of
forskolin yielding transformed cell suspension cultures of C. forskohlii was con-
trolled by different factors. Suspension cultures derived from gall calli which were
obtained following infection with Agrobacterium tumefaciens (C58) were
established in C. forskohlii. A fast-growing cell line (GSO-5/7) was found to
accumulate 0.021% forskolin in 42 days.

7.3.2.1 Effect of Biotic Elicitors
Secondary metabolites are not produced in the required quantity in many cultures.
Production of secondary metabolites can be enhanced by the treatment of the
cultures with elicitors like chitosan, salicylic acid, methyl jasmonate, and heavy
metals.

.
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7.3.2.2 Elicitation of Forskolin Using Elicitors of Fungal Origin
Swaroopa et al. (2013b) studied the influence of Aspergillus niger in the production
of forskolin in suspension cultures of C. forskohlii. The optimal time for the addition
of A. niger for elicitation of forskolin accumulation was day 6 of the cultivation
period. Concentration of elicitor varied between 5 and 20%. For assay of dry weight
and forskolin content, cell cultures and cells were harvested 24 and 48 h after the
addition of the elicitor. Forskolin content at 24 h after addition of elicitor (5%
mycelial filtrate) was found to result in forskolin levels of 1178 mg/kg DW in the
cells while in the control it was 220 mg/kg DW. Addition of 5% mycelial extract
(ME) also resulted in forskolin content 315.3 mg/kg DW which was comparable to
the control. Low levels of forskolin were observed with other levels of elicitors.
Addition of ME and mycelia filtrate (MF) of A. niger to the cell suspension cultures
of C. forskohlii resulted in a reduction in biomass accumulation.

The effect of Fusarium oxysporum as an elicitor was tested by Swaroopa et al.
(2013b) by adding the ME and MF at concentrations of 5, 10, 5, and 20% to the
suspension culture. They reported that forskolin levels increased for several hours
after the addition of elicitor. A minimal time is required to induce the process of
elevated secondary metabolite production. Some types of cellulose–glucans are
better elicitors than chitin–glucan. In C. forskohlii, the oligosaccharides liberated
from the cell wall of Aspergillus were the best elicitors, even though their identity is
still unknown.

Different concentrations of ME and MF of Rhizopus oryzae were tested by
Swaroopa et al. (2013b) on elicitation of forskolin content in suspension cultures
of C. forskohlii. The ME elicitor (w/v) extracted from R. oryzae at a level of 15%
exhibited 72% increase in the forskolin production after 24 h of elicitation over
control cultures of C. forskohlii.

The effects of Penicillium notatum as elicitor at concentrations, 5, 10, 15, and
20% and exposure times on forskolin production were studied by Swaroopa et al.
(2013b). A higher concentration of elicitor filtrate (15%) responded positively in
terms of forskolin accumulation which was increased by threefold after 48 h of
incubation.

7.3.2.3 Effect of Bacterial Elicitors
The effect on forskolin production in suspension cultures of C. forskohlii with
different concentrations of cell and filtrates of Staphylococcus aureus were tested
by Swaroopa et al. (2013a). As the concentration of both cell extract and filtrate of
S. aureus increased there was a steady increase in forskolin levels from 1.4- to 3.5-
fold in cell suspension cultures after 24 h. However, there were negative effects of all
the treatments after 48 h of exposure.

Swaroopa et al. (2013a) tested the influence of different doses of Bacillus subtilis
on forskolin production. When cultures were exposed to a 20% concentration of
elicitor for 24 h, highest forskolin yield, above fourfold was achieved. When 15%
CF was used there was a 3.3-fold enhancement of forskolin. B. subtilis at high
concentration increased forskolin content, however, there was a decrease in biomass
yield.
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The effect of different concentrations of cells and filtrates of Pseudomonas
aeruginosa was tested by Swaroopa et al. (2013a) on elicitation of forskolin produc-
tion in suspension cultures of C. forskohlii. The treatment with 5% of P. aeruginosa
CE resulted in a higher level of total forskolin (635 gm/kg DCW) compared to the
control (174 ± mg/kg DCW) after 24-h administration of the elicitor. There was an
increase in forskolin production by 173 and 118% in comparison to the control after
24-h administration at concentrations 10 and 15% of CE, respectively. There was no
reduction in biomass production at lower concentrations but at higher concentrations
there was a slight decrease in biomass yield.

On day 6 of the cultivation period, different concentrations (5 and 20%) of E. coli
elicitor were added to suspension cultures of C. forskohlii for elicitation of forskolin
accumulation (Swaroopa et al. 2013a). The addition of 15% CF was found to result
in higher forskolin levels (547.2 ± 2.3 mg/kg DW) in the cells which were compa-
rable to the control (174.0 ± 1.0 mg/kg DW) at 24 h after addition of elicitor. CF at
10% also resulted in higher forskolin content (703.7 ± 7.5 mg/kg DW), which was
comparable to the control. At 5 and 20%, the forskolin levels were low compared to
10 and 15% CF of E. coli.

The effect of Proteus aureus was tested by Swaroopa et al. (2013a) by adding the
CE and CF at concentrations of 5, 10, 5, and 20% and comparing the results with a
control without elicitor. Twenty-four hours after elicitation at 10% of CE forskolin
contents was 610 mg/kg of the cell dry weight in comparison to the control 174 mg/
kg of the cell dry weight.

7.3.3 Effect of Microbial Derived Elicitors

The effect of casein hydrolysate on the cell suspension cultures of C. forskohlii was
studied by Swaroopa (2008). Different concentrations (0.2, 0.4, and 0.6 gm) of
casein hydrolysate were tested to optimize the concentration for elicitation of
forskolin. Of all the concentrations, 0.4 gm of casein hydrolysate has shown a
285% increase in forskolin accumulation compared to control cultures (100%).
However, there was a significant difference in response with respect to different
concentrations of casein hydrolysate with forskolin content at 24 h and 48 h. There
was no literature regarding the casein hydrolysate as an elicitor in elicitation of
secondary metabolites.

Swaroopa (2008) reported that addition of 1% (w/v) yeast extract to the
C. forskohlii cells enhanced the forskolin content by 398% and at 2% (w/v) level
there is an increase by 313% in comparison to control after 48-h elicitation. Above
this level, decreased forskolin content was observed in comparison to control. And
again at 5% and 6%, the forskolin content increased by 47% and 65%, respectively.
Variation in forskolin production is often observed and the mechanism is not yet
clear. There was a reduction in biomass production at higher concentrations.

The effects of different concentrations (2, 4, 6, and 8 gm) of sodium alginate were
tested by Swaroopa (2008) on the forskolin content and biomass yields. There was a
1.4-fold increase in forskolin content in comparison to control cultures at 2 gm and



cell growth was inhibited by using sodium alginate as an elicitor. This may be due to
the effect of alginate, which modifies the medium viscosity leading to poor oxygen
transfer.
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7.3.4 Effect of Abiotic Elicitors

Metal ions that are already present in the standard MS medium in trace amounts were
chosen by Swaroopa et al. (2015) for testing elicitation capability. The concentra-
tion, incubation time, and the extent of elicitation varied with metal ions tested.
Calcium at 100 mM concentration at 24 h after addition of elicitor enhanced
forskolin levels to 180% over the control. The other concentrations had shown
negative effects on forskolin production.

Different concentrations of CuSO4 (0.25–1.00 mM) and ZnSO4 (25–100 mM)
were tested by Swaroopa et al. (2015). Cu and Zn at concentrations of 0.50 mM after
48-h incubation and 50 mM after 24-h incubation enhanced forskolin production by
142% and 59%, respectively. There was no significant effect of remaining
concentrations tested on forskolin production. Suspension cultures treated with
different concentrations of CuSO4 and ZnSO4 showed significant difference at 5%
level, with forskolin content at 24 h and 48 h, respectively. Finally, neither of the
microelements tested had effect on biomass yields. It was not observed that increas-
ing trace metal concentration induced the excretion of forskolin of C. forskohlii. This
effect might be attractive since forskolin is vacuolar metabolite, a situation making
difficult their excretion.

7.3.5 Effect of Plant-Derived Elicitors

The four concentrations of salicylic acid (25, 50, 75, and 100 mM) in the production
of forskolin by means of suspension cultures were examined after 24- and 48-h
administration of the elicitor (Swaroopa et al. 2015). In cultures treated with 0.5 mM
of salicylic acid, there was a 2.4-fold enhancement in the forskolin content in the
cells compared to the control after 24-h administration of the elicitor. Suspension
cultures treated with different concentrations of salicylic acid showed significant
differences at 5% level, with forskolin content at 24 h and 48 h.

