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ABSTRACT

The disease of cancer affects people significantly on a global scale. Science and research are paying

more attention to natural chemicals because it is believed that they have less dangerous side effects

than conventional therapies like chemotherapy. Innovative technology that controls the release of the

molecule and investigates alternate delivery methods in an effort to enhance the anticancer effects of

substances derived from plants. In folk medicine, glycyrrhiza is still frequently used to treat tremors,

peptic ulcers, respiratory infections, and gastritis. Improving the targeted delivery of anticancer

medications is one of the objectives that is being intensively pursued in anticancer chemotherapy.

Microspheres are tiny, spherical particles that typically have a diameter between 1 and 1000 m. This

study's objective was to isolate glycyrrhizin from the root of G. glabra, which was followed by the

formulation, improvement, and assessment of microspheres loaded with the compound. The G. glabra

root underwent a preliminary physiochemical and phytochemical investigation. Following that,

glycyrrhizin was extracted from an aqueous root extract of G. glabra and identified using modern

analytical techniques. Glycyrrhizin undergoes preformulation studies prior to formulation, and the

microspheres are produced by using gluteraldehyde as a cross-linking agent during the emulsification

cross-linking process. By employing (FT-IR) drug - excipient interaction was carried out. It was

possible to assess the yield, drug loading efficiency, particle size distribution, and in-vitro drug release

studies of the formulated microspheres. Because of its high drug efficiency, formulation (F2) was

chosen for in-vitro testing. AURKA and COX2 interaction with the selective inhibitor was compared

in this in-silico investigation, and the results were extremely encouraging in terms of binding affinity

and molecular dynamics to the validated inhibitor. Further in-vitro testing to ascertain the

antiproliferative efficacy was planned to be connected to the in-silico validation. The findings of the

experiment demonstrated that this substance had a potent cytotoxic impact and effectively led these

cells to colonise. Additionally, research has demonstrated that glycyrrhizin can prevent MCF-7 cancer

cells from invading in a concentration-dependent way. These results are encouraging since

glycyrrhizin can stop the behaviour of breast cancer, which is known to be one of the most invasive

malignancies. Glycyrrhizin, in our opinion, may show to be a crucial lead molecule for anti-

proliferation. The complete glycyrrhizin-microsphere combination was a multistep targeted drug

delivery system that increased drug accumulation in tumours, hence increasing anti-cancer efficacy

and minimising side reactions.
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CHAPTER - 1

INTRODUCTION

Herbal medicine was a prominent form of health care in the early 20th century, when

modern medical treatments such as antibiotics and pain relievers were not readily available.

Botanical therapy medicine is gradually losing popularity among people as a result of the

development of allergy medicine systems. This type of medicine is predicated on the rapid

therapy action of synthetic drugs. We have seen the limitations of the allergy medicine

system in the nearly a century that has passed since its development. Herbal medicine has

recently been gaining popularity, which is not surprising. In point of fact, certain herbal

remedies have reached the same level of effectiveness as their synthetic counterparts. We

are able to draw the conclusion based on our familiarity with Alternative and

Complementary Systems. Ayurveda, botany, pharmacology and phytochemistry,

biochemistry, ethnography, and pharmacology and toxicology are all essential components

of the field of phytotherapy. The utilization of herbal medicine has witnessed a significant

surge in recent years. Numerous studies and meta-analyses have consistently indicated a

rising trend of individuals seeking therapeutic guidance from herbalists. This positive

development aligns with the World Health Organization's recognition of the value of herbal

medicine. A study conducted in the United States revealed that between 60 and 70 percent

of rural patients rely on herbal remedies to manage their chronic health conditions.

It is generally accepted that the pharmacological activities of medicinal plants are the result

of trial and error, but in order for a new drug to be developed that satisfies the criteria of

modern treatment, the pharmacological activities of medicinal plants need to be thoroughly

researched. The goals of research in this field include, in particular:

 Determining the active components of medicinal plants and examining their extracts to

ascertain whether or not they are risk-free, efficient, and maintain their level of activity

over time.

