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PREFACE 

Pharmaceutical field encloses a wide number of themens ranging from drug 

discovery to manufacturing, techniques and technology, regulation and 

marketing and involves several disciplines such as chemistry, physics, biology 

biotechnology, pharmaceutics and engineering. The introduction of complex 

compounds in to medicine resulted in pharmacy becoming a speciazed branch.  

To contribute the recent dimensions of the subject, we decided to publish the 

present book entitled "Research and Development in Pharmaceutical Science 

Volume IV". This book is the unified approach to various research areas. The 

prime goal behind the publication of the book is to bring awareness and 

exposure to research scholars, academicians and professionals in various topics 

of current research so that they can actively persue or incorporate the novel 

methods in their area of work. It is the platform to exchange information and 

ideas on the recent trends in pharmaceutical sciences and research. 

The articles in the book have been contributed by eminent scientists, 

academicians. Our special thanks and appreciation goes to experts and 

research workers whose contributions have enriched this book. We thank our 

publisher Bhumi Publishing, India for taking pains in bringing out the book.  

Finally, we will always remain a debtor to all our well-wishers for their 

blessings, without which this book would not have come into existence. 

 

- Editors 
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Abstract: 

Microorganisms have started to develop resistance to the widely used antimicrobial drugs 

as a result of the widespread and inappropriate use of antibiotics. Therefore, it appears that the 

development of novel, efficient antibacterial drugs is required. Graphene oxide (GO) 

nanoparticles and other carbon-based nanomaterials, including fullerenes, carbon nanotubes 

(CNTs), particularly single-walled carbon nanotubes (SWCNTs), have been found to exhibit 

powerful antibacterial property in recent studies. In this review, we have provided a concise 

summary of the antibacterial properties of carbon-based nanoparticles as well as their mode of 

action. 

Keywords: Nanoparticles, therapeutic uses, antibacterial drugs, carbon nanotubes 

Introduction:  

Understanding, controlling, and modifying matter at the level of individual atoms and 

molecules is what the National Science Foundation and National Nanotechnology Initiative 

(NNI) described as Nanotechnology (Taylor and Francis 2007). Because of the profound effects 

that modern Nanotechnology will have, practically on all industries and facets of society, it is 

sometimes referred to as a Green technology (Bhattacharyya et al., 2009). 

The peculiar and exciting characteristics of nanoparticles, which are defined as particles 

with one or more dimensions on the order of 100 nm or less, as well as their favourable 

applications over their bulk counterparts, have drawn a lot of attention (Daniel and Astruc, 2004; 

Kato, 2011). Drug delivery methods, nano films, water filtering methods, nano tubes, nanoscale 

transistors, and other goods all rely on nanoscale particles (Bhattacharyya et al., 2009). 

Physicochemical characteristics of nanoparticles are distinct from those of their bulk 

constituents. Because of their extremely small size and generally higher reactivity, they can 

quickly disperse throughout the human body and even directly interact with organelles found 

inside cells. They can also easily penetrate skin or cells. Because of the increased chemical 

activity caused by their enormous surface area to mass ratio, they can function as effective 

catalysts. This increased chemical and biological activity led to the development of numerous 
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tailored nanoparticles for specialised usage, such as diagnostic or therapeutic medical 

applications (Gupta et al., 2007). 

Genes for antibiotic resistance and antibiotics have steadily co-evolved over millions of 

years. The current high level of antibioresistance was caused by the overuse and misuse of 

antibiotics, as well as other antimicrobials (antiseptics, disinfectants, and biocides), which 

primarily affect the medical field but also other industries (agriculture, the food industry, 

drinking water, and freshwaters) and have a secondary effect on public health (Levy, 1992). 

Cell wall, cytoplasm, and cell membrane serve as the hallmarks of bacteria. Most of the material 

in the cell wall, which is located outside the cell membrane, is a homogenous peptidoglycan 

layer (which consists of amino acids and sugars). The osmotic pressure in the cytoplasm as well 

as the distinctive cell shape are both maintained by the cell wall. Gram-positive bacteria have a 

stronger cell wall and a single cytoplasmic membrane with many layers of peptidoglycan 

polymer (20-80 nm) (Fu et al., 2005). Gram-negative bacteria's cell wall is made up of two cell 

membranes: an outer membrane and a plasma membrane with a thin layer of peptidoglycan that 

is 7-8 nm thick (Fu et al., 2005). NPs of a size in these ranges can easily pass through the 

peptidoglycan and are hence quite vulnerable to harm.  

All cellular components other than the nucleus are contained in the cytoplasm, a jelly-like 

fluid that makes up a cell. This organelles performs the processes of growth, metabolism, and 

replication. Proteins, carbohydrates, nucleic acids, salts, ions, and water (around 80%) are 

therefore present in the cytoplasm. The electrical conductivity of the cellular structure is 

influenced by this composition. Bacterial cell walls have a net negative charge. (Fu et al., 2005) 

(Fig. 1). 

 

Figure 1: Structure of a typical bacterial cell 
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Currently, the development of new antibiotic is necessary to combat microbial diseases 

that have developed antibioresistance due to decades of intense selective pressure. Finding new 

antimicrobial medicines and innovative anti-infective therapeutics has become necessary as a 

result of the phenomena of multidrug resistance (Lazar et al., 2013). 

Additionally, because of the rapid and modern movement of people and goods, the 

problem of rising antibiotic resistance is now widespread. A fresh perspective on the research of 

anti-pathogenic medications with no selection pressure, resistance-inducing, or other side effects 

was decided as a result of the high degree of multidrug resistance, which led to the forecast that 

we are nearing the pre-antibiotic period (Lazar et al., 2013). 

People are still concerned about bacterial contamination. In the United States, there are 

thought to be 48 million cases of infectious illnesses (Morris, 2011; Jin and He, 2011). 

Therefore, it is imperative to create potent antimicrobial drugs to manage the bacterial population 

in order to resolve this issue (Kumar et al., 2008; Li et al., 2006). Antibiotic pollution has non-

target effects that increase the overall rates of mutation, recombination, and lateral gene transfer 

throughout the entire microbiome while also acting as a selection force to correct such 

alterations. The widespread use of antibiotics has evolutionary and ecological repercussions. As 

a result, the resistome and mobilome are able to accommodate more genes, increasing the 

overlap between these two parts of microbial genomes. Since antibiotics are tiny chemicals that 

drive bacterial evolution, human use of them and their release into the environment has second-

order effects on the microbiome (Gillings, 2013). 

Despite the fact that antibiotics have significantly decreased infectious disease-related 

sickness and mortality over the decades since their discovery and availability for therapeutic use, 

bacteria have shown an amazing ability to rapidly develop antibiotic resistance (Levy, 1992). 

One of the four main public health issues has been identified by the ECDC (European Centre for 

Disease Control) as antibiotic resistance (AR). Traditional antibiotics have slowly lost their 

effectiveness as multiresistant pathogenic bacterial strains have become more common. Even 

while the component cells evaluated in suspension may be responsive to some antibiotics, the 

prognosis is made worse by the development of bacterial biofilms on intact or damaged cellular 

substrata as well as on biomaterials used in medicine. In this environment, research into new 

anti-infective preventive or treatment techniques becomes a key priority at the global level 

(Lazar et al., 2013). 

Even the increasing levels of resistance in pathogenic microorganisms create an urgent 

need to explore new antimicrobial agents, unaffected by the resistance mechanisms already 
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present in the bacterial population. Over the past 20 years, the search for new large spectrum 

antimicrobials has yielded very few new classes of molecules (Von Rosevinage et al., 2013). 

The uses of nanotechnology in medicine have been thoroughly investigated during the 

last few decades, particularly in the field of drug delivery. Understanding and manipulating 

objects in the nm range, where materials exhibit peculiar physicochemical characteristics such as 

extremely small size, high surface to mass ratio, high reactivity, and peculiar interactions with 

biological systems, is the focus of Nanotechnology (Zhang et al., 2008). In the twenty-first 

century, Nanotechnology is a field that is quickly expanding. The number of commercial 

applications for new nanomaterials is growing quickly (Peter et al., 2014) (Fig. 2).

 

Figure 2: Potential applications of nanotechnology in Health and Medicine 

 

Applications of Nanotechnology in medicine and microbiology have shown promise in 

addressing the issue of antibiotic resistance (Adibkia et al., 2007; Adibkia et al., 2011; 

Mohammadi et al., 2011; Kannan et al., 2011). 

According to preliminary research, the mechanism underlying the formation of 

conjugates between antibiotics and bimetallic nanoparticles is still in its infancy. In addition to 

hydrophobic interactions and covalent bonding between the nanoparticle and antibiotics' 

sulfhydryl groups (-SH), bioconjugation may also result from electrostatic interactions between a 

negatively charged particle and a positively charged region of the antibiotic (Baker et al., 2015). 
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Nanomaterials made of metals, metal oxides, carbon, silica, and semiconductors are just a 

few of the many chemical categories that can be used to categorise products made with 

Nanotechnology (Ray et al., 2009). Among the most popular types of engineered nanomaterials 

are carbon and metallic nanoparticles (Fig. 3) (Peter et al., 2014). 

 

Figure 3: Proposed mechanistic approach of antibiotic conjugation with nanoparticles 

(Baker et al., 2015) 

Nano materials in anti microbial therapy:  

Pathogenic bacteria, which are to blame for many yearly deaths and hospitalizations, 

continue to be a serious health concern. Although we now have therapies like antibiotics, 
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microorganisms are becoming alarmingly resistant to these medications. New therapeutic and 

diagnostic procedures are thus required if we have to be ready for new and harmful bacterial 

diseases. In an effort to create novel therapies and diagnostic methods, a variety of potential 

solutions have been studied (Liam et al., 2010). The use of nanotechnologies and nanomaterials 

to produce novel antibacterial nanomedicines with higher effectiveness and efficiency is 

included in a sizable portion of these studies (Fig. 4) (Chun and Webster 2009; Weir et al., 

2008). 

 

                 Figure 4: Types of nanostructures used for antimicrobial therapy  

 

Carbon based nano structures:  

Numerous researchers have studied fullerenes, single-walled carbon nanotubes 

(SWCNTs), and graphene oxide (GO) nanoparticles, which have strong antibacterial properties. 

Since their discovery two decades ago, these novel allotropic forms of carbon have been applied 

in numerous scientific fields (Cataldo and Da Ros, 2008; Wang et al., 2014; Sokolov and 

Stankevich, 1993). Infact, antibacterial mechanism heavily depends on the interaction of 

bacterial cells with carbon-based nanomaterials (Yang et al., 2010). 

It has been suggested that oxidative stress caused by carbon-based nanomaterials damages 

bacterial membranes (Gurunathan et al., 2012; Shvedova et al., 2012; Vecitis et al., 2010; Manke 

et al., 2013 and Pacurar et al., 2012). Recent research indicates that the primary antibacterial 

activity of these nanostructures is not oxidative stress but rather the physical interaction of 

carbon-based nanomaterials with bacteria (Manke et al., 2013; Kang et al., 2007). To understand 
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the precise mechanisms underlying the antibacterial action of carbon nanostructures, however, 

in-depth research is required (Maleki Dizaj et al., 2015). 

Carbon nano tubes: 

Carbon nanotubes (CNTs) are hollow, cylinder-shaped nanoscale forms of carbon 

(Maleki Dizaj et al., 2015). There are many different geometries of carbon nanoparticles, such as 

spherical fullerenes, cylindrical nanotubes, planar nanoplates, etc. The different geometries of 

these nanoparticles allow for a range of distinct chemical, electrical, magnetic, and optical 

capabilities, despite the fact that they all share the same grapheme structure, which confers 

semiconductor properties. Biomolecules electrically connected to carbon nanoparticles in 

composite materials could produce a wide range of high-performance technologies. The 

composite electrode can function as an integrated, bioactive electrode unit (i.e., a bio-carbon 

network) by including a biological recognition element and any essential component or mediator 

(Gupta et al., 2007). 

Since its discovery, carbon nanotubes have been used in a wide variety of scientific 

fields, and in some ways, symbolise the progress of nanotechnology itself. They were sought 

after for their distinctive optical, thermal, magnetic, high strength, and conductivity qualities, 

practically all of which could be modified based on the nanotube's dimensions (Liam et al., 

2010). A recent investigation on the antimicrobial capabilities of carbon nanotubes revealed that 

these materials are potent antibacterial agents (Adibkia et al., 2007). 

Since their discovery, single-walled carbon nanotubes (SWCNTs) (Fig. 5), in particular, 

have been the subject of research in both academia and industry (Iijima, 1991; Saito et al., 2005; 

Cheng, 2002; Evseeva and Tanaeva, 2008; Dang et al., 2006). SWNTs, after C60, have been one 

of the most widely used nanomaterials due to their exceptional and distinctive mechanical, 

electrical, optical, and thermal capabilities (Meng et al., 2009). 

   

Figure 5: SWCNT (Gupta et al., 2019)  
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The first report demonstrating SWCNTs' potent antibacterial action against Escherichia 

coli was published by Kang et al., in 2007. They showed that SWCNTs could seriously disrupt 

membranes, leading to cell death. Additionally, they provided the first proof that the size of 

carbon nanotubes had a significant impact on their antibacterial activity (Kang et al., 2008). 

They created SWCNTs and MWCNTs and studied how well they inhibited the growth of E. coli. 

The outcomes showed that SWCNTs were significantly more hazardous to bacteria than 

MWCNTs. The authors also noted that E. coli's morphology, metabolism, and cellular membrane 

integrity were all affected by direct cell contact with CNTs. SWCNTs' smaller nanotube diameter 

allowed them to enter the cell wall more effectively than MWCNTs. Additionally, SWCNTs' 

larger surface area led to improved interaction with the surface of cells (Kang et al., 2008). 

Shvedova et al. (2003) observed that incubation of high dosages of single-walled CNTs in 

keratinocytes and bronchial epithelial cells induced ROS, lipid peroxidation, oxidative stress, and 

mitochondrial dysfunction despite numerous publications indicating usage of CNTs as 

antibacterial agents. According to Karlsson et al. (2008), CNTs cause DNA damage and 

cytotoxicity. 

Fullerenes:  

Fullerenes are carbon-based compounds that resemble soccer balls (Tegos et al., 2005). 

Many researchers have examined fullerenes' potential for interacting with biological membranes 

in order to determine whether they have any useful antibacterial properties (Yang et al., 2014). 

According to Tegos et al. (2005) fullerenes exhibited antibacterial action against many bacteria, 

including E. coli, Salmonella, and Streptococcus spp. After the nanoparticles were engulfed by 

the bacteria, energy metabolism was likely to be inhibited, which has caused the antimicrobial 

action (Shvedova et al., 2012; Bellucci, 2009). Additionally, it has been proposed that fullerene 

derivatives can restrict bacterial growth by disrupting the respiratory chain (Deryabin et al., 

2014; Cataldo and Da, 2008). 

To determine fullerene C60's effects on the environment, it has been studied as an 

antibacterial agent. The study demonstrated that fullerenes did kill bacteria like E. coli DH5 and 

Bacillus subtilis, but it also revealed that variations in the physical dimensions of different 

fullerene C60 have different impacts, necessitating additional focused testing (Lyon et al., 2005). 

C60 (Fig. 6) is a fullerene with a spherical form. Fullerene aggregates that are water-soluble, 

monodisperse, or colloidal cause lipid peroxidation and superoxide anions, which cause 

cytotoxicity. Critical factors determining the toxicity caused by fullerenes are various functional 

groups connected to their surfaces (Nel et al., 2006). 
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Figure 6: C60 (Cheaptubes.com)  

1.4 Graphene oxide:  

Research on the mass production, characterization, and practical applications of ultra-thin 

carbon films—the thinnest of which is graphene—has taken over the field of material science 

(Aristov et al., 2010; Hernandez et al.,, 2008; Paredes et al., 2011; Dikin et al., 2007; Wang et 

al., 2008; Park et al., 2008; Shahil and Balandin, 2012; Avouris, 2012; and Brownson, Edward et 

al., 2014). 

Some have referred to graphene, a hexagonal structure made of sp2 hybridised carbon 

atoms, as the "mother" of all graphitic carbon materials because it serves as the fundamental 

building block for both graphite and carbon nanotubes, which are essentially stacks of graphene 

sheets held together by strong Van der Waal forces. 

Graphene is a name for a monolayer of closely packed carbon atoms in a two-

dimensional crystal (Lu et al., 2010). In the late 1950s, Hummers and Offman (1958) separately 

developed graphite oxide. By 1962, reports of chemically reduced graphene oxides had been 

published (Boehm et al., 1962), and monolayer graphene had even been synthesised using silicon 

carbide substrates. 

Azimi et al. (2014) provided evidence that the primary antibacterial mechanism of 

graphene oxide is membrane stress brought on by direct contact with sharp nanosheets (GO). 

The growth of E. coli was demonstrated to be inhibited by both graphene and GO. Akhavan and 

Ghaderi (2010) investigated the antibacterial properties of graphene sheets and confirmed that 

direct contact between bacteria and the associated extremely sharp edges led to RNA effluxes 

through both Gram-negative (E. coli) and Gram-positive (S. aureus) bacteria's damaged cell 

membranes. Reduced graphene oxide nanowalls and GO's antibacterial properties were also 

explored by Gurunathan et al. in 2012. Their findings demonstrated that S. aureus cell membrane 
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injury was caused by direct contact with the extremely sharp edge of the applied nanowalls. The 

decreased graphene nanowires' antibacterial effect, according to Dinadayalane et al. (2012), was 

comparable to that of SWCNTs. The researchers are keen to manufacture carbon nanotubes 

(CNTs) and graphene oxide on commercial basis. However, in some experimental 

circumstances, researchers (Bottini et al., 2006; Ding et al., 2005; Magrez et al., 2006; Persson et 

al., 2013; Zhang et al., 2012 and Zhu et al., 2007) have found that CNTs and graphene oxide are 

toxic (Fig. 7). 

 

 

Figure 7: Schematic structure of graphene (a), graphite (b), carbon nanotube  

(c) and fullerene (d). (Filippo Giannazzo et al., 2011) 

 

Summery: 

Today, due to the widespread and improper use of antibiotics, microbes have started to 

become resistant to the widely used antimicrobial drugs, which poses serious health risks. New 

and potent antibacterial therapies must be created in order to maintain and enhance protection 

against harmful bacteria. In order to combat known and unknown harmful bacterial infections, 

new therapeutic and diagnostic therapies are therefore required. The usage of nanoparticles has 

recently come to light as a creative and promising approach to improve therapeutic effectiveness 

and reduce negative side effects from medication. This review has discussed a wide range of 

prospective antibacterial medicines, which includes nanoscale-engineered synthetic and 

biologically inspired materials. However, nanotechnology has its own limitations, just like any 
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other application of scientific innovation. There is still more research to be done on the safety 

and characteristics of nanotechnologies and materials because nanomedicine is still in its 

infancy. The creation of effective antibacterial carbon NPs and the avoidance of NP cytotoxicity 

may both benefit from the current in-depth analysis of the antibacterial processes. 
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Abstract: 

Nutraceuticals are dietary supplements that are used to improve health, prevent illnesses, 

postpone aging, and maintain the human body's correct functioning. Nutraceuticals are now 

garnering a lot of interest because of their nutritional and therapeutic benefits. Nutraceuticals are 

a type of natural remedy that may be used to not only prevent but also treat a variety of life-

threatening conditions. They are in demand since they are less expensive and easier to obtain 

than prescription medications. Through the growing mandate for nutraceuticals in both the food 

and pharmaceutical industries, a reliable then the affordable supply of nutraceuticals is critical. 

Almost every food sector produces a certain amount of waste or by-products, which might be a 

source of bioactive chemicals for the nutraceutical market's expanding need. By-products, which 

might be a source of a range of bioactive substances for the nutraceutical market's expanding 

need. At industrial levels, massive volumes of nourishment leftover by-products are produced, 

which accommodate high-value bioactive composites and have high-value specialized products 

as ultimate substrates for the recapture of functional molecules including, polysaccharides, 

proteins, fibers, and taste composites, which may then be reprocessed as nutraceuticals and 

functional additives aimed at treating ailments such as cancer, neurodegenerative diseases, 

vascular diseases, and so on. There are several techniques for the recovery of nutraceuticals like 

Spray drying technology, Membrane separation technology and Cross-Linked Enzyme 

Aggregates technology are discussed in this review 

Keywords: Nutraceuticals, By-products, Spray drying technology, Membrane separation 

technology and Bio-active ingredients 

Introduction:  

The use of the phrase nutraceuticals has sparked a worldwide hunt for natural substances 

extracted from plant surplus and used as a solitary constituent with promising vigor effects. Dr. 

Stephen DeFelice invented the phrase "nutraceutical" in 1989, and it was formed from rapportsof 

"nutrition" and "pharmaceutical." A nutraceutical is an ingredient with a well-known nourishing 
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price, whether it is available as herbs or herbal extracts, or dietary supplements, which is used for 

losing weight, improved athletic concert, or as a spare for dietary food bases, and is made up of 

exact components obtained from further sources.Energy generation, the availability of healthy 

food, and the reduction of biochemical waste are all key challenges across the world. Improved 

feed and food production havestood made feasible by substantial inherent explore, new farming 

methods, and postharvest technology as the ecosphere's inhabitants endures to grow. 

Nutraceutical components can increase the final quality of the goods created by adding a variety 

of useful qualities. Anti-diabetic, anti-inflammatory, and antibacterial properties are among the 

advantages of consuming these nutraceuticals. Certain nutraceuticals have also been shown to be 

beneficial in the handling of arthritis, neurodegenerative illnesses, cardiovascular disease, and a 

variety of other illness (Aggarwal et al., 2009). At industrial scales, massive volumes of food 

waste by-products are produced, which include high-value bioactive chemicals. Bioactive 

chemicals are found in small amounts in foods, particularly in vegetables, fruits, whole grains, 

and other plant-based meals. They provide an extensive assortment of health advantages in 

accumulation to their nutritional value; besides they have medicinal potential. Bioactive 

substances are classified as herbal sources or dietary supplements depending on their source of 

origin. Bioactive from food waste may be isolated and used to make functional foods and 

nutraceuticals. They similarly have healing effects ranging from antihypertensive to anti-

inflammatory, making them ideal for usage as functional meals for health. Indeed, these 

chemicals can be used as a substitute for natural antioxidants. They are mostly found in 

vegetable waste as primary and secondary metabolites. There are numerous methods for the 

retrieval of nutraceuticals like Spray drying technology, Membrane separation technology and 

Cross-Linked Enzyme Aggregates technology are discoursed in this review. These bioactive 

chemicals can bring advantages in a variety of ways (Jabeen et al., 2015). These compounds 

could act as (1) Chemical scavengers that are reactive or poisonous;(2) absorbents in the gut that 

can dilemma or eliminate lethal components; (3) cofactors or inhibitors of enzymatic reactions; 

(4) ligands that activate receptors on the cell exterior; (5)biochemical reaction substrates;(6) 

substances that help with nutrient absorption and/or stability; (7) promoting the proliferation of 

healthy bacteria in the gastrointestinal tract; (8)favourable gastric, oral, or abdominal microbial 

substrates; (9) Intestinal microorganisms are selectively inhibited by these inhibitors. 

Consumption of dietetic fibers over various food products has been shown to avert digestion, 

hydrolysis, and fascination in the small intestine, as well as increase fecal bulk, stimulate colonic 

fermentation, lower postprandial blood glucose, and lower pre-prandial lipid levels in the human 

body. Biomaterials include a wide range of dietary components, including energy-dense 

biochemicals, carbs, lipids, proteins, and a variety of micronutrients. Extra bioactive chemicals 
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or nutraceuticals, such as vitamins, dietary fibers, minerals, amino acids, antioxidants, and 

digestive enzymes, might be found in these biomaterials, which are important for preventing and 

regulating a variety of health problems. 

 

The table summarises the several nutraceutical components of various food waste and 

plant by-products, as well as its accompanying positive benefits. 

Various by-products and wastes  

There are three types of by-products and wastes.1) Agricultural by-products comprise 

things like twigs, leaflets, husks, and additional plant components that aren't edible, as well as 

commodities that aren't acceptable for the food market. 2) The non-food portions of the gathered 

agricultural goods, such as stones, pulp, and skin of different fruits, and bran, husk/hull of 

cereals, are removed before these things are made accessible for consumption.  

By-Products Nutraceuticals  Therapeutic Effects References  

Pineapple  

 

 

Curcumin  

 

Tomato peel, 

seeds 

Apple juice  

 

Mango and 

prunus  

 

 

Citrus peel 

 

Beetroot  

 

Theobroma 

powder 

Romelain 

 

 

Turmeric oil 

 

Phenol 

 

Decipherable 

Dietary fiber,  

Dietary fibers, 

Polyphenols, 

Carotenoids, 

Phytosterols, 

Saponins 

 

Dietetic fibers 

 

Phenols 

Anti-inflammatory negotiator, 

anticancer, endorses debridement of 

blisters and tender in skin problems 

Activities include Antioxidant & 

anticarcinogenic 

Antioxidant&anti-carcinogenic 

activities 

Reduce lipid; surge faecal defecation 

of steroids in rats 

Reduce the activity of α-amylase 

Reduction of HDL  

 

 

Cholesterol levels 

 

Progress lipid uptake 

 

Obstruct atherogenesis 

 Jahangir et al. 

(2009) 

 

Wisker et al. 

(1994) 

Lin et al. (2011) 

 

Mandalari et al. 

(2007) 

Amaya-Cruz et al. 

(2015) 

 

 

Mandalari et al. 

(2007) 

Leontowicz et al. 

(2001) 

Baba et al. (2007) 
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3) The biological by-products and wastes created by additional processing of the harvested and 

processed commodity to produce more easily consumable commodities are included in the food 

processing industry waste. This category can comprise a variety of dense wastes, similarly, fruit 

grume, pits created throughout the manufacturing of extracts, ketchup, spent grain powders 

formed during the manufacture of grain flours, or molten wilds, being disbursed biomass rich 

water or food extracts (Harnedy et al., 2012) 

 

Dietary fibres 

Likewise, tomato fiber has been practical to have an alike consequence in a cereal-based 

matrix than those of fruits, which has been accredited to their sophisticated unfathomable part of 

fibers than their soluble part. 

 

 

Peach fibre has been suggested as a conceivable fat and wheat supernumerary pastry. Fat 

substitutes such as peeled powders of tomato, orange, and cocoa fibre have also been utilized in 

sausages and doughnuts. When mango peel powder was added in the ranges of 2.5, 5.0, and 7.5 

percent to macaroni pasta, the cooking, textural, and sensory qualities of the resultant pasta were 

not changed. The addition of carrot pomace to corn starch can progress the exudate’s 

development capabilities while also enhancing its nourishing value (Champ et al., 2003). 

Biopolymer-based products 

Carbohydrates, lipids, and proteins, are all examples of biopolymers. Polylactic acid, 

chitosan, chitin, and cellulose are biopolymers used in the biomedical trade. As a result, 

processing procedures are chosen based on needed chemical alignment, accessible possessions, 

Agricultural by 
products

• Branches

• Twigs

• Leaves

• Chaff

Postharvest by-
products, 

• Fruit stones 

• Cereal bran

• Pulp

• Husk of cereals

Food-processing by-
products and wastes 

• Fruit pomace

• Vegetable waste
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essential physical, biochemical, and updraft qualities of the finished product, as well as machin 

ability and simplicity of production (Bharti et al., 2011). 

Phenolic compounds from waste 

These are exquisite chemicals that help food waste retain its life. They are usually shown 

as a group of secondary metabolites that protect against UV rays, infections, and other 

environmental variables. Polyphenols are gaining popularity due to their ability to scavenge free 

radicals and inhibit oxidation processes, allowing them to replace synthetic preservatives. 

Flavonoids, phenolic acids, tannins, stilbenes, and lignans are the most common polyphenols. As 

a result, food waste that is high in phenolic compounds in condensed form is a good source of 

bioactive chemicals that may be added to functional meals. Polyphenolic extracts, such as 

resveratrol from grape pomace and olive waste, have been marketed (Polyphenolic extracts have 

antiulcer, anti-inflammatory, and anti carcinogenic characteristics). Furthermore, several 

polyphenols, such as anthocyanins, are thought to increase plant colouring (Deng, 2011). 

Flavonoids  

The primary flavone classes in citrus fruits include glycosylated flavones (apigenin, 

luteolin) and polyethoxylated flavones. Some flavones may be converted to dihydrochalcones, 

which are natural sweeteners and can be used to detect adulteration in commercial juices. Citrus 

waste also contains flavonoids such as narirutin, naringin, eriocitrin, and hesperidin. The primary 

phenolic chemicals found in the orange peel are naringin and hesperidin, both of which are 

important constituents. To analyze the competence of phenolic antioxidants and antineoplastic 

agents, including flavonoids and phenolic acids, tomato extracts were studied, and they were 

shown to have good antioxidant activities (Chau Huang, 2003). 

Fruit wastes 

Peels, pomace, and wasted solutions are all sources of refuge in the fruit processing 

industry. It has been discovered that effective waste processing may create antioxidants, 

enzymes, dyes, polysaccharides, organic acids, and prebiotics. 

Peels 

Citric acid was produced from orange peels using Aspergillus niger by solid-state 

zymolysis method.193mg citric acid was achieved fromdried orange peel under ideal 

circumstances. Quercetin, t-resveratrol, cyanins, and proanthocyanidins have all been identified 

as significant sources of phenolic chemicals in grape pomace. After fermentation, the mush of 

Grenache noir and grapes had done 90% of the total quantity of gallic acid, catechin & 

epicatechin, as well as around 50% of the quercetin (Torrado et al., 2011). 
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Therapeutic 

• antioxidant

• anti diabetic

• immunomodulator

•digestive

Biogenic 
amines

• food poisoning

Food 
additive

•oraganoleptic

• textureflavor

Various waste by-products formed from industry 

     

Vitamin c, 

Phenolic 

compounds 

Grape seed oil, 

ethanol, Dietary 

fiber 

Fatty acids, 

Carotenoids, 

Starch, basic 

protein, 

Rudimentary fat, 

Pectin, 

polyphenolic 

compounds, 

dietary fiber 

powder 

 

Dietary fiber, 

Polyphenols, 

Vitamin C , 

Protein, 

Enzymes,and 

Pectin 

Dietary fibers, 

quercetin, 

biosugar 

 

 

Functional enhancement of wastes by fermentation 

The usual, nutritionally exploitable wastes can be displayed as nutrient-grade wastes. 

Each of them has a different metabolic make-up and potential value. They act as a food source 

for a variety of bacteria. Dairy, agro, fruits, breweries, bakeries, and fisheries produce a variety 

of nutrient-rich organic wastes (Baiano et al., 2014). 

 

    

 

 

 

 

 

 

 

Agro- wastes 

Pea keels, leavings, hollow fruit clusters, corn cob, chaff, vegetable tissue, corn flakes 

fibers, soy pulp, raw materials, treacle, syrup, kernels, and other lingo cellulose wastes are 

generated during agricultural harvest and subsequent processing (Osma et al., 2010). 

Stalks, straws, and other cellulosic biomass  

Lentinus and Pleurotus were used to prepare lingo cellulosic biomass by zymosis. 

Through secreting cellulase & laccase, both mushroom species degraded the biomass of rice 

straw and millet trunk. Laccase's usage in the food sector for beverage stability, pectin gelation 

promotion, and food color, odor, and taste enhancement have received a lot of attention (Webber 

et al., 2014). After cellulosic biomass, palm kernel oil of vacant fruit gatherings, and the species 

of microalga Aurantiochytrium were used, a much quantity of docosahexaenoic acid was free. 
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The synthesis of xylitol from green gram husks with Candida stood investigated. In diabetic rats, 

the derived xylitol reduced blood glucose, cholesterol, and triglyceride levels. 

Cereal brans 

The consequence of the nutrient condensed external film of the miller’s brans; cereal 

kernels have commenced being documented as a result of the sighting of valuable 

phytochemicals. Many items, including bars, drinks, snacks, cereals, and baked goods, include 

oryzanol-rich rice bran and phenolic acids. Rice bran fermented by Bacillus subtilis. 26.8mg 

ferulic acid equivalents/g freed phenolic ()-epicatechin, ferulic acid, caffeic acid, syringic 

acid,and sinapic acid, p-coumaric acid make up the phenolic acid profile Chakradhar et al., 

2009).Aggressive as well as slow-growing lactic acid bacteria strains, remained shown to be 

related to it. During fermentation of wheat bran, a lipoxygenase inhibitor [nigerloxin] produced 

from Aspergillus niger, improves the antioxidant defense system.Fruits, confectionary, Agro, 

winery, creamery, and fishing sectors produce a variety of nutrient-rich organic wastes. Milk 

clotting enzyme was produced via immerse agitation of wheat bran with Bacillus 

amyloliquefaciens. The rennet yield was boosted even further through statistical optimization. 

Wheat bran zymosis with B. cereusspecies resulted in a fibrinolytic enzyme with high activity. 

The pH-steady enzyme activated plasminogen and destroyed the fibrin reticulum of blood clots 

considerably (Zhang et al., 2013). 

Soya 

The biotransformation of manufacturing soy squanders into foods with high organic 

effectiveness has exploded in recent years. In comparison to raw waste, these inebriated wastes 

had revealed improved digestibility and lusciousness. Furthermore, Aspergillus sp. and Bacillus 

subtilis fermented soybean curd residue to produce citric acid, an antioxidant, and iturin A, a 

powerful antifungal agent. When Okara, a by-product of soymilk manufacturing, was handled 

through enzymes, it produced a resolvable dietary fiber with a higher soluble-to-insoluble fiber 

ratio. Short-chain fatty acids for example propionic acid, acetic acid, and butyric acids were 

generated as the pH was lowered during fermentation with Bifidobacterium bifidus (Wong-

Leung et al., 1993). 

Fermented tea  

Tea manufacturing produces a huge amount of trash. To make a therapeutic tea, the top 

leaves were removed after harvesting the delicate ones and utilized for fermentation and 

cultivation of medicinal mushrooms, Ganoderma lucidum and Grifola frondosa. Fermentation of 

the tea leaves boosted its health advantages by adding polyphenols, proteins, caffeine, amino 

acids, polysaccharides, and volatile constituents to the beverage (Bai et al., 2013). 
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Sugarcane waste 

Sugary syrups are frequently drained as effluents or burnt, even though there are 

sustainable alternatives. The idea of using surplus syrup as a carbon cause for the microalga 

Aurantiochytrium sp. KH105 to produce DHA and astaxanthin was examined (Iwasaka et al. 