The effects of different concentrations of acetylsalicylic acid (0.5, 1.0, 1.5, and
2.0 mM) were tested by Swaroopa et al. (2015) on the forskolin content and biomass
yields. There was twofold increase in forskolin content in comparison to control
cultures at 0.5 mM after 48-h elicitation and cell growth was inhibited at higher
concentrations. Statistical F-Test at 5% level indicates a significant difference in
response with respect to different concentrations of acetylsalicylic acid at 24 h and
48 h.

When the cells were treated with different concentrations of methyl jasmonate
(25–100 mM) resulted in a higher level of total forskolin (650 ± mg/kg DCW)
compared to the control (148 ± mg/kg DCW) after 24-h (Swaroopa et al. 2015).



Forskolin production after 24-h administration at concentrations 50 and 75 mM,
increased by 170% and 68% in comparison to the control, respectively. Biomass
production at lower concentrations was not observed. When the concentration is
increased above this resulted in a decrease in biomass and forskolin production than
control. Suspension cultures treated with different concentrations of methyl
jasmonate showed significant differences at 5% level, with forskolin content at
24 h and 48 h.
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Various levels of guar gum were added to the culture media and the effect on the
suspension cultures of C. forskohliiwas studied by Swaroopa (2008). The maximum
forskolin production of 1214 gm/kg was observed in cells treated with 50 μg guar
gum. There was ninefold enhancement in forskolin content in comparison to control
cultures after 24 h of elicitation. When the concentration was raised to 100 μg there
were 6.4- and 4.2-fold at 150 μg of guar gum. This enhancement is observed after
24-h exposure to the elicitor. The other higher levels of guar gum were found to
lower forskolin content. There was no effect seen on biomass yield when treated
with guar gum. Guar gum is the best elicitor on yield enhancement of forskolin in
cell suspension cultures of C. forskohlii. The data subjected for statistical analysis
indicate a significant difference at 5% level in cultures subjected to various
concentrations of guar gum in terms of forskolin content at 24 h and 48 h.
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Assessment of Coleus forskohlii Genetic
Diversity Using Molecular Markers 8

Abstract

Genetic variation is indispensable for the long-standing survivability of species,
and also it plays an important role in conservation. Molecular markers provide
assistance in the development of more dependable tools for selecting and conser-
vative approaches for many endemic plant species. For improving crops and their
yields, molecular diversity evaluation and detection of superior genotypes are
very crucial. Previously, simple morphological markers were employed to evalu-
ate the molecular diversity and to identify superior genotypes. However, mor-
phological characters tend to vary with the surrounding ecological circumstances.
Thus, morphological markers have greater limitations as compared to molecular
markers that depend on the DNA sequences. C. forskohlii (syn. Plectranthus
barbatus) is one of the most prevalent medicinal plant, and is conventionally used
for treating various conditions, such as asthma, bronchitis, hay fever, and stomach
disorders. Forskolin is the chief bioactive metabolite occurring exclusively in
C. forskohlii roots, and it is utilized in the management of asthma, glaucoma,
cardiovascular disorders, and gastrointestinal problems. In this chapter, the
assessment of C. forskohlii genetic diversity using diverse molecular markers is
presented in detail.

Keywords

RAPD · AFLP · ISSR · DNA fragments · genetic diversity · UPGMA · Molecular
markers

8.1 Introduction

Plants as sessile creatures yield plentiful chemocompounds that are together
renowned as specific metabolites (Swamy and Akhtar 2019; Swamy 2020). Though
these plant-derived compounds are not essential for plant’s growth and development,
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they are mainly secreted against biotic and abiotic stress conditions. These
metabolites are particularly important as defense molecules against attacks by
biotrophic pathogens and herbivores (Akhtar and Swamy 2018; Swamy and Akhtar
2019; Swamy et al. 2019; Karthikeyan et al. 2020). These compounds belong to
different chemical classes, including phenolics, alkaloids, terpenes, steroids, and
vanilloids. Extraordinarily, these metabolites exhibit numerous therapeutic
properties, and hence have become one of the sought-after molecules of choice for
the treatment of various ailments in humans (Swamy 2020). So far, many plant
species have been recognized and explored for their medicinal uses. Among them, a
few species belonging to the genus, Coleus (family; Lamiaceae) includes several
herbal plant species that are extensively found in several parts of the Asian countries,
particularly in India, and have shown to possess a significant commercial importance
with respect to their tonic and nutraceutical values (Kavitha et al. 2010; Mitra et al.
2020). Coleus forskohlii (syn. Plectranthus barbatus) is one of the most prevalent
medicinal plant, and is conventionally used for treating various conditions, such as
asthma, bronchitis, hay fever, and stomach disorders. Forskolin is the chief bioactive
metabolite occurring exclusively in C. forskohlii roots, and it is utilized in the
management of asthma, glaucoma, cardiovascular disorders, and gastrointestinal
problems. The plant’s root extract has the potential to be used as an adjunct treatment
for the management of obesity. Forskolin has been shown to improve individual
wellness by supporting lean body mass and promoting healthy metabolic functions
(Kamohara and Noparatanawong 2013). Further, antimicrobial properties are
exhibited by the essential oil obtained from the plant’s tubers (Alasbahi and Melzig
2010; Mitra et al. 2020; Singh et al. 2011; Jagtap et al. 2011). A wide-ranging
bioactive metabolites are known to occur in this plant. Some of the major ones
include barbatusin, methyl quinine, coleonol, coleon, coleosol, phenols, glycosides,
and terpenoids (Kavitha et al. 2010). Thus, this plant is used in numerous fields,
including pharmaceutical firms to produce several medicines. In the food industry, it
is being used primarily as a condiment. The plant’s tubers are used in the preparation
of edible pickles (Wagh et al. 2014; Kavitha et al. 2010; Mitra et al. 2020).
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Genetic variation is indispensable for long-standing survivability of species, and
also it plays an important role in conservation. The occurrence and evolution of plant
species depend on their genomic diversity. This helps in species adaptation to
varying circumstances and a number of abiotic and biotic stresses (Indu et al.
2019). Genetic variability is one of the criteria for selection or crop improvement
programs (Hohenlohe et al. 2021; Swarup et al. 2021). Hence, it is essential to
identify and obtain the data related to variation occurring between and within the
population. Also, for proficient protection and managing, the species’ genetic
configuration in diverse topographical localities needs to be evaluated (Govarthanan
et al. 2011; Crossa et al. 2021). The conservation of biodiversity is the crucial
concept in maintaining the wild gene pool. Plant conservation methods basically
depend on general principles, viz., leading to a standardized system for the assess-
ment of the disappearance or under-threat plant species (Morais et al. 2014; Penas
et al. 2016; Indu et al. 2019). More recently, efforts have been put into improving in
situ and ex situ conservation of vital medicinal plant species using different



strategies. These conservation tactics often require complete knowledge of popula-
tion dynamics, and report on the structural genetics and diversity intensities among
species (Heywood 2014; Perez-Collazos et al. 2008; Indu et al. 2019; Volis and
Blecher 2010). The occurrence of genetic diversity can be assessed by employing
different molecular markers that are highly specific, and can effectively distinguish
plants from their phenological traits. Understanding the genetic diversity levels can
be very useful in medicinal plant breeding programs. Furthermore, they provide
assistance in the development of more dependable tools for selecting and conserva-
tive approaches for many endemic plant species (Indu et al. 2019).
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The genomic diversity levels can be normally ascertained by making use of
various molecular markers that are highly specific and distinguish plants from the
phenological disparities. Additionally, these markers assist in the development of
consistent and more effective approaches to selecting and conserving many rare
plant species (Jaisankar et al. 2017). Some of the combined approaches, including
genetic markers, geographical information systems, and bioinformatics are helpful
for developing a few appropriate techniques to survey, collect, and assessment of
plant genomic diversities (Indu et al. 2019). The major molecular markers include
random amplified polymorphic DNAs (RAPDs), restriction fragment length
polymorphisms (RFLPs), amplified fragment length polymorphism (AFLP), inter-
simple sequence repeat (ISSR), single-stranded conformation polymorphism
(SSCP), and single sequence repeats (SSRs). They are widely used to establish
species or identification of varieties, identification of genetic diversity and for gene
mapping and also to know about phylogenetic relationships (Jaisankar et al. 2017).
For detecting genetic variations among individuals, molecular markers allow abso-
lute discovery of the gene of importance, and assists linkage study by assisting in
genetic map assembly (Lidder and Sonnino 2012). In this chapter, the assessment of
C. forskohlii genetic diversity using diverse molecular markers is presented in detail.