 Determine the structures of the active ingredients so that they can be synthesized,

modified, and extracted with greater efficiency. Isolate the active ingredients

(Mukharjee PK,2002)
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Fig. 1 Research approach to Herbal Products (Soni H etal;2012)

Fig. 2 Recent Approaches of Herbal Drug Research
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1.1 Predominance of Cancer

Cancer is a disease that frequently cannot be treated and is regarded as an intolerable and

painful condition for which there is no cure. This perspective on cancer is widespread, but

it is oversimplified and overbroad. Cancer is a sickness that offers a considerable risk to its

patients and is also a life-threatening condition. This is something that cannot be denied.

Specifically, it is the top cause of death for individuals in the United States who are

younger than 85 years old, and it is the second highest cause of death for individuals in the

United States who are older than 85 years old. It is estimated that more than 570,000

individuals will lose their lives to cancer in the United States, while 1.5 million new

instances of the illness will be identified inside the country. It is important to note that this

does not take into consideration basal and scaly skin cancers, which have not been recorded

but have the potential to generate an extra 2 million cases annually (ACS, 2010). It is a

fallacy, on the other hand, to assume that there is no therapy available for cancer and that

the disease would ultimately lead to death.

The reality is that there are many different kinds of cancer, and the good news is that many

of these cancers can be effectively treated in the present day to eliminate, lessen, or

postpone the effects of the disease on the life of the patient. Even though receiving a cancer

diagnosis incapacitates the patient and takes control of their life away from them, there is

reason for hope rather than despair in many situations in today's world. Damage to cancer

cells' DNA, which is the intracellular genetic material that determines cell characteristics

and function, is the root cause of the abnormal growth and division that is characteristic of

cancer cells. There are a number of different mechanisms that can cause a cell's DNA to

become flawed or damaged. For example, environmental variables such as cigarette smoke

can set off a chain reaction that eventually results in cancer-causing DNA alterations in a

person’s cells. This can result in cancer. It is also possible that faulty DNA will be inherited

from one's parents. When cancer cells divide and multiply, the result is frequently the

formation of a mass of cancer cells that is known as a tumour. Tumors are responsible for

many of the symptoms of cancer because they compress, crush, and destroy the

noncancerous cells and tissues that are surrounding them. There are two distinct types of

tumours:
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Benign and malignant

Benign tumours are those that do not have the potential to become cancerous and do not

grow or spread as quickly as cancerous tumours. In most cases, benign tumours do not pose

a threat to the patient's life. In contrast, malignant tumors are characterized by their

uncontrolled growth and ability to spread to distant parts of the body. This process, known

as metastasis, involves the migration of cancer cells from the primary tumor site to other

organs or tissues.

Metastasis (Mental Help.net.).

In general, cancer causes disruptions in the normal relations between cells and leads to the

malfunction of essential genes. This disruption has an effect on the cell cycle, which

ultimately results in abnormal cell proliferation. Under normal circumstances, the proto-

oncogene is responsible for the division and growth of cells. However, it transforms into an

oncogene when a gene tic mutation occurs, which is the mutation that poses the greatest

threat to the existence of cells. In addition, the absence of genes or proteins that suppress

tumours causes the division of cells without control. In a normal situation, repair genes are

normally translated into proteins and enzymes that possess repairing properties, and there

have been detected to be more than 30 different types of repair proteins. When uracil is

removed from DNA, DNA damage can be prevented, and major UV-induced DNA damage

can be repaired. In essence, this is the role that the repair gene plays in the process of

repairing DNA (Hassanpour SH etal; 2017).
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1.2 Overview of Cancer

Fig. 3 Overview of Cancer

1.3 Mechanism of Cancer (Kamal N etal;2022)

Cancer is a complicated genetic illness that results from the interaction of genetic

predisposition and environmental variables. Cancer progresses from the cellular to the

organismal level by somatic DNA changes, which are followed by exposure to carcinogens.

These mutations can cause gene translocation and amplification, resulting in abnormal gene

expression patterns known as oncogenes. Because these mutations occur often during cell

reproduction, the genetic harm they produce is frequently permanent.

Genotoxic ants are compounds that cause mutations or DNA damage. They can act directly

or indirectly. Direct-acting genotoxins include ethylene imine and its chloromethyl ether.