(2013). 

Waste biomass Nutrients rich 

ingredients 

Microbes used in 

Fermentation 

References 

Daucus carrota 

[Carrot kernels] 

Essential oils like carotol, 

daucene 

Bacillus cereus, 

Bacillus pumilus 

Śmigielski et al. 

(2014) 

Ananus peel 

Citrus peel 

Mangifera 

indica peel 

Antioxidants 

Citric acid 

Prebiotics 

Polysaccharides 

Oligosaccharides 

Aspergillus niger 

Bifidobacteria 

P.pentosaceus 

S. cerevisiae 

Acetobacter aceti 

Torrado et al. (2011) 

Olea europaea Xanthins Xanthophyllo 

mycesdendrorhous 

Dursun et al. (2014) 

Bambusa 

vulgaris sprout, 

Pear cactus crust 

Betanin 

Antioxidants 

Bacillus subtilis 

L.brevis 

L.plantarum 

S. cerevisiae 

Chavhan et al. 

(2013) 

Palm Curdlan Rhizobium radiobacter Ben Salah et al. 

(2011) 

Grape Pectinase;T-resveratrol; 

Quercetin ; 

Epicatechin,Gallic acid 

Proanthocyanidins 

Lactobacillus 

S. cerevisiae 

Aspergillus 

Botella (2007) 

Soja waste Citric acid 

Polysaccharides 

Antioxidants 

Ganoderma lucidum 

Lactobacillus 

plantarum B16 

Khare (1995) 

Various techniques for the recovery of nutraceuticals 

Dependent on the target apparatuses, its purity, and final configuration of the product 

essential, the processing methods for nutraceutical manufacturing may be roughly classified are 

mentioned in the below steps. 

1. Pre-treatment steps 

a. Ventilation,   b. Radioactivity,  c. Bleaching, d. Refining, and 

e. Enzymatic ingestion are some of the most prevalent processes used. When associated with 

other aeration processes, for example, hot-air or vacuum aeration, freeze-drying is the best 
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approach for preserving nutraceutical characteristics, particularly phenols and antioxidants, seen 

in the kernel and mango peel (Sogi et al., 2013). 

2. Extraction 

It most often castoff extraction method is solvent extraction. Depending on the intended 

molecules, the most typical solvents used comprise ethanol, acetonitrile, hexane, methanol, 

benzene, ether, and chloroform, as well as a mixture of their blend with water. The level of 

constituent connection with other components, as well as interaction and inter-association within 

the targeted components, have an impact on extraction efficiency. A large number of 

polyphenolics has been detected in the form of destined phenolics connected to dietary fibers in 

mango peel, which had shown to be greater in the ripe peel than raw peel. The by-products were 

found to have greater quantities of bioactive components than the pulp. 

Microwave-assisted extraction is an alternative solvent-based extraction approach that 

has stayed effectively used to extract carotenoids, phenolics, essential oils, and a variety of 

nutraceutical components from a variety of by-products. Curcumin cyminum essential oils, rice 

bran oil, cherry antioxidant extracts, tocopherols from olive by-products, fat from mango seed 

kernel, tocopherols, lycopene, and sitosterolsince tomato dispensation by-products, and 

epidermic wax from flax dispensationexcess have all been recently extracted using the 

supercritical CO2 extraction technique (Ajila et al., 2008). 

3. Separation/Purification 

Separation and/or purification procedures for distinct compounds are chosen based on 

desired limpidness close of the besieged component in an extract. 

a. Paper chromatography,  b. Solid-phase extraction,  

c. Thin-layer chromatography [TLC], d. High-Performance liquid chromatography [HPLC], and  

e. Gas chromatography [GC] are among the chromatographic techniques used to separate diverse 

nutraceutical components (GC). Some devices are further commonly used for departure, 

recognition, and examination of particular groups of substances among others, depending on 

their accessibility and application (Soares et al., 2012). 

4. Encapsulation 

Encapsulation allows for the effective transport of food components, enzymes, and 

nutraceuticals via appropriate carriers. The qualities of the carriers are determined by the targeted 

component. Some components are better suited to a specific carrier than to another. The 

encapsulation stability determines the bioactive chemicals' storability as well as the composite's 

release mechanism in the digestive system after intake. To minimize precipitation and 
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sedimentation during the storage of transparent components for example resveratrol, 

concentration levels must be lower than the saturation threshold (Azmir et al. (2013). 

5. Spray drying technology 

When turning a liquid feed into a powder product, spray drying is a single-step 

processing procedure that minimizes handling while reducing the bulk weight and size of the 

powder. It also preserves the product by lowering the water activity needed for bacterial 

deterioration (Hayashi, 1989). Since the product may be microencapsulated by a specific carrier 

utilized in the feed slurry by the phenomena known as selective diffusion, spray drying has also 

been used for this purpose. Carbohydrates, gums, cellulose esters, and ethers are frequently used 

as carriers in various encapsulation techniques. To develop effective and stable agents for 

specific feed materials, combinations of carriers are also utilized (Re, 1998). An important 

advance for the food business is the substitution of maltodextrins as carriers for the spray drying 

of sticky and sugar-based bioactive. Maltodextrins have undesirable taste-altering effects and are 

unnatural additives, therefore finding a suitable replacement carrier for spray drying is necessary. 

This carrier must possess the correct encapsulation characteristics. This function may be 

performed by natural fibers, and this possibility has been looked into. A balanced diet that 

regularly includes fiber helps to maintain a healthy digestive system. Eating insoluble fibre helps 

maintain regular bowel movements and clears the intestinal tract of unwanted substances, as is 

well known. Consuming soluble fibres helps the intestines develop a gel-like lining and slows 

down the rate at which sugars are metabolized (Beckmann, 1987). Complex carbohydrates 

known as insoluble dietary fibers have high absorption capacities. The fibres are ideal carriers 

for the necessary additive extract due to this characteristic of the fibers. 

Adsorption can also result in the extract being micro-encapsulated by the fibres, 

increasing the amount of extract carried by the fibres (Re, 1998). The blooms of the hibiscus 

plant, commonly known as sorrel and roselle and more precisely H. sabdariffa L., are used to 

make antioxidant extracts. Due to the use of this extract in alternative medicine and traditional 

drinks like sorrel in Nigeria, there has been a lot of interest in it recently Andrade & Flores 

(2004); Nnam & Onyeke (2003). The polyphenol group, and more especially in H, is the primary 

constituent group in the majority of foods with antioxidant characteristics.The sabdariffa L. the 

complexes of anthocyanins. Fruit peels, seeds, and other typical bio-wastes contain these 

chemicals (Larrauri et al., 1996; Mazza & Miniati, 1993). The edible fruit fibre and antioxidant 

hibiscus extract are combined throughout the encapsulation process to create a multipurpose 

functional meal. Appropriate visibility is required to verify the presence of the anthocyanin 

extracts within the fibres and evaluate whether the micro-encapsulation process was successful. 

To ascertain whether the successful development of the product has been accomplished, powder 
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properties must be characterized. Important factors to take into account are the amount of 

moisture present, hygroscopicity, particle size and shape, stickiness, and colour. As the unique 

nutraceutical, spray-dried slurry combinations of milled citrus fruit fibres and hibiscus extract 

were used. In this work, an analysis of all these measures was carried out along with a discussion 

of the relevance of the results. Their qualities were investigated for suitable characteristics as 

spray-dried food powders. 

6. Membrane separation technology  

An established technology called membrane separation can be used to safely treat 

nutraceuticals from liquid and solid food and industrial wastes. In this respect, one of the most 

researched applications of membrane technology is the recovery of nutraceuticals from fruit, 

dairy, cereal, seafood, and meat processing waste. The true potential of this technology, which is 

still very young, is anticipated to be far higher. Membrane separation is a financially viable 

solution since the creation of useful materials from waste can cover the cost of the required waste 

treatment procedure. Almost all food industries generate varying amounts of waste or by 

products, which may be a source of a wide range of bioactive substances for the expanding 

nutraceutical market. Membrane separation technology has been more important in the last ten 

years for the gentle and secure processing of nutraceuticals. Membrane separation technology 

has become well known for its gentle processing conditions and other advantages that cannot be 

attained with traditional procedures among the several methods that may be used to separate 

nutraceuticals. An overview of potential membrane processes is provided, along with waste 

examples from the fruit processing industry.  

7. Cross-Linked Enzyme Aggregates technology 

One substitute that offers both technological and financial benefits is the cross-linked 

enzyme aggregates (CLEA) technology. This carrier-free immobilisation technique enables 

straightforward production, minimal production costs, and quick optimization. One of the 

CLEA's obvious benefits is that no volume is lost to the immobilisation support, allowing 

reactors to be fed with a higher amount of enzyme. The co-immobilization of numerous enzymes 

is further streamlined by the simultaneous purification and immobilisation that is involved. The 

cross-linked aggregate technology may significantly affect the manufacture of biocatalysts for 

lingo cellulosic biomass bioconversion that are both efficient and affordable. Here, the CLEA 

synthesis was developed and visualised using a methodical methodology based on statistical 

techniques and a smaller number of experiments. Crude xylanase from Conhella sp. AR92, 

generated using a nutritive medium, was employed as a starting material for enzyme 

immobilization (Kumar et al., 2016). This preparation included proteins that may have acted as 
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sources of amino groups to enhance the cross-linking of the target enzyme, simplifying and 

making the procedure more practical. As a result, the stability and recycling abilities of the 

produced biocatalysts improved the xylanase from strain AR92's industrial features While the 

extracellular extract from strain AR92's free enzymes mostly produced xylose from pretreatment 

SCB, the Xyl-CLEA manufactured showed a distinct specificity of the enzymes (xylanases); 

instead, the CLEAs formed from such extract produced xylo oligosaccharides from the same 

substrate. 

Conclusion:  

Plant by-products and waste from the food business can both include a lot of beneficial or 

useful elements. A rapidly developing sector has been fuelled by the identification and 

quantification of several nutraceuticals and bio based substances during the past few decades. 

Boosted health consciousness and environmental consciousness have increased interest in this 

topic among scientists. Biopolymers are gaining popularity due to their biodegradability and 

renewable nature. Proteins, dietary fibres, carotenoids, and phenolic compounds are examples of 

bioactive molecules that can be employed as functional food additives and nutraceuticals. They 

have uses in the food, pharmaceutical, and cosmeceutical industries and are derived from a range 

of fruits, vegetables, and marine wastes. 

Abbreviations  

HDL - High-Density Lipoprotein; UV– Ultra Violet; pH Potential of Hydrogen;  

DHA-Docosahexaenoic acid; HPLC-High Performance Liquid Chromatography 

TLC -Thin-layer chromatography; GC - Gas chromatography 

CLEA - Cross-Linked Enzyme Aggregates; SCB- Sugar Cane Bagasse 
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Abstract: 

The term "Nutraceuticals" combines the two terms "nutrient", which is a nutritious 

dietary component, as well as a "pharmaceutical" component, which is a therapeutic medicine 

due to various pharmacological activities in the mammalian body. Flavonoids are more currently 

referred to as "Nutraceuticals". Flavonoids are natural polyphenolic secondary metabolites that 

are significant nutraceuticals. Almost 6,000 varieties have been identified so far. Increasing your 

flavonoid intake is a great way to keep your body healthy and may lower your risk of a variety of 

chronic diseases. They are classified into six groups: flavanols, flavanone, isoflavone, flavone, 

flavan-3-ols, and anthocyanin. These are natural, well-known products, i.e., fruits, vegetables, 

cereals, bark, roots, stems, flowers, tea, and wine all containing this compound. The diverse 

structure of flavonoids has many properties, including anti-inflammatory, antioxidant activity, 

anti-bacterial, anti-viral, anti-carcinogenic, cardio-protective, and promoting the immune system. 

During oxygen metabolism, the body creates free radicals that can damage cellular membranes 

and potentially kill cells. Flavonoids are believed to be the best antioxidant-rich foods for 

humans. Metabolic disorders, diabetes, Alzheimer's, antibiotic-resistant infections, and the H1N1 

flu are all treated with flavonoids. A 15-carbon skeleton with two phenyl rings and a heterocyclic 

ring makes up the overall structure. The analytical techniques used for estimation of flavonoids 

are HPLC, HPTLC, NMR, IR, SFC, CE, and tandem techniques including GC-MS, LC-MS, LC-

DAD, LC-NMR, and many other techniques. 

Keywords: Flavonoids, Antioxidants, Analytical techniques, biological activities, 

chromatographic techniques 

Introduction: 

A nutraceuticalis described as a food that furnishes wellbeing, including the prevention 

and treatment of disease (Tapas et al., 2008). Flavonoids are polyphenolic compounds that 

belong to the flavonoid family in plants all over the world (Nelofar and Mukta, 2016). These are 
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the universal coloring substances that are accountable for the coloration of fruits, flowers, and 

some leaves. More than 8000 flavonoids have been listed so far in the health benefits of humans 

Tapas et al., 2008). Moreover, disparate fruits and vegetables, are also found in spices, nuts, 

seeds, grains, disparate medical plants, and beverages such as beer, wine, and tea (Bin et al., 

2017). Surprisingly, flavonoids have more properties than traditional classes of compounds such 

as flavones, flavanols, flavanones, catechins, isoflavones, and anthocyanidins (Pedro et al., 

2004). Flavonoids’ general structure is composed of a 15-carbon skeleton. All flavonoids have a 

C6-C3-C6 phenyl-benzopyran backbone (Pedro et al., 2004). They are mostly found in plants as 

glycosides, whereas aglycones are less frequently found (Waldiceu et al., 2012). Flavonoids of 

various classes have a variety of pharmacological and biological activities, including antioxidant, 

antiviral, anti-inflammatory, anti-microbial, anti-allergenic, anti-tumor, and fungicidal properties 

(Chaudhary et al., 2014). Flavonoids are mostly employed for their anti-oxidant effects, which 

makes them beneficial to one’s health. Because of their antioxidant properties, flavonoids are 

commonly used for health benefits. The hydroxyl group found in flavonoids regulates 

antioxidant activity through free radical scavenging and/or metal ion chelating. Flavonoids are 

also used to treat a wide range of diseases and conditions, including diabetes, cancer, rheumatoid 

arthritis, and pregnancy-toxemia, to name a few (Pedro and Gonçalo, 2004). Nowadays, a wide 

range of modern analytical techniques is available to recognize, separate, and estimate 

phytochemicals from plant sources (Mark, 2002). Due to the complexity of the natural products, 

mass spectrometry (MS), infrared spectroscopy (IR), nuclear magnetic resonance (NMR), High-

performance liquid chromatography (HPLC), capillary electrophoresis (CE), etc., are examples 

of sophisticated analytical devices that are used to carry out the studies. Byquantitative 

estimation, these techniques are useful in enhancing the health benefits of nutraceuticals (Bernal 

et al., 2010). 

Modern analytical techniques: 

High-performance liquid chromatographic separation: 

This is the most important and common technique used in flavonoid analysis. In liquid 

chromatography reverse-phase, C8 or C18 silica columns are commonly used to separate 

flavonoids. Other phases like Sephadex, silica, and polyamide are also used. Gradient elution is 

performed with binary solvent systems with the water-containing format or acetate buffer and 

acetonitrile or methanol as organic modifiers. Runtimes of 0.5-1 hr are sufficient to separate the 

major flavonoids. For more exhaustive separation, runtimes of 2 hours are required. Under such 

conditions, more than 50 compounds can be easily separated into one runtime. 
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LC Detectors: 

UV absorbance detection: Flavonoid aglycones include at least one aromatic ring,which 

efficiently absorbs UV radiation. Due to the A-ring, the first absorption maximum is found in the 

range of 240-280 nm and the second maximum is found in the range of 300-550 nm due to the 

conjugation and substitution of the C ring. The various subclasses of flavonoids can be 

distinguished from each other using LC-DAD UV during the structural characterization Eva de R 

et al., 2006). 

Table 1: λ max values of some flavonoids Eva de R et al., 2006) 

 

HPLC with mass detection (LC-MS): It is the method of choice for the analysis of natural 

products.LC-MS is advantageous over MS due to increased sensitivity and specificity, which is 

superior to UV/Vis spectrometry) (Mark, 2002). In most situations, single-stage MS is utilized in 

conjunction with Ultraviolet detection to validate the identity of flavonoids present in the sample. 

In the LC-MS, Atmospheric pressure ionization interface (APCI), and Electrospray Ionization 

(ESI) are most extensively used. In flavonoid analysis, ESI is more typically utilized, but in rare 

circumstances, APCI offers superior results (Eva de et al., 2006). 

Table.2: Examples for the use of LC-MS in flavonoid analysis Eva de R et al., 2006) 

Sample Flavonoid Ionization 

mode 

Conc.(mg/

g) 

LC eluents Reference 

Red clover Acetates, Aglycones, 

and Glycosides 

ESI (+) 

 

 

- MeCN and 

Water 

Panche A.N et 

al. (2016) 

Wine, green 

tea 

Flavones, 

Flavanones, and 

Anthocyanins 

ESI (+) 0.0002-

0.01 

Methanol, 

Formic acid 

Shashank and 

Abhqy (2013) 

Leguminosae Isoflavone and 

Flavanol 

APCI (-)   0.03-65 Methanol, 

Ammonium 

Formate 

Tim and 

Andrew (2005) 

Flavonoid Λ max 

Luteolin(flavone) 253,347 

Quercetin(flavanols) 250,370 

Genistein(isoflavones) 260,378 

Hesperetin(flavanones) 289,330 

Catechin(flavan-3-ols) 280 

Taxifolin deoxyhexose(flavanonols) 295,340 
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Supercritical Fluid Technology (SFC): 

Supercritical fluid chromatography (SFC) is an extremely successful separation 

technology. Due to the low viscosity and high diffusivity of supercritical fluid mobile phases, 

large flow rates and hence quick separation as well as high efficiency may be readily produced 

(Yang et al., 2017). The mobile phase used in SFC is generally supercritical CO2 with a small 

quantity of methanol. The stationary phase can be conventional HPLC columns. As the 

supercritical CO2 has a non-polar nature, the SFC functions in the same way as a standard phase. 

The separation efficiency is improved by using HPLC and methanol (Chaudhary et al., 2014). 

By using SFC-UV with bare silica as the stationary phase, accurate determination and 

satisfactory resolution can be obtained within 10 minutes. Plant extracts containing various 

flavonoids can be analysed using SFC-MS. According to the literature, SFC shows higher 

resolution and shorter run times in the separation of flavonoids when compared to LC methods 

(Yang et al., 2017). 

LC-NMR: 

The use of LC in tandem with NMR spectroscopy has been at the forefront of the most 

cutting-edge technology for resolving structural difficulties in flavonoid compounds (Chaudhary 

et al., 2014). The ability to distinguish between isomers and substitution patterns is one of the 

most significant benefits. Furthermore, preparative isolation is frequently required for the 

complete structural elucidation of a novel natural substance because, in most situations,LC–

NMR, a portion of the 1H spectrum region is lost, and LC–NMR does not give the necessary 

13C NMR data. The stopped-flow mode was used to record the NMR spectra, which allowed for 

very long scan times (Chaudhary et al., 2014). "LC–NMR was coupled with LC–DAD UV and 

LC-MS/MS, and DAD UV, MS/MS, and NMR spectra of the principal chromatographic peaks 

were obtained." 

Capillary Electrophoresis (CE): 

Capillary electrophoresis (CE) is becoming more widely recognized as a useful analytical 

separation method. It has the advantage of being quick (runs take about 10 minutes) and 

straightforward, similar to HPLC (Mark, 2002). It is a revolutionary technology for large-scale 

pharmaceutical research that has been utilized to analyze flavonoids for the past 10 years. In 

comparison to traditional chromatographic procedures, it provides excellent resolution, 

isolates, and fast runtimes; it is easy to operate, and it uses fewer solvents and samples. Capillary 

zone electrophoresis (CZE) and micellar electrokinetic chromatography (MEKC) are the most 

common CE modes that are most commonly used, with borate or phosphate buffers, 50–100 m 

I.D. capillaries, 10–30 kV voltages, and 10–50nl injection volumes.UV detectors are commonly 



Bhumi Publishing, India 
 

36 
 
 

utilized, but fluorescence, ED, and MS detectors are also used. These two CE modes have 

fundamentally different separation mechanisms. The charge-to-size ratios affect the 

electrophoretic migration durations, and CZE applies only to charged analytes. It is important to 

discriminate between neutral and charged analytes in MEKC. Separation is based on 

hydrophobicity in the first group, which impacts analyte distribution between the aqueous and 

micellar phases.MEKC appears to have better separation selectivity than CZE because more 

molecular-structure characteristics are involved,MEKC appears to have better separation 

selectivity than CZE. MEKC appears to have better separation selectivity than CZE. Flavonoid 

analysis has also been done using capillary electro chromatography (CEC) (Eva de et al., 2006). 

LC-DAD (Liquid Chromatography-Diode Array Detector): 

A Diode Array Detector is a non-destructive detector that monitors UV absorption in the 

column eluent at single or multiple wavelengths. Combining the usage of an LC with a DAD 

allows for the detection of the whole UV-Vis range of enhanced molecule spectral signatures 

(Mark, 2002). An isocratic and fast LC–DAD–FLD technique for determining flavonoids was 

recently evaluated, and the method was thoroughly validated in the literature (Yixi et al., 2015).  

Biological activities of flavonoids: 

Flavonoids possess various biological activities that contribute to the well-being of 

humans (Prithviraj, 2019). 

Antioxidant activity: 

Flavonoids are one of the most effective phytopharmaceuticals for acting as antioxidants 

and thereby preventing disease-causing causes (Prithviraj, 2019). In comparison to reactive 

oxygen species, flavones and catechins appear to be the most potent flavonoids for safeguarding 

the body. Antioxidant action is determined by the moiety arrangement in the flavone nucleus 

(Prithviraj, 2019). The antioxidant activity is interconnected to the structure of flavonoids, 

depending on the number of OH substituents (Mercia et al., 2018). The substitution, 

configuration, and total quantity of hydroxyl groups significantly influence many mechanisms of 

antioxidant activity, such as radical scavenging, reduction of α-tocopheryl radicals, activation of 

antioxidant enzymes, inhibition of oxidases, metal ion chelation ability, reduction of oxidative 

stress produced by nitric oxides, and an increase in antioxidant properties of less molecular 

antioxidants (Prithviraj, 2019). 

Antiviral activity: 

Quercetin was the most thoroughly studied flavonoid with antiviral activity (Hovakim et 

al., 2017). The antiviral effect of flavonoids is based on their evident actions as antioxidants, 

blocking enzymes, damaging cell membranes, hindering virus protection and attaching to cells, 

and activating host self-defence systems (Mercia et al., 2018). Viruses like herpes simplex virus, 
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respiratory syncytial virus, adenovirus, and parainfluenza virus have reported that they are 

affected by flavonoids (Robert, 2001). Thepotential to bind viral surface proteins, interpreting 

with virus binding and penetration into the cell, as well as DNA synthesis, due to intercession in 

viral DNA polymerase, is linked to antiviral (Mercia et al., 2018). 

Anti-inflammatory activity: 

Cyanidin, which belongs to a class of anthocyanins is recognizedwith in-vitro anti-

inflammatory activity seen in fruits like strawberries, gooseberries, and acerola. Quercetin and 

catechin stand out as their anti-inflammatory properties in many studies, where quercetin is 

usually taken in the human diet and can be found in apples, onions, and broccoli (Mercia et al., 

2018). The important medications for inflammation are cyclooxygenase and lipoxygenase, which 

release arachidonic acid as an inflammatory response. Flavonoids have selected phenolic 

compounds that inhibit cyclooxygenase, 5-lipoxygenase, and eicosanoid biosynthesis. This acts 

as an anti-inflammatory (Robert, 2001). Flavonoids’ anti-inflammatory properties are seen 

through several procedures like regulation of cellular function, control of inflammatory 

signalling, a decrease of inflammatory chemical synthesis, diminishing recruitment, and their 

antioxidant property (Min-Hsiung et al., 2010). 

Antibacterial activity: 

Several studies have demonstrated that flavonoid-rich plant extracts have antibacterial 

activity (Prithviraj, 2019). Flavonoid antibacterial effects are due to the accountability of 

hydroxyl phenolic groups with a high affinity for proteins, which function as bacterial enzyme 

inhibitors and also interfere in the synthesis pathways (Mercia et al., 2018). It is also concluded 

that particular sites of the hydroxyl group are more favourablefor the activity, such as 5,7-

dihydroxyl substitution for flavone and flavanone and 21or 41 hydroxylations for chalcones. The 

majority of flavonoids' antibacterial action has been studied in vitro, and just a few studies have 

looked at their activity in humans (Waldiceu et al., 2012). 

Antimicrobial activity:  

Apigenin, flavone, galangin, flavanol glycosides, isoflavones, flavanones, and chalcones 

have been shown to have antimicrobial activity (Prithviraj, 2019). Invitro tests have indicated 

flavonoids’ antimicrobial activity against various microorganisms (Mercia et al., 2018). The 

capability to deactivate bacterial adhesins, enzymes, and cell envelope transport proteins are 

different modes of antimicrobial action of flavonoids (Prithviraj, 2019). Propolis antimicrobial 

activities have been allocated to its more flavonoid content, namely galanin and pinocembrin 

flavonoids (Tim and Andrew, 2005). 
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Table 3: Types of flavonoids with their sources and activity 

Sr. 

No. 

Flavonoid Class Source Activity Reference 

1. D,L-α-

tocopherol, 

Quercetin, 

Morin 

 

Flavonol 

Guava, apple 

skin, almond 

Antioxidant, 

anti-radical 

Yixi X et al., 

2015),Panche 

A.N et al., 2016) 

2. Quercetin, 

Catechins, 

Hesperetin, 

Naringenin 

Flavonol 

Flavan 

Flavanones 

Orange, Apricot, 

Grape’s skin, 

Barley, Apple, 

Tea 

Anti-viral Shashank K and 

Abhqy K.P 

(2013),Panche 

A.N et al., 2016) 

3. Hesperidin, 

Apigenin, 

Luteolin, 

Quercetin 

Flavanones 

Flavones 

 

Flavonol 

Oranges, Grapes, 

Lemon 

Anti-

inflammatory, 

analgesic effects 

Shashank K and 

Abhqy K.P 

(2013),Panche 

A.N et al., 2016) 

4. Chalcones, 

Apigenin, 

Galangin 

 

Flavones 

Celery, Parsley, 

Red peppers, 

Chamomile, 

Mint, Gingko 

Biloba 

Anti-bacterial Shashank K and 

Abhqy K.P 

(2013), 

Panche A.N et 

al., 2016) 

5. Quercetin, 

Kaempferol, 

Morin 

Flavonol 

 

 

Onions, Kale, 

Lettuce, 

Tomatoes, 

Apples, Grapes, 

Tea and red wine 

Anti-Cancer Yixi X et 

al.(2015), 

Shashank K and 

Abhqy K.P 

(2013), 

Panche A.N et 

al., 2016) 

6. Catechin, 

Apigenin, 

Rutin 

Flavan 

Flavones 

Glycoside 

Flavonol 

Cherry, 

Strawberry, 

Cilantro, Basil 

Hepatoprotective Shashank K and 

Abhqy K.P 

(2013), Panche 

A.N et al., 2016) 

 

Conclusion: 

Tandem techniques are more frequently used than individual techniques to estimate 

phytochemicals. The study provides an overview of the use of various contemporary analytical 

techniques in flavonoid estimation. The compounds are identified and separated in large part by 

LC detectors, and HPLC is used to quickly separate a large number of compounds. A precise 

determination and an acceptable resolution can be made using SFC-MS for the analysis of 
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phytochemicals in several flavonoids and SFC-UV. Mass spectrometry does not offer the same 

advantages as LC-MS in terms of improved sensitivity and specificity. Because of their 

antioxidant activity, flavonoids have been found to be the most effective phytopharmaceuticals 

for biological activities such as anticancer, cardioprotective, and hepatoprotective. They also 

possess a wide range of pharmacological effects, including anti-inflammatory, antibacterial, 

antiviral and antifungal properties. Flavonoids have gained popularity as a key component of the 

human diet due to their health advantages. 

Abbreviations: 

MEKC -Micellar Electrokinetic Chromatography;  MS- Mass Spectrometry  

IR- Infrared Spectroscopy; NMR- Nuclear Magnetic Resonance  

HPLC- High Performance Liquid Chromatography;  CE- Capillary Electrophoresis  

HPTLC- High Performance Thin Layer Chromatography 

SFC- Super Fluid Chromatography; LC-DAD- Liquid Chromatography-Diode Array Detector 
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Abstarct:  

Ionic liquids have been known for several decades and due to its molding nature, the 

possibility of their application is now extending. The chapter briefly discused task specific ionic, 

namely, Surfactant-based or ionic liquid surfactant or more precisly surface active ionic liquids 

(SAILs) and its application in drug transporation or delivery. As like traditional surfactant, 

SAILs also have been used in various areas such as food industry, cosmetics, detergents, and 

pharmaceuticals. However, some traditional surfactants does not have eco-friendly or 

biodegradable nature. These drawback has been overcome in SAILs, and enhances the surface 

activity. It is well known that physicochemical properties of any ionic liquids and SAILs can be 

tuned and controlle via changing the nature of both the cations and anions constituents. SAILs 

alos form the micelles and vesicles, and even form stable microemulsions (MEs) in aqueous or 

non-aqueous media. In this chapter, aggregtion behaviour and nanostructutes (micelles, vesicles 

and microemulsion) formed by surface active ionic liquids are discussed. Some recent potential 

applications of these nanostructures in smart drug delivery system are demonstaarted. A new 

class of SAILs, metal based surface active ionic liquids (MSAILs) are also discused and 

menioned its application in drug delivery. It is found that these SAILs have great ability to 

dissolve hydrophobic drugs. Finally, this chapter presents eco friendly SAILs as an effective and 

biocompatible surfactant and its potential applications of colloidal formulations with reference to 

favorable drug delivery systems for pharmaceutical industries. 

Keywords: Ionic liquids, surface active ionic liquids, metal based surface active ionic liquids, 

paramagnetic, micelles, vesicles, microemuslsion, hydrophobic drugs, drug delivery.  

Introduction: 

A remarkable amount of research work has been dedicated to health of nature, human and 

arising problems regarding environmental resources. Researchers are also making an effort to 

find new methods, process or alternative pathways which may boost the eco friendly research 

and technologies for producing many daily used items without creating any adverse effect on 

nature or biosphere. If there are question of environmnet, one word mostly will come in our mind 
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and that is ionic liquids. Ionic liquids are widly consider as greener solvent. The Ionic liquids has 

made a novel and unique class of greener solvents and got a great interest in scientific 

community nowadays. Evidence has been observed from enormous scientific publications 

related to ILs that dispersed the curiosity and unique molecular engineering in the ionic liquids. 

(Wasserscheid and Welton, 2008) The “Green” term include water (Ikushima et al., 1999; C.-J. 

Li and Chan, 1997; Paulaitis et al., 1983) supercritical fluids (liquid carbon dioxide),(Rothenberg 

et al., 2001) neat processes, fluorous techniques such as use of perfluorocarbons and fluorous 

biphasic catalysis (Fish, 1999; Welton, 1999) and finally use of ionic liquids (Sun et al., 2011; 

Zulfiqar and Kitazume, 2000). Solvent-like properties, their non-volatility and non-toxic nature 

of the ionic liquids makes them “green”. So, new class of ionic liquids (ILs) is becoming 

increasingly popular as viable replacement of toxic solvents due to their desirable inherent green 

properties. ILs can be highly conducting, dissolve enzymes, form versatile biphasic systems for 

separations, can form both polymers and gels for device applications(Smiglak et al., 2014), are 

media for a wide range of organic and inorganic reactions (Vekariya, 2017). These promising 

abilities of ILs have attracted attention of many research groups. For the utilization of these ILs 

in different processes, understating of their nature and evaluation of their physicochemical 

properties is an elemental step. Ionic liquids have its own history which has been discussed by 

many researchers and ionic liquids have passed through many transformations from room 

temperature to task specific ionic liquids (Giernoth, 2010).  

Drug manufacturing and pharmaceuticals show a key role in medical lifecare area, 

boosting life quality of public and expectancy, especially when considering chronic diseases. It is 

majorly accepted that development in drug or pharmacy research controlled the global economy 

and after corona pandemic periods dependency of public health has grown by 2022 (Am Ende, 

2019). In the pharmaceutical field, active pharmaceutical ingredients (APIs) are main component 

and has been commercialized in several forms, wherein crystalline forms of these APIs are 

favourite preferable option  (Byrn et al., 1995; Shamshina and Rogers, 2014). However, 40 to 

70% of the APIs related drugs under development existing with low water-solubility, that further 

exert the low bioavailability and therapeutic efficacy and, thus, flop at end of drug development 

(Kalepu and Nekkanti, 2015; Savjani et al., 2012). These issues including crystalline 

polymorphism of APIs related drug issues affect the global business and significant economic 

losses in sales as well as in R&D to allow novel formulations back into the market  (Bauer et al., 

2001; Hulme et al., 2005). So that, struggling to improve the drugs solubility in water medium as 

well as their bioavailability, numerous approaches have been examined and explored (Kalepu 

and Nekkanti, 2015; Savjani et al., 2012). Out of them use of ionic liquids as APIs and surfactant 

based ionic liquids are most popular. To overcome issues related to less availability of the smart 
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drug delivery systems for hydrophobic drugs, limited solubility, stability, bioavailability, and 

polymeric transformation, can be solve by using ionic liquids as solvents, co-solvents, 

surfactants, and/or for the formation of API-ILs  (Md Moshikur et al., 2020; Moshikur et al., 

2020). If we think the surfactant like property in ionic liquids, then surface active ionic liquids 

word would be first in our mind. In the ionic liquids, surfactant like character, especially, the 

amphipathicity (amphiphilic character) can be introduce at molecular level. So that such ionic 

liquids make them miscible in a wide range of hydrophobic and hydrophilic solvents and also 

conveys a behaviour in solution that offers great advantages in terms of biological and 

pharmaceutical applications (Silva et al., 2021). Surface-active ionic liquids (SAILs) are 

particularly interesting in pharmaceutical applications in regards of drug carrier and targeted 

exposer and discussed in this chapter. 