8.2 Molecular Markers

In genetics, molecular markers, also known as genetic markers are DNA fragments
that are linked with definite sites within the genome. In molecular biology, these
DNA-based markers are utilized for identifying particular DNA sequences in a
group of unidentified DNA. Additions, deletions, point mutations, duplications,
and translocations are the basis for DNA polymorphisms. However, these
polymorphisms may not essentially affect the gene’s activities (Indu et al. 2019).
The best DNA marker should be codominant, uniformly distributed in the genome,
have the capability to identify increased levels of polymorphisms, and highly
reproducible (Mondini et al. 2009; Madhumati 2014; Nadeem et al. 2018). These
markers are categorized based on: 1. modes of gene actions (dominant or codomi-
nant markers); 2. methods of identification (PCR (Polymerase Chain Reaction)-
based markers or hybridization-centered DNA markers); and 3. modes of
transmissions (parental organelle inheritance, maternal nuclear inheritance) (Semagn
et al. 2006; Nadeem et al. 2018). Different types of DNA molecular markers have



been developed and successfully applied in genetics and breeding activities in
various agricultural crops.
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For improving crops and their yields, molecular diversity evaluation and detec-
tion of superior genotypes are very crucial. Previously, simple morphological
markers were employed to evaluate molecular diversity and to identify superior
genotypes. However, morphological characters tend to vary with the surrounding
ecological circumstances. Thus, morphological markers have greater limitations as
compared to molecular markers that depend on the DNA sequences (Kavitha et al.
2009; Swamy and Anuradha 2011). In the following section, molecular marker
studies related to only C. forskohlii are discussed.

8.3 Molecular Marker Studies in Coleus forskohlii

For the first time, RAPD technique was used to evaluate the genetic diversity in
C. forskohlii in 2009 (Kavitha et al. 2009). Thirty-seven genotypes of C. forskohlii,
sampled from various regions of Karnataka and Tamil Nadu were used in their
diversity study using 25 RAPD primers. The results showed the occurrence of
117 DNA bands, and among them 60 bands were found to be polymorphic
(51.28%), yielding an average of 3.75 bands per primer. The total number of
bands for primers varied between 1 and 7. The obtained data of RAPD analysis
was subjected to cluster analysis on Jaccard’s similarity coefficient matrices. A
dendrogram of 37 genotypes of C. forskohlii was generated, revealing 2 major
clusters. Overall, their observations directed that RAPD may perhaps be employed
for molecular diversity studies in C. forskohlii involving higher number of primers as
it is consistent, easy, quick, and inexpensive.

A study demonstrated the impact of molecular and ecological factors in produc-
ing secondary metabolites in C. forskohlii (Revadigar et al. 2008). They used fresh
and dried roots of C. forskohlii collected from seven regions in India. RAPD analysis
data of C. forskohlii accessions exhibited diverse levels of genetic variation. A total
of 193 DNA fragments were amplified from the 20 primers used in their investiga-
tion. Among these, 182 fragments were polymorphic (83%) in at least 1 of the
7 accessions. The polymorphism levels varied with primers for these accessions. The
primers, namely BGA1 and BGA10 yielded maximum numbers of amplified
fragments, i.e., 26 and 34, respectively. The primers BGA6 and BGA7 resulted in
only three amplified products. Overall, the amplified products number from each
accession differed considerably for all the tested primers. Five primers, namely
BGD7, BGD6, BGDA9, BGD9, and BGDA8 failed to yield any amplified products.
The similarity matrix attained through Jaccard’s approach exposed a coefficient of
similarity values that ranged between 0.23 and 0.58 with a mean value of 0.41.
UPGMA analysis revealed two main clusters encompassing Hyderabad, Bangalore,
and Arabhavi in the first cluster and Baroda, Salem, and Akot in the second cluster.
Whereas, Dharwad accession was found to align separately. These results suggested
the existence of higher genetic variability amongst these accessions. Among the
seven accessions, Hyderabad and Bangalore origins exhibited more similarity (0.58)



as compared to others. While, Dharwad showed the least similarity (0.23) with
others, suggesting that it is genetically different from other accessions.
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A study aimed to evaluate the genetic differences among C. aromaticus,
C. amboinicus, and C. forskohlii using the RAPD approach. Also, it determined
the levels of molecular similarity amongst them (Govarthanan et al. 2011). The
highest number of DNA bands were recorded forC. amboinicuswhen OPW 6 primer
was used. However, no amplification was observed for C. aromaticus. In
C. forskohlii, 13 bands were amplified. Overall, variations among Coleus species
were detected from OPW (6–10) series primers, however, OPU (15–19) series
primers failed to show differences. Overall, the results obtained in this study showed
that it is a prerequisite to include individuals from more diverse populations in order
to conserve their biodiversity for the future.

A concurrent, metabolic, and molecular diversity study was performed by Ahmad
et al. (2013). They employed high-performance thin-layer chromatography
(HPTLC) fingerprinting and RAPD markers to evaluate chemo- and genetic diver-
sity among ten different C. forskohlii genotypes samples. Twenty RAPD primers
were used for evaluating genetic variations. They used pre-coated aluminum back
thin-layer chromatography sheets as stationary phase and 3 different mobile phases
for chromatographic analysis. A genetic correlation matrix was created by means of
chromatographic and molecular fingerprint information on the basis of Jaccard’s
coefficient and additional acquaintance to develop a dendrogram based on the
unweighted pair group method with arithmetic mean (UPGMA). According to the
results, the similarity coefficient for genetic nature was found to be between 0.362
and 0.783, while for metabolic profile, it was between 0.683 and 0.939. This
indicated the occurrence of molecular diversity in the samples of C. forskohlii,
however, with a less significant chemo-diversity among the same samples.

AFLP, RAPD, and ISSR markers were employed for the assessment of morpho-
logical and genetic diversity in 18 different C. forskohlii genotypes were sampled
from various locations in central India (Tripathi et al. 2013). About 80, 101, and
483 fragments were produced from 10 ISSR, 11 RAPD, and 8 AFLP primers,
correspondingly. Among the 3 markers employed in their study, ISSR and RAPD
showed polymorphism of about 68 and 61%, respectively. While, 8 AFLP primers
resulted in more than 70% of polymorphism. UPGMA cluster analysis approach
assembled genotypes in two groups after considering all DNA marker methods
independently, and after pooled examination. Overall, these results showed the
usefulness of these morphological and molecular markers in observing variations
in C. forskohlii genotypes.

In another study, 12 C. forskohlii germplasms from various populations were
evaluated using ISSR marker for genetic fingerprinting, and quantification of
forskolin was performed (Srivastava et al. 2017). Two selected germplasms, namely
NBC-16 (0.641%) and NBC-24 (0.728%) accumulated the maximum forskolin
content with greater molecular variability of 92%. UPGMA hierarchical clustering
arrays exposed strong molecular consortium among the individuals agreeing to their
topographical collections. Mantel testing exposed a positive association between
genetic and biochemical fingerprints, reflecting the ISSR marker’s viability to



analyze genome data interrelated to the biosynthesis of forskolin from individuals
from different phytogeography. An affirmative relationship between forskolin con-
tent and altitude rise was also denoted using the Pearson correlation coefficient.
Nevertheless, the relationship of both molecular and biochemical fingerprint infor-
mation with the phytogeographic distance matrix was actually negative, and it
predestined that distance may be a predictor of inhabitants’ diversity. This study
signified the usefulness of molecular and metabolic fingerprints in identifying elite
accessions and affords evidence to industries to commercially exploit Coleus spe-
cies, comprising their locality-specific profitable farming.
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Lately, researchers have examined the influence of kinetin treatments on the
biochemical contents of five Coleus cultivars. Also, they used ISSR markers to
evaluate their molecular diversity (Shoaib et al. 2020). The results showed that
Coleus cultivars had ample quantities of chlorophyll pigments (CP), total
carotenoids (TC), and phytochemicals, such as total phenolics (TP), total
carbohydrates (TCs), total flavonoids (TF), and total tannins (TT). Among all the
cultivars, C5 (Finger paint) cultivar possessed the maximum amounts of CP, TC,
TCs, TP, and TT. However, the highest TF contents were recorded in C2
(Beckwhites cultivar) (11.814 mg/g) and C5 cultivars (11.648mg/g). ISSR marker
examination was executed on the Coleus cultivars using five primer pairs. The
results showed the occurrence of 18 monomorphic bands and 21 polymorphic
bands with polymorphism (53.8%). Overall, 10 distinctive bands were recognized
from the resulting ISSR profile. These outcomes advocated that the influence of
kinetin usages encourages secondary metabolite secretion. Further, the ISSR marker
can be very useful in likely selection, ascertaining, distinguishing, and handling of
Coleus cultivars.

