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PREFACE

The  11th  volume  of  Frontiers  in  Natural  Product  Chemistry  maintains  the  tradition  of
publishing  updated  knowledge  on  the  subject.  Leading  scientists  contributed  05  extensive
book  chapters  in  this  volume  including  advanced  methods  of  isolation,  syntheses,
computational studies and SARs. Each chapter bears a uniqueness that will definitely attract
readers’ and postgraduate students’ attention.

For instance, in Chapter 01, Kumar et al.  discussed the medicinal importance of Turmeric
(Curcuma  Longa)-  a  blessed  plant  and  its  phytochemicals  that  have  diverse  medicinal
properties.

While Öneri and Çolak reviewed some novel natural compounds for hepatocellular carcinoma
treatment. The authors have discussed the effect of these natural compounds on the genetic
hallmarks  of  various  signaling  pathways  and  important  cellular  metabolism  molecules  of
hepatocellular carcinoma.

Shivakumar  et  al.  in  Chapter  03,  explained  the  prevention  of  overexploited  herbs  for
balancing a sustainable ecosystem. It has been emphasized that in the Ayurvedic system of
medicine, there is an in-depth biochemical classification of herbs, based on which substitutes
can  be  deduced.  Moreover,  ancient  texts  also  describe  alternate  herbs  for  some  key
ingredients.

Microbial control is an ever-increasing economic burden that is disturbing human beings and
as well as animals. Radhakrishnan and Benny, in Chapter 04, discussed the over-smartness of
bacteria by forming some biofilms as safety walls for their existence. Therefore, the multi-
drug resistance of bacterial biofilm has constantly challenged the existing anti-bacterial drugs.
This  chapter  deals  with  a  few  methods  by  which  biofilm  inhibition  can  be  achieved  by
making use of various synthetic and natural compounds.

The  updated  review  on  quercetin  chemistry,  its  structural  modifications,  SARs  and
therapeutic applications by Banday et al. can be found in Chapter 05. Quercetin is a naturally
occurring flavone with tremendous medicinal potential and it has a wider scope in medicines
as evidenced from this chapter.

It is hoped that this volume will be thought-provoking and trigger further research in the quest
for new and novel natural therapies. I am indebted for the great efforts of the entire editorial
team,  especially  Mr.  Mahmood  Alam  (Director  Publications)  and  Ms.  Asma  Ahmed
(Editorial  Manager  Publications)  at  Bentham  Science  Publishers.

Shazia Anjum
Dean, Faculty of Chemical & Biological Science

The Islamia University of Bahawalpur
Pakistan
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CHAPTER 1

Medicinal  Importance  of  Turmeric  (Curcuma
Longa) and its Natural Products
Punit Kumar3,*, Sujata1 and Archana2

1 Department of Biological Sciences & Bioengineering, Indian Institute of Technology Kanpur,
Uttar Pradesh-208016, India
2  Department  of  Electronics  and  Communication  Engineering,  Kashi  Institute  of  Technology
Varanasi, Uttar Pradesh-221307, India
3 Department of Morphology and Physiology, Karaganda Medical University, Karaganda-100008,
Kazakhstan

Abstract: It is believed that natural products exhibiting medicinal benefits do not cause
systemic  side  effects  or  they  cause  acceptable  side  effects.  Due  to  the  increase  in
research  output  and  increased  awareness  about  the  importance  of  natural  products,
nowadays, a large fraction of the population is now shifting their orientation towards
the use of natural products in daily use. Turmeric (Curcuma longa) is one such blessing
for all of us. It is one of the most important and abundant spices used in Asian food. It
is cultivated around the world and originated in India, Indonesia, and Southeast Asia.
Turmeric powder has a bitter, sharp taste and is yellow. It is used to provide color and
flavor to various food products such as; butter, mustard, cheese, etc. Turmeric belongs
to the Zingiberaceae family. It is one of the most commonly used medicinal herbs in
India and China and is used for the treatment of jaundice and liver problems. Turmeric
is known to have a wide range of pharmacological properties such as anti-microbial,
anti-protozoal,  anti-malarial,  anti-venom,  anti-proliferative,  anti-aging,  anti-
inflammatory, anti-tumor, etc. It is identified that the yellow color of the turmeric is
due  to  the  presence  of  Curcumin  which  is  the  most  important  and  potent  bioactive
compound of turmeric. Curcumin is a curcuminoid that is extracted from the rhizomes
of Curcuma Longa. Curcumin possesses remarkable medicinal properties and can also
be  used  in  cosmetic  products.  Curcumin  has  powerful  anti-inflammatory  and
antioxidant properties. It helps to treat various diseases, some of them are; hay fever,
depression, Alzheimer’s, treat cholesterol, itching, and osteoarthritis. It is involved in
maintaining  the  functioning  of  the  brain  and  reduces  the  risk  of  brain  and  heart
diseases.  Investigators  are  focusing  to  find  out  the  therapeutic  role  of  curcumin  in
asthma, diabetes, cancer, indigestion, and many other disorders. In this chapter, we will
discuss the natural compounds present in turmeric and their medicinal importance.

