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Clinical Global Impression
coronary heart disease
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conjugated linoleic acid

cells

corilagin

cyclooxygnease
cyclooxygenase-1
cyclooxygenase-2

curcumin and fennel essential oil
cardiovascular disease
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diallyl sulfur
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deoxyribose nucleic acid
dextran sulfate sodium
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extracellular signal-regulated kinases
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glucose-6-phosphate dehydrogenase
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gastro intestinal

glutathione peroxidase
glutathione reductase

Gastrointestinal Symptoms Rating Scale

glutathione S-transferase
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LDL
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MALDI
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MAPK
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MEO
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Hospital Anxiety and Depression Scale
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high density lipids
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intraperitoneal

inflammatory bowel disease

irritable bowel syndrome

Irritable Bowel Syndrome Quality of Life Questionnaire
IBS-Symptom Severity Scale
half-maximal inhibitory concentration
inflammation

inflammatory gut disease

interleukin

immune system

c-Jun N-terminal kinases
luteolin-4-O-glucoside

lactic acid bactria

low density cholesterol

low density lipids

low density lipoprotein receptor

low density polyethylene
lipoxygenase

lipopolysaccharide

matrix-assisted laser desorption/ionization
monoamine oxidase

modified atmosphere packaging
mitogen-activated protein kinase
mitogen-activated protein kinase
minimum bactericidal concentration
mace essential oil

magnesium (II) ion



xxii

MgSO,
MIC
mRNA
MTBE
mTOR
MU
NCCIH
NDI
Ne-MEO
NF

NO
NOCT
NOS
NSAIDs
NVU
OlivH
Pagg
Pdln
PG
PGE,
PGE2
Phc
PHYEM
PI3K
Pngn
PPAR«
Prcs
PTEN
PTHB
PU
PVC
PXR
PYA
QOL
RAS
RHT
RNA
ROS

Abbreviations

magnesium sulphate

minimum inhibitory concentration
messenger RNA

methyl-tert-butyl ether
mammalian target of rapamycin
mouth ulcer

National Centre for Complementary and Integrative Health
Nepean Dyspepsia Index

nano encapsulated mace essential oil
nuclear factor

nitric oxide

n octanol

nitrous oxide systems
nonsteroidal anti-inflammatory
neurovascular units

hot olive oil poultice
pentagalloylglucose

pedunculagin

prostaglandin

prostaglandins

prostaglandin E2

phytoconstituent
phyllaemblicin-A, B and C
phosphoinositide 3-kinase
punigluconin
proliferator-activated receptor alpha
preclinical study

phosphatase and tensin homolog
propyl 3,4,5-trihydroxybenzoate
peptic ulcer

polyvinyl chloride

pregnane X receptor
phyllaembilic acid

quality of life

renin—angiotensin system
rheumatic

ribonucleic acid

reactive oxygen species



Abbreviations

RoS
SEER
SF12
SGOT
SGPT
SoD
SPN
SST
SYTLY
TAA
TCAM

TH-1

TH-2

THP1

TISS

TNF
TNF-a
TNSSFALF
TOF
TRPMS

ucC
UDCA
UHT
VAS
VEGF
VM
W/wW

Xxiii

reactive oxygen species

Surveillance, Epidemiology, and End Results
Short Form 12

serum glutamic oxaloacetic transaminase
serum glutamic pyruvic transaminase
superoxide dismutase

saponin

site-specific targeting

synthetically

thioacetamide

traditional medicine/complementary and alternative
medicine

T helper cell-1

T helper cell-2

Tohoku Hospital Pediatrics-1

total IBS symptom score

tissue necrosis factor

tumor necrosis factor-alpha

tumor necrosis factor-o.:

time of flight

transient receptor potential cation channel subfamily m
(melastatin) member

ulcerative colitis

ursodeoxycholic acid

ultra-high treatment

visual analogue scale

vascular endothelial growth factor

vitamin

weight by weight



Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


https://taylorandfrancis.com

Preface

The digestive system of the human body is one of the most important pillars
of the entire human body system, because the food consumed by human
beings has either a direct or an indirect side effect on their health, which
leads to various diseases. In a world where problems related to stomach
and intestine are very common, functional gastrointestinal system diseases
are the most commonly found diseases, which occur due to eating habits
and erratic lifestyles. When there is a problem in the human body, nature
has always provided remedies for it. Plants, especially medicinal plants,
herbs, and spices, have unlimited basic and therapeutic importance in
conditions such as hypoglycemia. They also exhibit antidiabetic, antican-
cerous, antithrombic, antihypertensive, anti-inflammatory, and antioxidant
activities. Among the therapeutic benefits, a plant-based diet helps in the
prevention against gastrointestinal diseases. These plant-based foods can
be consumed either in the form of plant extracts, essential oils, or can be
directly included in food. Due to several health benefits, the demand for
plant-based diets, especially medicinal, herbal, and spices, is growing.
Phytomedicine compounds are also important in the prevention and the
treatment of gastrointestinal diseases.

This book Herbs, Spices, and Medicinal Plants for Human Gastroin-
testinal Disorders: Health Benefits and Safety attempts to exemplify the
health benefits of plant-based phytochemicals and the role of herbs and
spices in therapeutic applications. Each chapter covers major features
pertaining to health benefits and cures for gastrointestinal diseases through
various plant-based foods.

This book is divided into three parts. Part I: Natural Phytochemicals
in Gastrointestinal Disorders describes the potential of Carica papaya,
healing benefits of nutmeg (Myristica fragrans), healing benefits of plant-
based phytochemicals in the prevention of colorectal cancer, and healing
benefits of medicinal plants in the treatment of hemorrhoids. Part II: Role
of Spices and Herbs in the Management of Gastrointestinal Disorders
covers the healing benefits of garlic (4/lium sativum), onion (4/lium cepa),
lectins, black pepper, chamomile, and dandelion in the management of
gastrointestinal disorders. Part I1I: Plant-based Remedies in the Treatment
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of Gastrointestinal Diseases explains the role of Aloe vera in the treatment
of irritable bowel disease, herbal treatment of irritable bowel syndrome,
role of plant-based medicines in the treatment of gall bladder stones, role
of pseudocereals in the treatment of celiac disease, role of amla (Emblica
officinalis) in peptic ulcer, and therapeutic properties of fermented foods
and beverages.

This book would serve as a paragon of material and an exceptional
reference material for researchers, scientists, growers, students, processors,
traders, industries, and others in the development of plant-based diet for
gastrointestinal diseases.

This book will aid experts working in the area of food science,
technology, and medicine around the world. The book will also act as a
reference book for researchers, students, scholars, industries, universities,
and research centers.

This book has taken its present shape because of the excellent
contribution by the contributing authors, who have been the soul of this
compendium. We have mentioned their names in each chapter and also in
the list of contributors. We are indeed indebted to them for their knowl-
edge, dedication, and enthusiasm.

We also extend our sincere thanks to Apple Academic Press, Inc.

We hereby appeal to our readers to provide their productive suggestions
that may form the basis for improving future editions.

We take this opportunity to thank (1) our families for their motivation,
moral support, and blessings in counteracting every obstacle coming in the
way; (2) our spouses for their understanding, patience, and encouragement
throughout this project; (3) our institutes: PAU, Ludhiana, Punjab; ICAR-
NDRI, Karnal, Columbia College of Pharmacy, Chhattisgarh; and UPRM,
Mayaguez for their support during the compilation of this publication.

—Editors
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CHAPTER 1

Ethnopharmacology and Therapeutic
Potential of Carica papaya

GURPREET SINGH, POOJA CHAWLA, ABDUL FARUK, and
VINEY CHAWLA

ABSTRACT

Papaya (Carica papaya Linn) has been widely used as traditional herbal
remedy for the prevention and management of several conditions and
diseases. During the past few decades, it has been used in the treatment of
digestive problems, wounds, dengue, and jaundice, etc. Its major bioactive
phytoconstituents are: papain, chymopapain, alkaloids, flavonoids, lyco-
pene, carotenoids, anthraquinones glycoside, antioxidants, and vitamins.
This chapter has highlighted various ethnopharmacological and traditional
uses of different parts of Carica papaya.

1.1 INTRODUCTION

Carica papaya is a member of the family Caricaceae (a family of dicots
plants with four genera).’® Papaya is a delicious fruit in most tropical and
semitropical countries and is cultivated mostly for its consumption as
fresh fruit, and for use in drinks, jams, salads, and candies.? The papaya
plant has been well-documented in the literature for a number of medic-
inal properties and has been used against diseases, such as gastroenteritis,
urethritis, typhoid fever, wound infection, asthma, rheumatism, fever,
diarrhea, boils, and hypertension, etc.”!:37:3:606771 Al parts of papaya
(seeds, roots, rinds, and fruits) have beneficial therapeutic and protective
properties (Fig. 1.1). Different parts of the papaya plant have been used in
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the food (nutraceuticals), skincare products, leather, and pharmaceutical
production.*' Scientists have reported the activity of papaya for antifer-
tility, anthelmintic, and anti-inflammatoryeffects.’%3355587 The latex of
unripe fruit is widely used in pharmaceutical and cosmetics products.!'®%78

Fruit Seed

FIGURE 1.1 Major parts of Carica papaya plant.

The Spanish chronicler Oviedo indicated the papaya on Panamanian
and Colombian coasts in 1526. Due to the high viability of papaya seeds,
the fruit was rapidly produced in the tropics.?® During this century, papaya
has been cultivated in tropical regions with fertile soils and heavy rain-
fall. Then, papaya seeds were introduced to Southeast Asia and India by
Spanish and Portuguese mariners. Later, papaya seeds reached Hawaii
between 1800 and 1820.77 In the 20th century, papaya seeds were taken to
Barbados, Jamaica, Mexico, and Florida.

1.2 GEOGRAPHICAL DISTRIBUTION

It is local to the tropics of the Americas, however, now it is generally
developed all through the world, and is accessible consistently.® It is
cultivated in different parts of the world and the significant cultivators of
papaya plants include India, tropical America, Europe, Australia, Hawaii,
and South-East Asia.*® Papaya is cultivated in all five continents due to
its capability of growing in all soil types, but it requires good drainage."”
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The major contribution of its total production® comes from Asia, Central
America, and other countries as shown in Figure 1.2, and major cultivars
of papaya plant are listed in Table 1.1. Different vernacular names of C.
papaya and the taxonomic hierarchy of C. papaya have been illustrated by
many investigators.20473

FIGURE 1.2 Major producers of papaya plant: (1) India, (2) Brazil, (3) Mexico, (4)
Indonesia, (5) Dominican Republic, and (6) Nigeria.

1.3 MORPHOLOGY

Papaya is a small softwood and unbranched tropical fruit tree of 5-10 m in
height with the spirally arranged leaves. The seven lobed leaves are large in
diameter of about 50-70 cm, vary in sizes and shapes in different maturity
stages. Fruits are commonly green while young and yellow-greenish or
orange when ripe with the large ovoid smooth surface.!° The fruit has a
hollow berry, which contains small black seeds that constitute about 15%
of the total weight and the seeds are lined in five rows to the interior wall
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of the fruit. Papaya tree starts to bear fruit within 1-2 years.” It can be
cultivated in either home gardens or outdoors.

TABLE 1.1 Major Cultivars of Papaya in the World.

Country Variety

Australia Improved Petersen, Guinea Gold
Barbados Wakefield, Graeme

Cuba Maradol

Dominican Republic Cartagena

Florida Cariflora, Betty, Homestead
Hawaii Kapoho Solo,Waimanalo, Rainbow
India Coorg Honey Dew, Coimbatore Varieties (CO1-CO8)
Indonesia Semangka, Dampit

Malaysia Eksotika, Sekaki

Mexico Verde, Gialla, Cera, Chincona
Philippines Cavite, Sinta

South Africa Hortus Gold, Kaapmuiden

Taiwan Tainung five

Thailand Sai-nampueng, Khaek Dam
Trinidad Santa Cruz Giant, Cedro
Venezuela Paraguanera, Roja

On the basis of reported literature, papaya plant is categorized into
three primary sexes (Fig. 1.3), such as male (staminate) (&), hermaphro-
dite (bisexual) (), and female (pistillate) (?). A typical male and female
plants bear individual unisexual flowers, while hermaphrodite plant bears a
combination of male unisexual and hermaphroditic flowers.**** The typical
female flower is mostly large and conical in shape when it is mature with
five petals spread from the base. The ovary is large in structure with a
circular smooth surface, which produces spherical or ovoid-shaped flowers.
Fruit progresses from globular to egg-shaped. In the case of hermaphrodite
intermediate type, the flower is undefined and petals may be fused in their
length or may be free from the base. Hermaphrodite elongated type of
flower has fused petals from one-fourth to three-fourths of their total length
with 10 anthers, out of which five are long and five are short. The long
ovary contains five or more carpels and forms the fruit which is cylindrical
to pear-shaped and is of great commercial value.
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The typical male flower has a long and thin corolla. It contains anthers
in two series of five; one series is longer than the other. The male flowers
have nonfunctional rudimentary pistil.>*¢! Multiple species of papaya have
been documented in the scientific literature, which belong to five genera,
that is, Jacaratia, Jarilla, Horovitzia, Carica, and Vasconcellea.**

FIGURE 1.3  Six varieties of flowers of papaya plant: Typical female (A, B). Hermaphrodite
intermediate (C). Hermaphrodite elongated (D). Hermaphrodite sterile (E). Typical male (F).

1.4 PHYTOCONSTITUENTS

Primary phytoconstituents reported from various parts of the C. papaya
plant include papain (proteolytic enzyme), lycopene (tetraterpene),
carotenoids, alkaloids, monoterpenoids, flavonoids, mineral (potassium,
etc.), vitamins (A, C, and E; thiamine, niacin, and riboflavin), malic acid,
and glycosides.' %7489 Eresh fruit juice contains flavonoids, tannins, and
anthocyanins with antioxidant ability as free radical scavengers.®® Young
leaves of papaya include carpaine, pseudocarpaine, dehydrocarpaine,
choline, carposide, and vitamins (C and E). Phytochemical analysis of
the different parts of the plant revealed the presence of various bioactive
phytochemicals, which have pharmacological importance (Fig. 1.4).
Papaya fruitexhibits wide range of medicinal properties (i.e., antimicrobial,
antiviral, anti-inflammatory, healing of wound and dressing aid, anticancer,
neurodegenerative, diuretic, abortifacient agent, and contraceptive).” It is
highly well-known for its nutritional values and it aids in digestion. Extract
of the whole fruit contains immunity boosters (i.e., vitamin C, ferulic, caffeic
acid, and p-coumaric) that protect human cells against oxidative stresses. '
Unripe fruit of papaya contains proteolytic enzyme papain (cysteine
protease), which acts like pepsin in gastric juice. The papain is more active
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in green fruit and shows extensive proteolytic activity toward proteins.
The extract from the seeds of papaya shows antioxidant and anticancer
activities due to the presence of various phenolic compounds, vanillic
acid, and vitamin C.>26286

0
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Lycopene Caffeic Acid p-Coumaric Acid
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Beta carotene
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HO . 0
Beta Cryptoxanthin
! HC O\ A O P SAAA O
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H
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FIGURE 1.4 The structures of some phytoconstituents isolated from C. papaya.

Another source of papain is latex, which is harvested by incision on
the surface of unripe fruit. After 4-5 days, latex is collected and further
processed into dry powder for various uses in pharmaceutical and food
industries.”' The process of isolation of papain from unripe fruit latex is
shown in Figure 1.5.

The papaya fruit is suitable for human consumption due to its nutritional
and digestive value, with a low caloric content, which provides a favorable
cost-benefit to human health.® Furthermore, scientific studies report the
nutritional content of 100 g of ripe and unripe papaya fruits as summarized
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in Table 1.2. Results revealed that unripe papaya has the highest concentra-
tions of different vitamins and minerals as compared with ripe fruits.?>”

( Three or four vertical incisions on the fruits with a sharp stainless steel instrument to a depth of 2 to 3 mm >

[ Add Potassium metabisulphite in latex, at the amount of 5 gm/Kg and dried in Vacuum Shelf Drier at a temp. of 55°C- 60°C>

\

( Dried latex is collected (Powdered papain)

! Powdered
\ Papain

FIGURE 1.5 TIsolation of papain powder from the latex from the papaya fruit.
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TABLE 1.2 Nutritional Value of a Papaya Fruit.

Constituent Ripe fruit (g) Unripe fruit (g)
Water 89.1 92.6
Proteins 8.26 10.8
Total lipid 0.93 1.35
Ash 0.00459 6.76
Carbohydrates 86.2 81.1
Mineral Macronutrients:

Sodium 0.1284 0.2838
Potassium 1.238 2.743
Magnesium 0.2294 0.6351
Calcium 0.1468 0.4324
Micronutrients:

Iron 0.01284 0.00811
Copper 0.00018 0.00014
Zinc 0.00092 0
Vitamins:

Vitamin C 0.5688 0.0003919
Thiamine 0.00028 0.00054
Riboflavin 0.00028 0.026
Niacin 0.0028 0.00405
Carotene 7.807(ng) 0

1.5 PHARMACOLOGICAL ACTIVITIES AND THERAPEUTIC
USAGES OF CARICA PAPAYA

Every part of papaya plant holds the therapeutic value from leaves to
roots.**% The fruits, latex, and juice of papaya plant are the main source of
many vitamins, which aid in dyspepsia, intestinal irritation, and habitual
constipation.

The main constituent papain plays a vital role to improve the immune
system.” In traditional veterinary medicine, papaya seeds are used as
de-wormers and is also used in tropical folk medicine. The fresh latex
is used as a vermifuge.® Papain is a proteolytic digestive enzyme that is
used in several herbal formulations. Fresh juice of papaya prepared from
peeled or unpeeled fruit is also sold as immunity booster drink because of
its low cost, easy availability throughout the year and high nutritive value.
In certain countries, the latex of the plant is used for tumors of uterus,
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psoriasis, and ringworm. The root infusion is used against syphilis.®
Through several scientific studies, the traditional, pharmacological, and
biological effects of C. papaya have been validated. 0447478

1.5.1 Anthelmintic Activity

A wide collection of papaya and their extracts have been used tradi-
tionally for the management of helminths (parasites). Papaya contains
many biologically active compounds with varying properties in fruit,
latex, leaves, and roots that aid in digestion. It has also been employed
for treating intestinal worms.*'® Papain, which is present in the latex of
unripe green fruits of papaya, has been commercialized in various forms.
Dried seeds of papaya have shown significant activity in the management
of human intestinal parasites, which have increased the stool clearance
rate of parasites without any side effects. It is represented as a novel
class of antihelminthic due to the efficacy of papaya latex and cysteine
proteinases against Heligmosomoid espolygyrus (nematode).® Shaziya et
al. reported the antihelminthic action of papaya leaves on 4. Caninum
nematode infecting mice.?’

Papain is a protein enzyme with cysteine protease, chymopapain, and
lysozyme, which can accelerate the reaction within body cells. During the
digestion process, pancreas commonly produces enzymes in the human
body, these enzymes break down the foods into micronutrients, which can
be used by the body for energy and other functions.!? Two main proteolytic
enzymes (papain and chymopapain) in the latex of the papaya simply break
down the proteins into amino acids through cleavage of the peptide bond.
These proteins contained peptide bonds and can be easily broken down
by enzymatic action into easily digestible micronutrients. It also helps to
promote the digestion of wheat protein.*

1.5.2 Antioxidant Activity

Antioxidant properties of aqueous extract of papaya leaves were evaluated
in alcohol-induced acute gastric damage. The outcomes revealed that gastric
ulcer index was significantly better in rats pretreated with the extract of
papaya leaf as compared with the alcohol-treated rats. Further, leaf extract
also offered reduced blood oxidative stress level in rats via the reduction
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of lipid peroxide levels in plasma and amplified red blood cell glutathione
peroxidase activity.*

Another study showed strong in vivo antioxidant actions of ethyl acetate
fraction of unripe pulp of papaya on antioxidant enzymes (i.e., glutathione
peroxidase (GPX), glutathione S-transferase (GST), glutathione reductase
(GR), catalase, and glucose-6-phosphate dehydrogenase (G6PD)) in albino
mouse. It has been suggested that it can be used for protection against
gastric ulcer and oxidative stress.** Natural source of antioxidants may
responsible for total antioxidant effect due to the presence of carotenoid,
polyphenols, vitamin C, and vitamin E.”” Several studies showed that
the antioxidant property is related to the diminished DNA damage and
decreased lipid peroxidation, which maintained the immune function.*%*

1.5.3 Antiviral Activity

The published studies on dengue specified that the juice of papaya leaves
could help to increase the platelets and white blood cells count in these
patients.'>% A study in 2012 has reported about in vitro studies of papaya
leaf extracts on persons infected with dengue. Papaya leaf extract inhibited
the heat- and hypotonicity-induced hemolysis of red blood cells and has
membrane-stabilizing properties.” In a randomized controlled trial in
dengue patients, there was an increment in platelets-related genes like
arachidonate 12-lipoxygenase and platelet-activating factor receptor gene
and that contributed to the prevention of platelet lysis. In folk medicine,
papaya leaves have been used for the management of dengue fever with
hemorrhagic symptoms.”!

1.5.4 Antimicrobial Activity

Osato et al.®* and Calzada et al.'” reported the ability of papaya seeds as
antimicrobial agent against several Gram-positive and Gram-negative bacteria
like Trichomonas vaginalis trophozoites, Bacillus subtilis, Escherichia coli
and Salmonella typhi.'” The aqueous extract of papaya leaves and roots
at different concentrations showed antimicrobial effects against pathogenic
bacteria.® The pulp and fruits of papaya also showed remarkable antibacterial
effect against B. subtilis, K. pneumonia, P. vulgaris, E. coli, P. aeruginosa, S.
typhi, E. cloacae, and S. aureus."
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1.5.5 Antifungal Activity

The papaya leaves and seeds of ripe and unripe fruits were evaluated
against phytopathogenic fungi (i.e., R. stolonifer, Fusarium spp. and C.
gloeosporioides), which exhibited good antifungal activity. The antifungal
activity was observed to increase in a concentration-dependent manner."
The latex of papaya also inhibits the growth of Candida albicans. The latex
shows antifungal activity due to partial degradation of the outermost layers
of fungal cell wall, which lacks polysaccharides.?® The synergistic effect
of latex of papaya with fluconazole in C. albicans was also reported.”

1.5.6 Anti-Inflammatory Activity

It has been well documented in the literature that the dried papaya leaves
are used for the management of inflammation, arthritis, rheumatism,
and as wound dressing material. The ethanolic extract of the leaves was
examined in rats using a paw edema model with indomethacin-treated
control group. The results showed that the extracts significantly reduced
edema and amount of granuloma. Similar results were confirmed with
other models, that is, cotton pellet granuloma model and formaldehyde-
induced arthritis model.>

Papaya leaves are a rich source of carpaine, nicotinic acid, which may
be accountable for the anti-inflammatory effect. Ahmed et al.* assessed
the inflammation at acute, subchronic, and chronic phase using the cotton
pellet granuloma model, formaldehyde-induced arthritis and carrageenan-
induced paw edema models. They suggested that the anti-inflammatory
activity of the ethyl alcohol extract of papaya was due to the inhibition of
prostaglandin- mediated inflammation.* Papaya leaf extract also exhib-
ited anti-arthritic activity by the modulation of inflammatory mediators,
such as, cytokines or chemokines, prostaglandins or leukotrienes.®’

1.5.7 Antifertility Effects

The antifertility activity of papaya fruit was evaluated in adult rat and
pregnant rat model. The results revealed that the unripe fruit disturbed the
estrous cycle and encouraged the abortion.?”” Seed extract showed anti-
fertility activity due to gradual degeneration of Sertoli and Leydig cells,
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which induced long-term azoospermia.”® A recent report revealed that
seeds possess reversible male contraceptive potential by directly rendered
the spermatozoa process.”® It is further reported that root extract exerts
morphological changes in the endometrium of rat uterus® and the aqueous
extract of seeds has shown miscarriage in female Sprague Dawley rats.

The crude extract of papaya bark showed antifertility activity in rats
due to its effect on sperm motility; and while the aqueous/petroleum ether/
alcoholic extracts in rabbits inhibited ovulation cycle. Therefore, it can be
utilized as an effective contraceptive in animals.?’” It was further reported
that the unripe or half-ripe fruits contain a high concentration of the latex,
which increased the uterine contraction. Normal consumption of ripe
papaya is safe in pregnancy, but unripe papaya is unsafe.

1.5.8 Anticancer Activity

Many studies scientifically validated the anticancer effects of papaya leaves.
The aqueous extract of papaya leaves exhibits a dose-dependent significant
activity against the cells of breast and lung adenocarcinoma, cervical,
hepatocellular and pancreatic epithelial carcinoma, and mesothelioma.
These results indicate that extracts may inhibit the growth of different types
of cancer cell lines. However, the precise cellular mechanism of action
remains unclear.* Several studies have claimed that mechanisms in the
inhibition of proliferation by papain include the production of cytokines by
human peripheral blood mononuclear cells, interfering in cancer cell wall
and cleavages of proteins into amino acid form.?!

Leaves of C. papaya (which contain a high concentration of tocopherol,
lycopene, flavonoid, and benzyl isothiocyanate) potentially contribute
to anti-tumor activity.” Similarly, fermented product of papaya (FPP®)
claimed the immunity booster and antioxidant activity. The role of free
radicals in propagating cancer is fully documented. Thus, by acting as an
antioxidant, it helps to control cancerous growth.*

1.5.9 Antihypertensive Activity
Methanolic extract of papaya elicited the antihypertensive effects due

to in vivo inhibition of angiotensin-converting enzyme and it improved
the effect on the baroreflex. It was reported that angiotensin-converting
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enzyme inhibitory activity was similar to those of enalapril and reduced
the cardiac hypertrophy.'

1.5.10 Antimalarial Activity

Daily consumption of papaya leaves is a common practice in tropical
communities for preventing malaria caused by Plasmodium genus. In
vitro antiplasmodial effect of the leaf extracts was reported to be due to
carpaine, which is an alkaloid.**** Petroleum ether extract of the rind of
papaya fruit also exhibits antimalarial activity.”

1.5.11 Hematological Activity

The study revealed that phytochemicals in seed, leaf, and pulp produced
significant effects on certain blood parameters in treated rats. A dose-
dependent effect was observed, which could be attributed to the existence
of folic acid, vitamin B, , alkaloids, and glycosides. It can be used for the
treatment of sickle-cell anemia.*®

1.5.12 Wound Healing Activity

Papaya latex contains papain, which can break down the necrotic tissue
contributing to wound healing process. The study showed that the latex
of C. papaya decreases the oxidative tissue damage thus ensuring the clot
formation process during healing and the increase in di-hydroxyproline
content.” Tt is also known to be effective in diabetic wound healing by
preventing infection due to its antimicrobial activity.’

1.5.13 Hepatoprotective Activity

Ethanol and aqueous extracts of papaya fruit hold the hepatoprotective
effect against carbon tetrachloride (CCl,)-induced hepatotoxicity in rats.
Results revealed significant hepatoprotection by reduction in biochemical
parameters, such as, SGPT (serum glutamic pyruvic transaminase), SGOT
(serum glutamic-oxaloacetic transaminase), ALP (alkaline phosphatase),
and serum bilirubin, which are indicators of liver damage.”
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1.5.14 Topical Use

Various topical applications of papaya fruits have been used in developing
countries, such as topical ulcer dressings and burn dressing. It is a cost-
effective remedy for desloughing necrotic tissue and preventing burn
wound infection.*! It also provides a granulating tissue, which is suitable
for the application of skin graft. Now-a-days, papaya is commonly used in
children’s burns dressing. Papaya fruit is crushed and is daily applied on
the infected burns as a layer.®®

1.6 SUMMARY

Scientists around the globe have focused on papaya plant for its high
medicinal value with simple availability in nature. C. papaya has the potential
of capturing the global market of herbal formulations for therapeutic potential
in digestive disorders. However, this needs a clinical validation. The presence
of secondary metabolites has been identified, which may help in the planning
of such clinical studies, which are needed to understand and explore the exact
pharmacological and molecular mechanisms action of C. papaya activity. It
will also help to establish its toxicity profile along with drug interactions.
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CHAPTER 2

Therapeutic Activities of Nutmeg
(Myristica fragrans)

BHUSHAN PRAKASH PIMPLE, AMRITA MILIND KULKARNI, and
RUCHITA BALU BHOR

ABSTRACT

Main phytochemicals in nutmeg (Myristica fragrans Houtt) are:
myristicin, trimyristin, myristic acid, alpha-pinene, beta-pinene, etc. In the
traditional system of medicine, nutmeg is preferably used to treat insomnia,
depression, intestinal worms, and oligospermia. etc. Nutmeg extract has
been scientifically proven to exhibit antimicrobial activity in GI flora
thereby suppressing the levels of tumorigenic uremic toxins. Furthermore,
methanol extract of nutmeg is effective in H. pylori-induced gastritis and
DSS-induced colitis. This chapter focuses on the traditional claims and
therapeutic benefits related to GI disorder of Myristica fragrans.

2.1 INTRODUCTION

Mpyristica fragrans Houtt (nutmeg) is widely distributed in western
India (i.e., Kerala and Konkan) and is also cultivated in Srilanka and
Indonesia.'® The plant reaches up to 15 m of height. The seeds have hard
testa lined with thin papery mace."” Kernel and mace of the seed are rich
in essential oils (Fig. 2.1). Both the mace and kernel are normally used in
culinary preparation owing to their aromatic principles. Table 2.1 presents
traditional claims of nutmeg in different countries. Phytoconstituents in M.
fragrans are listed in Table 2.2.
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FIGURE 2.1  Seeds of Myristica fragrans: Left (seed); right (seed powder).

TABLE 2.1 Traditional Claims for Nutmeg in Various Countries.

Traditional medicine system Used as a remedy for Ref.
Iranian medicine Gastric and liver tonic; peptic ulcer [12]
Indonesian medicine Stomach and kidney disorders [30]
Malayan medicine Overeating, distended stomach, appetite

stimulant, malaria, madness

Javanese medicine Calming

TABLE 2.2 Phytoconstituents in Myristica fragrans.

Class of phytoconstituents Phytoconstituents Ref.

Terpenes Sabinene, Pinene, Myrcene [17]
Phellandrene, Camphene
Limonene, Pcymene, Terpinene

Fixed oil Glycerides, Lauric acid [11]
Linoleic acid, Myristic acid
Palmitic acid, Stearic acid
Trimyristin

Lignans Erythro-austrobailignan-6 [4]
Meso-dihydroguaiaretic acid
Nectandrin-B
Licarin-A and Licarin-B
Myristagenol

Others Calcium, Iron, Niacin [18]
Phosphorous, Riboflavin, Thiamine




Therapeutic Activities of Nutmeg (Myristica fragrans) 25

This chapter has highlighted the traditional claims: phytochemistry,
therapeutic benefits (related to GI disorder), drug interactions, toxicities,
and traditional marketed formulation aspects of M. fragrans.

2.2 DRUG INTERACTIONS OF MYRISTICA FRAGRANS

2.2.1 Synergistic Hepatoprotective Effect of Myristica
Fragrans, Astragalus Membranaceus and Poriacocos (Map) on
Acetaminophen and Carbon Tetrachloride-Induced Hepatotoxicity

Extracts of M. fragrans, Astragalus membranaceus, and Poriacocos (MAP)
collectively were able to correct hepatic damage in female mice. Remark-
able reduction in serum aspartate amino transferase (AST), serum alkaline
phosphatase, serum alanine amino transferase (ALT), total bilirubin, bile
acid levels, and hepatocyte necrosis as an effect of induction of antioxidant
enzymes, free radical scavenging mechanisms, suppression of TNF-o (tumor
necrosis factor: inflammatory marker) produced hepatoprotective effects.**

2.2.2 Gastrointestinal Effects of Mebarid: Combined Effect of
Holarrhena Antidysenterica, Berberisaristate, Aeglemarmelos,
Punicagranatum, Myristica Fragrans, Salmaliamalabarica and
Panchamrutparpati

Gastrointestinal effects of Mebarid on diarrhea, ulcer, ileal motility were
studied in Wistar rats. Mebarid and loperamide delayed the onset of first
defecation and decreased the cumulative fecal weight in castor oil-induced
diarrhea dose-dependently. Mebarid inhibited intestinal motility. Mebarid
and ranitidine decreased the severity of ulcer.’

2.3 TOXICITY STUDIES OF MYRISTICA FRAGRANS

The first evidence of nutmeg poisoning dates back to 1576, when a pregnant
English woman experienced inebriety after ingestion of 10—12 nutmegs.
The Poison Information Centre, Erfurt reported the clinical symptoms due
to nutmeg overdose.”
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Carstairs et al.® studied the clinical symptoms due to intentional and
unintentional nutmeg exposure. Tachycardia, vomiting, nausea, abdominal
pain, dizziness, hallucinations, and agitations were observed. Agitations
and tachycardia were significantly experienced by patients with intentional
nutmeg exposure than the patients with unintentional nutmeg exposure.
The fatality was not observed. However, till date, there are two cases
involving nutmeg exposure that led to the death of an 8-year-old boy and a
55-year-old woman due to intervention of other treatment or drugs; but the
reason for deaths is unclear.?

Adverse effects after nutmeg overdose’ are listed below:

GIT effects: CVS effects: CNS effects:

* Nausea, vomiting * Hytpotension * Seizure

» Xerostomia * Tachycardia * Incoherent speech
* Burning epigastric pain * Flushing » Confusion

* Excessive thrist * Anxiety

» Dizziness
» Hyperactivity

* Euphoria
Gynecological/ urological effects: Psychiatric effects: Peripheral effects:
» Abortifacient » Depression * Hypothermia
* Urinary urgency * Suicidal *  Numbness
+ tendency * Swelling
* Miosis

Mbadugha and his colleagues® studied the gastric histological changes
in rats after the administration of ground nutmeg powder. The 10 g, 15 g,
and 20 g ground nutmeg degenerated simple columnar epithelium, longi-
tudinal folds, coil pyloric glands and caused hypertrophy of the surface
mucous cells and mucous neck cells in the stomach. They concluded that
10 g or more of nutmeg powder had adverse effects on the stomach upset.?

2.4 NANOENCAPSULATION OF MACE ESSENTIAL OIL

Nanoencapsulated mace essential oil (Ne-MEO) was assessed for the
antifungal and antioxidant activities, ergosterol content, C-source utiliza-
tion, and the membrane integrity due to aflatoxin B1 by Aspergillus flavus
against the mace essential oil (MEQO) (Table 2.3). Ne-MEO inhibited
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evanescence of volatile oil and thereby there was fungal growth and
aflatoxin B1 production at a lower concentration than the MEO. Increased
concentrations of Ne-MEQO decreased the ergosterol content in the plasma
membrane of the fungal cell and it also led to the leakage of cellular ions
essential for the fungal growth.*!

TABLE 2.3 Various Effects of Mace Essential Oil (MEO).

Parameter Ne-MEO MEO
Aflatoxin B1 production Inhibition at lower Inhibition at higher
and fungal growth concentration concentration than Ne-MEO
Antioxidant activity Strong free radical Strong free radical scavenging
scavenging property property
C-source utilization in ~ Impaired -
Aspergillus flavus
Ergosterol content Decreased ergosterol content —
on increasing concentration
of Ne-MEO
Leakage of ions Ca*, Mg+, K* leakage -
observed

2.5 PHARMACOLOGY OF MYRISTICA FRAGRANS
2.5.1 Antibacterial Activity

Ethyl acetate extract of the flesh and ethanol extract of the mace and seeds
of M. fragrans exhibited marked antibacterial effect on Gram-positive
cariogenic (Streptococcus mutans, Streptococcus mitis, and Streptococcus
salivarius) and Gram-negative periodontopathic bacteria (Aggregatibacte-
ractino mycetemcomitans, Porphyromonas gingivalis) due to investigated
antibacterial effects of trimyristin and myristicin.?’

Methanol extract of M. fragrans showed in vitro antibacterial effect
against Helicobacter pylori and thereby depicted its use in chronic
gastritis, gastric carcinoma, peptic ulcer disease, and primary gastric B-cell
lymphoma.?

Antibacterial action on foodborne pathogens (Staphylococcus aureus,
S. epidermidis, Klebsiellapneumoniae, Bacillus cereus, Pseudomonas
aeruginosa Escherichia coli, and Salmonella typhi) was produced by the
volatile oil fraction and ethanol fraction of M. fragrans. The essential oil
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components permeate the cell membrane of the microbe and can affect the
cellular functions and promote the death of the microbe.?

Chung et al.!® studied the anticariogenic effect of mace lignans from
the methanol extract of M. fragrans against S. mutans (oral pathogen) and
Lactobacillus spp.

2.5.2 Hepatoprotective Effect

In vivo suppression of TNF-o (tumor necrosis factor, inflammatory
marker) and DNA fragmentation induced by lipopolysaccharide (LPS)
plus D-galactosamine (D-GalN) by myristicin proved its hepatoprotec-
tive effect. Inhibition of TNF-a may be due to suppressed release from
macrophages by myristicin.?*

Peroxisome proliferator-activated receptor alpha (PPARa) mediated
hepatoprotective activity in thioacetamide (TAA)-induced acute liver
injury mice model. Regulation of liver health biomarkers and suppression
of proinflammatory cytokines was observed.*

2.5.3 Activation of Transient Receptor Potential Melastatin 8
(TRPM 8) Ion Channel

Agonists of TRPM 8 ion channel produced the cooling sensation (<28°C).
Neolignan isolated from M. fragrans seeds produced the cooling effect
by the activation of TRPM 8 ion channel. The additive cooling effect was
observed with 1-(-) menthol and neolignan from the seeds of nutmeg. Acti-
vation of TRPM 8§ ion channel was able to ameliorate pain, inflammation
due to the cooling effect.®

2.5.4 Inhibition of CYP3A4, CYP2C9 and CYP1A2
(Drug Metabolizing Enzymes) by Nutmeg and Mace

Phytoconstituents extracted from mace inhibited 6-B-hydroxylation of
testosterone by CYP3A4 and 4’-hydroxylation of diclofenac by CYP2C9.%
Yang et al.** studied the mechanism-based inhibition (MBI) of CYP1A2
(metabolizing enzyme) by myristicin and its reactive metabolites.*
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2.5.5 Induction of CYP3A4 via Pregnane-X-receptor (PXR)

Bartonkova et al. found that the essential oil in nutmeg induced
CYP3A4 in human intestinal cancer cells, human hepatocytes, and
human progenitor cells by the activation of PXR. Along with control-
ling drug metabolism, PXR was involved in the pathogenesis of cancer,
inflammatory bowel disease, regulation of lipid, and carbohydrate
metabolism. Moreover, blockage of PXR did not induce the expression
of CYP3A4.6

2.5.6 PARP-1 and NF-kB Inhibitory Effects

Inhibition of Poly(adenosine 5’-diphosphate (ADP)-ribose) polymerase
1(PARP-1) and transcription factor nuclear factor kappa-light chain-
enhancer of activated B cells (NF-kB) by neolignans and acyclic bisphenyl-
propanoid in nutmeg produced in vitro antiproliferative effects. Inhibition
of Poly(adenosine 5’-diphosphate (ADP)-ribose) polymerase 1(PARP-1)
protected DNA damage and sensitized cancer cells to cytotoxic agents.
Apoptosis of cancer cells and modulation in the inflammatory pathway
was resulted from NF-«B inhibition.'