8.4 Conclusions

Molecular markers have significantly helped in identifying elite accessions of
C. forskohlii and give confirmations to manufacturing firms to commercially exploit
Coleus species, considering their area-specific profitable farming. To date, for the
molecular characterization and identification of C. forskohlii, RAPD marker is the
most commonly used molecular marker. Unfortunately, DNA marker studies are
majorly conducted on the Coleus population of Indian origin. Hence, similar atten-
tion should also be given to Coleus population occurring in other parts of the world.
For a clear understanding on the polymorphism levels and genetic status of the
C. forskohlii inhabitants all over the world, an increased number of DNA-based
genetic (both dominant and codominant) marker studies should be encouraged.
These genetic markers are indisputably treasured instruments for addressing plant
breeding issues and population genetics. Nevertheless, for reconstructing the phy-
logeny and taxonomy studies, DNA markers may occasionally mislead, and hence
they should be utilized with care. Future investigations should be focused toward the
exploration of other unused genetic markers and NGS (next-generation sequencing)
platforms in C. forskohlii. This will be useful in authenticating cultivars,



conservation, and molecular diversity understanding and assisting breeding
programs in C. forskohlii. Also, these available molecular markers should be used
as a tool to overcome the problems of C. forskohlii adulteration.
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Fungal endophytes of Coleus forskohlii like Piriformospora indica, Fusarium

Endophytes for the Enhanced Growth
of Coleus forskohlii and Enhanced
Production of Forskolin

9

Abstract

Plant–fungi interaction renders enhanced production of plant secondary
metabolites as most of these compounds are produced due to activation of
defense-related biosynthetic pathways.

redolens, Phialemoniopsis cornearis, and Macrophomina pseudophaseolina
were used for in planta enhancement of forskolin.

Keywords

Coleus forskohlii · Forskolin · Endophytes Fusarium redolens · Phialemoniopsis
cornearis · Macrophomina pseudophaseolina · Piriformospora indica

9.1 Introduction

Coleus forskohlii is a perennial medicinal shrub cultivated mainly for its forskolin
content. The plant has been used since ancient times in ayurvedic traditional
medicines for the treatment of hypertension, glaucoma, asthma, congestive heart
failure, obesity, and cancer. The growth rhythm of the medicinal plant is slow and
the alkaloid accumulation pattern is highly influenced by environmental and/or
geographical conditions. Also, the quantity of the main secondary metabolite
forskolin in natural conditions is found to be usually very low which restrains its
commercial value. Plant–fungi interaction renders enhanced production of plant
secondary metabolites as most of these compounds are produced due to activation
of defense-related biosynthetic pathways. The use of endophytic microorganisms
presents a special interest in the development of value-added bioactive compounds
through agriculture. Limited investigations have been undertaken on in planta
enhancement of forskolin content using endophytic fungus in sustainable
agriculture.
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Endophytes are an endosymbiotic group of microorganisms that reside in various
tissues of plants without triggering any visible external sign of infection. Endophytes
provide benefits to host plants and the environment. Interestingly, medicinal plants
have been identified as a good host for a variety of endophytic microorganisms
including fungi which synthesize secondary metabolites with biological activity
(Pullaiah and Anuradha 2020). Plant–endophyte interactions can interfere with
plant growth, development, and resistance against various stresses. Plant–fungi
interaction renders enhanced production of plant secondary metabolites as most of
these compounds are produced due to activation of defense-related biosynthetic
pathways.

9.2 Endophytes and Forskolin Production

C. forskohlii being succulent in nature responds well to in vitro propagation and thus
various explants viz., nodal segments, shoot tip, and leaf, are effectively used.
Hence, symbiotic interaction and in vitro propagation in combination provide a
promising alternative strategy to enhance accumulation of phytochemicals.
Piriformospora indica, an endophytic root colonizing basidiomycete fungus, mimics
Arbuscular Mycorrhizal Fungi (AMF) in many morphological, functional, and
growth promotional aspects.

Piriformospora indica can colonize monocot as well as dicot plants and it acts as
a bioregulator, biofertilizer, and bioprotector against root pathogens; it overcomes
water stress (dehydration), acidity, desiccation, and heavy metal toxicity; it protects
from pests, delays the wilting of the leaves, prolongs aging of callus tissues, it
enhances secondary metabolites production, and also increases the nutritional value
of the plant (Das et al. 2012). In contrast to AMF, P. indica can be easily grown on
synthetic media and thus therefore can be very useful in sustainable agriculture for
crop improvement. Das et al. (2012) investigated the influence of plant probiotic
fungus Piriformospora indica on the medicinal plant C. forskohlii. Interaction of the
C. forskohlii with the root endophyte P. indica under field conditions resulted in an
overall increase in aerial biomass, chlorophyll contents, and phosphorus acquisition.
Increases of 41% in length of the branches and of 44% in the number of leaves were
observed in P. indica colonized plants as compared with the non-colonized plants.
P. indica not only induced a faster development of the aerial part of the plant but also
caused early maturation with respect to flowering. The faster development of
P. indica colonized roots compared with the non-colonized plants during all stages
of growth could be due to the earlier expression of developmentally regulated genes.
The fungus also promoted inflorescence development, consequently, the amount of
p-cymene in the inflorescence increased. Growth of the root thickness was reduced
in P. indica treated plants as they became fibrous, but developed more lateral roots.
Because of the smaller root biomass, the content of forskolin was decreased. The
symbiotic interaction of C. forskohlii with P. indica under field conditions promoted
biomass production of the aerial parts of the plant including flower development
(Fig. 9.1). The plant’s aerial parts are important source of metabolites for medicinal



application. Therefore, authors suggested that the use of the root endophyte fungus
P. indica in sustainable agriculture will enhance medicinally important chemical
production.
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Fig. 9.1 (a) Influence of Piriformospora indica on 6 months old C. forskohlii under field
conditions. Top panel represents plant morphology as a result of interaction between P. indica on
C. forskohlii under field conditions. Each polythene bag contained 2.5 kg of unsterile sand, field
soil, and compost (1:1:0.25 w/w). The fungal inoculum was 2%(w/v). Each bag contained 30 days
old rooted plant cuttings. Irrigation was done on alternate days using underground water. Lower
panel represents root morphology of C. forskohlii. (b) Inflorescence in C. forskohlii. -Pi:
non-colonized plants; +Pi: colonized plants. Photographs were taken after 6 months (Source Das
et al. 2012)

Das et al. (2014) conducted for optimization of in vitro substrates under aseptic
conditions for interaction of Piriformospora indica with the medicinal plant
C. forskohlii. They tested the effects of different substrates on P. indica colonization
as well as growth parameters of the in vitro raised C. forskohlii. Interaction of in vitro
C. forskohlii with root endophyte P. indica under aseptic conditions resulted in
increase in growth parameters in fungus colonized plants. It was observed that
P. indica promoted the plant’s growth in all irrespective of substrates used for
co-culture study. The growth was found inferior in liquid compared to semisolid
medium as well as there was problem of hyperhydricity in liquid medium. P. indica



treated in vitro plantlets were better adapted for establishment under greenhouse
compared to the non-treated plants due to fungal intervention.
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Deployment of plant endophytes at field level is reported to make an impact on
agricultural crop productivity; development and deployment of suitable crop-
specific plant probiotics in a suitable delivery matrix is a value-added task. Mastan
et al. (2019b) attempted to develop bioformulations of native, fungal endophytes of
Coleus forskohlii to improve plant yield using two different carrier-based materials
(talc and wheat bran). Initially, fungal endophytes Fusarium redolens (RF1),
Phialemoniopsis cornearis (SF1), and Macrophomina pseudophaseolina (SF2),
were grown on sterilized wheat bran under solid-state condition and their growth
kinetics and pattern were analyzed by ergosterol content and scanning electron
microscope, respectively. Ten-day grown fungal endophytic cultures were used for
the development of two types of formulations (wheat bran and talc-based
formulations) and tested for their efficacy on host plant, C. forskohlii under field
conditions. Interestingly, application of wheat bran-based endophytic formulations
significantly enhanced plant height (12–29%), number of branches (51–63%), root
biomass (26–33%), photosynthetic pigments (32–101%), and forskolin content
(35–56%) compared to talc-based formulations under field conditions. Shelf life of
endophytes (RF1, SF1, and SF2) in both formulations revealed spore viability in
wheat bran-based formulations for 6 months storage period as compared to talc-
based formulations. Overall, this investigation envisages developing plant probiotic
bioformulations of functional endophytes of C. forskohlii to enhance root biomass
and in planta forskolin content.