* Corresponding author Punit Kumar: Department of Morphology and Physiology, Karaganda Medical University,
Karaganda-100008, Kazakhstan; E-mail: punitdariyapur@gmail.com

Shazia Anjum (Ed.)
All rights reserved-© 2023 Bentham Science Publishers
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Keywords: Anti-inflammatory Activities, Anticancer Activities, Antioxidant Activities,
Cardioprotective  Protective  Properties,  Curcuma  longa,  Curcumin,  Curcuminoids,
Medicinal  Herbs,  Natural  Products,  Turmeric.

INTRODUCTION

Natural products are the type of compounds that are produced by living organisms
(microbes,  animals,  plants,  etc.).  These  compounds  comprise  all  chemical
compounds or substances found in nature and are called natural products if they
are  produced  by  a  living  organism  [1].  Natural  products  may  be  classified
according to their chemical property, biological function, biosynthetic pathway, or
source.  The  estimated  number  of  known  natural  products  around  the  world  is
about 326,000 [2]. Natural products may be extracted from the cells, tissues, and
secretions  of  microorganisms,  plants,  and  animals.  A  crude  (unfractionated)
extract from any one of these sources will contain a range of structurally diverse
and often novel chemical compounds [3].

The natural product can be categorized as a compound that is produced by living
organisms and includes the types of biotic materials (e.g. wood, silk), bio-based
materials (e.g.  bioplastics, cornstarch), bodily fluids (e.g.  milk, plant exudates),
and other  natural  materials  (e.g.  soil,  coal)  [4].  According to  Albrecht  Kossel's
original  proposal,  natural  products  are  divided  into  two  classes;  primary  and
secondary  metabolites  [5].  Primary  metabolites  have  an  important  internal
function  in  the  survival  of  the  organism  that  produces  them.  The  secondary
metabolites in contrast have an external function that significantly affects other
organisms.  Second  metabolites  are  not  essential  for  survival  but  increase
biological  competition  in  their  environment.  Because  of  their  ability  to  alter
biochemical pathways and signal transduction, some secondary metabolites have
beneficial  therapeutic  properties.  The  most  common  classes  of  secondary
metabolites include alkaloids, phenylpropanoids, polyketides, and terpenoids [6].
Although traditional medicines and other biological materials are considered an
excellent  source  of  novel  compounds,  the  extraction,  and  isolation  of  these
compounds  can  be  slow  and  expensive.  Because  natural  products  are  usually
secondary metabolites with complex chemical properties, their total/semisynthesis
is not always commercially viable. In these cases, attempts may be made to design
simpler  analogs  with  the  same  power  and  safety  as  the  one  that  combines  the
essence/structure  of  the  natural  product  [7].  There  is  a  list  of  uses  of  natural
compounds in various industries such as medicines, pharmaceuticals, cosmetics,
food  preservation,  food  safety,  etc.  Shen  et  al.  (2021)  reported  the  antifungal
activity  of  Loquat  leaves  extract  against  citrus  postharvest  pathogens  and
provided  a  complete  overview  of  the  activity  of  anti-Penicillium  digitatum
activity. The antifungal activity of this extract against P. digitatum was said to be
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caused  by  abnormal  cell  membranes  and  disruption  of  energy  metabolism  [8].
Jiménez-Gómez et al. (2021) explored another potential method to increase crop
production: the replacement of chemical fertilizers with biofertilizers (including
plant-root-associated  beneficial  bacteria).  They  describe  their  work,  which
assesses the use of B. halotolerans SCCPVE07 and R. laguerreae PEPV40 strains
as efficient biofertilizers for escarole crops. Natural products have been used since
ancient times to enhance food attributes [9]. Plants are added to foodstuff for their
aromatic  features,  but  also  for  preserving  and  coloring  purposes.  On  the  other
hand, plants have also been playing an important role in fighting health issues,
mostly due to their richness in secondary metabolites. Natural products have been
used in the cosmetic industry to avoid side effects with traditional preparations for
herbal beauty such as Emblica officinalis (Amla), Acacica concinna (Shikakai),
and Callicarpa macrophylla (Priyangu) have been used strongly in skincare and
hair  care.  Moreover,  Indian  women  are  still  using  natural  products  such  as
Pterocarpus santalinus  L.  and Curcuma longa  (skincare),  Lawsonia inermis  L.
(hair  color),  and  natural  oils  such  as  coconut,  olive,  shea  butter,  jojoba,  and
essential  oils  in  perfumes  for  their  bodies  [10].

Natural  products  may  be  extracted  from  the  cells,  tissues,  and  secretions  of
microorganisms, plants, and animals. Crude (unfractionated) extract from any one
of  these  sources  will  contain  a  range  of  structurally  diverse  and  often  novel
chemical  compounds.  Chemical  diversity  in  nature  is  based  on  biological
diversity, so researchers travel around the world to obtain samples to analyze and
evaluate in drug discovery or bioassays. This effort to search for natural products
is known as bioprospecting [11]. Examples of biological sources along with their
natural products are described below Table 1.