Surface active ionic liquids (SAILs) is innovative class of ionic liquids wherein surface 

activity has been introduced in ionic liquids by incorporating the long alkyl chain in cation, anion 

or in both and this are also displayed the similar behaviour to conventional surfactants. They also 

form distinct self-assembled structures depending on its molecular structure in aqueous or ionic 

liquids media, these amphiphilic ionic liquids known in the literature as with designation of 

surface-active ionic liquids and ionic liquid-based surfactants. Surface-active ionic liquid word is 

most accepted and widely used by various researchers due its surface active and aggregation 

properties. Although there is no hardliner difference in literature, surface-active ionic liquids, are 

different from traditional ionic surfactants regarding their low melting point (<100°C), superior 

surface activity and potential functionality. Surface-active ionic liquids also exhibit surface 

activity and tend to reduce surface/interfacial tension of solutions like an as regular surfactant. 

There is another more properties and benefits which has led to their emergence in the past 

decade. Some of them are liquid nature, low melting point, good solubility in aqueous and its 

media, superior activity, low CMC value, tunable, able to functionalization, designer choice for 

anion and cation to further modification, green and environmentally adopted, biocompatible, low 

toxic for cell and bio organs, judicial option to prepare one of self-assembly among various 

formed, good micellar catalytic nature and these properties are very important for biomedical and 

pharmaceutical applications. 

Chemistry and type of surface-active ionic liquids 

Surface-active compounds or surfactants are substances which have ability to reduce 

interfacial surface energy by reducing stress of junction, reduce the value of surface tension, 

form nano aggregates and stabilize oil-in-water or water-in-oil or non-aqueous emulsions. This 

compound has been used in different areas of industry, including pharmaceuticals, food, 

petroleum, and cosmetics  (Gehlot et al., 2017; Pillai et al., 2017). But these compounds have its 
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limitation regarding toxicity, biodegradability, and solubility, therefore, ionic liquids have turned 

in to such surface-active compound with better properties and that is surface-active ionic liquids. 

Surface-active ionic liquids can be prepared by altering the structure of the anion or cation or 

both. This access for tunability at molecular level has enhanced the development of numerous 

surfactants like ionic liquids as it allows for desired significant nanostructure and aggregation 

behaviour. It is reported that to show aggregation like as surfactant the carbon number of the 

anion or cation should be exceeds eight (n > 8), which produce inherent amphiphilicity and 

SAILs will show surfactant-like behaviour (Galgano and El Seoud, 2010). The amphiphilicity 

means molecule should consist of two different group one is hydrophobic and second one is 

hydrophilic. Hydrophobic group mostly long alkyl chain which may or may not contain aromatic 

moiety. The long alkyl chain can be linked with main head group via chemical reaction. These 

long chain-containing surface-active ionic liquids can form various aggregates by self-assembly 

in their aqueous solutions at certain concentration. The aggregation into micelles is observed 

when surface-active ionic liquids with long alkyl chains as substituents of the cationic head 

group and vesicle is observed when surface-active ionic liquids with double chain as substituents 

in anion are dissolved in water  (Srinivasa Rao et al., 2014). Similar to conventional surfactants 

surface-active ionic liquids also classified according to at where long alkyl chain is attached. 

Cationic surface-active ionic liquids (CSAILs) 

When long alkyl chain is connected to the cationic part of ionic liquids then formed 

surface-active ionic liquids will designated as a cationic surface-active ionic liquid. In 2004, the 

first literature from Bower et al. found where surface activity and self-assembling behavior of n-

alkyl imidazolium based CSAILs with small anions Cl¯, Br¯ and BF4¯ reported and found 

similar functionality to that of short chain cationic surfactants. (Bowers et al., 2004) Singh et al. 

established the how the nature of alkyl chain length, cations, and anions influenced the 

aggregation behavior of various CSAILs through spectroscopic investigations (Singh and 

Kumar, 2007). 

 

Figure 1: A representative chemical structure of Surface Active Ionic Liquid ([C8min]+) 
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Dicationic surface-active ionic liquids (dCSAILs) 

With the developments of cationic SAILs, Dicationic surface-active ionic liquid 

(dCASILs) which have two distinct charged hydrophilic head group and these are separated by 

long chain spacer with short-chain substituents.  

Zwitterionic surface-active ionic liquids  

In this type of surface-active ionic liquid, the head group further modified to contain the 

counterion on the side chain means head group will present at terminal side that will be 

zwitterionic surface-active ionic liquid. These have an overall neutral charge and thus, show 

enhanced surface activity. Souza et al. have reported a series of 3- (1-alkyl-3-imidazolium) 

propansulfonate-based surface-active ionic liquid  (Souza et al., 2012).  

Gemini surface-active ionic liquids (GSAILs) 

Just opposite to dCSAILs, Gemini surface-active ionic liquid are reported which are 

dicationic and have short chain spacer with long-chain substituents. (Ao et al., 2009; Ao et al., 

2008; Baltazar et al., 2007) These were found to exhibit higher surface activity than the single 

cationic surface-active ionic liquid and found similar to alkylammonium based conventional 

Gemini surfactants. These are used to protective action for DNA (Bhadani and Singh (2011) and 

Pd nanoparticle stabilization (Zhu et al., 2011). 

Anionic surface-active ionic liquids (ASAILs) 

Anionic surface-active ionic liquids are those ionic liquids which have moderate to long 

alkyl chain in their anionic counterion part. In 2000, first halide free green ASAILs reported by 

Roger et al. (Holbrey et al., 2002) which is 1-butyl-3-methylimidazolium octylsulfate 

[C4mim][C8OSO3]and its surface active behavior was reported in 2004 by Miskolczy et al. 

(2004). In continuation, in 2011, Tushar et al. reported a series of amino acid (cations) based 

task-specific biodegradable green ASAILs having dodecylsulfate as anion [C12OSO3]. 

Application of these ASAILs was demonstrated for algal bloom mitigation and as a template for 

the CeO2 nanomaterial synthesis (Trivedi et al., 2011).  

Biamphiphilic surface active ionic liquids (BSAILs) 

When long alkyl chain is introduced in both cation and anion then formed surface-active 

ionic liquid called biamphilic surface-active ionic liquid (BSAILs). BSAILs are the mirror image 

of cat-anionic surfactants. So that are also are known as cat-anionic ionic liquid surfactants. 

Benzyl-n-hexadecyltrimethylammonium dioctylsulfosuccinte, [BHD][AOT] which is a first cat-

anionic ionic liquid surfactant which are reported by Villa et al. It formed reverse micelles and 

vesicle upon aggregation in solution (Villa et al., 2012). In continuation to this Rao et al. 

http://www.sciencedirect.com/science/article/pii/S0009261404017294
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published a series of BSAILs with variable chain in imidazolium, with octylsulfate and lauryl 

sulfate anions. (Rao et al., 2012) 

 

 

Figure 2: Cartoon model of various SAILs 

 

Literature: SAILs used for pharmaceutaicle application 

After certain concentration, all surface active ionic liquids form nanoaggregates viz, 

mivelles, vesicles and other structures. These nanostructures are mimic to biological memebrane 

containing campartment. Bilayered structure of vesicles are homologous of biological sac. These 

are can be obserevd in ionic liquid medium. Since these nanostructure provide homophobic core 

or environmnet, it has been used for drug delivery. In the micelles, the hydrophobic core 

provides a hydrophobic environment for many hydrophobic drugs, and increasing their solubility 

in aqueous media. These aggretaes also used for enzyme and protein stabilization. The following 

table gives the panorma of some surface active ionic liquids used in drug delivery year wise.  

Sr SAILs Structure Drug used Year Literature 

1 [C12mim]Cl 

 

Ibuprofen 2014  Sanan et al., 

2014) 

2 [C12mim]Br 

 

Phenothiazine, 

dopamine 

hydrochloride, 

acetylcholine 

chloride. 

2015 Vashishat et 

al., 2015 

3 [C10-4-C10im] 

Br2 
 

Amitriptyline 

hydrochloride 

2015  Patel et al., 

2015  
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4 [Chol-

Gly][AOT] 

 

Doxorubicin 

hydrochloride 

2017  Pyne et al., 

2017  

 

5 [C10mim][Cl] 

 

COX-2 

inhibitor 

celecoxib and 

antiviral 

acyclovir 

2018  Farooq et al., 

2018 

 

6 Choline N-

lauroyl-amino 

acid (NLAA) 

based SAILs 

 

Heparin 2020 Moshikur et 

al., 2020 

 

7 [ProC10][FeCl3

Br] 

 

Ciprofloxacin  2020  Kulshrestha et 

al., 2020  

8 [Cho][Ole] 

 

Paclitaxel 2021   Ali et al., 

2021 

9 [ValC16][FeCl4] 

 

Antibiotic drug 

ornidazole 

2022 Kulshrestha et 

al., 2022 

10 3-ethyl-1- (2-

dodecanoyl 

oxy) 

ethylimidazoliu

m bromide 

[C12Eeim]Br 

 

lidocaine 

hydrochloride 

2022  Arif et al., 

2022 
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Aggregation and thermodynamics of SAILs: 

As seen in previous section, surface-active ionic liquids (SAILs) are those ionic liquids 

which bear long alkyl chain substituents in theeir cation or anion, and it has been seen, longer 

than eight carbon atoms containing chain are majorly responsible for its amphiphilic nature 

(Łuczak et al., 2008). These long alkyl chains of ionic liquids have little partial charges which 

are slightly higher compared to similar alkyl chains of common surfactants. All the surfcae 

active ioinic liquids which have amphiphilic nature they make thermodynamically stable 

aggegates after certain concentration. This called aggregation behaviour. Type of head groups, 

chain length of alkyl group and associated counterion significantly affects the aggregation 

behavior of individual surface-active ionic liquid. It is found that surface-active ionic liquids 

with different head groups have better surface-active properties compared to the conventional 

surfactants which have similar alkyl chain length (Zhao et al., 2008). The surface activity further 

increased along with increasing the carbon atoms in the attached alkyl chain due to increase 

hydrophobicity. That’s why larger chain length or bigger aromatic head group are responsible for 

to decreased the required concentration of ionic liquid surfactant. The minimum concentration 

required to make such aggregates is known to be critical aggregation concentration which further 

abbreviated as CAC (Gehlot et al., 2015). The concentration which required to prepared micelles 

are critical micellar concentration (CMC). If the any fluorescent moiety such as carbazole 

present into the alkyl chain, this make fluorescent surface-active ionic liquid and it has better 

surface activity in addition with the significant improvement in the colloidal properties (Dong et 

al., 2010). The counterion present with head group which are less hydrated, binds in more 

numbers with the head group at air-water interface and increases the surface activity efficiently 

by decreasing the like charge repulsion between head groups (Singh et al., 2017). The surface 

property of surface active ionic liquid has been calculated with the help of some surface 

parameters which derived from surface tension values of individual surface active ionic liquids. 

Surface tension majorly observed by tensiometer with respect of water which 72.2 mN.m-1. The 

parameters adsorption efficiency pC20, and effectiveness of surface tension reduction cmc  can 

be calculated by using following equations (1) and (2).  

2020 logCpC              (1) 

Where, C20 is minimum molar concentration of surface-active ionic liquids required to 

reduce the surface tension of water by 20 units mathematically. pC20 is a measure of surface 

efficiency of surface-active ionic liquid which reflect the gathering of molecules at air-water 

interface thus surface energy reduces and consequently value of surface tension falls down. The 

higher pC20 values specify the higher adsorption efficiency of surface-active ionic liquid.  
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cmccmc   0      (2)  

Where, 0  is the surface tension of pure water and cmc  is the surface tension at cmc. The 

lower the cmc  values or higher cmc values indicate the effectiveness of surface-active ionic 

liquids in the surface tension reduction. It is reported that the pC20 and cmc values measured for 

surface-active ionic liquids are higher than the values obtained for their homologues 

conventional surfactant having similar alkyl substituents. The other two surface parameters 

which are also measured to demonstrate the aggregation nature of amphiphilic molecules and 

that are surface excess concentration ( max ) and minimum covered area per molecule at air-water 

interface ( minA ). These parameters are derived by using following equations (3) and (4) and by 

applying Gibbs adsorption isotherm to the surface tension-concentration graph. 

CnRT ln

1
max







    (3) 

AN
A

max

min

1


     (4) 

Surface-active ionic liquids form aggregates in aqueous medium after saturation of the 

air-water interface and when concentration is reaches to CAC (it may be CMC or CVC), then 

various aggregates form in the aqueous medium (Gehlot et al., 2017). Generally, long chain 

containing imidazolium based surface-active ionic liquids form micelles in aqueous medium. In 

particular, long chain imidazolium surface-active ionic liquids, with the variation in number of 

carbon atoms in the alkyl chain ([Cnmim] Br (n=10, 12, 14), various aggregates such as spherical 

micelle to rod like micelle to vesicle transitions are observed with increase in concentration in 

aqueous medium. It has been explained by fluorescence studies which revealed that increase in 

the surface-active ionic liquids concentration, counterion binding increased which decreased the 

head group repulsion between the molecules consequently allowing the micelles to convert 

further into rod like micelles and vesicles nano structures. Surface-active ionic liquids with 

pyridinium head group and imidazolium head group has shown excellent antimicrobial 

properties which increased long with the chain length. The type of aggregates produced from 

surface-active ionic liquids depends on long chain in their anion also. Medium chain surface-

active ionic liquids ([Bmim] C8OSO3) form micelles of 2.8 nm just above cmc where at higher 

concentrations it makes large sized micelles due to the penetration of counterion into the 

preformed micelles. The double chain surface-active ionic liquids, such as [C4mim] AOT exhibit 

a mixed structure (L1+ Lα) to vesicular structures at CVC.  
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Overall, surface-active ionic liquids are versatile surfactants acting molecules with the 

better surface-active properties, further the head groups with the conjugated electrons systems 

are found promising for many applications, thus surface-active ionic liquids have been used 

many applications including drug delivery.  

  

Figure 3: Cartoon model of micelles, vesicles, wormlike micelles and reverse micelles 

Applications 

It has been seen from previous publication, the role of surfactant aggregates such as 

micelles and vesicles in the pharmaceutical sciences has been used significantly especially due to 

their skill to improve the permeability of drugs across the biological membranes. The major 

attention of the use of micelles as drug carrier due to their smallar size wich are more compitable 

with may biological campartments. The advantage of micelles as a carrier observed due to its 

narrow size distribution, and higher bioavailability and even stability of the drug through micelle 

incorporation (Florence and Hussain, 2001). Moreover, micelle drug carrier delivered the drug to 

the specific target whitout affecting inactivating species such as enzymes and biomolecules 

present in biological fluids in comparison with free drug and hence dug loaded micelles reduces 

the adverse side effects of drugs. Surfactant micelles and vesicles also mimic the complex 

biocompartment thus have also been widely used as a simplified model to uderstand their 

functions, since they composed of polar and hydrophobic regions in their structures which are 

major constitute of lipid membrane and make easy to understand the affinity and passing of 

essential small molecule acoss the membrane biological sac (Tewes et al., 2015). 

Since conventional surfactant have repoerted for its toxic nature. Therefoe surface active 

ionic liquid cames in trends. It has been seen, in generally, the complete toxicity of SAILs 

depend on their molecular structure, length of alkyl chain and functional groups presents. The 

toxicity effect increases along with longer chain (Egorova and Ananikov, 2014). Furthermore, 

pyridinium and morpholinium head group containg surface-active ionic liquids shows lower 

toxicity values compared to corresponding imidazolium based surface-active ionic liquids  

(Fatemi and Izadiyan, 2011). Amino acid based and cholin based surfcae-active ionic liquids 

found biocompitible and less toxic, so aggregates formed from these surface active ionic will be 

potential drug carrier (Gehlot et al., 2017; Kulshrestha et al., 2020).  
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Aggrigates (micelles and vesicles) as drug carrier:  

The aim of drug carriers are protection of drugs from its premature degradation and 

excretion, as well as increase of their permeability across biological compartment and cell 

membranes (Torchilin, 2001). Mahajan et al. studied the interaction of two neuroactive drugs, 

dopamine hydrochloride and acetylcholine chloride, with tetradecyltrimethylammonium bromide 

(TTAB), and the surfcae-active ionic liquids 3-methylimidazolium bromide, [C14mim]Br, and 

found that the surfcae-active ionic liquids to be a better carrier for both drugs (Mahajan et al., 

2012). Pal and Yadav also studied mixed two SAILs, [C12mim]Cl and [C14mim]Cl, as drug 

carriers for local anesthetic drug, lidocaine hydrochloride. Spontaneous mixed drug and surfcae-

active ionic liquids aggregation was observed, with a CAC decreased with increasing drug 

concentration, likely due to presence of π-π interactions. In 2019, these author also found that 

among the [C12bmim]Cl and [C12mim]Cl, hydrogen substituted by methyl group at imidazolium 

moiety is better and potential drug carrier. They used an antidepressant drug, amitriptyline 

hydrochloride, with these two surface active ionic liquids (Pal and Yadav, 2019). In 2020, 

Moshikur et al. prepared the amino acid and cholin based surface active ionic liquids. They 

studied its aggregation behaviour and cytotoxicity. The less toxic choline based N-lauroyl-amino 

acid containg surface active ionic liquids also demonstrated as carrier for heparin entrapment 

efficiency (Moshikur et al., 2020). In 2018, Roy et al. published the reserch article wherin they 

shows vesicles aggregates fromed from surface active ionic liquids [C16mim]Cl and oleic acid 

mixed system (Roy et al., 2018). The vesicles are provide hydrophobic palishade layer and 

hydrophilic core to localize drug in its and showed higher diffusion coefficients than the 

micelles. In 2021, oleic acid-based surface active ionic liquids was reported by Ali et al. for the 

development of a transdermal carrier of chemotherapeutic agent paclitaxel. These surface active 

ionic liquids are less toxic and make effient micellar formulation for transdermal drug delivery 

(Ali et al., 2021).  

 

Figure 4: Carttoon representation of drug or any hydrophobic guest molecule loading and 

magentic response of the magnetic surface active ionuc liquid (Kulshrestha et al., 2020) 
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Microemulsion as drug carrier:  

Microemulsions are ternary thermodynamically stable colloidal systems that is compose 

of two immiscible solvents and one stabilizer that may be surfactant or a surfactant/co-surfactant 

pair. It is further classified into oil-in-water (O/W), water-in-oil (W/O), and bi-continuous.The 

microemulsions has been known in pharmaceutical area for long periode and gained major 

interest for drug formulation and delivery. Microemulsions can control drug release, while 

enhancing drug solubilization, and also bioavailability  (Lawrence and Rees, 2000). Damarla et 

al. has been prepared all ionic liquid where all components are ionic liquids  (Damarla et al., 

2016). The SAIL made of choline and fatty acids were reported by researchers, shows better 

solubilization of insoluble drugs like acyclovir, methotrexate, celecoxib, and dantrolene sodium 

in microemulsions (Md Moshikur et al., 2020). The use of SAIL-based microemulsion as drug 

solubilization/vehiculation systems opened the various new path for highly insoluble challeging 

drugs. 

Surface active based gel as drug carrier:  

Hydrophilic gel or hydrogels prepared by biopolymers in water and have potential 

benefits due to their non-toxic, sustainable, and biocompatible nature as compared to synthetic 

polymer based hydrogels (Van Vlierberghe et al., 2011). Some polymer hydrogels containing 

magnetic particles are are classified as stimuli-responsive gels and can be prepared to combine 

the magnetic nanoparticles and biopolymer by with method of blending, onto-grafting, or in situ 

process (Barbucci et al., 2012; Zhao et al., 2015). The viscoelastic properties of such gel can be 

controlled by applying extrenal magnetic fields. These gel further exhibit extraordinary 

biological applications, such as enzyme immobilization, tissue engineering, soft actuators, cancer 

treatment, and drug delivery. Drug delivery process majorly depend on pH, temperature, light-

sensitive, or magnetic behavior, controllability, and targeted delivery (Li et al., 2013; Liao and 

Huang, 2020). In 2018, Sastry et al. demonstrated the solubilization of dexamethasone drug in 

agar based hydrogels for controlled release of the drug (Sastry et al., 2018). The hydrogel 

composed of PEO-PBO-PEO copolymers and micellar system form morpholinium-based 

surface-active ionic liquids. The addition of surface-active ionic liquids energetically favoured 

micellization and allows drug interact at polar areas of micelles favorably. In 2022, Kulshrestha 

et al. has used magnetic ionic liquid surfactants instead magnetic nanoparticles in hydrogels. 

Magnetic surface active ionic liquid can form self-assembled micelles or vesicles structures and 

used as nanocarriers for drug delivery. The magnetic amino acid-based ionic liquid surfactant, 

[ValC16][FeCl4] synthesised and prepared hydrogel with gelatin biopolymer. The magnetic 

hydrogel used as a nanocarrier for drug delivery system wherein an anticancer drug ornidazole 

and 5-fluorouracil used for this purpose. They calculate drug loading efficiency and cumulative 

release by using following formula (Kulshrestha et al., 2022)  
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𝐶𝑜𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑅𝑒𝑙𝑒𝑎𝑠 (%) =
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑟𝑒𝑙𝑒𝑎𝑠𝑒𝑑 𝑖𝑛 𝑚𝑒𝑑𝑖𝑎

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑙𝑜𝑎𝑑𝑒𝑑 𝑖𝑛 𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑔𝑒𝑙
× 100 

The prepared magnetic hydrogel showed high loading efficiency 69 ± 0.6% for 

ornidazole and and 78 ± 0.3% for 5-fluorouracil respectively. The commulative drug release was 

studied by various mathametical model such as the Higuchi model, Hixson–Crowell model, or 

Korsmeyer–Peppas model.  

Finally it can be conclude that surface active ionic liquids have great advantages and 

colloidal formulation perepared from biocompitable surface active ionic liquid can be used in 

drug solubilization, drug carrier, and targeted drug relase. The stumuli based system such as 

micellar containg maagnetic hydrigel also have unique application in tiny biomolecules/drug 

delivery and tissue engineering along with some other pharmaceuticle purposes.  
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Abstract: 

Mushrooms are superior sources of different dietary supplements and also nutritious food 

of high commercial value. In the present study, Pleurotus sajor-caju was cultivated on the 

agrowaste paddy straw, polysaccharides were isolated from the fruiting bodies and its biological 

properties were studied. Polysaccharides were isolated by hot water extraction, ethanol 

precipitation, followed by centrifugation and dialysis. The yield of polysaccharide (PS) was 

found to be 14.07%. Quantitative and qualitative estimation of PS was done by Anthrone 

method. Monosaccharide profile of PS was determined by Thin Layer Chromatography (TLC) 

and dextrose was found to be the only monomer present in PS. Antioxidant activities of PS were 

evaluated by Total Antioxidant Capacity Assay (TAC), Hydroxyl Radical Scavenging Assay and 

Di-phenyl-picryl hydrazyl (DPPH) free radical scavenging assay. In all the assays PS showed 

significant antioxidant activity in a dose dependent manner. Highest activity was shown in TAC 

assay and at the maximum tested dose of 2000 μg, 96.45% activity was obtained. Geno-

protective activity was studied using DNA laddering on Agarose Gel Electrophoresis. Blood 

cells were treated with H2O2 without or with various concentrations of PS and subjected to 

Agarose Gel Electrophoresis. Untreated cells showed considerable reduction in laddering which 

revealed the genoprotective activity of PS. The present investigation revealed the significant 

biological properties of P. sajor-caju which clearly indicated the importance of including this 

nutritious mushroom in our diet.  

Keywords: Mushrooms, Polysaccharides, Anti-oxidant, Geno-protective, Pleurotus sajor-caju 

Introduction: 

A mushroom is the fleshy, spore-bearing fruiting body of fungi. Mushrooms are 

nutritionally functional food and a source of physiologically beneficial and nontoxic medicines 

(Wasser and Weis, 1999). They have been used in folk medicine throughout the world since 

ancient times. Mushrooms include 14,000 to 22,000 species while the real number may be much 

higher. There are over 2000 species of mushrooms that are edible; however, a dozen of them is 

commercially cultivated; a few of them are highly poisonous if consumed (Meng and Li, 1997).  
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Mushrooms have been not only used as food materials with their unique flavor and 

texture, but also recognized as an important source of biologically active compound of medicinal 

value (Breene, 1990). Mushrooms have a variety of accumulated secondary metabolites such as 

phenolic compounds, polypetides, terpenes, and steroids. Mushrooms also have lectins, 

polysaccharides, polysaccharide-peptides, and polysaccharide-protein complexes which are 

known to have immunomodulatory and anticancer activities (Sun and Liu, 2009). 

Mushrooms are well recognized for their medicinal properties and have been used in 

traditional medicine for centuries. The medicinal effects of mushrooms include antioxidant, 

antiviral, antibacterial, antifungal, anti-parasitic, detoxification, antitumor, radical scavenging, 

anti-inflammatory, cardiovascular, anti-hyperlipidemic or hepatoprotective and anti-diabetic. 

They have been shown to modulate the immune system, have hypoglycemic activity & 

antithrombotic effect, lower blood pressure (Chang, 1992). They are supposed to be efficient as a 

cholesterol reducer, a diuretic, an adjuvant. Recent studies of the medicinal properties of Oyster 

mushrooms have focused on isolation of bioactive compounds as well as their synergistic effects 

with other established compounds. 

In recent times, there is an increasing interest in the role of free radical‐mediated damage 

in the etiology of human diseases. Free radicals are highly reactive particles with an unpaired 

electron and are produced by environmental exposures like tobacco, radiation or smoking or as 

byproducts of metabolic processes. Free radicals include Reactive Oxygen Species (ROS) and 

Reactive Nxygen Species (RNS). ROS such as superoxide anion radical, hydroxyl radical (OH.) 

and hydrogen peroxide(H2O2) are considered to be important factors in the etiology of several 

pathological conditions such as cardiovascular diseases, diabetes, inflammation, cancer, etc             

(Hemnani et al., 1998). They are implicated in carcinogenesis-induced mutation and tumour 

promotion (Clayson et al., 1994). 

Mushrooms that contain antioxidants or increase antioxidant enzyme activity may be 

used to reduce oxidative damage in humans (Yang et al., 2002). Fruiting bodies of Pleurotus 

possessed higher concentrations of antioxidants than other commercial mushrooms. This activity 

was mainly due to presence of polysaccharides as well as polysaccharides bound to proteins. 

Polysaccharide called pleuran (ß-glucan) isolated from P. ostreatus. Pleurotus ostreatus is 

known to increase the activities of important antioxidant enzymes (viz. superoxide dismutase, 

catalase and peroxidase) thereby reducing oxidative damage in humans (Yang et al., 2002). 

The great majority of chemical compounds, which have been identified as anti-oxidant 

agents are toxic to normal cells. Hence the discovery of new safer drugs has become an 

important goal of research in biomedical sciences. Mushrooms, which are widely distributed in 

nature, have been demonstrated to have such free radical scavenging activity for the prevention 
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of oxidative damage. Hence the present investigation was undertaken to evaluate the anti-oxidant 

activities of crude polysaccharides isolated from the fruiting body of an edible mushroom 

Pleurotus sajor-caju. 

Materials and Methods: 

1. Cultivation of Pleurotus sajor-caju fruiting body in paddy straw 

Spawn culture of Pleurotus sajor-caju was obtained from Kerala Agricultural 

University, Thrissur, and Kerala, India. Paddy straw were cut into 2.5cm long pieces and 

soaked in hot water at 60°C and excess water was drained off. The straw and the spawn of 

fungus were layered in the large-sized polythene bags. Mouth of the bags was tied and kept on 

a raised platform in well ventilated cropping room for 14 -15 days. At the time when mycelia 

were visible inside the polythene bags over the surface of paddy straw, the polythene bags 

were cut and gently removed. This mycelial mat covered on substrate was watered daily just 

to maintain moisture. The temperature where the compost has been kept was between 20°C 

and 25°C. After 15 days first flash of fruiting body became apparent and were harvested. 

Second harvest was done after 2 weeks. 

2. Hot water extraction of Pleurotus sajor-caju fruiting body 

 Fruiting bodies harvested were washed thoroughly & cut into small pieces. Then it 

was dried in a hot air oven at 40-50°C & crushed. The powdered material was defatted with 

petroleum ether using a Soxhlet apparatus for 8-10 hrs. Then, the powdered material was 

subjected to hot water extraction at 80-90°C for 9-10 hrs, repeated thrice. After each 

extraction, the soluble polymers were separated from residues by filtration & combined the 

extracts & concentrated. 

3. Isolation of polysaccharides from the hot water extract 

 The isolation of polysaccharides from Pleurotus sajor-caju was carried out by the 

method of Mizuno (2000) with some modifications. Briefly, the hot water extract was 

precipitated by the addition of 5X volume of chilled ethanol & kept at 4℃ for 48 hrs, 

centrifuged at 10000 rpm for 20 min, repeated twice. The residue was dried 35-40o C. 

4. Preliminary analysis of components  

 The quantitative estimation of carbohydrate was carried out by Anthrone method 

(Yemm & Wills, 1954) using glucose as the standard. The monosaccharide profile of the 

extract was detected by thin layer chromatography using glucose, fructose, sucrose and 

maltose as standards (Dubois et al., 1956). Protein analysis was carried out by Lowry’s 

method (Lowry et al., 1951). 
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5. Antioxidant properties of P. sajor-caju 

The total antioxidant capacity of polysaccharides isolated from P. sajor-caju was 

measured according to spectrophotometric method of Preito et al., 1999. Hydroxyl radical 

scavenging activity of the extracts was assayed by the method of (Smirnoff et al., 1989) with 

some modifications. The free radical scavenging capacity of the extracts was determined 

using DPPH (Hasan et al., 2006; Alam et al., 2008). 

6. Genoprotective activity of P. sajor-caju by Agarose gel electrophoresis 

 DNA damage was induced by treating the DNA samples with H2O2. 1g of agarose 

was weighed out and dissolved it in 100ml of 1x TBE buffer in a conical flask. Melted the 

agarose completely into a clear solution and then cooled to about 50°C. 20µl of ethidium 

bromide solution was added and mixed well. Poured the molten agarose in a casting tray or 

template with a well comb. This was allowed to polymerize for 30-45 minutes and comb was 

removed carefully. The template carrying the gel was placed in a horizontal electrophoresis 

tank. The tank was then filled with 1X TBE buffer in order to immerse the gel. The DNA 

samples (10µl) were mixed with sample buffer (15µl) containing various concentrations of 

drug were loaded into wells. DNA sample and buffer, without drug was kept as control. The 

electrophoretic apparatus was connected to a power pack and electrophoresis was carried out 

at 50 volts for 1 hour. The set up was switched off as the dye front reached the bottom of the 

gel. The gel was removed and DNA bands were visualized on UV transilluminator. 

Results:  

1. Cultivation of fruiting body & isolation of polysaccharides 

After 2-3 weeks of cultivation, the fruiting body of Pleurotus sajor-caju became apparent 

in paddy straw and were harvested. The total yield of fruiting body obtained was 59.66g dry 

weight. The polysaccharides from fruiting body of Pleurotus sajor-caju was isolated by 

precipitation with chilled ethanol after the hot water extraction. The yield of polysaccharide 

obtained was 14.07%. 

2. Preliminary analysis of components  

Quantitative and qualitative analysis revealed the presence of carbohydrates and proteins. 

The carbohydrate content was found to be 43% and the protein content was found to be 8.5%. 

TLC analysis revealed that the sugar contained in the extract was glucose by comparing the Rf 

value of extract with that of standards used. 

3. Antioxidant assays  

Antioxidant activity of polysaccharides isolated from fruiting body of Pleurotus sajor-

caju was tested using different assays as follows. 
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3.1. Total antioxidant capacity assay 

The drug showed total antioxidant activity in a dose dependent manner. The percentage 

activity increased in a dose dependent manner. The drug showed 96.45% activity at the 

maximum tested dose of 2000µg (Fig 1). The IC50 value was found to be 120 µg (Table -1). The 

IC50 of vitamin C was 3µg. 

3.2. Hydroxyl radical scavenging activity 

The drug showed hydroxyl radical scavenging activity in a dose dependent manner. The 

maximum tested dose of 2000 µg, showed a percentage inhibition of 59.52% (Fig.2). The IC50 

value was found to be 440 µg (Table -1). IC50 of vitamin C was found to be 6 µg. 

3.3. DPPH free radical scavenging activity 

The drug showed DPPH free radical scavenging activity in a dose dependent manner. The 

maximum tested dose of 2000 µg, showed a percentage inhibition of 36.07% (Fig.3). The IC50 

value was found to be 2760 µg (Table -1). The IC50 of vitamin C was found to be 7 µg. 

4. Agarose gel electrophoresis 

On agarose gel electrophoresis, the control showed laddering indicating the DNA 

damage. The DNA samples treated with drug showed considerable reduction in laddering in a 

dose dependent manner, which showed the geno-protective ability of the drug under study 

(Fig.4). 

Table 1: IC50 values of drug for different antioxidant assays 

Antioxidant assays IC50 Values (µg) 

Total antioxidant capacity assay 120 

Hydroxyl radical scavenging activity assay 440 

DPPH free radical scavenging activity assay 2760 

 

 

Figure 1: TAC assay of PS from P. sajor-caju 
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Figure 2: Hydroxyl radical scavenging activity of PS from P. sajor-caju 

 

 

Figure 3: DPPH Free radical scavenging activity of PS from P. sajor-caju 

 

Figure 4. Agarose gel electrophoresis of 

DNA samples treated with H2O2-                        

C-Control (DNA+ H2O2); 1- DNA+ H2O2 + 

500 µg PS; 2- DNA+ H2O2 + 1000µg PS;          

3- DNA+ H2O2+ 1500µg PS; 4- DNA+ H2O2 

+ 2000µg PS 
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Discussion: 

Mushrooms were considered as a special delicacy by early civilizations and also 

recognized as functional foods for their bioactive compounds, which offer huge beneficial 

impacts on human health (Ren, 2012). They are prolific resource for drugs and their spectrum of 

pharmacological activities are fascinating. 