Mastan et al. (2019a) reported specific roles of three fungal endophytes, Fusar-
ium redolens (RF1), Phialemoniopsis cornearis (SF1), and Macrophomina
pseudophaseolina (SF2), functionally acting as plant probiotic fungus, regulating
secondary metabolite (forskolin) biosynthesis in C. forskohlii. The root endophyte,
RF1, and shoot endophytes, SF1 and SF2, were found to enhance forskolin content
by 52–88% in pot and 60–84% in field experiments as compared to uninoculated
control plants. The three endophytes also enhanced total biomass owing to plant
growth-promoting properties. The expression of diterpene synthases (CfTPSs) like
CfTPS1, CfTPS2, CfTPS3, and CfTPS4 were significantly upregulated in
endophyte-treated C. forskohlii plants. Elevated expression of key diterpene
synthases (CfTPS2) in the forskolin biosynthesis pathway, exclusively present in
the root cork of C. forskohlii, was observed following SF2 endophyte treatment.
Furthermore, endophyte treatments conferred a variety of antagonistic activity
against nematode galls (80%) and plant pathogens like Fusarium oxysporum,
Colletotricum gloeosporioides, and Sclerotium rolfsii. RF1 and SF1 fungal
endophytes showed positive for IAA production; however, SF1 also indicated
phosphate solubilization activity. Overall, the qualitative and quantitative improve-
ment of in planta forskolin represents an area of high commercial interest, and hence,
Mastan et al. (2019a) focused on novel insights for the application of three fungal
endophytes for in planta enhancement of forskolin content for C. forskohlii cultiva-
tion by a sustainable approach.
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Mastan et al. (2020) reported the role of plant–probiotic bacterial endophytes of
C. forskohlii, CFLB1 and CFRB1, isolated from leaf and root, which regulate plant
growth and in plant forskolin content. Native bacterial endophyte, CFRB1
(Alcaligenes faecalis), significantly modulated primary plant productivity and
forskolin content under pot and field conditions. Under field conditions, CFRB1
endophyte application significantly enhanced photosynthetic pigments and reduced
the severity of root-knot and root rot diseases. Expression analyses of functional
genes involved in the forskolin biosynthesis in C. forskohlii plants treated with
CFRB1 endophyte under field conditions revealed differential upregulation of four
C. forskohlii diterpene synthases (CfTPSs), CfTPS1, CfTPS2, CfTPS3, and CfTPS4,
along with cytochrome P450 (CfCYP76AH15) and acyltransferase (CfACT1-8)
genes. CFRB1 treatment reduced the severity of nematode infection and root rot in
C. forskohlii plants by 81 and 78%, respectively. Overall, cross-talk of plant–
endophyte interaction in C. forskohlii is beneficial, leading to enhanced forskolin
content through modulation of forskolin biosynthetic pathway genes along with
increased plant yield and reduced disease incidence. Thus, endophytic isolate,
A. faecalis (CFRB1) could be deployed as a novel bio-stimulant for enhancing in
planta forskolin content during cultivation of C. forskohlii.

Field experiments were conducted by Mastan et al. (2021) to understand the
compatibility of three native, endophytic fungi Phialemoniopsis cornearis (SF1),
Macrophomina pseudophaseolina (SF2), and Fusarium redolens (RF1) with
Trichoderma viride (TV1) on Coleus forskohlii in enhancing plant growth and
forskolin content. Co-inoculation of RF1+TV1 showed significant improvement in
plant growth (52%), root biomass (67%), and in planta forskolin content (94%),
followed by treatment of SF2+TV1 and SF1+TV1. qRTPCR was carried out to
quantify the expression of five key forskolin biosynthetic pathway genes (CfTPS2,
CfTPS3, CfTPS4, CfCYP76AH15, and CfACT1-8) in RF1+TV1-treated
C. forskohlii plants. Elevated expression of CfTPS2, CfTPS4, CfCYP76AH15,
and CfACT1-8 genes was noticed with RF1+TV1 combination as compared to
uninoculated C. forskohlii plants. Besides, RF1+TV1 treatment considerably
reduced the severity of nematode infection of C. forskohlii plants under field
conditions. Thus, congruent properties of F. redolens (RF1) were noticed with
co-inoculation of T. viride (TV1) under field conditions resulted in enhanced
forskolin content, root biomass, and reduced nematode infections in C. forskohlii.

Molecular identification of endophytic fungi associated with C. forskohlii was
carried out by Crasta and Raveesha (2021). A total of 85 endophytic fungi were
isolated from 280 leaf segments. Molecular identification revealed 34 fungal genera.
Among these, species of Cladosporium sp., Alternaria sp., Aspergillus niger, Asper-
gillus sp., Colletotrichum sp., Nigrospora oryzae, Penicillium sp., and Phyllosticta
fallopiae were found to be predominant genera. The percentage occurrence of
members of Ascomycota was the highest, with 96.47% distribution and
Basidiomycota members were distributed the least, with 3.53%.
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Propagation Methods of Coleus forskohlii 10

Abstract

In the present chapter, propagation methods of Coleus forskohlii are given. It is
propagated by seeds as well as vegetatively by terminal stem cuttings. The crop is
cultivated through 55-day-old rooted cuttings which are generally planted on
ridges at a spacing of 60 × 45 cm. Soil conditions, climate requirements, sowing
time, crop duration, planting material, spacing, and economics of cultivation are
given. Organic and inorganic fertilizer application dosages are also provided.
Diseases and pests of Coleus crop and their management are also given.

Keywords

Coleus forskohlii · Propagation · Forskolin

10.1 Introduction

Indiscriminate collection of Coleus forskohlii, the only source of the forskolin, from
the wild has made the species vulnerable (Vishwakarma et al. 1988). In the year
2015–2016, India exported a total of 29.69 tons of C. forskohlii products to different
countries worth 2.62 million USD (https://www.eximpulse.com/export-product-
Coleus-Root.htm?tpages=3). As collection from wild sources is detrimental to the
existence of this species there is a necessity for the development of propagation
techniques.

10.2 Propagation

Coleus crops need irrigation and can be sown at any time. Sandy loamy soil is good
for this crop. C. forskohlii, in its native environment, grows on loamy or sandy loam.
Coleus performs best on well-drained soils. Balasubramanian et al. (2020) evaluated
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soil characteristics and yield variation of C. forskohlii in different agroclimatic zones
of Tamil Nadu.
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Relative humidity between 83% and 95% and a temperature of 10–25 °C is ideal
for the crop. Annual rainfall of 100–160 cm is required (Shah and Kalakoti 1996).
Coleus is propagated by seeds as well as vegetatively by terminal stem cuttings. Seed
propagation is difficult and slow whereas propagation by terminal stem cutting is
easy and economical. 10–12 cm long terminal cuttings with 3–4 pairs of leaves are
planted in nursery beds to induce rooting (Nisar et al. 2020). One-month-old stem
cuttings which have sufficient roots are transplanted to the main field. The best
period for planting is during June/July and September/October (Rajamani and
Vadivel 2009). Organic manure is required to the level of 140 kg on the 30th day
and 45th day of planting. A combination of 40 kg N, 60 kg P2O5, and 50 kg K2O per
ha is optimum for obtaining the maximum fresh (120 t/ha) and dry (3.982 t/ha) tuber
yield (Veeraraghavathatham et al. 1985).

Patel (2016) studied vegetative propagation of C. forskohlii using their mature
stem cuttings in poly bags including sand, manure, and soil mixture equally.
Selected stem cuttings for the above purpose were allowed to grow in each one of
the poly bags with a medium water supply at the starting of the experimentation.
After development of the new plants, these were carefully removed from poly bags
and were further grown in the prepared beds in herbal garden to multiply (Figs. 10.1,
10.2, 10.3, 10.4, 10.5, and 10.6).

Coleus plants raised in presence of the arbuscular mycorrhizal fungi Glomus
bagyarajii showed an increase in plant growth and forskolin content over those
grown in the absence of AM fungi (Sailo and Bagyaraj 2005). Synergy between
Glomus fasciculatum and a beneficial Pseudomonas in reducing root diseases and
improving yield and forskolin content in C. forskohlii under organic field conditions
has been studied by Singh et al. (2013).

Damam et al. (2014) investigated the effect of three plant growth-promoting
rhizobacterial strains Pantoea sp. and Pseudomonas sp. in individual or in combina-
tion treatments on C. forskohlii.

In cultivation, the size of C. forskohlii plants varies, but these plants can grow
several feet tall and wide. Malek et al. (2019) investigated the effect of different
cutting types and IBA concentration on survival and rooting of the cuttings. Growth
attributes show variation with different cutting types and IBA. Rooting percentage
and survival was 100 percent in all treatments at 45 DAP. Stem cuttings treated with
brassinosteroids gave more root formation and root growth over control (Swamy and
Rao 2010). 28-homobrassinolide at 3 μM concentration was highly effective in
enhancing the growth. The maximum sprouting, node sprouting, and survival for
cuttings treated with 100 ppm IBA (Tiwari and Das 2010). Sundharaiya et al. (2000)
also confirmed the terminal cuttings treated with 500 ppm IBA recorded the highest
rooting percentage. The temperature clearly affected the production of forskolin,
demonstrating that the contents of forskolin were higher at 20 °C than at 15 and 30 °
C (Yanagihara et al. 1995).