Table 1. Medicinal uses of different natural products and their sources.

Source Strain Natural Compound Medicinal Use Ref.

Bacterium Streptomyces griseus Streptomycin Antibiotic agent [12]

- Paenibacillus polymyxa Polymyxins Antibiotic agent [13]

- Amycolatopsis
rifamycinica Rifamycins Used to cure tuberculosis and

leprosy [14]

- Clostridium botulinum Botulinum toxin Used cosmetically to help
reduce facial wrinkles [15]

- Streptomyces verticillus Bleomycin

Used for the treatment of several
cancers including Hodgkin’s
lymphoma, head and neck

cancer, and testicular cancer

[16]

Archaea Pyrococcus furiosus Lactase enzyme breakdown lactose, a
disaccharide sugar found in milk [17]
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CHAPTER 2

Novel  Natural  Compounds  for  Hepatocellular
Carcinoma Treatment
Çağrı ÖNER1,* and Emine ÇOLAK2

1  Maltepe University, Medical Faculty, Department of Medical Biology and Genetics, İstanbul,
Turkey
2 Eskişehir Osmangazi University, Medical Faculty, Department of Medical Biology, Eskişehir,
Turkey

Abstract: Due to the increase in cancer cases nowadays, an increase in studies related
to treatment has been observed. Although many natural or synthetic compounds have
been described as therapeutic today,  the effects  of  these treatments are seen in both
healthy  and  cancer  cells.  In  order  to  reduce  these  undesirable  effects  seen  in
chemotherapy and radiotherapy, alternative treatments that have less effect on healthy
cells or alternative attitudes that will allow the minimum use of therapeutics in these
treatments  continue  to  be  investigated.  In  particular,  such  studies  focus  on  natural
compounds with phenolic properties. This chapter focuses on the relationship between
coumarin derivatives, curcumin, Olea europaea leaf extract, and Cynara scolymus leaf
extract  with  hepatocellular  carcinoma.  Furthermore,  the  effect  of  these  natural
compounds  on  the  genetic  hallmarks  of  various  signalling  pathways  and  important
cellular metabolism molecules of hepatocellular carcinoma are discussed.

Keywords: Coumarin, Curcumin, Cynara scolymus, Hepatocellular Carcinoma,
Olea europaea.

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most occurring cancer type and cause of
cancer-related death worldwide. HCC is seen more in males than females, and its
development  is  also  related  to  the  age  of  individuals.  There  are  some  risk
factors/diseases which might cause hepatocellular carcinoma to occur. The main
diseases that cause hepatocellular carcinoma are chronic liver disease, cirrhosis
and obesity; the main risk factors are viral hepatitis and excessive alcohol intake
worldwide  [1].  Chronic  viral  hepatitis  infections,  Hepatitis  B  and  C,  were
indicated  as  the  main  causes  of  hepatic  carcinogenicity  and  cirrhosis  [1  -  4].
Because of this, the surface antigen of Hepatitis B (HBsAg) is the main marker of
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hepatic diseases and HCC. However, HBsAg is useful to determine the HCC, and
it is not the only marker to detect HCC. Hepatitis B core antibody (anti-HBc) is
another marker to detect HCC earlier.

Furthermore, sometimes HBsAg might be negative while anti-HBc is positive in
HCC patients.  HBV vaccination is  important  for  reducing the risk of  HCC [5].
The  impact  of  hepatitis  C  on  HCC  development  is  observed  in  patients  with
cirrhosis and advanced fibrosis [6]. Infection with hepatitis B and C also increases
the risk of HCC. Alcohol consumption is the other risk factor for HCC. As known
previously,  excessive  alcohol  consumption  is  the  main  reason  for  cirrhosis.
Furthermore,  HCC  development  occurs  approximately  in  40-50%  of  cirrhosis
patients.  So  alcohol  consumption  can  be  the  main  risk  factor  for  HCC  [7,  8].

Hepatocellular  carcinogenesis  also  appears  without  excessive  alcohol
consumption;  it  may  arise  in  obesity,  non-alcoholic  fatty  liver  (NAFLD)  and
diabetes  patients.  The  risk  factors  of  these  diseases  are  the  risk  factors  of
hepatocellular  carcinogenesis  directly.  Glucose  mechanism  failure  leads  to  the
observation of diabetes in patients. These deficiencies in diabetic patients result in
the  pathologies/diseases  of  the  liver,  including  cirrhosis,  fatty  liver,  chronic
hepatitis, and liver failure. Detecting HCC in diabetes patients is 3-4 times higher
than  in  healthy  individuals  [9,  10].  Anti-inflammatory,  proliferative  signaling
pathways and the related growth hormones cause hepatocellular carcinogenesis.
The major genetic markers of diabetes are insulin-like growth hormone, insulin
receptor substrate 1, α-fetoprotein (AFP) and des-γ-carboxyl prothrombin (DCP).
The  other  factor  which  affects  HCC  occurrence  is  obesity.  As  is  well  known,
hepatobiliary disorders, including NAFLD, steatosis, and cirrhosis, are brought on
by obesity and can cause people to develop HCC [11].