2.5.7 Antidiarrheal Activity

Extract of M. fragrans inhibited the propagation of simian (SA-11) and
human (HCR3) rotaviruses (causative agents of diarrhea) in African
Rhesus monkey kidney cells (MA-104). Antiviral assay suggested the
toxicity against the rotaviruses due to the presence of flavonoids in
the extract prevented viral invasion of the cells.!* Ether extract and
hexane fraction of alcohol extract of flowers and seeds of M. fragrans
had the antidiarrheal effect in the ileum of rabbit and guinea pig
against the enterotoxins of E. coli. Both the extracts inhibited fluid
accumulation and secretory response. According to Gupta et al.,'
nonpolar compounds present in the extracts may be responsible for the
antidiarrheal effect.
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2.5.8 Inhibition of Hepatic Lipogenesis

Nectandrin-B (a lignan from M. fragrans) inhibited hepatic lipogenesis
stimulated by liver X receptor-a (LXR-a) and sterol regulatory element-
binding protein (SREBP)-1c in HepG2 cells. Inhibition was a direct
consequence of LXR-a, (SREBP)-1c, and m-RNA expression of LXR-a
genes. Nectandrin-B also activated AMP-activated protein kinase
(AMPK), which inhibits LXR-o and (SREBP)-1c¢ activities. Nectandrin-
B inhibited the lipid accumulation in the liver; hence has an application
in nonalcoholic fatty liver disease.’

2.5.9 Modulation of Colon Cancer

Toxic uremic derivatives produced by the gut flora in mice bearing
adenomatous polyposis coli (APC: gene mutation-induced colon cancer)
led to intestinal tumorigenesis, inflammatory responses (increased Inter-
leukin-6). Modulation of colon cancer was due to the improved lipid
metabolism, antimicrobial (inhibition of gut flora producing toxic uremic
products), anti-inflammatory (decreased IL-6, proinflammatory cytokine),
and antioxidant activities of nutmeg.?!

2.5.10 Protection against Colitis

M. fragrans extract (MFE) exhibited dose-dependent protective effects
against dextran sulfate sodium (DSS)-induced colitis in a mouse model by
reducing the mucosal inflammatory cytokines (IFN-c, TNF-a, IL-1b, and
IL-6) in the colon mucosa, severity of inflammation, epithelial damage,
ulceration, and colon shortening."

2.5.11 Anti-Inflammatory Effect of Nutmeg

Myristicin exerts anti-inflammatory action against the edema induced
by carrageenan and increased vascular permeability induced by acetic
acid in mice. Inhibition of edema and vascular permeability proved the
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anti-inflammatory effect of myristicin.>**¢ Traditional marketed formula-
tions of nutmeg are indicated below:

» Babbularishta: Ayurvedic
* Dashamularishta: Ayurvedic
» Khadirarishta: Ayurvedic
* Kumaryasava: Ayurvedic
* Madhusnuhirasayana: Ayurvedic
» Jatiphaladichurna: Ayurvedic
» Jawarish Pudina Wilayti: Unani

» Jawarish-E-Bisbasa: Unani

2.6 SUMMARY

Varous parts of M. fragrans Houtt (such as: mace, mace oil, kernel, and
kernel oil) are reported to have significant medicinal value to provide
traditional treatments of: insomnia, depression, helminth, and oligospermia,
etc. Anticancer benefits of nutmeg extract is attributed to the antimicrobial
activity in GI flora. Methanol extract of nutmeg is effective in H. pylori-
induced gastritis and DSS-induced colitis.
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CHAPTER 3

Plant-Based Phytochemicals in the
Prevention of Colorectal Cancer

YANA PUCKETT and KYLE DRINNON

ABSTRACT

Research has shown that natural secondary metabolites have some
anticancer properties and can play a role in the prevention and treat-
ment of colon cancer. These metabolites are found in various berries
and vegetables and work via different mechanisms, such as by
suppressing inflammation, suppressing angiogenesis and proliferation,
and suppressing oxidative stress. The effectiveness and/or harm of these
plant-based metabolites on the prevention and treatment of colon cancer
are controversial and largely unproven. This chapter presents a review
on how plant-based metabolites work and their efficacy in the prevention
of colon cancer.

3.1 INTRODUCTION

Colorectal cancer affects the population worldwide. Approximately 52,000
patients die annually due to colorectal cancer in the United States. It is a
major leading cause of deaths among men and women, ranking third most
common in women and second in men (Fig. 3.1).

Colorectal cancer is screened for in the United States via an annual
fecal occult blood test, fecal immunochemical test (FIT), and FIT-DNA
(multitarget stool DNA test); with colonoscopy starting at the age of 45
and repeated every 5 years if no positive findings occur; or with flexible
sigmoidoscopy every 5 years. If colorectal cancer is found through
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symptoms, typically the tumor is in a more advanced stage. The staging of
colorectal cancer provides the physician with a framework for a treatment
plan.

Currently, the typical treatment plan consists of surgical resection,
neoadjuvant chemotherapy or radiation, or adjuvant chemotherapy and
radiation depending on the stage of a tumor. Metastatic disease, which is
present in approximately 20% of newly diagnosed colorectal cancer, is also
treated typically with resection of metastases and systemic chemotherapy.
The overall 5-year survival based on SEER (seasonal energy efficiency
rating) data is about 80%; however, survival depends largely on the stage
of cancer at presentation.>'> Multiple data are available to clinicians
regarding the prevention and treatment of colorectal cancer with plant-
based phytochemicals.

The research data from many articles show that the plant-based
metabolites have a positive effect on colon cancer by suppressing
inflammation, suppressing angiogenesis and proliferation, and
suppressing oxidative stress, among other things. In addition, plant-
based metabolites may have a potentiating effect on chemotherapeutic
drugs, such as, in the case of gallic acid and cisplatin in lung cancer. The
effects of polyethylene-coated, iron magnetite nanoparticles loaded with
gallic acid showed better results than free gallic acid, which allowed
for a decreased number of viable colon cancer cells. Rosa canina was
found to exhibit selective cytotoxic effects by neutralizing free radicals
allowing healthy cells to not be affected while causing apoptosis in
cancerous cells.

Berries have anticancer activities due to the presence of metabolites,
such as, flavonoids, anthocyanins, phenolic acids, and stilbenes, which
can neutralize free radicals and fight the proliferation of cancer cells. By
preventing crucial features of cancer, berries have been shown to reduce
metastatic activity. Lastly, salicylic acid (a phenolic compound found
in plants), has been shown in a large epidemiologic study to prevent
colorectal cancer when taken as a low dose aspirin starting at the age of
50. What is limited is the unknown side effects of such compounds in
cancer patients taking them, especially in conjunction with chemothera-
peutic drugs.

This chapter explores the potential benefits of plant-based metabolites,
such as, R. canina, gallic acid, berries, and salicylic acid in the prevention
and adjunct treatment of colorectal cancer.



Plant-Based Phytochemicals in the Prevention of Colorectal Cancer 37

ASR (World) per 100 000

22539
183.8-253.9
138.3-183.8

106.5-1383 [l Notapplicable
<106.5 No data

FIGURE 3.1 Cancer rates in each country for all ages and both genders for 2018 according
to World Health Organization.

3.2 ROSA CANINA

The plant, R. canina (Fig. 3.2, known commonly as Rosehip or Dog-Rose),
is shown to have cytotoxic characteristics and has been used in specific
treatments in medicine. This plant was experimentally tested against colon
cancer and non-cancerous colon cells to see its cytotoxic activity. The results
showed that there was a reduction of cell viability and an increase in the
number of cells in early apoptosis when compared to the untreated cell lines
while showing some selective cytotoxic activity.’® The active compounds in
R. canina with antioxidative properties are Vitamin C and flavonoids and
with cytotoxic characteristic is polyphenols.'®33¢ The results of this experi-
ment showed that R. canina can arrest the colon cancer cells in the S-phase
of cell division and also showed that R. canina increased the death rate of
cancer cell via mitochondrial-dependent apoptosis. It can affect telomerase
in cancer cells to reduce its expression, which can lead to an increase in cell
death and antiproliferation.!¢353¢

The flower of R. canina is not edible in its natural state; but the rosehips
are often dried and have a high dose of antioxidants and Vitamin C and are
prepared as a traditional herbal tea. Rosehips can also be prepared in many
ways, such as, jams or other food items. The phenolic content of this fruit
is responsible for fighting free radicals responsible for human diseases,
such as cancer, aging, and atherosclerosis.!63>%
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FIGURE 3.2 Rosehip of the Rosa canina (also known as Dog-Rose): flowers can appear
in white or pink.

3.3 GALLICACID

Gallic acid is commonly found in white tea, gallnuts, sumac, tealeaves, oak
bark, and witch hazel as well as other foods and plants. It is known to have
antioxidant, anti-inflammatory, and anticancer properties, and protective
properties for healthy cells. In a research study, the polyethylene-coated,
iron magnetite nanoparticles loaded with gallic acid were designed with a
specific anticancer nanocomposite formulation to determine the effects on
lung and colon cancers. The results did show a decrease in colon cancer
HT-29 viability with increasing dose of this combination.'

Gallic acid has been observed to induce apoptosis in SMMC-7721 human
hepatocellular carcinoma selectively.>*!" Through the PTEN/AKT/HIF-1a/
VEGEF signaling pathway, gallic acid has been observed in studies to reduce
angiogenesis in ovarian cancer cells.'*'*"” By upregulating miR-518b in
SW1353 human chondrosarcoma cells, gallic acid inhibited cell migration
and induced apoptosis. It has also been shown to enhance cisplatin’s
anticancer effects via the ROS-dependent mitochondrial apoptotic pathway
in human H446 cell line of lung cancer.’!!:13.14.17.20.21.23.24.28.29

3.4 EDIBLE BERRIES

Selected studies have shown that fruits and berries (Fig.s 3.3 and 3.4)
can be beneficial in the prevention and treatment of some cancers, due
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to their antioxidant properties and the presence of phytochemicals.!%1831.33
The pathways used for this action can be the ERK/MAPK, PI3K/AKT/
PKB/mTOR, Wnt/B-catenin, and NF-kB pathways. The studies!®!®2 have
indicated molecular activities of berries with benefits in patients with
colon cancer. The metabolites differed for each type of berries which had
different effects on colon cancer. The effects varied from inhibiting inva-
sion, inhibiting proliferation, reducing inflammation, suppressing Wnt
pathway, inducing apoptosis, cell-cycle arrest, to preventing oxidative
damage, and so on. Other research on human studies for chemopreventive
effects has focused on black raspberries and bilberries.

FIGURE 3.3 Blueberries growing on bush.

3.5 SALICYLIC ACID

The use of aspirin on a regular basis has been shown to decrease the inci-
dence and mortality of colon cancer. No clear explanation is available on
the mechanism of chemopreventive effects. Some possible mechanisms
include the downregulation of c-Myc protein levels in the human colon.
Northern blot analysis showed that the drug caused decreased levels of
c-Myc mRNA. Salicylic acid, a plant-based phenolic compound found in
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aspirin, has been shown to potentially prevent colon cancer in persons on
this therapy. A study looked at the mechanism of colon cancer prevention
in a rat model. It was found that salicylic acid might prevent cancerous
colon cells from proliferating by decreasing inflammation and oxidative
stress. Cytoskeletal regulation, energy metabolism, redox, transport, and
protein folding were assisted with actions of salicylic proteins.**%3*

FIGURE 3.4 Edible wild berries: Partridge berries.

Inhibition of COX-1 is a known and verified mechanism of salicylic
acid (Fig. 3.5). COX-1 inhibition in platelets may cause a decrease in
COX-2 in nearby cells, specifically, the intestinal mucosa, which will
lead to neoplasia inhibition in intestinal polyps. In addition, activation
of platelets at the site of mucosal injury in the intestines may decrease
inflammation by reducing apoptosis and enhancing angiogenesis.>”!22225
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FIGURE 3.5 The acidification of sodium salicylate can result in salicylic acid.
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Salicylic acid is found naturally in high amounts in fruits, such as apri-
cots, apples, cranberries, currants, dates and figs, grapes, and pineapples.
Dried fruits are good source of salicylic acid.

3.6 SUMMARY

Different phytochemicals from different sources (such as, berries and
R. canina) can provide anticancer effects. R. canina can cause the arrest
of cancer cells and prevent proliferation. Polyethylene coated, iron
magnetite nanoparticles loaded with gallic acid have been shown to
reduce cancer cell viability. Many fruits and berries have expressed the
ability to protect cells from oxidative damage. The use of plant-based
metabolites has the potential to provide aid in the treatment and preven-
tion of colon cancer, due to neutralizing properties of natural phenolic
compounds.
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CHAPTER 4

Role of Medicinal Plants in the
Treatment of Hemorrhoids

YAW DUAH BOAKYE, DANIEL OBENG MENSAH,
EUGENE KUSI AGYEI, RICHARD AGYEN, and CHRISTIAN AGYARE

ABSTRACT

Many individuals of varicose range and nonspecific gender have reported
signs and symptoms that include inflammation, pain, bleeding, anal
itching, and pain during defecation. Most drugs therapies in ancient
Persian and Turkish medicines have proved to be beneficial against
hemorrhoids. In this chapter, 20 medicinal plants have been discussed with
anti-hemorrhoidal activities.

4.1 INTRODUCTION

Hemorrhoids are vascular cushions with a thick submucosa comprising
of blood vessels, connective tissues, and Treitz muscle around the anus.*®
Any enlargement, bleeding, and protrusion of these cushions will lead to
pathologic hemorrhoids (Fig. 4.1). The bright red color of hemorrhoidal
bleeding, coupled with the blood having same pH as arterial pH, has led to
the identification of hemorrhoidal bleeding being arterial and not venous.*
Hemorrhoids are categorized as either internal or external hemorrhoids
based on their position with respect to the dentate line and their anatomic
origin within the anal canal.?’
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FIGURE 4.1 Anatomy of hemorrhoids.

Source: WikipedianProlific. https://creativecommons.org/licenses/by-sa/3.0/deed.en

Perianal Vessels

4.1.1 Etiology and Pathophysiology of Hemorrhoids

Hemorrhoids are present in every individual; and its pathological condition
occurs when these vascular cushions become inflamed, enlarged, prolapsed,
or obstructed by a blood clot.3”* Swelling of the anal cushions causes
distension and engorgement of the arteriovenous plexuses. This leads to
a stretch in the suspensory muscles and eventual prolapse of rectal tissue
through the anal canal. The engorged anal mucosa is easily traumatized,
leading to rectal bleeding that is typically bright red due to high blood
oxygen content within the arteriovenous anastomoses. Prolapse leads
to soiling and mucus discharge (triggering pruritus) and predisposes to
incarceration and strangulation.?

Constipation and its related vigorous straining and prolonged sitting
have been the common causes of hemorrhoids. These causative links have
very limited evidence to support them. However, some of these likely
etiologies are discussed below:

* Small caliber stools due to low fiber diets lead to straining during
defecation, which in turn results in increased pressure causing
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engorgement of the hemorrhoids. The engorgement of the hemor-
rhoids then interferes or reduces venous return. It has also been
observed that the canal resting tone of patients with hemorrhoids is
higher than normal.?’46-53

* Another common contributing factor cited is prolonged sitting
(while working, reading, or on the toilet). There is a tourniquet
effect (reduced venous return in the perianal area) in these posi-
tions, hence resulting in the hemorrhoids getting enlarged.?’#%>

* Also, aging leads to the loss of strength of the support structures,
which facilitates prolapse. This loss of strength of the support
systems may occur as early as the third decade of life.?”74¢

* Due to direct pressure and hormonal changes, pregnant women
are predisposed to symptoms from hemorrhoids. As the gravid
uterus expands, it presses on the inferior vena cava, causing
decreased venous return and distal engorgement. Notably, most
pregnant women return to their previously asymptomatic state
after delivery, 25273746

4.1.2 Epidemiology

The United States has about 33.33% prevalence of pathologic hemorrhoids
among 10 million people with hemorrhoids seeking medical treatment,
accounting for 1.5 million hemorrhoid-related prescriptions per annum.*
White people from rural areas and higher socioeconomic status mostly
present with hemorrhoidal disease. There is no specific sex preference,
although men are more likely to seek treatment. External hemorrhoids
occur more commonly in young and middle-aged adults than in older
adults. The prevalence of hemorrhoids increases with age, with a peak
among persons aged 45-65 years.*

4.1.3 Prognosis

Most hemorrhoids resolve spontaneously or with conservative medical
therapy alone. Complications such as secondary infection, abscess, throm-
bosis, incontinence, and ulceration may occur. The rate of recurrence in
nonsurgical management techniques is 10-50% over a 5-year period,
whereas that of surgical hemorrhoidectomy is less than 5%.%
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In most traditional and folk medicines of different countries, many
plants have shown to be used successfully in the treatment of hemorrhoids,
with lower incidence of side effects. These plants have been shown to
improve the symptoms of hemorrhoids (such as bleeding, rectal prolapse,
pain, heaviness and tenesmus, number of hemorrhoidal cushions, itching,
and recurrence), and increase the rate of wound healing.?®

Their mechanisms of action include anti-inflammatory, venotonic, anti-
nociceptive, and venoprotective activities. Mostly tripterpenes, flavonoids,
terpenoids, and tannins have been suggested to be responsible for the anti-
hemorrhoidal activity of most of these medicinal plants.”

This chapter discusses anti-hemorrhoidal activity of medicinal plants
and their active metabolites.

4.2 MEDICINAL PLANTS FOR THE TREATMENT OF
HEMORRHOIDS

4.2.1 Aesculus hippocastanum (Sapindaceae)

Extracts of Aesculus hippocastanum L. contain flavonoids and aescin as its
main active biocomponents, with antioxidant activity, venotonic properties,
anti-inflammatory activity, and vascular protective effects.?>3? The seed
extract of A. hippocastanum could decrease capillary permeability, edema,
and antagonize enzymes involved in the degradation of proteoglycan.*’ In a
clinical study, the gel from the 20% glycerolic extract of A. hippocastanum
seeds induced a statistically significant reduction of hind paw edema. In
other clinical trials, it was observed that acute symptomatic hemorrhoids
were improved after 6 days of administration to patients.*®

4.2.2 Vitis vinifera (Vitaceae)

Several pharmacological studies conducted on extracts of Vitis vinifera
showed antioxidant, antipyretic, antinociceptive, hepatoprotection, and
cardioprotection properties.’” Also, the use of V. vinifera extracts for their
anti-hemorrhoidal property in traditional medicine has been reported.
V. vinifera extracts are rich in polyphenols, such as stilbenes, catechins,
and flavonoids.* Caffeic acid, kaempferol glycosides, resveratrol, and
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quercetin have been identified as the main compounds responsible for the
antinociceptive and anti-inflammatory activities.5*

4.2.3 Allium iranicum (Amaryllidaceae)

Allium iranicum (leek) is a common edible vegetable in Persian people’s
diet. Steroidal saponin (such as furostane-type saponin and spirostane-
type saponin) with anti-inflammatory and anti-ulcerogenic effects has
been extracted from leek.>!° This plant has been used in the treatment of
hemorrhoids in the traditional Persian medicines, either topically or orally.
In a double-blinded randomized controlled clinical study trial, a cream
containing 1.38 g of leek extract was used against placebo in hemorrhoid
patients. This study showed a general reduction in anal pain, anal itching,
bleeding severity, and defecation discomfort among all patients, with very
significant reduction in bleeding severity.?

4.2.4 Commiphora mukul (Burseraceae)

Commiphora mukul is one of the best herbal monotherapies for hemor-
rhoids, which can be used orally or topically. The resin of C. mukul is
a delicate mixture of different classes of phytochemical compounds,
such as, diterpenoids, lipids and lignans, and steroids. One clinical trial
demonstrated a significant reduction in symptoms of hemorrhoids (such
as, concomitant GI symptoms including GE-reflux, colonoscopic stage,
and flatulence). Also, there was a significant improvement in most of
hemorrhoidal symptoms after 4 weeks of follow-up.*®

4.2.5 Boswellia species (Burseraceae)

In Iran, gum resins of Boswellia serrata Roxb. ex Colebr. and B. carterii
Bird. have been used for the management of hemorrhoids for all age
groups.” The gum resins from Boswellia species mainly contain boswellic
acid; a mixture of tetracyclic triterpenes and pentacyclic triterpenes are
reported to be responsible for its anti-inflammatory effect.'® In a study done
on boswellic acid, it was observed that these acids are specific, non-redox
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inhibitors of leukotriene synthesis either by interacting immediately with
S5-lipoxygenase (5-LOX) or restricting its translocation and thus acting as
anti-inflammatory agent.* Al-Harrasi et al.?> used formalin-induced pain
and acetic acid-induced writhing to investigate the analgesic activity of B.
sacra in mice. They observed that polar subfraction of B. sacra had the
highest analgesic activity, almost double of aspirin (control treatment).
The study proposed that Boswellia seems to produce an antinociceptive
effect by both peripheral and central mechanism.?

4.2.6 Adiantum capillus-veneris (Pteridaceae)

Adiantum capillus-veneris has been used by medieval Persian practitioners
in the treatment of various inflammatory conditions, such as hemorrhoids.
In a study to ascertain the maidenhair fern’s pharmacological activity, the
ethanol extract of A. capillus-veneris aerial parts (200 mg) was evaluated for
anti-inflammatory activities by evaluating the spleen index and the protein
expression related to tumor necrosis factor (TNF) in lipopolysaccharide-
induced mice. The extract of 4. capillus-veneris was able to normalize the
lipopolysaccharide-induced elevation of the spleen index and TNF and
thus could be introduced as a natural anti-inflammatory resource.” Both
ethyl acetate fraction and ethanolic extract of A. capillus-veneris demon-
strated antinociceptive effects (300 mg/kg orally) in a tail-flick method
and writhing test.'

4.2.7 Myrtus communis L. (Myrtaceae)

Iranian traditional medicine Myrtus communis is a popular medicinal plant
to reduce the swelling and pain in patients with hemorrhoids. M. communis
leaves have been used to cause the cessation of bleeding. The poultice
from M. communis leaves is also used for the treatment of hemorrhoids.
Sitting in a decoction of M. communis leaves was recommended for anal
protrusion.** M. communis leaves contain gallo-tannin-sacylphloroglucinols
(myrtucommulone-A and -B), volatile oils (0.1-0.5%), and condensed
tannins.’” M. communis is mainly used in the treatment of hemorrhoids due to
its antinociceptive and anti-inflammatory properties. The major compound
of M. communis essential oil, 1,8-Cineole, reduced inflammatory cytokines
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mediators, TNF-0, and interleukin-6 (IL-6) and inhibited the movement
of white blood cells in areas with inflammation.”> The hemostatic and
analgesic effects of M. communis essential oil are attributed to the anti-
inflammatory effects.*

4.2.8 Acacia ferruginea D.C. (Fabaceae)

Acacia ferruginea is a drought-resistant tree found in western region of
India. The bitter bark of 4. ferruginea has been used traditionally as an
astringent cure for itching and ulcers. Phytochemical constituents of A.
ferruginea include phenols, alkaloids, anthraquinones, terpenoids, tannins,
and flavonoids. In a study using the hydroalcoholic extract of the bark of 4.
ferruginea (400 mg/kg body weight orally) for treatment of hemorrhoids
in wistar albino rats, there was significant reduction of rectoanal damage
and restoration to the near-normal structure of the rectoanal region. There
was a significant reduction in inflammatory cytokines (IL-6, PGE2, and
TNF-a)), which showed that the anti-inflammatory effect of A. ferruginea
mediates its anti-hemorrhoidal activity.!®

4.2.9 Terminalia chebula Retz. (Combretaceae)

Terminalia chebula Retz. is a major medicinal plant for treatment of
hemorrhoids in Persian medicine. This herb could shrink the hemorrhoid
mass size and stop the bleeding in other traditional systems of medicines,
such as Ayurveda." Possibly, the efficacy of 7. chebula against pain could
be attributed to its central analgesic effects and triterpenoids saponin,
which blocks the cholecystokinin (CCK) receptors.* This, in turn, may be
due to anti-inflammatory and analgesic characters of tannins (chebulinic
acid, ellagic acid, corilagin, and gallic acid) via reducing the serum levels
of pro-inflammatory cytokines (TNF-a, IL-6, and IL-1PB) or inhibiting
enzyme cyclooxygenase (COX) and prostaglandin synthesis.!*35
Gallic acid and its metabolites can also control the pain by acting as a
glucocorticoid receptor agonist.*® Chebulagic acid relieves the pain due
to inhibition of COX and 5-LOX" along with flavonoids (quercetin and
kaempferol).*!” The efficacy of T. chebula against hemorrhoid mass size
can be due to its venotonic characteristic (chebulinic acid and terflavin
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B)*! and venoprotective (via cytoprotective characteristics with inhibiting
oxidative stress) features.**

4.2.10 Cissus quadrangularis (Vitaceae)

The major phytochemicals in Cissus quadrangularis are flavonoids. Biofla-
vonoids have been shown to exhibit phelotonic, vasculoprotective, and
anti-inflammatory activities. Luteolin and B-sitosterol from the crude extract
of C. quadrangularis have been shown to produce its anti-inflammatorry
effect. The venotonic effect of C. quadrangularis has been postulated to be
due to the flavonoids present in its crude extract, which act in the same way
as that of diosmin and hesperidin (found in Daflon).>

Several other medicinal plants have been studied with regard to the
treatment of hemorrhoids, and are presented in Table 4.1.

4.3 SUMMARY

As the search for effective drug treatment options for hemorrhoids with
lower incidence of side effects continues, this review has reinforced the
fact that medicinal plants could serve as priceless repository of these
drugs. The medicinal plants evaluated in this review in different stages
of experimental studies showed significant anti-hemorrhoid activity by
varying mechanisms of action.
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TABLE 4.1 Some Medicinal Plants Studied for Treatment of Hemorrhoids.
Scientific name Common Part used Chemical Activity Dose used Reference
(family) name constituents
Acacia ferruginea  Arimedah Bark Phenolics Flavonoids Anti-inflammatory 400 mg/kg BW of [16]
(Fabaceac) Saponins hydroalcoholic extract
Adiantum Maidenhair Aerial part  Triterpinoids Anti-inflammatory  200-300 mg/kg [19, 59]
capillus-veneris fern (capillirone 1 and 2)  Antinociceptive
(Pteridaceae)
Aesculus Horse chestnut Glycerol Aescin Flavonoids Anti-inflammatory  0.50 g of 20% glycerol [26, 29, 32, 33]
hippocastanum extract of Venotonic extract
(Sapindaceae) seeds Antioxidant
Allium iranicum Leek Leaves Steroidal Anti-inflammatory 2 mL of the leek cream [9, 10, 35]
(Amaryllidaceae) (wendelbo) Saponins Anti-ulcerogenic (contains 1.38 g of leek

Flavonoids Anti-oxidant extract)
Boswellia serrata Salai guggal ~Gumresins  Boswellic acid Anti-inflammatory 100 mg/kg orally [2,3, 18,47, 49]
(Burseraceae) Antinociceptive
Cissus Bone setter Flavonoids Anti-inflammatory [53]
quadrangularis Luteolin Venotonic
(Vitaceae) B-sitosterol
Commiphora mukul Indian Gum resins  Steroids Anti-hemorrhoidal 3 g orally in three [58]
(Burseraceae) bdellium Guggulusteroids divided doses

Terpenoidss
Ficus carica Common fig  leaves Phenolics Volatile Anti-inflammatory 600 mg/kg [45]
(Moraceae) compounds
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TABLE 4.1 (Continued)
Scientific name Common Part used Chemical Activity Dose used Reference
(family) name constituents
Myrtus communis ~ Myrtle Leaves Volatile oils Anti-inflammatory [30, 52, 57]
(Myrtaceae) Gallotannins Antinociceptive

Condensed tannins

AcylphloroGlucinols
Pistacia terebinthus Turpentine Seed Tannins Anti-inflammatory 18 g orally [27, 50]
(Anacardiaceae) tree Trierpenes

Oleanonic acid
Plantago major Ribwort Leaves Flavonoids Anti-inflammatory 1 g/kg per oral of [43]
(Plantaginaceae) Steroids Antinociceptive aqueous leave extract

Terpenes
Sesamum indicum  Sesame Seed Oleic acid Anti-inflammatory 400 mg/kg of [34]
(Pedaliaceace) Linoleic acid Analgesia seed oil
Smilax china China root Root Kaempferol Anti-inflammatory 1000 mg/kg aqueous [24]
(Smilacaceac) 7-O-glycoside Antinociceptive extract

Sieboldogenin
Tamarindus indica Tamarind Leaves Polyphenols Anti-inflammatory 1000 mg/kg [8]
(Fabaceace) Flavonoids Antinociceptive hydroethanolic extract
Terminalia bellirica Bibhitaki Fruit Saponins Anti-inflammatory 800 mg/kg of ethanolic [23, 41]
(Combretaceae) Triterpenoids Antinociceptive extract

Tannins
Terminalia chebula Chebulic Fruit Triterpenoid Saponins Anti-inflammatory 30 g per oral [41]
(Combretaceae) myrobalan Tannins Antinociceptive

Flavonoids

Venoprotective

S
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TABLE 4.1 (Continued)

Scientific name Common Part used Chemical Activity Dose used Reference
(family) name constituents
Trigonella foenum- Fenugreek Seeds Alkaloids Anti-inflammatory 100 mg/kg methanolic [31]
graecum (Fabaceae) Flavonoids Antinociceptive extracts
Verbascum Mullein Flowers Saponin Anti-inflammatory  100-200 mg/kg [1]
pterocalycinum Iridoid glycosides Antinociceptive
(Scrophulariaceae)
Vitis vinifera Grape vine Ethanolic Caffeic acid Analgesia 0.20 mL/10 g BW [6, 25, 33, 40]
(Vitaceae) extract of quercetin Kaempferol Anti-inflammatory ethanolic extract

leaves glycosides resveratrol
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CHAPTER 5

Health Benefits of Garlic (Allium
sativum) in Gastrointestinal Disorders
YAW DUAH BOAKYE, DANIEL OBENG MENSAH,

EUGENE KUSI AGYEI, RICHARD AGYEN,
DOREEN KWANKYEWAA ADJEI, and CHRISTIAN AGYARE

ABSTRACT

The medicinal plant, garlic, is used traditionally as a spice and flavoring
agent and for therapeutic purposes for the management of an array of disease
conditions. The literature provided scientific evidence on promising potential
of garlic to treat gastrointestinal neoplasms, gastrointestinal infections
and ulcers, inflammatory bowel disease, gastritis, and diarrhea of varied
etiologies. This chapter identifies both experimental and epidemiological
studies carried out on garlic and its bioactive compounds that justifies its use
in the management of gastrointestinal disorders.

5.1 INTRODUCTION

Traditional Medicine/Complementary and Alternative Medicine (TCAM)
has enjoyed patronage in advanced and as well in developing countries
due to ease of access, relatively low cost and low toxicity in comparison
to allopathic medicine.? In the era where antibiotics and other pharmaceu-
tical products had not been developed, garlic has constituted a pharmacy
industry due to wide range of health benefits. This includes its use in the
management of different gastrointestinal (GI) disorders.

This review chapter seeks to comb through literature to identify studies
carried out on the garlic and use of bioactive compounds to treat GI disorders.
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5.2 GARLIC
5.2.1 Botanical Description

Garlic (Allium sativum) belongs to the family Liliaceae, along with chives,
shallots, and onions." It is a bulbous perennial plant characterized by its
pungent taste and peculiar aroma. The plant can grow up to a height of
about 1.2 m. The part of the plant that is most important for use medicinally
is the compound bulb. About 4-20 cloves constitute each bulb with each
clove weighing about 1 g. The dried bulbs, fresh bulbs, and oil extracted
from the garlic bulbs are often the forms that are used traditionally for
medicinal purposes.** Based on the geographical area, garlic is cultivated
under other names, such as, clove garlic, stinking rose, nectar of the gods,
poor man’s treacle, camphor of the poor man, etc. Vernacular names of
garlic (Allium sativum) are listed below:

¢ Arabic: ThumThawm, Thoum, Toum, Toom, Saum

¢ Armenian: Sekhdor

* Bengali: Rasun

* Burmese: Chyet, phew, thon

+  Croatian : Ce$njak

* Danish: Hvidleg

¢ Dutch: Knoflook

* Finnish: Valkosipuli

¢ German: Echter, Knoblauch, Knoblauch, Gewohnlicher & Gemeiner
Knoblauch

e Greek: Skordo, Skorda, Skordon, Skortho

e Hebrew: Shoum, Shum

e Hindi: Larsan, Lahsan, Lahasun, Lasun

+ Italian: Aglio, Agliocomune

» Japanese: Gaarikku, Ninniku

e Kannada: Lashuna, Bellulli

e Khmer: Khtiimsaa

¢ Korean: MaNul

¢ Laotian: Kath’iém

*  Madurese: Bhabangpoté

* Malay: Bawangputeh, Bawangputih

* Malayalam: Vallaipundu

e Marathi: Lasuun
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* Nepalese: Lasun

* Norwegian: Hvitlgk

* Persian: Seer, Sir

» Polish: Czosnek, Czosnek, pospolity

» Portuguese: Alho

* Punjabi: Lasun, Lasan

* Russian: Lukchesnok, Chesnok, Lukposevnoi
» Sanskrit: Lashunaa

» Serbian: Beliluk

* Sinhalese: Sudulunu

+ Slovenian: Cesen

* Spanish: Ajo, Ajocomun, Ajo vulgar

* Sudanese: Bawangbodas

* Swabhili: Kitunguusaumu

* Swedish: Vitloek, Vitlok, Hvitlok

e Tamil: Vellaippuuntu, Vellaypoondoo, Wullaypoondoo
o Telugu: Vellulli

e Thai: Krathiam, Homtiam

e Turkish: Sarmesak, Sarimsak, Sarmusak
e Urdu: Leshun

* Vietnamese: Toi

Consumption of garlic ranks second to onion among the bulbs.
Garlic is distributed in both temperate and tropical regions. It exists in
various subspecies or types, the predominant ones being hard-neck and
the soft-neck garlic. Evidence of the domestication of garlic can be found
in ancient Greek, Egyptian, Chinese, and Indian writings. Production
of garlic worldwide is reported to be nearly 10 million tons with China,
Turkey, Egypt, India, USA, Spain, and Korea being the largest producers
in the world.”®

5.3 PHYTOCHEMICAL COMPOSITION OF GARLIC

Fresh garlicis composed of water, carbohydrates (such as fructose), lipids,
vitamins (predominantly A and C), minerals (magnesium, potassium,
iron, sodium, calcium, and phosphorus), phenolic compounds, phytos-
terols, and different organic compounds of sulfur. Based on the solubility
of the compound, the chemical components in garlic can be categorized
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into two main groups: (1) Lipid-soluble allyl sulfur compounds (Fig.
5.1), such as, DADS (diallyl disulfide), DATS (diallyl trisulfide) and
DAS (diallyl sulfur). (2) Water-soluble allyl sulfur compounds (Fig.
5.2), such as, S-allyl-cysteine and G-glutamyl-S-allyl-cysteine.

Diallyl sulfide
/\/ S ~ S /\/

Diallyl disulfide

ANy I

H,C CH,

Diallyl trisulfide

FIGURE 5.1 Examples of compounds that are lipid-soluble.

N OH
NH,

S-allyl-cysteine

(0] (0]
Hr:\l OH
S . OH NH
HZCN \/Y 2
(o]

G-glutamyl-S-allyl-cysteine

FIGURE 5.2 Examples of compounds that are water-soluble.
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The principal bioactive compound in the aqueous extract of garlic is
allicin (diallylthiosulfinate or allyl-2-propenethiosulfinate). Chopping or
crushing garlic causes allinase, an enzyme found in garlic to be activated.
The activation of allinase causes allicin to be produced from allin (S-allyl
cysteine sulfoxide), which is found in intact garlic. Other biocompounds
(Fig. 5.3) in garlic homogenate are y-L-glutamyl-S-alkyl-L-cysteine, (E,
7)-4,5,9-trithiadodeca-1,6,11-triene-9-oxide  (ajoene), 1-propenyl-allyl-
thiosulfonate, allyl-methyl-thiosulfonate.’

"
[l HECA/S\N"\/S\S/\?CHZ

Allicin (E,Z)-4,5,9-trithiadodeca-1,6,11-triene 9-oxide (Ajeone)

FIGURE 5.3 Major compounds in garlic.

Garlic oil, which is obtained from a steam distillation process, consists
of the lipid-soluble allyl-sulfur compounds, which includes diallyl, allyl-
methyl, and dimethyl mono to hexa sufides. Aged garlic extract (AGE)
(obtained by storing sliced raw garlic in ethanol at a concentration of
15%—-20% for more than a year) is another garlic preparation that has been
widely used. The long period of storage causes significant breakdown of
allicin and increases the activity of newly generated compounds, such as,
N-0-(Ideoxy-D-fructose-1-yl)-L-arginine, allixin, S-allylcysteine, and
sallylmercaptocysteine, which are relatively stable and possess significant
antioxidant properties.>*

5.4 TRADITIONAL USES OF GARLIC
5.4.1 Culinary Uses

Garlic is one the most important bulb vegetables, and is widely used as a
spice and flavoring agent for foods because of its peculiar pungent flavor.
Organosulfur compounds (such as allicin and DAS) account for the spicy
aroma and lachrymatory effects of garlic. It is usually dehydrated into
different forms, such as, slices, flakes, and powder.*
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5.4.2 Therapeutic Uses

Therapeutic uses of Allium sativum goes back to 4000 years. The Egyptian
papyrus of the Ebers Codex mentions 22 formulations of garlic as efficient
remedies for cephalea, snake bites, and cardiac problems. In Greece, garlic
was employed in the management of intestinal and pulmonary disorders.
The garlic was used an antiseptic agent in the treatment of wounds and
ulcers during the Second World War. Pliny the Elder, Galen, Dioscorides,
and Hippocrates mentioned the use of garlic for parasitic infections, low
vitality, and digestive and respiratory diseases. Garlic’s notoriety in the
practice of medicine in the west came to be known in 1858 as a result of
Louis Pasteur’s affirmation of its antibacterial effects.