Fifty-five-day-old, rooted cuttings are generally planted on ridges at a spacing of
60 cm (row to row) and 45 cm (plant to plant) (Fig. 10.1). Mastiholi et al. (2010)



reported that closer spacing of 60 cm × 20 cm recorded significantly higher gross and
net returns and B: C ratio (3.25) than wider spacing levels (60 cm × 30 cm,
75 cm × 20 cm and 45 cm × 30 cm). The percent increase in net returns at
60 cm × 20 cm spacing was 98% over 60 cm × 30 cm. Higher tuber yield recorded
at closer spacing gave higher returns. As the spacing was reduced from 60 cm × 30 cm
to 60 cm × 20 cm there was a corresponding increase in tuber yield per unit area
which was mainly attributed to increase in plant population (55,555 to 83,333 plants/
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Fig. 10.1 C. forskohlii cuttings planting in poly bags (Source: Patel 2016)



ha, respectively). The increased tuber yield due to a decrease in spacing was
manifested in increase in net returns (Rs. 28,697–56,822/ha, respectively). Thus,
the higher returns at closer spacing were due to higher plant population (51%).
Under irrigated conditions, production per unit area rather than individual plant
performance decides the profitability of the crop (Mastiholi et al. 2010). Higher net
returns and B: C ratio at closer spacing were also reported by Jayalakshmi (2003).
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Fig. 10.2 C. forskohlii growth in polybags after 10 days (Source: Patel 2016)



Veeraraghavathatham et al. (1985) stated that when the plant population was
increased there was a gradual increase in the tuberous root yield per unit area and
it was highest in the closest planting pattern of 60X20 cm in C. forskohlii.
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Fig. 10.3 C. forskohlii
growth in polybags after
20 days (Source: Patel 2016)

Studies by Mastiholi et al. (2013a, b) showed higher total biomass (TBP) when
planted at a spacing of 60 cm × 20 cm followed by75 cm × 20. There was an increase
in tuber biomass production with a decrease in plant-to-plant spacing (1.04 t/ha at
60 cm × 30 cm and 1.57 t/ha at 60 cm × 20 cm).

Transplanting is done into planting holes having a depth of 10–12 cm and dia. of
8–10 cm. On average, an yield of 800–1000 kg/ha of dry tubers may be obtained.
However, if proper cultivation practices are applied, an yield of up to 2000–2200 kg/
ha of dry tubers can easily be obtained (Rajamani and Vadivel 2009).

Prabhaharan (2005) studied the effect of organics and inorganics on the yield and
quality of C. forskohlii in the alfisols of southern Tamil Nadu. Mastiholi (2008)
reported that there was a gradual increase in plant length with increase in NPK doses.
Jayalakshmi (2003) found a significant influence in growth of coleus with the
application of increased phosphorus levels. Nadukeri et al. (2014) reported that
application of 75 percent RDF (Recommended dose of fertilizer) + 10 t
FYM + vermicompost 5 t per hectare produced increased plant height (66.49 cm),
number of branches per plant (85.95), leaf area index (7.49) at harvest, absolute
growth rate (3.394 g/plant/day), crop growth rate (0.943 g/m2/day), and relative
growth rate (0.0460 g/g/week) were recorded at 120–160 days after planting.

Saraswati et al. (2016, 2019) investigated the effect of organic manures on
growth, yield, quality, and nutrient uptake of C. forskohlii. Application of pongamia
cake equivalent to 100 percent RDN (Recommended dose of nitrogen) recorded the
highest plant height and number of branches. Plants provided with FYM equivalent
to 100 percent RDN gave 1.28 t per hectare of dry tuberous root yield. However,
poultry manure, pongamia cake, pressmud, and RDF application also gave on par
dry tuberous root yield.

Nadukeri and Kattimani (2012) investigated the integrated nutrient management
in C. forskohlii and concluded that growing coleus with application of 75%



RDF + 10 t FYM + vermicompost 2.5 t/ha or 75% RDF + 10 t FYM + vermicompost
5.0 t /a had beneficial effects on obtaining maximum net returns and cost-benefit
ratio. Influence of FYM, inorganic fertilizer (NPK), and sources of potassium on the
yield of C. forskohlii was investigated by Somanath (2002) and Somanath
et al. (2005).

160 10 Propagation Methods of Coleus forskohlii

Fig. 10.4 C. forskohlii
growth in polybags after
30 days (Source: Patel 2016)

The effect of organic manures (different doses of castor cake, FYM), biofertilizer
(Azospirillum, phosphorous solubilizing bacteria), and inorganic nitrogenous fertil-
izer (different levels) on tuber yield at harvest and soil nutrient status at different
growth stages (90, 120 DAP and at harvest) were investigated by Sandya Rani
et al. (2009).

Priya et al. (2013) assessed the role of organic manures, biofertilizers, and their
interaction effect on the growth and yield of Coleus. FYM 5 t + vermicompost 0.5 t/
ha among organic manures and Azospirillum + Phosphobacter each @ 2 kg/ha



among biofertilizers significantly increased the growth and yield and was on par with
inorganic fertilization. The effects of farmyard manure (FYM) and NPK fertilizers
on the productivity of C. forskohlii were studied in Bangalore, Karnataka, India,
during the Kharif of 2002 by Somanath et al. 2005
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Fig. 10.5 C. forskohlii planting in the field (Source: Patel 2016)
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Fig. 10.6 Planting of Coleus forskohlii rooted cuttings (Source: https://agritech.tnau.ac.in/
horticulture/horti_medicinal%20crops_medicinal%20coleus.html)

Under irrigated conditions, harvesting the crop at the physiological maturity stage
(Fig. 10.2) helps to obtain higher yields and returns. Better utilization of the growing
season by planting succeeding crop also warrants harvesting the preceding crop at
the right time. Jayalakshmi (2003) recorded higher net returns at 180 DAP. Mastiholi
et al. (2010) reported that a higher B: C ratio and returns were obtained by harvesting
at 180 and 160 days after planting (DAP). The higher returns at the above harvesting
stage were due to higher tuber yield. The percent increase in net returns at 180 DAP
over 160 DAP was only 5.4%. But, there was a 77.2 percent increase in net returns at
160 DAP over 140 DAP. The increase in B: C ratio at 180 DAP over 160 DAP
(3.2%) was also negligible, compared to 41.5% increase at 160 DAP over 140 DAP.
Mastiholi et al. (2010) concluded that under irrigated condition, cultivation of
C. forskohlii becomes profitable when it is planted at the spacing of 60 cm × 20 cm
and harvested at 160 DAP. By advancing the harvesting time by 20 days (harvesting
at 160 DAP instead of 180 DAP) farmers can suitably accommodate succeeding
crops under irrigated conditions in addition to getting optimum yield and returns.
Mastiholi et al. (2010) investigated the effect of NPK levels on forskolin content and
yield in C. forskohlii under irrigated conditions.

Nageswara Rao et al. (2011) reported that 50% of NPK and 10 tonnes of farm
yard manure per hectare at the harvesting time of 150 days are ideal for the
maximum yield of forskolin. Field experiments were carried out by Vennila and

https://agritech.tnau.ac.in/horticulture/horti_medicinal%20crops_medicinal%20coleus.html
https://agritech.tnau.ac.in/horticulture/horti_medicinal%20crops_medicinal%20coleus.html


Jayanthi (2014b) on sandy loam soil to assess the effect of planting systems (normal
planting and paired row planting) and sources of nutrients on C. forskohlii.
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A 2 years field experiment carried out by Vennila and Jayanthi (2014c) indicated
that application of 40:60:50 kg NPK/ha + 10 t FYM/ha or application of poultry
manures at 3 t/ha is liable for producing higher yield, nutrients uptake, and nitrogen
use efficiency. Nageswara Rao (2014) also reported that combination of organic and
inorganic fertilizers is very productive than the application of manures or fertilizers
alone for achieving higher growth and yield in C. forskohlii. An experiment was
carried out by Sathiyaraj (2017) on integrated nutrient management combination
with biofertilizers and plant growth substances on yield and quality of C. forskohlii.

An experiment was conducted by Muruganandam et al. (2021) on nutrient man-
agement of C. forskohliiwith different combinations of nutrients. Among the various
treatments tried, plants supplied with T5 (75% RDF + FYM@ 15 t/ha + Castor cake
at 2 t/ha + Azotobacter at 10 kg/ha) was recorded maximum growth parameters.

Shukla et al. (2022) investigated chemotypic variability of seven germplasm
samples of C. forskohlii collected from different phytogeographical locations in
India. Data on soil analysis correlated with the bioactive compounds. Quantification
of forskolin and iso-forskolin revealed a wide range of variations, varying from 1.15
to 0.004% and 0.0091 to 0.1077% per dry weight basis, respectively.