There are toxins or compounds which lead to observing HCC. The most known
compound is aflatoxin. This toxin is related and found in grains, corn, peanuts and
soybeans. The carcinogenic effect of aflatoxin is observed in moisture and warm
conditions.  The  amount  of  aflatoxin  intake  determines  the  risk  of  being
hepatocellular carcinoma [1]. Furthermore, alcohol consumption and smoking are
the major risk factors for HCC.

In  the  liver  and  related  organs,  there  are  some  essential  mechanisms  for  the
survival  of  individuals.  In  this  chapter,  we  focus  on  the  carcinogenesis  of
hepatocellular carcinoma and the effect of natural compounds on hepatocellular
carcinoma.
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NATURAL COMPOUNDS AND THEIR USAGE IN HEPATOCELLULAR
CARCINOMA

Coumarin and Coumarin Derivatives

Coumarins were originally isolated in the 18th century from tonka beans (Dipteryx
odorata Willd., Fabaceae), and used for various purposes [12, 13]. Coumarin is a
natural compound of many plants and essential oils, including tonka beans, sweet
clover, woodruff, oil of cassia, and lavender. Furthermore, its name derives from
the Coumarouna odorata plant [14]. Coumarin is an odorless complex conjugated
to sugars and acids, but is released by the action of acids, enzymes, or ultraviolet
(UV)  radiation  [14].  Coumarin  compounds  have  been  used  to  treat  various
diseases as antispasmodics, especially in cancer, bums, brucellosis and rheumatic
disease [14].

The molecular weight of Coumarin is approximately 146.15, and it  is  colorless
with a characteristic odor. Its melting point is between 68-70°C, and its boiling
point is 303°C. In chloroform, coumarin can have a UV absorption maximum of
272 nm. Moreover, it can be easily solved in ethanol, chloroform, distilled water
and oils [14].

Coumarin is  a member of the benzopyrone family,  and can be classified into 4
subgroups:  simple  coumarins,  furanocoumarins,  pyranocoumarins  and  pyrone-
substituted coumarins [13, 15, 16]. The hydroxylated, alkoxylated, and alkylated
derivatives  of  coumarins  include  molecules  like  7-hydroxycoumarin  and  6,7-
dihydroxycoumarin,  which  are  simple  coumarins.  The  difference  between
Furanocoumarins and Pyranocoumarins is the number of furan rings attached to
the  coumarin  nucleus.  Pyranocoumarins  are  analogous  to  furanocoumarins.  4-
hydroxycoumarin, synthetic coumarin derivatives warfarin and benzopyrones are
examples of coumarins substituting in the pyrone ring [13, 16].

Coumarin Metabolism in Cells

Initially, coumarin is metabolized in the cytochrome p450 system in cells. In this
system,  hydroxylation  has  occurred.  The  important  and  well-known  coumarin
hydroxylations are 7th and 3rd positions. If the hydroxylation is at the 7th position, it
is  called  7-hydroxycoumarin.  If  it  is  at  the  3rd  position,  it  is  called  3-
hydroxycoumarin.  3-hydroxxycoumarin  is  metabolized  non-enzymatically.  0-
hydroxyphenyllactic acid (OHPLA), 0-hydroxyphenylacetic acid (OHPAA) and
glucuronide  conjugate  occurred  as  a  result  [14].  The  activity  of  7-
hydroxycoumarin is greater in humans than in rodent microsomes. However, 3-
hydroxycoumarin activity is observed highly in rodents [14].
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CHAPTER 3

Herbal  Drug  Substitution  (Abhava-Pratinidhi
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Abstract: Dwindling of natural resources coupled with the rising demand for several
botanical ingredients in the Indian subcontinent and global market has led to scarcity
and extensive  adulteration.  This  may result  in  altered safety  and efficacy of  several
single and polyherbal Ayurvedic formulations. Foreseeing this, Ayurveda experts have
decided to use alternate herbal ingredients with similar properties. Such ingredients are
known as Pratinidhi (a substitute) and are used in medicinal preparations. Because of
the unavailability  of  a  particular  herb or  the availability  of  the herb at  a  prohibitive
cost,  the  usage  of  substitutes  is  necessary.  This  concept  of  substitution  of  herbs  in
Ayurvedic medicines is quite an elaborate and popular practice. In commerce, there are
some predominant herbs whose substitutes or adulterants are also being traded. These
substitutes belong to the same or different genera or cultivar species and may or may
not have similar phytochemical constituents. This also relates to the use mentioned in
the authoritative texts of Ayurveda and their modern pharmacological responses and
safety.  Ayurvedic  system of  medicine  has  an  in-depth  biochemical  classification  of
herbs,  based  on  which  substitutes  can  be  deduced.  In  addition,  ancient  texts  have
mentioned alternate herbs for some key ingredients.