Garlic has also been known to Traditional Chinese Medicine since
A.D. 510 and it is still utilized in the management of scalp ringworm,
amoebic and bacterial dysentery, vaginal trichomoniasis, and tuberculosis.
Other Folkloric medicine cultures have customarily utilized garlic for the
management of colds and influenza, fever, hacks, cerebral pain, asthma,
arteriosclerosis, hemorrhoids, low-circulatory strain, both hyperglycemia
and hypoglycemia and other malignancies.*

5.5 POTENTIAL USE OF GARLIC IN GASTROINTESTINAL
DISORDERS

5.5.1 Gastrointestinal Neoplasms

Epidemiological studies bolster the claim that the intake of vegetables
from the Allium genus (such as garlic) diminishes the risks of colorectal
and stomach tumors.” Additionally, garlic has been proven to offer huge
protection against gastric cancers in the Chinese populace caused by Heli-
cobacter pylori disease.®® Research has demonstrated the antibacterial and
anticarcinogenic properties of garlic due to the presence of organosulfur
compounds, such as DATS, DADS, and DAS, out of which DATS has
demonstrated the most superior effect.3!:*

In a study by Wang et al.,*”” sulferedoxin, malondialdehyde, and reactive
oxygen species levels, which show a positive correlation with gastric cancer
and tumor malignancy, were able to markedly inhibit the gastric cancer cell
line BGC823 with DATS treatment. The conclusion of this study points to
antioxidation as the possible mechanism of action of DATS.?
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In another study to elucidate the molecular basis of the anticancer
properties of garlic by utilizing HCT-15 and DLD-1 (which are human
colon cancer cell lines), Chihara et al.” indicated that DATS disrupted
microtubule network formation of cells. Possible involvement of the
mitogen-activated protein kinase (MAPKS) pathways in the apoptosis
induced by DATS has also been reported by Jiang et al.!¢ based on the acti-
vation of c-Jun N-terminal Kinase (JNK), extracellular signal-regulated
(ERK), and p38 phosphorylation in SGC-7901 cancer cells treated with
DATS. They indicate that there may be several mechanisms of actions in
the antineoplastic effect of garlic mediated by DATS.

Epidemiological data on the usage of garlic for primary prevention of
gastric and colorectal neoplasms have not been correlated significantly
with experimental studies. Garlic intake was protective for gastric cancer
based on a study of Cangshan County of Shandong Province, which ranks
lowest in terms of gastric cancer rates in China.*®

Garlic intake has also been found to have an inverse association with
gastric cancer from several case-control studies. A recently conducted
meta-analysis incorporating 12 case-control studies yielded a relative risk
of 0.60 with 95% confidence interval of 0.47—0.76 for the highest versus
lowest category based on the intake of garlic. The Shandong Interven-
tion Trial conducted in 2011 also confirmed the earlier studies. Antibiotic
treatment for a duration of 2 weeks in H. pylori infection reduced the
prevalence of precancerous gastric lesions. Garlic extract and oil (garlic
treatment), selenium (vitamin treatment), vitamin E, and vitamin C failed
to reduce the prevalence of H. pylori.

However, in a large prospective cohort study, Kim and Kwon?! failed to
provide the support for the assertion that high garlic intake reduces the risk
of gastric cancer. This is supported by another study carried out by Hu et
al.'? on garlic intake or garlic supplement use in colorectal carcinogenesis.

5.5.2 Inflammatory Bowel Disease

Inflammatory bowel disease (IBD) refers to ulcerative colitis and Chron’s
disease that involves inflammation of chronic nature of the GI tract. The
development of targeted, monoclonal antibody-based therapies has greatly
improved the treatment of IBD. Key interventions have been the use of
tumor necrosis factor antagonists, but its utilization has been associated
with side effects and their efficacy has been shown to decrease with time.
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The resort to nonconventional remedies, which includes nutraceuticals,
has increased in recent times among the patients with IBD.?

Garlic is marketed in several countries as a dietary supplement for the
management of inflammatory conditions including inflammatory bowel
disease. Experimental studies to assess its effectiveness has therefore
been carried out recently. Raw garlic has been shown to be beneficial
in acetic acid-induced colitis in an in vivo study using rat models. Oral
pretreatments of the rats with garlic @ 0.25 mg/kg body weight for four
consecutive weeks to a large extent quelled the increase in colon weight
induced by acetic acid and also helped to forestall changes in oxidant and
antioxidant parameters.'°

Based on the involvement of cytokines in inflammatory bowel
disease, garlic has also been studied for its modulatory effects on cyto-
kine production and leukocyte cell proliferation. The pro-inflammatory
cytokines IL-8, I-1 alpha, IL-6, IL-2, IL-12, and tumor necrosis factor-
alpha were significantly reduced. while IL-10 (anti-inflammatory cyto-
kine) was upregulated in the presence of garlic extract from the in vitro
analysis of whole blood and peripheral blood mononuclear cells.!! In
vivo studies on garlic oil and its effects on colitis-induced by endotoxin
in Wistar rats showed that doses of 10 and 50 mg/kg bodyweight of
garlic oil extract was successful in inhibiting neutrophil infiltration and
in reducing serum levels for other inflammatory cytokines.?® The immu-
nomodulatory effects of garlic provide evidence of its possible role in the
management of IBD.

5.5.3 Gastrointestinal Infections

Garlic in all its available forms (such as alcoholic and aqueous extracts, fresh
garlic juice, steam-distilled oil, and other commercial preparations) has been
found to have antibacterial effects.3? Its broad-spectrum antibacterial actions
have coverage against Gram-negative and Gram-positive organisms, such
as Staphylococcus, Streptococcus Micrococcus, Aerobacter, Citrobacter,
Enterobacter, Aeromonas, Pseudomonas, Lactobacillus, Bacillus, Citrella,
Clostridium, Escherichia, Salmonella, Shigella, Klebsiella, Leuconostoc,
Mycobacterium, Proteus and Providencia.'**

In a study to assess the effects of garlic on Salmonella typhi infection
and other gastrointestinal flora, it was found that the crude garlic extract
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inhibited the growth of Salmonella typhi with an inhibition zone diameter
of about 24 mm from the agar diffusion assay. Conventional antibiotics
(streptomycin, gentamycin, chloramphenicol, ofloxacin, erythromycin,
penicillin, ampicillin, cloxacillin, and streptomycin) except streptomycin
gave inferior inhibitions compared with crude garlic extract. Streptomycin
rather gave a growth inhibitory value of 24 mm.

An in vivo study of the antibacterial activity of garlic in rats demon-
strated that the consumption of crude garlic extracts resulted in a substan-
tial (p<0.05) reduction in Salmonella typhi in the feces. The duration of
infection was also a significant drop from 5 to 3 days. Feeding the rats
with garlic @ 1 mL of the extract daily for 7 weeks resulted in a decrease
in the number of microbial species to one from an initial six. Microbial
flora load was also reduced significantly from 1.64 x 102 to 1.3 x 107
cfu/mL.?

Several studies have also attested to the antibacterial properties of
garlic against H. pylori, which has been thought to be the reason why
stomach cancer incidence is low in populations in both developed and
developing countries, where allium vegetable intake including garlic
is high.3? The various forms of garlic (such as garlic oil, garlic powder,
etc.) and their diallyl compounds have been evaluated for their antibac-
terial activity against H. pylori. Results from these studies have shown
significant anti-H. pylori activity against all the strains of the organism.
O’Gara et al.?® showed that the MIC (minimum inhibitory concentrations)
and MBC (minimum bactericidal concentrations) of undiluted garlic oil
were about 8—32 mcg/mL and 16-32 mcg/mL, respectively. However, this
was lower as compared with garlic powder, which recorded both MIC and
MBC of 250-500 mcg/mL.

Of the bioactive compounds, allicin demonstrated a high potency
showing the MIC and MBC of 6 mcg/mL as compared with 100-200 mcg/
mL of its corresponding sulfide, diallyl disulfide compounds. However,
allicin’s antibacterial activity was comparable to diallyl-tetrasulfide which
has both MIC and MBC in the range of 3—6 mcg/mL. This reveals that the
number of atoms of sulfur has an influence on the antimicrobial activity
of diallyl sulfides with activity increasing with an increase in the number
of atoms of sulfur.2® Jonkers et al.!” has also reported that the synergistic
effect of garlic (raw garlic extract, commercially available garlic tablet)
has with omeprazole based on studies on the killing curves of clinical
isolates of H. pylori.
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5.5.4 Gastrointestinal Ulcers

Akinbo et al.’ reported the antiulcer effect of garlic on indomethacin-
induced gastrointestinal injury among albino Wistar rats. In the study,
100-300 mg/kg of the aqueous garlic extract was sufficient to prevent
macroscopic signs of ulceration or perforation.® In a similar study with
AGE, pretreatment of male Wistar rats with the extract generated similar
results with those obtained in the control group pretreated with omepra-
zole; and the preventive index in the AGE group was 83.4% as compared
with 94.5% in the group pretreated with omeprazole

The gastroprotective properties of garlic oil against ulcers induced by
ethanol and its involvement in holding back the oxidation process generated
in gastric tissue was evaluated. Pretreatment doses of 0.25 and 0.5 mg/kg
of garlic administered 30 min before ethanol administration caused lipid
peroxidation and ulcer index to decrease and it forestalled the dwindling of
antioxidant enzyme levels induced by ethanol thereby providing evidence
that it can help to prevent ethanol-induced gastric injury.?

The DAS and DADS isolated from garlic serve as a source of hydrogen
sulfide, which helps to maintain gastrointestinal mucosal defense and
repair by acting as a gaseous mediator. In addition, DAS and DADS
exhibited antioxidant action, which is important based on the observation
that inflammation in gastrointestinal ulcers is driven by free radicals.*®

5.5.5 Diarrhea

Research studies have shown the potential of garlic in the management
of diarrhea of different etiologies. Joshi et al.!” evaluated the effects of
commercial garlic oil on gastrointestinal transit of castor oil and charcoal
meal-induced diarrhea in an in vivo study in rats. They found that garlic
oil at a concentration of 0.25% w/w demonstrated an approximate reduc-
tion of 75% in charcoal meal propulsion within the gastrointestinal tract
(p <0.001) at a dose of 0.1 mL/10 g. Garlic oil at the same dose was
also successful in preventing the onset of diarrhea with only 17.6% of
animals treated with garlic oil exhibiting a positive diarrheal response as
against the 90% of the control group.'® Although the exact mechanism
of its antidiarrheal effect has not been elucidated, yet it has been thought
to be due to its ability to relax the gastrointestinal smooth muscle. This
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is based on a study by Abdo et al.,! where it demonstrated the ability to
cause relaxation of the smooth muscle of the uterus of guinea pigs thus
showing its potential as an important remedy in patients suffering from
hypermotility disorders in the gastrointestinal tract.

Aged garlic extract has also been studied as a possible remedy for the
gastrointestinal intestinal side effects of the anticancer agent methotrexate.
AGE has also been proven anti-inflammatory. The onset of diarrheas
was reported for 40% of animals treated with Methotrexate + AGE as
against Methotrexate-treated group. The study also provides evidence
of the extract’s ability to reduce gastrointestinal damage associated with
methotrexate, which has been attributed to its antioxidant effects due to
the presence of tetrahydro-fcarboline derivatives (THBCs) and S-Allyl
cysteine (SAC)."?

Eja et al.® highlighted the antimicrobial action of raw garlic extract
against diarrheagenic organisms, such as, Salmonella sp, Shigella sp, Proteus
mirabilis and Escherichia coli, which was comparable to ciprofloxacin. This
has been attributed to the similarity in garlic’s mechanism of action and
that of ciprofloxacin. Allicin, the principal bioactive compound in garlic, has
been shown to act by inhibiting DNA and protein synthesis and also halting
RNA synthesis. Ciprofloxacin similarly interferes with DNA transcription
and other activities involving DNA by inhibiting bacteria DNA gyrase.*

5.5.6 Gastritis

Gastritis describes the condition, where the stomach lining becomes
inflamed, often resulting in discomfort. Prolongation of the inflammation
causes atrophic gastritis (when the glands of the lining of the stomach)
or ulcers to develop. Excess secretion of acid, autoimmune processes,
H. pylori infection and damage induced by alcohol, nonsteroidal anti-
inflammatory drugs and corticosteroids are underlying causes of gastritis.
H. pylori are however thought to account for a majority of cases of
gastritis. The antibacterial effects of garlic against H. pylori have been
well established and confirmed in in vitro studies.

Iimuro et al.'> evaluated the ability of garlic oil to suppress gastritis
induced by H. pylori in Mongolian gerbils; and they concluded that garlic
extract could be an important treatment agent. The garlic extract caused
a dose-dependent decrement in H. pylori gastritis with most significant
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effect at a concentration of 4% of the extract. There was a reduction in
hemorrhagic spot numbers in the glandular stomach from 19.2+/—15.6
to 8.1+/—11.2. The microscopic score for gastritis was also substantially
reduced from 5.9+/-0.8 in the control gerbils to 4.2+/—1.5 in the garlic
extract treated group.'’

Karinat is a dietary supplement, which contains 5 mg of alpha-
tocopherol, 30 mg of ascorbic acid, 150 mg of garlic powder, 2.5 mg of
beta-carotene. It was taken through a randomized placebo-controlled and
double-blind trial by patients suffering from chronic multifocal atrophic
gastritis; and the study has been shown to improve digestion, the fibro-
gastroscopic pattern of mucosa, to inhibit A. pylori infection, to stimulate
stomach activity, to mitigate intestinal metaplasia and to interfere with the
epithelial proliferation of gastric mucosa. This lends more credence to the
possible role of garlic in the treatment of gastritis.’

5.6 SUMMARY

The literature supports the traditional use of Allium sativum (garlic) in the
management of the gastrointestinal disorders. The bioactive compounds
isolated from Allium sativum have demonstrated their efficacy through
varied mechanisms of actions and these provide the basis for conducting
further research to optimize their use.
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CHAPTER 6

Role of Onion (Allium cepa) in
Gastrointestinal Disorders

YAW DUAH BOAKYE, RICHARD AGYEN, EUGENE KUSI AGYEI,
DANIEL OBENG MENSAH, DOREEN KWANKYEWAA ADJEI, and
CHRISTIAN AGYARE

ABSTRACT

Onion is widely used as ethnomedicine with several health benefits, such as
antiviral, antidiabetic, antihyperlipidemic, antithrombotic, antioxidant, and
anti-inflammatory activity. This review chapter identifies studies on Allium
cepa forits activity against gastrointestinal disorders, such as gastrointestinal
neoplasms, gastrointestinal ulcers, diarrhea, and helminthic, etc.

6.1 HISTORICAL ASPECTS OF ONION

Onion (Allium cepa L.) is consumed and grown worldwide and is the most
cultivated vegetable after tomato."* The word onion originated from the
Latin word “unus,” which means one. It was later introduced in the United
Kingdom by Romans, and from there probably got to Americas.® Onion
was suggested as a laxative, emmenagogue, and a diuretic by Hippocrates,
and was also used for healing wounds and treatment of pneumonia."

A. cepa belongs to the family Liliaceae, which is composed of >252
genera and 3600 species. They possess rhizomes, bulbs, and tubers, which
enable them to grow or survive under very harsh conditions. Naturally,
plants that contain tannins as their main components are often used for
the treatment of dysentery and diarrhea.’ Corea et al. listed 30 disorders
for which onion could be used to treat.® There is an inverse association
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between the risk of human diseases and onion consumption based on
several epidemiological studies.

This chapter focuses on healing benefits of onion (4. cepa) in the
management of gastrointestinal disorders.

6.2 ONION DESCRIPTION AND PROFILING

Onion is one of the largest perennial flowering herbaceous plants in its
genera.® A. sativum (garlic), A. Chinense (scallion), A. hookeri (hooker
chive), A. ascalonicum (shallot), A. schoenoprasum L. (chives), A. cepa,
L. (onion), and 4. ampeloprasum (leek) are examples of the many species
of Allium* that have been utilized over the years as ornaments, vegetables,
and spices and in ethnomedicine. Members of this genus contain sulfur
compounds and enriched substantive oil,> which confers unique taste and
healing properties to different species.?*

The onion plant consists of tubular leaves, a bulb, and fibrous adven-
titious roots.’® In the second cycle of the plant’s life, the stem grows up
to about 50-100 cm. Onion contains an umbel-like inflorescence, which
contains from 200 to 600 small singly flowers.>* Onion has 16 chromosomes
in its diploid state. Vernacular names of 4. cepa are mentioned below:

e Albanians: Qepe

* Arabic: Basal

e Armenian: Soch

e Azerbaijan: Sogan

* Bosnian: Crni, Luk, Sogan, Crveni, Zvibel

* Bulgarian: Ognon

e Chinese: Chhang, Cong Tou

e Dutch: Ajuin, Ui

* Estonian: Sibul

* French: Oignon

¢ German: Bolle, Gartenzwiebel, Zwiebel, Sommerzwiebel
e Hebrew: Bazal, Besalim

* Hungarian: Hagyma

* Indian: Piyaj, Palandu, Kando, Pyaaz, Nirulli, Erra
» [talian: Cipolla

* Japanese: Tamanegi, Tama Negi, Tamane

* Korean: Dungulpha, Yangp’a
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* Malaysian: Bawang, Bawang Besar, Bawang Merah
» Persian: Piyaaz

* Philippines: Sibuyas, Si-Bolyas

» Polish: Cebula, Cebula-Jadalna, Cebula-Zwyczajna
» Russian: Louk Zepchatnyi, Louk Repka

6.3 DISTRIBUTION OF ONION PLANT

Onion is substantially cultivated as a biennial bulb crop largely in China
and India. Countries including Brazil, Turkey, Iran, USA, Pakistan, the
Russian Federation, Republic of Korea and Egypt also cultivate onion.'
The Republic of Korea has the highest onion productivity, followed by
USA, Spain, and the Netherlands. The mean productivity of onion in the
world is about 19.8 tons/ha. The Netherlands exports greatest amount of
onion worldwide with Argentina exporting the least (Table 6.1).!

TABLE 6.1 Top 10 Onion Producing Countries in the World.

Country Onion Production (tons)
Republic of Korea 1,411,650
Russia 1,536,300
Brazil 1,556,000
Pakistan 1,701,100
Turkey 1,900,000
Iran 1,922,970
Egypt 2,208,080
USA 3,320,870
India 13,372,100
China 20,507,759

6.4 NUTRITIONAL VALUE OF ONION

Onion leaves can be used for dietary purpose. The leaves are used for
preparing food, while the flowers are used in preparing salads.” Onion
is highly rich in various important nutrients, vitamins and minerals, all
amino acids except glutamine and asparagine,*’” and high levels of vitamin
A and vitamin K (which are cofactors (coenzymes)), hence may improve
cell functions when consumed (Table 6.2).%%



82 Herbs, Spices and Medicinal Plants for Human Gastrointestinal Disorders

TABLE 6.2 Nutritional Composition and Proximate Values of Onion Bulbs (per 100 g).

Component Mean value (unit)
Proximate
Energy 40 (kcal)
Sugar total 4.24(g)
Carbohydrates 0.34 (g)
Fiber L.7(2)
Lipids 0.1(g)
Protein 1.1 (g)
Water 89.11 (g)
Vitamins
Folate 19 (ng)
Thiamine 0.046 (mg)
Vitamin A 2 (IU)
Vitamin C 7.4 (mg)
Vitamin E 0.02 (mg)
Vitamin K 0.4 (ug)
Minerals
Calcium 23 (mg)
Iron 0.21 (mg)
Phosphorus 29 (mg)
Potassium 146 (mg)
Sodium 4 (mg)
Zinc 0.17 (mg)
Palmitic acid 0.034 (g)
Phytosterols 15 (mg)
Stearic acid 0.004 (g)
Total monounsaturated acids 0.013 (g)
Total polyunsaturated acids 0.017 (g)
Total saturated acids 0.42

6.5 TRADITIONAL USES OF ONION

6.5.1 Culinary Use

Onions are usually chopped and utilized as ingredients in several dishes,
but sometimes used as main ingredient, for example, in onion rings,
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creamed onions, and onion chutney. Onion is usually eaten boiled, baked,
raw in salads, and roasted. Sometimes, they are eaten as snacks by pickling
in vinegar, and as side servings in pubs throughout the United Kingdom.

6.5.2 Nonculinary Use

The large cells of onions help in educational settings, especially in labora-
tories to view them under the microscope during experiment and also for
breeding purpose.*®*

6.5.3 Medicinal Use

Onions contain important phytochemicals that are potent against many
medical conditions including cancers, diarrhea, and ulcers. According to
Dini et al.!! while determining the constituents of red onion, it was revealed
that onions possess strong antioxidant properties.

6.6 PHYTOCHEMICAL CONSTITUENTS OF ONION

Onion is known to contain quercetin, flavonoid, trace minerals, and chro-
mium,?”?° but saponins, quercetin, and anthocyanin are the primary phyto-
chemicals. They contain sulfur compounds, such as allyl-propyl-disulfide
that gives the pungent smell.?>*” S-propenylcysteine sulfoxide (major
component), S-methylcysteine sulfoxide, S-propylcysteine sulfoxide,
and dipropyl disulfide are organosulfur compounds, which are found in
onion, 34

6.7 PHARMACOLOGICAL ACTIVITIES

Based on attestations from several investigations, onions have biological
and medical functions primarily because of their high concentration of
organosulfur compounds*' with health benefits, such as

 anti-inflammatory activity,*
 antibacterial,?*

« antidiabetic,?
 antifungal,?®
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+ antihyperlipidemic,'’
» antihypertensive,?

» antioxidant,”'" and

* antiviral.*?

Based on several research studies and clinical trials, onion can be
used to treat many disorders, such as, hypercholesterolemia,”® asthma,'
diabetes,!>!37 viral diseases,***? cancer,” and osteoporosis.!*

6.7.1 Gastrointestinal (GI) Neoplasm

The flavonoids in A. cepa inhibit proliferation or growth of colorectal
cancer at very high doses and aid in treating hyperlipidemic colorectal
cancer also at high doses.!” Hence, onion can reduce blood fat and protect
heart and blood vessels based on their deductions.”*3! The flavonoids
from onion can help in regulating the level of low-density lipoprotein
(LDL).

Onion consumption has been seen to have an inverse association with
stomach cancer risk in Shanghai and Qingdao, China.>® As onion consump-
tion was increased, there was a decrease in distal stomach cancer risk.

6.7.2 Gastrointestinal Ulcer

Onion consumption can prevent ethanol-induced gastric ulcers.’* When
onion is consumed, glutathione S-transferase activity is increased in all
tissues due to the incorporation of the organosulfur compounds (S-prope-
nylcysteine sulfoxide (major component), S- methylcysteine sulfoxide,
S-propylcysteine sulfoxide, and dipropyl disulfide).!®*¢*4 Thus, the
gastric mucosa was protected by combining the usage of garlic and onion
due to increase in glutathione S-tranferase levels, which in turn could
increase prostaglandin synthesis leading to cytoprotection.

6.7.3 Diarrhea

The onion has shown an effective antidiarrheal activity in rats.?! The
aqueous extract of onion tested at 150 and 300 mg/kg gave an effect
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similar to that of standard drug, loperamide, which inhibited the rate of
defecation droppings compared with the untreated rats. It was postulated
that onion contains significant amounts of tannins and tannic acid, which
can denature proteins thus forming protein tannate. This was able to
increase the resistance of the intestinal mucosa and to reduce secretion.*?

Quercetin and taxifolin were also identified by Corea et al.® to affect
the gastrointestinal tract due to antispasmodic, antiulcer, and antidiarrheal
propeties.>!°

6.7.4 Helminth Infection

A research study indicated that the coconut powder together with onion
was efficient against both nematodes and cestodes in sheep.!® This syner-
gistic effect was also effective in the hatching stages of eggs and the adult
stages of the parasites.

6.8 SUMMARY

This chapter has shown evidence to justify the traditional use of onion
in the management of gastrointestinal disorders, such as gastrointestinal
ulcers, gastrointestinal neoplasms, diarrhea, and helminthic infections.
Literature has provided the scientific basis for its continuous use and
the avenue for further research toward the discovery of potential drug
candidates.
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CHAPTER 7

Role of Lectins in Gastrointestinal
Disorders

HUGH JAMES FREEMAN

ABSTRACT

The intestinal tract is particularly useful for the topographic evaluation of
normal epithelial cells that undergo increasing differentiation and matura-
tion. Topographic mapping of the intestinal tract has been done as stem
cells in the base of intestinal crypts divide and migrate toward the lumen.
The aim of this chapter is to review the role of lectins in nature, their
binding to receptors in normal, premalignant and malignant intestinal cells
along with other intestinal diseases, and finally, it addresses some of the
potential directions for future research.

7.1 INTRODUCTION

Lectins are proteins derived largely from plants and some animals, that
they bind to specific sugar residues in tissues including the intestinal tract.
Using lectin histochemical methods, the gastrointestinal tract has been
explored to define the location of carbohydrate-containing structures.
In addition, there are alterations in disease states, including the poorly
differentiated, but nonmalignant, epithelial cells in celiac disease, and
malignant intestinal epithelial cell disorders in cancer.

Reported changes in the normal upper gastrointestinal (GI) tract are
reviewed including changes with different diseases, particularly malig-
nancy. In addition, some future directions in evolving technical methods
are mentioned to permit future evaluation in conjunction with lectin
histochemical methods.
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This chapter will review some of the lectin histochemical work focused
on premalignant and malignant diseases of the gastrointestinal tract.

7.2 LECTINS IN NATURE

Lectins are proteins or glycoproteins that are largely derived from plants,
although some have been detected in animals, including some invertebrates.
An important family of mammalian lectins are the selectins that are critical
in lymphocyte migration and homing during immune surveillance. Most
important for humans, lectins are often found in foods and food products,
such as peas, beans, potatoes, soybeans, tomatoes, and wheat germ.
Although their role in nature has not been precisely defined for each lectin,
yet some appear to have potent biological properties.

Some proteins play a role in biological recognition, attachment and
binding to specific targets. This binding is very specific for sugar residues
and appears to be largely dependent on their ability to attach to surface
sugar-containing structures along the length of the mammalian, and particu-
larly, human intestinal tract. Subsequent to binding to their intended targets,
lectins may (1) cause agglutination of fetal or neoplastic cells, (2) stimulate
lymphocyte proliferation, and (3) inhibit tumor growth both in vivo and in
vitro.> Given this information, it is difficult to ignore the possible positive
role of lectins.

In nature, lectins may provide some protection against harmful agents
(e.g., fungal invasion). Other lectins may act in a negative fashion as
potent toxins, such as ricin (an agent used by terrorists). Previously, their
sugar specificity has been used in the laboratory analysis of blood types
and in genetic engineering of crops to aid in the promotion of resistance
to pests and diseases. In animals and humans, evidence indicates that
lectins bind to the surface of normal and diseased tissues. Evaluation of
the binding patterns in these tissues has been of particular interest during
the past 2—3 decades especially with discovery and application of lectin
histochemical methods to determine if binding patterns may be altered in
disease, particularly in disorders of the intestinal tract.

Often, a lectin specificity may focus on a simple sugar residue,
occasionally a series of sugars, as in a disaccharide or trisaccharide, and
this may be reflected in the sugars that inhibit binding. However, lectins
may actually recognize a larger or more complicated sugar-containing
three-dimensional structure. As a result, lectins may have the same sugar
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specificity but may yield different or distinctive binding profiles.*’ In a
breast cancer study, for example, application of 26 different lectins,
specific for the N-acetyl-D-galactosamine sugar, produced different
binding patterns.?

7.3 TOPOGRAPHIC BINDING IN THE NORMAL INTESTINAL
TRACT

Lectins may be linked to markers, such as fluorescein, peroxidase,
rhodamine and electron dense markers, and are used to evaluate the
topographic distribution of binding along the length of the gastrointestinal
tract. Simply, the intestinal tract epithelium lines the lumen from the
mouth through the stomach and small/large intestine. Multiple cell types
are present, particularly in different areas of the GI tract. In addition,
developmental structures that emerged from the intestinal tract during fetal
life, such as the pancreas and biliary tract are also lined with epithelial cells.
Many of these cells have been subjected to intense anatomical study and
contain different intracellular structures, including a luminal membrane
lipid bilayer. Inserted into this membrane are proteins and lipids with
attached sugar residues, so-called membrane or structural glycoproteins.
Some of these function in the GI tract as recognition molecules, others as
enzymes involved in nutrient digestion and transport uptake into epithelial
cells, and eventually into the circulation.

Some epithelial cells are highly specialized, including goblet cells
that produce mucous, consisting of mucin-type glycoproteins, eventually
being secreted from these cells into the lumen. These membrane and
mucin components of the GI tract may be mapped by labeling with lectins
to define the topographic localization of different lectins (and their specific
sugar residues) along the length of the GI tract. To some extent, these can
be viewed as a form of evaluation or mapping of carbohydrate structures,
potentially providing an increased dimension of specificity compared with
traditional methods, such as staining with periodic acid Schiff or Alcan
blue. Some of these individual lectins and their distribution in the GI tract
have been explored and will be discussed later in this chapter.

Some of these proteins associated with the epithelial cell membrane
may not be an integral part of the membrane or cell structure, but may also
represent complex products resulting from the luminal digestive process
or sloughed cellular products associated with the continuous epithelial



92 Herbs, Spices and Medicinal Plants for Human Gastrointestinal Disorders

cell renewal process. These ultimately find their way into the intestinal
lumen itself and then may be adsorbed to the luminal cell surface. Very
little quantitative or qualitative information is available on the source
and derivation of much of the intestinal luminal content. Further studies
in future are needed to elucidate this important component of intestinal
epithelial cell biology along with their implications in human health.

The intestinal epithelial cells are very heterogenous and this inherently
hinders the analysis of lectin-binding evaluation. In part, this reflects their
site along the length of the intestinal tract. In some sites, the epithelium
consists of stratified squamous in type, while in others, most mucus-
producing cells are columnar cell-type. In addition to the topographic
differentiation in epithelial cells based on their site along the length of
the intestinal tract, the GI tract is in a state of constant (and relatively
rapid) renewal as individual cells from the crypt region migrate to the
villus region, and eventually to the lumen. During this process, increasing
differentiation of individual epithelial cells and maturation occur.

Closely related, individual glycoproteins also change with individual
sugar residues added sequentially to individual glycoprotein molecules,
eventually producing a completed glycoprotein structure. Structural
changes are accompanied by functional changes so that more mature villus
cells appear to perform most of the digestive and transport functions in
the GI tract, while these activities are limited quantitatively and qualita-
tively in individual crypt cells. It may be anticipated that these structural
and functional changes along the crypt—villus column may be mirrored
by topographic differences in the distribution of lectin-binding sites, not
only along the length of the intestinal tract but also with the degree of
enterocyte differentiation in the crypt—villus column.

7.4 GASTROINTESTINAL TRACT TRANSIT AND EFFECTS ON
NUTRIENT AND DRUG ASSIMILATION

Lectins detected in food products have led to further exploration of their
transit and disposition within the human intestine. During digestion,
lectins may be released from food and remain intact for variable distances
within the intestinal tract. The lectin from wheat germ may be detected
in effluent from the small bowel (in ileostomies) and large bowel (fecal
material) after feeding and transit through the intestine.!! Potentially, it is
likely that lectins of various types have some differential biological effects
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on biochemical and physiologic processes within the intestine, including
the assimilation of specific micro- and macronutrients.

Carbohydrate assimilation from the lumen of the small intestine may be
altered by the presence of different foods, in particular, vegetable protein,
fat, fiber, and antinutrients. The latter include phytates and lectins.?”*® The
potential antinutritive and toxic effects of some plant lectins may be based
largely on their binding effect to carbohydrate associated with membrane
glycoconjugates (i.e., glycoproteins and glycolipids). As noted earlier,
these are integral to the luminal epithelial cell membrane surface, and
critical to survival in the digestive environment of the small intestine.

Turnover of epithelial cells, as they migrate toward the lumen, may
be impaired causing altered digestion and assimilation, alterations in the
luminal microbiome and the local intestinal immune system. As a result,
particularly with large amounts of ingested lectins, normal growth and
health of different animal species may be affected. Lectins also appear to
mediate cellular adhesion and invasion of some therapeutic agents, partic-
ularly orally administered drugs. In the future, further studies may lead to
improvements in drug absorption and the bioavailability of drugs, peptides
and proteins that are normally poorly transported from the lumen.?

7.5 LECTIN BINDING IN THE NORMAL INTESTINE

Earlier studies with different fluorescein-labeled lectins showed regional
differences in the labeling patterns of both small bowel and colonic mucosa
from the mammalian intestine.?'*? In small intestinal studies, frozen cryo-
stat sections were initially used to explore the pattern with lectins derived
from Riccinus communis and Triticum vulgare (wheat germ). These two
lectins bind to end-terminal nonreducing beta-D-galactosyl and beta-
N-acetyl-D-glucosaminyl residues, respectively. Labeling differences
for normal proximal and distal small intestine were seen. In addition,
differences in the intensity of labeling from the crypt to villus region were
observed. Later, colonic biopsy sections from proximal and distal colonic
mucosa, which were fixed with Bouin’s solution (picric acid and formalin-
based fixation) and embedded in paraffin, were used to explore the goblet
cell mucin differences.

An array of nine different fluorescein-labeled lectins (see Table 7.1 and
Figure 7.1 for sugar specificities) showing binding were used to compare
these two different sites.?'?> Different patterns of binding to mucins
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in goblet cells and the colonic crypt epithelial cell surface were noted
including unique differential labeling patterns with increasing differentia-
tion of colonic epithelial cells in the crypt regions. Based on these studies,
significant differences in biologic characteristics of the mammalian colonic
mucosa from these two different sites was suggested, in part reflecting both
their location or site within the colon and the degree of cellular differen-
tiation within crypt as the epithelial cells migrate from the crypt bases to
the lumen. This application of labeled lectins to formalin-fixed sections
opened the door for future pathological studies in different tissues. Similar
changes in lectin binding of the intestinal tract were confirmed later by
other investigators in different mammalian species.

TABLE 7.1 Sugar Specificities for Some Lectins.

Lectin Plant origin Major sugar Binding
specificities* inhibitor**
Wheat germ (WGA)  Triticum vulgare GlcNAc)n; NeuNAc  GlcNAc
Castor bean (RCA1)  Riccinus communis Gal Gal
Gorse (UEAT) Ulex europeus L-Fuc L-Fuc
Horse gram (DBA) Dolichos biflorus GalNAc GalNAc
Jack bean (ConA) Canavalia ensiformis ~ Man; Glc MM
Peanut (PNA) Arachis hypogaea Gal-GalNAc > Gal Gal

"L-Fuc, alpha-L-fucose; MM, alpha-methyl-mannoside; GalNAc, N-acetylgalactosamine;
Gle, Glucose; GlcNAc, N-acetylglucosamine; Man, mannose; NeuNAc, N-acetylneuraminic
acid (sialic acid). Note: All sugars are beta-D-configuration unless otherwise stated.

* To inhibit lectin binding, sugars used at 0.2 M except for PNA binding, which required
0.3 M."2

Differentiation-based changes in the goblet cells in the distal colonic
epithelium of a specific strain of mice (i.e., the CF-1)” and differences
in lectin binding for the proximal and distal colon of Sprague-Dawley
rats®® were later reported. In the latter study,*® rhodamine and fluorescein-
conjugated lectins were used. Similar regional lectin labeling differences
were subsequently reported from human fetal and normal adult colon'
and normal-appearing colonic mucosa of patients with irritable bowel
syndrome.>! Subsequent studies showed that rat colon lectin binding may
be altered by starvation and re-feeding under controlled conditions, another
important consideration in research studies even in genetically closely
related species.’
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FIGURE 7.1 Fluoroscein-labeled lectin (wheat germ agglutinin, WGA) labeling the
small intestinal epithelial cell surface including goblet cells. A red filter was added for
enhancement.

Later, preliminary lectin labeling studies of other gastrointestinal
tissues including normal human stratified squamous epithelium in the
esophagus were noted, along with lectin labeling binding patterns for
columnar epithelium in the stomach and duodenum confirming that the
glycoconjugate structures in the mucosa of these different anatomical sites
may also be examined with lectin histochemical methods.* Interestingly,
several lectin studies by other investigators were also reported on normal
tissues embryologically derived from the upper gastrointestinal tract,
specifically, the biliary tract and pancreas.>!3233:4849.57

7.6 LECTIN BINDING IN PREMALIGNANT AND MALIGNANT
INTESTINE

Early studies demonstrated significant alterations in the metabolism of
glycoproteins in human colon cancer.** Specifically, the carbohydrate
content and the enzymatic activities of some glycosyltransferases involved
in the synthesis of mucosal glycoproteins were reduced in neoplastic
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colonic tissues compared with the normal human colonic mucosa.
Carcinogen-induced animal models of human colon cancer were devel-
oped using chemicals, such as 1,2-dimethylhydrazine. This agent caused
colonic cancers similar to the pathological appearance and distal colonic
distribution in human colon cancer.

In male Wistar rats, reduced labeling of goblet cell mucin was noted
with lectins derived from Triticum vulgare lectin, Riccinus communis
lectin, and Limulus polyphemus lectin, while binding with Arachis hypo-
gaea, a lectin that ordinarily failed to bind the mucin of normal colon,
was present.!” Similar changes were noted in the normal mucosa near the
neoplastic lesions, the so-called “transitional” zone mucosa. These find-
ings indicated for the first time in a well-controlled laboratory setting that
significant histochemical alterations in glycoconjugate metabolism occur
in colon cancer along with the nearby normal-appearing mucosa in this
animal model of human colon cancer. These initial observations were later
confirmed in a chemically treated (i.e., CF-1) mouse strain model with
the detection of this cancer-associated mucin in cancer and in normal-
appearing, but potentially premalignant colonic epithelium.’

Similar observations were described in human colon cancer specimens
with an alteration in colon mucin and in transitional mucosa suggesting a
potential marker for early malignant transformation.!” In addition, more
recent studies noted some similarities and differences between peanut
lectin binding, the lectin of Amarantus caudatus, and a cancer-associated
antigen (i.e., Thomsen-Friedenreich antigen) in polyps and cancer®®* and
these have implicated specific sugar binding properties of lectins during
malignant progression in human colon cancer.”

Patients with long-standing inflammatory bowel disease (IBD) are
thought to be at increased risk for later development of colon cancer.
Abnormal goblet cell glycoconjugates, reflected in alterations in lectin
staining patterns, were reported in patients with ulcerative colitis.’ Similar
findings were reported in New World monkeys with spontaneously devel-
oping colitis, although the precise significance was uncertain.® Though
other investigators have found peanut lectin-binding sites in the colon
of patients with ulcerative colitis,!® yet changes appeared to be similar
to controls and reversible with the development of quiescence of colonic
mucosal inflammation. In a subsequent study of colonic biopsies from
patients with ulcerative colitis or Crohn’s disease, changes, particularly in
peanut agglutinin positivity, could not be confirmed.*



Role of Lectins in Gastrointestinal Disorders 97

Eight of 21 ulcerative colitis rectal biopsies and 10 of 17 Crohn’s
disease rectal biopsies were reported to be positive for peanut agglutinin,
particularly in the supranuclear region of surface epithelial cells. And yet,
no correlation was found with the duration of disease or inflammation and
none of these 38 biopsies showed dysplasia. It was concluded that the
changes observed in this setting may reflect a fundamental abnormality in
glycoprotein synthesis with inflammatory bowel disease. In a later study
in Japanese patients with ulcerative colitis and Crohn’s disease, changes
in lectin binding were detected; but appeared to only reflect the underlying
inflammatory process rather than specificity for development of later
neoplasia.®?