After 4.5–5 months of planting the crop of C. forskohlii gets ready for harvesting.
The plants are uprooted, tubers separated, cleaned, and sun dried (Figs. 10.7 and
10.8). The fresh root tubers just after harvesting contain 75–85% moisture level,
which goes down to 12% due to drying. Root tubers can be dried by two methods:
Sun drying and mechanical drying. Mechanical drying requires a temperature of 40 °
C to dry the root tuber. After drying, root tubers having a slice thickness of 0.5 cm

Fig. 10.7 Coleus forskohlii in cultivation (Source: https://www.nutraceuticalsworld.com/contents/
view_breaking-news/2019-04-04/sabinsa-obtains-patents-for-forslean-coleus-forskohlii-extract-
related-to-energy-balance/)

https://www.nutraceuticalsworld.com/contents/view_breaking-news/2019-04-04/sabinsa-obtains-patents-for-forslean-coleus-forskohlii-extract-related-to-energy-balance/
https://www.nutraceuticalsworld.com/contents/view_breaking-news/2019-04-04/sabinsa-obtains-patents-for-forslean-coleus-forskohlii-extract-related-to-energy-balance/
https://www.nutraceuticalsworld.com/contents/view_breaking-news/2019-04-04/sabinsa-obtains-patents-for-forslean-coleus-forskohlii-extract-related-to-energy-balance/


are packed in a bag that is lined with polyethylene. Mechanical drying retains a high
yield of forskolin as compared to Sun drying. Variety CO.1 Medicinal coleus
(C. forskohlii), selected from Theni local, recorded 1.98 tonnes dry tuber/ha with
forskolin content of 0.54%. Moderately resistant to root rot and wilt diseases under
field conditions. Gupta et al. (2021) determined the effect of Plant Growth
Regulators (PGRs) viz. IAA, GA3, and Kinetin in their physiological ranges from
10-7 to 10-5 M on tuberous roots of C. barbatus with their respective control.
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Fig. 10.8 Cleaning of harvested tubers of Coleus forskohlii (Source: https://agritech.tnau.ac.in/
horticulture/horti_medicinal%20crops_medicinal%20coleus.html)

C. forskohlii plant was subjected by Khan et al. 2020 to different water stress
conditions under controlled temperatures in climate control Greenhouses. The
forskolin and proline contents were found to be maximum in the roots of plants
with 80% moisture stress. Similarly, the potassium content was also influenced by
the water stress treatment. However, the chlorophyll content was found to be
maximum in plants with 20% moisture stress. The soil moisture stress has a signifi-
cant influence on forskolin and proline content. Hence, the crop may be cultivated in
a stress condition for maximum production of forskolin.

There are several other publications on the propagation of Coleus forskohlii and
these include Farooqi and Sreeramu (2004), Sudhakar (2005), Srinivas et al. (2008),
Somanath et al. (2004), Mastiholi (2010) and Priya et al. (2013). Several PhD and
MSc theses were submitted on the propagation of C. forskohlii, these include

https://agritech.tnau.ac.in/horticulture/horti_medicinal%20crops_medicinal%20coleus.html
https://agritech.tnau.ac.in/horticulture/horti_medicinal%20crops_medicinal%20coleus.html


Veeraraghavathatham et al. (1988), Patil (2000), Sailaja (2004), Rajangam (2005),
Sudhakar (2005), and Vennila (2006). From the above review, it is clear that almost
all the propagation studies were carried out in India.
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10.3 Intercropping

Field experiments were carried out by Vennila (2006), Vennila et al. 2008, Vennila
and Jayanthi 2014a) on sandy loam soil to assess the effect of planting systems and
sources of nutrients on C. forskohlii + Phyllanthus amarus intercropping system.
Planting of C. forskohlii and P. amarus (1:1 ratio) at a spacing of 90–30 × 30 cm
registered higher tuber yield. Effect of spacing, manure, and fertilizers on the growth
and yield of C. forskohlii under teak plantation was investigated by Suresh
et al. (2010).

Cultivation and intercropping trial of C. forskohlii for economic yield from roots
and whole plant were calculated under sapota-jatropha plantations by Malek et al.
(2020) in south Gujarat, India. The economic feasibility of intercropping of coleus
crop with sapota-jatropha was calculated higher under sapota + jatropha based horti-
medicinal agroforestry system. The primary results for intercropping of C. forskohlii
can also be replicated with other horti-silvi systems viz., mango–bamboo, mango–
teak, and sapota–gmelina for better economic returns to the farmers.

10.4 Diseases

Diseases and their management in C. forskohlii have been reviewed by Singh et al.
(2011) and these are briefly mentioned below.

10.4.1 Leaf Spot Disease

Leaf spot disease in C. forskohlii is caused by fungus Corynespora cassiicola
(Fernandes and Barreto 2003) and Botryodiplodia theobromae (Ramprasad 2005).

10.4.2 Blight Disease

Shukla et al. (1993) reported that Rhizoctonia solani causes leaf blight in
C. forskohlii.

10.4.3 Root Rot/Wilt Disease

Fusarium chlamydosporum causes root rot disease in C. forskohlii (Shyla 1998;
Singh et al. 2009). F. solani causing root rot of C. forskohlii has also been reported



by Bhattacharya and Bhattacharya (2008). Ralstonia solanacearum was reported to
be causing the vascular wilt of C. forskohlii (Coelho and Assis 2002;
Chandrashekara and Prasannakumar 2010).
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Trichoderma harzianum and zinc sulfate exerted maximum reduction in root rot
incidence caused by Macrophomina phaseolina (Kamalakannan et al. 2006).
Muthulakshmi et al. (2021) investigated the effect of bioagents on the management
of root rot disease in Coleus. They reported that basal application of Bacillus subtilis
(Bbv 57) at 2.5 kg/ha + dipping root cutting in 2% (Bbv 57) + soil application of Bbv
57 at 2.5 kg/ha for 90 days after planting followed by treatment with T1 with basal
soil application of B. subtilis (Bs1) at 2.5 kg/ha + dipping cuttings in 0.2% B. subtilis
(Bs1) + soil application of B. subtilis (Bs1) 22.5 kg/ha was significantly superior in
reducing the root rot incidence and increasing the tuber root yield.

10.4.4 Root Knot Disease of C. forskohlii

Root knot disease in C. forskohlii has been reported to be caused by Meloidogyne
incognita andM. arenaria. M. incognita has been reported to cause a yield reduction
of up to 86% (Senthamarai et al. 2006), while severe losses also occur in
C. forskohlii because of M. arenaria infestations (Bhandari et al. 2007). A pot
culture experiment was carried out by Senthamarai et al. (2008) under glasshouse
conditions for the evaluation of biocontrol agents against M. incognita in
C. forskohlii.

10.4.5 Complex Disease of C. forskohlii

Collar rot complex of C. forskohlii involving Fusarium chlaydosporum and Rhizoc-
tonia bataticola (Macrphomonia phaseolina) was reported by Kulkarni et al. (2007).
Complex disease of C. forskohlii has also been reported involving both fungal and
nematode pathogens (Senthamarai et al. 2008).

10.4.6 Stem Blight

Ramprasad (2005) reported stem blight caused Phytophthora nicotianae var.
nicotianae.

10.5 Disease Management

Water stagnation in C. forskohlii fields may lead to severe infections of Fusarium
and Ralstonia, therefore, water stagnation in the planted fields should be avoided.
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10.5.1 Chemical Control

10.5.1.1 Fusarial/Bacterial Wilt Control
Dipping the terminal cuttings in carbendazim solution (1 g/l) before planting protects
C. forskohlii from fungal pathogens. The chemical Emisan (0.2%) has been found to
protect the plants against Fusariumwilt to some extent but the protection provided to
plants inoculated with biocontrol agents Trichoderma viride and Glomus mosseae
was found to be higher (Boby and Bagyaraj 2003). Glomus fasciculatum and
Pseudomonas fluorescens are most effective treatments that reduced 56–65% and
61–66%, under lower and higher levels of pathogen Fusarium chlamydosporum
(Singh et al. 2009). Chemical fungicides (benomyl) reduced the disease incidence
(54.54%) caused by F. chlamydosporum (Singh et al. 2009) during a field study of
C. forskohlii. Paramasivan et al. (2007) reported that the use of chemical fungicide
(Carbendazim) reduced the disease incidence by 18%. Kulkarni et al. (2007)
reported that the lowest population (cfu/g soil) of F. chlamydosporum and
R. bataticola was observed with the use of carbendazim (Singh et al. 2011).

10.5.2 Biological Control

10.5.2.1 Fusarial/Bacterial Control
Arbuscular mycorrhizal (AM) fungi suppressing the activity of root pathogens are
well documented (Mohan and Verma 1996). P. fluorescens, mainly considered as a
PGPR, can suppress a wide range of plant pathogens including Fusarium (Defago
and Hass 1990). Neem and neem products are effective against the root/soil-borne
pathogens (Singh et al. 2011).