In the present article, we are discussing commercially significant herbs, viz. Ativisha,
Bala, Guduchi and Vidanga. These herbs have diverse clinical usage in Ayurveda and
are reported to have properties such as immunomodulatory, anti-pyretic, anti-oxidant
and  anthelmintic.  Based  on  this  concept,  the  development  of  standard  protocols  for
highly traded botanical ingredients will help the healthcare industry to meet the quality
standards  for  medicinal  products.  Using  substitute  herbs  will  majorly  reduce  the
overexploitation  of  natural  resources  and  help  bring  balance  to  the  ecosystem.
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1. INTRODUCTION

The usage of herbal medicines for the management of the health and wellness of
mankind is gaining interest globally. According to the latest WHO report, 80% of
the  world’s  population  relies  on  herbal  medicine,  resulting  in  a  new  trend  of
integration  of  alternative  and  complementary  medicine  into  mainstream
healthcare  systems  gradually  [1,  2].  National  Health  Interview  Survey  2012
reveals that more than 56% of the US population suffers from chronic conditions,
of which 22% of the population depends on herbal therapies [3]. Medicinal plants
contain many phytoconstituents with potential therapeutic value, viz. flavonoids,
polyphenols,  saponins,  glycosides,  tannins,  alkaloids  and  terpenoids  [4].  They
exhibit  a  unique  mode  of  action  with  very  few  or  no  side  effects,  even  after
prolonged usage, unlike conventional medicine [5]. Herbal medicines are widely
used for the treatment of chronic diseases and also for maintaining the health of
the elderly, which is of utmost concern. A clinical study conducted in Turkey in
both  urban  and  rural  populations  with  diabetes  mellitus,  hypertension  and
hyperlipidemia  found  that  most  of  the  patients  believed  herbal  medicine  to  be
effective  (68.3%  good  effect,  11.1%  minor  effect)  and  had  no  adverse  effects
(85.7%) [6]. A survey conducted in Thailand for the treatment of arthritis, asthma,
cancer,  cardiac  failure,  stroke,  coronary  artery  disease,  cardiac  arrhythmias,
chronic  obstructive  pulmonary  disease  (COPD),  diabetes  mellitus  and
hypertension revealed that the herbs used for the treatment included herbs such as
Andrographis paniculata (Burm.f.) Nees, Curcuma longa L., Zingiber officinale
Roscoe, Boesenbergia rotunda, Aloe vera (L) Burm.f. and Centella asiatica (L.)
Urb  [7].  A  comprehensive  study  involving  1601  participants,  both  from  urban
(47.5%) and rural areas (52.5%), was conducted in Vietnam to evaluate the use of
herbal  medicine  in  the  treatment  of  chronic  medical  conditions.  Stomach  and
intestinal  diseases  (39.6%);  followed  by  gout  and  other  musculoskeletal
conditions such as chronic backache (23.8%) and arthritis (22.1%); hypertension
(19.6%);  cardiovascular  disorders  (9.6%);  liver  diseases  (9.1%);  migraine  or
frequent  headaches  (6.9%);  diabetes  mellitus  (6.2%);  dyslipidaemia  (6.2%);
kidney diseases (6.0%); asthma (4.0%), cancer (2.9%), thyroid diseases (2.5%);
mental disorders (2.1%); COPD (0.9%); Parkinson’s disease (0.7%); and epilepsy
(0.3%), were treated with herbal medicines [8]. The global trend for research on
herbal ingredients has been increasing exponentially over a decade, with India and
China leading in publishing research articles, that is, around 800 to 1100 articles
per year [9]. The International Union for Conservation of Nature (IUCN) Red List
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of Threatened Species is the world’s most comprehensive source for information
on the global extinction and risk status of plant and animal species. It is estimated
that more than 115,291 plant species have not been evaluated by the IUCN Red
List of Threatened Species™ [10]. Threat and extinction of these medicinal herbs
force us to adopt the concept of drug substitution, i.e., Abhava-pratinidhi dravya,
which is well documented (in 15th- and 16th-century literature) and practiced in
Ayurvedic  medicine  [11].  The principle  of  Abhava-pratinidhi  dravya  describes
using potential  alternative  herbs  in  clinical  practice  by an Ayurvedic  physician
without compromising safety and efficacy.

2. ECONOMICS OF HERBAL TRADE & ADULTERATION PRACTICES

The herbal industry is estimated to be at about US100$ billion with a consistent
annual  growth  rate  of  15%  [12].  Herbal  trade  includes  essential  oils,  extracts,
phytopharmaceuticals,  gums,  spices  used  in  medicine  and  tannins  for
pharmaceutical use and cosmetics. The global export market of medicinal plants
is contributed majorly by five countries: China (27.1%), Hong Kong (7.6%), USA
(7%),  India  (6.5%)  and  Germany  (6.1%)  [13].  The  US  Food  and  Drug
Administration  regulates  botanical  ingredients  and  finished  products  under
separate regulations under the Dietary Supplement Health and Education Act of
1994 (DSHEA). “Economically motivated adulteration” (EMA) is defined as the
“fraudulent,  intentional  omission,  substitution  or  addition  of  a  substance  in  a
product  to  increase  the  apparent  value  of  the  product  or  reduce  the  cost  of  its
production,  i.e.,  for  economic  gain.”  The  American  Botanical  Council  is
continually  upgrading  the  American  Botanical  Council,  the  American  Herbal
Pharmacopoeia and the University of Mississippi’s National Center for Natural
Products  Research  Botanical  Adulterants  Programs,  which  emphasize  both
accidental and intentional adulteration of botanical ingredients. These programs
are  commended  by  Canada,  which  involve  herbal  experts  from  universities,
industry  and  government  bodies  to  establish  quality  control  for  possible
adulterants and identify the availability of official or unofficial analytical methods
to help detect these adulterants [14].