In a separate study of South Asians from Birmingham, altered lectin
binding was noted in ulcerative colitis after application of 10 biotinylated
lectins compared with matched European cases with ulcerative colitis.’” In
summary, these studies in patients with inflammatory bowel disease have
provided evidence for altered lectin-labeling patterns consistent with an
ongoing inflammatory process, but not as a specific premalignant marker.

7.7 ROLE OF LECTIN BINDING IN OTHER DISEASES OF THE
GASTROINTESTINAL TRACT

Studies in the upper GI tract have explored changes in lectin-binding
patterns in normal, metaplastic, and neoplastic biopsies from the esophagus,
stomach, and duodenum. Barrett’s epithelium refers to the replacement of
normal stratified squamous epithelium in the esophagus with columnar
epithelial cells, possibly due to chronic reflux of contents in the stomach
to the esophagus. It is believed to be a preneoplastic disorder with the
eventual development in some, but not all, patients with esophageal
adenocarcinoma. In high-grade dysplasia and carcinoma associated with
Barrett’s esophagus, deletion of glycoconjugate expression was reported.™

A subsequent study in biopsies from Barrett’s epithelium with fluores-
cein-linked peanut agglutinin showed variable labeling, suggesting that
Barrett’s epithelium represents a much more heterogeneous preneoplastic
mucosal change than had previously been appreciated using routine histo-
chemical methods."®

Chronological long-term lectin studies might be conducted during
surveillance to determine the natural history of these alterations in these
mucosal cells, since prior cell biological studies have already documented
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the complex nature of these cell types in this mucosa.'* Others have reported
a binding pattern with Ulex europeus lectin that is distinct in Barrett’s
mucosa and not detected in reflux disease.’® Studies in gastroesophageal
reflux disease, including both squamous and columnar epithelium, were
also reported with prominent binding in deep glandular elements of the
columnar epithelium.*

Recently, the possible use of fluorescent lectins (i.e., wheat germ lectin)
for molecular imaging during endoscopic surveillance was reported to be
particularly sensitive for the detection of high-grade dysplastic lesions that
were not detectable with conventional endoscopic studies.®

Research studies have also explored the gastric mucosa in different
diseases. In peptic ulcer disease, a significant difference in peanut lectin
binding was observed between Helicobacter pylori—positive and
Helicobacter pylori—negative patients,* suggesting that exposure of
sialic acid residues was present in gastric epithelium colonized with this
specific organism. Similar studies were reported with different lectins in
Helicobacter—associated gastritis in humans®** as well as a guinea pig
animal model of this disease.**

Lectin-binding patterns have also been examined in Helicobacter
pylori-infected gastric mucosa as a tool to explore the presence of
dysplastic changes in the gastric mucosa with the hope of new insights
into gastric carcinogenesis and the treatment of precancerous lesions.*
Others have focused on the Helicobacter pylori organism and its binding
to epithelial cells, particularly gastric mucins that may prohibit the organ-
isms from reaching the epithelium and later promoting infection and
inflammation.*

Extensive lectin-binding studies have also been completed in celiac
disease. During the recent couple of decades, this has become an increas-
ingly recognized immune-mediated small intestinal mucosal disorder that
results in malabsorption of different nutrients, diarrhea, and weight loss.
Pathologic changes in small intestinal biopsies may be reversed with a
gluten-free diet. Studies with different lectins showed different lectin-
binding patterns in celiac biopsies compared with control; also changes
within the crypt and villi were thought to be reflective of increasing
differentiation of epithelial cells with migration from the crypt regions to
the lumen. Interestingly, in untreated adult celiac disease, lectin-binding
studies also showed increasing differentiation within the small intestinal
crypt regions per se even in the presence of villous atrophy."
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Lectin studies have also been reported in children with celiac disease
and others with post-enteritis syndrome.*** These findings have also
suggested a possible relationship between the pathogenesis of this disorder,
the so-called and controversial “lectin hypothesis.”*Here, specific binding
to the small intestinal epithelial cell surface by gluten (or a gluten compo-
nent) in a genetically predisposed individual may cause toxicity followed
by an immunological cellular cascade damaging the mucosa. Interestingly,
lectin activity has been previously identified as wheat germ agglutinin®';
and serum antibodies to wheat germ agglutinin and gluten have been
identified in patients with celiac disease® and dermatitis herpetiformis,*
a skin disorder closely linked to celiac disease. A change in the luminal
microbiome might also have similar effects.

Further topographic mapping studies of the luminal surface in celiac
disease may require additional: (1) studies after normalization of the small
intestinal mucosa to a gluten-free diet, (2) studies on the specificity of
mucosal changes since other diseases may mimic celiac disease (i.e.,
sprue-like enteropathy), and (3) effects of adsorbed luminal sugar residues
on the small intestine.”

7.8 FUTURE RESEARCH DIRECTIONS

A major problem of histochemical approach in this chapter is the
recognition that the underlying molecular structures are only now becoming
increasingly appreciated. Although employed for decades as a method of
mapping glycosylated structures, yet the binding patterns for some lectins
may not be fully characterized and their functions poorly understood.!* In
addition, a widening range of investigative tools has emerged.'-

Recombinant forms of lectins®* have been developed that may permit
the use of better characterized and more homogeneous tools for exploring
the ability of a specific lectin to identify a precancer or cancer marker,
compared with the current use of natural lectins (e.g., seed products) that
may be less uniform.'* High throughput screening technologies are being
developed to permit increased speed of lectin carbohydrate microarrays
for the evaluation of mammalian and bacterial glycome.26:4!:42:56

Recently, specific glycoproteins that bind to Helico pomatia, a lectin used
to explore the development of colorectal cancer, were employed.*’ Lectin
histochemistry combined with lectin affinity chromatography was used to
isolate the critically increased proteins. Then further analysis with western
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blotting, two-dimensional electrophoresis and matrix-assisted laser desorp-
tion ionization mass spectroscopy methods were done. By combining these
methods with lectin histochemistry, potential glycosylation sites on proteins
were evaluated using silicon bioinformatics and correlations were done with
clinical and pathological features in the patients with cancer-related genes
(specifically, P53 gene, using a defined immunohistochemical method, and
KRAS gene (using the polymerase chain reaction method). Others have
employed wide array of evolving methodologies for further exploration. 26!

7.9 SUMMARY

Lectins are potentially powerful tools to explore binding receptors on the
intestinal cell surface of normal, premalignant and malignant cells, and
in other intestinal diseases. In the past, lectin binding has largely been
explored using immunological and immunohistochemical methods, but
novel technologies have recently been employed that may permit further
critical research efforts and likely critical discoveries for improved under-
standing and treatment of intestinal diseases.
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CHAPTER 8

Therapeutic Efficacy of Black Pepper in
Gastrointestinal Disorders

MRINMOY SARKAR and POOJA CHAWLA

ABSTRACT

Dried fruit of black pepper (Piper nigrum) is used as medicine for
gastrointestinal disorders. Bioactive compound piperine has various phar-
macological actions, such as digestive agent, antidiarrheal, anticancer,
stomachic, tonic, carminative, antispasmodic, etc. Piperine also stimulates
(1) the pancreatic and intestinal enzymes to aid on the digestive system
and (2) the secretion of bile acid-rich bile to help in fat digestion and
absorption. This chapter highlights the sources, phytochemistry, and
various beneficial effects on gastrointestinal tract.

8.1 INTRODUCTION

Black pepper is a well-known spice with piperine being the main alkaloid
that is responsible for its pungency in flavor. Black pepper is composed
of various alkaloids, carbohydrates, and starch, etc.**> Piperine is used
to stimulate hunger and increase salivary secretions.?? Black pepper has
comprehensive medicinal properties against various diseases, such as
increasing digestion, shortening gastrointestinal tract (GIT) holding
time, protect damage due to oxidation, lowering oxidative degradation
of lipids, gastroprotective, masking drug biotransforming reactions,
bioavailability improvement of various pharmaceuticals, antimutagenic,
antitumor, etc.%
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This chapter explores the therapeutic efficacy of Piper nigrum (Black
pepper) in the management of gastrointestinal (GI) disorders.

8.2 PHARMACOGNOSTIC CHARACTERISTICS OF BLACK PEPPER

Black pepper (P. nigrum) is one of the most well-known spices, which
are extensively used in tropical regions of Indonesia, China, India, Brazil,
Vietnam, etc. Vietnam is the bulkiest producer of black pepper in the world.
The world production of black pepper was about 546,000 tons in 2016.7
Black pepper includes the dried and raw fruits. The unripe and green
fruits are heated in boiling water to modify the black color by enzymatic
browning.”® The color of the fruit is blackish-brown having aromatic odor
and pungency taste. Fruits are 3.5-6 mm in width." Different parts of
black pepper are shown in Figure 8.1.

) — FRUIT

PEAS

AIRROOTS

FIGURE 8.1 Different parts of black pepper plant.
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With the help of a microscope, in the transverse and longitudinal section
of black pepper, the pericarp portion can be easily described, which is thin
and dark and the seed is compactly devoted to it (Fig. 8.2).

FIGURE 8.2 Black pepper: A. Transverse section, B. Longitudinal section; LEGEND:
M — Perisperm, N — Endosperm, O — Embryo, P — Magnified.

Basically, seeds are rouletted and the inner pericarp portion is brown,
made up of sclerenchyma. It consists of tiny endosperm and a small
embryo is located nearby the apex of fruit but perisperm is the main
part of the seed.” The main chemical constituents of black pepper are
piperine (5%-9%), starch and piperidine (30%), resin (6%), and volatile
oil (1%-2.5%). The volatile oil is yellow in color due to the presence of
phellandrene and caryophyllene. The substitutes of P. nigrum are Piper
attenuatum, Piper brachystachyum, and Piper longum.**

8.3 ETHNOPHARMACOLOGICAL CONSIDERATIONS OF
BLACK PEPPER

Black pepper is one of the main flavoring agents in Turkish meals. Black
pepper with honey has aphrodisiacal property. It is recommended for the
removal of cough and influenza.’® In the botanical family Piperaceae,
black pepper and long pepper are well-cognizant species in the family as
well as most likely avowed spices in the world. In the conventional medi-
cine system, it is used for remittent fever and it improves the secretion of
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bile. It is also advised for GIT disorders, such as, dyspepsia, flatulence,
constipation and hemorrhoids.?*3

Inflammatory bowel disease (IBD) is combined with long-standing
swelling of the intestinal tract, and piperine has been indicated to be effi-
cient for anti-inflammatory effects.?’” In Ayurveda, there is a very useful
formulation “Trikatu,” which contains black pepper, ginger, long pepper
in co-equal ratios. The archaic evidenced Ayurvedic Materia Medica in
which these three herbs refer to as vital constituents of many prescriptions
and formulations used for extensive diseases. With the help of experi-
mental data, it was proved that “Trikatu” increased the bioavailability of
various drugs, such as, tetracycline, sulfadiazine, and vasicine.’!

8.4 PHYTOCHEMISTRY OF BLACK PEPPER

Piperine in black pepper acts as a GIT active agent and increases the
digestive power due to the action of pancreatic enzyme after appearing
in the gut. There are different bioactive agents in the black pepper, such
as piperine, pipericide, chavicine, sarmentosine, and piperonylamine.
Among all these compounds, piperine shows the best pharmacological
effects.

The pungent taste of black pepper is due to the presence of piperine.*
Not only piperine, but also piperanine, piperylin-A, piperolein-B, piperi-
cine, and piperettine possess some degree of pungency. Some alkaloids
are obtained by extraction from black pepper. Figure 8.3 shows some
chemical constituents derived from black pepper.*’

Black pepper contains various antioxidant active chemicals, such as
ascorbic acid, myristic acid, palmitic acid, beta carotene, lauric acid, and
piperine.*® Piperine oil contains about 25 sesquiterpene hydrocarbons,
such as beta-caryophyllene, alpha-cis-bergamotene, beta-elemene, alpha-
santalene, etc.

Fourteen compounds have been recognized in black pepper and six
of them are hydrocarbons, five are esters and the other two together with
piperine are enzymes. It is important to note that all the hydrocarbons
described so far have been aliphatic and no aromatic hydrocarbons have yet
been recognized from the chosen fractions mentioned here. These aliphatic
hydrocarbons are composed of open chain, single-, bi-, and tri-cyclic
compounds, saturated and unsaturated hydrocarbons.*
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FIGURE 8.3 Chemical constituents derived from black pepper.

8.5 MECHANISMS OF ACTION OF BLACK PEPPER

109

The black pepper can lower the cytokine concentrations thus
promoting inflammation (TNF-a, PGE2, and IL-1b,) and can improve
cytokine concentrations reducing inflammation (IL-10).%
The black pepper inhibits enzymes CYP3A4 thus improving the
intestinal absorption of drugs/substances in the intestine.*
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» The black pepper functions as a radical scavenger of hydroxyl and
superoxide ions thus producing its antioxidant effects.*

» The studies report that piperine with 8-32 mg/kg p.o. dose have
a potential prostaglandin blocking effect in castor oil, MgSO, and
arachidonic acid commenced diarrhea.'”

» The black pepper can help to combat neurodegenerative disease
mood, cognitive function, and fighting,*”* and increased muscle
metabolism through increased activity of ATPase.** The mechanism
to enhance the muscle metabolism can be explained by modulating
efflux mechanisms, by modulating metabolizing enzymes, and
thermogenesis.

8.5.1 Modulating Efflux Mechanisms

Piperine inhibits transport of drugs mediated by P-glycoprotein. Some
studies have reported that dietary piperine influences the levels of
metabolizing enzyme CYP3A4 and P-gp thus altering the levels of orally
taken drugs.'* Oral dose of 112 pg/kg for 14 days led to aggravated
intestinal P-gp levels with decreased hepatic P-gp, with practically no
effect on renal P-gp levels in rats.”

8.5.2 Modulating Metabolizing Enzymes

Piperine has been reported to alter the glucuronidation level by reducing the
endogenous content of UDP-glucuronic acid and by preventing transferase
activity.’®! Piperine blocks UDP-glucose dehydrogenase (UDP-GDH)
function in intestine and liver by allosteric inhibition (Fig. 8.4).

8.5.3 Thermogenesis

Bioperine (a thermonutrient) can improve nutrient absorption by increasing
thermogenesis involving autonomous nervous system through the alpha
and beta-adrenergic receptors in the GIT. Beta receptors promote food-
persuaded thermogenesis involving cyclic adenosine 3', 5' monophosphate
(cAMP). As a “second messenger,” the role of cAMP is well established
into the hormonal and enzymatic functions. Once thermogenesis takes
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place in our body, there is a significant increase in the requirement for
fresh nutrients to maintain the metabolism.”
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FIGURE 8.4 Effect of piperine on metabolizing enzymes.

8.6 THERAPEUTIC EFFECTS OF PIPERINE ON GIT DISORDERS
8.6.1 Carminative

Pepper has a high degree of stimulating and carminative characteristics,
resulting in reflex saliva flow, with enhanced gastric juice secretion and
increased appetite. GI movements are increased, resulting in gas eructation
and colic relief. The black pepper can dilate the skin’s surface vessels in
adequate doses, causing a sensation of warmth, followed by diaphoresis
and some temperature reduction. They are widely used as condiments
because of these properties, particularly in warm climates. Also called
stacks, black pepper is used as a remedy for hemorrhoids. A pepper
oleoresin is prepared by acetone extraction and piperine separation.*

8.6.2 Aid in Digestion

Especially piperine, the pungent compound of P. nigrum. increases saliva
production and gastric secretions. In addition, peppercorn intake improves
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salivary amylase output and activation. The development of digestive
enzymes is likely to cause the liver to secrete bile by ingestion of P,
nigrum, which further helps to digest food substances. Researchers have
examined different bile secretion animal models after the absorption of
piperine. Orally administered piperine can enhance the release of bile acid
from the liver considerably.

The impact on the enzymes of the small intestinal mucosa of pepper-
corn consumption in food products and oral administration of active genus
piper compounds (such as piperine, piperamides, piperamines, and pipene)
has been recorded. The addition of piperine to food products improves the
activity of lipase, pancreatic amylase, chymotrypsin, and protease. Black
pepper and its substances are widely used as traditional remedies against
stomach problems. Black pepper is commonly recognized as instrumental
in preventing and curing GI issues. By promoting histamine H2 receptors,
piperine increases the formation of HCI by the stomach, which is helpful
in digestion.'

8.6.3 Gastric and Antiulcer Activities

Piperine is a piperidine alkaloid with a pungent flavor and it has been
studied in rats or mice in association with stomach mucosal harm induced by
pressure, indomethacin, ethanol or pylorus ligature. This material shielded
the stomach from ulceration by reducing the quantity of intravenous and
oral gastric juice, acidity and pepsin-A function with respective dosage of
1.5 and 25 mg/kg, respectively.'

Like other NSAIDs, indomethacin also asserts its action by lowering
the amount of serum and gastric tissue prostaglandins (PGE,)."?' This
therapeutic action of indomethacin and other NSAIDs carries with them
harmful toxic effects in organs especially the stomach, where this PGE,
executes its defensive action. PGE, induces the secretion of mucous and
bicarbonate and facilitates the blood flow of mucous membranes and
promotes angiogenesis. The serum rate of PGE, has been defended in
piperine preadministered rats, further restoring the probability of using
this alkaloid as an antiulcer drug.?!

Figure 8.5 shows a schematic diagram illustrating the step-by-step
development of gastric ulcer and the points at which piperine can assert
its protective action. The figure clearly describes the oxidative stress
caused by indomethacin that is the main contributor to the disruption
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and ulceration of the stomach tissue. Piperine preadministration by its
antioxidant properties and defensive effects on the amount and type of
gastroprotective mucin secretion results in defense against all harmful
effects of indomethacin. Therefore, piperine can be used as an antiulcer
drug and black pepper can be included in the regular diet of indomethacin
patients and related NSAID treatments.?!
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FIGURE 8.5 The possible mechanism of protection by piperine against indomethacin-
induced oxidative stress-mediated gastric ulcer.
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8.6.4 Antioxidant Activity

Different herbs and spices including pepper consist of number of effective
constituents, such as terpenoids, flavonoids, minerals, and phytoestrogens.?
Piperine is one of them with significant antioxidant activity that could
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decrease oxidative tissue damage, which was induced with excessive fatty
acid food.” In addition, it also reduces the amount of reactive thiobarbituric
acid by maintaining the levels of different enzymes, such as glutathione,
catalase, glutathione peroxidase, superoxide dismutase, and glutathione-S-
transferase.” In liver, piperine may enhance the biotransformation enzyme
function.®

The antioxidant effects of piperine were further endorsed by the studies
showing decreased lung metastatic outbreak in B16F-10 melanoma cells
with altering peroxidation of lipid and stimulating antioxidant enzymes.>*

8.6.5 Anti-Inflammatory Impact

The extract of black pepper in hexane and ethanol has been reported to
possess important anti-inflammatory effects.®*¢’ Similar effects were
shown by synoviocytes interleukin (IL),!! which inhibits LPS-stimulated
endotoxins.” Piperine could also be regarded as powerful immuno-
modulator, airway inflammation inhibitor in a murine model of asthma
by enhancing pulmonary TGF-beta gene evolution.* Piperine has been
observed to decrease the concentration in MMP-13, prostaglandin E, and
IL-6."

In another research, piperine was coadministered with turmeric for
inhibiting high fatty acid food-induced “C57 black6” mice swelling or
to prevent metabolic syndrome.** Also, the anti-inflammatory potential
of piperine was explored in colorectal locations, inhibiting inflammation
mediated by free fatty acid (FFA)-induced TLR4 and ulcerative colitis
caused by acetic acid in rodents.” Finally, in the carrageenan-induced
inflammation test in mice, this compound was assessed to evaluate the
analgesic and anti-inflammatory effects of black pepper operations at an
oral dose of 6 mg/kg/day.”

8.6.6 Antidiarrheal Activity

Several researchers have recorded the antidiarrheal property of pepper.
Interestingly, local people, herbal practitioners, and herbal companies
formulate the peppercorn especially for diarrhea for all ages in most
developing countries. Antidiarrheal activity has already been recorded in
experimental mice. In addition, the piperine minimizes the antidiarrheal
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activity caused by the addition of different chemical activators and oil in
the experimental animal model. Some reports have shown that piperine
could release the castor oil-induced small intestine inflammation in mice.
Piperine sequentially prevents the accumulation of small intestine liquid
in such an induced scenario. In addition, the decrease in fluid secretion and
accumulation was controlled by capsaicin-sensitive nerve cells, but the
caps-azepine-sensorial TRPV 1 receptors were less efficient in the scenario
caused by castor oil.?

Black pepper can be used in constipation and diarrhea. Black pepper’s
main active constituent is piperine and the mode of action involves
the concentration-dependent and atropine-sensitive stimulant impact,
loperamide and nifedipine-like spontaneous contractions, naloxone-
sensitive effect inhibition, Ca®" channel blocking activity, relaxing
impact, and contractions induced by K* (80 mM). These mechanisms
generate cholinergic (spasmodic) and opioid agonist and Ca?* inhibitor
(antispasmodic).3

8.6.7 Colitis

Assessment of piperine action mechanism for DSS (dextran sulfate
sodium)-induced colitis resulted in the growth of siRNA-mediated PXR
(pregnane X receptor) knock down in mouse colonies and also resulted in
the function of PXR in the protection of colonic mucosa. Piperine therapy
avoided loss of body weight, diarrhea, histological injury, and expression
of inflammatory mediators on DSS-induced colitis in mice. DSS injury
was exacerbated, and protection by piperine against DSS colitis was
inhibited with the downregulation of PXR.%%

8.6.8 Anticancer Activity

After oral administration, antitumor activity of piperine was identified in
decreasing the incidence of certain types of GI cancer.®® Ethanolic extraction
of black pepper has been efficient to treat lung cancer by modifying the
oxidative degradation of lipids.® Piperine allowsthe inhibition of cell
cycle at the G1/S phase, blocking the HUVECs (human umbilical vein
endothelial cells) proliferation and migration.” Piperine may hinder
angiogenesis in animal models, suppressing tubular synthesis and protein
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kinase  phosphorylation.®> Anticancer efficiency of piperine was observed
for the treatment of “castrate-resistant prostate cancer” in combination
with docetaxel.®® Piperine reduces this drug’s liver metabolization rate by
inhibiting hepatic CYP3A4.%®

Furthermore, it has been proved that supplementary piperine could also
increase the reduction efficacy of the immune system impacts of docetaxel
in xenograft animal models except serious adverse reactions.*® Piperine is
active in cell lines of prostate cancer, causing death of cells by activating
PARP-1 and caspase-3 proteins.” Piperine interferes with the androgen
receptor expression in prostate cancer cells, considerably lowering the
identification of the prostate-specific antigen.>

8.6.9 Bioavailability Enhancer

Bioavailability of various phytochemicals (such as curcumin, catechins,
and ubedicarenone) has been reported to be improved, due to following
mechanisms?*:

* Proficiency to improve the swift absorption.
* Defense from chemical reactions of GIT.
* Defense against oxidative damage.

In this respect, by enhancing absorption, piperine improves oral
bioavailability of carbamazepine and phenytoin.*’ The piperine (@ 20 mg)
shows synergistic effectin the presence of phenytoin.* The coadministration
of coenzyme Q10 with piperine has proven to be statistically significant
(P =0.0348; 30%) superior plasma AUC in comparison with the standard
coenzyme Q10.® Studies reported that piperine remarkably increases the
oral manifestation of fexofenadine in rats by blocking P-gp-mediated
cellular efflux during absorption in intestine.*® Similarly, piperine has
improved the bioavailability of nimesulide. Intense mice toxicological
reports showed a decrease in the lethal dose (LD, ) of the combination
relative to nimesulide alone.?*

Furthermore, piperine (@ 20 mg/kg) has also been reported to improve
the efficacy of ampicillin and norfloxacin.?’ Piperine also improves the
rate and absorption of essential phytochemicals, for example, biologi-
cally active components present in green tea and curcumin. Curcumin
has been commonly used throughout Asia as a food additive and herbal
medicine.
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The mixture of piperine with curcumin showed enhanced mobility,
enhanced neurotransmission, and blocking effects of monoamine oxidase
(MAO-A). In the intestinal mucosa, curcumin along with piperine can
block CYP3A, CYP2C9, SULT, and UGT metabolism.” Black pepper can
improve the beneficial effects of phytochemicals in other dietary spices.
The ability of black pepper to improve bioavailability makes it a much-
desired spice.

8.6.10 Antimicrobial Activity

In addition to traditional medicine, black pepper is an effective antimicro-
bial agent against resistant pathogenic strains*. It has been reported to be
the most efficient antimicrobial agent against Gram-positive pathogenic
species, such as, Staphylococcus aureus, Streptococcus faecalis, and
Bacillus cereus. However, efficiency is low toward Gram-negative strains
(Pseudomonas aeruginosa, Escherichia coli, and Salmonella typhi).*°

The extracts of black pepper in aqueous solution possess the perme-
ability in Gram-positive microbes due to antimicrobial activity. Several
experiments have examined the antimicrobial and antifungal functions
of various black pepper-derived alkaloids, including tannins, flavonoids,
and glycosides. When formulated as nanoparticles with metals, extracts of
pepper can act as a deterrent to the growth of plant pathogenic species.®

Pharmacokinetic analysis study stated that a single daily dose of
piperine for 7 days was able to reduce the absorption half-life (P < 0.05),
extended the elimination half-life (P < 0.01), resulting in a best AUC drug
concentration (P < 0.05) in comparison to phenytoin alone. Therefore,
piperine on multifarious dose administration, changes the pharmacokinetic
factors of the antiepileptic.'? P. nigrum enhanced sleep time for pentobarbi-
tone, enhanced blood pressure and caused conditional avoidance in dogs.’!
Piperine also increases the impact of additives, such as beta carotene,
curcumin, and resveratrol.3%70

8.7 SIDE EFFECTS AND TOXICITY

It has been proved in mice models that piperine (2.5 mg/kg) may decrease
thyroid hormone concentration as much as conventional antithyroid drug,*
hence making it useful for individuals with hyperthyroidism. However, it
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could be dangerous to reduce thyroid concentrations in healthy persons.
Low concentrations can lead to symptoms of tiredness, joint pain and
shortness of breath.”™

When our body is under attack from an invader like bacteria, piperine
is known to bring about an activation of T cells by rushing dendritic
cells toward the lymphatic system. Piperine prevents dendritic cells from
maturing in mice and makes them less capable of reaching the lymph
nodes.™

Piperine has been associated with damage of sperms in mice by
increasing the amounts of damaging radicals in the epididymis. It is
also known to decrease the motility and count of sperms in rats when
administered at a dose of 10 mg/kg.!” Further, it acts as an abortifacient
by inhibiting the attachment of fertilized eggs to the uterus. In mice, the
number of implanted eggs was halved through injections of piperine.'
This compound can increase the bioavailability of toxins through the same
processes that enhance the bioavailability of supplements and drugs. Rats
treated with piperine have assimilated more aflatoxin B1 (a fungal toxin
responsible for cancer and damage to hepatic tissues).

One research examined the motion of food and liquids in mice and
rats through the digestive system. Piperine at low doses (1-1.3 mg/kg of
body weight) improved the transit time required by the digestive system
for solids to move. There was no liquid shift.!"® Slowing food passage
decreases starvation, therefore piperine might assist in regulating hunger
and weight."® Taking large quantities of black pepper or supplements can
cause adverse side effects, such as throat burning or stomach burning.*’

Some of the naturally occurring carcinogens are strongly linked in
composition to piperine. Such agents exemplified by safrole, methyl
eugenol, and estragole are essential components of frequently used spices
and essential oils of plants. Researchers have warned against the mutagenic
ability of pepper, while testing a number of spices via Ames test.®

8.8 PHARMACOKINETIC PROFILE

Piperine’s pharmacokinetic profile has shown 97% absorption regardless
of dosing mode, while 3% of piperine is excreted in fecal matters with no
excretion in urine. The peak amount of piperine was discovered 6 hours
after oral or i.v. in the stomach and small intestine. Administration and only
traces of piperine in liver, serum, and spleen stayed within 24 h. There was
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enhanced excretion of uronic acids, phenols, and conjugated sulfates. The
significant steps in its disposal appeared to be the methylenedioxy groups
of piperine, glucuronidation, and sulfation.?!

Ahomogenization cycle was prepared to determine the ADME (absorp-
tion, distribution, metabolism, excretion) of piperine. For this purpose,
lipidic nanospheres and their pegylated versions were prepared and tested
pharmacologically using male Albino mice. The pharmacokinetic study of
piperine lipid nanospheres indicated high bioavailability and was known
to exhibit a biexponential decline. The apparent volume of distribution and
clearance of tested formulations was lower than piperine.”!

8.9 SUMMARY

This chapter is an effort to understand the pharmacology of piperine in
black pepper and its therapeutic effects on GI disorders. Not only black
pepper has GIT effects, but it also has bioenhancing property and wide
therapeutic use for neurological disorders, cancer, arthritis, bronchitis,
vitiligo, weight loss, and menstrual pain, etc.
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CHAPTER 9

Curative Properties of Chamomile in
Gastrointestinal Disorders

MRINMOY SARKAR and POOJA CHAWLA

ABSTRACT

Traditionally chamomile is a herbal medicinal plant in Egypt, Greece,
Rome, Germany, Western Europe, and Northern Africa, belong to
the family of Asteraceae and categorized into two types, German
(Matricaria recutita) and Roman (Chamaemelum nobile) Chamomile.
The chamomile flowers exhibit curative properties to alleviate colic
in children, help in digestion, treat gastritis, minimize the ulcerative
colitis, diminish inflammation/intestinal cramps, and simplify bowel
movement. It is very useful in treatment of diverticular disorder and
has a positive effect on an upset stomach, dispelling gas and muscle
relaxation.

9.1 INTRODUCTION

The human gastrointestinal (GI) system consists of exocrine supplementary
gland, nose, esophagus, uterus, stomach, small intestine, large intestine,
salivary glands, liver, gallbladder, and pancreas. The main function of
this system is food assimilation and waste product excretion. The enteric
nervous system (ENS: a large intrinsic network of neurons in the gastro-
intestinal tract (GIT) wall) and several hormones have extensive control
mechanisms.®

GI tract diseases are common, painful, or complex and can affect the
mucosa, musculature, and neural intervals from the esophagus into the colon,
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which present themselves as ulceration, swelling, congestion, vomiting,
constipation, and abdominal pain. Abnormalities in gastroesophageal reflux
(GERD) and irritable bowel syndrome (IBS) cause life-threatening condi-
tions, such as inflammatory bowel disease (IBD). Symptoms of certain GI
disorders get escalated under stressful conditions.?

Various natural plants including chamomile have been exploited to
treat GIT disorders since ancient times. Another part of the Asteraceae
family is a dried floral head having up to 1.5% blue essential oil with
principal constituents, such as chamazulene and (-)-o-bisabolol. The floral
tips contain flavonoids, apigenin-7 glycosides with antispasmodic effects
to prevent peristalsis. This medicinal plant has been used in severe GIT
problems (such as spasms, severe gastritis, ulcers, and dyspepsia) due to
its carminative and spasmolytic effects.?’

This chapter discusses beneficial effects of perennial herbaceous plant
chamomile on the GIT related disorders.

9.2 PHARMACOGNOSTIC CHARACTERISTICS OF CHAMOMILE
PLANT

Chamomile plants are categorized into two types: (1) German (Matricaria
recutita) and (2) Roman (Chamaemelum nobile) Chamomile. The flower
is primarily cultivated in southern England, Germany, France, Belgium,
Hungary, Poland, Bulgaria, Egypt, and Argentina.'

This perennial herbaceous plant has twelve to twenty terminal
ligulate flowers and abundant central vasiform florets in the capitulum
(10—17 mm) (Figure 9.1). Matricaria has a hollow receptacle without
paleae, one to three rows of lanceolate bracts with a frightening
brownish-grey border that covers the capitulum. There are five stamens
with anthers. Several tiny shiny, yellow trichomes are distributed over
each portion of blooms and bracts.?” The herb has an enticing scent
of pleasure.’” It is propagated by means of vegetative propagation,
for which loamy soil and optimum climate conditions are necessary.
Flowers collection begins by manual labor in June and continues
until September. In thin layers, they are exposed to direct sunlight,
otherwise in drying rooms with artificial heat at temperatures not
exceeding 40°C. Dried flowers are classified by sieving into small,
medium, and large.*
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FIGURE 9.1 Typical chamomile plant.?

9.3 ETHNOPHARMACOLOGY OF CHAMOMILE

Chamomile smells like apple; for this reason, it is named “chamomile”
in Greek meaning “ground apple.” It was applied by ancient Egyptians to
treat the “ague,” which is known as an acute fever associated with malaria
in Egypt. In a traditional manner, chamomile has been used to aid diges-
tion, keep breathing fresh, boost the immunity, and have a good sleep. It
is also used as an excitant for common use, hypersensitivity alleviation,
complications in the menstrual cycle for women, inflammation in bron-
chial tubes, worms, and insect bite and irritation.!>

From the ancient time, chamomile flowers are used daily to treat
xerosis and erythema due to climatic conditions in Roman, Greek, and
Egypt.* Chamomile has been commonly used: (1) for diagnosis of diges-
tive system disorders in traditional Tunisian medicine®'; (2) as a hypnotic
and tranquillizer in Iranian traditional medicine'; and (3) a key component
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in several medicinal preparations that are conventional, and in unani and
homoeopathy.*? This herb has been grown in Lucknow in India for around
200 years, and in Punjab for around 300 years ago during the Mughal
Empire.

German chamomile flowers are intensely aromatic with a bitter flavor.
Its extract is used as a herbal tea for relieving flatulence, neuroleptic and
as a body stimulant purpose, for abdominal cramps and infections. The
extract can also be used as a mask for mucous membranes and for treating
skin inflammation and bacterial skin disease.*

9.4 PHYTOCHEMICAL CONSIDERATIONS OF CHAMOMILE
PLANT

Chamomile contains a large number of bioactive compounds, such as
flavonoids, sesquiterpenes, polyacetylene, and coumarins.*® The coumarins
are illustrated in chamomile by active constituents, such as herniarin,
umbelliferone, and other minor compounds.** The (Z)- and (E)-2-p-d-
glucopyranosyloxy-4-methoxycinnamic acids (GMCA: glucoside ancestor
of herniarin) are endemic compounds in chamomile.** Chamomile extract”
contains different bioactive phenolic compounds, such as chlorogenic
acid and caffeic acid (phenylpropanoids), herniarin and umbelliferone
(coumarin), luteolin and luteolin-7-O-glucoside (flavones), apigenin,
apigenin-7-O-glucoside, naringenin, quercetin, and rutin (flavonols) (Fig.
9.2).

Over 120 bioactive constituents with effective therapeutic action have
beenisolated as secondary metabolites in chamomile flowers. Among these,
there are 28 terpenoids, 36 flavonoids, and 52 other biocompounds.*74%5

The a-bisabolol and cyclic ethers having antimicrobial activity and
umbelliferone are fungistatic, while antiseptic properties are found in
chamazulene and a-bisabolol.** An instinctive source of blue oil (essential
oil) is German chamomile, and this oil is extracted from flowers and flower
heads.

Interestingly, this blue oil consists only of by-products of sesquiterpene
(75%-90%). The oil comprises of polyenes up to 20%. Main components
of this essential oil extract are terpene alcohol (farnesol), (E)-pB-farnesene
(4.9%-8.1%), a-bisabolol (4.8%—11.3%), chamazulene (2.3%-10.9%),
a-bisabolol oxides-A (25.5%—-28.7%) and a-bisabolol oxides-B (12.2%—
30.9%); these have been recognized for their anti-inflammatory, antiseptic,
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FIGURE 9.2 Selected phytochemical compounds in chamomile plant.

antiphlogistic, and spasmolytic characteristics.’**® However, the amount

of chamazulene is less in Roman chamomile consisting of angelic acid
esters, tiglic acid, farnesene, and a-pinene.>
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Bisabolol has been reported to decrease the quantity of proteolytic
enzyme “pepsin” by the stomach except for any alterations in the amount
of stomach acid, as a result of which it was prescribed for the treatment of
stomach and upper intestinal disorders.*

9.5 MECHANISMS OF ACTION

By blocking or decreasing the conjugation of nitric oxide (NO), it may
aid in relieving migraine-related headaches. Therefore, the preven-
tion of nitric oxide synthase (NOS) is an aim in the management of
migraine.*® The hydrophilic compounds of chamomile (polyphenolic
compounds, that is, flavonoids (such as apigenin)) can block inducible
nitric oxide synthase (iNOS) development in activated macrophages
and may result in a ban on NO release and synthesis.” This effect has
been seen with use of basic chamomile oil along chamazulene.

In the aqueous extract of chamomile, it appears that flavonoids
(particularly lyapigenin 7-O-glucoside) have potential blocking
activity on the RAW 264.7 macrophages of endogenous prosta-
glandin E2 (PGE2). It is a COX-2 antagonist with efficacy against
inflammation and pain relief.>*

Meningeal or dural trigeminal nociceptor neuroinflammation
results in peripheral sensitization.!®> Traditionally, chamomiles
have been effective against inflammation, pain, neuralgia, etc.!?
Its polyphenolic components (basically apigenin) have additional
anti-inflammatory activity, which is much more potent as compared
to hydrocortisone and have no adverse effects.!° The reason behind
this activity is blocking of THP1 macrophages by pro-inflammatory
biomarkers.'* Assuming the impact of inflammation on neurovas-
cular units (NVU) at the site of pain as a unique concept in migraine
pathogenesis, chamomile migraine pain relief may clinch the topical
anti-inflammatory impact.>

9.6 THERAPEUTIC ACTIVITIES OF CHAMOMILE ON GIT
DISORDERS

The description of various phytochemical nutrients found in chamomile is
given in Tables 9.1 and 9.2.
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TABLE 9.1 Different Types of Nutrients in Chamomile.

Nutrient Amount (in flowers), g = Determination method Ref.
Moisture 222 Loss on drying [8,11]
Ash content 9.8 Muffle furnace [32]
Calcium 14.02 Titrimetric method [17]
Fat 20.4 Soxhlation [29]
Protein 0.87 Kjeldahl method [30]
Vitamin C 16.47 Titrimetric method [28]

TABLE 9.2 Screening of Phytochemicals in Chamomile.

Phytochemical Present Determination method Ref.

(in flowers)
Alkaloids No Mayer’s test [4,64]
Flavonoids Yes Alkaline Reagent Test [34,41,64]
Glycosides No Keller-Killiani test [4]
Phytosterol Yes Libermann-Burchard’s test [3,11]
Saponin No Foam Test [11,64]
Tanin Yes Gelatin Test [4,11]
Terpenoids Yes Salkowski Test [3,11]

9.6.1 Promotes Digestion

Chamomile is considered a potent digestive relaxant helpful in alleviating
various GIT problems, such as stomach pain, gastroesophageal reflux
disease (GRD), digestive problems, dysentery, sitophobia, motion sick-
ness, nausea, vomiting, and so on. The oil extracted from flowers of
chamomile (with antispasmodic and anodyne constituents) can reduce
pediatric dysentery and colic; it can alleviate prefix associated with pain
and anxiety, cramping, constipation, and stomach pains. Various beneficial
effects are due to natural relaxing properties of chamomile. Since the brain
and intestine interact directly through X-cranial nerve, comfortable (calm)
mind can also help to cure leaky intestines, which can lead to the lower
prefix of long situations, such as IBS and other gut-SIBO problems. It also
makes it a better choice for pregnant mothers to recline the GI tract and to
serve as a herbal preparation to avoid vomiting.
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9.6.2 Spasmolytic Activity of Chamomile

Chamomile has carminative, spasmolytic and anti-peristalsis effects, due
to presence of flavonoids (such as apigenin-7-glycoside) in the essential
oil. Thus, chamomile is used in severe digestive spasms, acute gastritis,
ulcers, and dyspepsia.’’