Paramasivan et al. (2007) reported that the use of bioinoculants like T. viride and
P. fluorescens reduced the disease incidence by 20–21%. A combination of
T. viride + Neemato (neem-based product applied at 500 g/5 m2) resulted in the
lowest wilt incidence by 12.76% (Kulkarni et al. 2007).

Two-year field experiments were conducted by Singh et al. (2012) with five
bioinoculants and neem cake under organic field conditions (with vermicompost as a
nutritional supplement) to evaluate their potential to control root rot and wilt
(a complex problem involving Fusarium chlamydosporum and Ralstonia
solanacearum) of C. forskohlii.

10.6 Mulching and Weed Control

The effect of mulching with organic materials and black polythene sheet on weed
population and tuber yield of C. forskohlli was evaluated by Gunasekaran and
Shakila (2014).
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10.7 Crop Improvement

Crop improvement studies were reviewed in forskolin-yielding C. forskohlii by
Hegde and Kumar (2002). Wide variability was reported in morpho-economical
characters in available germplasm. Among tuberous and non-tuberous accessions, a
cultivated tuberous type “K” recorded higher tuber yield as well as higher forskolin
content in dry tubers. Velmurugan et al. (2009) studied correlation and path analysis
in mutants of C. forskohlii for yield and forskolin content in V2M1 generation.

A field evaluation trial was conducted by Hegde et al. (2005) involving
13 accessions of C. forskohlii. The accession IIHR-80 was with medium tuber
yield and higher forskolin content (0.715%). Sharma and Vasundhara (2015)
evaluated the C. forskohlii varieties and mutants against the local check (K-8)
under sterilized media (cocopeat) and nutrient solution (864 mg plant-1 nitrogen,
768 mg plant-1 phosphorous and 960 mg plant-1 potassium) for growth, yield, and
forskolin content. Mutant MV2 was found to be better than other varieties.
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Traditional farmers of Tirupur, Udumalpet, Dharmapuri, and Karuru increasingly
raise medicinal herbs. T. Shaktivel, a farmer in Unathur, said that C. forskohlii

Success Stories and Trade and Commerce
of Coleus forskohlii 11

Abstract

Contract farming of Coleus forskohlii is gaining popularity among small and
marginal farmers of Salem and Kanchipuram districts and neighborhood in India.
In India, about 2500 tonnes of C. forskohlii are cultivated annually. The crop is
widely grown in Karnataka, Tamil Nadu, and Gujarat. There are many success
stories. Bangalore-based Sami-Sabinsa Corporation had brought about contract
farming of C. forskohlii in Salem. They cultivated C. forskohlii across 10,000
acres in Salem, Villupuram, Vellore, and Thiruvannamalai districts in Tamil
Nadu, India.

Keywords

Coleus forskohlii · Forskolin · Coleus farming · Success story · Sami-Sabinsa

11.1 Introduction

Contract farming of Coleus forskohlii is gaining popularity among small and mar-
ginal farmers of Salem and Kanchipuram districts and neighborhood in India.
C. forskohlii contract farming is gaining popularity among the small and marginal
farmers of Tamil Nadu. The crop is widely grown in Karnataka, Tamil Nadu, and
Gujarat. “It is an easy and a profitable crop for the farmers,” said Mr. G. Sivaji, an
enterprising farmer of Navalur Therku Kadu village near Athur in Salem district.
Encouraged by the growing popularity of traditional medicines like Ayurveda more
farmers are opening up to the idea of cultivation of medicinal plants. The medicinal
plants can be grown as an intercrop that provides additional income, but marketing is
still a challenge.
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(Marundhu Koorakannu in Tamil), which he has been cultivating in 2.5 acres for
10 years was now more fetching him good returns.
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There are many success stories. Bangalore-based Sami-Sabinsa Corporation had
brought about contract farming of C. forskohlii in Salem. They cultivated
C. forskohlii across 10,000 acres in Salem, Villupuram, Vellore, and
Thiruvannamalai districts in Tamil Nadu, India.

11.2 Success Story—Dr. Muhammed Majeed

Dr. Muhammed Majeed is an internationally acclaimed scientist, entrepreneur, and
pioneer in the field of evidence-based natural ingredients. He popularized the Indian
Ayurvedic ingredients as food supplements in the USA and European countries. He
established the company Sami-Sabinsa corporation. Today, Sami-Sabinsa Group,
which currently employs over 700 people, is expecting a turnover of Rs 1250 crore
in 2019–2020.

11.2.1 Sami-Sabinsa Corporation

The Sami-Sabinsa group pioneered the natural extracts of C. forskohlii, for use in
nutritional and cosmetic applications, in the early 1990s. And the outcome was
ForsLean®, a natural ingredient, forskolin-enriched extracts from the roots. In 1998,
Sami-Sabinsa introduced a novel and previously unknown use for C. forskohlii
(ForsLean®) for promotion of lean body mass in weight management. Sami Labs
is primarily into cultivating C. forskohlii and its associate in the USA, Sabinsa
Corporation discovered that C. forskohlii when consumed broke down fat without
affecting other tissues. “Thus can be used as a good weight management product. In
1998, Sami Labs were granted a US patent for the discovery,” said Majeed.
ForsLean® is the extract of C. forskohlii (standardized to contain 95% forskolin)
which is potentially useful in skin care formulations, particularly as a conditioning
agent.

The company contracts with farmers for a range of herbals for its ingredients,
including C. forskohlii. Sami Labs is benefiting more than 10,000 farmers commer-
cially to grow C. forskohlii in Tamil Nadu and Karnataka by assuring them with a
buyback guarantee (Fig. 11.1).

https://forslean.com/forslean/overview/
info@sabinsa.com

https://forslean.com/forslean/overview/
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Fig. 11.1 Products of Sami-Sabinsa

Dr. Muhammad Majeed, Sabinsa corporation and Sami Labs Founder, in the field of Coleus
forskohlii Image: Sabinsa



Estimated consumption by the domestic herbal manufacturing units, for the year

Ambe Phytoextracts Pvt. Ltd. (India), OmniActive Health Technologies Limited

Shaanxi, is a leading exporter, manufacturer, and supplier of plant extract in

New Delhi -110,016 info@bionatural.inhttps://www.bionatural.in/product/coleus

turer, Supplier, and Trading Company of Herbal & Botanical Products in India

Gtr Overseas, Tiruchirappalli, Tamil Nadu
Cymbio Pharma Private Limited, Yelahanka, Bengaluru, Karnataka
Shubhasya Biotech, BTM Layout, Bengaluru, Karnataka
Arizone International LLP, Established in 2014 at Daman in Daman and Diu, is

a leading Exporter, Manufacturer, Supplier, and Trading Company in India.
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2005–2006, has been assessed at 1468 MT (dry wt.). During 2005–2006, exporters
at Tuticorin (Tamil Nadu) reported export of 140 MT of Coleus forskohlii. Almost
the entire quantity being consumed by the domestic herbal manufacturing units, as
well as the exports, is obtained from cultivation. The Coleus and Turmeric Market
is expected to reach $6.9 billion by 2027, at a CAGR of 7.4% during the forecast
period. The growing demand for coleus forskolin in the sports nutrition industry,
increasing consumption of weight loss supplements, consumer demand for natural
products, and the growing Ayurveda sector are the key factors driving the growth of
the coleus and turmeric market.

The key players profiled in the coleus market are Wacker Chemie AG (Germany),

(India), Natural Remedies (India), Herbochem (India), Inventia Healthcare Limited
(India), Sabinsa Corporation (U.S.), Star Hi Herbs Pvt. Ltd. (India), Arjuna Natural
Pvt. Ltd. (India), Plant Lipids Private Limited (India), Pharmavit (Netherlands),
Indena S.p.A. (Italy), Olive Lifesciences Pvt. Ltd. (India), Alchem International
Pvt. Ltd. (India), and Sanat Products Ltd. (India).

Shaanxi Yougu Biotechnology Co., Ltd., established in 2010 at Xian in

China. Shaanxi Yougu Biotechnology Co., Ltd. is one of Trade India’s verified
sellers of listed products. They are exporting, manufacturing, and supplying Coleus
forskohlii extract forskolin to their customers from Xian, Shaanxi, China.

Bionatural 21, Suneja House, first Floor, Gulmohar Enclave Community center,

Coleus forskohlii Grade available: Forskolin 10% & 20%.
Shining Star Exports, Chennai in Tamil Nadu, is a leading Exporter, Manufac-

CK AND CO, Salem, Tamil Nadu

Kannan RR, Rohini AK, Angles S, Murugananthi D (2020) An economic analysis of coleus

10(1):18–22
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