Pleurotus sajor-caju is an edible mushroom, which is widely consumed throughout the 

world. The medicinal properties of this mushroom are also getting great concern in many parts of 

the world. It contains a wide variety of free radical scavenging molecules and among them the 

most potent on is polysaccharides. 

In this study, cultivation of fruiting body of Pleurotus sajor-caju was conducted on 

sterilized paddy straw, which showed consistent growth. The carbohydrate and protein contents 

of Pleurotus sajor-caju fruiting body were detected, which represented its nutritive value. 

Detection of monosaccharide profile by TLC after acid hydrolysis of polysaccharides showed 

that the only sugar present in this mushroom is glucose. The extract also showed the presence of 

proteins. The results shows that the polysaccharides isolated from this mushroom is probably the 

Glucans bound to proteins.  

In the present study anti-oxidant activity of hot water extract Pleurotus sajor-caju fruiting 

bodies were conducted by different assays, which include Total antioxidant assay, Hydroxyl 

radical scavenging assay and DPPH free radical scavenging assay. The antioxidant activity was 

observed in a dose dependent manner. The antioxidant property of the mushroom is well 

correlated with the concentration of the extract, which showed the presence of active principles. 

The association of protein with the polysaccharide molecules is known to potentiate their free 

radical scavenging activity. For example, lentinan and schizophyllan, which contain only trace 

amounts of peptides in the polysaccharide samples, have almost no scavenging effect, whereas 

krestin and polysaccharopeptide, which are obtained from mushrooms such as Ganoderma 

lucidum and Grifola umbellate which have lower polysaccharide/ peptide ratios, exhibited the 

strongest scavenging effects (Liu et al., 1997). This indicates that protein bound polysaccharides 

have higher free radical scavenging activity than polysaccharides alone. Hence, the protein 

bound nature of the extract may be contributing significantly for its profound free radical 

scavenging activity. 

The present study also revealed the genoprotective activity of polysaccharides isolated 

from P. sajor-caju. The drug was able to reduce the DNA damage induced by H2O2 in a dose 

dependent manner. Double stranded DNA fragmentation giving the characteristic “ladder” 
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pattern on agarose gel electrophoresis is one of the most widely accepted criteria used to 

characterize DNA damage. The current experimental results indicate that polysaccharide-protein 

complex isolated from the fruiting body of P. sajor-caju is able to significantly inhibit the H2O2 

induced DNA damage. However, further research is required to determine its exact mode of 

action.  

Conclusion: 

The hot water extract from fruiting body of Pleurotus sajor-caju contained a high 

quantity of polysaccharides bound to proteins. Preliminary analysis showed that the isolated 

compound is protein bound glucan.The present study revealed the significant anti-oxidant and 

genoprotective activities of polysaccharides isolated from P. sajor-caju. The biological 

properties of P.sajor-caju clearly indicate that this mushroom can act as an excellent functional 

food. The cultivation and isolation of polysaccharides from this mushroom is simple, economical 

and can be carried out with minimal effort. In this context, the polysaccharides from P.sajor-caju 

can be a suitable candidate for developing natural antioxidant and geno-protective drugs. 

However, further research is necessary to elucidate the structure and mechanism of action of 

these polysaccharides. 
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Abstract: 

For nearly three to four decades platinum based anticancer drugs such as cisplatin have 

been used to treat various cancers. However, because of poor selectivity and toxicity towards 

normal cells of these drugs there is an increasing need for alternative novel metallo-anticancers 

drugs. Ruthenium complexes are a new generation of metal antitumour drugs that are currently 

of great interest in multidisciplinary research. Ruthenium complexes are the most promising non-

platinum alternative for metal-based cancer therapy due to their ability to strongly bind nucleic 

acids and proteins. Their ligand exchange kinetics is similar to those of platinum compounds. 

There is a possibility of photodynamic approaches to therapy. Ruthenium has unique properties 

which make it particularly useful in drug design. They have ability to mimic iron binding in 

biological systems and very importantly they have lower toxicity than platinum compounds. 

Keywords: Anticancer, cisplatin, ruthenium, ruthenium complex, NAMI-A, KP1019, KP1339 

etc 

Introduction: 

Cancer is one of the major reasons of death in the world. It is the second leading cause of 

death in developed nation and the third leading cause of death in developing nation. Currently 

treatment of cancer is restricted to surgery, radiotherapy, and chemotherapy by the use of 

cytotoxic agents. They have severally side effects and problems associated with the development 

of resistance. Chemotherapy is an important technique for cancer treatment.  Platinum-based 

drugs have been in clinical use for cancer treatment for more than three decade. Cisplatin is a 

well-known chemotherapeutic drug.  

After its discovery many metal complexes have been developed as anticancer drugs and 

platinum-based drugs have become the centre of attention of metal-based antitumor drug 

research and have become the first choice of anti-cancer drugs because of their remarkable 

antitumor efficacy. However, there are increasing reports that platinum-based anticancer drugs 

have severe side effects. Therefore, researchers have turned their attention to other potential 

metal antitumor drugs. Ruthenium complexes have shown remarkable antitumor activity among 

the numerous metal compounds studied. They possess various advantages over platinum drugs, 

mailto:mh.kafle@smcs.ac.in


Research and Development in Pharmaceutical Science Volume IV 

  (ISBN: 978-93-91768-65-2) 

 
69 

 
 

such as potent efficacy, low toxicity, less drug resistance, and are expected to become a new 

generation of clinical metal antitumor drugs. In the last 20 years there is a continuous growth of 

interest in Ruthenium anticancer drugs which is reflected in the hasten growth of publications in 

this area. The anticancer activities of Ruthenium complexes were first found out by Dwyer and 

co-workers in the 1950s, but this research was neglected until the unexpected discovery of  the 

antitumoral properties of cis-diamminedichloroplatinum(II) (cisplatin) (fig.1) by Rosenberg in 

1965 announced a new area of anticancer research based on metallopharmaceuticals.  

Cisplatin: 

Pt

NH3

NH3

Cl

Cl  

Figure 1: Structure of Cisplatin 

 

Cis-diamminedichloroplatinum (II) or commonly known as Cisplatin, is a well-known 

chemotherapeutic drug. It is used for treatment of numerous human cancers including head, 

neck, bladder, testicular, lung and ovarian cancers. Till present date, cisplatin and its analogues 

are some of the most effective chemotherapeutic agents in clinical use. The square-planar Pt (II) 

drugs are activated by slow hydrolysis of the anionic ligands, the corresponding cationic aqua 

complexes thus formed act by binding to DNA. It is administered intravenously into the blood 

stream and the more reactive –Cl groups are hydrolysed, so the Pt atom bonds to a N atom in two 

different guanosine units, and by bridging between them it disturbs the normal replication of 

DNA. Those cells which are undergoing cell division are attacked by Cisplatin. Some studies 

indicate that the N7 position of guanine is the favoured site for platinum coordination. The 

binding of cisplatin to DNA would seriously interfere with the ability of the guanine bases to 

undergo Watson-Crick base pairing. Thus when a self complementary oligomer (a portion of a 

DNA chain) reacts with the cis isomer, to the adjacent guanines are bound and Watson – Crick 

base pairing is disrupted. 

For cisplatin to work according to the proposed mechanism, it must hydrolyse in the right 

place. If it hydrolyses in the blood before it gets to the chromosomes within the cell, it will be 

more likely to react with a non target species. Fortunately for the stability of the complex, the 

blood is approximately 0.1molar in chloride ion, forcing the hydrolysis equilibrium back to the 

chloro complex. Once the drug crosses the cell membrane into the cytoplasm, it finds a chloride 

ion concentration of only 4millimolar. Hydrolysis and subsequent reaction with the appropriate 

biological targets can then readily take place. 
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However platinum (Pt)-based anticancer drugs have some limitations including poor 

selectivity and toxicity towards normal cells. For most forms of disseminated cancer i.e., a 

cancerous tumour that spread from the site of original growth to a secondary site, no remedial 

therapy is available, and the discovery and development of chemotherapeutic agents is largely 

needed. 

Ruthenium complex as an anticancer agent:  

In the search for anticancer agents containing metals other than platinum, ruthenium 

compounds were found to be the most assuring ones. The kinetics studies of metal complexes in 

aqueous solution, which seem to be crucial for the anticancer activity was found to be very 

similar for platinum(II) and ruthenium(II) complexes. In both cases the ligand exchange 

processes are quite slow. Ruthenium has therefore been considered to be best alternative to 

platinum since many ruthenium complexes are not very toxic and some ruthenium complexes 

have been shown to be quite selective for cancer cells. This is believed to be due to the ability of 

ruthenium to mimic iron in binding to biomolecules. 

Ruthenium complexes were prepared to improve cisplatin activity, particularly on 

resistant tumours, and to reduce host toxicity at active doses. Many scientific groups are actively 

working in the field of inorganic antitumor drugs and have developed a number of Ruthenium 

(II) and Ruthenium (III) complexes, which possess good antitumor and antimetastatic properties 

against animal models. Currently, ruthenium complexes are of prime importance in the field of 

medicinal chemistry, as anticancer agents with selective antimetastatic properties and low 

toxicity. Ruthenium compounds are found to penetrate reasonably well into the tumor cells and 

bind effectively to DNA. 

Among the various ruthenium complexes, half-sandwich Ruthenium arene complexes 

have been most effective against cancer. Such complexes shows better anticancer property like 

better selectivity toward cancerous cells and improved toxicity against normal cells compared to 

existing Pt-based anticancer agent. Currently, several Ruthenium complexes are under human 

clinical trials. With all these studies on these interesting entities, new metallo-anticancer drugs to 

at least partially replace existing Pt-based anticancers are anticipated. 

In a study conducted by Howerton et al. strained ruthenium (Ru) complexes have been 

synthesized and characterized as novel agents for photodynamic therapy (PDT). The complexes 

were found to be inert until activated by visible light, which cause ligand loss and modification 

of DNA. The compounds shows effectiveness superior to cisplatin against 3D tumor spheroids 

(three dimensional cell culture models which is used in the process of development of new 

anticancer agent) in similar studies it was found water-soluble arene ruthenium complexes were 

also found to have antitumoral or antimetastatic properties in vitro and in vivo. The anticancer 
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potential of these types of compounds has been explained by their dual character i.e., their 

hydrogen bonding capacity and the lipophilicity of the arene ligand. Studies of biological 

activities of Ruthenium compounds have been made easier by the diversity of the coordination 

and organometallic chemistry of Ruthenium that has been discovered as well as in relation to the 

use of complexes in catalysis and in photochemistry.  

There are three main oxidation states of ruthenium compounds i.e., +2, +3 and 

+4.Ruthenium in oxidation state +3 is most prominent under physiological conditions. 

Ruthenium (III) complexes have good thermodynamic and kinetic stability, and can be used as 

prodrug (a precursor of a drug) under biological circumstances of hypoxia, acidic pH and high 

level glutathione, showing antitumor effect by reducing to corresponding Ruthenium (II) 

counterparts in vivo. In a study conducted by Zeng et al., Ruthenium (II) can directly kill tumor 

cells through multiple mechanisms. Ruthenium in oxidation state +2 and +4 are readily available 

in the presence of biological reductants like ascorbate or glutathione or oxidants like oxygen or 

hydrogen peroxide respectively. Duan et al., found out that the thermodynamic and kinetic 

stability of Ruthenium (II) compounds are higher than Ruthenium (III) due to their lower 

oxidation states. According to the study done by Abid et al. ,the nature and net charge of the 

ligands play important roles in the kinetics of Ruthenium (II) compounds hydration. In a study 

conducted by Hartinger et al., numerous Ruthenium (II) complexes showed better anticancer 

activities than their corresponding Ruthenium (III) counterpart in vivo. Ruthenium in oxidation 

state +5 has been hypothesise to be involved but the evidence for this is less certain. Ruthenium 

in all the three oxidation states form coordination compounds with octahedral geometry with 

mostly nitrogen and sulfur donor ligands while typical Ruthenium organometallic complexes 

with oxidation state of +2 are tetrahedral (piano-stool pseudo-octahedral geometry).In 1980s 

Clarke and co-workers proposed anti cancer ruthenium complexes such as chlorido-ammine 

Ruthenium (II) and Ruthenium (III) complexes which were thought to act primarily by binding 

to DNA and some other Ru–ammine complexes were tested for their cytotoxicity in cancer cell 

lines as a well-known cytological dye, ruthenium red which is thought to inhibit Ca(II) transport 

into cells by selective binding to Ca(II)-transporting.  

Ruthenium complexes in clinical studies: 

Some of the ruthenium complexes that have progressed to clinical studies are as follows: 

1. NAMI-A, {ImH[trans-RuCl4(dmso) (imidazole)]} (Fig. 2) 

2. KP1019/1339 (KP1019 = (IndH)[trans-RuCl4(Ind)2], Ind = indazole; KP1339 = Na[trans-

RuCl4(Ind)2]) (Fig.2) 
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Figure 2: Schematic structure of NAMI, NAMI-A, KP1339, KP1019 AND KP418 

Source: https://doi.org/10.3390%2Fmolecules24101995 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6571951/ 

Two Ru(III) coordination complexes, known as NAMI-A ((ImH)[trans-RuCl4(dmso-

S)(Im)], Im = imidazole) developed by Sava and co-workers and Keppler and co-workers 

discovered KP1019/KP1339 (KP1019 = (IndH)[trans-RuCl4(Ind)2], Ind = indazole; KP1339 = 

Na[trans-RuCl4(Ind)2], i.e., the sodium salt of KP1019, have finally reached the stage of clinical 

trials in humans. 

Structurally, both NAMI and NAMI-A has the same pseudo-octahedral ruthenium (III) 

center surrounded by four chloride ligands in the equatorial plane as shown in Figure 2. One 

imidazole and one S-bonded dmso (dmso-S) occupy the two axial positions. The negative charge 

is neutralized by Na+ in NAMI and by the imidazolium cation in NAMI-A. NAMI-A is very 

stable in the solid state but undergoes comparatively faster hydrolysis in aqueous medium. The 

geometry of the Ru(III) anion in KP1019 is similar to that of NAMI-A, with two axial indazole 

ligands and four equatorial chloride ligands. KP1019 is stable in the solid state, and shows a 

limited solubility in water, in which it is relatively more stable than NAMI-A.  

In 1986, Keppler et al. reported for the first time on the anticancer activity of a water-

soluble anionic Ruthenium(III) complex—[trans-RuCl4(Im)2] (Im = imidazole), which was later 

labeled as KP418 (Fig. 2) against P388 leukemia and B16 melanoma in BDF1 mice. KP418 is 

the immediate precursor of KP1019 and NAMI-A. Notably, KP418 exhibited a high efficacy 

against a native model of colorectal cancer. The tumor inhibiting effect was found to be much 

better than that of cyclophosphamide, cisplatin, or 5-fluorouracil (used as reference compounds). 

Similar results were later obtained with the less toxic indazole (Ind) analogue, (Hind)[trans-

RuCl4(Ind)2] (KP1019) (fig. 2) had a tumor growth inhibition exceeding 90%,  which was later 

https://doi.org/10.3390%2Fmolecules24101995
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6571951/


Research and Development in Pharmaceutical Science Volume IV 

  (ISBN: 978-93-91768-65-2) 

 
73 

 
 

replaced by the more soluble sodium salt Na[trans-RuCl4(Ind)2] (Fig. 2). Alessio, Sava and co-

workers carried out studies with the highly water-soluble Ruthenium (II) chlorido-dmso 

complexes (where dmso is an S-bound dimethylsulfoxide ligand). They found out that the trans-

[RuCl2(dmso)4] complex was much more cytotoxic than its cis-counterpart. Moreover, it was 

confirmed that some Ruthenium (II) chlorido-dmso complexes possessed anti-metastatic activity 

in non-small cell lung cancer while being relatively inactive against primary tumours. 

The KP1019 drug is comparatively more stable towards hydrolysis and is more readily 

taken up by cells than is NAMI-A; it also shows a remarkable activity against primary cisplatin-

resistant colorectal tumours, but no noticeable anti-metastatic activity. According to Hartinger et 

al., KP1019 had failed to be investigated because of its poor solubility in water, severe after 

effect and deplorable efficacy for clinical study. According to Heffeter et al., the low solubility 

in water of KP1019 was improved by designing a sodium salt complex, KP1339 [Na(trans-RuCl4 

(Ind)2)](Fig. 2) which is currently used in clinical trials. In a study conducted by Leijen et al., 

NAMI-A in combination with gemcitabine (a chemotherapy medication) has inhibited the 

activity of non-small cell lung cancer cells and reduced tolerance compared with the use of 

gemcitabine alone, but was accompanied by major side effects such as, anemia, renal impairment 

and neutropenia. Many analogues of NAMI-A have been synthesized and characterised. The 

anti-metastatic activity of Ruthenium (II)–arene complexes (NAMI-A), was found to be related 

to interactions with the extracellular matrix and the cell surface, rather than with DNA in the cell 

nucleus. NAMI-A and doxorubicin (brand name Adriamycin) were shown to have a potent 

synergistic antitumor efficacy. It was found that NAMI-A effectively increases the accumulation 

of doxorubicin in breast carcinoma. In vivo studies of mouse MCa mammary carcinoma, there 

was a increase by 70% in increased inhibition of tumor metastasis by using this combination 

compared to the use of doxorubicin alone. In cases of lung metastasis preclinical tumor model in 

mice also both agents demonstrated promising synergistic effects. However, there were 

pronounced side effects when the maximum doses were used.  

Brabec et al. conducted the study of the interactions of NAMI-A and KP1019 with DNA 

molecules in a cell-free medium. The characterization of modifications of natural DNA was 

carried through a battery of biophysical methods. All together, the results showed that the two 

Ruthenium compounds are able to coordinate irreversibly to DNA; however, their DNA binding 

mode appears to be profoundly different from that of cisplatin. In vitro, NAMI-A binds to DNA 

considerably faster than KP1019. It also forms bifunctional intrastrand adducts on double-helical 

DNA that are capable of terminating RNA synthesis in vitro. Conversely, the ability of KP1019 

to form such adducts is markedly lower. Even though the binding of both NAMI-A and KP1019 
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affects the DNA structure, the conformational changes induced by ruthenium compounds are 

usually smaller than those of platinum drugs, resulting in a less severe DNA distortion and 

damage. 

Conclusion:  

Cisplatin, regardless of their limitations including severe side effects are the only 

anticancer drugs used worldwide for cancer therapy. Ruthenium complexes have numerous 

advantages such as lower toxicity and provide ability to overcome resistance. Platinum drug are 

mainly target in DNA, although more recent developments have identified other targets. 

Ruthenium anticancer drugs are likely to enhance their anticancer activities and to reduce the 

potential for them to develop tumour resistance. Ruthenium has several chemical properties, 

which are very useful for anticancer drug design and not only additive but synergetic effect have 

also been observed with ruthenium complexes. Over the last decades, ruthenium compounds 

have been targets of considerable attention and the fields of their application have rapidly grown. 

For most forms of disseminated cancer .i.e. a cancerous tumour that spread from the site of 

original growth to a secondary site, till date no curative therapy is available, and the discovery 

and development of novel active chemotherapeutic agents is largely needed and ruthenium 

compounds are showing promising results and are found to be the most assuring ones. 

Reference:  

1. Antonarakis, E. S., and Emadi, A. (2010). Ruthenium-based chemotherapeutics: are they 

ready for prime time? Cancer Chemother. Pharmacol. 66, 1–9. doi: 10.1007/s00280-010-

1293-1  

2. Bergamo.A, Masi. A, Dyson.P. J. and Sava.G.  Int. J. Oncol., 2008, 33, 1281–1289. 

3. Burger, H., Loos, W. J., Eechoute, K., Verweij, J., Mathijssen, R. H., and Wiemer, E. A. 

(2011). Drug transporters of platinum-based anticancer agents and their clinical 

significance. Drug Resist. Updat. 14, 22–34. doi: 10.1016/j.drup.2010.12.002 

4. Clarke, M. J., Zhu, F., & Frasca, D. R. (1999). Non-platinum chemotherapeutic 

metallopharmaceuticals. Chemical Reviews, 99(9), 2511-2534.  

5. D.  Chatterjee, A.  Mitra and G. S.  De  Platinum Met. Rev., 2006, 50, 2–12.E.  Reisner, V. 

B.  Arion, B. K.  Keppler and A. J. L.  Pombeiro  Inorg. Chim. Acta, 2008, 361, 1569–

1583. 

6. Duan, L., Fischer, A., Xu, Y., and Sun, L. (2009). Isolated seven-coordinate Ru(IV) dimer 

complex with [HOHOH]- bridging ligand as an intermediate for catalytic water oxidation. 

J. Am. Chem. Soc. 131, 10397–10399. doi: 10.1021/ja9034686  

7. Dyson, P. J. (2007). Systematic design of a targeted organometallic antitumour drug in pre-

clinical development. CHIMIA International Journal for Chemistry, 61(11), 698-703. 



Research and Development in Pharmaceutical Science Volume IV 

  (ISBN: 978-93-91768-65-2) 

 
75 

 
 

8. Gasser, G., Sosniak, A. M., and Metzler-Nolte, N. (2011). Metal-containing peptide 

nucleic acid conjugates. Dalton Trans. 40, 7061–7076. doi: 10.1039/c0dt01706j 

9. Georg Su ̈ss-Fink, Arene ruthenium complexes as anticancer agents, Dalton transaction 39, 

issue 7,1673-1678, 2010. 

10. Harper, B. W., Krause-Heuer, A. M., Grant, M. P., Manohar, M., Garbutcheon-Singh, K. 

B., and Aldrich-Wright, J. R. (2010). Advances in platinum chemotherapeutics. Chemistry 

16, 7064–7077. doi: 10.1002/chem.201000148  

11. Hartinger, C. G., Groessl, M., Meier, S. M., Casini, A., and Dyson, P. J. (2013). 

Application of mass spectrometric techniques to delineate the modes-of-action of 

anticancer metallodrugs. Chem. Soc. Rev. 42, 6186–6199. doi: 10.1039/c3cs35532b  

12. Howerton.B.S., Heidary.D.K., and Glazer.E.C., Strained Ruthenium Complexes Are Potent 

Light-Activated Anticancer Agents, Journal of the American Chemical Society 2012 134 

(20), 8324-8327 https://doi.org/10.1021/ja3009677  

I. Bratsos, S.  Jedner, T.  Gianferrara and E.  Alessio  Chimia, 2007, 61, 692–697. 

13. Irena. K., Ruthenium Complexes as Anticancer Agents Author: Current Medicinal 

Chemistry, Volume 13, Number 9, 2006, pp. 1085-1107(23)  

https://doi.org/10.2174/092986706776360941  

14. Jakupec, M. A., Galanski, M., Arion, V. B., Hartinger, C. G., & Keppler, B. K. (2008). 

Antitumour metal compounds: more than theme and variations. Dalton transactions, (2), 

183-194.  

15. Jakupec, M. A., Galanski, M., Arion, V. B., Hartinger, C. G., and Keppler, B. K. (2008). 

Antitumour metal compounds: more than theme and variations. Dalton Trans. 183–194. 

doi: 10.1039/b712656p 

16. Leijen, S., Burgers, S. A., Baas, P., Pluim, D., Tibben, M., van Werkhoven, E., et al. 

(2015). Phase I/II study with ruthenium compound NAMI-A and gemcitabine in patients 

with non-small cell lung cancer after first line therapy. Invest. New Drugs 33, 201–214. 

doi: 10.1007/s10637-014-0179-1 

17. Levina. A., Mitra. A, Lay.P.A. Recent developments in ruthenium anticancer drugs, 

Metallomics, Volume 1, Issue 6, November 2009, Pages 458–470, 

https://doi.org/10.1039/b904071d 

18. Lin K, Zhao Z-Z, Bo H-B, Hao X-J and Wang J-Q (2018) Applications of Ruthenium 

Complex in Tumor Diagnosis and Therapy. Front. Pharmacol. 9:1323. doi: 

10.3389/fphar.2018.01323  

https://doi.org/10.1021/ja3009677
https://doi.org/10.2174/092986706776360941


Bhumi Publishing, India 
 

76 
 
 

19. Minchinton, A. I., and Tannock, I. F. (2006). Drug penetration in solid tumours. Nat. Rev. 

Cancer 6, 583–592. doi: 10.1038/nrc1893 

20. Ruthenium Complexes as Anticancer Agents: A Brief History and Perspectives, Drug 

Design, Development and Therapy. 2020; 14: 5375–5392. Published online 2020 Dec 3. 

doi: 10.2147/DDDT.S275007  

21. Serratrice, M., Cinellu, M. A., Maiore, L., Pilo, M., Zucca, A., Gabbiani, C., & Messori, L. 

(2012). Synthesis, structural characterization, solution behavior, and in vitro 

antiproliferative properties of a series of gold complexes with 2-(2′-pyridyl) benzimidazole 

as ligand: comparisons of gold (III) versus gold (I) and mononuclear versus binuclear 

derivatives. Inorganic chemistry, 51(5), 3161-3171.  

22. Wang, X., and Guo, Z. (2013). Targeting and delivery of platinum-based anticancer drugs. 

Chem. Soc. Rev. 42, 202–224. doi: 10.1039/c2cs35259a 

23. Wang, X., Wang, X., and Guo, Z. (2015). Functionalization of platinum complexes for 

biomedical applications. Acc Chem. Res. 48, 2622–2631. doi: 

10.1021/acs.accounts.5b00203 

24. Zeng, L., Chen, Y., Huang, H., Wang, J., Zhao, D., Ji, L., et al. (2015). Cyclometalated 

ruthenium(II) anthraquinone complexes exhibit strong anticancer activity in hypoxic tumor 

cells. Chemistry 21, 15308–15319. doi: 10.1002/chem.201502154 

 

 

 

 

 

 

 

 

 

 

 



Research and Development in Pharmaceutical Science Volume IV 

  (ISBN: 978-93-91768-65-2) 

 
77 

 
 

PREPARATION AND CHARACTERIZATION OF NUTRACEUTICAL POWDER 

IN HEALTH CARE 

Sushant Kumr*1, Abhijeet Ojha2, Swarnima Pandey2 and Sweta Pathak1 

1Uttar Pradesh University of Medical Sciences, Faculty of Pharmacy, Saifai, Etawah, India 

2Six Sigma Institute of Technology and Sciences, College of Pharmacy, UK 

*Corresponding author E-mail: k.sushant25@gmail.com 

 

Abstract:  

A nutraceutical is any substance that is regarded as a food or a component of a food that 

has health advantages beyond its basic nutritional value, such as the prevention of disease or the 

promotion of health. Customers prefer dietary supplements over pharmaceuticals to boost their 

health because of the negative side effects of drugs. This caused a revolution in the nutraceuticals 

industry on a global scale. In addition to the essential nutritional value found in food, 

nutraceuticals offer additional health benefits. Products may make claims varying depending on 

the jurisdiction, such as supporting the structure or function of the body, delaying the ageing 

process, improving health, and preventing diseases. 

Keywords: Nutraceuticals, Nutrients, Supplements, Vitamins, Pharmaceuticals 

Introduction: 

A nutraceutical is any substance considered as a food or its part which, in addition to its 

normal nutritional value provides health benefits including the prevention of disease or 

promotion of health. Due to adverse effects of drugs, consumers are preferring food supplements 

to improve health. This brought revolution worldwide in the field of nutraceuticals. 

Nutraceuticals provide extra health benefits, in addition to the basic nutritional value found in 

foods. Depending on the jurisdiction, products may claim to prevent diseases, improve health, 

delay the ageing process, increase life-expectancy or support the structure or function of the 

body. 

The term nutraceutical is encompassing nutrition & pharmaceutical and it was coined in 

1989 by Dr Stephen L. Defelice, founder and chairman of foundation for innovation in medicine, 

New Jersey, USA Nutraceuticals is a broad term used to describe any product derived from food 

sources that provide extra health benefits along with nutritional value found in foods. These 

products contain carbohydrates, lipids, proteins, vitamins, minerals and other necessary nutrients. 

Nutraceuticals are products, which other than nutrition are also used as medicine. A 

nutraceutical product may be defined as a substance, which has physiological benefit or provides 

protection against chronic disease. Nutraceuticals may be used to improve health, delay the aging 
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process, prevent chronic diseases, increase life expectancy, or support the structure or function of 

the body. Nowadays, nutraceuticals have received considerable interest due to potential 

nutritional, safety and therapeutic effects. Recent studies have shown promising results for these 

compounds in various complications. In the present review much effort has been devoted to 

present new concepts about nutraceuticals based on their diseases modifying indications. 

Emphasis has been made to present herbal nutraceuticals effective on hard curative disorders 

related to oxidative stress including allergy, Alzheimer, cardiovascular, cancer, diabetes, eye, 

immune, inflammatory and Parkinson's diseases as well as obesity. 

Health benefits of nutraceuticals: 

From the consumers' point of view nutraceuticals offer following benefits: 

1. Increase the health value of our diet. 

2. Helps to live longer. 

3. Help to avoid particular medical conditions. 

4. May have a psychological benefit from doing something for oneself 

5. May be perceived to be more "natural" than traditional medicine and less likely to produce 

unpleasant side effects. 

6. May present food for populations with special needs (e.g., nutrient-dense foods for the 

elderly) 

Herbal medicine constitutes an effective source of both traditional and modern medicines. 

According to the World Health Organization (WHO), 80 per cent of rural population depends on 

herbal medicine for their primary healthcare. Medicinal plants though they are inadequately 

explored, they provide rich source of a variety of health benefits 

Classification 

Dr. Stephen Defelice coined the term nutraceuticals from nutrition and pharmaceutical in 

1989. Nutraceuticals available in market can be categorised in two categories: 

1. Traditional food 

2. Non-traditional food 

Nutraceuticals are mainly classified into three categories. These are: Nutrients, Dietary 

supplements and Herbals 

1. Nutrients 

Macronutrients: 

a) Carbohydrates (like cereals, grain, legumes, vegetables, fruits, dairy products, added sugars 

etc.) 

b) Proteins (like whey, casein, soy, rice and egg etc.) 

c) Fat (like omega-3 fatty acid from salmon and mackerel, linoleic acid etc.) 
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Micronutrients: 

a) Minerals like chromium plays very important role in glucose metabolism. Its deficiency 

causes diabetes type-II. 

b) Vanadium like insulin helps in maintaining type-1 and type-II diabetes. 

c) Magnesium acts as a cofactor among 300 enzymes in the body. It plays important role in 

glycolysis, energy transport system biosynthetic reactions etc. 

d) Vitamin E is one of the fat soluble vitamin which primarily acts as an antioxidant. 

e) Vitamin C controls blood sugar level and also acts as an antioxidants. It aids in reducing 

the development of cataract and nerve disorders most commonly in diabetic patients. 

f) Biotin is a vitamin B complex, plays essential role in metabolism, growth, antibodies 

production, fatty production and in digestive enzymes. 

2. Dietary supplement 

Dietary supplement meant to fulfil nutritional demands of the body. These are available 

in the form of capsules, tablets or liquid formulations in the market. It acts as a supplement of 

diet. Dietary supplements fulfil the demand of nutrients in the body but nutraceuticals fulfils the 

demand of nutrients and prevent or treats the body from diseases too. 

3. Herbals 

Herbal products are the final finished products, ready for use by the patients. These are 

also called as phytoformulations. These may contain active chemical constituents of herbal drugs 

or a part of herbal plant like aerial or underground part. Sometimes it is available in combination 

of both. 

Role of nutraceuticals in various diseases 

Gastrointestinal Diseases: Gastrointestinal diseases affect the gastrointestinal (GI) tract from 

the mouth to the anus. There are two types: functional and structural. Some examples include 

nausea/vomiting, food poisoning, lactose intolerance and diarrhoea. These following factors are 

the major cause of gastrointestinal diseases: 

 Regular intake of junk food 

 Inadequate intake of water in the body. 

 Less walking 

 Stressful conditions 

 Regular travelling 

 Feeling of pain during motion 

 Pregnancy 

 Regular consumption of some certain medicines etc. 
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Materials and Methods: 

Materials used were Zingiber officinale, Piper nigrum, Emblica officinalis, Elettaria 

cardamomum, Tarminalia belerica, Cinnamomum tamala, Lawang, Fennel Fenugreek Other 

ingredients  like Vid namak (Salt) Shakkar (Sugar) were also used. These all the materials were 

purchased from the local market. 

Preformulation study  

Methods and procedure 

1. Angle of repose: A clear dry funnel was taken and attached to a burette stand. A white 

paper sheet was 2 – 5cm below the tip of the funnel in a dry platform. Gently this sample 

was pore into the funnel. Using a pencil circle was drawn around the tip of powder. The 

height is also measured. The same procedure was followed 3 times to obtain average 

reading. 

 Angle of repose (θ ) = tan-1h/r 

 Where, h = average height of heap r = average radius of heap 

2. Bulk density: Bulk density is an indicator of compaction. It is calculated as the dry weight 

of powder divided by its volume. This volume includes volume of powder particles and 

volume of pores among powder particles. 10 gm of powder sample was weight accurately. 

Then it was transferred into a 100 ml measuring cylinder the volume as noted as bulk 

volume. 

 Bulk density = weight / bulk volume 

3. Tapped density: The tapped density of a powder represents its random dense packing. 

Tapped density of a powder is the ratio of the mass of the powder to the volume occupied by 

the powder after it has been tapped for a defined period of time. 10 gm of powder sample 

was weight accurately. Then it was transferred into a 100 ml measuring cylinder. Then 

measuring cylinder was tapped 100times. The volume noted as tapped volume. 

4. Hausner’s ratio: The Hausner’s ratio is a number that is correlated to the flowability of a 

powder or granular material. A good flow is indicated by a Hausner’s ratio greater than 1.25 

and a poor flow may have a value of 1.5. It was calculated by using tapped density and bulk 

density. Hausner’s ratio = tapped density / bulk by density 

5. Carr’s Index: Carr index is calculated for compressibility of a powder which is based on 

true density and bulk density. It is measure of powder’s ability to settle and it permit an 

assessment of the relative importance of interparticulate interactions. 

 [tapped density – bulk density /tapped density] × 100 

6. Particle size determination: Sieve analysis is used to obtain the particle size distribution by 

determining the amount of powder retained on a series of sieves with different sized 
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apertures. A sample is added to the top of nest of sieves arranged in decreasing size from top 

to bottom. All the particle passed through sieve number 44. 