9.6.3 Use in Pediatrics for Gastrointestinal Tract Problem

Mothers have been using chamomile for centuries to relax crying
children, minimize fever, cure ear-aches, and soothe upset stomach.
Because of its ability to help children with attention-deficit/hyperactivity
disorder, it is often called the “kid calmer,” thus proving beneficial for
infants and children. A study was carried out on 79 children with severe,
uncomplicated diarrhea to evaluate the efficacy of chamomile extract and
apple pectin formulation. After treating with chamomile and pectin for
three days, diarrhea was found to stop earlier as compared with placebo
group. Therefore, chamomile can be utilized safely as a natural diarrheal
treatment to treat upset stomach in children.*

9.6.4 Effects on Irritable Bowel Syndrome

Patients (aged 12 years and older) with signs of severe diarrhea caused by
acute gastrointestinal inflammatory disorder (GAID), IBD, and IBS were
treated with a mixed herbal formulation comprising of chamomile. The
extracts studied were similar to the traditional treatments in routine care
at the end of the study.’ Initial research indicated that chamomile inhibits
slow-wave movement in the small intestine.*’

9.6.5 Chamomile Tea as Immune Booster

Chamomile tea intake has been believed to boost the immune system and
to combat cold-related infections. Health beneficial effects of chamomile
plant were established through a study with 14 volunteers, who had
consumed 5 glasses of chamomile liquid extract per day for two succes-
sive weeks. Regular urine samples were taken and analyzed throughout
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the study for both after and before consuming the plant extract. Results
showed that, in urine, the cabalistic increase of hippurate and glycine
along with antibacterial mobility was correlated with chamomile extract.®
Chamomile was able to ease the hypertensive symptoms in another study,
and significantly reduced systolic blood pressure and increased the urine
production. There is a need for further studies before a more conclusive
link can be established for health efficacy with chamomile.®?

9.6.6 Anti-colic Activity

Apple pectin in combination with chamomile tea reduced the duration
of pediatric dysentery and relieved the condition-related symptoms.?!
Two clinical tests assessed chamomile’s effectiveness in treating colic in
pediatric patients. The tea was administered in conjunction with different
plants (German chamomile, caraway, lemon balm). Sixty-eight healthy
children, who had been suffering from colic (2—8 weeks of age) diseases,
accepted the herbal tea or placebo (glucose, flavoring) in an expected,
randomized, double-blind, placebo-controlled study. Each infant was
offered up to 150 mL/dose with each bout of colic, no more than three
times a day. Parents confirmed that tea reduced colic in 57% of infants
after 7 days of treatment compared to 26% in placebo treatment. No side
effects were observed in other categories, such as number of night-time
wakefulness. "

9.6.7 Treatment of Ulcers

Mercantile herbal formulations with anti-ulcerogenic property was prepared
by the extraction process from candytuft, lemon balm, chamomile, fennel,
peppermint, liquorice, garden angelica, milk thistle, and nipplewort in
combination. This is related to lower acid intake, increased mucin secre-
tion, enhanced E2 release of prostaglandin, and reduced leukotrienes.*
Inflammation is related to many issues of GIT, such as heartburn, acid
reflux, diverticulosis, and IBD. Preclinical test data indicated that chamo-
mile can prevent Helicobacter pylori, which is responsible for ulcers in the
stomach, due to reduction in smooth muscle spasms.®!
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9.6.8 Effect on Mucositis

Mouth ulcers are associated with a number of etiologies.”’ Stomatitis is
the main dose-limiting toxicity for chemotherapy regimens dependent on
5-fluorouracil (5-FU) bolus. There was a double-blind, placebo-controlled
clinical trial with 164 volunteers. At the time of their first 5-FU-based
chemotherapy phase, patients were admitted into the study and randomized
for 14 days of accepted chamomile liquid formulation three times in a
day.'® In case of stomatitis, no significant difference was observed among
the clinical trial volunteers. No toxicity was reported. The same outcome
was acquired in this condition by other chamomile trials. The pre-study
theory was not assisted by evidence of clinical studies that chamomile
could decrease stomatitis induced by 5-FU. Whether chamomile is
beneficial in this case, the findings remain unclear.

9.6.9 Gastrointestinal Disorders

Traditionally, chamomile has been applied in several GIT disorders,
along with digestion problems, “convulsion” or enteralgia, stomach ache,
flatulence, stomach lesion, and digestional nuisance. Matricaria helps to
decreased flatulency, mollifying the stomach issues, and calm the intes-
tinal brawns, which help in passing the food through the intestines.*!

A licensed herbal mixer of myrrh, coffee, charcoal, and chamomile
flower extracts was tested for clinical effectiveness, protection, and toler-
ance in patients with signs of acute diarrhea. This study indicated that
this mixture was efficient, well tolerated, and harmless for patients with
acute diarrhea symptoms. The results are similar to the modern medicinal
treatment.®® The presence of volatile components and active ingredients in
chamomile extract (such as terpenoids, flavonoids, quercetin, rutin, quer-
citrin, and gallic acid) are mainly responsible for healthcare compliance
and healing effects in various GI conditions.

9.6.10 Anti-inflammatory Action

The anti-inflammatory effect has been associated with presence of flavo-
noids in chamomile. A decrease in the development of TNF-a in mice
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treated with apigenin-7-glucoside (APG), after lipopolysaccharide (LPS)
treatment, supported the anti-inflammatory effect. The effect of chamo-
mile on systemic inflammation was investigated in a clinical trial. There
was enhanced mechanical joint function and decreased knee and lower
back pain, but no major anti-inflammatory effects were observed.!* The
efficacy of chamomile extract as mouth rinse was tested in a clinical trial,
and it was revealed that herbal mouth rinses were beneficial because they
had antimicrobial and anti-inflammatory properties. Mainly the flavonoid
compound (APG) was responsible for anti-inflammatory effects.’

9.6.11 Antimicrobial Activity

The chamomile fractions contain enantiopure (-)a-bisabolol as terpene
and activated (-)a-bisabolol showed Gramnegative antibacterial activity.
Gram-negative bacteria was tested for the antibacterial activity of chamo-
mile fractions. Studies have established its antibacterial activity through
its key essential oils, including coumarin, flavonoids, phenolic acids, and
fatty acids.™

9.6.12 Antioxidant Activity

The antioxidant effects of ethanolic extracts of chamomile have been
studied. The antioxidant property was confirmed by high rosmarinic acid
concentration.” The level of bioactivity of this plant’s aqueous extract
revealed that after first week, microencapsulated extract of this plant
was able to increase the antioxidant activity. The study on antioxidant
properties of chamomile, milk thistle, and halophilic bacteria* confirmed
that different concentrations of these natural components can inhibit the
upregulation of free radicals produced by H,O, in human skin fibroblasts
in vitro and thus possess antioxidant activities.

The antioxidant function of extract of chamomile flower' had shown
that CuO nanoparticles (CuO-NPs) have concentration-dependent
antioxidant activity by breaking the DNA structure. Leaves and flowers
of chamomile and marigold have been associated with their antioxidant
activity; and extract from flower heads and chamomile leaves are the
richest source of antioxidant activity.*!
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9.7 INTERFERENCES AMONG HERBS AND DRUGS

Due to the presence of coumarins in chamomile, aspirin and other anti-
platelet drugs (such as ticlopidine, clopidogrelcan) can interfere with
chamomile that can potentially lead to bleeding. In combination with
warfarin, chamomile tea caused internal bleeding. The enzyme CYP1A2
is metabolized in the skin. Along with tricyclic antidepressants (amitrip-
tyline, clomipramine, imapramine), clozapine, beta-blocker (propanolol),
and theophylline, chamomile had been found to have a blocking effect on
CYP1A2 and can increase the risk of toxicity by increasing the levels of
these drugs in the blood. Tacrineis, a centrally functioning acetylcholin-
esterase antagonist, is used to prevent Alzheimer’s disease and dementia-
related symptoms. Chamomile being the blocker of CYP1A2 in the
presence of tacrine may lead to toxicity and elevate the volume of blood.*!

9.8 SIDE EFFECTS AND TOXICITY

There are some allergic effects of chamomile probably due to its adulterants
“Dog chamomile,” which have extremely allergic and bad-tasting proper-
ties.!” Safety dose of chamomile is 3—4 g of tea thrice daily and 270 mg
as a medicine, twice daily.®® Chamomile is usually safe for consumption,
although it should be used with caution in patients with ragweed hyper-
sensitivity and other members of the composite family. Allergic reactions
of chamomile are uncommon, and there have been no records on possible
toxic action by compounds in chamomile.'? People in critical situations
(such as endometriosis, fibroids, or breast/uterine/ovarian cancers) must
avoid the use of chamomile. It should be kept in mind that chamomile
items are considered as a light uterine stimulants, and therefore in case
of pregnancy, physician must be consulted before taking chamomile tea
(mild chamomile tea should not cause any problems).?*

9.9 SUMMARY

Today it is well known that medicinal plant chamomile particularly for
GIT issues is the most versatile therapy. In this chapter, authors have
discussed the various beneficial effects of chamomile on GIT including
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the mechanism of action. Preclinical studies and in-depth research are
must to know the efficacy of this plant.
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CHAPTER 10

Pharmacology and Therapeutics of
Dandelion in Gastrointestinal Disorders

DILIPKUMAR PAL and SUPRIYO SAHA

ABSTRACT

Dandelion, Taraxacum officinale, is a highly nutritious plant with a rich
source of vitamin, fiber, minerals, and antioxidants. This chapter affirms
that dandelion is effective as an antifibrotic agent with anti-hepatocellular
carcinoma activity by inhibition of PI3K/AKT/mTOR pathway and high
fat-induced hepatic steatosis, acute and chronic gastritis, and other diges-
tive disorders. Furthermore, the anti-ulcer and antidiabetic activities of
dandelion against ethanol and carbon tetrachloride-induced hepatocel-
lular injury with NF-x modulation and a-glucosidase enzyme have
shown promising anti-lipid peroxidative and anti-inflammatory effects.
In addition, dandelion effectively suppresses the viability of stomach
cancer by targeting the cells of IncRNA-CCAT1. This literature review
clearly indicates the medicinal value of dandelion against various diges-
tive disorders.

10.1 INTRODUCTION

Every eight out of 10 persons are suffering from stomach and intestine
diseases.” Nowadays, an average person only walks for 5000 steps per
day, which is too low, and they eat lot of fast food (oily and contain high
calories and less antioxidants). These features collectively hamper the
health of an individual.
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The gastric juice and pancreatic enzymes collectively regulate various
digestive disorders, such as diabetes mellitus, gastroesophageal reflux
disease (GRD), jaundice, irritable bowel syndrome (IBS), constipation,
cancer of different organs, generation of free radicals, hepatitis, liver
cirrhosis, stomach pain, and so on.!*"”

Dandelion is a perennial herb with long roots and green rose-like
arranged leaves. Persians were the first to recognize dandelion that was
named as tarasque, around 900 A.D." Almost 100 years later, the name
was changed into 7araxacum. The most common dandelion is Taraxacum
officinale (TO)." Normally, dandelion is characterized with around 20-cm
long leaf, yellow, orange, or white color flower and stems or leaves with
white milky latex.®

The aim of the chapter is to provide detailed information on the efficacies
of dandelion against various gastrointestinal disorders.

10.2 DIFFERENT SPECIES AND CHEMICAL CONSTITUENTS OF
DANDELION

More than two hundred macro- and microspecies of dandelions exist in
nature. 70 and T. erythrospermum (TE) are the most abundant species of
dandelion (Fig. 10.1). In this chapter, only 7O is discussed.

Taraxacum japonicum Taraxacum californicum Taraxacum mongolicum

FIGURE 10.1 Different species of dandelion.
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o Japan®*: T. albidum (TA) and T. pamiricum (TP).

» Paphos, California, China, Colorado, Island, Russia, northern part
of North America, Turkey, Scotland, and Korea*: T. aphrogenes
(TA), T. californicum (TC), T. centrasiaticum (TC), T. ceratophorum
(TC), T. holmboei (TH), T. kok-saghyz (TK), T. laevigatum (TL), T.
mirabile (TM), T. pankhurstianum (TP), and T. platycarpum (TP).

The principal bioactive components in dandelion are'*: taraxacin, tarax-
acerin, taraxafolin, coumarin analogue, indole alkaloid, B-carboline alkaloid,
and choline (as vitamin B complex) along with vitamin A and vitamin C.

10.3 POTENTIAL OF DANDELION FOR PREVENTION OF
METABOLIC DISORDERS

10.3.1 Effect of T. Officinale for Prevention of Fibrosis

Domitrovic et al.” extracted and evaluated the effect of aqueous ethanolic
extract of 7O roots on fatal liver condition generated by carbon tetrachloride
application, such as, abnormal levels of aspartate aminotransferase (AsAt),
alanine aminotransferase (AlAt), alkaline phosphatase (AP), both copper-
and zinc-induced superoxide dismutase (SoD) and hydroxyproline amino
acid (correlated with collagen breakdown), followed by histopathology of
liver to quantify the specimen of collagen and the presence of glial fibrillar
acidic protein; spinal muscular atrophic condition was identified. The data
indicated that administration of extract (@600 mg/kg body weight) on
mice resulted in:

* The weight gain was normalized to 3.11 from 1.46 g.

* The level of AsAt was not much altered with extract application
(36.7 and 38.2 unit/L before and after administration).

* The level of AIAt was slightly decreased (18.3—15.7 unit/L).

* The AP level was increased (to 87.9 from 80.4 unit/L).

» The antioxidative nature of SoD was increased (from 0.72 to 1.01 mg
protein).

* The hydroxyproline content was decreased (from 729 to 226 g/g liver).

The histopathology was observed to contain regular structure of
hepatic cells on treatment with the extract (600 mg/kg body weight) with
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very minimal presence of atrophic condition. These data confirmed the
importance of dandelion extract in minimizing the liver damage.’

10.3.2 Dandelion (Taraxacum officinale) Polysaccharides Exert
Anti-hepatocarcinoma Activity

Ren et al.?? evaluated the anticancer property of dandelion polysaccharide
on hepatocarcinoma cells (HepG2 and Huh7). To quantify the amount of
protein, western blot technique was used with B-actin, phosphor-PI3K,
and phosphor- mTOR antibodies followed by cell counting assay using
50, 100, 200, 400, and 800 mg/L of polysaccharide dose, incubated for 0,
1,2, and 4 days. The polysaccharide concentration (200 mg/L) with 2 days
of incubation was selected for cell cycle analysis, ribonucleotides assess-
ment, and evaluation of the growth of tumor. Oral toxicity was assessed
by using BALB/c mice with a dose of 200, 400, 800, and 1600 mg/kg/
day for a fortnight. Then the immunohistochemistry of mice tumor was
conducted after incubation with rabbit Ki67 primary antibody. These data
stated favorable effects of dandelion polysaccharide on hepatocellular
carcinoma. The outcomes revealed that dandelion polysaccharide (200
mg/L) dose statistically:

* inhibited the abnormal growth and increased programmed cell death
process and

* also minimized the growth of tumor formation with the preven-
tion of inter-signaling pathway (phosphoinositide-3-kinase/protein
kinase B/mechanistic target of rapamycin pathway) at G0/G1 phase
without any cell toxicity.

10.3.3 Anti-ulcer and Antioxidative Properties of Leaf Extract of
Taraxacum officinale

Berezi et al.? evaluated the anti-ulcer and oxidative stress (OS) inhibiting
properties of the aqueous leaf extract of dandelion (final concentration of
250 and 500 mg/kg). By doing so, oral acute toxicity was performed with
increasing dose up to 5000 mg/kg body weight followed by estimation of
ulceration index by assessing the presence of edema and hemorrhage in
damaged tissue.
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The antioxidative activity of the extract was observed by measuring
glutathione (Gl) and catalase (Cat) levels (correlated with greater OS,
accumulation of toxins); and inhibition of ulcer generation was evaluated
by the ability of mucus (protecting layer) generation, programmed by
administration of ibuprofen and ethanol. The outcomes revealed that
dandelion extract (500 mg/kg body weight) showed the importance of 70
extract to prevent ulcer generation by:

* greater minimization of ulcer progression (55.22% and 67.79%); and

* proportional outcome was observed after 1 and 2 weeks followed
by greater level of GI (42.97 unit/mg protein), Cat (275.93 unit/mg
protein), and mucus formation (124.40 and 178.47 mg).

10.3.4 Effect of Extract of Taraxacum officinale on Liver Cirrhosis

Al-Malki et al.! evaluated the effects of aqueous 7O extract on carbon
tetrachloride-induced liver damage, levels of serum AsAt, AlAt, AP,
gamma glutamyl transferase (GaGIT), lactate dehydrogenase (LaD), urea,
albumin, and anticholinesterase (AchE) followed by histopathological
examination of the infected rat liver using hematoxylen and eosin stain.
These data indicated the importance of TO extract on liver damage. The
outcomes revealed that:

* the reduced levels of components after 14 and 28 days: AlAt (from
147.5 to 128 international unit/L), AsAt (from 276 to 116 interna-
tional unit/L), GaGIT (from 274.3 to 264.6 international unit/L),
LaD (from 677.4 to 215.3 international unit/L), AchE (from 34.6 to
19.2 unit/L), and urea (from 47.3 to 16.4 unit/L);

* with increasing amount of albumin, a prominent sign of reduced
inflammation was observed with dandelion application after 42 days.

10.3.5 Effect of Extract of Taraxacum officinale on Inhibition of
a-Glucosidase

Choi et al.* evaluated the antihyperglycemic activity of 7O extract on the
inhibition of a-glucosidase enzyme using acarbose as standard molecule.
There were 28 compounds (C, to C,,): three novel butyrolactones and
three butanoates (taraxiroside A-F), along with 22 known compounds.
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Among them, inhibitory concentration,  of taraxiroside A-F was observed
between 145.3 and 181.3 uM; whereas C, and C , were observed with
greater inhibition of glucosidase enzyme with concentration of 61.2 and
39.8 uM, which was greater with 179.9 uM inhibitory concentration value
as compared to standard. These statements clearly indicate the importance
of phytoconstituents in 70 for the management of diabetes.

10.3.6 Protective Effect of Taraxacum officinale on Nonalcoholic
Fatty Liver Disease

Davaatseren et al.” evaluated the protective effect of aqueous extract of 70
on high-fat-diet administered hepatic steatosis (fat deposition on liver). In
this feature, two TO extracts (2 and 5 g/kg) were used to determine the level
of triglyceride, total cholesterol, insulin, fasting blood sugar, and insulin
resistance. For this experiment, C57BL/6 mice with normal diet, high fat
diet, high fat diet with 2 g/kg extract and high fat diet with 5 g/kg diet were
considered. The outcomes revealed that values of these parameters were
decreased after the extract application (2 g/kg of body weight), such as:

 triglycerides (from 78.49 to 61.15 mg/dL);

» total cholesterol (from 94.8 to 93 mg/dL);

* insulin (from 2.27 to 1.29 mg/dL);

» fasting glucose sugar (from 201 to 168 mg/dL); and
* insulin resistance (from 33.43 to 16.47).

Further, the extract inactivated the uptake of glucose and fatty acid
uptake and oxidation process by inhibiting the work of adenosine mono-
phosphate activated protein kinase enzyme.

These data confirmed the effects of 70 extract (2 g/kg of body weight)
against the nonalcoholic fatty liver disease.

10.3.7 Effects of Leaf Extract of Taraxacum officinale on the
Oxidation Stress (OS) and Lipid Peroxidation

Hue et al.’ evaluated the ethanolic extract of 7O leaves for its antioxida-
tive property using DPPH scavenging process, superoxide radical process,
hydroxyl radical process, and inhibition of NO (nitric oxide) production
induced by lipopolysaccharide (LiPS) in RAW 264.7 cells. These data
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correlates with the effectivity of TO extract on the inhibition of OS and
peroxidation of lipid. The outcomes revealed that:

+ total phenolic content and inhibition of superoxide radical of 70
extract were observed with 195.4 and 417.0 pg/mg, respectively;

» gradually increased inhibition of superoxide generation (extract @ 50
ug/mL = 22.4%, 100 pg/mL = 44.2% and 150 pg/mL = 63.6%); and

* the inhibition of NO production by RAW 264.7 cells showed that
86% inhibition was observed with 500 pg/mL concentration and
maximum cell viability (CV) (109.2) was observed with 250 pg/
mL concentration.

10.3.8 Antihyperlipidemic and Antioxidative Effects of Roots and
Leaf Powder of Taraxacum officinale

Choi et al.’ evaluated the antihyperglycemic and reducing power properties
of 7O root and leaf powder (1%) by assessing the evaluation of serum liver
markers, such as triglyceride, total cholesterol, high density lipoprotein
(HDL), low-density lipoprotein (LDL), AsAt, AlAt, Gl, Glutathione-S-
transferase (GSt), Cat, SoD, and thiobarbituric acid reactive substances
(TARS), followed by histopathological changes in the aorta of rabbit.
These data confirmed the antihyperlipidemic and antioxidative nature of
TO root and leaf powder. The outcomes revealed that:

* body and liver weight were decreased by Taraxacum officinale root
extract;

* level of AsAt was decreased by leaf powder;

* AlAt was decreased by root powder of 70;

¢ the amount of HDL and LDL was reduced, and there was marked
reduction in atheromatous plaque formation.

10.3.9 Anti-inflammatory Activity of Ethanolic Extract of
Taraxacum officinale

Jeon et al.'’ evaluated the anti-inflammatory activity of ethanolic extract of
TO using diphenyl-picrylhydrazyl reducing power assay and its antiangio-
genic activity using chicken chorioallantoic assay and carrageenan-induced
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inflammation assay method. This data confirmed the anti-inflammatory
effects. The ethanolic extract of 70 showed:

+ greater inhibition of free radical generation with elimination from
RoS generation;

» amarked decrease in cell protein debris (exudate); and

* minimization of nitric acid production and leukocyte level.

10.3.10 Cytotoxic Effects of Taraxacum officinale against Hepg2
Cell Lines

Koo et al.!! evaluated the toxicity of aqueous extract of 70 (0, 0.02, 0.2,
2.0 mg/mL) against tumor necrosis factor-alpha (secreted from HepG2
(hepatocellular carcinoma)) cell line. These data confirmed the cell
toxicity of 70 against hepatocellular cancer. It was observed that 0.2 mg/
mL of Taraxacum officinale showed:

« greater amount of factor-alpha (after 1 day 130 picogram/mL and
after 2 days 186 picogram/mL) and

* also increased the amount of interleukin-lalpha (after 1 day 47
picogram/mL and 2 days 66 picogram/mL).

10.3.11 Polysaccharides from Taraxacum officinale Exert
Hepatoprotective Activity

Park et al.?! isolated two polysaccharides (TOP1 and TOP2) from 70, and
these were evaluated against carbon tetrachloride-induced liver damage
by calculating the liver markers (such as AsAt, AlAt, copper-zinc SoD,
manganese SoD, Gl); and they also evaluated the cell toxicity behavior
of polysaccharides of tumor necrosis factor-alpha and interleukin-1f. The
outcomes revealed that:

* TOP2 showed greater response to inhibit AsAt and AlAt;

» antioxidative properties were improved as values of copper-zinc
SoD, manganese SoD, Gl were increased;

» the cell toxicity of the polysaccharides showed decreased level of
inflammatory mediators (such as cytokines tumor necrosis factor-
alpha and interleukin-1p); and
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* the anti-inflammatory activity and other mentioned parameters justi-
fied the protective nature of the polysaccharides against liver disease.

10.3.12 Extract of Taraxacum officinale Inhibits Oxidation Stress
and Nitric Oxide Production

Park et al.*® evaluated the anti-inflammatory nature of methanolic and
aqueous extract of 70 against LiPS-induced RAW 264.7 macrophages and
antioxidative was evaluated by measuring the amount of luteolin, chicoric
acid, and total phenolic content. The outcomes revealed that increasing
concentration of 70 (methanolic and water extracts) showed:

» greater antioxidative properties by the values of SoD, Cat, gluta-
thione peroxidase (GIP), and glutathione reductase (GIR) along
with greater inhibition of NO production with inhibitory concentra-
tion,, of 79.9 mL and 157.5 pg/mL, respectively; and

* the decreasing concentration of NO production and increasing
concentration of Glu with increasing concentration of extracts are
directly correlated with the anti-inflammatory effects.

10.3.13 Anti-inflammatory Activity of Taraxacum officinale

Xue et al.® evaluated the inhibition of inflammatory responses of dande-
lion extract (50% ethanolic, 50% ethanolic with 1% formic acid, 80%
ethanolic, 80% ethanolic with 1% formic acid). They found that:

» Total phenolic content and flavonoid (gallic acid, chlorogenic acid,
caffeic acid, syringic acid, ferulic acid, trans-cinnamic acid, vanillic
acid, coumaric acid, chicoric acid, rutin, and quercetin) were higher
with 50% ethanolic without/with 1% formic acid and leaf was the
primary source.

* Leaf extract (400 pg/mL) and chicoric acid were observed with
greater inhibition against human colorectal carcinoma (HT-29) cell
lines and inflammasome activity.

These data confirmed the effectivity of dandelion as an anti-inflamma-
tory agent.
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10.3.14 Protective Activity of Taraxacum mongolicum (TM) against
LiPS-Activated Inflammation

Yang et al.?’ evaluated the percent CV of organic acid component (OAC)
of TM (concentration gradient of 100, 200, 400, 800, 1600, and 3200 pg/
mL) on normal human bronchial epithelial cell lines. It was observed that:

* Cell viability was increased above 800 pg/mL.

* The inhibition of cytokines and interleukins and reduction in
caspase expression were directly correlated with dose.

*  The OAC of TM could inhibit the inflammatory response through
toll-like receptor-4/Ikp kinase nuclear receptor and block the phos-
phorylation of Ik kinase enzyme.

These data confirmed the activity of 7TM against LiPS-induced
inflammation.

10.3.15 Acute and Chronic Gastroprotective Nature of Extract of
Taraxacum corneaum nakai (TCN)

Yang et al.?® suggested the gastroprotective nature of 7CN using the high
and low dose. In this way, total phenolic compounds and flavonoids were
quantified (total polyphenol: 99.9 mg, total flavonoid: 20.7 mg, chlorogenic
acid: 1.44 mg, caffeic acid: 12.8 mg, and rutin: 8.81 mg). It was observed
that:

* Ethanol and hydrochloric acid caused the formation of gastric
lesion and formation of gastric acid.

* High dose of TCN minimized the redness and swelling of gastric
parietal cells with moderate change in the gastric acid production.

This information confirmed the importance of 7CN as gastroprotective
agent.

10.3.16 In Vitro and In Vivo Hepatoprotective Effects of
Taraxacum officinale

You et al.”® evaluated the gastroprotective of aqueous extract of 7O roots
on (300 mM) ethyl alcohol induced liver damage. In this experiment,
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serum markers (such as AsAt, AlAt, AP, LaD, Cat, GSt, GIP, GIR, and Gl)
were measured. Outcomes showed that:

« values of AsAt, AlAt, AP, and LaD were decreased;
e Cat, GSt, GIP, GIR, and Gl were increased;
* the CV against HepG2 cell line was increased with aqueous extract;

These data confirmed the protective nature of 7O against alcohol-
induced liver damage.

10.3.17 Antiproliferative Activity of Extract of Taraxacum
officinale on Gastric Cancer Cell Line

Zhu et al.”’ evaluated the aqueous extract of dandelion on two gastric cell
lines (SGC7901 and BGC823) along with one gastric epithelium cell line
(GES-1) as the control. CV and colony formation assay were evaluated
after the ribonucleic acid isolation using trizol reagent. The outcomes
revealed that:

* CV was dose-dependent and was suppressed in both cell lines.

* The concentration (3 mg/mL) of the extract showed greater antipro-
liferative effect and inhibition of the cancerous cell invasion to the
secondary phase.

* Total anticancer activity of the extract was mediated through long
non-coding RNA-colon cancer-associated transcriptl.

This showed the anticancer therapy of the aqueous extract of dandelion.

10.3.18 Effect of Taraxacum officinale on Ulcerative Colitis

Ding et al.® evaluated the effect of aqueous root extract of dandelion on
ulcerative colitis (which was the major response of inflammatory bowel
syndrome (IBS)). In this evaluation, human colonocyte (NCM460) and
human colonic epithelium cell line were selected and progressed in
Dulbecco’s modified eagle medium and dandelion root extracts (1, 3, 6
mg/mL) were applied for assessment of anti-cancer effect. Dextran sodium
sulphate (2%) was used to induce colitis condition on mice followed by
evaluation of CV assay, induction of programmed cell death, cytokine
measurement, and also evaluation of the serum liver markers, such as RoS,
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SoD, and the ratio of Gl and Gl-disulfide. The outcomes revealed that the
extract showed:

* increased CV along with minimization of programmed cell death
and OS;

» reduced ratio of glutathione along with its disulfide form in dextran
induced colonic cells;

* in histopathologic evaluation, there was a marked decrease in inflam-
matory responses after addition of extract on 2% dextran induced
inflammation.

These data are surely correlated with the anti-ulcerative colitis effect
of dandelion.

10.4 FUTURE SCOPE

Out of more than 200 species of dandelion found in nature, authors of
this chapter discussed only Taraxacum officinale, T. erythrospermum, T.
mongolicum, T. formosanum, and T. coreanum for their health benefits.
Therefore, other species should also be explored if they are beneficial to
control GI diseases. Folkloric use of dandelion indicates that this plant is
highly used as a blood purifier, and to treat urinary tract infections (along
with uvaursi), to increase appetite, and to relieve from gallstones. There-
fore, if this knowledge is cultured scientifically, then many other diseases
could be cured with the use of “Dandelion.”

10.5 SUMMARY

The activity profile of dandelion showed that dandelion is highly recom-
mended for the prevention of fibrosis and liver damage, minimization
of oxidative stress, and LiPS-induced NO production. It also showed
good health benefits on antiproliferative nature on gastric cancer, colon
cancer, ethanol-induced liver cirrhosis, non-alcoholic fatty liver disease,
diabetics, acute and chronic gastritis, and stomach cancer (with target
cell of IncRNA-CCAT1). These data clearly state the medicinal value of
dandelion against various digestive disorders.
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CHAPTER 11

Role of Aloe vera in Irritable Bowel
Disease

DILIPKUMAR PAL and SOUVIK MUKHERJEE

ABSTRACT

Based on literature review, the efficacy of Aloe vera has been validated for
the treatment of irritable bowel syndrome. This plant has high therapeutic
effects on human health due to presence of aloe-emodin, acemannan,
aloeride, ethyl chromones, flavonoids, saponin, amino acids, vitamins, and
minerals. Leaves containing jelly substances have been able to reduce the
secretion of autacoid E2 and interleukin-18 (IL-18) in the colon tissue layer.
An in vivo study shows that the extract of this plant could reduce tumor
necrosis factor-a levels and the expression of IL-1 messenger RNA.

11.1  INTRODUCTION

Several medicinal plants including Aloe vera (Fig. 11.1) and their deriva-
tives have been used in the traditional medicine therapy to treat irritable
bowel syndrome (IBS) (Fig. 11.2) and various other diseases®’® in living
beings; and to overcome undesirable side-effects of synthetic drugs.*"
Symptoms of the irritable bowel disease (IBD) include diarrhea,
anemia, bleeding, and weight loss.*® This disease is divided into two
major groups: ulcerative colitis (UC) and Crohn’s disease (CD).” UC is
characterized by flowing mucosal inflection of the colon’'~” and is mostly
observed in ileocecal valve. Current therapy (azathioprine and cyclospo-
rine) for IBD is also available commercially but these treatments have
several side effects.””” Drug delivery to the relevant section(s) along with
the gastrointestinal (GI) tract has also become a primary challenge to this
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issue.>’ 8 In this respect, second-generation agents have improved with
drug administration, increased competence, and diminished drug reactions.

y Bowel (1BD)

Ulcerative
colitis

Srohn's
isease /

FIGURE 11.2  Aloe vera and inflammatory bowel disease (IBD).
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11.1.1 Pathophysiology of Irritable Bowel Disease

UC and CD are sustained idiopathic anarchy of the alimentary tract with
a summary of proposed pathogenic events as shown in Figure 11.3. In
comparison, the inflammation reaction in UC resembles attitudes of
that arbitrated through T Helper cell-2 (TH2) route.'”***” Currently, this
approximately overly simplified classification has been amended in light
of the depiction of T Helper cell-17 (TH17)." Significant pathogenesis has
materialized genetic analysis of CD mutations in the gene with infrequent
CD in whites. It is projected to work as an intracellular sensor for bacterial
bug by perceiving peptidoglycans,”#4? thereby providing crucial perfor-
mance in the legitimate immune system to bacterial bug.****% Consistent
with this model, other investigations have pinpointed bacterial antigens,
together with interleukin-18 and a flagellin protein as preeminent superan-
tigens that can prompt the T Helper cell-1 (TH1) reaction in CD.*"%
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Intestinal lumen . Prebiotics

Bacteria @

- 0.0 60 010060 06 6 0

Dendritic

anti-IL-12 —— IL-12/IL-18 cel
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Lamin: \ THo cel T
propriaa IFNy Macrophage

IFNY

TGFE 'L 2 p——anti-TNFa
IL-6
TGFB
Tu17 cell f Tyt cell TNF(X
IFNy

Theg cell ‘ ’

Endothelium (-4 o o IO
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Blood vessel lumen F— anti-integrin
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FIGURE 11.3 Pathogenesis of IBD.

This chapter enumerates its ethnopharmacology, chemistry, clinical
and preclinical studies focusing on the utilization of the plant when there
is the situation of vital afflictions.
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11.2 BOTANICAL AND GEOGRAPHICAL DISTRIBUTION OF
ALOE VERA

The biological source of this plant is Aloe barbadense with about 300
species belonging to the family Liliaceae.”” Plant is cultivated in Carib-
bean islands, Europe, and India (North-West Himalayan region).>** The
taste of each diversity of plant is repulsive and bitter.?'** The juice from
leaves is water-soluble substance and leaves consist of 98% water and
are succulent.' These plants have juicy leaves and spines at the margins
that are cut during March and April.*>** This plant leaves are fleshy and
thick, green to grey-green to reddish-brown to reddish black to brownish-
black to dark brown,***1% with some species exhibiting white flecks on
their upper and lower stem faces.?>* Margins of leaves are serrated and
have tiny-size white teeth.'®*? The plant flowers in summer season.*’

11.3 PHYTOCHEMISTRY OF ALOE VERA

Aloe vera contains about 200 potentially chemical constituents, such as
vitamins, enzymes, minerals, sugars, lignin, saponins, salicylic acids, and
amino acids. Phytochemicals in aloe species are!*-16:64-70;

* 3-furanmethanol,

e Acemannan,

* Aloe-emodin,

* Aloechrysone,

e Aloeride,

* Aloesaponol,

e Aloetic acid,

¢ Alosone,

* oxylipin,

* Anthracene compounds and their derivatives,
* Anthraquinones,

* babaloin,

* Chrysamminic acid,

* Chrysophanic acid,

« Cinnamic acids and their derivatives,
* Dihydro-coumarone,

* Ethyl chromones,
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* Feroxidin,

* Flavonoids,

* Flavonoids,

* Galacturonic acid,
*  Homonataloin,

e Iso-babaloin,

» Isoxanthorin,

e Laccaic acid,

¢ Nataloe emodin,
* Nataloe-emodin-
e 2-O-glucoside

e Plicataloside,

e Pluridone,

* Saponin, etc.

11.4 ETHNOPHARMACOLOGY OF ALOE VERA

It is used for a broad spectrum of traditional medicine purposes world-
wide.®*101-104 Tt is used as a curative, laxative, and purgative agents?3!;
for the recuperating®’-*¢-5%%! of various skin confusion, mouth defilements,
wounds; and is consumed as disinfectant and cell duplication possession.>+
For example, Indian Ayurvedic medicine recommends the use of leaves
and defecates of Aloe vera as an anthelmintic*® and cathartic agent3**;
and for the treatment of stomach and digestive complaints.?’” This plant
is also used in old Chinese medicinal system for analogous actions!®#445;
and in Central America and Caribbean Islands.®>% Today, this plant been
incorporated into modern Western complementary and alternative medi-
cine systems.'® It is also commonly utilized for the treatment of sunburn
and when absorbed orally, it serves a routine analeptic.®* Other medicinal
activities include rheumatic (RHT) and joint inflammation (IFL) and gout;
and cancer and hyperglycemic conditions.!%105-108

11.5 MECHANISM OF ACTION OF ALOE VERA PLANT IN
INFLAMMATORY BOWEL DISEASE (IBD)

An inflammation is an ordinary reaction by our body.?® It is not an
isolated phenomenon, but is associated with complex system of metabolic
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incidents provoked by various expressions, such as redness of eye, heat,
and pain.?** The inflammation techniques are apprised of suppuration of
different biomolecules.?? Aloe vera plant has shown to reduce IBD and
IBS. Water extract of this plant can subdue cytolytic T-lymph can lower
the cytokine (CK) production. Equivalently, the plant comprising lectins
are also excited to CK yielding. Also, these compounds significantly
depress the expression of pro-inflammation-CK.?

11.6 PRECLINICAL AND CLINICAL TRIALS

It is validated that Aloe vera plays significant role in intestinal inflam-
matory conditions that has led to the development of different natural
formulations. It is important to note that most botanical drugs are going
through tight testing so as to recognize these pharmaceutical agents, in an
attempt to maintain standard of herbal drugs.3!-36-3

11.7 SUMMARY

This chapter on medicinal properties of Aloe vera plant has enlightened
the curative importance of this accessible genus of plant. The species
and various extracts of this plant possess significant anticancer, anti-
diabetic, antiseptic, antihypertensive, and anti-inflammatory potential.
More recently, Aloe vera gel has been used widely as oral preparation to
treat IBD.

KEYWORDS

4 N
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+ inflammatory bowel disease
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* prostaglandin E2
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CHAPTER 12

Herbal Treatment for Irritable Bowel
Syndrome

HASYA NAZLI EKIN and DIDEM DELIORMAN ORHAN

ABSTRACT

The clinical manifestations of irritable bowel syndrome (IBS) include
abdominal pain, abdominal discomfort, and frequency and consistency of
defecation. Rome-III and -1V criteria are currently used in the diagnosis of
IBS. The symptoms of IBS patients can be improved through drug treat-
ment, psychotherapy, and diet programs, and also through the use of extracts
of medicinal plants, essential oils, and natural bioactive compounds. This
chapter discusses the potential use of plants (such as Aloe vera, Carum
carvi, Cuminum cyminum, Curcuma sp., Cynara scolymus, Hypericum
perforatum, Mentha piperita, and Panax ginseng) for the treatment of IBS.