Adulteration of botanical ingredients may be accidental or intentional for financial
gains. Species-level adulteration ranges from 21% (in the case of Crocus sativus
L.)  to  80% (in  the  case  of  Berberis  asiatica  Roxb.  Ex DC.)  [15].  The growing
demand for supplements for weight management necessitates herbal supplement
manufacturers to add non-plant-derived compounds into the products to compete
in the market. A detailed study conducted in Iran on weight management products
available  in  the  market  has  shown  that  for  weight  loss,  sibutramine,  laxative
medicines (phenolphthalein) and appetite suppressants (amfepramone) are used in
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CHAPTER 4

Synthetic and Natural Agents as Bacterial Biofilm
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Abstract:  A  biofilm  is  a  form  of  bacterial  cluster  normally  seen  in  environmental
niches. They are immobile communities that colonize and develop on medical implants
like sutures, catheters and dental implants, which can be treated only by their removal,
leading  to  unaffordable  treatment.  The  main  biofilm  consequence  is  its  increased
tolerance to negative environmental conditions, which includes resistance to antibiotics
and  antimicrobial  agents.  The  high  resistance  of  bacterial  biofilm  towards  external
stress  and antibiotics  is  due to  the  extracellular  polymeric  matrix,  which provides  a
barrier from the external environment. The biofilm development is facilitated by the
cell-to-cell  communication  mechanism  of  bacteria  called  quorum  sensing,  which
promotes  the  bacterial  community  to  mature.  There  is  a  huge  number  of  naturally
occurring chemical compounds that can act as antibiofilm agents. Different chemical
compounds resist bacterial biofilm growth by different mechanisms depending on the
chemical  structure  of  the  molecule,  and the  stage  of  biofilm formation at  which we
introduce the chemical compound into the biofilm system. The anti-biofilm activity of
a natural or synthetic compound mainly depends on certain aspects; some of them will
deal  with  the  inhibition  of  the  formation  of  the  polymer  matrix,  some  others  may
suppress  the  cell  adhesion  and  its  attachment  to  itself  or  an  external  surface,  while
others  deal  with  the  interruption  of  extracellular  polymeric  matrix  generation  and
lessening  virulence  factors  production,  thereby  hindering  QS  network  and  biofilm
development.

Keywords:  Antagonistic,  Antibiofilm,  Antimicrobial,  Autoinducers,  Efflux
Pump,  Extracellular  Polymeric  Natrix,  Multidrug-resistant,  N-acyl  Homoserine
Lactones, Persisters, Photodynamic Therapy, Magnetic Nanoparticles, Violacein,
Virulence Factor, Quorum Sensing, Quorum Quenching.

INTRODUCTION

Today  microbial  control  is  an  ever-increasing  economic  concern  disturbing
human  beings  and  animals.  There  are  many  phases  for  this  crisis,  making  it
difficult  to  overcome;   the  existence  of  various  antimicrobial   resistance   and
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altering regulations in the bacterial  body due to the increased awareness of  the
bacteria to its  surroundings may make the antibiotics inefficient.  Antimicrobial
resistance occurs naturally in a microorganism and is a dynamic threat due to its
capability to evolve and express resistant genes, finally leading to the selection of
resistant  microbial  clones.  This  fact  pointed to the requirement for  new, potent
antimicrobials, which can overcome the negatives of the existing ones [1]. Recent
literature  review  shows  advancements  in  the  field  of  developing  potent
antimicrobial  compounds.  Jaspreet  S.  Dhau  et  al.,  studied  the  anti-bacterial
efficiency  of  various  pyridylselenium  compounds  like  bis[3-(4-chloro-N,N-
diethylpyridine-2-carboxamide)] diselenide and bis(3-bromo-2-pyridyl) diselenide
against  different  bacterial  strains,  including  Bacillus  pumilus  (MTCC-1607),
Escherichia  coli  (MTCC-1687),  Bacillus  subtilis  (MTCC-441),  Staphylococcus
aureus (MTCC-737) and Pseudomonas oleovorans (MTCC-617) [2 - 4] .

Biofilm formation is a significant field to study once dealing with antimicrobials
and  antimicrobial  resistance  of  bacterial  biofilm.  Biofilms  are  aggregates  of
multicellular  organisms  found  associated  with  abiotic  or  biotic  surfaces  where
bacteria are found embedded in extracellular polymeric matrix [5]. They express
higher resistance to antibiotics than planktonic ones due to the poor penetration of
drugs into the biofilm [6]. The major reason for the increased resistance of biofilm
is the presence of an extracellular polymeric matrix [7].