7. Moisture content: 10gm of powder was weighed in petridish. The petridish was placed in 

hot air oven. The temperature was adjusted to 100-110℃ for 20-25 minute till weight get 

constant and collected in desiccator and weighed. The loss of weight of powder was 

regarded as a measure of moisture content. 

8. % Moisture content = [(mass of powder – mass of dry powder) /mass of powder] ×100 

 

Formulation composition 

Zingiber officinale 15 gm 

Piper nigrum  15gm 

Emblica officinalis 15 

Elettaria cardamomum 10 

Tarminalia belerica 5gm 

Cinnamomum tamala 0.5 

Fennel 10gm 

Fenugreek 10gm 

Vid namak 1 

Shakkar (Sugar) 10 

 

Formulation  

Plant raw materials used for the preparation of churna for Amlapitta were dried in an 

oven preset at 45℃ , powdered , sieved through an 85 – mesh [ BSS] sieve. Raw materials 

complying the pharmacoepial quality and quantity were subjectd to the preparation of churna as 

per composition were mixed thoroughly and stored in air tight container. 

Result and Discussion: 

a) Formulation findings : 

1. Bulk Density:  

  The bulk density of the formulation was found to be 0.457 gm/ml. The bulk density of the 

formultion was satisfactory. 

2. Tapped density 

  The tapped density of the formulation was found to be 0.65 gm/ml. The tapped density of 

the formultion was satisfactory with good flow property. 
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3. True density 

  The true density of the formulation was found to be 2.027 gm/ml. The true density of the 

formultion was found to be satisfactory. 

4. Angle of Repose 

The angle of repose of the formulation was found to be 44.15°. With angle of repose it is 

clear that the powder is having good flow property. 

5. Particle size determination 

All particles passed through sieve no. 44 

6. Porosity 

The porosity of the formulation was found to be 0.648  

7. Solubility  

 High concentration of powder is moderately soluble but small quantity in water is soluble in 

water. Solubility was less than 15 so it is soluble in specified quantity of water. 

 Flow property of the powder is passable because angle of repose fall in range 41°-45°. 

As the Carr’s index of the powder was found to be 28.5. Therefore the Relative 

flowability of the Powder is poor. 

 This formulation is more potent drugs in the treatment of Amlapitta with unknown side 

effect. In this formulation the drugs are madhur tikta kasaya, katu rasa yukta and madhura vipaka 

and sitavirya. In Amlapitta, tikta amlata udgara, hritkantha daha due to vidagda pitta which is 

relieved by pittasamak rasa, virya, vipaka present in ingredients of this formulation. Shunthi, 

pippali, maricha act as dipana and pachana which relive ama like symptom aruchi, gourava, 

avipaka utklesha 

b) Pre-formulation Findings 

Observations 
Z. 

officinal e 

Piper 

nigrum 

Elettaria 

Cardamo- 

Mum 

Cinnamomum 

tamala 
lawang Fennel Fenugreek 

Termina 

lia 

bellirica 

Amla Turmeric 

Visual 

appearance 

Light 

Brown 
black Pale green Shiny green 

Rust 

brown 

Bown, 

green 

Yellow to 

Amber 

color 

Yellow 

brown 

green 

yello w 

Yellow 

orange 

Angle of 

Repose [°] 
34 32 34 35 33 37.6 13.54 32 35 28.06 

Bulk density 

(gm/ml3) 
0.49 0.36 0.42 0.39 0.99 0.735 0.40 0.36 0.43 0.25 

Tapped Density 

(gm/ml3) 
0.57 0.51 0.59 0.58 0.92 0.92 0.46 0.51 0.62 0.31 

Hausner’s  

Ratio 
1.14 1.44 1.40 1.48 1.43 1.20 1.11 1.41 1.43 1.11 

Moisture Content 3.78% 4.7% 2.47% 3.47% 13% 7.78% 11.21% 2.56% 5.89% 91.52% 
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Conclusion: 

In conclusion, it is suggested that amlapitta is mostly a psychosomatic disease and the 

incidence of the disease will be increased in parallel with the advanced of civilization and 

condition of the society. The results of the formulation are overall better and highly significant in 

both objective and subjective parameters. This is increasing faith in the concept given in our 

ancient Ayurvedic literature. Management of Amlapitta by formulation of Ayurvedic system of 

medicine is still superior to that of other system of medicine. As this study was conducted over 

small group of patients, a similar study performed over a large sample for longer duration could 

have presented much sharper and more accurate results. 
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Abstract: 

Given the vast array of alternatives and purchase possibilities available to customers, 

the present food environment can be complex. Given the range of options—including whole 

foods, multivitamins and mineral supplements, as well as individual dietary supplements 

many people are left wondering how to best receive vitamins and minerals. The enormous 

choice of brands, supplement forms (pill, powder), and dosages (10–100 times the daily 

recommended intake value) present in today's market for nutritional supplements can make 

supplement shopping exceedingly complicated. The following definition of nutritional 

supplements aids in illuminating the superiority of food over vitamin and mineral 

supplements. Additionally, general guidelines are presented to assist people in selecting a 

supplement that fits their needs.Key words: Nutrition, dietary supplements, minerals, 

vitamins 

Introduction: 

A manufactured substance known as a dietary supplement can be taken as a pill, 

capsule, tablet, powder, or liquid to complement your diet. To boost the amount of nutrients 

consumed, a supplement can include either synthetic or nutrients that have been derived from 

dietary sources. Vitamins, minerals, fibre, fatty acids, and amino acids are among the group 

of nutritional molecules. Additionally, dietary supplements may contain ingredients like plant 

pigments or polyphenols that are touted as having positive biological effects but have not 

been proven to be necessary for survival. Ingredients for supplements can also come from 

animals, such as fish or chicken collagen. These can be blended with nutritious substances 

and are also sold alone and in sets. The European Commission has also established 

harmonized rules to help insure that food supplements are safe and appropriately labeled. 

The Dietary Supplement Health and Education Act of 1994 (DSHEA) in the United 

States defines "dietary supplement" as a product (other than tobacco) intended to supplement 

the diet that bears or contains one or more of the following dietary ingredients: a vitamin, a 

mineral, a herb or other botanical, an amino acid, or a dietary substance for use by man to 

supplement the diet. A dietary supplement must also be clearly labelled as such, be designed 

mailto:k.sushant25@gmail.com
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for oral consumption, and not be promoted for use as regular food, the only component of a 

meal, or as the sole component of a diet. Additionally, unless it had previously been 

marketed as a food or dietary supplement, a dietary supplement cannot be approved or 

allowed for investigation as a novel medication, antibiotic, or biologic. Except for the 

purposes of the drug definition, dietary supplements are considered to be food under the 

DSHEA. 

Classification of supplements 

(1) Depending on its intended purpose, nutritional supplements are categorised under two 

categories by the National Agency of Medicines (EUFIC 2009): 

(2) Food supplements are food items that add to a regular diet. 

(3) Foods and beverages that are intended for specific population groups, such as healthy 

infants or children between the ages of two and five, or for special categories of people 

with disordered metabolism, or for categories of people who are in a specific 

physiological condition, due to their special composition. 

Supplements can also be distinguished depending on their origin (natural or synthetic). 

Class Example Content 

Proteins and amino 

acids 

Lysine, Creatine Contains growth hormone and 

other hormones 

Carbohydrates Dextrose Products contain  sugar and 

food products 

Natural Products Fibre, Ginseng Products contain different 

phytochemicals having different 

therapeutic action 

Vitamins Multivitamins Contains Vitamin-B complex 

Minerals Zinc,Selenium Multivariate and multiminerals 

Prebiotics Bacillus Bacteria 

Strain 

Contains bacteria which synthesize 

folic acid and vitamin B12 

Oil Supplements Cod liver,Primrose oil Products from different  

sources containing essential oil 

Uses of dietary supplements 

Improving strength and promoting tissue growth and repair 

According to certain surveys, all competitors in strength and power sports reported 

using one or more nutritional supplements. This suggests that the use of dietary supplements 

is very common among these athletes. Many different supplements are marketed as 
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"anabolic" or "anti-catabolic" substances, with either direct or indirect effects on the 

pathways in muscles that make proteins. The mass action effect on amino acid availability, 

hormone release stimulation, or hormone potentiation are some of the proposed mechanisms 

of action. A cell volume expansion, or by serving as an adaptogen (i.e. promoting adaptation 

to training). 

Supplements on sale in this broad category include amino acids, boron, chromium, 

chrysin, colostrum, creatine, hydroxymethylbutyrate (HMB), ornithine alpha keto glutarate, 

protein, tribulus terrestris, vanadium and zinc. 

Weight loss and fat loss 

Patients and athletes who compete in weight category, weight-sensitive, or aesthetic 

sports and need to limit body mass, particularly body fat, use supplements in this area. There are 

many different substances in dietary supplements for weight loss. Unsurprisingly, there is a wide 

range in the quantity of scientific data that is accessible on these compounds. In other cases, 

rather than data from human clinical trials, the only available evidence of their alleged 

advantages comes from animal and laboratory studies. In other instances, studies that support the 

usage of a certain substance are tiny, brief, and/or of poor quality, which limits the validity of the 

conclusions. Almost often, more investigation is required to completely comprehend the efficacy 

and/or safety of a specific substance. 

Promoting energy supply 

According to one theory, exercise-induced exhaustion happens when the working 

muscles' rate of ATP hydrolysis surpasses their capacity to renew ATP. Therefore, if a higher 

rate of ATP resynthesis can be maintained, tiredness can be postponed and exercise performance 

enhanced. Supplements like bicarbonate, caffeine, carnitine, creatine, guarana, hornet juice, iron, 

magnesium, pyruvate, and ribose are said to boost performance by improving energy supply and 

preventing weariness. At the outset, it must be made clear that not all of these claims are backed 

by experimental data. 

Promoting immune function and resistance to illness and infection 

This section will only briefly touch on exercise, nutrition, and immunological function in 

relation to the usage of supplements because those topics are treated in greater detail elsewhere 

in this issue (Gleeson et al., 2004). Numerous products are available to increase immunity from 

the inside by boosting the body's defences against pathogens and pathological disorders. 
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Supplements sold as immune system stimulants 

 

Antioxidants Echinacea Pycnogenol 

Astragalus Ginseng Selenium 

Bee pollen. Glutamine Spirulina 

Co-enzyme Q10. Inosine. Zinc 

 

Promoting joint health 

Many products are sold with the aim of promoting joint health and reducing the wear and 

tear caused by overuse, ageing and inflammatory conditions, including arthritis. An extensive 

range of herbs, botanicals, and so on are also sold, including turmeric, Boswellia serrata, cayenne 

pepper, ashwagandha, autumn crocus, meadowsweet, stinging nettle, willow bark (Salix) and 

devil’s claw. Animal extracts, including green-lipped mussel and sea cucumber, are also 

promoted. 

Material and Method 

Following aterials were used during preparation of arishta. 

1. Ashwagandha (Withania somnifera) 

2. Giloy (Tinospora cardifolia) 

3. Bilva (Aegle marmelos) 

4. Mushali (Chlorophytum tuberosum) 

5. Manjistha (Ruia cordifolia) 

6. Haritaki (Terminalia chebula) 

7. Turmeric (Berberis aristata) 

8. Yastimadhu (Pluchea lancelota) 

9. Arjuna (Terminalia arjuna) 

10. Rakta Chandan (Pterocarpus santalinus) 

11. Gokshura (Triulus terrestris) 

12. Prakshepa Dravya 

13. Shweta Jiraka (Cumimum cymimum) 

14. Shunti 

15. Maricha 

16. Dhataki Flower (Woodfordia fruticosa) 
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Collection of plant material 

Medicinal ingredients like roots, leaves, or barks are chopped up and powdered or 

decocted. To manufacture the extract, the basic medications must first be washed and rinsed in 

water to remove debris. For the purpose of extracting the juice from fresh plants, they are 

cleansed, ground up, and pressed. In an arishta, a decoction is made by boiling the medications in 

the prescribed amount of water according to the formula. The water utilised must be pure, clear, 

and suitable for drinking. The sugar (cane sugar), jaggery, or honey are added and thoroughly 

dissolved once the extracts are obtained. The honey, jaggery, and sugar should be unadulterated. 

Because fresh jiggery aggravates kapha, the jaggery that should be added should be very old 

(prapurana). Since it is difficult to filter, very fine powder of the flavouring agent creates 

deposition in the produced medicine. A cover is also picked, and the clay pot or jar meant for 

fermenting the medicine is checked for weak points and cracks. It need to be made using soft 

mud that has been dug out from lake or riverbank silt. It ought to be smooth, greasy, light, and 

thick. It need to be homogeneous and devoid of holes or fissures. Its height should be 43 angulas, 

and its middle circumference should be 42 angulas (1 angula = 34 inch). Its wall should be 

compact and one angula thick. It should resemble the bakula (Mimusops) fruit in shape (pot 

shape). To stop the contents from flowing out of the pot, the interior surfaces of the pot and the 

lid are cleaned with a dry, clean cloth, and cow ghee is spread over this surface. 

Pre-formulation study 

Study in solid phase 

1. Angle of repose: A clear dry funnel was taken and attached to a burette stand. A white paper 

sheet was 2 – 5cm below the tip of the funnel in a dry platform. Gently this sample was pore into 

the funnel. Using a pencil circle was drawn around the tip of powder. The height is also 

measured. The same procedure was followed 3 times to obtain average reading. 

Angle of repose (θ ) = tan-1h/r  

Where h = average height of heap 

r = average radius of heap 

Bulk density: 10 gm of powder sample was weight accurately.Then it was transferred into a 100 

ml measuring cylinder the volume as noted as bulk volume. 

Bulk density = weight / bulk volume 

Tapped density: 10 gm of powder sample was weight accurately.Then it was transferred into a 

100 ml measuring cylinder.Then measuring cylinder was tapped 100times. The volume noted as 

tapped volume. 

Hausner’s ratio: it was calculated by using tapped density and bulk density. 

Hausner’s ratio = tapped density / bulk by density 
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Carr’s Index – 100 × [tapped density – bulk density /tapped density] 

Particle size determination – All the particle passed through sieve number 44. 

%Moisture content = [( mass of powder – mass of dry powder ) /mass of powder ]×100 

Formulation 

Ingredients Quantity 

Ashwagandha (Withania somnifera) 75gm 

Giloy (Tinospora cardifolia) 150gm 

Bilva (Aegle marmelos) 30gm 

Mushali (Chlorophytum tuberosum) 30gm 

Manjistha (Ruia cordifolia) 15gm 

Haritaki (Terminalia chebula) 15gm 

Turmeric (Berberis aristata) 15gm 

Yastimadhu (Pluchea lancelota) 15gm 

Arjuna (Terminalia arjuna) 15gm 

Pterocarpus santalinus 15gm 

Gokshura (Triulus terrestris) 15gm 

Shweta Jiraka (C cymimum) 15gm 

Shunti 15gm 

Maricha 10gm 

Dhatki flower 15gm 

Water for Decoction 1.5 L 

Jaggery 525gm 

 

Method of preparation 

The method of preparing arishtas is known as sandhana kalpana in Ayurveda. General 

Methods used in the Extraction of Medicinal Plants in asava and arishta are infusion and 

decoction. The decoction process is used for the formulation. 

Decoction: In this process, the crude drug is boiled in a specified volume of water for a defined 

time; it is then cooled and strained or filtered. This procedure is suitable for extracting water-

soluble, heat-stable constituents. This process is typically used in preparation of Ayurvedic 
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extracts called “quath” or “kawath”. The starting ratio of crude drug to water is fixed, e.g. 1:4 or 

1:16. The volume is then brought down to one-fourth its original volume by boiling during the 

extraction procedure. Then, the concentrated extract is filtered and used as such or processed 

further. 

The major components are divided into 4 types according to their specific role in the 

process. These include: the main herbs from which the extract or decoction is taken out. They 

yielddrugs, which are pharmacologically and therapeutically much important in the given 

medicine and the name of the medicine is derived from these herbs denoting their importance. 

The flavouring agents used in arishta not only contribute to the flavour of the medicine but 

having their own pharmacological action too. The fermentation initiator provides inoculum for 

the fermentation to start. The medium of sugars is required for fermentation. In the formulation 

main herb is Ashwagandha and Giloy. Other components which contribute for flavours are 

Cuminum cyminum L., Santalum album L. and Zingiber officinale Roscoe. Woodfordia fruticosa 

(L.) Kurz as fermentation initiator and jaggery as a source of sugar are also present. Woodfordia 

fruticosa are mostly used in arishta. Although all parts of this plant possess valuable medicinal 

properties, there is a heavy demand for the flowers, both in domestic and international markets 

specialized in the preparation of herbal medicines. 

Evaluation of formulation 

Organoleptic evaluation 

Colour Brown to black 

Taste Sweet and Astringent Like 

Odour Alcoholic 

Texture Small particle dispersed 

Sedimentation Slow sedimentation 

 

Test for methanol 

1 ml of compound is taken in a test tube.Few drops of cerric ammonium nitrate and 

shake.Red ppt appears shows the presence of methanol. 

Test for Total Solid Content 

The total solid content of a sample is the mass of solids remaining after a sample has 

been dried in a oven at 105̊ C for varied time interval.TS ccontent of thick suries are reported on 

a mass% basis,for dilute liquids it is expressed as mass per volume. 

pH Determination 

Ph meter is used for determination of pH. 
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Total ash content 

Ash is the inorganic residue remaining after the water and organic matter has been 

removed by heating in the presence of oxididing agents,which provides a measure of total 

amount of minerals within a food. 

Determination of total ash 

The ground sample (2.0 g, accurately weighed) was placed in a previously ignited and 

tared crucible. The sample was ignited by gradually increasing the heat to 500-600°C until white 

ash was obtained. The ash was then cooled in a desiccator and weighed without delay. 

Calculations 

Wt. of empty crucible= (W1) Wt. of crucible + drug- 

 Wt. of drug = Wt. of crucible + ash= 

(W2)= Wt. of ash= 

Determination of percentage alcohol content 

5 ml of sample in round botton flask,add 5ml of pure water in round bottom flask,heat in 

mantle and attach one end of vent and other end at the condenser,receivingvessel must be 

covered by alumunium so that there is no loss of alcohol vapour from vessel.The distillate so 

obtained volume is made up to 10ml and specific gravity is calculated. 

Calculation 

Wt. of gravity bottle empty specific (W1)= 

Wt. of gravity bottle empty specific +Distilled Water (W2)= 

Wt. of gravity bottle empty specific +Distillate (W3)= Wt. of water (W2-W1)= 

Wt. of Distillate (W3-W1)= 

Apparent Specific Density = Weight of Distillate/Weight of Water 

Thin Layer Chromatography (TLC) 

 TLC is a method based on adsorption/partition.it is used to reveal nature of extract. 

Solvent for Extract. (Benzene+ethyl acetate) Procedure: 

The TLC plate is prepared by using silica gel-G 

Activation of plate by heating inside hot air oven for 30min 

Solvent system was prepared 

Put the extract on the TLC plate. 

Put the plate into TLC chamber. 

Solvent will run along the plate and constituent will separate accordingly and Rf value 

calculated. 
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Result and Discussion 

Preformulations Findings 

Bulk Density Mass of Powder = 10gm Bulk Volume  = 20.1gm Therefore, 

Bulk density = Mass of the powder/ Bulk volume  = 10/20.1 

= 0.497 gm/ml 

Tapped Density Mass of the powder = 10gm Tapped volume = 15ml Therfore, 

Tapped density = Mass of the powder/ tapped volume = 10/15 

   = 0.66 gm/ml 

True density = Weight of the powder/ True volume of powder = 2.27 gm/ml 

Angle of Repose 

Diameter of the pile (D): 

D1 = 2.8 cm D2 = 2.9 cm D3 = 2.7 cm 

D = D1+D2+D3/3 

= 2.8+2.9+2.7/3 

= 7.4/3 cm 

Therefore radius = D/2 = 2.8/2 

= 1.4 cm Height of the pile (h) = 1 cm Angle of repose = tan-1(h/r) 

= tan-1(1/1.4) 

= 44.15 ° 

Particle size determination 

All particles passed through sieve no. 44 

Porosity 

Porosity = Void volume / Bulk volume 

= Bulk volume – True volume / Bulk volume 

= 20.1-15/20.1 

= 0.243 

Parameter Observation Inference 

Angle of Repose 32 Excellent 

Bulk Density(gm/ml3) .497 Satisfactory 

Tap density(gm/ml3) .66 Satisfactory 

Carr Index .24 Slightly Poor 

Moisture Content .144% Dry powder 

Hausner Ratio 1.32 Satisfactory 
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Formulation evaluation findings 

Physiochemical properties of arishta 

1. Colour BrownishB lack 

2. 

3. 

4. 

5. 

6. 

7. 

Odour  

Taste  

pH 

Total Solid Content 

Specific Density 

Presence of Methanol 

Alccohol 

Like Sweet to spicy Acidic 

(3-4.8) 

9.8% (W/V) 

.972 

Absent 

 

Test for methanol 

Test Observation Inference 

Take small quantity of sample and cerric 

ammonium nitrate and shake 

No red ppt obtained Methanol Absent 

 

Test for Total Solid Content 

Total solid content (%W/V) = Dry sample/Wet sample *100 

=.49/5 

=.098*100 

=9.8 

Determination of total ash 

Wt. of empty crucible= (W1)=86.8g Wt. of crucible + drug=88.8gm 

Wt. of drug=2gm 

Wt. of crucible + ash=(W2)=87gm Wt. of ash=.2g 

Determination of percentage alcohol content 

Calculation 

Wt. of gravity bottle empty specific (W1)= 26.20 

Wt. of gravity bottle empty specific +Distilled Water (W2)=31.20 

Wt. of gravity bottle empty specific +Distillate (W3)=30.68 Wt. of water (W2-W1)=5gm 

Wt. of Distillate (W3-W1)=4.48 

Apparent Specific Density = Weight of Distillate/Weight of Water 

=4.86/5 

=.972 
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On referring to aoac chart at 25̊C alcohol % was found to be 4.01% 

Calculation of Rf Value 

Total distance travelled by solvent front =4.2 cm Total distance travelled by solute front =3.3 

cm 

RF Value=3.3/4.2 

=.78 

Extent of Fermentation 

Observation Initial stage of 

fermentation 

On completion 

  Additives Floats on surface Sinks completely 

Effervescence No effervescence Alcohol Odor 

Burning matchstick Estinguish Keep burning 

 

Discussion: 

This formulation is potent tonic and immune booster.The goodness of Ashwagandha 

provide therapy for weight loss,arthritis,strengthening of muscles and joints, can also be given 

inhypothyroidism,formulation also contain aruna bbark extract whuch supplements toward heart 

health,it is also noticed that ashwagandha prootes enhancement of focus and memory and also 

given with shilajeet to increase vigor in mens.The second main ingredient giloy also Known as 

amruta enhances body immune response and resist pathogen invasion inside body.the 

formulation contain self-generated alcohol which contribute to its increased shelf life and 

pharmacokinetic properties .  

Conclusion: 

Science being an intresting subject keeps following the principle of “History Repeats ” 

whenever we are about to experience something new .The recent example in the renaissance of 

Ayurveda ,ayurveda which was once discarded as unscientific and useless treatment system is 

again gaining momentum in the market and even in the hearts of its consumer the medicine 

system which once considered to be backward is now running forefront as the lamplighter 

against treatment of rare disease and fulfillment of overall body dietary requirement.Influence of 

ayurved needs no evidence as the English medicine system is just a synthetic version of the 

natural product, there has been no new breakthrough despite of hard labour by pharmacist and 

investment y modern firms ,it’s still revolving around nature and natural product. 

During the time of COVID-19 ,one of the major problem was weakened immunity and 

overall weak body resulting in huge health crisis,it was observed that peple with good immunity 
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and strong body were more tolerant toward the disease and this is when people realized the 

importance of ayurveda,After pandemic market share of ayurveda sky -rocketed and claimed its 

lost glory.The above formulation if taken daily will increase the overall health and well eing of 

consumer,formulation contain alcohol due to which its action is quick and it is free from 

chemical preservatives. 
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Dietary supplements overview: 

The current food environment can be complicated, given the multitude of choices and 

buying options available for consumers. Many individuals are left questioning the simplest way 

to obtain vitamins and minerals, as a spread of options are available- including whole foods, 

multivitamins and multiminerals, also as individual dietary supplements. The incredible sort 

of dietary supplements available in today’s market comprises a good range of brand names, 

supplement forms (pill, powder), and amounts (10 to 100 times the daily recommended intake 

value), which may make purchasing supplements very confusing. The subsequent information 

defines dietary supplements and helps to explain the value of food in comparison to vitamin and 

mineral supplements. General guidelines also are provided to help individuals choose an 

appropriate supplement to fit their needs, also as recommendations for obtaining important 

nutrients from diet alone. 

Introduction: 

A dietary supplement may be a manufactured product intended to supplement one's diet 

by taking a pill, capsule, tablet, powder, or liquid. A supplement can provide nutrients either e 

xtracted from food sources or that are synthetic so as to increase the quantity of their 

consumption. the category of nutrient compounds includes vitamins, minerals, fiber, fatty acids, 

and amino acids. Dietary supplements also can contain substances that have not been confirmed 

as being essential to life, but are marketed as having a beneficial biological effect, like plant 

pigments or polyphenols. Animals also can be a source of supplement ingredients, like collagen 

from chickens or fish for example. These also are sold individually and in combination, and 

should be combined with nutrient ingredients. the ecu Commission has also established 

harmonized rules to help insure that food supplements are safe and appropriately labeled. 

In the United States, the Dietary Supplement Health and Education Act of 1994 provides this 

description: "The Dietary Supplement Health and Education Act of 1994 (DSHEA) defines the 

term “dietary supplement” to mean a product (other than tobacco) intended to supplement the 

diet that bears or contains one or more of the subsequent dietary ingredients: a vitamin, a 

mineral, an herb or other botanical, an aminoalkanoic acid , a dietary substance to be used by 
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man to supplement the diet by increasing the total dietary intake, or a concentrate, metabolite, 

constituent, extract, or combination of any of the aforementioned ingredients. Furthermore, a 

dietary supplement must be labeled as a dietary supplement and be intended for ingestion and 

must not be represented to be used as conventional food or as a sole item of a meal or of the 

diet. additionally , a dietary supplement can't be approved or authorized for investigation as a 

new drug, antibiotic, or biologic, unless it had been marketed as a food or a dietary supplement 

before such approval or authorization. Under DSHEA, dietary supplements are deemed to be 

food, apart from purposes of the drug definition. 

Per DSHEA, dietary supplements are consumed orally, and are mainly defined by 

what they're not: conventional foods (including meal replacements), medical foods, preservatives 

or pharmaceutical drugs. Products intended to be used as a nasal spray, or topically, as a lotion 

applied to the skin, don't qualify. FDA-approved drugs can't be ingredients in dietary 

supplements. Supplement products are or contain vitamins, nutritionally essential minerals, 

amino acids, essential fatty acids and non-nutrient substances extracted from plants or animals or 

fungi or bacteria, or within the instance of probiotics, are live bacteria. Dietary supplement 

ingredients can also be synthetic copies of naturally occurring substances (example: melatonin). 

All products with these ingredients are required to be labeled as dietary supplements. Like 

foods and in contrast to drugs, no government approval is required to form or sell dietary 

supplements; the manufacturer confirms the safety of dietary supplements but the government 

does not; and rather than requiring risk–benefit analysis to prove that the product can be sold like 

a drug, such assessment is merely used by the FDA to decide that a dietary supplement is unsafe 

and should be removed from market. 

Classification of supplements 

According to the National Agency of Medicines, dietary supplements are divided into 

two categories counting on their intended use (EUFIC 2009):  

(1) Food supplements as foodstuff which supplements the usual diet. 

(2) Foodstuff for particular nutritional uses like beverages, which thanks to their special 

composition, are intended surely population groups e.g. for healthy infants or children between 

the ages of two and five or for special categories of persons with disordered metabolism, or for 

categories of persons who are during a special physiological condition.Supplements also can be 

distinguished depending on their origin (natural or synthetic). they're classified comparably to 

their texture or form in which they are available as follows: (a) Vitamin and mineral 

supplements, whether or not they are combined in the form of multivitamins or multi-minerals or 

not, (b) Protein supplements within the form of liquid or tablet in combination or not with 
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carbohydrates, fats, vitamins and minerals, (c) Amino acids of each form and composition, (d) 

Supplements for gaining weight, (e) Meal surrogates within the form of powder, wafers or 

biscuits, (f) Carbohydrate supplements with or without electrolytes and vita- 

mins, (g) Supplements which have natural anabolic effect, and which aren't included in the 

“banned substances list”, (h) “Activator” supplements of somatotropin and other hormones, (i) 

Supplements of basic fatty acids, (j) Foodstuffs or food ingredients like yeast, garlic, 

kelp, secretion , (k) Herbs. There are thousands of supplements within the market. Many of them 

are excellent , others moderate and a few provide very little benefit. the most reason for their low 

efficiency is their manufacturing method and the source of their basic substances (Rovira et al. 

2013). 

Class Example Content 

  Proteins and AA  Lysine, Creatine Contains growth hormone and other 

hormones 

  Carbohydrates  Dextrose Products contain sugar and food products 

  Natural Products  Fibre, Ginseng Products contain different phytochemicals 

having different therapeutic action 

  Vitamins  Multivitamins Contains Vitamin-B complex 

  Minerals  Zinc, Selenium Multivariate and multimineral 

  Prebiotics  Bacillus Bacteria Strain Contains bacteria which synthesize folic acid 

and vitamin B12 

  Oil Supplements  Cod liver,Primrose oil Products from different sources containing 

essential oil 

 

Vitamin 

A vitamin is an compound required by an organism as a vital nutrient in limited amounts. An 

organic compound (or related set of compounds) is called a vitamin when it cannot be 

synthesized in sufficient quantities by an organism, and must be obtained from the diet. The term 

is conditional both on the circumstances and on the actual organism. For instance, vitamin 

C (vitamin C) is a vitamin for anthropoid primates, humans, guinea pigs and bats, but not for 

other mammals. Vitamin D is not an essential nutrient for people who get sufficient exposure to 

ultraviolet light, either from the sun or a man-made source, as they synthesize vitamin D in skin. 

[13] Humans require thirteen vitamins in their diet, most of which are literally groups of related 
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molecules, "vitamers", (e.g. vitamin E includes tocopherols and tocotrienols, vitamin K includes 

vitamin K1 and K2). The list: vitamins A, C, D, E, K, Thiamine (B1), Riboflavin (B2), Niacin 

(B3), pantothen (B5), vitamin B6 , Biotin (B7), Folate (B9) and vitamin B12 . Vitamin intake 

below recommended amounts may result in signs and symptoms associated with vitamin 

deficiency. There’s little evidence of benefit when vitamins are consumed as a dietary 

supplement by those who are healthy and have a nutritionally adequate diet. 

Minerals 

Minerals are the exogenous chemical elements indispensable for all times. Four minerals: 

carbon, hydrogen, oxygen, and nitrogen, are essential for all times but are so ubiquitous in food 

and drink that these are not considered nutrients and there are no recommended intakes for these 

as minerals. the necessity for nitrogen is addressed by requirements set for protein, 

which consists of nitrogen-containing amino acids. Sulfur is important, except for humans, not 

identified as having a recommended intake intrinsically . Instead, recommended intakes are 

identified for the sulfur-containing amino acids methionine and cysteine. There are dietary 

supplements that provide sulfur, like taurine and methylsulfonylmethane. 

The essential nutrient minerals for humans, listed so as by weight needed to be at the 

Recommended Dietary Allowance or Adequate Intake are potassium, chlorine, sodium, calcium, 

phosphorus, magnesium, iron, zinc, manganese, copper, iodine, chromium, molybdenum, 

selenium and cobalt (the last as a component of vitamin B12). There are other minerals which 

are essential for a few plants and animals, but may or might not be essential for 

humans, like boron and silicon. Essential and purportedly essential minerals are marketed as 

dietary supplements, individually and together with vitamins and other minerals. 

Protien and Animo-Acids 

Protein-containing supplements, either ready-to-drink or as powders to be mixed into 

water, are marketed as aids to people recovering from illness or injury, those hoping to thwart the 

sarcopenia of adulthood, to athletes who believe that strenuous physical activity increases protein 

requirements, to people hoping to reduce while minimizing muscle loss, i.e., conducting a 

protein-sparing modified fast, and to people that want to increase muscle size for performance 

and appearance. Whey protein may be a popular ingredient, but products can also incorporate 

casein, soy, pea, hemp or rice protein. A meta-analysis found a moderate degree of evidence in 

favor of whey protein supplements use as a secure and effective adjunct to an athlete's training 

and recovery, including benefits for endurance, average power, muscle mass, and reduced 

perceived exercise intensity. 
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The same protein ingredients marketed as dietary supplements can be incorporated into 

meal replacement and medical food products, but those are regulated and labeled differently 

from supplements. within the United States, "meal replacement" products are foods and are 

labeled intrinsically . These typically contain protein, carbohydrates, fats, vitamins and minerals. 

There could also be content claims such as "good source of protein", "low fat" or "lactose free." 

Medical foods, also nutritionally complete, are designed to be used while an individual is under 

the care of a physician or other licensed healthcare professional. Liquid medical food products - 

example Ensure - are available in regular and high protein versions. 

Bodybuilding supplements 

Bodybuilding supplements are dietary supplements commonly employed by those 

involved in bodybuilding, weightlifting, mixed martial arts, and athletics for the aim of 

facilitating an increase in lean body mass. Bodybuilding supplements may contain ingredients 

that are advertised to extend a person's muscle, weight, athletic performance, and reduce a 

person's percent body fat for desired muscle definition. Among the foremost widely used are 

high protein drinks, pre-workout blends, branched-chain amino acids (BCAA), glutamine, 

arginine, essential fatty acids, creatine, HMB, whey protein, ZMA, and weight loss 

products.Supplements are sold either as single ingredient preparations or within the form of 

"stacks" – proprietary blends of various supplements marketed as offering synergistic 

advantages. 