12.1 INTRODUCTION

Functional gastrointestinal disorders are divided into six classes, which
are: irritable bowel syndrome (IBS), functional diarrhea and constipation,
opioid-induced constipation, functional abdominal bloating, tension, and
non-specific functional bowel disorder.?® The disorder is common in the
world and generally affects young people and women.?! The prevalence of
IBS has been varied from region to region. In the world, South America has
most common IBS (21%) compared to South Asia with lowest percentage
of IBS patients (7%)."” Women have two times higher risk of developing
IBS symptoms compared to men. IBS is a chronic disorder identified by
flatulence, bloating, pain in abdomen, changed bowel conditions (such as
constipation, diarrhea, or both).?>¢* The etiology of the disorder has not
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been elucidated yet, but it is considered that the mechanism could be based
on allergic, immunological, psychiatric, and toxic reactions.*

IBS generally cannot be diagnosed with serum biomarkers or tests.
Generally, the test results have been shown as normal. As a result of these
handicaps, some criteria have been determined for the diagnosis of IBS.
Nowadays, Rome criteria are used based on clinical studies on IBS symptoms
in the United Kingdom. When the process of the regulation of these criteria
is examined, it is seen that it was designed based on the Manning criteria
prepared as a result of the studies carried out by Manning in 1978.% At least
two of six cardinal criteria (such as the looser stool of the starting of the
pain, the mucus passage, relief of pain after intestinal movements, apparent
distension, and lacking evacuation sensation, more frequent intestinal
movements at the beginning of pain) should be seen in patients.>* After the
Manning criteria were revised in 1990, the Rome criteria were published.
Rome criteria are more restrictive than the Manning criteria.

This chapter discusses: (1) diagnostic crtiteria for IBS (Rome I, II, III,
IV), (2) synthetic and herbal drugs to alleviate pain due to IBS, and (3)
medicinal plants, such as Aloe vera, Carum carvi, Cuminum cyminum,
Curcuma sp., Cynara scolymus, Hypericum perforatum, Mentha piperita,
and Panax ginseng for the treatment of IBS.

12.2 DIAGNOSTIC CRITERIA FOR IBS
12.2.1 Rome I Criteria, 1994"

Following symptoms for 3 months or more:

* Abdominal pain or discomfort feelings

* Alteration of stool consistency

* Alteration of stool frequency

* Alteration of the form of stool (watery/loose or hard/lumpy stool)

* Alteration of the frequency of stool (>3 bowel movements per day
or <3 per week)

* Alteration of the passage of stool (urgency, straining, tenesmus)

*  Mucus passaging

» Relief feelings with defecation

* The feeling of bloating and abdominal tension, and

* Two or more of the above, at least 25% of days or conditions
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12.2.2 Rome Il Criteria, 1999-2000°

Abdominal pain or discomfort for at least 12 weeks (consecutive or not) in the
previous 12 months, two of the three following symptoms must be present:

* Onset involved with a change in defecation frequency,
* Onset involved with a change in stool appearance, and
* Relief sensation after defecation.

12.2.3 Rome IlI Criteria, 2006°°

Recurrent abdominal discomfort or pain related to two or more of the
following symptoms for more than 3 days per month for three consecutive
months:

* Onset involved with a change in defecation frequency,
* Onset involved with changes in stool appearance, and/or form.
* Relief sensation after defecation.

12.2.4 Rome 1V Criteria, 2016>5*

In the last 3 months, repetitive abdominal pain for at least 1 day/week. It is
associated with at least two of the following symptoms:

* Alteration of stool appearance,
* Alteration of stool frequency, and
* Increase in frequency of defecation.

12.3 MEDICATIONS SELECTED ACCORDING TO DOMINANT
SYMPTOMS IN PATIENTS WITH IBS

Nowadays, the Rome IV criteria are utilized in the diagnosis of IBS. There
is still no definite and permanent treatment for IBS. Generally, symptom-
based treatment methods are applied for this disorder.!’ There are four main
methods for the treatment of IBS,%!>4%48 and it is considered that all of these
should be applied together to eliminate or reduce the complaints. For this
purpose, a diet program, medication (conventional drug and phytothera-
peutics), and psychotherapy program should be designed for the patients.
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TABLE 12.1 Medications for the Treatment of Dominant Symptoms of IBS.

Medication group Drug

5-HT3 antagonists Alosetron

5-HT4 agonists Tegaserod

Activators of chlorine channels Lubiprostone

Antibiotics Rifaximin

Antidiarrheal drug Loperamide

Antispasmodic and antiflatulence Simethicone, Alverine citrate

Antispasmodic Dicyclomine, pinaverium, trimebutine, hyoscine-
N-butylbromide, mebeverine, peppermint oil

Bile acid bindings Cholestyramine

Bulk-forming agents
Guanylate cyclase 2C analogs
Osmotic laxatives

Probiotics

Selective serotonin reuptake inhibitors

Stool softener laxatives

Tricyclic antidepressants

Psyllium, calcium, polycarbophil, oats
Linaclotide

Mg " citrate, polyethylene glycol solution, sorbitol
Bifidobacterium infantis, Lactobacillus sp.
Citalopram, fluoxetine, escitalopram, paroxetine
Sodium docusate

Imipramine, doxepin, nortriptyline,
amitriptyline, trimipramine

» Pain/abdominal discomfort: Antispasmodic and anxiolytic, selective
serotonin reuptake inhibitor, tricyclic antidepressant, and 5-HT4

agonist.

* Flatulence: Antispasmodic and antiflatulence, antibiotic, and probiotics.
» IBS-constipation: Bulk-forming agents, 5S-HT?3 antagonists, osmotic
laxatives, stool softener laxatives, activators of chlorine channels,
selective serotonin reuptake inhibitors, and guanylate cyclase 2C

analogs.

» IBS-diarrhea: Antibiotic, 5-HT3 antagonists, tricyclic antidepres-
sant, antidiarrheal drugs, and bile acid bindings.

12.4 CURATIVE EFFECTS OF NATURAL PLANTS ON IRRITABLE

BOWEL SYNDROME

Herbal medicines and plant-based products are being used worldwide to
treat many diseases or to complement conventional drugs. This section
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includes discussions on the outcomes of clinical trials in IBS treatment
using herbal products.

12.4.1 Aloe vera (L.) Burm. F.

A placebo-controlled, randomized, double-blind trial examined whether
the Aloe vera gel has curative effects on IBS symptoms. Forty-one IBS
patients were diagnosed with Rome II criteria, who received 50 mL of 4.
vera gel 4 times a day for 1 month. Bowel habit satisfaction, pain, IBS,
and distension scores were used as the evaluation criteria. Findings exerted
that 4. vera gel was well-tolerated and had curative effects as indicated by
criteria scores (bowel habit satisfaction, pain, and IBS scores). Despite all
this, the results of this study are inadequate for the use of 4. vera gel in the
treatment of IBS. Further clinical studies on this natural product should be
planned.'®

Hutchings et al.?® designed multicenter, cross-over placebo-
controlled, double-blind, randomized clinical trials to test the effect of
ingestion of A. vera gel on IBS patients. Participants were randomized to
placebo, washout, Aloe or Aloe, wash-out, placebo group. 47 voluntary
patients were grouped into different categories for the treatment. i.e.,
selected according to Rome II criteria. The clinical study comprised of
four periods and was continued for 11 months. These four clinical test
durations were: baseline (2 weeks), treatment period (5 months), wash-
out (2 weeks), and second-treatment period (5 months). A. vera drink
(60 mL) was taken orally twice daily, during both the treatment periods.
Gastrointestinal symptoms rating scale, EuroQol (EQ5D) questionnaire,
the irritable bowel syndrome quality of life questionnaire (IBSQOL),
and Short Form-12 (SF-12). Quality of life questionnaire was used to
assess the effect of the treatment protocol. This study displayed that A.
vera drink was not very effective based on the criteria examined in IBS
patients.

12.4.2 Carum carvi L.
The seeds of C. carvi contain high amounts of essential oil and are used both

in the food industry and in traditional medicine (such as carminative, mild
stomachic, and diuretic). The plant contains secondary metabolites with
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biological activities such as flavonoids, alkaloids, aliphatic compounds,
monoterpenoids and sesquiterpenoids, steroids, and coumarins.>

Lauche et al.** compared the effects of a hot C. carvi essential oil
poultice (CarO), a nonheated olive oil poultice, and a hot olive oil poultice
(OlivH) to improve the quality of life (QOL) and relieve IBS symptoms
in patients. For this purpose, a monocentric randomized controlled open-
label cross-over trial was performed on 48 patients with IBS. C. carvi
essential oil was prepared as a 2% solution in olive oil and then this solu-
tion was applied topically to the abdomen of the patients. This area was
covered with a dry and moist towel. Finally, a hot pad is placed on the
towel and waited for 20—30 min. In hot OlivH application, the solution
did not contain C. carvi essential oil, but the procedures were the same.
In the nonheated poultice (OlivC) application, the hot pad was not placed
on the towel. These treatments were continued daily for 3 weeks. The
EuroQol questionnaire (EQ-5D), IBS-symptom severity scale (IBS-SSS),
the hospital anxiety and depression scale and score were used to evaluate
the effect of all treatments. Hot CarO application was more effective and
safer than the other two treatments. It has been suggested that the effect of
this method is responsible for the placement of a hot pad.

12.4.3 Cuminum cyminum L.

Cuminum cyminum (cumin) has been used in traditional medicine as a
bitter tonic, carminative, and purgative and as a spice due to its pleasant
aromatic smell. Although cumin seeds are rich source of essential oil, yet
the main components of essential oil are: a- and f-pinene, cumin alde-
hyde, 1,8-cineole, limonene, a-terpinene and y-terpinene, o-cymene and
p-cymene, and linalool and safranal.”’

Cumin essential oil is commonly used in gastrointestinal disorders; and
it was evaluated for its effects on IBS symptoms in a prospective study.
Fifty patients in Kashan, Iran' were selected based on Rome II criteria,
who took twice daily 10 drops of cumin extract containing 2% essential oil
(cumin oral drop) for 4 weeks. Fifteen minutes after the meal, the extract
was dissolved in a glass of warm water and was orally drank by the patient.
Patients filled out the questionnaire about changes in IBS symptoms at
2nd and 4th weeks after the initiation and termination of treatment. For
this evaluation, abdominal pain, changes in stool consistency, presence of
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mucosa in stool, painful defecation, nausea, and defecation frequency were
considered as IBS-related symptoms. After the initiation and termination
of treatment, some symptoms, such as abdominal pain, painful defeca-
tion, nausea, presence of mucosa in stool were significantly reduced. The
stool consistency and defecation frequency, which are the IBS dominant
partners, had also been considerably improved. Results exerted that cumin
essential oil is effective in IBS patients.!

12.4.4 Curcuma L.

Curcuma longa species (turmeric) are used in traditional medicine for
colds, cough, sinusitis, rheumatism, and skin diseases.!” Rhizomes of the
plant include important secondary metabolites (carbohydrates, proteins,
essential oil, polypeptides, curcuminoids) with curative properties.'®

Bundy et al.® examined the activity of a standardized turmeric extract
on IBS symptoms in a randomized, partly blinded, two-dose, pilot study,
placebo-controlled clinical trial. The study included 207 healthy volunteers
suffering from IBS symptoms for at least 3 months: one group received 72
mg (one tablet) for 8 weeks and the second group received 144 mg (two
tablets) for 8 weeks. The participants were chosen according to Rome II
criteria. IBS pain, self-reported effectiveness, and symptom-associated
quality of life (IBSQOL) were used to appraise the efficacy of the protocol.
The 22 and 25% reduction in abdominal pain/discomfort score were found
in one- and two-tablet groups, respectively. At the end of the therapy
protocol, there were remarkable improvements in the IBSQOL scores
from 5 to 36% in both groups. Also 70 and 67% of volunteers (in two- and
one-tablet groups, respectively) described definite or partial healing in IBS
complaints after the therapy. On the other hand, very minor side effects
(such as dry mouth and flatulence nausea) were reported. These effects
were observed in very few participants. This study showed that further
clinical studies on the use of standardized turmeric extract to reduce IBS
symptoms are needed.

The combinations with turmeric and other medicinal plants were tested
in IBS patients. In a clinical trial (placebo-controlled and randomized), 121
patients defined with Rome III criteria were given a combination of fennel
oil and curcumin oil for 30 days. At the end of this period, improvements
in QOL and symptoms of the patients were evaluated. The patients with
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IBS-SSS of 100300 and abdominal pain score of 30—70 on 100 mm visual
analog scale were included in the study. Patients were given a dose of two
capsules (CU-FEO: Fennel essential oil 25 mg and Curcumin 42 mg) b.i.d.
for a period of 3 months. After the treatment period, the number of patients
(25.9%) without IBS symptoms was significantly higher compared with
the placebo (6.8%). CU-FEO treatment led to positive improvements for
each score of the IBSQOL. No adverse effects were reported during the
treatment.*’

Di Ciaula et al."” tested the effects of a standardized bio-optimized
turmeric extract (Enterofytol®) to 25 mg fennel essential oil (trans-
anethole) and 42 mg of curcumin in 211 patients from suffering IBS.
For the first 30 days, patients used two capsules containing standardized
extract before meal 3 times daily. After this period, whether the patients
(complaints decreased or not due to treatment) were evaluated by face-
to-face interviews. Then, the dose of the drug for 30 days was reduced to
two tablets twice a day in patients with decreased complaints. At the end
of 30 and 60 days, it was found that the patients had significant improve-
ment in IBSQoL and a reduction in the IBS severity index. This report
proposed that QOL and symptoms of patients (regardless of age, sex, and
IBS subtypes) using this combination over a period of more than 2 months
had improved.

Two supplements prepared from Fumaria officinalis and C. xanthor-
rhiza approved by the German Commission-E for the treatment of gastro-
intestinal disorders were assessed in a randomized, placebo-controlled,
double-blind clinical trial for their effect on IBS treatment. F. officinalis
tablets were standardized (containing at least 3.75% alkaloid) on the basis
of alkaloid protopine as a marker. On the other hand, C. xanthorrhiza
tablets contained 20 mg spray-dried extract but were not standardized.
The participants in C. xanthorrhiza group (n = 24) were treated for 18
weeks (one tablet thrice a day), whereas participants in placebo (n = 58)
and F. officinalis (n = 24) groups were treated for 18 weeks (two tablets
thrice a day). The participants completed the questionnaire 4 weeks
before the treatment protocol, initially, 6th, 12th, and 18th weeks during
the treatment. Changes in IBS-related pain and distension scores were
used as the main outcome parameters. As a result of the study, no clinical
significant changes in patterns of leading IBS symptoms (pain, disten-
sion, defecation irregularity) were observed in patients in the placebo, F.
officinalis, and C. xanthorrhiza groups. In C. xanthorrhiza group, only
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one patient had adverse reactions (constipation and distension) related to
the treatment, whereas eight patients in F. officinalis group had adverse
reactions (constipation, distension, nausea, epigastric pain, pruritus, and
loss of hair).

Tomasello et al.® conducted an open-label, prospective observational
clinical study on 187 patients with IBS to assess the effect of a combina-
tion of chamomile, fennel, caraway, passionflower, melissa, and beta-
galactosidase (Spasmicol®). This natural product, which was formulated
as a chewable tablet, was administered to patients twice daily before the
meals for 30 days. Evaluation after 30 days displayed that the natural
product caused positive improvements in many IBS symptoms (decreasing
in intestinal gas formation, abdominal pain, constipation, diarrhea, and
intestinal distension). All these effects have been suggested to be caused
by the synergistic effect of the components in the natural product, based
on the fact that there are many scientific studies on the curative effect of
each component on the intestinal mucosa, intestinal motility, and intestinal
smooth muscle.

Lior et al.* organized a prospective, placebo-controlled, double-blind,
crossover study to assess the effect of a mixture of curcumin, green tea,
and selenomethionine on 12 randomly chosen patients with IBS based on
Rome III criteria. The treatment process was assessed using IBS quality
of life (QOL) and health-related QOL questionnaires. For 4 weeks, the
patients received a dietary supplement containing green tea (25% epigal-
locatechin gallate and green tea extract [60% polyphenols]), curcumin
(C. longa extract [the extract was standardized to 95% curcuminoids]
and C. longa powder), and L-selenomethionine; and then placebo group
patients received this dietary supplement for 4 weeks following a washout
period of 2 weeks. Although this supplement had no effect on most of the
evaluation parameters (abdominal pain, bloating, and effects of IBS on
daily activity, symptoms, IBS-related quality of life and general health
quality of life), yet there were positive effects on patients’ satisfaction with
intestinal habits during treatment.

12.4.5 Cynara scolymus L.

C. scolymus (Artichoke) is also used in nutraceuticals due to the rich poly-
phenol and inulin contents in the leaves of the plant. Artichoke leaves and
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heads are rich in polyphenolic compounds, such as flavonoids, isoflavones,
anthocyanins, and catechins. Hepatoprotective, choleretic, antichole static,
hypolipidemic, antioxidative, antimicrobial, and antispasmodic effects of
the plant have been shown in various scientific studies.’

A study was conducted by Walker et al.®® on post-marketing surveil-
lance study on dyspeptic patients (n = 553) to evaluate the effect of
Artichoke leaf extract on a sub-group with IBS symptoms (n = 279). The
data of patients that have at least three of five IBS symptoms for Rome
III criteria were evaluated. After 6 weeks of treatment, the abdominal
pain, right-sided abdominal cramps, bloating, flatulence, and constipation
complaints were reduced significantly (p < 0.05). Also, the tolerability of
Artichoke leaf extracts was acceptable.®

The activity of standardized (1:5) aqueous full-spectrum C. scolymus
(Artichoke) leaf extract was studied on 208 adults. The volunteers were
divided into two groups: 320 mg extract (one capsule for each day) was
given to the first group, and 640 mg extract (two capsules for each day) was
given to the latter group for 2 months. At the beginning of the study, some
of the volunteers had constipation, diarrhea or both (alternating diarrhea/
constipation). As a result, while the percentage of volunteers that have
diarrhea or constipation remained nearly the same as in the beginning,
the percentage of volunteers that have alternating diarrhea or constipation
was decreased by 26.4% after 2 months. Furthermore, after the treatment,
nepean dyspepsia index (NDI), which indicates the dyspepsia and form
from total score and 15 domain scores, was decreased in all scores (41%
in the total score). Also, QOL scores were increased by 20%. In the study,
there were no differences between the two doses in all scores.’

Antispasmodic activity of leaves of C. scolymus was demonstrated
in a bioactivity-guided isolation study.*® The plant dichloromethane
fractions of methanol extract and the main compound, which is isolated
from dichloromethane fractions, cynaropicrin were administered to
the isolated Guinea pig ileum. As a consequence, cynaropicrin showed
antispasmodic activity with 0.065 (0.049-0.086) mg/mL IC,; and the
antispasmodic activity on the smooth muscle of the plant was attributed to
the cynaropicrin. The relief effect of the plant on IBS symptoms may be
due to the antispasmodic activity of the plant.

One of the complaints of the IBS patients is dyspepsia.’® The effect
of C. scolymus leaf extract on dyspepsia was displayed in a randomized,
double-blind, placebo-controlled trial (for 6 weeks on 244 patients).>
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Consequently, recovery in dyspepsia symptoms was better in the group
that used C. scolymus leaf extract, when compared with placebo (p <
0.01). Also, QOL scores were higher in C. scolymus group than the
placebo (p < 0.01). This study indicated that the healing of the symptoms
in IBS patients was lower than the non-IBS patients. While the number of
completely treated non-IBS patients (n = 27) was higher than placebo (n =
14), the number of completely treated IBS patients (n = 4) was lower than
placebo (n=9).

12.4.6 Hypericum perforatum L.

H. perforatum has been used in the treatment of inflammation, hematoma,
burns, wounds, and muscle pain in traditional folk medicine.’ Phenylpro-
panoids, flavonol glycosides, biflavones, oligomeric proanthocyanidins,
xanthones, napthodianthrones (hypericin), and prenylated phloroglucinols
(hyperforin) are the main secondary metabolite groups.?!

Depression and anxiety were found to be associated with TBS.+!43°
The effect of H. perforatum on depression and anxiety?® was studied by
Saito et al. on 70 IBS patients (selected based on Rome II criteria) with
a randomized, placebo-controlled, and double-blind clinical trial. H.
perforatum was given 450 mg twice a day to the patients, internally for
12 weeks. For the evaluation of the treatment, adequate relief (AR) of IBS
symptoms, bowel symptom score (BSS), and IBSQOL parameters were
evaluated. The BSS scores in all of diarrhea, constipation, and mixed IBS
groups were lower in H. perforatum treatment group compared with the
placebo group at 12 weeks (p = 0.03). When the AR scores were evaluated,
it was observed that the scores of the placebo group were higher than the
treatment group (p = 0.02), and no differences were observed between
IBSQOL scores. Therefore, H. perforatum was not found more effective
against IBS than the placebo.>

12.4.7 Mentha piperita L.
Peppermint oil obtained by steam distillation from dried or fresh aerial

parts of M. piperita contains menthol (about 50-60%), number of esters
(about 5-10%), menthone (5-30%), cineole and other terpenes. Mentha
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species are used traditionally for gastrointestinal disorders. Except the
antispasmodic effect, M. piperita can also treat gastric ulcer.?>%

In a double-blind clinical trial, the activity of M. piperita essential
oil that was entrapped with site-specific targeting technology (sustained-
release) on diarrhea-predominant or mixed-type IBS patients based on
Rome III criteria, was evaluated. The 72 patients were divided into two
groups. Before the study, the patients were allowed for medical washout
for 3 weeks. The first group (rn = 37) was given placebo capsules that
contained 100% fiber and the latter group (n = 35) was given capsules
that contained 60% fiber and entrapped 180 mg M. piperita essential oil 3
times daily for 4 weeks. The total IBS symptom score (TISS) was evalu-
ated at the beginning, 24 h and 28 days after the first dose. As a result,
the disquieting gastrointestinal symptoms were reduced significantly in
M. piperita oil group patients compared with the placebo group patients.'?

The activity of enteric-coated peppermint oil (Colpermin®) that
contained 187 mg peppermint oil was tested on 42 children with IBS
by Manning or Rome criteria. The study was conducted for 14 days in
a randomized, double-blind control trial.*® To the upper 45 kg, children
were given two capsules three times a day, and the 30—45 kg children
were given one capsule three times a day. As a result, in patients receiving
peppermint oil, the abdominal pain was diminished by 75%. However,
there did not show significant differences in other symptoms.

Antispasmodic effect of peppermint oil on gastric spasm that was
induced during the endoscopy applied without anesthesia was investigated
in a double-dummy, double-blind controlled study on 100 patients.” In
this study, the peppermint oil was applied intraluminally and the effect on
gastric antral contractions was compared with Hyoscine-N-butylbromide
that was applied intramuscularly. The opening of the pyloric ring before
and after the administration and contraction of the pyloric ring was evalu-
ated. The opening ratio was higher, and the contraction ratio of the pyloric
ring was lower in the peppermint oil-treated group when compared with
Hyoscine-N-butylbromide. Also, while the Hyoscine-N-butylbromide
caused side effects, the peppermint oil did not cause any side effects. The
administration of peppermint oil was preferred intraluminally in the study
because it was known that when the essential oil administered orally the
main compound of the essential oil, menthol, is absorbed from proximal
gut quickly, metabolized to menthol-glucuronide, and excreted with urine.
For the extended peak amount of menthol, enteric-coated capsules were
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studied in a pharmacokinetic study, and it was shown that when compared
with soft gelatin capsules, the metabolize of menthol was delayed in the
enteric-coated capsules (Colpermine®).> The peppermint oil showed anti-
spasmodic activity on gastrointestinal smooth muscle via mobilization of
calcium ions.”” Due to its antispasmodic effect, peppermint oil may relief
the IBS symptoms.

An aqueous extract of M. piperita leaf was studied against gastric ulcer
with 250 and 500 mg/kg dose orally on Wistar albino rats. As a result, the
extract showed a gastric mucosa protective effect against indomethacin-
induced damage. Also, the extract reduced gastric ulceration induced
by ethanol and alkali solutions. Also it is shown in the histopathological
examination, the extract diminished inflammation, edema, and necrosis of
the lesions at 500 mg/kg.*

Effect of enteric-coated peppermint oil capsules in a double-blind,
placebo-controlled clinical trial on 50 patients with a diagnosis of IBS
according to the Rome II criteria was assessed. Changes in IBS symptoms
(such as constipation, diarrhea, sense of lacking evacuation, the urgency
of intestinal movement, abdominal pain and bloating, discomfort at evacu-
ation, and passage of gas or mucus) were recorded periodically (baseline,
at 4th week after the end of therapy). Treatment group patients (n = 24)
received peppermint oil capsules (225 mg Mintoil®) capsules twice daily
for 4 weeks. Whereas placebo group patients received a mint-flavored
enteric-coated capsule during the same time. The results showed that treat-
ment with enteric-coated peppermint oil capsules produced significant
improvements in IBS symptoms compared with those of placebo group.
In this report, both antibacterial effect of peppermint oil on enteric bacteria
and its relaxant effect on smooth muscle tissue were held responsible for
its useful effects on IBS symptoms.!!

Weerts et al.®' conducted a double-blind clinical study with 178 IBS
patients (Rome IV criteria). Peppermint oil formulations with different
release properties were tested in patients for 8 weeks. For this reason,
one group of patients used 0.182 g of small-intestinal-release peppermint
oil (Tempocol®) and the other group used 0.182 g of ileocolonic-release
peppermint Q14 essential oil (Tempocol®, coated with a ColoPulse coating
layer, core capsules). Thirty minutes before each meal, microcrystalline
cellulose was given orally to placebo group patients. Previous clinical
studies have shown that the 8-week period is appropriate for predicting
the effect. Therefore, the application period was chosen as 8 weeks. The



184 Herbs, Spices and Medicinal Plants for Human Gastrointestinal Disorders

efficacy of treatment was evaluated according to the IBS-SSS, the general-
ized anxiety disorder-7, IBSQOL, the EuroQoL-5D, and the patient health
survey (patient follow-up was scheduled at 1st, 2nd, 4th, 6th, and 8th
weeks and at 3rd and 6th months of after the treatment period). Addi-
tionally, changes in IBS symptoms (such as stool evacuation frequency
and consistency, abdominal bloating and cramping, abdominal pain and
discomfort, belching, and nausea) have been reported. The results of the
study showed no statistically changes in abdominal pain response or whole
symptom relief in both treatment groups. The peppermint oil formulation
released in the small intestine prominently reduced abdominal discomfort,
abdominal pain and IBS intensity.

The effect of the product named Menthacarin®, a combination of
caraway and peppermint oil, used in the cure of functional dyspepsia
was assessed in IBS patients in randomized controlled and double-blind
clinical trials.?2%%37#! For this purpose, the effects of Menthacarin® on
symptoms were investigated in 111 patients with IBS in three different
clinical trials. Details and results of the three clinical trials are presented
in Table 12.2.

TABLE 12.2 Clinical Trials with Menthacarin® (Enteric-Coated Capsule) in Patients with
IBS.

Treatment Study 1 Study 2 Study 3

procedure Thrice a day (270 mg Thrice a day (150 mg Twice a day (180 mg
peppermint oil and  caraway oil and 270 mg  peppermint oil and
150 mg caraway oil  peppermint oil per day) 100 mg caraway oil
per day) or placebo  or enteric soluble capsule per day) or 3 x 10 mg

for 4 weeks for 4 weeks (60 mg cisapride for 4 weeks
caraway oil and 108 mg
peppermint oil per day)
Patients with 21 82 8
IBS (No.)
Selection Outpatients with functional dyspepsia, with or without accompanying
criteria IBS symptoms, presence of at least two bowel or/and dyspeptic-related
symptoms for more than 14 days
Primary CGl item 2, pain pain intensity pain intensity
outcome intensity

Secondary Diarrhea, flatulence, Flatulence, feelings of fullness, diarrhea,
outcome feelings of fullness, CGI items 1-3.
CGlitems 1 + 3.
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The findings indicated that mean pain reduction values ranged from
50 to 75%. The reduction in IBS-associated symptoms in patients with
functional dyspepsia has shown that Menthacarin® can also be an option
for IBS treatment.

The effect of Colpermin® (peppermint oil 0.2 mL) was investigated
in a randomized, double-blind clinical, placebo-controlled trial in 90
outpatients diagnosed with the Rome II criteria. Colpermin® is an enteric-
coated, delayed-release peppermint oil formulation. During 8 weeks,
patients received one enteric-coated capsule or placebo thrice a day 30
min before the meals. The patients were visited in the Ist, 4th, and 8th
weeks after the beginning of the treatment to observe the improvements
in their symptoms and quality of life. There was a significant decrease
in abdominal pain in the Colpermin® group compared to placebo. These
results showed that Colpermin®is a confident and efficacious medication
for IBS patients.*?

Khanna et al.” conducted a meta-analysis on nine double-blind clinical
trials with peppermint oil preparations. In these studies, the number of
patients was between 47 and 178 and the duration of treatment was between
2 and 12 weeks. Patients generally took three to six capsules (Mintoil®:
microencapsulated peppermint oil, Colpermin®: 0.1, or 0.2 mL peppermint
oil/capsule) per day. A total of 726 patients with IBS were evaluated.
Significant improvements in IBS symptoms and abdominal pain were
observed in the treatment group compared to the placebo groups. In this
meta-analysis, short-term use of peppermint oil was found to be effective
and reliable in improving abdominal pain and IBS symptoms.

As aresult of PubMed literature research, Chumpitazi et al.!> evaluated
more than 2800 cited references related to the use of peppermint and
peppermint oil in gastrointestinal disorders. When only randomized
clinical studies were examined, it was reported that peppermint oil was
effective in the gastrointestinal tract by various mechanisms:

* Anti-inflammatory activity

* Antimicrobial activity

*  Modulation of psychosocial distress

* Modulation of visceral sensitivity (via transient receptor potential
cation channels)

» Relaxation of smooth muscle (via affect enteric nervous system or
calcium channel blockade).
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This report! concluded that peppermint oil has physiological effects in
the gastrointestinal system and it is safe to use.

The mixture of Cyperus rotundus L., M. longifolia, and Zingiber
officinale was studied on 40 IBS patients (based on Rome III criteria) for
8 weeks. The plants were chosen for their traditional consumption for the
treatment of gastrointestinal disorders. The mixture was prepared with
mixing powders of 150 mg C. rotundus tuber, 150 mg M. longifolia leaf,
and 150 mg Z. officinale tuber. The combination was used three times daily
1 h after the meal. The 135 mg mebeverine (positive control) was given
to the first group; and the capsule, which contained the plants, was given
to the second group. Consequently, the combined plant treatment reduced
IBS symptoms and the result was shown comparable with mebeverine.*

12.4.8 Panax ginseng C.A. Mey

The roots of ginseng are used as tonic and adaptogen in Traditional Chinese
Medicine. This medicinal plant contains a wide variety of secondary
metabolites, such as ginsenosides or triterpenoid saponins, volatile oils,
amino acids, vitamins, and fatty acids. To date, many scientific studies have
been carried out on the biological activities (such as anti-inflammatory,
hypotensive, hypoglycemic, sexual dysfunctions, antineoplastic agents,
improve vitality, anti-stress, and promote healing process) of P. ginseng.*

The effect of standardized dry P. ginseng leaf and stem extract
(containing 26.66% of total ginsenosides) on abdominal pain in IBS
patients was assessed by a double-blind, prospective, and randomized
clinical experimental study.>! The patients (n = 24) were chosen based on
Rome III criteria and were divided into two groups each with 12 patients.
The P. ginseng was given to the first group at 300 mg/day dose daily. To
the latter group, trimebutine (600 mg/day) was given. The condition of
the patients was evaluated at baseline, after 1 week, 30 and 60 days. For
the determination of the severity of the pain, the Likert scale was used:
(1) the scale at —7 that indicated the enormous pain and (2) the scale at
(+7) that indicated painless symptoms. After 8 weeks of the treatment, it is
shown that the pain scores in all patients in both groups become positive
and indicated significant differences when compared to the baseline (p
< 0.05). Furthermore, no significant differences were shown between P,
ginseng and trimebutine (positive control) groups. In the group that used
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P. ginseng, two patients (16.66%) experienced a headache as a side effect.
In the study, the positive effect of P. ginseng on IBS patients was attributed
to the body tonic and antinociceptive activity of the plant.

12.4.9 Plantago major L.

In general, Plantago species are used due to their anesthetic, antiviral,
anti-inflammatory, antihelminthic analgesic, analeptic, antirheumatic,
antitumor, antiulcer, diuretic, expectorant effects. In traditional medicine,
P major has been utilized for the treatment of viral diseases (cold,
influenza, etc.) and to protect against snake bites. The leaves of the plant
contain flavonoids, organic acids, terpenoids, fatty acids, carotenes, and
phenolic acids.*

In a double-blinded clinical trial conducted, the effect of P. major
versus Colofac® was investigated on 51 patients with IBS based on
Rome II criteria. Colofac® is a musculotropic antispasmodic containing
mebeverine hydrochloride. Powdered P major (4.5 g) in capsule form
was given to patients twice daily before meal for 3 months. Other group
patients received Colofac capsule (200 mg) at the same time. During
treatment, diarrhea, constipation, and defecation number were used as the
evaluation criteria. In fact, no difference was observed between the two
groups in terms of efficacy. However, P. major capsules were found to be
more effective than Colofac® in reducing the number of defecations.*

12.5 SUMMARY

A diet program, medication (conventional drug and phytotherapeutics)
and psychotherapy program should be designed for the patients with IBS
symptoms. Clinical studies of Aloe vera, Cynara scolymus, Hypericum
perforatum, Panax ginseng, Carum carvi, and Cuminum cyminum were
found to be extremely inadequate and few. Clinical studies on Curcuma
species and M. piperita essential oil (peppermint oil) have provided
more promising data for the relief of IBS symptoms. Results of many
randomized, double-blind, placebo-controlled clinical trials with some
formulations containing peppermint oil have shown that the use of this
essential oil for at least 8 weeks is the most promising natural product in
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alleviating abdominal pain and improving quality of life in IBS patients.
It was also concluded that the side effect profiles of peppermint oil were
extremely low and safe.
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CHAPTER 13

Role of Plant-Based Medicines for
Gallstones

VIVEK KUMAR, ANJU DHIMAN, POOJA CHAWLA, and
VINEY CHAWLA

ABSTRACT

Phytomedicines play an important role in the prevention and treatment of
various diseases as they are arich source of active constituents. Cholecystectomy
(gallbladder removal) is the surgical and most frequently used conventional
solution to get rid of gallstones. However, the nonsurgical management and
treatment of gallstone has become desirable using medicinal plants (such as
Gomphrena globosa, Kalanchoe pinnata, Portulaca oleracea, and Solanum
melongena) and bile salts (such as ursodeoxycholic acid (UDCA) and
chenodeoxycholic acid (CDCA)). This chapter provides an overview about
the pathways for management and treatment of gallstone diseases.

13.1 INTRODUCTION

Lithiasis (Greek, Lithos (stone)) is the process of formation of calculus
(plural calculi) in which the concretion of mineral salts occur in gallbladder.
Calculi may occur in urinary system (urinary calculi, urolithiasis, nephroli-
thiasis, and renal calculi), bladder (vesical calculi or cystoliths), gallbladder
and bile ducts (gallstones), nasal passages (rhinoliths), gastrointestinal tract
(entroliths), stomach (gastroliths), salivary glands (sialoliths), tonsils (tonsil-
loliths), veins (venous calculi, phleboliths), and skin (such as sweat glands).
Out of these, kidney stones and gallstones are most common. The main issue
is the removal of gallstones due to the position and shape of the gallbladder.”
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In this chapter, authors have discussed the pathogenesis, factors
affecting gallstone formation, and the role of complementary and alterna-
tive medicine (CAM) in the treatment of gallstones.

Almost 75% of the gallstones are composed of cholesterol and rest
of these are of black and brown pigments. The brown pigmented (5%)
stones are composed of calcium bilirubinate, mucin glycoproteins and
calcium soaps (such as calcium palmitate and calcium stearate). Soft and
greasy type gallstones generally occur in bile ducts due to infections,
such as biliary obstruction and biliary tract infestation (such as Ascaris,
Opisthorchis viverrini and Clinor chussinesis).*'** The black pigmented
(20%) stones are composed of bilirubin pigment mixed with calcium
carbonate, phosphate, and cholesterol.

Bile is composed of bile salts, cholesterol, and phospholipids, which are
present in major proportions and bile pigments are present in minor propor-
tions. In addition to these compounds, lipids, proteins (such as albumin,
insulin, haptaglobin, cholecyskinin, lysosomal hydrolase, and amylase) and
elements (such as strontium, zinc, sodium, potassium, phosphorus, copper,
calcium, manganese, iron, magnesium, molybdenum, and sodium) are also
found in the bile. These proteins and elements bind to cholesterol and bile
salts, and can affect the crystallization or precipitation of cholesterol in
bile.!? This disturbance in physiochemical balance of cholesterol solubility
in bile results in cholelithiasis.*?

13.2 MECHANISM OF GALLSTONE FORMATION

The cholelithiasis results from the disturbance in cholesterol metabolism.
Cholesterol is virtually water insoluble and forms a micellar solution
with bile acids, phospholipids by the action of bile acids.?® Phospholipids
and bile salts are key members that are responsible for the dissolution
of cholesterol in bile."”” It involves metabolic disturbance that causes
an increase in the amount of cholesterol with respect to bile acids and
phospholipids and form unsteady vesicles of cholesterol, which in turn
join to form large multilayered vesicles leading to crystals of cholesterol
precipitation.”® Mainly three types of disturbances are considered to be
responsible for cholelithiasis occurrence: The first disturbance includes the
supersaturation of bile with cholesterol. It is the main and essential require-
ment for cholelithiasis and might be helped by two additional metabolic
disturbances, such as reduction of the bile acid pool, and enhancement in
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the conversion of cholic acid to deoxycholic acid. Bile acid pool reduction
is caused by snappy depletion of bile acid from the small intestinal tract
into the colon. The enhancement in deoxycholic acid results due to the
dehydroxylation of cholic acid and expanded absorption of recently made
deoxycholic acid. The cholesterol hypersecretion is caused by the updated
level of deoxycholate and hence causing the supersaturation of bile with
cholesterol.