The extracellular matrix, composed of polysaccharides, proteins, lipids, and DNA,
slows or nullifies the diffusion of antibiotics into the biofilm. The resistance of
biofilm thus leads to its propagation and further development [8]. Along with the
inhibition of antibiotic entry into the cells, bacteria can also resist antibiotic drugs
by some other mechanisms. Any kind of variations in the microenvironment of
biofilm-like,  change  in  temperature,  low  availability  of  water,  and  change  in
availability  of  nutrients,  oxidative  stress,  and  starvation  may  activate  some
adaptive stress responses inherent in bacteria. This response will then further lead
to the alteration of the bacterial cell by which it enters into the spore-like persister
state, where they are extremely safe. The presence of persisters inside the biofilm
is the reason for the high antibiotic resistance [9]. Another mechanism by which
bacterial biofilm resists antibiotics is the method known as efflux pumping. The
efflux  system allows  the  expelling  of  antibiotics,  biocides,  metabolic  products,
organic  solvents,  and  dyes  out  of  the  biofilm  system  to  enhance  biofilm
development. Hence, in order to overcome its activity, promising modifications
are required in developing new antibiotics [10].

In  nature,  microorganisms  rarely  live  in  plantonic  form,  but  rather  they  prefer
communal  growth  or  aggregates.  Bacteria  achieve  the  self-immobilisation  in
aquatic  or  soil  systems  by  the  cell  surface  hydrophobicity  of  the  organism.
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Bacterial cell surface hydrophobicity promotes bacterial colonisation and hence
biofilm formation [11]. The studies done by various researchers found that there is
a positive correlation between cell surface hydrophobicity and virulence factors
and  biofilm  formation  [12].  Hence,  drugs  that  are  capable  of  reducing  the
thickness and cell surface hydrophobicity of the bacteria can lead to a reduction in
biofilm formation.

All the known mechanisms of bacterial resistance to antibiotics make the chemists
aware of developing more potent antibiotics which can overcome all the possible
resistance mechanisms. The chapter deals with a few methods by which biofilm
inhibition  can  be  achieved  by  making  use  of  various  synthetic  and  natural
compounds.  The  methods  include  quorum  quenching,  extracellular  polymeric
matrix  formation,  inhibition  of  biofilm  formation,  and  efflux  pump  inhibition.

QUORUM QUENCHERS

Due to the overuse of antibiotics, bacteria become multidrug-resistant, and it is an
immediate necessity to find an alternative method for antimicrobial therapies. The
most promising strategy for that is to target the main physiological property in the
biofilm, and it is quorum sensing (QS). QS is the mechanism by which bacteria
communicate with each other. The mechanism is based on the constant flow of
signalling molecules called autoinducers (AI) [13]. In the case of gram-negative
bacteria,  N-acyl  homoserine  lactones  (AHLs)  play  the  role  of  AI,  and  in  gram
positive bacteria, it is AIPs. [14].

Quorum quenching (QQ) that can disrupt the communication of bacteria can act
as  a  driving  force  for  the  lessening  or  even  complete  inhibition  of  virulence
factors and biofilm formation. The quorum quenching approaches include the use
of structural analogues of auto-inductors which are QS receptors. The structural
analogues  of  these  can  be  synthesized  in  laboratories  or  can  be  isolated  from
natural sources. There are a vast number of naturally occurring compounds that
can hinder the communication of microbes [15, 16]. There are different methods
by which QS can be inhibited, and the mechanisms involved in quorum sensing
inhibition are listed below.

Inhibiting  the  synthesis  of  signal  molecules  by  blocking  Lux  operon  proteins●

[17].
Enzymatic degradation [18] or inactivation of signal molecules by changing the●

pH  to  alkaline  [19]  or  by  changing  temperature  [19]  and  thereby  leading  to
lactonolysis [20].
The enzymatic degradation of AHL is the best method of QQ. The enzymatic●

degradation can be catalysed by enzymes like lactonases, acylases, reductases,
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Abstract: Natural products are investigated for their remunerative effects on health.
Quercetin, a flavonoid, is commonly distributed in vegetables and fruits. Quercetin is
used as a supplement in food and as a phytochemical remedy against several diseases,
including  circulatory  dysfunction,  neurodegeneration,  diabetes,  cancer,  and
inflammation.  The  most  prominent  property  of  quercetin  is  its  antioxidant  activity,
enabling it  to douse free radicals.  Derivatives of quercetin are essential metabolites,
and even various conjugates are being advocated by the Food and Drug Administration
(FDA) for use in humans. So, the biosynthesis of quercetin derivatives is a predominant
field of research. Methylation and glycosylation  are two essential strategies used to
synthesize various  metabolites of  quercetin  that do not  exist  in  nature. This   review
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summmarizes  quercetin  chemistry,  structural  modifications,  Structure-Activity
Relationship  (SAR)  studies,  and  therapeutic  applications  of  quercetin.