Natural products 

Dietary supplements are often manufactured using intact sources or extracts from plants, 

animals, algae, fungi or lichens, including such examples as ginkgo , curcumin, cranberry, St. 

John’s wort, ginseng, resveratrol, glucosamine and collagen.Products bearing promotional claims 

of health benefits are sold without requiring a prescription in pharmacies, supermarkets, 

specialist shops, military commissaries, buyers clubs, direct selling organizations, and therefore 

the internet.[ While most of those products have a long history of use in herbalism and various 

forms of traditional medicine, concerns exist about their actual efficacy, safety and consistency 

of quality.Canada has published a manufacturer and consumer guide describing quality, 

licensing, standards, identities, and customary contaminants of natural products. 

In 2019, sales of herbal supplements just within the United States alone were $9.6 billion, 

with the market growing at approximately 8.6% per annum ,with cannabidiol and mushroom 

product sales because the highest. Italy, Germany, and Eastern European countries were leading 

consumers of botanical supplements in 2016, with European Union market growth forecast to be 

$8.7 billion by 2020. 
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Probiotics 

Claimed benefits of using probiotic supplements aren't supported by sufficient clinical 

evidence.Meta-analysis studies have reported a modest reduction of antibiotic-associated 

diarrhea and acute diarrhea in children taking probioticsThere is restricted evidence in support of 

adults using mono-strain and multi-strain containing probiotics for the alleviation of symptoms 

associated with irritable bowel syndrome Probiotic supplements are generally regarded as safe. 

Fertility 

A meta-analysis provided preliminary evidence that men treated with supplements 

containing selenium, zinc, omega-3 fatty acids, coenzyme Q10 or carnitines reported 

improvements in total sperm count, concentration, motility, and morphology. A review 

concluded that omega-3 taken through supplements and diet might improve semen quality in 

infertile men.] A 2021 review also supported selenium, zinc, omega-3 fatty acids, coenzyme Q10 

or carnitines, but warned that "excessive use of antioxidants could also be detrimental to the 

spermatic function and many of the over-the-counter supplements are not scientifically proven to 

improve fertility. 

There is low quality and insufficient evidence for the use of oral antioxidant supplements 

as a viable treatment for subfertile woman.A review provided evidence that taking 

dehydroepiandrosterone before starting an in vitro fertilization series may increase pregnancy 

rates and reduce miscarriage likelihood. 

Uses of dietary supplements 

1. Improving strength and promoting tissue growth and repair 

The use of dietary supplements seems to be particularly prevalent among athletes in 

strength and power sports, with some surveys showing that each one athletes from these events 

were using one or more supplements. a good range of supplements are sold as ‘anabolic’ or ‘anti-

catabolic’ agents, with either direct or indirect effects on protein synthetic pathways in muscle. 

Proposed mechanisms of action include a mass-action principle effect onsynthetic pathways by 

increasing amino acid availability, stimulation of hormone release or potentiation of hormone 

action, a rise in cell volume, or by acting as an adaptogen (i.e. promoting adaptation to training). 

Supplements on sale during this broad category include amino acids, boron, chromium, chrysin, 

colostrum, creatine, hydroxymethylbutyrate (HMB), ornithine alpha keto glutarate, protein, 

tribulus terrestris, vanadium and zinc. 

2. Weight loss and fat loss 

Supplements during this category are used by patients and atheletes who 

need to limit body mass, and particularly body fat, in weight category, weight-sensitive or 
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aesthetic sports. Weight-loss dietary supplements contain a good variety of ingredients. Not 

surprisingly, the quantity of scientific information available on these ingredients varies 

considerably. In some cases, evidence of their purported benefits consists of limited data from 

animal and laboratory studies, instead of data from human clinical trials. In other cases, studies 

supporting a given ingredient’s use are small, of short duration, and/or of poor quality, limiting 

the strength of the findings. In most cases, additional research is required to fully understand the 

safety and/or efficacy of a particular ingredient 

3. Promoting energy supply 

One view of exercise-induced fatigue is that it occurs when the speed of ATP hydrolysis 

in the active musclesexceeds the rate at which ATP can be regenerated. It 

follows that the onset of fatigue are often delayed andexercise performance improved if a higher 

rate of ATP resynthesis can be maintained. Supplements that's claimed to enhance performance 

by increasing energy supply and delaying fatigue include bicarbonate, caffeine, carnitine, 

creatine, guarana, hornet juice, iron, magnesium, pyruvate and ribose. It must be emphasized at 

the outset that not all of those claims are supported by experimental evidence. there's reason to 

believe that some athletes may benefit in some circumstances from the use of bicarbonate, 

caffeine,creatine and iron. 

Promoting immune function and resistance to illness and infection 

Exercise, nutrition and immune function are covered intimately elsewhere in this issue (Gleeson 

et al., 2004) and can be discussed only briefly here in relation to supplement use.There are wide 

selection of products available to boost immunity from inside by strengthening bodies immune 

system to fight against any pathogen or pathological conditions. 

Supplements sold as system stimulants 

Antioxidants Echinacea Pycnogenol 

Astragalus Ginseng Selenium 

Bee pollen. Glutamine Spirulina 

Co-enzyme Q10. Inosine. Zinc 

4. Promoting joint health 

Many products are sold with the aim of promoting joint health and reducing the wear and 

tear and tear caused by overuse, ageing and inflammatory conditions, including 

arthritis. an in depth range of herbs, botanicals, then on are also sold, including turmeric, salai , 

cayenne pepper, ashwagandha, meadow saffron , meadowsweet, Urtica dioica , willow bark 

(Salix) and devil’s claw.Animal extracts,including green-lipped mussel and holothurian , also 

are promoted. 
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Supplements promoted for joint health 

● Supplements promoted for joint health and 

● protection against ageing and overuse 

● Antioxidants 

● Essential fatty acids 

● Vitamins: niacin (B3), pantothenate (B5), D 

● Minerals: boron, calcium 

● Proteolytic enzymes 

● Glucosamine 

● Chondroitin 

● Methylsulphonylmethane (MSM) 

● S-Adenosyl methionine (SaME) 

● Type 2 collagen 

● Hyaluronic acid 

Supplements to assist fertility 

1. Supplements to assist female fertility 

● A healthy diet with fruits (especially berries) and vegetables, less meat and no trans fats 

(doughnuts, French pastries, fried foods). Use vegetable oil for cooking and salads. Avocados 

and nuts also are good sources of monounsaturated fat. 

● Omega-3’s (fish oil) 500-1,000 mg daily 

For women over age 37, increase the above: 

● Increase antioxidants—500-1,000 mg vitamin C, 200 IU vitamin E (*** do not take vitamin E 

if you are taking baby aspirin), decaf tea (1 cup per day); consider adding pycnogenol, 40-60 mg 

twice daily (this may replace or be added to the opposite antioxidants already mentioned). 

● Take 400 micrograms of folic acid; a minimum of that amount is usually in all prenatal 

vitamins and multivitamins. 

● Consider adding 1-2 gm of L-arginine if your protein intake is low. 

● A bit of vitamin C added to green tea aids absorption of antioxidants. 

The health and quality of a woman’s eggs (and therefore, the standard of resulting embryos) are 

highly influenced by the level of blood flow surrounding the ovaries and the amount of 

antioxidants available for protection against the damaging effects of 

oxidation. Supported existing field literature and our personal practice 

experience, we've compiled a list of supplements for women who are beginning their fertility 

journey.RP-Supplements-FemalesOmega 3 Fatty Acids: These essential fats 



Bhumi Publishing, India 
 

104 
 
 

increase gas production by your blood vessels, which help maximize blood flow to the pelvic 

organs. Increased consumption of Omega 3’s has been related to improved embryo implantation 

(Wright, 2011), decreased premature labour , and positive effects on fetal brain development. 

Male fertility supplements Recommended 

● A healthy diet with fruits (especially berries) and vegetables, less meat and no trans fats 

(doughnuts, French pastries, fried foods) 

● Omega-3’s (fish oil) 500-1,000 mg daily 

For men over age 40 and/or with abnormal semen (low count, motility, and/or 

morphology) increase the above: 

● Increase antioxidants—500-1,000 mg vitamin C , 200 IU vitamin E , tea (1-3 cups per day); 

consider adding pycnogenol, 40-60 mg twice daily (this may replace or be added to the 

opposite antioxidants already mentioned). 

● Consider increasing omega-3’s to 1,000 to 2,000 mg. In one study of 1840 mg for 8 months all 

semen parameters improved, particularly strict morphology. 

● Consider adding vitamin Bc , 400 micrograms and zinc, 15-30 mg per day as some studies 

have shown benefits for sperm. These are in many multivitamins. 

● Consider adding 2 gm of L-citrulline (may enhance blood flow to the testicles). 

● Dark chocolate is another strong antioxidant—use a coffee sugar brand. 

● A bit of vitamin C added to green tea aids absorption of antioxidants. 

● Consider adding Co-enzyme Q-10, 200 mg twice daily. In one study it stimulated sperm 

motility. 

The viability and overall health of sperm are highly subject to the damaging effects of 

oxidation products. Therefore, increasing intake of antioxidants before and during fertility 

treatment is key. The testicles produce sperm over a 2 to three month period so starting these 

supplements early is generally advisable. Increasing gas is also essential, because it improves 

blood flow, which has shown to enhance sperm quality. Supported a compilation of 

studies, also as our personal practice experience, we've put together a list of supplements for men 

who are looking to improve their fertility. 
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Selection of vitamin and mineral supplement 

Supplements Form in which supplement should be consumed  

Calcium: It is a vital 

supplement for pregnant 

women, expecting to 

become conceive, People 

who are vegetarians, vegans 

and adults.  

 

Calcium is best absorbed in several smaller doses, rather 

than all at once. Calcium carbonate is the most popular 

calcium supplement, and contains more calcium per tablet 

than calcium lactate, calcium gluconate or calcium citrate, 

though all will provide adequate calcium. Consume 

calcium carbonate with meals- stomach acids will aid in 

calcium absorption. Avoid tablets containing bone meal or 

dolomite, which may be contaminated with lead. 

Vitamin D: An important 

and widely under consumed 

nutrient, especially in 

vegetarians, vegans, infants, 

those with dark skin, those 

who may not receive enough 

sunlight, and those over the 

age of 50 

Vitamin D is found in 2 forms: D2 (ergocalciferol) and D3 

(cholecalciferol). Both forms are effective and will 

increase vitamin D concentrations in the blood. For 

infants, the fortification of formula with vitamin D has 

been mandated, and contains between 40-100 IU /100 

kcal. 

Iron: Important for women 

with heavy menstrual 

bleeding, vegetarians, and 

vegans. 

The most common iron supplements include ferrous 

fumarate, ferrous sulfate, and ferrous gluconate, all of 

which are absorbed well. Since the amount of iron that is 

absorbed decreases with an increasing dose, it is best to 

take an iron supplement in 2 to 3 equally spaced doses 

throughout the day. Iron supplements should be consumed 

with water on an empty stomach (meals may reduce 

absorption by 30%). Taking iron with vitamin C will aid 

in absorption. 

Vitamin B12: This nutrient 

is important, especially for 

vegetarians and vegans 

(including those who are 

pregnant or breastfeeding), 

and those over the age of 50. 

Supplements contain vitamin B12 as cyanocobalamin, 

which the body can readily convert to an active form for 

use. Research suggests little difference among forms (oral 

or injection) regarding the body’s ability to absorb vitamin 

B12. However, the body absorbs vitamin B12 through an 

intrinsic factor in the stomach, which can only absorb 0.0 
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Folate (Folic Acid): 

Important for women who 

are of childbearing age, 

women who are pregnant, or 

women who may become 

pregnant 

Folic acid is available in multivitamins, prenatal vitamins, 

and supplements that contain other B-complex vitamins. 

The bioavailability of folic acid decreases when taken 

with food, from 100% to 85% 

Zinc: This important 

mineral may be lacking 

especially in a vegetarian or 

vegan diet, as well as zinc 

deficient women who are 

pregnant or breastfeeding. 

Supplements may contain zinc gluconate, zinc sulfate, or 

zinc acetate, each with varying levels of elemental zinc. 

There is still some debate as to which form of zinc is most 

effective regarding absorption, bioavailability, or 

tolerability. Zinc may also be present in cold lozenges and 

over the counter medications for the treatment of colds. 

Iron: Important for women 

with heavy menstrual 

bleeding, vegetarians, and 

vegans. 

The most common iron supplements include ferrous 

fumarate, ferrous sulfate, and ferrous gluconate, all of 

which are absorbed well. Since the amount of iron that is 

absorbed decreases with an increasing dose, it is best to 

take an iron supplement in 2 to 3 equally spaced doses 

throughout the day. Iron supplements should be consumed 

with water on an empty stomach (meals may reduce 

absorption by 30%). Taking iron with vitamin C will aid 

in absorption. 

 

Supplement formulations 

Food supplements are in various packages, sizes and kinds, counting on how they are 

taken. There are tablets, capsules, powders, oral ampoules, effervescent tablets, chocolates and 

mastics which is out there in syrup form or otherwise. More specifically, food supplements are 

often taken in any of the following forms: 

● Oral pills or powders for relatively quick absorption; 

● Sublingual drops or oral disintegrated tablets, for simple intake and to limit the damage of their 

active substance; 

● Nose spray or drops to further improve their absorption 

● Injectables through intravenous and intramuscular injections for quick absorption and action 

● Bone-anchored for slow and gradual absorption and prolonged action (American Diabetes 

Association ADA 2001). 
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Some supple-ments aren't well absorbed, others are almost completely destroyed by the stomach 

fluids and some others irritate the mucosa of the stomach and intestine. Powders and liquid 

preparations are useful for those that have difficulty of swallowing the capsules or tablets. 

Supplements within the form of sprays can cause intense local irritation or possible lung 

aspiration. Injecting supplements is usually done under the guidance of a physician. On the 

opposite hand, bone anchored supplements can only be taken in hospitals thanks to surgical 

technique, monitoring and laboratory control required to stop local inflammations and 

complications (Teixeira, 2013). 

Adverse effects of supplements: 

In the United States, manufacturers of dietary supplements are required to demonstrate 

safety of their products before approval is granted for commerce. Despite this caution, numerous 

adverse effects are reported, including muscle cramps, hair loss, joint pain, disease, and allergies, 

with 29% of the adverse effects leading to hospitalization, and 20% in serious injuries or 

illnesses.[86] The potential for adverse effects also occurs when individuals consume quite the 

necessary daily amount of vitamins or minerals that are needed to maintain normal body 

processes and functions. The incidence of adverse effects reported to the FDA were thanks 

to "combination products" that contain multiple ingredients, whereas dietary supplements 

containing one vitamin, mineral, lipid product, and herbal product were less likely to cause 

adverse effects associated with excess supplementation 

Among general reasons for the possible harmful effects of dietary supplements are: a) 

absorption during a short time, b) manufacturing quality and contamination, and c) enhancing 

both positive and negative effects at the identical time.The incidence of liver injury from herbal 

and dietary supplements is about 16–20% of all supplement products causing injury, with the 

occurrence growing globally over the first 21st century. the foremost common liver injuries from 

weight loss and bodybuilding supplements involve hepatocellular damage with resulting 

jaundice, and therefore the most common supplement ingredients attributed to these injuries are 

green tea catechins, anabolic steroids, and therefore the herbal extract.Weight loss supplements 

have also had adverse psychiatric effects. Some dietary supplements can also have adverse 

interactions with prescription medication. 
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Abstract: 

Nutraceutical is the mongrel of ‘nutrition’ and ‘pharmaceutical’. Nutraceuticals, in broad, 

are food or part of food playing a significant part in modifying and maintaining normal 

physiological function that maintains healthy mortal things. The top reasons for the growth of the 

nutraceutical request worldwide are the current population and the health trends. The food 

products used as nutraceuticals can be distributed as salutary fibre, prebiotics, probiotics, 

polyunsaturated adipose acids, antioxidants and other different types of herbal/ natural foods. 

These nutraceuticals help in combating some of major health problems of the century similar as 

rotundity, cardiovascular conditions, cancer, osteoporosis, arthritis, diabetes, cholesterol etc. In 

whole, ‘nutraceutical’ has lead to the new period of drug and health, in which the food assiduity 

has come an acquainted sector. 

Introduction: 

In recent times, a new diet health paradigm is evolving which places further emphasis on 

the positive aspects of diet. The new life espoused by people moment has changed the 

introductory food habits of the ultimate the ultimate. Consumption of the junk food has increased 

multifarious leading to a number of conditions caused due to indecorous nutrition. Rotundity is 

now honored as a global issue. Heart complaint continues to be a primary cause of death in 

utmost of the developing countries worldwide, followed by cancer, osteoporosis, arthritis and 

numerous others. Consumers being frustrated with the precious, high- tech, complaint- treatment 

approach in the ultramodern drugs are seeking reciprocal or indispensable salutary products and 

the red tape recording of managed care makes nutraceuticals particularly appealing. “Let food be 

thy drug and drug be thy food”, quoted by Hippocrates about, 500 times agone is clearly the 

tenet of moment. Nutraceuticals are the arising class of natural products that makes the line 

between food and medicines to fade. Although the use of nutraceuticals by people has a long 

history, only lately scientifically supported nutritive and medical substantiation has allowed 

nutraceuticals to crop as being potentially effective. 
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A nutraceutical is any substance taken into consideration as a meals or its component 

which further to its ordinary dietary cost gives fitness blessings such as the prevention of 

disorder or promoting of fitness. Due to damaging outcomes of drugs, clients are who prefer 

meals dietary supplements to enhance fitness. This added revolution global withinside the area of 

nutraceuticals. Nutraceuticals offer more fitness blessings, further to the primary dietary cost 

observed in ingredients. Depending at the jurisdiction, merchandise can also additionally declare 

to save you diseases, enhance fitness, postpone the getting older process, growth life-expectancy 

or assist the shape or characteristic of the body. The time period nutraceutical is encompassing 

nutrition & pharmaceutical and it become coined in 1989 via way of means of Dr Stephen L. 

Defelice, founder and chairman of basis for innovation in medicine, New Jersey, USA 

Nutraceuticals is a large time period used to explain any product derived from meals reassets that 

offer more fitness blessings together with dietary cost observed in ingredients. These 

merchandise comprise carbohydrates, lipids, proteins, vitamins, minerals and different essential 

vitamins. St. John’s wort, is used to alleviate strain or depression, and additionally act as 

stimulant like tea, espresso and chocolate. Botanical nutritional dietary supplements are normally 

taken withinside the shape of tea which acts as stimulant or relaxant. Functional ingredients are 

some other shape of nutraceutical merchandise. Instead of taking a nutritional supplement, 

purposeful ingredients are stronger with vitamins and eaten normally. The classes of purposeful 

ingredients are: 

1) Processed meals  

2) Fermented ingredients. 

Health benefits of nutraceuticals: 

  From the consumers' factor of view nutraceuticals provide following advantages:  

 Increase the fitness fee of our food regimen. 

 Helps to stay longer. 

 Help to keep away from unique scientific conditions.  

 May have a mental advantage from doing some thing for oneself. 

 May be seemed to be more "natural" than conventional medicinal drug and much less in 

all likelihood to produce unsightly facet effects. 

 May gift meals for populations with unique needs (e.g., nutrient-dense ingredients for the 

elderly).  

Herbal medicinal drug constitutes a powerful supply of each conventional and present day 

medicines. According to the World Health Organization (WHO), eighty in keeping with cent of 

rural populace relies upon on natural medicinal drug for his or her number one healthcare. 

Medicinal vegetation aleven though they're inadequately explored, they offer wealthy supply of 
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quite a few fitness blessings. Health Benefits of Phytochemicals: The fitness blessings of 

phytochemicals are as follows: -  Substrate for biochemical reactions.  Cofactors of 

enzymatic reactions  Inhibitors of enzymatic reactions.  Absorbents that bind to and dispose 

of unwanted constituent withinside the intestine.  Scavengers of reactive or poisonous 

chemicals.  Enhance the absorption and/ or balance of crucial nutrients.  Selective increase 

elements for useful bacteria.  Fermentation substrate for useful bacteria. Physiological Benefits 

of Nutraceuticals: The physiological blessings of nutraceuticals are as follows:  Cardiovascular 

agents,  Anticancer agents,  Anti-diabetics,  Chronic inflammatory issues,  Immune 

boosters, and  Antioxidants, Nutraceuticals and Diseases:  

i) Cardiovascular diseases: Cardio-vascular diseases (CVD) is a collection of issues of the 

coronary heart and blood vessels that encompass hypertension (excessive blood pressure), 

coronary coronary heart disease (coronary heart attack), cerebrovascular disease (stroke), 

coronary heart failure, peripheral vascular disease, etc. It is stated that low consumption of 

culmination and greens is related to a excessive mortality in CVD. Nutraceuticals withinside the 

shape of antioxidants, nutritional fibres, omega-three Poly Unsaturated Fatty Acids (ω-three 

PUFAs), vitamins, and minerals are advocated collectively with bodily workout for prevention 

and remedy of CVD. It has been tested that the molecules like polyphenols found in grapes and 

in wine adjust mobile metabolism and signalling, that's constant with lowering arterial disease. 

Nutraceuticals, vitamins, antioxidants, minerals, weight reduction, workout, cessation of 

smoking and restrict of alcohol & caffeine plus different life-style changes can prevent, postpone 

the onset, lessen the severity, treat, and manipulate hypertension. Nutrients and nutraceuticals 

with calcium channel blockading activity (as a consequence antihypertensive activity) 

encompass α-lipoic acid, magnesium, Vitamin B6 (pyridoxine), Vitamin C, N-acetyl cysteine, 

Hawthorne, Celery, ω-three fatty acids, etc. Flavonoids, found in onion, endives, cruciferous 

greens, black grapes, crimson wine, grapefruits, apples, cherries and berries, play a chief 

function in curing CVD. Flavonoids block the Angiotensin-Converting Enzyme (ACE) that 

increases blood pressure (BP). 

 ii) Cancer: Cancer has emerged as a chief public fitness hassle in growing countries, matching 

the industrialized nations. A wholesome life-style and food regimen can assist in stopping most 

cancers. People who eat huge quantities of lutein wealthy ingredients together with bird eggs, 

spinach, tomatoes, oranges and leafy veggies skilled the bottom prevalence of colon most 

cancers. Chronic irritation is related to a excessive most cancers threat. At the molecular level, 

loose radicals and aldehydes, produced at some stage in continual irritation, can result in 

deleterious gene mutation and post-translational changes of key most cancers-associated 
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proteins. Chronic irritation is likewise related to immune suppression, that's a threat element for 

most cancers.  

Classification of nutraceuticals based upon food source: 

Food Source  Examples 

 

 

Plants 

β-glucan, Ascorbic acid, γ-tocotrienol, Quercitin, Luteolin, Cellulose, 

Leutin, Gallic acid, Perillyl alcohol, Indole-3-carbonol, Pectin, Daidzein, 

Glutathione, Potassium, Allicin, δ-limonene, Genestein, Lycopene, 

Hemicellulose, Lignin, Capsaicin, Geraniol, β-ionone, α-tocopherol, β-

carotene, Nor dihydro capsaicin, Selenium, Zeaxanthin, Minerals 

 

Animals 

Conjugated Linoleic Acid (CLA), Eicosa Pentaenoic Acid (EPA), Docosa 

Hexenoic Acid (DHA), Spingo lipids, Choline, Lecithin, Calcium, 

Coenzyme Q10, Selenium, Zinc, Creatinine, Minerals 

Microbes Saccharomyces boulardii (yeast), Bifidobacterium bifidum, 

Bifidobacterium longum, Bifidobacterium infantis, Lactobacillus 

acidophilus (LCI), L. acidophilus (NCFB 1748), Streptococcus salvarius 

 

Classification of nutraceuticals based upon mechanism of action 

Anticancer Positive 

Influence on 

Blood Lipid 

Profile 

Antioxidant 

Activity 

Anti-

inflammatory 

Osteogenetics 

(OR) Bone 

Protective 

Capsaicin 

Genestein 

Daidzein α-

tocopherol γ-

tocotrienol 

Conjugated 

Linoleic acid 

Lactobacillus 

acidophilus 

Sphingolipids 

Limonene 

Diallyl sulphide 

Ajoene α-

tocotrienol  

β-glucan γ-

tocotrienol α-

tocotrienol 

MUFA 

Quercetin ω-3 

PUFA 

Reseveratrol 

Tannins β-

sitosterol 

Saponins Guar  

 

CLA Ascorbic 

acid β-carotene 

Polyphenolics 

Tocopherols 

Tocotrienols 

Indole-3-

carbonol α-

tocopherol 

Ellagic acid 

Lycopene Lutein 

Glutathione 

Hydroxy tyrosine  

 

Linolenic acid 

EPA DHA GLA 

Capsaicin 

Quercetin 

Curcumin  

 

CLA Soy protein 

Genestein 

Daidzein 

Calcium Casein 

phosphopeptides 

FOS (Fructo-

Oligo 

Saccharides) 

Inulin  
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iii) Diabetes: Diabetes mellitus is characterised through abnormally excessive degrees of blood 

glucose, both because of inadequate insulin production, or because of its ineffectiveness. The 

maximum not unusual place sorts of diabetes are kind I diabetes (5%), an autoimmune disorder; 

and sort 2 diabetes (95%), that's related to obesity. Gestational diabetes takes place in being 

pregnant Diabetes, like maximum continual fitness conditions, now no longer most effective 

locations massive financial burdens on society as an entire however additionally imposes sizable 

financial burdens on man or woman sufferers and their families. Diet remedy is the cornerstone 

for the control of gestational diabetes mellitus. The use of natural nutritional dietary supplements 

are believed to advantage kind 2 diabetes mellitus; however, few were tested to accomplish that 

in nicely designed randomized trials. 

Natural nutraceuticals for treatment of different diseases  

Nutraceuticals for diabetes 

The extraordinary sorts of Nutraceuticals/diabetic dietary supplements are fortified 

drinks, fortified baked goods, vitamins, meals or leaf extracts, superfood seed extracts, powdered 

dietary supplements and capsules, capsules or tablets. These Nutraceuticals aren't anyt any 

manner replacements for diabetic drugs/ hypoglycaemic but their non-stop use can be beneficial 

for diabetic patients. Some of the Nutraceuticals for Diabetes are as follows  

Artocarpus heterophyllus (Jackfruit) 

Artocarpus heterophyllus Lam. A.k.a. jackfruit consists of flavonoids specifically the iso 

quercitrin which are acknowledged for his or her antioxidant activities. A take a look at posted 

withinside the Scientific World Journal demonstrated that the Jackfruit leaf extract considerably 

decreased fasting blood glucose thru reducing oxidative strain and pancreatic beta-mobileular 

damage. The suitable weight loss plan composition is < 30> 15 g/one thousand kcal fibres, 1/2 of 

soluble, 45–60% of carbohydrates with a slight consumption of sugar (50 g/day) and protein 

consumption of 15–20% of the full energy a day.  Carbohydrates  Proteins  Fats The intake 

of sugar is forbidden withinside the weight loss plan of a diabetic patient. The use of different 

caloric sweeteners, consisting of fructose and poly alcohols, does now no longer appear to 

provide extra advantages. In the case of fructose, its intake is cautioned as a aspect of herbal 

foods, however now no longer as sweetener, because of its negative impact on plasma glucose. 

Poly alcohols provide 2 kcal/g, making them thrilling in low-calorie diets, despite the fact that 

they will reason facet consequences consisting of diarrhoea at excessive doses. In relation to 

non-caloric sweeteners, there may be a consensus that they're now no longer destructive to 

health, however there may be no proof that they enhance glycaemic manipulate withinside the 

long-term. 
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Different scientific societies’ recommendations on diet nutritional composition in diabetes: 

Parameter European Diabetes 

Associations, 2004 

American Diabetes 

and Nutritionist 

Associations,2008 

Canadian Diabetes 

Association, 2008 

Proteins 10-20% ICT 15-50% ICT 15-20% ICT (as 

general population) 

Carbohydrates 45-60% 

(personalized) 

>130g/day 

(personalized) 

45-60% ICT 

Low glycemic index Yes Modest benefit Yes 

Sugar 50 g/day, if there is 

good control 

No limit within total 

content 

<10% ICT 

Fiber >40 g/day 14 g/1000 kcal (as 

general population) 

25-50 g/day 

Total fats  

 

< 35% ICT; < 30% if 

overweight  

Personalized  

 

< 35% ICT  

 

Polyunsaturated fats  

 

< 7% ICT  

 

> 2 

fish/week  

  

 

< 10% ICT  

 

Monounsaturated fats  

 

10–20% ICT  

 

No reference  

 

Use instead of 

saturated  

Cholesterol  

 

< 300 mg/day (less if 

high LDL)  

< 200 mg/day  

 

NA  

 

Omega-3 fatty acids  

 

2–3 servings of fish a 

week  

> 2 servings of fish a 

week  

Consume as much fish 

as plants  

Alcohol  

 

< 10 g (women); < 20 

g (men)  

 

1 glass/day (women); 

2 glasses/day (men)  

 

Limit to 1/day 

(women) and 2/day 

(men), with risk of 

late hypoglycemia  

ICT – total calorie intake, LDL – low-density lipoproteins 
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Abstract: 

The proteins are very flexible biomolecules, made up of the amino acid residues that 

actually determines the three-dimensional structure of a protein. The precise knowledge of its 

structure determines its functional role. There are many different methods (such as geo-style) to 

study the structure of protein with high accuracy and high fidelity. The concept of 

Ramachandran plot is a part of structural biology, to learn the basic structure of a protein in 

terms of torsion angles. 

The concept: 

This concept was discovered by a group of scientists namely, G. N. Ramachandran, C. 

Ramakrishnan, and V. Sasisekharan in 1963 that shows the possible combination of angles in a 

graphically way. The Ramachandran plot is a plot of two torsional dihedral angles - phi (φ)and 

psi (ψ)  of the amino acid residues present in a peptide. In the graph, the torsional angles, phi (φ) 

values are plotted on the X-axis and the psi (ψ) values on the Y-axis. These torsion angles 

describe the polypeptide and protein conformation. It is still an integral method to determine 

protein structure.  

Peptide bond: 

The sequence of amino acids is linked together by peptide bonds to form a polypeptide 

chain. The peptide bond is formed between amino acid residues by the amide linkage i.e., CO-

NH bond. This linkage involves loss of a water molecule (condensation reaction), between α-

amino group of one amino acid (AA1) and the α-carboxyl group of adjacent amino acid (AA2). 

It is thermodynamically an endergonic process, formed with a release of water molecule (Fig. 1). 

An Oligopeptide is formed by the condensation of typically less than 20 amino acids and 

a polypeptide is made up of more than ~20 amino acids. Every protein is different in sequence 

and number of amino acids that makes each protein distinct. The two ends of a polypeptide chain 

are chemically different: one end is with free amino group (NH3+) that is the amino, or N-

terminus. Other end carries the free carboxyl group (CO2-), is the carboxyl, or C-terminus (Fig. 

2). The amino acid sequence of a protein is always read from left to right, presented in the N to C 

direction, that corresponds to the 5’ to 3’ direction in which genes or mRNA transcript is read. 
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Figure 1: Formation of a peptide bond between two amino acids 

 

 

Figure 2: Formation of an Oligopeptide 

 

Nature of the peptide bond: 

 The peptide bond (C—N) has a partial double bond character.  

 The approximately 40% double-bonded character due to resonance.  

 This partial double bond character keeps the peptide bond in a rigid planar conformation. 

  A small electric dipole is formed due to oxygen atom (O) with a partial negative charge 

and the nitrogen atom (N) with a partial positive charge, that creates a a resonance hybrid 

structure. (Fig. 3) 

 Thus, six atoms (Cα, C, O, N, H and Cα) lie in the same plane in a pair of amino acids 

linked with a peptide bond. 

 In the given Fig. 3, a pure double bond formed between C=O permits free rotation.  

 A resonance hybrid formed between the atoms, makes them coplanar, due to which there 

is restriction of rotation about C—N bond, resulting in polar peptide bond. (Fig. 3 & 4) 

 The length of a peptide bond is 1.33 Å. The length between C-N single bond is around 

1.49 Å. The length between C=N double bond is 1.27 Å. (Fig. 4) 
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Figure 3: Resonance Structure of Peptide Bond 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Peptide Planar Bond 

  

Torsion angles or Dihedral angles: 

 The bond between N-Cα and between Cα-C are pure single bonds. 

 The two adjacent rigid peptide units can rotate about these bonds with different 

orientations. 

 The Torsion angles or Dihedral angles around the bonds between N-Cα is called as Phi, 

φ and between Cα-C is called as Psi, ψ. 

 These angles define the geometry of each amino acid residue in a peptide and the 

conformation of the amino acid residues and the peptide. 

 The steric hindrance produced by different side chains in amino acids plays an important 

role in making different combination of these angles.  

 These torsional angles provide insight about the structure of peptides. Therefore, it is a 

method to visualize the energetically allowed regions of amino acids residues in a protein 

structure.  

According to the standard IUPAC definition, the torsional angles are illustrated by the 

four points, A, B, C and D that corresponds to the position of the 4 atoms. The rotation takes 
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place around the central B-C bond. The angle between A-B and C-D is described as the torsion 

angle about bond B-C. This angle is the angle between the plane containing atoms A, B and C 

and the plane containing B, C and D (Fig. 5). 

 

Figure 5: A, B, C & D points with torsion angles 

 

Cis- and Trans configuration of planar peptide bond (Fig. 6) 

For a planar peptide bond in a polypeptide, two possible configurations are possible: cis- 

and trans. In the cis type configuration, the successive α- carbon atoms are on the same side of 

the peptide bond. In the trans-configuration, the adjacent α- carbon atoms are on the opposite 

side of the peptide bond. The C-N bond around which the rotation is restricted is called as torsion 

angle ꞷ, (omega). It is the peptide angle with partial-double-bond character and is planar in 

nature. In the trans-configuration, ꞷ = 180º, while in the cis, ꞷ = 0º. Trans configuration is 

favoured about 1000 times as compared to cis type, because steric hinderances between groups 

attached to α-carbon atoms interfere the formation of cis configuration. 