The second mechanism includes nucleation of cholesterol crystals. It
may be due to either increase in pronucleating factors or lack of anti-
nucleating factors. The pronucleating factors promote the cholesterol
crystallization and antinucleating agents inhibit the cholesterol crystal-
lization. The imbalance between these promoters and inhibitors stimu-
lates the cholesterol crystallization in bile.'>?*"4* Mucin (pronucleating
agent) and many other glycoproteins are known to act as a matrix to keep
cholesterol crystals aggregated to form a stone. The glycoproteins (such
as aminopeptidase N, immunoglobulins, alpha 1-acid glycoproteins,
phospholipase C, haptoglobin, and fibronectin) promote the cholesterol
crystallization. The calcium-binding proteins, albumin-lipid complexes
and group II phospholipase A, are also promoters. The nonprotein
components of bile (such as calcium and low-density particles of lipids)
are also responsible for the crystallization of cholesterol. Antinucleating
agents include apolipoproteins Al and All and secretory immunoglobulin
A and its heavy and light chains. These prolong and inhibit cholesterol
nucleation.

The third mechanism includes in cholelithiasis is gallbladder hypomo-
tility. The hypomotility cause delay in gallbladder emptying and lead to an
increase in bile storage time. Good motility leads to complete emptying of
supersaturated bile and stone would not grow further.!283744

13.3 FACTORS AFFECTING GALLSTONE FORMATION

The formation of gallstone is a complex and multifactor influenced process.
There are number of factors, which are responsible for the gallstone forma-
tion and include both biological and acquired factors as follows:

* Biological risk factors: Gender,'>'* age,'® genetic factor.'?’
* Acquired risk factors: Body mass index,**3* rapid weight loss,*!>3!-37
diet,513243031.33.3436.3741 nreonancy,® drugs,’! and intestinal motility.'?
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These factors affect the metabolic process and create a disturbance,
which leads to the supersaturation of bile with cholesterol, promote
nucleation, gallbladder motility, and finally leads to the formation of a
gallstone.

13.4 COMPLEMENTARY AND ALTERNATIVE MEDICINE IN
CHOLELITHIASIS

Ursodeoxycholic acid and chenodeoxycholic acid, extracorporeal shock
wave lithotripsy (ESWL), contact dissolution therapy (injection of
methyl tertiary-butyl ether (MTBE) into the gallbladder to break down
the gallstones), percutaneous cholecystectomy are successful nonsurgical
treatments. Clearly, there is a critical need of assistance from alternative
treatment to counter these troubles.*10:11:15:20.21.35

According to the National Centre for Complementary and Integra-
tive Health (NCCIH), “Complementary medicines are used along
with the conventional medicine and Alternative medicines are used in
place of conventional medicine.” CAM is expansively characterized as
framework of drug that falls outside of standard consideration. In this
definition, both complementary and alternative medicines are utilized
conversely.!”

The limits among CAM and conventional medication are not supreme,
and CAM rehearses may become broadly acknowledged. To confound
the matter further, certain treatments that are considered as CAM in the
West are piece of regular drug in the East. For instance, needle therapy
(acupuncture) and Chinese homegrown medication are conventional
medicinal frameworks in China. The National Centre for CAM has classi-
fied CAM therapies into five major categories®:

* Alternative medical systems, such as traditional Chinese medicine or
Ayurveda.

* Biologically based therapies (Herbs, dietary supplement, and vitamins).

* Energy therapies (bioelectromagnetic-based therapies, such as
magnetic fields).

* Manipulation and body-based methods (massage, chiropractic, and
osteopathy).

* Mind-body interventions, such as meditation and prayer
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13.5 ROLE OF HERBS IN MANAGEMENT OF GALLSTONES

Phytomedicines play a vital part in the avoidance and treatment of several
diseases as they are a rich source of naturally active constituents. These
active constituents strengthen and tone up the systems of the body and
also help to treat and manage diseases. The herbal constituents can be used
as tinctures (alcoholic extracts), galenicals, glycerites (glycerine extracts)
or as dried extracts (in the form of powder, capsules, or tablets). There
are many herbs that are used to manage the gallstone conditions, some of
which are listed in Table 13.1. Some important bioactive compounds from
medicinal plants acting against gallstones are:

e Afzelin

e Ascorbic acid
e Campesterol

e Carvone

¢ Coumaric acid
¢ Ferulic acid

e Gallic acid

¢ Limonene

¢ Linoleic acid

¢ Protocatechuic acid
* Syingic acid

13.6 ACUPUNCTURE

This therapy might be particularly useful to relieve from discomfort,
lessening fit, facilitating bile stream, and restoring proper liver and gall-
bladder functions. Needle therapy (acupuncture) encourages the removal of
gallstones in 70% of patients. Stagnation of liver-Qi is treated with needle
therapy at the GB-34 and LIV-14. Moist warmth in gallbladder and liver is
treated by needle therapy at focuses SP-9, GB-34, GB-24, and GV-9.

In the hamster model of cholelithiasis, needle therapy at GB-34, GB-24,
and LIV-14 decreased the development of cholelithiasis, diminished the
biliary and plasma cholesterol, and altogether expanded the degrees of
cholic acid in bile. Synergistic effect of decreased biliary cholesterol and
expanded cholic acid in bile would lower the lithogenicity. These outcomes
recommend that needle therapy beneficially affects the bile organization.



TABLE 13.1 Herbal Medicines in the Treatment of Gallstones.>31416.18.2022.23.25.29.43

Botanical name Common name Parts used Bioactive constituent

Apium graveolens Celery Seeds Limonene, caryophyllene, linalool, isovalaric acid,
(Apiaceae) carvone, and vitamin B

Bauhinia cumanensis  Crown vine, Wreath vine Stem Nonadecyl, p-coumarate, Arachidyl p-coumarate,

(Fabaceae)

Capraria biflora
(Scrophulariaceac)

Chamaesyce hirta
(Euphorbiaceae)

Cissus verticillata
(Vitaceae)

Cocos nucifera
(Arecaceae)

FEleusine indica
(Poaceae)

Ficus carica
(Moraceae)

Gomphrena globosa
(Amaranthaceae)

Kalanchoe pinnata

Portulaca oleracea
(Portulacaceae)

Solanum melongena
(Solanaceae)

Goat weed, Stow weed

Asthma plant, Cat’s hair

Princess vine
Coconut

Indian crowfoot grass,
Goose grass

Anjeer, Fig

Globe amaranth,
Makhmali

Air plant, Cathedral bells,

Miracle leaf, life plant
Purslane

Eggplant

Leaves, stem, roots

Leaves, stem, flower

Leaves, stem

Shell fiber, root, solid albumen,
coconut water, leaves

Whole plant

Fruits, root, leaves

Stem, leaves, flowers

Leaves

Leaves, stem, seeds

Fruits, leaves, seeds, root

Heneicosyl p-coumarate, 1,2-benzopyrone, and
p-Coumaric acid

B-sitosterol, naphthoquinone biflorin, myopochlorin,
and caprarioside

Afzelin, quercitrin, myricitrin, rutin, and gallic acid

Coumarins, flavonoids, anthocyanins, steroids, and
tannins

Vitamin C, lauric acid, L-arginine, catechin,
skimmiwallin, and saponin

Cyan genetic glycoside, albuminoids, starch, fatty
oils, and flavonoids

Ferulic acid, psoralen, bergapten, fumaric acid,
bauerenol, and methyl maslinate
Kaempferol-3-o-rutinoside, campesterol, betanin,
gomphrenin, amaranthin, and bougainvillein
Bufadienolides, syringic acid, caffeic acid,
bryophollenone, bryophollone, and palmitic acid
Kaempferol, apigenin, thymine, uracil, portulene,
lupeol, linoleic acid, and stearic acid

Arginine, aspartic acid, histidine, chlorogenic, hydro-
caffeic, protocatechuric acids, tropane, and pyrrolidine

l
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13.7 PHYSICAL ACTIVITY

Physical movement may play a significant role in the treatment of
cholelithiasis. The danger of gallstone development is fundamentally
expanded in individuals with an inactive way of life. Reduction in muscle
mass is related to tocholelithiasis in humans. A little time for exercise per
week diminished the danger of cholelithiasis in ladies by 20%. It might be
due to the digestion of glucose that is affected by regular physical exertion.
Insulin level in plasma during fasting is fundamentally diminished after
an activity program. In individuals other than diabetics, plasma levels of
insulin during an oral glucose resilience test are lower in persons with the
most noteworthy physical movement.'*4

13.8 FUTURE PROSPECTS

In any event, four imperfections must happen for nucleation and crystalliza-
tion of cholesterol monohydrate stones in bile. These are un-physiological
supersaturation with cholesterol, quickened cholesterol nucleation/crystal-
lization, gallbladder hypomotility, and expanded measures of cholesterol
from the digestive tract. Development of stones to shape into gallstones is
a result of both gallbladder mucin hypersecretion and gel arrangement with
deficient clearing by the gallbladder. Proof for varieties in frequency rates
of gallstones among topographically and ethnic populations just as family
and twin investigations emphatically bolster hereditary helplessness to the
development of cholesterol gallstones. In future, CAM therapy is becoming
an alternate choice to treat and manage the gallstones. This therapy works
on the root cause of gallstone formation and stimulates the inhibiting factors
to stop gallstone formation. Hence, it avoids any unwanted side effects in
the body. It is also an alternate for the surgical treatment for gallstone.

13.9 SUMMARY

Literature survey reveals that there are lot of surgical and nonsurgical
treatments available for the cholelithiasis management, but none of them
is precise and satisfactory treatment. Therefore, CAM is an alternative as
it includes the traditional Chinese system and Ayurveda, and use of herbs
to treat the cholelithiasis.
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CHAPTER 14

Potential of Pseudocereals in Celiac
Disease

CATERINA ANANIA and FRANCESCA OLIVERO

ABSTRACT

Although gluten-free diet (GFD) is currently the efficacious therapy
for celiac disease (CD), yet GFD has been shown to be responsible: for
deficiencies in macro- and micronutrients. Pseudocereals are naturally
gluten-free crops, which may be healthier alternative for GFD. The authors
of'this chapter have described the nutritional characteristics of pseudocereals
and their use in the treatment of CD. The aim of this chapter is to highlight
the properties of GFD to support its use as a potential healthier strategy in
CD management.

14.1 INTRODUCTION

Attentive gluten-free diet (GFD) adherence results in the normalization
of serological markers, complete clinical and histological relief and it
prevents long-term complications in patientswith CD.?*?® However, avail-
able gluten-free products are of low quality and poor nutritional value. For
example, some articles have shown that GFD may result in macro- and
micronutrient deficiencies. Specifically, the dietary intake of patients
following GFD is characterized by the low amount of fiber, vitamin B,
folate, vitamin D, calcium, iron, zinc, and magnesium.>!-64

Also, gluten-free products (GFD) contain high amounts of lipids, sugar,
and salt to enhance food taste and consistency.>** As a result, CD subjects
often reveal an exaggerated utilization of hypercaloric and hyperlipidic foods
to balance for the limitations that result from a typical GFD. Therefore, GFD
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may have a negative effect on cardiometabolic factors (obesity, serum lipid
levels, insulin resistance, metabolic syndrome, etc.), and atherosclerosis.
The ideal GFD diet should contain both macro and micronutrients to a high
degree, be affordable, and readily available and obviously gluten-free.

The pseudocereals (quinoa, amaranth, buckwheat, etc.) are naturally
gluten-free and provide a wide range of nutrients, in addition to being an
excellent source of vitamins and minerals.

The focus of this chapter is on: (1) the nutritional characteristics of
gluten-free pseudocereals and (2) their use in the prevention of cardio-
metabolic risk factors and nutritional deficiencies in celiac patients.

14.2 PSEUDOCEREALS

The pseudocereals refer to non-grass species of dicotyledonous plants that
are cultivated for their starchy grains for human consumption. They have
been significant contributors to the diet of Latin American habitants and
could be developed again as important new crops in other areas. These have
shown a strong tolerance to various stress factors (such as water shortage
and heat) and as a result, these represent an alternative crop source to meet
the increasing food demand in the world.? Recently, pseudocereals have
received particular attention due to their nutritional characteristics, such
as being rich in important nutrients, including proteins, carbohydrates,
lipids (especially unsaturated fatty acids), fiber, vitamins, minerals, and
phytochemicals. 38!

It should also be noted that pseudocereals are naturally gluten-free and
represent a healthy alternative to grain products for improving the nutrition
quality of GFD. Collectively, these positive features make pseudocereals of
particular interest and justify the title, “cereals of the 21st century”.3> There
are number of diverse pseudocereals available, and at present, the most
widely known and used are quinoa, amaranth, and buckwheat. Table 14.1
depicts the nutritional properties of quinoa, amaranth, and buckwheat.

14.2.1 Quinoa

Quinoa plant (Chenopodium quinoa) is a pseudocereal. They are principally
cultivated in Bolivia, Ecuador, Peru, Argentina, Chile, and Colombia. Though
in recent years, they have also been introduced into Europe, North America,
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and Africa.! Quinoa is capable of producing grains even at altitudes of 4500
m above m.s.l. (mean sea level) and has a higher nutritional value than the
traditional cereals.®® The comparison between the nutritional properties of
quinoa to common grains (rice, wheat, rye, barley, corn, and sorghum) clearly
shows the superiority of quinoa with respect to its protein, lipid, micronutrient,
and fiber content.*® Because of high nutritional value, this quinoa has been
given the name “golden grain” by various ancient populations.*

TABLE 14.1 Chemical Composition of Pseudocereals Seeds and their Comparison with

Wheat.

Chemical Quinoa Amaranth Buckwheat Wheat
g/100 g edible material

Carbohydrate 69" 70.3@ 67-70" 63.7¢

Fat 5.5-7.4% 5.7(5.7-10.9) 2.1@ 1.7@

Fiber 7.0-9.7"" 7.1-16.4¢ 27.4@ 12.2@

Protein 15 16.5@ 11.7@ 12@

Starch 52-69" 48-69@ 29.5@

Notes: "Koziol 1992%; **Steadman 2001%%; **Abugoch 2009!; @Alvarez-Joubete 2010°.

The average protein content of quinoa seeds (expressed as g/100 g
edible matter) is 15%.% The major quinoa storage proteins are composed
of albumin (35%) and globulins (37%), which are in higher concentrations
than the normal values in major cereals,* and prolamins are present in low
concentrations' rendering the plant useful in GFD. Nutrition quality is also
very high in quinoa as a result of its proportion of essential amino acids,
all of which are contained in values which closely approximate those
suggested by the Food and Agriculture Organization (FAO).

Essential amino acids in quinoa include high content of lysine
(2.4-7.8/100 g protein), methionine (0.3-9.1/100 g protein), and threonine
(2.1-8.9/100 g protein), which represent the limiting amino acids in tradi-
tional cereals, such as, wheat and maize.'>'* It should also be noted that the
protein bioavailability of amino acids in quinoa differs consistently with
the type and treatment of the grain and increases significantly as a result
of cooking.*

In terms of carbohydrate content, quinoa is analogous to wheat and
rice. The main carbohydrate component of quinoa is starch constituting
52%—69% of the dry matter' of which, 11% is amylose.> Similarly, the total



206 Herbs, Spices and Medicinal Plants for Human Gastrointestinal Disorders

dietary fiber in quinoa is comparable to that in wheat (7-9.7 g/100). The
content of soluble fiber, on the other hand, ranges from 1.3 to 6.1/100 g.!
The simple sugar content of quinoa seeds is approximately 3% consisting
primarily of D-galactose and D-ribose, and an elevated percentage of
D-xylose and maltose and a low percentage of fructose and glucose.!

The overall content of maltose, D-galactose, and D-ribose would
result in low glycemic index (GI). The fat content in quinoa seeds ranges
from 1.8% to 9.5%,%¢ which is higher than wheat (1.7%), corn (4.7%), and
rice (0.7%), but lower than that of soybeans (19.0%).*® However, poly-
unsaturated fatty acids are found plentifully in quinoa seeds, and among
these, linoleic acid is the primary contributor (49.0-54.6%), followed by
oleic acid (24.5-26.7%) and palmitic acid (11%).* Also, quinoa contains
large amount of vitamins and minerals, including folic acid, pyridoxine
(B6), riboflavin (B2), and vitamin E, and quinoa is notably superior to
wheat, barley, rice, and corn.%

Moreover, the levels of pyridoxine and folic acid in 100 g of quinoa have
been shown to meet the adult daily requirement, whereas 80% of childhood
and 40% of adult requirements for riboflavin are further provided.! Quinoa
contains a considerable amount of vitamin C, which ranges from 4.0 to 16.4
mg/100 g of dry matter.®® The vitamin E content of quinoa (8.7 mg/100)
is excellent and acts as an antioxidant in protecting the cell membranes
against damage resulting from free radicals.!”> On the other hand, thiamine
(B1) content in quinoa is less than that of oats or barley.*

Quinoa also has large mineral content. Calcium (87 mg/100 g dry
matter) and iron (9.47 mg/100 g dry matter) are reported to be higher
than that found in common grain.* Furthermore, quinoa contains 0.26%
magnesium, which is higher against wheat (0.16%) and corn (0.14%).%
The mineral content in quinoa is adequate for a well-balanced diet as a
consequence of its bioavailable form.*#¢5>$ Quinoa contains high amount
of bioactive compounds (such as flavonoids), which have demonstrated
positive health effects. The flavonoid content in quinoa is about 58/100
g compared with many common cereals. The most important of these are
flavonols, quercetin, and kaempferol.* With their antioxidant properties,
quinoa biocomponents have been reported to exert inhibitory activity on
glucosidase and pancreatic lipase.®

The antinutritional substances in quinoa include saponins, phytic acid, and
protease inhibitors*' in significant amounts. Saponins are toxic substances,
which interfere with palatability and digestibility resulting in the need for
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their removal before seed consumption®. Nevertheless, they do also contain
a variety of important biological properties, such as anti-inflammatory,
diuretic, antithrombotic, hypoglycemic, hypocholesterolemic, anticarcino-
genic, fungicidal, and antiviral properties.”® The protease inhibitor contents
in quinoa, which are known to bind in very stable complexes involving
proteolytic enzymes, are lower than that in common grains. Phytic acid
content of quinoa ranges from 10.5 to 13.5 mg/g.%¢

Phytic acid is important in binding minerals resulting in their unavail-
ability for metabolism.*** Therefore, few clinical studies have been
conducted to explore the overall repercussions on the quinoa consumption
on human health. A childhood nutrition study was carried out on 50-65
months-old children from low-income families in Ecuador. The findings
showed that the 100 g utilization of quinoa supplemented to infant food
products twice a day for 15 days considerably enhanced plasma insulin-
like growth factor-1 levels in children in comparison to the control group.
This study demonstrated that adequate levels of protein and other neces-
sary nutritional factors were provided by quinoa, all of which having a
fundamental function in preventing malnourishment in infants.>

Zevallos et al.”® evaluated the diet, serology, and gastroenterology
parameters in 19 celiac patients following a 6-week consumption of
50 g of quinoa daily for 6 weeks as constituent of their usual GFD and
they noted an improvement in gastrointestinal parameters as well as a
small decrease in the levels of total cholesterol, low-density cholesterol
(LDL), high-density cholesterol (HDL), and triglyceride levels. Further
studies have demonstrated that a diet containing quinoa helps to prevent
cardiovascular disease in healthy subjects! and also modulates metabolic
parameters in postmenopausal overweight women.!?

14.2.2 Amaranth

The genus Amaranthus belongs to the Amaranthaceae family which
consists of over 60 species of which Amaranthus hypochondriacus, A.
cruentus, and A. caudatus are essential grain species.?! The cultivation of
amaranth as a food crop began in ancient Mayan civilization. Throughout
Central and South America, and in some parts of Africa and Asia, the
amaranth plant has been cultivated as a minor crop for centuries. These
crops are relatively fast-growing and are well-regarded for their resistance
to hostile conditions resulting from moisture or low temperatures.>
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The nutritional value of amaranth grains primarily results from the
protein and lipid contents, which are of very high quality. Amaranth
protein content ranges from 14.5% to 16%, which is superior to that found
in conventional cereals.? Due to its amino acid balance, the unique protein
characteristics of amaranth have been shown to closely approximate the
optimal balance suggested for human nutrition.”> As with quinoa and
buckwheat, amaranth protein is primarily composed of globulins and
albumins with very few or no prolamin storage proteins. Prolamin storage
proteins act as the principal proteins found in common cereals as well as
the toxic proteins involved in CD.'¢

It has been shown that globulins and albumins have lower level of
glutamic acid and proline than prolamins along with a greater number of
essential amino acids, including arginine, tryptophan, and lysine. Indeed,
lysine content in amaranth is considerably high?? in comparison to conven-
tional cereals, and as an added advantage can supplement those amino
acids found in other cereals including wheat."”

It has also been demonstrated in several studies that protein bioavail-
ability in amaranth is of a high level and is significantly greater than that
found in common cereals.? In both amaranth, lipid content is between 2 and
3 times higher than that found in wheat.? Fat content in amaranth rangrs
from 5.7% to 10.9%% and contains a high level of unsaturated fatty acids
(75%—77.1%). Of these, the most common fatty acids are linoleic acid
(50% of total), oleic acid (25%), and palmitic acid (20%).2 In addition,
amaranth is an excellent source of 6% squalene, which is significantly
higher than that commonly found in oils from other cereal grains.? Squa-
lene is a terpenoid compound, which is common in the unsaponifiable
elements of cereal grains often used in the cosmetic industry and in skin-
care products. As a food constituent, squalene is important as a result of its
cholesterol-lowering abilities that result from the inhibition of cholesterol
synthesis in the liver.'®

Amaranth is also rich in starch and is an excellent source of fiber,
vitamins (A, K, B2, B6, C, E, etc.) and minerals (such as calcium, iron,
magnesium, and zinc).? It has also been shown that the levels of phosphorus,
calcium, potassium, and magnesium found in amaranth are in the majority
of cases superior to those found in conventional cereals.** Amaranth also
contains a high level of riboflavin (vitamin B2) and vitamin C than the
common cereals, and is an excellent source of vitamin E (5.7 mg/100 g
dry weight basis)'! leading to its antioxidant properties. Moreover, it has
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been shown that amaranth contains a high concentration of folic acid (102
ug/100 g) compared 40 ug/100 g in wheat. It is an excellent source of
dietary fiber depending on the plant species and variety and geographical
location.*

14.2.3 Buckwheat

Buckwheat belongs to a group of pseudocereals originally found in south-
west China and is part of the Polygonaceae family. Buckwheat has been
cultivated in Europe since the start of the 15th century. Of all the diverse
species, those with agricultural importance are common buckwheat
(Fagopyrum esculentum Moench) and tartary buckwheat (Fagopyrum
tataricum Gaertn). The latter is cultivated in certain mountainous regions
while common buckwheat is widely grown in temperate regions of Europe
and Japan.” In the last few years, there has been a renewal of interest in
the utilization of buckwheat as a food source due to “rediscovery” of its
numerous nutritional and health benefits.** The same can be said for the
fact that buckwheat has been shown to be a candidate for natural, organic
production.

The protein content of buckwheat ranges from 7% to 21%, which is
highest among all cereals. Buckwheat is of high nutritional and is a well-
known dietary source of vitamins, starch, dietary fiber, essential minerals,
and trace elements®*>” and source of protein with a beneficial amino acid
constitution. Buckwheat has a high content of lysine, which is considered
the first limiting amino acid in similar plant proteins, and arginine, histi-
dine, and methionine are other amino acids present in it. Furthermore, the
glutamine and prolamine content is considerably less than that found in
wheat,* which is relevant in terms of their use of this pseudocereal in GFD.

The total lipid content in buckwheat varies from 1.2% to 4.3%. Among
these, linoleic acids, oleic acid, and palmitic acid account for 8.8% of the
total fatty acids.*® Total carbohydrate content ranges from 67% to 70%.%®
The vitamin content of buckwheat is comparable to other grains; however,
buckwheat contains high levels of niacin (B6) and vitamin K. Buckwheat
also contains more nutritionally significant minerals (excluding calcium)
than many conventional cereals, being an excellent source of zinc, copper,
manganese, magnesium, and selenium.*® Tartary and common buckwheat
both contain similar amount of total dietary fiber (29.5%), which is consid-
erably higher than amaranth and quinoa? and common cereals.
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As aresult of its high fiber content, buckwheat may have a significant
role in the prevention and treatment of hypertension and hypercholesterol-
emia.?’” Due to high level of flavonoids in buckwheat,’ it has antioxidant
activity in comparison to other cereal crops. Tartary buckwheat has also
been found to contain even higher flavonoid content than common buck-
wheat due to chemical constitution. Buckwheat certainly has enormous
potential for human health benefits, such as: antioxidation, anti-inflamma-
tion, antidiabetic, cholesterol-lowering, antihypertension, and anticancer
properties.

Buckwheat also contains high amount of rutin (quercetin-3-rutinoside)
and other polyphenols.*! As a result of their antioxidative properties, rutin,
quercetin, and certain other polyphenols in buckwheat may be considered
as potent anticarcinogens in the colon and other organs. In addition to this,
phenolic compounds may be involved in lowering blood sugar and blood
lipid levels as well as contributing to the hypocholesterolemic effect.®* As
a direct result of contributing factors (such as gluten-free content, excellent
nutritional value, and therapeutic features), buckwheat has a strong case
for representing a valid alternative crop within a gluten-free formulation
for celiac patients.

14.3 CELIAC DISEASE

CD is an autoimmune, systemic condition that results from the consump-
tion of gluten and related prolamins in persons who are genetically
predisposed. The presence of different clinical signs and symptoms,
specific serum autoimmune antibodies, human lymphocyte antigen (HLA)
-DQ2 and-DQ8 haplotypes, and slight intestinal enteropathy are typical
of this disease.?*?® Evidence suggests that the prevalence of CD has been
increasing in the last few decades.*® About 1% of the Western population
is affected by CD with few regional differences. In Europe, for instance,
the prevalence ranges from 0.3% in Germany to 2.4% in Finland®, in
spite of this, regions presenting a similar intake of gluten and frequency
of HLA-DQ?2 and -DQ8. In recent years, CD has also been found to be
increasingly common in developing nations with greatest prevalence in
northwestern India.?*

CD is found in subjects with a genetic predisposition and results
from environmental components. The presence of HLA-DQ2 and -DQ8
constitute a necessary but not a sufficient explanation for the occurrence of
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the disorders, and the development of the disease requires gluten ingestion
as a further necessary factor. The toxic fractions of gluten are gliadins,
which contain large amount of proline and glutamine and are incompletely
digested. Certain gliadin peptides manage to cross the intestinal barrier
and thereby make their way into the lamina propria of the small intestine
via tight junctions of transcellular and paracellular routes.

Glutamine and proline deamidation occurs in the lamina propria
through type 2 transglutaminase (TG2). This deamidation increases the
affinity for the HLA-DQ2 and -DQ8 on the antigen-presenting cells
(APCs).’” Following these gliadin peptides, attached to DQ2 or DQ8 are
submitted to the CD4+T cells, thereby activating an inflammatory response
with the release of cytokines. The result of this process is an inflammatory
condition of the small intestine leading to mucosal damage disrupting the
structure of the mucosa, which results in lymphocytic infiltration into the
epithelium plus an increased depth and density to the colon crypts.?*

14.4 GLUTEN-FREE DIET

GFD consist of a combination of foods, which are naturally lacking in
gluten, such as rice, maize, and potatoes along with industrially processed
foods with a gluten content <20 ppm. Given the ubiquitous presence of
gluten, social limitation and the cross-contamination of foods, it is not
always easy to rigidly adhere to the GFD. Compliance with GFD has been
shown to be challenging for patients with a negative effect on the quality
of life, and further studies have shown similar results in terms of making
appropriate nutritional choices.

Even if CD patients manage to strictly follow a GFD, several studies
have shown that GFD can be responsible for imbalances and deficiencies in
terms of nutrition. As we have seen, the most relevant problems concerning
GFD are nutritional deficits and excesses resulting from this diet.

14.4.1 Gluten-Free Diet vs Nutrient Deficiencies

Commercially available gluten-free (GF) are foods, which have been
purified of gluten. Gluten removal has a negative influence on nutritional
value through the modification of macro and micronutrients, which is
an unavoidable result of the elimination process. In recent decades, the



212 Herbs, Spices and Medicinal Plants for Human Gastrointestinal Disorders

nutritional profile of gluten-free food products has been increasingly
questioned within the scientific community. Certain available reports
have shown that GFD may result in macro and micronutrient deficiencies;
For example, it has been shown that low levels of magnesium, zinc, iron,
calcium, vitamin D, folate, and vitamin B are typical of patients following
GFD.>¢

Hallert et al. reported that over 50% of adult subjects with CD adhering
to a strict GFD for 10 years had low levels of vitamin B6, B12, and folate.
Furthermore, the authors reported an high plasma homocysteine level in
CD subjects, which could imply an independent increased risk of cardio-
vascular disease (hypertension, hyperlipidemia). However, these authors,
in a double-blind placebo-controlled multicenter trial, demonstrated that
plasma homocysteine levels returned to normal in CD patients on GFD
after they were supplemented for 6 months with folic acid, B12, and pyri-
doxine.?® Also, Martin et al.* provided an analysis of the dietary habits of
88 CD patients adhering to GFD in Germany and discovered a suboptimal
intake of vitamins B1, B2, B6, and folic acid.*

Similarly, Thompson “observed that merely 35 out of 368 gluten-free
pastas, breads, flours, and cereals were fortified with thiamine, riboflavin,
and/or niacin. In an analogous study in 2005, Thompson et al.** found
that among the 58 gluten-free breads, pastas, and cold cereals, the total
enriched with folic acid amounted to only three and not one of the breads
or pastas were fortified at all. Two European studies have documented
a reduced intake of vitamin D** among celiac patients. Finally, some
studies have also shown that GFD is related to a lower intake of dietary
fiber in comparison to a standard, gluten-containing diet.*® It has been
suggested that this problem is due to the flour refining process, which
removes the outer layer of grain containing most of the fiber.

14.4.2 Impact of Gluten-Free Diet on Cardiometabolic Risk
Factors

GFD could also have highly significant reverberations including obesity,
which has also been added to the list of possible nutritional reverberations
resulting from GFD. This has been in part linked to the hypercaloric content
of available commercial gluten-free foods and also clinical evidence
indicated a higher caloric intake along with superior consumption of fats,
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saturated fats, simple carbohydrates, and food with an elevated glycemic
index3>*? in these types of diets.

Gluten-free products contain high amounts of lipids, sugar, and salt to
render the available foods more palatable and consistent for CD patients.
GFD, may therefore, have negative influence on specific cardiometabolic
risk factors, such as obesity, serum lipid concentrations, insulin resistance,
metabolic syndrome, and atherosclerosis. Nevertheless, it remains under
discussion as to whether the cardiovascular risk profile is influenced by
GFD in patients with CD. Indeed, researches have indicated that GFD in
adults has a positive influence on cardiovascular profiles as a result of its
antiatherosclerotic influence!®®; while others have actually demonstrated
atherogenic consequences resulting from GFD.*:¢

In case of children, there are very few studies available on GFD. Long-
term dietary guidance, which targets obesity and other factors of metabolic
syndrome as well as the careful monitoring of compliance with GFD, may
be justified in adolescents with CD.

14.5 SUMMARY

Equilibrated GFD should include a combination of certified, processed,
gluten-free products and naturally gluten-free foods. Pseudocereals
(quinoa, amaranth, buckwheat, etc.) can be considered a healthier substi-
tute to more commonly used components in GFD and it represents a
promising area for further research. Besides being an excellent source of
carbohydrates, proteins, dietary fiber, vitamins, and polyunsaturated fatty
acids, pseudocereals have an amino acid profile and valuable nutritional
characteristics (such as essential amino acid index, biological value,
nutritional index, and protein efficiency ratio), which are of far higher
value than that found in standard cereals (such as wheat, rice, and maize).
In addition to this, numerous health benefits including the prevention
and reduction of hypertension, cancer, inflammation, hyperglycemia,
and oxidative stress and prevention of cardiovascular complications
have resulted from the phenolics in pseudocereals. Further studies into
the nutritional and technological properties of pseudocereals as wheat
replacements are desirable to not only confirm their role in reducing
nutritional deficiencies in CD but also their effects on GFD compliance
and economic burden.
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CHAPTER 15

Role of Amla (Emblica officinalis) in
Peptic Ulcer

DILIPKUMAR PAL and SOUVIK MUKHERJEE

ABSTRACT

Emblica officinalis (EO: Indian gooseberry or Amla) has extended
appraisal in an old and wise system of medicinal system. The plant has
significant amounts of polyphenols, such as: gallic acid, ellagic acid and
terpenoids, which act as therapeutic agents in different chronic peptic ulcer
(PU). The fruit extract of amla is an anti-ulcer agent and pain reducing
therapy. This book chapter covers its ethnopharmacology, chemistry,
clinical and preclinical studies focusing on the use of the plant in PU. This
chapter provides information on ethnopharmacology, chemistry, clinical
and preclinical studies of Amla in Peptic ulcer disease.

15.1 INTRODUCTION

Ulcers are an open broken of the skin or mucous membrane. It is repre-
sented by the sloughing of rubbed red dead tissue. These diseases are most
common on the skin of the lower portion and in the GI tract.’ Many types
of ulcers (such as: mouth ulcer (MU), throat ulcer (TU), peptic ulcer (PU)
and Gastric ulcer (GU)) are mostly seen in patients. Amongst these, PU are
very common. The PU are rubbing away from the lining of the stomach or
the duodenum.

There are two common types of PU, such as, GU and duodenal ulcer
(DU).2 Ulcers generally occur in older persons. There are various symptoms,
such as, nausea, vomiting, and weight loss in ulcer patients.! DU occurs at
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the orifice of the small intestine with the burning sensation in the upper
abdomen. Generally, pain takes place, when the stomach is empty and
comforts after taking the food.* The DU is more common in younger male
persons. In the duodenum, ulcers may come into view on both the anterior
and posterior walls. In some cases, PUs may be the living suggestions of
violent behavior with symptoms, such as, bloody stool, serious abdominal
pain and cramps with vomiting blood."®

The pathophysiology of PU disease deals with the imbalance between
disgusting agents (such as: acid, pepsin, H. pylori) and attack-stopping
factors (such as: mucin, PG, bicarbonate, nitric oxide) and growth factors.’
PU are believed to be caused by strong taste foods.** The PU is one of the
important GI diseases. About 19 out of 20 cases are found to have DU."
In the Indian pharmaceutical industry, antacids and antiulcer drugs take a
major role in the market. However, the ready treatment plans of PU are
related to anti-histamine medicines, sometimes used for amusement, but
each of them has its own unwanted, unhealthy side-effects. Scientists are
in search for the new compounds based on indigenous plants to treat PU.

Plants having potential medical values are commenced as a mixture in
herbal constitution containing Indian old, conventional Ayurveda.!” Amla
(or Ama) is the very familiar medicinal plant used in Ayurveda system."?
It has been used as a good medicine fruit and good tonic, because of the
presence of amino acid (AA) and vitamin (VM).

While every part of Amla plant is used for medical usage, yet the fruits
are more widely used either alone or in a mixture with other herbs for
the treatment of numerous contagious and non-contagious diseases.?’ In
India, fruits of Amla are extensively consumed to treat the swelling of
the gastrointestinal system and chronic PU disease. It also has antipyretic
activity in addition to its familiar utilization as a livener.'*?

This book chapter deals with ethnopharmacology, chemistry, clinical
and preclinical studies focusing on the use of Amla in PU disease.

15.2 DESCRIPTION OF EMBLICA OFFICINALIS

Amla is a primitive tree that is extensively scattered in tropical and
subtropical continents of China, India, Indonesia, and Southeast Asia.3%>2
This plant has been exploited for controlling various ailments and different
lifestyle sickness.!>!4
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The plant is medium-sized tree with 8—18 m in height having a twisting
stalk.* The leaves are too much abbreviated having size up to 7-10 cm
long, sub-sessile and closely fixed in conjunction with wings. The ripe
fruits (Fig. 15.1) with greenish-yellow color are ball-shaped with six
vertical bands have an astringent sour and acidic taste.?

FIGURE 15.1 Emblica officinalis flowers, leaves and round fruits.

15.3 PHYTOCHEMICAL CONSTITUENTS

Amla plant contains a variety of following biochemical constituents®-#11:12.26.27;

* 1-O-galloyl-beta-D-glucose

* 1,6-di-O-galloyl-beta-D-glucose
o 2.3,78-tetrahydroxy-chromene
* 3,6-di-O-galloyl-D-glucose

o alkaloids
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amino acids
apigenin
chebulagic acid
chebulinic acid
corilagin

ellagic acid
ellagitannin
emblicanin-a
emblicanin-b
ethylgallic acid (3-ethoxy-4,5-di-hydroxy benzoic acid)
flavone glycosides
flavonol glycosides
gallic acid
isostrictiniin
luteolin

pectin
pedunculagin
phenolic glycosides
phyllaemblicin-a
phyllaemblicin-b
phyllaemblicin-c
punigluconin
punigluconoin
quercetin,

trigallayl glucose
vitamin C (ascorbic acid)

15.4 ETHNOPHARMACOLOGY OF EMBLICA OFFICINALIS

Ethnopharmacology of Emblica officinalis includes'>'>3: laxative, erysipelas,
stomachic, digestive, antipyretic, diuretic, ophthalmopathy, aphrodisiac,
cephalalgia, and carminative.

Amla fruits have been used for thousands of years for the treatment

of hyperglycemia, asthma, jaundice, bronchitis, heart issue, cephalalgia,
ophthalmopathy, dyspepsia, edema, weakness, biliousness, colitis, tooting,
hyperacidity, PU, erysipelas, skin ailments, sickness, irritations, pallor,
gauntness, hepatopathy, haematogenetic, strangury, looseness of the
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bowels, hemorrhages, leucorrhea, menorrhagia, discontinuous fevers and
greyness of hair.'>'>2 Fruits of this plant are important sources of Asa. The
leaves are used in aphrodisiac manifestations, fever, asthma, bronchitis
and vomiting. The bark, roots and the ripe fruit are sharp in taste. The
unripe fruit is used as a calming agent, laxative, and diuretic.!”!

15.5 ROLE OF EMBLICA OFFICINALIS FOR TREATMENT OF
PEPTIC ULCER

The dominant chief place of phytochemicals has been their use to stop
GI diseases.”*?! The amla plant showed protective activity against acetic
acid-induced ulcers in rats. Pharmacological, biochemical and histopatho-
logical studies indicate that the fruit extract has important anti-secretory,
antiulcer and cyto-protective activities.?' >33 It exhibits MIC from 0.91
to 1.87 g/L.