Keywords:  Flavonoids,  Quercetin  Derivatives,  Quercetin,  SAR  Studies,
Therapeutic  Applications.

1. INTRODUCTION TO FLAVONOIDS

Flavonoids  are  a  group  of  plant-derived  substances  with  a  similar  flavone
structure. The basic skeleton comprises two aromatic rings (A and B) attached to
a heterocyclic ring (C) that integrates the aromatic rings [1, 2] (Fig. 1). Flavonoids
are available in glycoside-bound and free aglycone [3, 4]. There are over 4,000
different  types  of  flavonoids  in  nature,  which  are  classified  as  anthocyanidins,
flavones,  chalcones,  flavonols,  and  isoflavones.  Flavonoids  exhibit  various
pharmacological  effects,  such  as  antimicrobial,  antioxidant,  anti-inflammatory,
and hepatoprotective [5 - 13].

Fig. (1).  Fundamental arrangement of flavonoid.

1.1. Quercetin Chemistry and Source

The chemical name for quercetin is (2-(3,4-dihydroxy phenyl)-3,5,7-trihydroxy-
4-H chromen-4-one) Fig. ( 2) [14, 15]. The word Quercetin is derived from the
Latin word Quercetum, which means oak forest. It has a yellow color to it. It is
insoluble in cold water, slightly soluble in hot water, and entirely soluble in lipids
and alcohol  [16,  17].  It's  one  of  the  most  potent  antioxidants,  usually  found in
edible plants [18 - 21]. Quercetin possesses many beneficial qualities, including
anti-inflammatory,  central  nervous  system  stimulant,  anticancer,  and  anti-
infection  [22].  Quercetin  can  also  affect  blood  clotting  via  thrombin  inhibition
[23]. Quercetin has been shown to have neuroprotective properties in both in-vivo
and in-vitro investigations [24]. Additionally, quercetin is used for ischemia [25],
Huntington’s disorder [26], and Parkinson’s disorder [27].
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Fig. (2).  Chemical structure of quercetin [14, 15].

Quercetin is a di-phenyl propane molecule with 15 carbon atoms in its structure. It
is made up of two benzene rings and a pyran ring. 4-oxo-flavonoid is a flavonoid
with a carbonyl group at the C-4 position in its ‘C' ring. Flavonoids are divided
into  sub-classes  based  on  pyran  ring  oxidation  and  substitutions,  flavones,
flavonols,  flavanones,  flavan-3-ols,  flavonols,  and  isoflavones  [28,  29].  With  a
chemical  formula  of  C15H10O7,  quercetin  belongs  to  the  flavone  subclass  of
flavonoids.  According  to  IUPAC  nomenclature,  it  is  also  known  as  2-(3,-
-Dihydroxyphenyl)-5,7-dihydroxy-4H-1-benzopyran-4-one. Five hydroxyl groups
can be found in quercetin at positions 3, 5, 7, 3', and 4'. It is an aglycone because
quercetin  lacks  an  associated  sugar  moiety.  The  production  of  glycosidic
quercetin  occurs  when  at  position  3  hydroxyl  group  is  replaced  by  glucose,
galactose, rhamnose, or rutinose. Quercetin is water-insoluble or nearly insoluble.
The  addition  of  (glucose,  rhamnose,  or  rutinose)  to  quercetin  enhances  its
solubility  in  water  thus,  unlike  quercetin,  glycosidic  quercetin  is  water-soluble
[22, 30]. Due to numerous hydroxyl groups, it has been attributed to the cause of
its  photo-degradation,  in  addition  to  being  responsible  for  its  antioxidant
capabilities. It has been claimed that the 3,3' and 4' positions hydroxyl groups are
principally accountable for their photo-labile feature, while the hydroxyl groups at
the  5  and  7  locations  play  no  role  [31].  Quercetin  is  well-known  for  its  anti-
inflammatory  properties.  In  addition,  glycosylated  quercetin  has  been  found  to
have lower anti-inflammatory properties than quercetin [32]. When quercetin is
glycosylated  at  position  3,  it  loses  its  capacity  to  neutralize  free  radicals  and
inhibit  Acetylcholine levels [33].  When quercetin is methylated at the 4'  and 7'
sites, its anticancer capabilities enhance. The metabolic stability of quercetin can
be improved by replacing the hydroxyl group with an O-methylated group [34].
The presence of a double bond across carbon 2 and 3 in quercetin, as well as the
hydroxyl group in the ‘B' ring, is critical for thrombin inhibition. When hydroxyl
groups in the ‘B' and ‘C' rings are replaced with methoxy groups, the inhibiting
activity of thrombin is reduced, but replacing hydroxyl groups in the ‘A' ring with
methoxy  groups  increases  the  inhibitory  activity  of  thrombin  [35].  Due  to  the
catechol group in the ‘B' ring, a 2,3 double bond in the ‘C' ring, and a hydroxyl
group at C-3 position, quercetin leads to oxidative stress by increasing Reactive
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