Both the cis and trans configurations are planar. Almost all the proteins with cis-peptide bonds, 

involve proline residues i.e., approximately 1% of prolines in proteins are of cis configuration 

(Fig. 7). A cis-peptide bond induces a very sharp kink in the polypeptide chain. Energetically, 

the trans-proline structure is less favourable than its cis counterpart, however, the overall atom 

geometry in cis-proline is very similar to that of trans-proline.  

Figure 6: Cis and Trans forms of all amino acids 
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Figure 7: Cis and Trans form of Proline 

The Ramachandran Plot 

The values of dihedral angles is circular and its 0° is equivalent to 360°. Therefore, a 

Ramachandran plot can be used in two different ways. Theoretically, ψ and φ values can be 

between + 180º and -180º. But, in reality all combinations are not possible due to steric 

hinderance. Since two atoms cannot occupy the same place in a given space, so there are 

physical clashes or steric interference. So. Maximum combinations are not allowed due to these 

clashes. The torsion angles can be varied i.e., ψ from –180° to +180° and φ from –180° to +180° 

(that is 360° of rotation for each). Many combinations of these angles are almost not possible and 

some are very, very common in proteins. These allowed values for ψ and φ were first determined 

by G.N. Ramachandran that can be visualized by Ramachandran plot which is a 2-D plot 

between φ values on X-axis and ψ values on Y-axis. The sterically disallowed combinations in a 

polypeptide chain are due to steric clashes between side chain and the main chain. It is obviously 

expected that large side chains would result in restrictions and steric hinderance for movement of 

atoms, but actually, it has been observed that side chains effect is very small in Ramachandran 

plot. 

The D- and L- confirmations of the amino acids have different φ and ψ values because 

their side chains are oriented differently with respect to CO group. The polypeptide made of D-

amino acids and L- amino acids will have different φ values on X-axis and ψ angles on Y-axis. 

For example, a β sheet formed of L-amino acids occupies upper left quadrant, while same β sheet 

formed of D amino acids occupies lower right quadrant in a Ramachandran plot (Fig. 8, 9). 

 

 

Figure 8: φ and ψ angles 

sterically forbidden 

Figure 9: The Ramachandran Plot (φ and ψ angles) 

 

https://en.wikipedia.org/wiki/Dihedral_angle
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The Ramachandran Plot of a Globular protein (Hexokinase) Fig. 10: ψ and φ values for the 

protein Hexokinase from yeast in a Ramachandran plot.  

 

 

 

 

 

 

 

Figure 10: Ramachandran graph of Hexokinase 

Ramachandran plot of Glycine: 

Glycine is a unique amino acid, which lacks a side chain. It has a smallest side chain with 

only a hydrogen atom, so it shows minimum steric restriction, with considerably very large 

allowable area. The allowed regions are the confirmations where there is no steric interference. 

Hence, Glycine occupies maximum area in Ramachandran plot. The absence of side chain in 

glycine makes it adopt dihedral angles (phi and psi) in all the four quadrants of the 

Ramachandran plot. So, it is frequently present in proteins where turns are present where any 

other amino acid residue would cause steric interreference and restriction.  

 

 

 

A & B 

 

   

       C 

Figure 11 (A,B,C): Ramachandran graph of Glycine 

Figure 11: Confirmations of Glycine, Proline and pre-proline in Ramachandran graph 

Another exception from the principle of clustering around the α- and β-regions is 

provided by glycine. Glycine does not have a side chain, which allows high flexibility in the 

polypeptide chain, making otherwise forbidden rotation angles accessible. That is why glycine is 

often found in loop regions, where the polypeptide chain needs to make a sharp turn. Glycine is 



Bhumi Publishing, India 
 

122 
 
 

fundamentally different to the other amino acids in that it lacks a sidechain. In particular, glycine 

does not have the Cβ atom, which induces many steric clashes in the generic Ramachandran plot. 

The absence of the Cβ atom allows the glycine Ramachandran plot to run over the borders at -

180° and 180° (Fig. 11 A,B,C).  

Ramachandran plot of Proline: 

Proline is 5-membered-ring side chain that connects Cα to Nitrogen backbone, that shows 

a limited number of possible combinations of dihedral angles i.e., ψ and φ.  However, in case of 

Proline, the cyclic side chain limits the range of φ values to around 60º, thus making it most 

sterically restricted amino acid. As mentioned above, proline in contrast to glycine fixes the 

torsion angles at a certain value, very close to that of an extended β-strand. 

Theoretically, the average phi and psi values for α-helices and β-sheets are clustered around -57, 

-47 and -80, +150, respectively. However, for real experimental structures these values were 

found to be different. Fig. 12 

 

 

 

 

 

 

 

 

 

Figure 12: Cis and Trans form of Proline 

 

The pre-proline Ramachandran plot 

Schimmel and Flory argued in 1968 that pre-proline – amino acids preceding proline – 

has a particularly restricted Ramchandran plot, compared to the generic Ramachandran plot. This 

was finally observed in the protein database by MacArthur and Thornton. There are three main 

differences between the pre-proline Ramachandran plot and the generic Ramachandran plot. Fig. 

13. 

 In the pre-proline Ramachandran plot, there is a large excluded horizontal strip at -40° < 

ψ < 50°, which restricts αL and α regions.  

 The αL region is shifted up higher.  

 The third feature is a little leg of density poking out below the β. Karplus called this the ζ 

region, which is unique to pre-proline. 
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Figure 13: Ramachandran graph of Glycine 

Concanavalin A:  

Concanavalin A (ConA) is a lectin, carbohydrate-binding protein that has been extracted 

from the jack-bean (Canavalia ensiformis). It binds specifically to certain structures found in 

various sugars, glycoproteins, and glycolipids, mainly internal and nonreducing terminal α-D-

mannosyl and α-D-glucosyl groups.[2][3]. ConA is a plant mitogen, and is known for its ability 

to stimulate mouse T-cell subsets and was the first lectin to be available on a commercial basis, 

and is widely used in biology and biochemistry to characterize glycoproteins and other sugar-

containing entities on the surface of various cells. Fig. 14 (A, B) 

ConA is a homotetramer, its tertiary structure has been elucidated with molecular weight 

is 104-112 kDa. ConA can also initiate cell division (mitogenesis), primarily acting on T-

lymphocytes, by stimulating their energy metabolism within seconds of exposure. 

It has a structure of twisted β-sheet with small segments of α-helix. 

 

 

 

 

 

 

 

 

 

     A        B 

      Figure 14 (A, B): 3-D Structure and Ramachandran plot of CONCANAVALLIN-A 

Acetylcholinesterase, a cholinergic enzyme primarily found at postsynaptic 

neuromuscular junctions (in muscles and nerves). It immediately hydrolyzes acetylcholine 

(ACh), (naturally occurring neurotransmitter), into acetic acid and choline. Its structure is 
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ordered and nonrepetitive and contains approximately equal amounts of both forms i.e., α-helix 

and β-sheet. Fig. 15 (A, B) 

 

 

 

 

 

 

 

                   

 

                    A         B 

Figure 15 (A, B): 3-D Structure and Ramachandran plot of ACETYLCHOLINESTERASE 

 

Myoglobin: It is a protein found in the muscle cells of animals and functions as an oxygen-

storage protein, that supplies oxygen to the working muscles. It contains a molecular component, 

heme, that enables it to combine reversibly with oxygen. In diving mammals (seals and whales), 

it is present in greater amounts in their muscles that help them to remain submerged in water for 

long periods. Its Secondary structure consists of α-helix, loops and ordered, nonrepetitive 

structures. In the Ramachandran plot, Red data points outside of the area show α-helix, and white 

points indicate loops and ordered, nonrepetitive structures. The few residues that map to the 

disallowed region are of Glycine residues. Fig. 16 (A, B) 

 

 

 

 

 

 

 

                                 

 

                    A                                                                                  B 

Figure 16 (A, B): 3-D Structure and Ramachandran plot of Myoglobin 

In the tripeptide, Glu-Ser-Ala, Serine have the dihedral values of φ = 55o and ψ = -116o, 

and the side chain of Serine is in contact with the Alanine.  

https://proteopedia.org/wiki/index.php/Myoglobin
javascript:Jmol.controls._click(null,17);
https://proteopedia.org/wiki/index.php/Myoglobin
javascript:Jmol.controls._click(null,13);
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Prediction of secondary structure from Ramachandran Plots 

Since a polypeptide has a number of amino acid residues and each residue has its own 

specific ψ and φ angles. Therefore, each amino acid residue can be depicted on Ramachandran 

plot with respective ψ and φ values. Polypeptide chain can adopt different secondary structures 

such as α- helix, β sheets (antiparallel, parallel), β-turns, loops etc. These polypeptides, when 

adopt secondary structures, rotate at specific torsional angles every time to from regular 

repetitive structures. When these values of torsion angles are put up on the Ramachandran plot, 

we get a very restricted area on the plot that is used to identify the secondary structure in a given 

polypeptide. For example, β-sheet is made up of fully extended strands, with ψ and φ values 

occupying the left upper quadrant of the Ramachandran plot. 

Types of secondary structures  

The secondary folding of the primary structure is known as secondary structure. There are 

various types of secondary structures. Fig. 17 

1. Helical structures  

Different types of helical structures are formed as a result of hydrogen bond between 

carbonyl oxygen (CO) and imino hydrogen (NH) of various amino acid residues. Some proteins 

that are rich in α-helix are hemoglobin, myoglobin, myosin, keratin etc. 

a. If the carbonyl oxygen of the nth residue is hydrogen bonded with the imino hydrogen of 

the (n+ 3)rd residue, then the resultant helix formed is a 310-helix. This helix contains 3 

residues/turn of the helix with a helical rise/residue of 1.93–2.0 ºA, and a helical pitch of 

5.8–6 ºA. The number 10 denotes total number of imino hydrogen per turn of the helix. 

b. If the carbonyl oxygen of the nth residue forms a hydrogen bond with the imino hydrogen 

of (n+4)th residue, 3.613-helix is formed, also known as the α-helix. It was the first helical 

structure that was clarified by Pauling and Corey. It is a right-handed twist or spiral 

structure in which the distance between the two amino acid residues is 1.5 ºA, one turn of 

the helix contains contain 3.6 amino acid residues, helical pitch is 5.4 ºA. This helical 

structure is stabilized by 13 imino hydrogens/turn. the ψ and φ values are -47º and -57º 

respectively. the α-helix is formed as a result of (CO-NH) interaction, side chains also play 

role in the formation of α-helix due to steric hindrance.  

Some amino acids like Methionine, glutamine, and leucine have the high tendency to form 

α-helix whereas proline, glycine, and tyrosine are helix breaker.  

c. The π helix occurs rarely and have been reported in about 15% of the known proteins. If 

the hydrogen bond is formed between the carbonyl oxygen of the nth residue and imino 

hydrogen of (n+5th) residue, then 416-helix or π-helix is formed. The π-helix contains 4 
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amino acid residues/turn of the helix where each amino acid corresponds to an 87° turn in 

the helix, translation of 1.15 ºA along the helical axis with pitch of the helix 4.6 A. α-helix 

is the predominant helical structure found in proteins and is thermodynamically most 

stable.  

2. β -Sheet structure  

Pauling and Corey propose the structure of β-sheet in which one β-strand folds on the top 

of the another fold. These strands are joined to each other via H- bonds formed between carbonyl 

oxygen of one strand and the imino hydrogen of another strand. These segments of a polypeptide 

can be oriented in two directions; parallel or antiparallel β-sheet structures. The β-sheet is a fully 

extended and stretched structure. A large number of strands joins through hydrogen bonds, 

forming β-pleated sheet.  

The distance between 2 amino acids in parallel and antiparallel β-sheet is 6.5 ºA and 7 ºA 

respectively. The dihedral angles ψ and φ for parallel β-structure is +113º  -119 º respectively 

and +135 º and -139 ºrespectively for the antiparallel β-structure.  

The antiparallel β-structure allows far more close packing and is more prevalent in 

polypeptides, whereas parallel β-structure shows more steric hindrance, because of less tight 

packing and low stablity. Some β-sheet former amino acids are Val, Ile, Phe and Tyr are 

commonly involved in forming β-sheets, whereas Pro, Gly and Tyr are β-sheet breakers.  

Examples: Proteins rich in beta sheet structures include silk fibroin, chymotrypsin, 

ribonuclease and cytochrome c. 

3. β-Turn/β-bend/reverse turn/hairpin structure 

To form a proper globular structure, the proper folding and packing is required. 

Therefore, polypeptide chain reverses its direction several times which is achieved only by the 

presence of another secondary structure known as β-turn or reverse turn or hairpin. 

The structure contains 4 amino acid residue stabilized by an intramolecular hydrogen 

bond between the carbonyl of the nth residue and the imino hydrogen of the (n+3) residue. 

Pro, Gly, Ser, Asp and Asn are the amino acids that favors the formation of the β-turn. 

All β-turns structures mostly contain Pro and Gly and the rest of the residues can be either Ser, 

Asp or Asn.  

Proline cannot participate in hydrogen bond formation, so it introduces a kink in the 

polypeptide chain wherever it is present, thus resulting in the formation of a β-turn or bended 

structure. This steric hindrance produced by Proline, is counteracted by a Glycine residue in the 

middle of β-turn.  

This type of secondary structure is usually found at the surface of globular proteins that 

usually connects β-sheet.  
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4. Coils or loops  

Fig. 17:  Ramachandran plots with different secondary structures (Right handed α-helix, Left 

handed α-helix, Antiparallel β-sheet, Parallel β-sheet 

 

Figure 17:  Ramachandran plots with different secondary structures (Right handed α-

helix, Left handed α-helix, Antiparallel β-sheet, Parallel β-sheet 

Sometimes, there are significant amount of unordered structures in segments of 

polypeptide chain in which psi and phi angles are not equal. These unordered structures have coil 

or loop formation 

Collagen  

Collagen also provides strength to the cell, found in connective tissues like tendon, 

cartilage, bone matrix and cornea. It has a left-handed helix with three amino acid residues per 

turn of the helix. The dihedral angles ψ and φ are +153° and -51° respectively. Collagen is also a 

coiled coil protein in which three separate polypeptides α-chains are super twisted about each 

other. The collagen helix contains 35% Gly, 11% Ala and 21% Pro and 4-hyroxyprolone. These 

unusual contents of the amino acids impose the structural constraints in collagen helix. The 

collagen contains Gly-X-Y motif, where Pro is often found at X position and Y is 4-Hyp. At the 

tight junction of α-chain only Gly occurs. The Pro and 4-Hyp residues permit sharp twisting of 

the collagen helix. The amino acid sequence and the super twisted quaternary structure of 

collagen allow a very tight packing of its three polypeptide chain whereas 4-hydroxyproline has 

a structural role. The α-chains of collagen molecule of fibrils are cross-linked by covalent bonds 

involving Lys, 5-hydroxylysine, or His residue that are present at a few of the X and Y positions. 

These links create an uncommon amino acid residue such as dehydrohydroxy-lysinonorleucine. 

The tight wrapping of the α-chains in the collagen triple helix provides tensile strength which is 

greater than that of a steel wire of equal cross-section area. The triple helical collagen molecules 
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are also sometimes referred to as tropocollagen molecules. The collagen molecules are arranged 

in various ways to provide different degrees of tensile strength. 

Silk fibroin  

Silk fibroin is produced by insects and spiders. The silk fibroin structure does not stretch 

because it exists as extended structure. It contains β-conformation and is rich in Ala and Gly 

residues that promotes close packing of β-sheet and meshing of their side chains. The silk fibroin 

structure is stabilized by extensive hydrogen bonding and van der Waals interactions.  

List of common secondary structures in proteins with ideal ψ and φ torsion/Dihedral 

angles 

Sr. 

No. 

Type of Secondary Structure 

formed 

Dihedral Angles (Torsional angles) in 

degrees 

φ angle Ψ angle 

1.  Right-handed α-helix (3.613 – helix) -57 -47 

2.  Left - handed α-helix +57 +47 

3.  Right-handed 310-helix -49 -26 

4.  Right-handed 2.27-helix -78 +59 

5.  Parallel β-sheet -119 +113 

6.  Antiparallel β-sheet -139 +135 

7.  Collagen -51 +153 

8.  Right-handed ᴫ-helix (4.416 – helix) -57 -70 

Applications of Ramachandran Plot 

1. Prediction of quality of Protein structure: A good quality structure contains all the sets of 

torsional angles in the allowed area. A bad quality protein structure (low resolution) 

shows a large number of torsion angles in the disallowed regions. 

2. The torsion angle is applicable to any part of a molecule, which has a system of four 

atoms A, B, C and D connected linearly through covalent bonds. 

3. It is worthwhile to remember that this idea was conceived of and the laborious 

calculations had to be carried out at a time (1960-62) when computers did not make their 

appearance on the scientific scene and the only sophisticated tool available was the 

electric desk calculator. 

4. The concept of Ramachandran map first developed for proteins 

were also applied to other biopolymers such as nucleic acids and 

polysaccharides. 

5. Theoretically, it shows the possible values or conformations of the dihedral angles i.e ψ 

and φ for an amino-acid residue in a protein.  

6. Secondly, it is used for structure validations by allowing the empirical distribution of 

datapoints in a single structure. 

https://en.wikipedia.org/wiki/Chemical_conformation
https://en.wikipedia.org/wiki/Structure_validation
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SYNTHESIS, CHARACTERIZATION AND IN VITRO ANTIMICROBIAL 

SCREENING OF SOME REACTIVE DYES HAVING QUINAZOLINONE MOIETY 
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Chikhli, Navsari, Gujarat-396521, India 

 

Abstract:  

Some reactive dyes (6a-6l) having Quinazolin-4(3H)-one reactive system have been 

synthesized by coupling of diazotized 3-(4-(5-(4-aminophenyl)-1,3,4-oxadiazol-2-yl) phenyl)-2-

phenylquinazolin-4(3H)-one with cyanurated coupling components such as H-acid, J-acid, N-

methyl J-acid, Gamma acid, Peri acid, Sulpho Tobias acid, Koch acid, Bronner’s acid, Chicago 

acid, K-acid, N-Phenyl J-acid and M-acid. The synthesized dyes were characterized by nitrogen 

elemental analysis, IR, and 1H-NMR spectra. Their in vitro antimicrobial screening has been 

investigated. 

Keywords: Quinazolin-4(3H)-one, Diazotization, Coupling, Antimicrobial screening 

Introduction:  

Reactive dyes are colored compounds which contain one or two groups capable of 

forming covalent bonds between a carbon or phosphorus atom of the dye ion or molecule and an 

oxygen, nitrogen or sulphur atom of a hydroxy, an amino or a mercapto group, respectively, of 

the substrate. Such covalent bonds are formed with the amino, hydroxyl groups of cellulosic 

fibres, with the amino, hydroxyl and mercapto groups of protein fibres and with the amino 

groups of polyamides (Zollinger, 2003). Reactive dyes are known for their bright colors and very 

good to excellent light and wash fastness; however, their resistance to chlorine bleach is poor 

(Fox and Summer, 1986).  Reactive dyes are extensively used in the textile industry not only for 

cotton, but also for wool and silk because of their wide variety of color shades, high wet fastness, 

ease of application and brilliant colors.  

Quinazolinones are very important class of heterocyclic carrier systems of reactive dyes 

due to their high chromophoric potential. As a part of our continuous interest in the reactivity of 

Quinazolinone derivatives we have synthesized some reactive dyes having quinazolin-4(3H)-one 

moiety and investigated their applications as reactive dyes to silk, wool and cotton fiber (Patel 

and Patel, 2010). Advantages claimed for reactive dyes having Quinazolin-4(3H)-one moiety 

include high exhaustion, good levelness, high fastness, and good wash-off properties. Patel et al. 

(2019) have synthesized cold brand reactive dyes and hot brand reactive dyes for silk, wool, and 

cotton fibres. 
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The quinazoline ring is present in a number of alkaloids (Naik and Desai, 1990) which possess 

remarkable pharmacological activities against different bacteria and fungi and also plays a vital 

role in the synthesis of some useful colored product, which gives a variety of shades on different 

fibres (Bhatti and Seshadri, 2004; Abdel-Megeed et al., 2007).  

Experimental 

Materials and Methods 

The chemicals and reagents were obtained from Sigma-Aldrich and all the coupling 

components were received from Atul Ltd., Valsad, Gujarat, India and used without further 

purification. All melting points taken by open capillary method are uncorrected and are 

expressed in °C. TLC analysis was carried out on silica gel G F254-precoated aluminium sheets. 

IR spectra were recorded on a Shimadzu Model 8400S system using the potassium bromide 

wafer technique. 1H-NMR (400 MHz) and spectra were determined on Bruker Avance II in 

DMSO solvent using TMS as internal standard, UV-vis absorption spectra were recorded on a 

Thermo Scientific Evolution 300 Spectrophotometer at the wavelength of maximum absorption 

(λmax) using water as solvent. Elemental analysis (C, H, and N) were carried out using a CHN 

analyser, Carlo Erba, Italy. In vitro antimicrobial screening (antibacterial and antifungal) was 

performed using broth dilution method (Rattan, 2005). 

Synthesis of dyes 

Step 1: Synthesis of 2-phenyl-4H-benzo[d][1,3]oxazin-4-one  

To a stirred solution of 2-aminobenzoic acid (1.37 g, 0.01 mol) in pyridine (60 ml), 

benzoyl chloride (1.16 ml, 0.01 mol) was added dropwise, maintaining the temperature at 0-5 °C 

for 1 hour.  The reaction mixture was stirred for another 2 hours at room temperature until a solid 

product was formed.  The reaction mixture was neutralized with saturated Na2CO3 solution.  A 

yellow separated solid was filtered, washed with water and recrystallized from ethanol. 

Yield: 86 %, m. p. 192-193 °C.  

Step 2: Synthesis of 4,4'-(1,3,4-oxadiazole-2,5-diyl)dianiline  

4-Amino benzoic acid (1.37 g, 0.01 mol) and 50 ml methanol were refluxed on water 

bath for 3 hours with a few drops of concentrated H2SO4 as a catalyst.  After completion of the 

reaction, reaction mixture was poured onto ice cold water to give methyl 4-aminobenzoate. It 

was washed with NaHCO3 solution (5%), dried and recrystallized from methanol.  Methyl 4-

aminobenzoate (1.51 g, 0.01 mol) in 30 ml ethanol was added to hydrazine hydrate (0.015 mol) 

and refluxed on a water bath for 4 hours. After completion of reaction, excess ethanol was 

distilled off and the reaction mass was poured onto ice cold water to give 4-

Aminobenzohydrazide.  It was filtered, washed and recrystallized from methanol. 4-

Aminobenzohydrazide (1.51 g, 0.01 mol) and 4-amino benzoic acid (1.37 g, 0.01 mol) were 
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refluxed in 5 ml POCl3 for 8 hours.  After completion of the reaction, reaction mixture was 

poured onto ice cold water to give 4,4'-(1,3,4-Oxadiazole-2,5-diyl)dianiline. It was washed with 

NaHCO3 solution (5%), dried and recrystallized from methanol. 

Yield: 75 %, m. p. 428-430 °C.  

Step 3: Synthesis of 3-(4-(5-(4-aminophenyl)-1,3,4-oxadiazol-2-yl)phenyl)-2-

phenylquinazolin-4(3H)-one  

2-Phenyl-4H-benzo[d][1,3]oxazin-4-one (2.23 g, 0.01 mol) and 4,4'-(1,3,4-oxadiazole-

2,5-diyl)dianiline (2.52 g, 0.01 mol) were dissolved in pyridine (40 ml) and refluxed for 6 hours 

under anhydrous reaction conditions and then allowed to cool at room temperature.  The reaction 

mixture was then treated with ice cooled dilute HCl solution and stirred. A solid separated out 

which was filtered off and washed with water to remove any adhered pyridine. 3-(4-(5-(4-

aminophenyl)-1,3,4-oxadiazol-2-yl)phenyl)-2-phenylquinazolin-4(3H)-one thus obtained was 

dried under vacuum and recrystallized from ethanol. 

Yield: 88 %, m. p. > 450 °C.  

Step 4: Diazotization of 3-(4-(5-(4-aminophenyl)-1,3,4-oxadiazol-2-yl) phenyl)-2-

phenylquinazolin-4(3H)-one  

Sodium nitrite (0.69 g, 0.01 mol) was added to a cooled concentrated sulphuric acid (5 

ml) and then the mixture was warmed gradually on water bath at 65-70 °C. The solution was 

cooled to 0-5 °C and then a mixture of propionic acid (2 ml) and acetic acid (3 ml) was added to 

it. 3-(4-(5-(4-Aminophenyl)-1,3,4-oxadiazol-2-yl)phenyl)-2-phenylquinazolin-4(3H)-one (4.57 

g, 0.01 mol) was added gradually to a nitrosyl sulphuric acid paste at 0 °C, and then stirred for 

30 minutes, maintaining the temperature at 0-5 °C. After completion of reaction, excess of 

nitrous acid was destroyed using sulphamic acid.  

The diazotized solution at 0-5 °C was obtained and used for subsequent coupling 

reaction. 

Step 5: Cyanuration of H-acid 

Cyanuric chloride (1.85 g, 0.01 mol) was stirred in acetone (25 ml) at a temperature 

below 5 °C for a period of an hour. A neutral solution of H-acid (3.19 g, 0.01 mol) in aqueous 

sodium carbonate solution (10% w/v) was then added in small lots in about an hour. The pH was 

maintained neutral by simultaneous addition of sodium carbonate solution (1% w/v). The 

reaction mass was stirred at 0-5 oC for further 4 hours. The cyanurated H-acid solution was used 

for subsequent coupling reaction. 
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Step 6: Coupling of diazotized 3-(4-(5-(4-aminophenyl)-1,3,4-oxadiazol-2-yl) phenyl)-2-

phenylquinazolin-4(3H)-one with cyanurated H-acid: Synthesis of dyes (6a to 6l)                                                                                                                                                     

The above mentioned freshly prepared diazotized 3-(4-(5-(4-aminophenyl)-1,3,4-

oxadiazol-2-yl) phenyl)-2-phenylquinazolin-4(3H)-one was added to an ice cooled and well 

stirred solution of cyanurated H-acid over a period of 10-15 minutes. The pH was maintained at 

8.0 to 8.5 by simultaneous addition of sodium carbonate solution (10% w/v) and stirring was 

continued for 4 hours. Sodium chloride (15 g) was then added and the mixture was stirred for an 

hour. The solid dye separated out was filtered, washed with minimum amount of acetone and 

dried. 

Following the above procedure, other reactive dyes 6b to 6l were synthesized by using 

various cyanurated coupling components such as J-acid, N-Methyl J-acid, Gamma acid, Peri 

acid, Sulpho Tobias acid, Koch acid, Bronner’s acid, Chicago acid, K-acid,  N-Phenyl J-acid and 

M-acid. All the synthesized dyes were recorded in Table 2. 
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Table 1: Various coupling components (a-l), arrow indicates coupling position 

Dye 

No. 

Coupling 

component 
Structural formula 

Dye 

No. 

Coupling 

compone

nt 

Structural formula 

6a H-acid 

 

6g Koch acid 

 

6b J-acid 

 

6h 
Bronner’s 

acid 

 

6c 
N-Methyl 

J-acid 
 

6i 
Chicago 

acid 
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6d 
Gamma 

acid 
 

6j K-acid 

 

6e Peri acid 

 

6k 
N-Phenyl 

J-acid 

 

6f 
Sulpho 

Tobias acid 

 

6l M-acid 

 

 

 

Where, R= various cyanurated coupling components. 

Table 2: Characterization of reactive dyes of the type 

Dye 

No. 

Coupling 

component 

(R) 

Molecular Formula 

Mol. 

Weight 

g /mol 

Yield 

(%) 

m. 

p. 

°C 

Nitrogen % 
Rf 

Value 
Found Req. 

6a H-acid 
C41H22Cl2N10Na2O9

S2 
979.69 81 

>30

0 
14.24 

14.3

0 
0.56 

6b J-acid C41H23Cl2N10NaO6S 877.65 82 
>30

0 
15.90 

15.9

6 
0.62 

6c 
N-Methyl J-

acid 
C42H25Cl2N10NaO6S 891.68 78 

>30

0 
15.64 

15.7

1 
0.63 

6d Gamma acid C41H23Cl2N10NaO6S 877.65 82 
>30

0 
15.90 

15.9

6 
0.64 

6e Peri acid C41H23Cl2N10NaO5S 861.65 81 
>30

0 
16.18 

16.2

6 
0.57 

6f 
Sulpho Tobias 

acid 
C41H23Cl2N10NaO5S 861.65 78 

>30

0 
16.17 

16.2

6 
0.56 
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6g Koch acid 
C41H21Cl2N10Na3O11

S3 

1065.7

3 
85 

>30

0 
13.07 

13.1

4 
0.63 

6h Bronner’s acid C41H23Cl2N10NaO5S 861.65 79 
>30

0 
16.20 

16.2

6 
0.57 

6i Chicago acid 
C41H22Cl2N10Na2O9

S2 
979.69 83 

>30

0 
14.25 

14.3

0 
0.62 

6j K-acid 
C41H22Cl2N10Na2O9

S2 
979.69 79 

>30

0 
14.22 

14.3

0 
0.56 

6k 
N-Phenyl J-

acid 
C47H27Cl2N10NaO6S 953.75 86 

>30

0 
14.62 

14.6

9 
0.54 

6l M-acid C41H23Cl2N10NaO6S 877.65 78 
>30

0 
15.90 

15.9

6 
0.58 

Table 3: IR and 1H-NMR spectral data of dyes (6b, 6e and 6g) 

Dye 

no. 
IR (KBr): νmax (cm-1) 

1H-NMR (D2O) chemical shift 

in δ ppm 

6b 

3510 (O-H), 3440 (N-H), 1667 (C=O), 1635, 

1407 (C=C), 1450 (N=N), 1370 (O-H), 1440 

(C-N), 1190 (C-O-C), 880 (C-Cl) 

4.75 (s, 1H, -OH),  

3.92 (s,1H, -NH-),  

7.24-7.84 (m, 21H, Ar-H) 

6e 

3440 (N-H), 1710 (C=O), 1640, 1414 (C=C), 

1455 (N=N), 1439 (C-N), 1192 (C-O-C),  879 

(C-Cl) 

3.40 (s, 3H, -CH3),  

6.71-8.12 (m, 22H, Ar-H) 

6g 

3451 (N-H), 1699 (C=O), 1652, 1414 (C=C), 

1455 (N=N), 1378 (O-H), 1440 (C-N), 1261 (C-

O-C), 880 (C-Cl) 

3.98(s,1H, -NH-),  

6.78-7.95 (m, 20H, Ar-H) 

 

Result and Discussion: 

Visible Absorption Spectra 

The visible absorption spectra of all synthesized dyes have been recorded in water and 

observed in the range of 550- 410 nm. The introduction of electron donating or electron 

attracting groups at the suitable position in the coupler ring affected the absorption characteristic 

of dyes. Some substances appear colored due to the presence of such functional groups like C=C, 

C=O, N=N, etc. which are capable of absorbing visible and/or ultraviolet radiation (800-200 

nm). Such functional groups, which confer color on substances, are known as chromophores. 

Auxochrome is a functional group which does not absorb radiation longer than 200 nm, but when 

attached to a given chromophore, it causes a shift in absorption to longer wavelength and also 

increases the depth of absorption. Dyes 6a-6l consist of many chromophoric groups like C=O, 

N=N, etc. These chromophores are capable of absorbing visible and/or UV radiation (800-200 

nm) to exhibit a color. With comparison of dyes 6a-6l, dyes 6a-6d and 6i-6l have λmax greater 

than 6e-6h because 6a-6d and 6i-6l having hydroxyl group (auxochrome) which extends the 
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conjugation due to the lone pair of electrons on the oxygen atom. Dye 6a has highest absorption 

maxima due to the presence of -OH and -NH2 groups and more places for oscillation of 

electrons. This effect is slightly lower than other dyes because of fewer electrons. Moreover, the 

chromophoric group -N=N- is attached ortho to -OH group, causing resonance effects, which in 

turn increases λmax. The magnitude of bathochromic shift depends on the nature of substituents 

at the terminal amino group. The introduction of auxo-chromic group, like sulfonic acid group 

which causes bathochromic shift by increasing polarizability in the dye molecule.  

IR Spectra 

The IR spectra of dyes (Table 3) showed characteristic broad absorption band at 3503-

3562 cm-1 corresponding to the O-H stretching vibration of -OH group, N-H stretching vibration 

of secondary amine at 3445-3451 cm-1, C-H stretching vibration of -CH2- group at 2982 cm-1, 

C=C stretching vibration of aromatic ring at 1638-1652 cm-1 and 1408-1414 cm-1, N=N 

stretching vibration of azo group at 1455 cm-1, C-N stretching vibration of tertiary amine group 

at 1439-1440 cm-1, S=O stretching vibration of -SO3Na group at 1154-1191, and 1048-1095 cm-1 

and C-Cl stretching vibration of chloride group at 879-880 cm-1. 

1H-NMR Spectra 

1H-NMR spectra of dyes (Table 3) singlet at 3.90-3.93 ppm of -NH- protons, singlet at 

4.70- 4.85 ppm of -OH protons, singlet at 3.44 ppm of –CH3 protons and multiplet at 6.78-8.10 

ppm of Ar-H protons. 

Antimicrobial screening 

All the synthesized reactive dyes samples (6a-l) were screened for their antibacterial and 

antifungal activity (MIC) in vitro by broth dilution method with two Gram positive bacteria S. 

aureus (MTCC 96), S. pyogenes (MTCC 442) and two Gram negative bacteria E. coli (MTCC 

443), P. aeruginosa (MTCC 1688) and fungi C. albicans (MTCC 227), A. niger (MTCC 282) and 

A. clavatus (MTCC 1323) organisms taking ampicillin, chloramphenicol, nystatin and 

greseofulvin as standard drugs. 

Antibacterial activity 

Dye 6i showed excellent activity against E. coli and equipotential activity against 

P.aeruginosa while very good activity was seen against S. aureus and good activity against S. 

pyogenuswith respect to the standard drug Ampicillin. Dye 6h showed equipotential activity 

against E. coli, P. aeruginosa and S. aureus with respect to the standard drug Ampicillin. Dyes 6k 

and 6d showed equipotential activity against E. coli while dye 6b showed equipotential activity 

against P. aeruginosa and very good activity against S. aureus with respect to the standard drug 

Ampicillin. Dyes 6c showed excellent activity against S. aureus and equipotential against S. 
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pyogenus while dye 6k showed excellent activity against S. aureus with respect to standard drug 

Ampicillin. Antibacterial activity data were shown in Table 4. 