In addition, ethanol fraction demonstrated GI security against
NSAID-induced gastropathy. It causes up-regulation in anti-inflammatory
cytokine (Fig. 15.2) equity.?*® The water extract of fruits in rats produced
a noteworthy elevation in seepage of gastric mucous and hexosamines in
indomethacin-making open afflicted part. Treatment with this plant extract
against l-arginine-induced pancreatitis in rat displayed decrease in the
lipase level. Histoarchitecture observations show remarkable reduction in
inflammation.*-*

The plant extract containing rutin has pancreato-protective potential
activity in cerulean-containing pancreatitis in rats.** The system is
associated with acquiring higher quantity of serum lipase and amylase
ratio, rebating in the levels of IL-1 and iL-18 collagen, caspase-1myelo-
peroxidase function, oxidative weight, and caspase-1m-RNA expression.*

15.6 SUMMARY

Experiments on the effects of Amla on some cancer cell-lines have
demonstrated decisive results in animal models. It remains a species with
very high potentiality and the great number of probable states for further
observations. Ama has the potential to be a nontoxic anti-ulcer and chemo-
protective agent.
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FIGURE 15.2 Mechanism of role of Emblica officinalis in peptic ulcer.
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CHAPTER 16

Therapeutic Properties of Fermented
Foods and Beverages

S. SUPREETHA and NANDINI DUTTA

ABSTRACT

Indian traditional foods have good amounts of carbohydrates, protein, fats,
vitamins, minerals and phytochemicals (from herbal plants) that make an
important part of a balanced diet depending on various cultural factors
of the diverse population. The traditional foods of India include usage of
various ingredients that are mainly influenced by the ayurvedic interpreta-
tions aiming at creating equilibrium for mind, body and spirit. Fermentation
is a popular technique used in traditional foods with many health benefits
to enhance flavor, texture, appearance and digestibility of food, to increase
the essential amino acids, fatty acids, vitamins and to reduce anti-nutrient
factors with improved shelf-life. The therapeutic properties are mainly due
to the presence of prebiotics, probiotics, bioactive microbial metabolites,
bioavailable vitamins and minerals in the fermented food.

16.1 INTRODUCTION

India is a vast country with different religious and traditional practices where
food plays a significant role in the cultural performance. Certain ethnic
foods and beverages of India are known to have therapeutic properties, such
as, protection against gastrointestinal diseases, prevention of cardiovascular,
immune-responsive disorders, allergies, diabetes, and cancer.

Indian traditional fermented foods and beverages are classified based
on the substrate involved in fermentation, method of preparation, region,
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and microorganism involved in fermentation. The major groups are based
on fermentation of cereals, pulses, milk, fruits, vegetables, meat and fish.
The therapeutic benefits obtained after consumption include: prevention
against gastrointestinal diseases, cancer, hypertension, cardiovascular
diseases, diabetes and allergic reactions by production of specific bioactive
compounds during the fermentation. Due to the several health benefits, the
market demand for fermented food and beverages is increasing enormously;
hence, commercial production is being carried out with several efforts and
being packed in suitable containers for efficient storage and distribution.
This chapter explores: (1) history of Indian traditional food and bever-
ages; (2) role of starter culture in the development of characteristic changes
in the food products; (3) different traditional Indian food and beverages with
respect to substrate of fermentation and its therapeutic properties; and (4)
innovations in production and packaging of traditional food and beverages.

16.2 HISTORY OF INDIAN TRADITIONAL FOOD AND
BEVERAGES

The history of Indian food is traced back to Indus valley civilization of the
Harappa and the Mohenjadaro before 3000 B.C.%%!61.16218 Tndian cuisine
is considered as one of the most diverse cuisines in the world due to
diverse traditions and culture followed across the country.'®! For example:
Evidence of preparation of idli is dated back to 1100 A.D.,* for which
the method of preparation was described by Indian poet Chavundaraya in
1025 A.D.2; and the preparation of idli with rice, spices and semolina is
mentioned in 1130 A.D. in a Samskrita book called Manasollasa."** The
process of preparation of dosa is mentioned in the 6th century in the Tamil
Sangam literature of ancient India.'>' Similarly, the history of dhokla and
khaman dates back to 1066 A.D..”° Jalebi is probably of the Persian or
Arabic origin, introduced to India during Mughal era in 1450 A.D.*

The ethnic fermented food and beverages (chilra, marchu, gundruk,
sinki, goyang, selroti, etc.) prepared from cereals, vegetables and meat
have religious significance. They are prepared and distributed during
Indian festivals, marriage ceremonies and social gatherings. The names
of the different dishes are adopted from the local dialect and is derived
either based on the raw material used or specially fabricated vessel used
for preparation or by the method of preparation.'>*!2185 Kjnema, a popular
fermented soybean product of Sikkim and Darjeeling is known to be
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introduced to India during Kirat dynasty from 600 B.C. to 100 A.D.!¢8
Kinema is known to be originated from /imboo language (Kirat dialect),
which means the flavor obtained during fermentation.!s?

Use of fermented milk and milk products was widely accepted by
ancient civilization in India, which is supported by several historical docu-
ments, such as: Vedas. Consumption of fermented milk and milk products
has ethnic, social, religious and traditional importance, its dietary usage
is mentioned in religious documents of 4000 B.C.'> Wide use of dahi,
butter milk and ghee are reported in 8000 B.C. during the period of Lord
Krishna as an important part of a regular diet’>!'; in Vedas and Upani-
shads.'® The production of fermented foods and beverages is specific to
different regions due to traditions followed, raw material available and
local climatic conditions (Table 16.1).

TABLE 16.1 Classification of Region-Wise Traditional Foods and Beverages in India.

Region Product with local name Substrate Therapeutic property
North Lassi, naan, tungtap, Milk, wheat flour, Anti-allergic, anti-oxidant,
Jjamma meat alleviates lactose intolerance.
South Idli, dosa, adai, vada, Dehulled black  Anti-diabetic,
kanji gram, milled rice anti-thrombic.

East Misti doi, shidal Milk, fish Prevents hepatic diseases,
anti-oxidant.

West Dhokla, khaman, Gram flour, milk Anti-mutagenic,
shrikhand anti-hypertensive.

Northeast Kinema, tungrymbai, Soybean, meat,  Anti-allergic, prevents CVD.
kargyong, gnuchi fish

Lassi and buttermilk are obtained as byproducts during preparation
of butter or ghee; and both are popular non-alcoholic beverages in India.
Fermented milk is also used in the preparation of different traditional
sweets, such as, shrikhand prepared by concentrated fermented milk or
dahi and consumed during festivals in Gujrat, Karnataka and Maharashtra,
misti doi is prepared with sweetened fermented milk in West Bengal,
rabadi is prepared with fermenting milk, cereals and pulses and millets
as a thick slurry in North and Western parts of India. The fermented fish
products have a key role in the social gatherings and religious occasions
and are used as main dish in meals; for example: tungtap, hentak and ngari
are unique and main fermented fish products in Himachal Pradesh.'®
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16.3 STARTER CULTURE USED AND THEIR ROLE IN FERMENTED
FOOD AND BEVERAGES

The starter culture is the group of microorganisms that are involved in
the fermentation of foods and food products. It aids in the conversion
of complex sugars into simple sugars, acids and flavor compounds that
can improve the appearance, texture, flavor, and taste of a food along
with improved digestibility, nutrient profile, nutrient bioavailability and
prolonged shelf-life of the product. The major group of microorganisms
that are helpful in the fermentation are bacteria, yeast and mold. The
predominant group of bacteria for fermentation is lactic acid bacteria (such
as: Lactococcus, Lactobacillus, Streptococcus, Pediococcus, etc.), which
can covert lactose to lactic acid; and Acetobacter species that oxidizes
alcohol to acetic acid.”*®

Bacillus group includes Bacillus licheniformis, B. pumilus and B.
subtilis, etc. that carries out alkaline fermentation. This group causes
hydrolysis of protein and forms amino acids, peptides and ammonia that
can elevate the alkalinity of the substrate (especially protein rich foods,
such as: legumes and soybean) as a result of which growth of spoilage
causing microorganisms is inhibited.!® Yeast is involved in the fermentation
by producing alcohol as the major product. Saccharomyces sp. and Schizo-
saccharo myces sp. are the main species that bring about fermentation. S.
boulderi and Sch. pombe are dominant yeasts involved in the fermentation
of traditional fermented beverages.'® Different changes related to acid
and flavor development, production of antimicrobial compounds that are
related to change in texture and protein digestibility (Table 16.2) occur in
the food products during fermentation.

16.4 INDIAN TRADITIONAL FERMENTED FOODS AND
BEVERAGES

Fermentation is a traditional method of food preservation, which is one
of the safest and economical process since ancient times.!” During the
process of fermentation, the complex large biomolecules are broken
down into small simple biomolecules by the action of microorganisms.
Fermentation process helps to increase the bioavailability of the nutrients
especially essential fatty acids, essential amino acids and vitamins along
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with enhancement of aroma, flavor, texture and appearance of the food
products (Table 16.2). It also helps to conserve the energy used for cooking
and destroys the anti-nutrients present in the raw material thus resulting in
a safer product.®®

There are numerous substrates and microorganisms involved in
fermentation. However, the process of fermentation can be classified on the
major end-product produced, such as: lactic acid fermentation, alcoholic
fermentation, alkali fermentation and acetic acid fermentation. Lactic acid
fermentation is carried out in the fermented milk and milk products, meat
sausage, gundruk, sinki, etc., by lactic acid bacteria (LAB), where lactose
is converted to lactic acid. Similarly, alcohol fermentation is carried out in
cereal - based alcoholic beverages (such as: toddy and kanji) by yeast with
production of ethanol from sugars. Whereas, acetic acid bacteria convert
ethanol into acetic acid in certain soybean fermented products during
acetic acid fermentation; and alkaline fermentation is carried out under
alkaline conditions in certain soybean products.’

16.4.1 Fermented Foods Based on Cereals

Cereal-based fermented foods are consumed as staple foods that contribute
maximum to the energy intake.*® In cereal based fermented food, the
substrate used is primarily cereals, such as rice, raggi, oats and wheat, etc.
Enhancement of flavor, texture with improved digestibility and prolonged
shelf-life are the main changes resulting from cereal fermentation.” The
examples of important cereal-based local foods and beverages in India
are: idli, 90125 1481S0ISITSI oy g 1245115148153 4 sranam and adai,'® dhokla/
khaman,>'>>"'5 vada, zutho or zhichu,>”* selroti, %1518 seera,'> Bhatti
Jjaanr and nigaar,'*>'1" bhatooru,'*"'** Naan," chhang or lugri,"* haria
or harhia,” yu,”>' etc.

Dosa is reported to cure rheumatism and neural disorders.** Due to
fermentation of the substrates, the net protein utilization and biological
value is reported to improve in the dhokla’> Due to low glycemic
index, dhokla is advised for consumption by diabetic patients, it also
has potential to reduce blood cholesterols thus reduces the risk of
cardiovascular disorders. Seera is advised to be consumed especially by
individuals suffering from jaundice or hepatitis. Since, bhaati jaanr has
high calorific value and is inexpensive, it is mainly consumed by post-
natal women and ailing old people to gain strength and energy. Haria or



TABLE 16.2 Changes Occurring in Traditional Food and Beverages during Fermentation.

Parameter Characteristics Changes occurring in products

Acid production Acidity increases, pH reduces. Development of acidic flavor and sour taste. Protein denaturation leads to
gelation.

Change in Texture changes due to denaturation of Saccharification of starch softens the texture. Denaturation of protein

texture proteins. results in gelation with increase in viscosity. Production of carbon
dioxide and other gases imparts air in cells forming spongy texture.'!!

Enhanced protein Improved bioavailability of amino acids Increase in peptides and amino acids. Formation of free asparagine,

digestibility and protein. Enhanced nutrient profile and  cystine and histidine. Fermented milk products have enhanced protein

protein utilization. digestibility. In cereals and pulses, fermentation promotes release of

protein from matrix by partial degradation.*®

Flavor Improves flavor profile and aesthetic Diacetyl, acetaldehyde, acetoin, pungent ammoniacal flavor compounds

development property. are released that impart characteristic flavor.'®

Production of
anti- microbial
compounds

Production of secondary metabolites, e.g.,
organic acids, alcohol, hydrogen peroxide,
carbon dioxide, diacetyl and bacteriocins.

Organic acids inhibit bacteria, yeast and mold. Hydrogen peroxide
inhibits growth of microorganisms especially in raw milk. Diacetyl
controls gram-negative bacteria, yeasts and molds.?® Bacteriocins inhibit
Gram-positive bacteria.'*
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harhia is an ethno-pharmacological beverage.® During fermentation, the
starch hydrolyzing enzymes and oligosaccharides sugars can enhance the
antioxidant property of the haria.?®

16.4.2 Legume-Based Products

Legumes contains complex sugars, such as, oligosaccharides, oligo-fructo-
saccharides and anti- nutrient factors, which lead to allergic reactions and
disorders. Fermentation of legumes neutralizes anti-nutrient compounds
and improves the nutrient bioavailability of the food. The examples of
important legume-based (black gram, soybean, etc.) local foods and
beverages in India are: vada,"’ maseura or masyaura or dhalbodi or
sandige,>"** wari,**'*® jalebi,'**'*% qakhone or axone,**'® bekang?-*>'%
hawaija, %1415 kinema, 361919 peryyaan,*'* and tungrymbai 2225

As a result of fermentation, increase in amino nitrogen, non-protein
nitrogen, soluble protein, riboflavin and thiamine is observed in maseura.”
The fermented wari is observed with increase in total acids, soluble
nitrogen, thiamine, riboflavin and cyanocobalamin.'*® The fermentation
of soybean in bekang possesses high degree of hydrophobicity indicating
probiotic property.?! Bekang is known to have antioxidant and free radical
scavenging capacity.”? Due to high specificity for the production of fibrin
by Bacillus sp., hawaija is rich in dietary fiber,'* thus it helps to reduce
cholesterol and digestive diseases. Fermentation of soybeans with only
B. subtilis reduces the fermentation time, enhances the amount of soluble
protein and results in kinema having pleasant nutty flavor with highly sticky
texture.'® Tungrymbai is known to have high amount of polyglutamic acid
due to B. subtilis and probiotic property due to Ent. faecium. Tungrymbai
also possesses antioxidant and free radical scavenging properties.”

16.4.3 Dairy-Based Products

The fermented milk and milk products are obtained by the inoculation and
souring of milk using starter culture. Different microorganisms involving
the group of lactic acid bacteria, Leuconostoc, probiotic bacteria and
yeast are employed in the production of different types of fermented dairy
products. Fermentation of milk results in change in appearance, flavor,
texture and nutritional profile. However, the crucial role of starter culture
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lies in the production of bioactive peptides, essential amino acids, essen-
tial fatty acids, antioxidant molecules, anti-allergic and anti-hypertensive
compounds. The examples of important local foods and beverages in
India based on dairy are: dahi,*®'%5'% misto doi or payodhi or lal dahi or
lal doi, 12" shrikhand or amarkhand, ¥ rabadi,**® Lassi or butter
milk,'"3 chhach or majjige or matha,'>* chhurpi or chhursingba or chhur
chirpen or chhurpupu,®'*+1%* chhu or sheden,?® phuli,*>'* and somar,?1%,

Since, the glycaemic index of pearl millet is low, rabadi aids in
controlling blood sugar levels especially in people suffering with
non- insulin dependent diabetes mellitus. The phytic acid content is
reduced after fermentation of rabadi.*® Addition of pearl millet to rabadi
increases the bioavailability of minerals, enhances total soluble sugar,
starch and protein digestibility by removal of antinutrient factors.®® Lassi
is found to have stimulant and anti-spasmodic properties that can reduce
headache and rheumatism.!"® Lassi is considered as probiotic. Lassi
contains bioactive components, such as, amino acids, peptides, vitamins
and minerals that have immense therapeutic and nutritional importance
and is used extensively in treating diarrhea, dysentery, chronic specific
and nonspecific colitis, piles and jaundice.!”' Chhach is characterized by
mild acidic flavor and sour taste.!*> Somar is reported to increase appetite
and cure digestive disorders.?

16.4.4 Products Based on Vegetables and Fruits

Vegetables and fruits are perishable as it begins to deteriorate soon after
harvesting hence, to enhance the shelf-life it is preserved by fermentation,
drying or canning. During fermentation, initially the heterofermentative
salt resistant lactic acid bacteria (Leuconostoc sp. and Lactobacillus brevis)
predominates followed by homofermentative species (L. plantarum and
Pediococcus sp.) with increase in acidity the yeast cells increase. Fermen-
tation produces characteristic aroma, flavor and texture in the product by
the conversion of sugars into acid, carbon dioxide and other metabolites.
Preservation of vegetables depends on the reduction of enzyme activity,
inhibition of oxidative changes and inhibition of growth of pathogenic
microorganisms.'® The examples of important local foods and beverages
in India based on fruits and vegetables are: sinki,’>!3%16418 gpjchj, 719
goyang,'**18 oyndruk,'1931% inziangsang or ziangsang,'*>'® khalpi,'*"163
kanji,>®'>>17 toddy or tari*’8.
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The lactic acid bacteria present in gundruk are reported to remove anti-
nutritional factors'®? and exhibit anti-microbial properties.'*®

16.4.5 Products Based on Meat and Fish

Lactic acid fermentation is involved in the preservation of meat and fish
products,'®!! using organisms, such as: Lb. plantarum, Ped. acidilactici
and Ped. pentosaceus. Due to enzymatic changes that takes place during
fermentation, the myofibrillar and sarcoplasmic proteins breakdown, salt
soluble myofibrillar proteins are gellified and provide firm consistency
and texture to the product with development of flavor compounds by the
lipolytic activity of LAB.* The ethnic fermented fish products in India are
mainly prepared by drying and smoking; and these exhibit anti-diabetic,
anti-cancerous, and anti-oxidant properties, etc. For example, hentak
is consumed by women during their final stages of pregnancy and by
patients recovering from sickness or injury.'3® The examples of important
local foods and beverages in India based on meat and fish are: jamma,!*%!'8
arjia," chartayshya,'"'"® honoheingrain,'® kargyong,'® satchu,'311%!%8
suka ka masu,"®"° suka ko maccha,’* nhari>®'"?  hentak,3%'"17?
gnuchi,'"™ karati or Bordia or Lashim,'™ shidal '*3-°5'% sidra,"* sukuti,'™*
and fungtap.'?124171.173

16.5 THERAPEUTIC PROPERTIES OF INDIAN TRADITIONAL
FERMENTED FOODS AND BEVERAGES

Fermentation initially aimed at food preservation resulting from reduction
in water activity, reduction in pH and formation of metabolites having
inhibitory effect, such as: organic acids, bacteriocins and ethanol.
Development in technology has laid down the understanding on improved
nutritional value, removal of toxic compounds, inhibition of pathogens,
enhanced organoleptic, rheological properties with prolonged shelf-life.”
The Indian traditional foods have several health benefits and thera-
peutic properties by providing essential nutrients, bioactive molecules and
health promoting compounds. The functional compounds responsible for
therapeutic properties can be chemical or biological in nature that include:
dietary fiber, antioxidants, vitamins and minerals, oligosaccharides, lignins,
essential fatty acids, flavonoids, miscellaneous phytochemicals, and lactic
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acid bacterial cultures that are present in cereals, legumes, milk and milk
products, fruits and vegetables, nuts, spices, and meat/ fish products.'>

Therapeutic benefits of fermented foods and beverages include:
Alleviation of lactose intolerance, alleviation in gastrointestinal disorders
and IBS symptoms, anti-allergenicity, anti-hypertensive, anti-mutagenic,
anti-oxidant, anti-thrombic, improvement in immune system, management
of body weight, prevention of cardiovascular and hepatic diseases,
prevention of diabetes, reduction in blood pressure, reduction in cholesterol
content, reduction in different types of cancer, reduction in inflammatory
diseases, reduction in neurodegenerative disorders, reduction in oxidative
stress, and strengthening of skeletal tissues.

16.5.1 Prevention of Gastrointestinal Disorders and Inflammatory
Bowel Diseases (IBD)

The probiotic microorganisms present in the fermented foods inhibit
pathogenic microorganisms and aids in alleviation of digestive disorders,
such as: antibiotic-associated diarrhea, infantile and traveler’s diarrhea,
bloating and abdominal pain.* It is also reported to reduce the symptoms
including bloating, stool frequency and occurrence of irritable bowel
syndrome (IBS)."*> The starter culture of fermented products mainly
contributes to the alteration of microbial ecosystem in the gastrointestinal
tract.®

The lactic acid bacteria in fermented food reduces the symptoms of
inflammatory bowel diseases (IBD),'*! paucities and ulcerative colitis,'™
enhances the intestinal mobility and reduces gastrointestinal tract pH
that aids in relieving constipation.'”* Crohn’s disease can be effectively
prevented by the modification of intestinal microflora. Certain species of
lactic acid bacteria (such as: Lb. plantarum, Lb. rhamnosus) and yeast
(such as: S. boulardii) help to reduce diarrhea,!3>156 bloating, abdominal
pain, flatulence and constipation in people suffering from IBS* and
inflammatory disorders (such as: atopic dermatitis and IBD).*!

16.5.2 Prevention of Hepatic Disease

Hepatic disease (also called hepatic encephalopathy) is a life - threatening
situation of liver disease.” The probiotic microorganisms (such as: Lb.
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acidophilus, Lb. plantarum, Bifidobacteria sp., Lb. casei, Lb. delbrueckii
var bulgaricus, St. thermophilus and Ent. faecum) present in fermented
food and milk products have the ability to disrupt the pathogenesis occur-
ring in liver along with reducing the risk of bleeding by lowering the portal
pressure due to the enzymatic action and metabolic products produced
during fermentation.'#!'4

16.5.3 Protection from Allergic Reactions

The probiotic microorganisms improve the gut microflora in the body thus
reducing certain infections and allergies of urogenital tract.*> Fermented
soya-products inhibit angiotensin I- converting enzyme that affects
hypo-allergenicity and anti-allergic activity.®> Heat inactivated probiotic
strain of Lactobacillus exhibits antiallergic effect on ovalbumin sensitized
reactions.*® Probiotic microorganisms help in enhancing mucosal barrier,
which functions to modulate and to reduce the allergic reactions by micro-
bial stimulation of the immune system.® The exo-polysaccharide produced
in the sourdough by fermentation with Lb. animalis, Lb. reuteri and Lb.
curvatus acts as hydrocolloid and help in carrying out natural fermentation
of gluten-free dough thus reducing the severity of celiac conditions.'3"-1*
The casein complex formed during fermentation of milk increases
lactose tolerance by reducing the allergic reactions in the gastro-intestinal
digestion.* Fermented soybean exhibits anti-allergic effect against atopic
dermatitis by decreasing the allergic responses, such as: ear thickness,
dermis thickness, auricular lymph node and infiltering mast cells.”
Fermented vegetables containing Lactobacillus reduce atopic dermatitis
and food allergy.'® The omega fatty acids in fermented milk and fish prod-
ucts reduce antiallergic effects including reduced sensitization to allergens
and alleviation of symptoms of atopic dermatitis, eczema and asthma.*’

16.5.4 Synthesis of Nutrients and Bioavailability

The nutritional quality of fermented food is comparatively high than that
of unfermented food. The nutritional profile can be enhanced by nutrient
synthesis, enhancement of bioavailability and by enzymatic breakdown
of complex compounds by the starter culture. In the fermented food, the
nutrient components in the cells as complex and indigestible compounds
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are liberated during the fermentation process especially in cereals, grains
and seeds.

Physicochemical and enzymatic breakdown of cellulose, hemicellulose
and other indigestible polymers are converted into simpler sugars and
their derivatives. The nutrient quality and bioavailability and digestibility
of cereals are reported to be enhanced by lactic acid bacteria and yeast
fermentation. Thus, fermentation reduces the amount of antinutrient
factors, such as phytic acid, saponins, tannins, proteinase inhibitors (such
as: trypsin inhibitors and chymotrypsin inhibitors) leading to improved
bioavailability of simple sugars, proteins and minerals (such as: iron,
magnesium).*

The probiotic organisms in the fermented food can improve the bioavail-
ability of the minerals by hydrolysis of phytates, biofortification of folates
and detoxification of mycotoxins by binding to the surface of cell-wall of
the yeast. Fermentation by yeast is reported to cause enrichment of food
with prebiotics, such as: fructo-oligosaccharides.® It is reported to lower
blood serum cholesterol by forming high density lipids''; and exhibits
antioxidative, antimutagenic and antitumor properties’.

The essential cofactor involved in the biosynthesis of nucleotides is
folate or vitamin B9 that are crucial for cellular replication and growth.
S. cerevisiae produces high amount of folate per weight and is regarded
as the rich dietary source of native folate.'”” The mesophilic LAB cultures
(such as: Lactobacillus, Leuconostoc, Pediococcus, Carnobacterium,
Enterococcus, Streptococcus, Oenococcus, Tetragenococcus, Vagococcus,
and Weissella**) especially Lactococcus spp. are able to produce vitamin-
K by metabolization.** Fermentation also enhances the bioavailability
of vitamin B12 10-folds that helps in the formation and functioning of
nervous system and formation of blood cells. !

16.5.5 Prevention of Cardiovascular Disease (CVD)

Consumption of fiber rich food with low amount of fats especially
saturated fat reduces the risk of CVD, and low intake of antioxidants and
vitamins especially vitamin E also reduces the risk of CVD.!*!30 The
lactic acid bacteria especially probiotic strains in fermented milk lowers
the blood serum cholesterol from 3.0 to 1.5 g/L in hypercholesterolemic
individuals.? Fermented grain products have high potential to reduce the
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LDL and increase the HDL in blood serum, reduction of hypertension,
obesity, inflammation, hyperhomo-cysteinemia, vascular reactivity and
coronary heart disease (CHD), diabetes by reducing insulin resistance,
enhances antioxidant property.®®

Increase in nutrient bioavailability, improvement in digestibility and
assimilation and reduction in cholesterol level of blood by inhibition of
hydroxy-methylglutaryl coenzyme-A reductase, which is the key enzyme
responsible for cholesterol biosynthesis during fermentation from linoleic
acid and oleic acid,'*® is achieved by consumption of fermented soybean
products.”” The phytosterols produced during fermentation of kinema
reduce cholesterol thereby reducing the risk of CVD 55136

16.5.6 Anti-Mutagenic Property

It has been reported through animal studies that the lactic acid bacteria
especially Lactococcus acidophilus in dahi and other fermented milk
exhibit anti-mutagenic property either by preventing initiation of cancer or
by suppressing the initiated cancer. The anti-mutagenic property has been
reported due to changes caused in the fecal enzymes that are responsible
for the cause of colon carcinogenesis, uptake of mutagenic compounds by
cells and aids in reduction of mutagenesis due to chemical mutagens and
helps to suppress the tumors by improving the immune system.’!

16.5.7 Anti-Thrombic Property

Thrombosis is the condition of blood clot formation within a blood vessel
that prevents normal flow of blood through the circulatory system. Blood
clot in humans is carried out by more than 20 different enzymes, whereas
plasmin is the only enzyme that interrupts the formation of blood clot.*®
Food products with high LDL content are known to cause clots and form
plaques by deposition in blood vessels that blocks the blood supply and
might lead to chest pain and heart attack; hence, consumption of fermented
products reduces the accumulation of LDL in the blood vessels. Simi-
larly, accumulation of fibrin in blood vessels reduces the flow of blood
thereby increasing the viscosity of blood, which builds up the pressure
in the vessels leading to myocardial infarction and other cardiovascular
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diseases.® Therefore to prevent thrombosis, consumption of fermented
food as a source of fibrinolytic enzymes'* or fibrinolytic enzymes isolated
from starter culture used in fermented food is advised.?®!%

16.5.8 Anti-Oxidant Property

The process of oxidation produces free radicals that damage the cell
membrane, cell structures including cellular proteins, lipids and DNA. The
free radicals can be neutralized to some extent by cellular phospholipids,
further production of free radicals’ overloads in the cells and causes
certain diseases including cardiovascular disease, liver disease, oral
cancer, esophageal cancer, gastric cancer and bowel cancer. Oxidation is
accelerated by stress, cigarette smoking, alcohol consumption and exposure
to pollution. The enzyme system, such as, catalase, glutathione peroxidase,
superoxide dismutase and non-enzymatic antioxidants comprising of
vitamin C, tocopherols, carotenoids and phenolic compounds help to
prevent cells from oxidative damage.’’

The fermented dairy products have high antioxidant activity due to
release of bioactive peptides (such as: lactalbumin, lactoglobulin and
caseins) as a result of proteolytic activity during the fermentation.>!%-!7!
The antioxidant activity in the cultured dairy products is mainly dependent
on the origin of milk, fat content of milk, presence and position of amino
acids (especially tryptophan, tyrosine, and methionine) and microorgan-
isms used for fermentation.>? The antioxidant activity of fermented milk is
also enhanced by the formation of conjugated linoleic acid (CLA) along
with vitamin A and vitamin E during fermentation.** Biosynthesis of
folates by starter microorganisms (especially St. thermophilus, L. hirci-
lactis and L. laudensis'"") involves antioxidant and free radical scavenging
mechanisms.”

The high antioxidant activity of the sourdough-based bakery products
is mainly due to formation of phenolic compounds, organic acids (ferulic
acid), gamma amino butyric acid (GABA), and bioactive peptides. The
total phenolic content is found to increase in wholegrain and barley by
fermentation with lactic acid bacteria®* (such as: P. pentosaceus, Lb.
paracasei, Lb. rhamnosus and S. cerevisiae) in fermented grains.?*!?’
The sourdough prepared using wheat, barley, chickpea, legume, rye and
quinoa fermented with Lb. brevis, Lb. plantarum, Lb. reuteri, Lb. rossiae,
Lb. sanfranciscensis and Leu. mesenteroides exhibits higher antioxidant



Therapeutic Properties of Fermented Foods 241

property due to high GABA and small peptide contents.*'#*!2® The
antioxidant activity in fruits and vegetables is mainly due to bioactive
compounds from phenolics that are released after fermentation.'*

Fermentation of meat and fish products releases bioactive peptides with
antioxidant property.'** Consumption of dry-cured meat products fermented
with lactic acid bacteria results in formation of peptides with antiradical
properties during gastrointestinal digestion.®® The sausage fermented with
Bifidobacterium longum exhibits lowest lipid oxidation, formation of high
content of total unsaturated fatty acids (especially omega-3 and omega-6
fatty acids).!*” Hence, fermented food products can be used as a source of
antioxidants and as an alternate to synthetic antioxidants.

16.5.9 Alleviation of Lactose Intolerance

The condition of inability to digest lactose in certain individuals is termed
as lactose intolerance, which is mainly due to the deficiency in production
of enzyme lactase or - galactosidase. In individuals lacking sufficient
production of lactase enzyme in the small intestine, consumption of
lactose results in several abdominal symptoms, such as: diarrhea, bloating,
abdominal pain and flatulence.'® Milk inoculated with lactic acid bacteria
(such as: Lactococcus, Lactobacillus, Streptococcus, Pediococcus and
Leuconostoc) hydrolyses lactose to glucose and galactose during the process
of fermentation; therefore, it reduces the symptoms of lactose indigestion
and also helps to digest the milk sugar (lactose) by lactose intolerant person.*

16.5.10 Increase in Immunity

It is reported that consumption of fermented foods containing lactic acid
bacteria or probiotic bacteria (especially: Lb. bulgaricus, Lb. acidophilus,
S. thermophilus and Bifi. bifidum) inhibits the colonization and proliferation
of pathogens or suppresses the effect of toxins released by them, hence,
preventing the manifestation of infection.'* Inhibition of proliferation of
pathogenic organisms is the beneficial effect of lactic acid bacteria that
are present in fermented or cultured milk products; and it is attributed
to the production of antibacterial compounds from starter culture. Hence,
consumption of live probiotic bacteria brings about immunomodulation in
the body thereby enhancing the capacity of immune system.*
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16.5.11 Antihypertensive Property

The peptides formed during fermentation due to enzymatic breakdown by
metabolic enzymes or by proteinases of Lactobacilli are reported to have
antihypertensive activity by lowering blood pressure.* The antihyperten-
sive property is due to the inhibition of Angiotensin-Converting enzyme
(ACE) that regulates the blood pressure through Renin-Angiotensin
System (RAS). Lactic acid bacteria and certain strains of probiotic strains
(such as: L. lactis, Lb. plantarum) are identified with antihypertensive
effect.!*!1>128129 The GABA produced by St. salivarius subsp. thermophilus
also aids in antihypertensive benefits.”

Sourdough fermentation releases free amino acids and amino acid
derivatives that impart flavor and taste to bakery products as a result
of which the sodium content is reduced by reducing the amount of salt
added in the bakery products, hence, functions as antihypertensive.*’ The
proteolytic activity carried out by lactic acid bacteria during fermentation
of sourdough transforms matrix proteins of cereal into bioactive peptides
that are functional antihypertensive compounds.'®

16.6 MARKET SIZE AND FORECAST GROWTH OF INDIAN
TRADITIONAL FERMENTED FOOD AND BEVERAGES

The fermented food market is estimated to increase due to inclination of
consumers towards the use of fermented foods with increase in health
awareness. As fermented food plays an important role to maintain gastro-
intestinal health, to increase immunity and several health benefits, it is
explored by consumers as prevention of several diseases related to diges-
tive system, cardiovascular and defense mechanism.

To meet the existing and future consumer demand several technological
and packaging innovations are being made for continuous production, easy
storage and distribution with prolonged shelf-life. Owing to the increased
demand for fermented foods and beverages, the market is estimated
to increase at a rate of 4.98% through 2023. The growth in market for
consumption of traditional food and beverages in India is increasing thus
providing a promising processing line for manufacturers and suppliers.'®

Although the production of traditional fermented food and beverages is
majorly confined to domestic level, yet recent commercial production has
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paved the way for expansion of market. With wide spread benefits acquired
by consuming traditional food products, the market growth is also foreseen
in foreign regions thus emphasizing on the increased production.'®

16.7 TECHNOLOGICAL ADVANCES IN PRODUCTION OF
INDIAN TRADITIONAL FERMENTED FOODS AND BEVERAGES

The traditional fermented foods and beverages are mostly prepared at
domestic level in small quantities or batches. Due to the benefits incurred
by consumption of fermented food products and beverages, the demand
for the ethnic fermented products are increasing constantly; hence to reach
the market demand, commercial production has to be adopted.

Idli and dosa are incorporated with millets to enhance the dietary fiber
and bioavailability of nutrients. Various spices and herbs can be added
to improve the shelf-life of idli batter by antimicrobial property and to
improve the nutritional and organoleptic properties.** Probiotic culture is
also added to improve the nutritional and therapeutic properties of batter.
Continuous id/i and dosa batter are prepared by mechanized equipment
with automated sensors and controls to monitor the soaking, grinding and
fermenting parameters (such as: time, temperature, pressure and particle
size). The fermented batter will be dispensed into the packaging pouch using
gravity filler. Idli is prepared by mechanical filling of batter into suitable
trays and cooking in preheated oven for specific period of time. Similarly,
vada is prepared by dispensing the batter in the shape of rings into hot oil,
where agitators flip the sides to allow uniform frying, and excess oil will be
removed by scrubbers and finally vada is stacked on trays.

The antioxidant activity of fermented milk products is enhanced by
subjecting milk to ultrasound treatment before fermentation, as ultrasoni-
cation increases lactose hydrolysis by carbohydrate metabolism, propaga-
tion ability of viable cells; thus releases more antioxidant components.*’
Dahi is incorporated with certain probiotic strains of bacteria to exhibit
therapeutic properties.'*

The fermented milk beverages are incorporated with dietary fiber to
replace the fat content; similarly, soya solids are used along with milk
solids in misti doi. Milk used for dahi or misti doi or shrikhand preparation
is concentrated by vacuum concentration”’ or by membrane processing.”
Butter milk is obtained from sweet cream,* condensed skim milk” is added
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to increase the total solids in the milk prior to the inoculation of starter
to enhance the rheological properties. Lassi, buttermilk is sterilized using
either batch sterilizer or continuous sterilizer or UHT treated followed by
aseptic packaging to enhance the shelf-life.

Initially, only pork, beef and veal were used in the preparation of
sausage, which recently includes camel meat, poultry meat, venison and
mixed meat. The traditional casings made from animal intestine is being
replaced by composite casing made with synthetic material or casein having
good printability and heat saleability. The natural and edible casings can
also be infused with different flavors to improve the palatability of the
product, antimicrobial compounds to enhance the shelf-life along with the
inhibition of pathogenic microorganisms.?

Liquid casing made from sodium alginate is applied especially on the
surface of sausage intended for smoking. Sausages are incorporated with
dietary fibers from wheat, oats, soya to replace the fat content and to aid
in fiber fortification.'®” Humidity monitoring and controlling devices are
used in the manufacture of dry sausages. They are included with probiotic
bacteria that are protected by microencapsulation in alginate to maintain
the viability against processing conditions.!**2

Proteolytic enzymes are being incorporated along with calpains,
cathepsins and peptidases'”’ during meat processing that produces peptides
and free amino acids to provide antihypertensive, antioxidant and anti-
microbial activities.!! Due to adoption of continuous sausage production,
there is a sharp increase in product integrity, particle definition, texture and
yield with the help of vacuum pumps, inline grinding, automatic hanging
devices and product flow controls.?

16.8 INNOVATIONS IN PACKAGING AND DISTRIBUTION OF
INDIAN TRADITIONAL FERMENTED FOOD AND BEVERAGES

Packaging plays a major role for protection, storage and distribution of
food products. They also aid in the preservation of food by preventing
contamination and spoilage, and can be used as a marketing tool by using
proper techniques and temporal dimension for providing identification,
information and instruction.”!

The idli or dosa batter is packed in high density polyethylene, low
density polyethylene or high molecular poly propylene laminates
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coupled with modified atmosphere packaging (MAP). Dhokla is packed
in polyethylene pouch, polypropylene or polystyrene cups and sealed
with EVOH and cardboard laminated with aluminum foil. The fermented
soybean products (such as: kinema, tungrymbai, bekang, etc.) are packed
in polyethylene bags, LDPE pouches, polystyrene foam tubs. Dahi is
packed in LDPE or HDPE foil, polystyrene or high intensity polystyrene
cups, polypropylene cups sealed with aluminum foil-based peelable
lids; whereas misti doi and shrikhand is packed in polystyrene or HIPS
cups or polypropylene and polyethylene bags or cardboard boxes lined
with glassine paper, although it is also distributed in earthen pots. Lassi,
buttermilk, chaach or majjige is packed in LDPE pouch or PVC lined
HDPE pouch, if pasteurized and laminated pouches are sterilized or UHT
treated in case of Tetrapak.'**

The fermented vegetables and fruits are usually packed in glass jars or
laminated polyethylene pouch or metalized polyester pouches.

The fermented meat products are packed in synthetic casing made
with casein or polyethylene and are vacuum sealed for prolonged storage.
Fermented fish products are packaged in wooden boxes, glass jars, and
polyethylene pouches. Intelligent packaging aids to detect and display the
acidity, pH, gas content and enzyme concentration in the product can be
mounted on the packaging material. The shelf-life and the aesthetic prop-
erties of the food products can be enhanced by infusion of antimicrobial
agents, enzyme inhibitors, natural or synthetic microbial preservatives,
buffers to maintain equilibrium and gas absorbers or emitters for O, and
CO, scrubbing depending on the product requirement.*

16.9 SUMMARY

Traditional foods and beverages in India provide several health benefits
and nutrition. Fermentation of different substrates yields product with
differing sensory profile, nutritional quality and shelf-life. The starter
culture involved in the fermentation brings the characteristic changes in
the product (such as: acid production, gas formation, textural changes,
etc.). Due to several health benefits resulting from the consumption of
fermented foods, it is widely accepted by the consumers and demand
for the same is increasing as a result of which efforts are being made for
technical and packaging innovations.
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