Table 4: Antimicrobial activity data of reactive dyes 6a-l. 

Dye No. 

Minimal bactericidal concentration (MBC) 

(ug/ml) 

Minimal fungicidal 

concentration (MFC) 

(ug/ml) Gram-negative Gram-positive 

E. coli 

MTCC443 

P. 

aeruginosa 

MTCC 

1688 

S. 

aureus 

MTCC 

96 

S. 

pyogenes 

MTCC 

442 

C. 

albicans 

MTCC 

227 

A. 

niger 

MTCC 

282 

A. 

clavatus 

MTCC 

1323 

6a 250 250 500 250 100 250 250 

6b 500 100 200 500 100 200 200 

6c 500 200 100 100 500 1000 1000 

6d 100 200 500 500 500 500 500 

6e 250 500 500 500 250 1000 1000 

6f 250 500 500 500 250 500 500 

6g 200 200 1000 1000 200 200 250 

6h 100 100 250 500 500 500 500 

6i 62.5 100 200 100 1000 1000 1000 

6j 500 500 500 100 250 1000 1000 

6k 100 500 100 500 250 500 500 

6l 500 250 500 500 500 500 500 

Ampicillin 100 100 250 100 - - - 

Chloramphenicol 50 50 50 50 - - - 

Nystatin - - - - 100 100 100 

Greseofulvin - - - - 500 100 100 

 

Abbreviations: E. coli, Escherichia coli; P. aeruginosa, Pseudomonas aeruginosa; S. aureus, 

Streptococcus aureus; S. pyogenes, Streptococcus pyogenes; C. albicans, Candida albicans; A. 

niger, Aspergillus niger; A. clavatus, Aspergillus clavatus; MTCC, microbial type cultural 

collection. 

Antifungal activity 

Dyes 6a and 6b showed equipotential activity against C. albicans with respect to the 

standard drug Nystatin. Dye 6g and showed very good activity against C. albicans while dyes 6c 

and 6h showed equipotential activity against C. albicans with respect to standard drug 

Greseofulvin. Antifungal activity data were shown in Table 4. 

The results demonstrate that certain dyes are able to reduce microbial growth in the case of E. 

coli and C. albicans. Therefore selected dyes would be valuable for the coloring of sheets and 

gowns for hospital use. 
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Conclusion: 

A series of twelve new reactive dyes 6a–l were synthesized easily by the conventional 

method in good yield and the dyes 6i, 6h, 6k, 6d and 6c showed good activity against selected 

bacteria and dyes 6a and 6b showed good activity against selected fungi. 
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INTRODUCTION TO HETEROCYCLIC COMPOUNDS 

Sachin V. Patil 
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Heterocyclic compounds has great importance in Pharmaceutical Industry due to their 

biological importance. Most of the pharmaceuticals and agrochemicals used popularly are 

heterocyclic compounds. One outstanding structural features essential to heterocycles, which 

continue to be conquered to great advantage by the drug industry, lies in their capability to 

evident substituents around a core framework in well-defined three dimensional illustrations. 

Heterocyclic compounds have contributed a lot in the development of society from a biological 

and industrial point of view as well as in improving the quality of life. Among the 20 million 

chemical compounds acknowledged till today, more than two-thirds are aromatic and 

approximately half of the compounds are heterocyclic.  

History of Heterocycles:  

Heterocyclic compounds establish one of the most important classes of organic 

compounds. It was found that the heterocyclic chemistry began in the 1800's, in step with the 

development of organic chemistry.  There was a massive bang of research in the arena of 

heterocycles after World War II. Out of total chemicals recorded in Chemical abstract, half of 

compounds are heterocyclic compounds.  Heterocyclic chemistry is one of the most complex and 

fascinating branch of organic chemistry and heterocyclic compounds found the largest and most 

diverse family of organic compounds. Many extensive features of heterocyclic chemistry are 

predictable as disciplines of general consequence that impact on almost all features of modern 

organic chemistry, medicinal chemistry and biochemistry. 

Large number of heterocyclic compounds occur naturally and their functions are often of 

fundamental importance to living systems.  This is the fact that out of the twenty top selling 

drugs, eighteen fall into the heterocyclic category. Out of total work published in organic 

Chemistry, more than 70 percent work is related to heterocyclic chemistry. In sight of the 

noteworthy biological activity unveiled by heterocyclic compounds, emerging, newer synthetic 

methodology for heterocyclic creation has been an area of enormous attention. Heterocyclic 

compounds deal a high degree of structural variety and have recognized to be approximately and 

economically useful as therapeutic agents.  Heterocyclic compounds can be defined as an organic 

compounds which contain at least one atom of carbon and at least one element other than carbon, 

such as sulphur, oxygen or nitrogen within a ring structure. Thus combination of oxygen, 

nitrogen, sulfur or an atom of a related element into an organic ring structure in place of a carbon 
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atom gives rise to a heterocyclic compound. These structures may include either simple aromatic 

rings or non-aromatic rings.  Heterocycles with three atoms in the ring are more reactive because 

of ring strain. Those containing one heteroatom are in general, stable and those with two 

heteroatoms are more likely to occur as reactive intermediates. Heterocyclic compounds showed 

a dynamic role in biological processes and are wide spread as natural products. These are 

extensively found in nature mainly in nucleic acids, plant alkaloids, anthocyanins and flavones as 

well as in haem and chlorophyll. 

 Also some vitamins, proteins, hormones also contain aromatic heterocyclic system. 

Numbers of heterocyclic compounds were designed and synthesized chemists and are used as 

agrochemicals and pharmaceuticals and play an important role in human life. Heterocycles have 

enormous potential as the most promising molecules as lead structures for the design of new 

drugs. In all kinds of heterocyclic compounds, presence of heteroatoms plays an important role 

especially sulphur and nitrogen-containing heterocyclic compounds have preserved the curiosity 

of investigators through decades of historical development of organic synthesis. However, 

heterocycles with other heteroatoms such as oxygen, phosphorus and selenium also appears. 

Many natural drugs  

such as papaverine 1, theobromine 2, quinine 3, emetine 4, theophylline 5, atropine 6, 

procaine 7, codeine 8, reserpine 9 and morphine 10 are heterocycles.    
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Well known drugs such as diazepam 11, chlorpromazine 12, isoniazid 13, metronidazole 

14, azidothymidine15, barbiturates16, antipyrine 17, captopril 18 and methotrexate 19 are 

heterocycles. Some dyes (e.g. mauveine 20), luminophores, (e.g. acridine orange 21), pesticides 

(e.g. diazinon 22) and herbicides (e.g. paraquat 23) are also heterocyclic in nature. All these are 

naturally available heterocyclic compounds and they plays important role in biological processes 

like transmission of nerve impulses, sight, metabolism and the transfer of hereditary information 

etc. for example  vitamins, enzymes, coenzymes, nucleic acids, ATP and serotonin.  

Why does nature utilize heterocycles?  

The answer to this question is proven by the fact that heterocyclic compounds are capable 

to get involved in surprisingly wide range of reaction types. Depending on the pH of the 

medium, they may behave as acids or bases, forming anions or cations. Some interact readily 

with electrophilic reagents, others with nucleophiles, yet others with both. Some are easily 

oxidized, but resist reduction, while others can be readily hydrogenated but are stable toward the 

action of oxidizing agents. Certain amphoteric heterocyclic systems simultaneously demonstrate 

all of the above-mentioned properties. The ability of many heterocycles to produce stable 
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complexes with metal ions has great biochemical significance. The presence of different 

heteroatoms makes tautomerism ubiquitous in the heterocyclic series. Such versatile reactivity is 

linked to the electronic distributions in heterocyclic molecules. Evidently, all the natural  

products and the synthetic drugs mentioned above are  good examples of nature’s preference for 

heterocycles  whose biological activity cannot be determined by one or  a combination of two or 

three of the above mentioned  properties.  

  Synthetic heterocycles have extensive beneficial  uses such as antibacterial, antifungal, 

antimycobacterial, trypanocidal, anti-HIV activity, antileishmanial, genotoxic, antitubercular, 

antimalarial, herbicidal,  analgesic, antiinflammatory, muscle relaxants  anticonvulsant, 

anticancer and lipid peroxidation inhibitor,  hypnotics, antidepressant, antitumoral, anthelmintic 

and  insecticidal agents. There are bigger number of synthetic heterocyclic molecules with some 

other important applications such as fungicides, herbicides, anticorrosive agents, 

photostabilizers, agrochemicals, dyestuff, copolymer, photographic developers, fluorescent 

whiteners, sensitizers, booster agent, antioxidant in rubber and flavouring agent etc.  

N
H

N

NH2

O N
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Pyrimidine (cytosine 24, thymine 25 and uracil 26) and purine (adenine 27 and guanine 

28) derivatives are monocyclic and bicyclic heterocycles with two and four nitrogen atoms, 

respectively. They are the key components of the deoxyribonucleic acid (DNA) molecules and 

participate directly in the encoding of genetic information. They pass the information to the 

related ribonucleic acid (RNA) molecules that control, the sequence of amino acids in protein 

synthesis.  

Vitamins in the B group thiamine 29, folic acid 30, riboflavin 31 are nitrogen-containing 

heterocycles which function either as coenzymes or their precursors.  Vitamins like ascorbic acid 

32 (vitamin C) and tocopherol 33 (vitamin E) which are essential for and these are also 

heterocycles which contain oxygen as heteroatom.  

The essential amino acid proline 34, histidine 35 and tryptophan 36, photosynthesizing 

pigment chlorophyll, the oxygen transporting pigment haemoglobin, the hormones kinetin 37, 

heteroauxin 38, cytokinins 39, neurotransmitter serotonin 40, histamine 41 respectively are 

successful applications of heterocyclic compounds.  The incorporation of a heteroatom in a 

cyclic molecule showed new important and useful properties. Heterocycles are chemically more 
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flexible and better able to respond to the many demands of biochemical systems.  The 

continuously hastening rate of research and development in heterocyclic chemistry has added 

vast number of heterocyclic systems which are now well known and this number is increasing 

very rapidly. 
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Heterocycles in drug discovery: 

Every day chemists are synthesizing huge numbers of new heterocyclic compounds. 

These synthesis are based on based on theoretical considerations, medicinal chemistry, biological 

mechanisms or a combination of all three. Due to massive advances in biochemistry, physiology, 

pharmacology and geneticist it becomes more easy for understanding of the structure and 

function of important drug targets e.g. enzymes and receptors and that how drugs can be 

designed for these targets and accordingly the new drugs are synthesized.The current benefits in 

the manufacture of big, searchable libraries of organic compounds have caught the imagination 

of organic chemist and the drug discovers community. Hard work in numerous laboratories 

focused on the introduction of chemical diversity is freshly studied and pharmacologically 
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fascinating molecules have been recognized from libraries of broadly dissimilar structures. 

Heterocyclic compounds conquer key point in the zone of drugs and pharmaceuticals. Almost 

more than 70-80% of the drugs used in medical are based on heterocyclic composition since they 

have specific chemical reactivity. Widely large number of drugs which are introduced in 

pharmacopeia’s now a days are heterocyclic compounds. Eexploration for biologically important 

compounds is the impelling cause in pharmaceutical synthesis. Meanwhile the widely held new 

molecules in clinical studies encloses at least one heterocyclic nuclei predominantly. Thus, there 

is permanently a specific need for novel heterocyclic ring systems, both for finding new hit 

structures and in optimization of lead compounds. Significant drugs, poisons and medicines like 

sulphathiazole 42, pyrenthrin 43, rotenmone 44, alpidem 45, zolpidem 46, fluconazole 47, 

strychnine 48, reserpine 49, caffeine 50, cocaine 51, barbiturates 52, etc. are heterocyclic 

compounds.  
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A widespread variety of existing drugs such as chlordiazepoxide 53 (tranquillizer), 

imipramine 54 (antidepressant), guanethidine 55 (antihypertensive), indapamide 56 (diuretic and 

antihypertensive), etc. are heterocyclic compounds. Many antibiotics such as penicillin 57, 

cephalosporin 58, norfloxacin 59, streptomycin 60
 

etc. are also contain heterocyclic ring.  
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Heterocyclic compounds have pronounced applications in pharmaceutics because of their 

specific chemical reactivity. The majority of synthetic heterocyclic compounds have widely used 

because of their different biological applications like anticancer agents, anti-tubercular, 

analeptics, analgesic, hypnotics and as pesticides, insecticides and weed killers. Heterocyclic 

compounds are enormous, their chemistry is complex and synthesizing them requires great skill. 

Advances in organic chemistry have made possible the synthesis of complex molecules.  

Conclusion:  

In the field of pharmacy there is always a need for new and novel chemical entities with 

diverse biological activities. Heterocyclic compounds plays an important role in our day to day 

life.  The vast applications of heterocyclic compounds in pharmaceutical filed encouraged us to 

take up the synthesis of new heterocyclic compounds and it is also of attention to develop and 

design a new synthetic procedures for certain heterocyclic compounds which could be a new and 

more effective in pharmaceutical point of view. 
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Abstract: 

 This is the era of contagious viruses and lethal pandemics. Many viruses are currently 

under concern as far as the human/animals health, societal/economical and sustainable 

developmental prospects are concerned. Thus, the present book chapter is an attempt to put a 

fresh and decent understanding on the virus called lumpy virus. The chapter highlights the 

important characteristics of lumpy virus, its classification, the understanding about disease 

caused by this virus. The clinical signs, transmittance, diagnosis and treatment strategies are, 

incorporated to provide a significant scientific knowledge on this virus. The chapter also 

emphasized recent case studies on lumpy virus under the shed of various important domains such 

as biomedical, veterinary, societal and economic prospects. The present chapter gives a deep 

insight to clear understanding about lumpy virus and its lethal effects on cattle.      

Keywords: Lumpy Virus, Clinical Signs, Transmittance, Diagnosis, Treatment and Case 

Studies. 
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Introduction: 

 The recent deaths of the cattle, the increased financial losses to the ranchers, and the lack 

of milk production owing to the lumpy skin disease virus calls for the need to deeply understand 

the mechanism of action of the pathogen (Babiuk et al., 2008), its transmission (Sprygin et al., 

2008), and the risks associated with it (Ochwo et al., 2019). Development of this disease in the 

cattle notably results in high mortality rates, damage to hides, infertility, and mastitis as well (K. 

Al-Salihi, 2014). 

Clinical signs 

 The first clinical sign that is usually observed is a fever of 41℃ (Davies, 1991). The 

fever can last from 14 days to 21 days. An appearance of nodules (0.5 – 4 mm in diameter 

approx.) may be observed on the skin, which can eventually lead to necrosis (Sprygin et al., 

2018). The mucosal membrane of the digestive tract, oral cavities, nasal cavities, and the skeletal 

muscles may also exhibit the presence of such lesions (Weiss, 1968). The occurrence of nodules 

is observed on the neck, back, thigh, brisket, leg, perineum, muzzle, and udder. Moreover, 

lymphadenitis, anorexia, hurried respiration, lameness, and reluctance to move accompanied by 

lachrymation, salivation, and nasal discharge occurs. Organic and inorganic parameters of the 

serum carried out in the laboratory suggested the decrease in calcium, magnesium, zinc, iron, 

calcium, and organic phosphorus in the diseased cattle (Sprygin et al., 2018). 

Classification 

 Lumpy skin ill is understand by several alias such as- ‘Pseudo-urticaria’, ‘LSD ’, 

‘exanthema nodularis bovis’, ‘Neethling virus disease’, and ‘knopvelsiekte’(Tania Gupta, et al 

2020). The lumpy skin disease virus (LSDV) is related to the genus Capripox viruses (CapVs) of 

the Poxviridae family. The largest viruses that can cause infections in the domestic animals, 

except dogs, belong to the family Poxviridae. The Capripoxvirus genera is one of the eight 

genera belongs to the subfamily of Chordopoxvirinae like- (i) the poxviruses of vertebrates, (ii) 

the Goat Pox Virus (GTPV), (iii) the Sheep Pox Virus (SPPV) and (iv) the Lumpy skin disease 

virus (LSDV) (Endalu Mulatu and Abdi Feyisa, 2018).   

Transmission 

 The disease has been observed to appear during warm and humid conditions that prevail 

on the onset of seasonal rains, which is extremely suitable for the increase in population of the 

vectors. Vectors such as blood suckling arthropods, including various flies, mosquitoes, and ticks 

infect the host by the transmission of the virus from the infected animal. Vectors come in contact 

of the virus, which is strongly attached to the tissues of the dermis and persists on the lesions for 

longer periods. Another possible spread can occur through infected blood, semen, saliva, nasal 

and lachrymal secretions, as well as the milk of the infected animals. Care needs to be taken 
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during vaccination as the virus can also be transmitted if the same syringe is used for several 

animals. (Endalu Mulatu and Abdi Feyisa, 2018).  

Diagnosis and Treatment 

 Veterinarians are dependent upon typical clinical patterns like morbidity and mortality as 

it is challenging to diagnose LSD due to the lack of logistics and familiarity. The collected 

samples must be conveyed in 20 to 50% glycerol in phosphate buffer (basic) (Gupta et al., 2020). 

However, the efficient diagnostic tools such as transmission electron microscopic (TEM), 

polymerase chain reaction (PCR) test, antigentrapping enzyme-linked immunosorbent assay 

(ELISA), and immunoperoxidase (IMP) staining is incorporated for a confirmed diagnosis 

(Tuppurainen et al., 2018). 

 A specific treatment for LSD does not exist. Although, treatments that support and 

relieve the infected animals of clinical signs and control the secondary complications are 

provided. The utmost important techniques to avert the feast of this disease is to restrict the 

movement of infected animals and / or vectors (G. Ayelet, et al 2014).    

Recent case studies: scientific – socio and economic domains 

 This part of the chapter is highlighting the selective case studied on lumpy virus. Most of 

among are very fresh studies thus they can provide an innovative understanding about this virus. 

The case studies have been included various clinical, diagnostically, societal and economic 

prospects thus gaining an interdisciplinary knowledge on this virus. As we, all know well, insects 

that feed on cattle blood transmit the lumpy virus. Thus, it is a serious issue as it spreads through 

blood-sucking vectors, which multiply during the monsoon. In addition, it is very difficult to 

eradicate due to its subclinical infections. The infertility occurs among infected cows and bulls. 

The lumps, which appear as nodules around different parts of the body gradually, open up like 

large and deep wounds, which are tough to heal. These infection leads to even death of the cattle, 

if not properly treated.  

 Thus the economic concerns are a significant domain to acknowledge and understand. 

With this regards, Chouhan et al. (2022) worked on the economic aspects of lumpy virus in 

Bangladesh. They used two main districts of Bangaladesh Mymensingh and Gaibandha. Total 

1187 cattle from 150 farms were selected for investigation during the time frame from October 

2019 to June 2020. They reported comparatively high amount of economic loss alongwith each 

infected case that was found in Mymensingh district (approx 120.58 US $.) than Gaibandha 

district (approx 96.61 US $). This study revealed the economic and social losses incurred due to 

LSD. 

 Recently, Limon et al. (2020) evaluated economic impact of lumpy virus in Northeast 

Nigeria during the August 2017 to January 2018 period. Total 99 farmers (87 backyard and 12 

transhumance) were selected for study. They reported that young population of cattle’s were 
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more affected than adults. Overall losses from US $9.6 to US$6,340 for various prevention 

activities like vaccination, antibiotics etc. at form level. 

 LSD causes considerable economic losses due to less reproductive capability, decrease in 

physical and mental ability, unidentified or unseen harm, miscarriage or abortion, loss of milk 

production and mortality (Tuppurainen and Oura, 2012). Due to the increasing use of plastic 

nowadays, bags that are more plastic are found inside the digestive system of cows, which 

somehow suppresses the metabolism, and henceforth, the immunity of the cattle. This makes 

cattle more susceptible to infection. The ability to produce milk becomes compromised in cattle 

infected with this disease. It drastically affects the diary-based economy. Recent reports from 

Ethiopia indicated that the loses in various product of dairy and meat industry, death, handling 

and injection expenses in separate head of local zebu were lost 6.43 USD and for the Holstein 

Friesian 58 USD (Gari et al., 2010). 

 In a recent work by Flannery et al (2022) investigated an unusual strain of lumpy skin 

disease virus in Hong Kong. Whole genome sequencing (WGS) and phylogenetic analysis were 

performed on the isolated virus. This reports reviled the path of lumpy virus outbreaks in Hong 

Kong. They reported that due to genome sequencing development of vaccination carried out in 

easy way. 

 In another recent significant contribution by Van Schalkwyk et al. (2022), explore the 

changes between the different strains of lumpy skin disease virus. They isolated virus from 

Africa region isolates between 1954 and 2018. They recorded the first evolutionary metric for 

this lethal lumpy skin disease virus. They performed the important WGS and phylogenetic 

investigation of isolated virus. Upon the basis of above studies, they concluded that the evolution 

could be possible through proliferation in vitro condition without any pressure related to the 

animal host selection generated mainly non-synonymous singe nucleotide polymorphisms in 

viral genes.       

 A recent and eye-catching original research article by Wang et al. (2022) worked on the 

performance investigation of vaccine on lumpy virus. For analysis they select flies near the 

western border of China and they successfully reported the first LSDV DNA detection vaccine. 

They selected 22 flying insects and performed polymerase chain reaction (PCR) test for further 

studies. In their studies, they found that the only 2 flies among the 22, namely Musca domestica 

L and the Muscina stabulans were shown a positive result for lumpy skin disease virus. 

 In a thought, provoking work by Krotova et al. (2022) on the deep investigation of 

phylogenetic analysis of lumpy skin disease virus which are isolated in Russia during year 2019 

to 2021. The present study explores the pattern of molecular evolution and the routes of 

migration. They work enthusiastically on RPO30 and GPCR gene regions of lumpy skin disease 

virus which are isolated from Siberia and the Far East region of Russia during the year 2019-
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2021. They reported that isolated lumpy skin disease virus exhibits great similarity to the Asian 

isolates. 

 Similarly, a recent with high thought put analysis work by Krotova et al. (2022) 

investigated deep insights to bioinformatic analysis of the strains of lumpy skin disease virus. 

They performed the complete genome sequencing of two strains of lumpy viruses isolated from 

Russian, namely the Khabarovsk/2020 and Tomsk/2020 strains.    

 The Maw et al. (2022), first reported the of lumpy skin disease viruses in Myanmar and 

they performed the molecular analysis of the isolated viruses. The total 180 cattle were selected 

for investigation purpose. They reported that the 13 cattle were found positive by RT-PCR 

method. They concluded that lumpy skin disease virus in Myanmar exhibited 100% similarities 

or almost similar to the currently isolates from Bangladesh and India.   

 Another fresh work by Singhla et al. (2022) studied 26 Lumpy Skin Disease -suspected 

cows during July to September 2021 in northern Thailand and done molecular analysis. G-

protein coupled chemokine receptor (GPCR) genes were used for Phylogenetic Analysis. They 

reported all 26 samples were positive for Lumpy Skin Disease Virus. Among these 24 strain 

were similar to Asia sequence. 

 Sethi et al. (2022) performed a Molecular epidemiology of lumpy skin disease, during the 

August 2020 in Odisha, India. They used 452 animals for investigation purpose. They reported 

that 63 animals were affected with Lumpy Skin Disease Virus. They found that the reported 

virous is 100% identical to the isolated virus from other regions of India. This virus is also 

similar to the other countries like Bangladesh, Egypt and Saudi Arabia. The Investigators have 

also reported the morbidity rate of 13.93% from this virus. 

 Thus, the above selected and recent case studies are a solid example of the impact of this 

virus on various domains and the research interest shifts of professional scientific community in 

this area. 

Conclusion: 

 The contagious viruses like lumpy virus are serious issues in the diverse domains of 

biomedical sciences, veterinary sciences and associated technologies. The understandings about 

the characteristics, the scientific classification, transmission and diagnostics are important to 

understand this disease properly and act for its remediation as well as policies making 

accordingly. By reviewing the recent case studies on lumpy virus, it is concluded that this we 

should give a significant attention to this and related viruses. Their transmission and treatment 

can be useful to understand the biology, transmission as well as treatment of similar or related 

viruses and can be a good biological future model for other contagious virus studies under the 

shed of scientific, societal and economic domains. 
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Abstract: 

 Intermolecular free length (Lf) and excess acoustical parameters such excess isentropic 

compressibility (βs
E), excess acoustical impedance (ZE) is very important tool for the 

determination of internal structure and intermolecular interaction of pure liquids and liquid 

mixtures. Intermolecular free length (Lf), excess isentropic compressibility (βs
E), excess 

acoustical impedance (ZE) was computed for butan-2-ol and dodecane system from free length 

theoretical model over the entire concentration range from 298.15-318.15 K and 1atm pressure. 

The variation of these thermo-acoustical parameters with concentration at different temperatures 

helpful in understanding the molecular interactions between the different components of liquids. 

Non-linear variation of excess acoustical parameters confirms the molecular association in term 

of compressibility factor. 

Keywords: Free length theory, Excess acoustical parameters, Molecular interaction, Binary 

liquid. 

Introduction: 

 In recent years acoustical analysis based on ultrasonic method has become a powerful 

tool in the prediction of various physico-chemical and thermodynamic properties of 

multicomponent liquid mixture. These properties play a significant role in the construction of 

predictive models and development of processing and product formulation Nori et al. (2020) in 

various pharmaceutical and industrial applications. The variation of intermolecular free length 

and excess acoustical parameters with molar concentration helpful in the prediction of molecular 

interactions Nain et al. (2020) present in the liquids when they are mixed. The result obtained 

from these molecular interactions of liquids at different temperatures helpful in the preparation 

and the preservation of food and various pharmaceutical items such as liquid injections, syrup, 

tablets, and drug doses Chimankar et al. (2021) An exhaustive literature survey reveals that 

various researcher Natarajan et al. (2011) and Santhi et al. (2012) have evaluated ultrasonic 

velocity and excess acoustical parameters from statistical Flory et al. (1965) as well as other 

theoretical liquid state models Nomoto et al. (1958) and Dael et al. (1968) and compared with 

experimental values at different temperatures and predict the molecular interactions. Pandey et 
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al. (1991) and his coworker perform experimental and theoretical acoustical analysis to describe 

various thermodynamic and physico-chemical properties of binary liquid mixtures at different 

temperatures. Shukla et al. (2017) predicts intermolecular association among the weakly 

interacting liquids using associated and non-associated liquid state models at different 

temperatures. In the continuation of previously published work Awasthi (2021), this paper 

concerns with theoretical analysis of excess acoustical parameters and intermolecular free length 

of polar and nonpolar liquid mixtures from 298.15-318. 15K.Theoretical results of ultrasonic 

velocity obtained from free length liquid state model Jacobson (1952) compared and tested with 

literature values Peleteiro et al. (2004). The purpose of this work was to evaluate the 

intermolecular free length and excess acoustical parameters and to predict the molecular 

interactions of binary liquid mixture at different temperatures. 

Modeling: 

Free length theory 

Jacobson proposed a theoretical model which relates intermolecular free length (Lf), density and 

ultrasonic velocity 

U =
K

(Lfρ
1

2⁄ )
                        (1) 

Where K is temperature dependent constant.  

Lf = {
2Va

Y
}                             (2) 

Where Y is surface area of molecule, Va = (Vm – V0) is available volume, Vm and V0 are molar 

volume of pure liquid at experimental temperature and absolute zero temperature respectively. 

U = {
KY

(2Vaρ
1

2⁄ )
}                       (3) 

For binary system equation (1) can be written as: 

 

UFLT = [
K(X1Y1 + X2Y2)

2{VM,T − (X1V1
0 + X2V2

0)}ρMix
2

]       (4)              

 

Where VM, T is molar volume. 

Molar volume: 

VM,T =
(X1M1 + X2M2)

ρMix
               (5) 

Where M1 and M2 are molecular weight of pure liquids. 
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Excess isentropic compressibility: 

 

βS
E = βS − {X1(βS)A + X2(βS)B}               (6) 

Excess acoustic impiedence: 

 

                                                    ZE = Z − (X1ZA + X2ZB)                            (7)       

Result and Discussion: 

 Density, ultrasonic speed, molar volume, excess isentropic compressibility, excess 

acoustical impedance and intermolecular free length are presented under varying condition of 

temperature and molar concentration in table 1.A perusal of table1 reveals that density of binary 

system linearly increases as the molar concentration of butan-2-ol increases which indicate the 

molecular association but the density decreases as the temperature increases from 298.15 to 

318.15K confirm the weak interactions between like and like molecules of liquid system. Molar 

volume computed at different temperature decreases as the mole fraction increases. Which 

clearly indicate the inverse relation with density. Molar volume increases with increase in 

temperature. Which strongly confirm the results obtained from the density. Jacobson free length 

theory show an inverse relationship between ultrasonic speed and intermolecular free length. A 

close observation of the table1 indicate that ultrasonic speed decreases while intermolecular free 

length increases with increase of molar concentration of butan-2-ol. Which clearly confirm the 

results obtained from Jacobson’s theory. Increase in intermolecular free length with increase in 

temperature absolutely confirm the spacing between the interacting molecule and show weak 

association. Which can be verified by the results obtained from molar volume and density. 

Excess isentropic compressibility (βsE) firstly increases up to maximum limit than decreases with 

increase in molar concentration of alcoholic compound for 298.15K.  

  

Figure 1: plot of βsE with mole fraction (X1) Figure 2: plot of ZE with mole fraction (X1) 
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 Table 1: Experimental and theoretical values of ultrasonic parameters 

X1 ρMIX Vm UEXP Lf βs
E ZE 

   

T=298.15K 

  0.04602 0.74546 222.32 1273.46 5.897 0.004 -0.001 

0.0507 0.74551 221.68 1273.1 5.897 0.005 -0.001 

0.09287 0.74619 215.94 1269.82 5.899 0.007 -0.002 

0.18128 0.74797 203.90 1263.38 5.903 0.011 -0.003 

0.24985 0.74959 194.56 1258.36 5.907 0.014 -0.004 

0.30044 0.75094 187.67 1254.67 5.910 0.016 -0.004 

0.33974 0.75215 182.32 1251.84 5.912 0.017 -0.005 

0.38271 0.75351 176.47 1248.76 5.915 0.019 -0.005 

0.48939 0.75762 161.94 1241.13 5.923 0.021 -0.006 

0.59429 0.76272 147.65 1234.11 5.932 0.022 -0.006 

0.69831 0.7692 133.49 1227.66 5.944 0.021 -0.006 

0.80469 0.7778 119.00 1221.36 5.958 0.017 -0.005 

0.90245 0.78821 105.68 1215.73 5.975 0.011 -0.003 

0.95177 0.79474 98.97 1213.24 5.985 0.006 -0.002 

       

   

T=308.15K 

  0.04602 0.73806 224.50 1234.92 6.220 0.005 -0.001 

0.0507 0.73811 223.86 1234.48 6.221 0.006 -0.001 

0.09287 0.73872 218.06 1231.07 6.223 0.009 -0.002 

0.18128 0.74036 205.91 1224.51 6.227 0.013 -0.003 

0.24985 0.7419 196.48 1219.48 6.231 0.017 -0.004 

0.30044 0.74322 189.53 1215.85 6.234 0.019 -0.004 

0.33974 0.74436 184.13 1213.01 6.237 0.021 -0.005 

0.38271 0.74569 178.22 1209.91 6.240 0.022 -0.005 

0.48939 0.74962 163.56 1202.2 6.249 0.026 -0.006 

0.59429 0.75456 149.14 1195.02 6.259 0.028 -0.006 

0.69831 0.76088 134.85 1188.52 6.271 0.027 -0.006 

0.80469 0.76939 120.23 1182.58 6.287 0.022 -0.005 

0.90245 0.77973 106.79 1177.79 6.305 0.014 -0.003 

0.95177 0.78627 100.01 1175.92 6.316 0.008 -0.002 
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 Similar trends were observed for 308.15 and 318.15K with increasing isentropic 

compressibility with varying condition of molar concentration as shown in figure 1. Increasing 

values of excess isentropic compressibility Nath et al. (2009) with molar concentration indicate 

that dipole-induce dipole interaction predominates over dipole-dipole interaction due to weak 

intermolecular association and vice-versa. Excess acoustical impedance (ZE) initially decreases 

up to a certain value than increases with increase in molar concentration for all the temperatures 

as shown in figure 2. Decreasing values of excess acoustical impedance Awasthi (2022) clearly 

explains the weak inter molecular interaction. 

Conclusion: 

 In above discussion it can be concluded that for liquid under investigation show a deep 

insight regarding the molecular interactions between the component of liquid mixture at different 

temperatures. Since the density is decreasing and molar volume is increasing with increase in 

temperature confirm the weak inter molecular interaction. The results obtained from 

intermolecular free length, excess isentropic compressibility, excess acoustical impedance 

clearly indicate that dipole- induced dipole interactions predominate over dipole-dipole 

interactions which make the system more compressible.    

 

 

 

   

T=318.15K 

  0.04602 0.73061 226.74 1197.08 6.564 0.006 -0.001 

0.0507 0.73064 226.09 1196.62 6.564 0.007 -0.001 

0.09287 0.73115 220.24 1193.03 6.567 0.010 -0.002 

0.18128 0.73263 207.98 1186.25 6.572 0.016 -0.003 

0.24985 0.73407 198.47 1181.2 6.577 0.020 -0.004 

0.30044 0.73532 191.45 1177.53 6.580 0.022 -0.004 

0.33974 0.7364 186.00 1174.71 6.583 0.024 -0.004 

0.38271 0.73768 180.04 1171.59 6.587 0.026 -0.005 

0.48939 0.74145 165.25 1163.8 6.597 0.030 -0.005 

0.59429 0.74623 150.70 1156.43 6.609 0.033 -0.006 

0.69831 0.75233 136.28 1149.84 6.623 0.032 -0.006 

0.80469 0.76064 121.53 1143.97 6.641 0.027 -0.005 

0.90245 0.77088 107.97 1139.65 6.662 0.018 -0.003 

0.95177 0.77738 101.13 1138.24 6.675 0.010 -0.002 
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