Indirect-acting genotoxins, such as the hepatitis B virus and aflatoxin, can cause

hepatocellular cancer. Lifestyle variables such as alcohol and tobacco use are also linked to

an increased risk of mouth cancer. To cause cancer, indirect-acting genotoxins must first be

activated metabolically. Polycyclic aromatic hydrocarbons and aromatic amines are two

types of carcinogens associated to lung and bladder cancer.
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Dietary and lifestyle variables play an important influence in cancer development. Various

dietary components can cause cancer or genetic abnormalities. Pesticides in agricultural

goods may constitute a health concern. Even natural items, such as herbal teas, may include

naturally occurring carcinogens, such as pyrrolizidine alkaloids. Hydrazine in edible

mushrooms, as well as safrole and alkenylbenzene in spices and flavorings, are

carcinogenic. Mycotoxins, such as aflatoxin, which can be present in moldy food, are also

carcinogenic and immunosuppressive.

Oxidative stress, generated by the production of free radicals, can damage DNA and

contribute to tumor development. Unrepaired DNA damage can cause base mutations,

DNA crosslinking, strand breakage, and chromosomal abnormalities. Our diet's

phytochemicals, with their antioxidant characteristics, have the ability to control cancer

genesis and tumor growth by scavenging free radicals and altering cell signaling, oxidative

stress response, and inflammation. Flavonoids, carotenoids, phenolic acids, and

organosulfurs have all been proven in studies to block certain carcinogenic pathways.

Fig. 4 Plant: As an anticancer agent(Allium sativum)
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The plant species that is often referred to as allium sativum is a member of the family that

is known as the Alliaceae. It is native to the region that extends from the Mediterranean to

China. There are a number of different substances that may be found in it, including ajoene,

allicin, alliin, allixin, -glutamyl-S-2-propenylcysteine, diallyl disulfide, methyl allyl

disulfide, S-allyl-cysteine, and 1,2-vinyldiithin. Antitumor activity was discovered in mice

that carried the L5178Y lymphoma strain. Allicin was reported to have this effect. The

anticancer efficacy of the methanolic extract of A. sativum (MEAS) has been demonstrated

against MCF7, A549, and DU145 cell carcinomas, in addition to cell carcinoma of the

bladder (Thomson M etal; 2003).

Fig. 5 Annona muricata

Graviola (Annona muricata) is a tropical fruit tree found in Central and South America,

Africa, and Asia. It is distinguished by its unusual chemical makeup, which includes

acetogenins, sterols, phenols, alkaloids, and other antioxidants. Acetogenins, graviola's

principal bioactive components, have been intensively researched for their possible anti-

cancer capabilities. These chemicals prevent cancer cells from producing adenosine

triphosphate (ATP), an essential energy molecule. Acetogenins, which impair ATP

synthesis, can efficiently target and destroy cancer cells.Acetogenins have been shown in

studies to have anticancer properties against a range of cancer cell lines, including

pancreatic cancer, breast cancer, colonic adenocarcinoma, liver cancer, and lymphoma

(Prakash Om et al., 2013).While graviola has shown promise as an anti-cancer treatment,

further study is needed to completely understand its mechanisms of action and to assess its

safety and efficacy in clinical studies.
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Fig. 6 Astragalus membranaceus

Astragalus membranaceus, also known as Mongolian milkvetch, is a member of the family

Fabaceae and is commonly known by that name. It includes compounds such as

astragloside, astraglan, calycosin, soyasapogenoside, quercein, and kaempferol, among

others. The majority of the time, you can discover this plant in China. Chinese medical

practitioners make use of it in the treatment of more advanced cases of liver cancer.

According to the findings of one study, patients with advanced stages of liver cancer who

were given this plant in combination with conventional treatment had a significantly higher

chance of survival when compared to patients who had received conventional treatment

alone. The liver is shielded from the damaging effects of chemotherapy by the astragalus

membranaceus plant. Swainsonine, a significant component of this plant's extract, has been

shown to inhibit the development of metastases (Wang J etal;1991).Astragalus

membranaceus, often referred to as Mongolian milkvetch, is a member of the family

Fabaceae and is widely recognized by that name.

Azadirachta indica

Azadirachta indica belongs to the Meliaceae plant family and can be found throughout

India andthe Indian subcontinent. It is made up of things like nimbin, nimbolide, ascorbic

acid, n- hexacosanol, amino acid, and nimbiol,nimbanene, nimbandiol, among other

things. This medicine has previously been used successfully to treat skin cancer, buccal

cancer, breast cancer, prostate cancer, and stomach cancer. Azadirachta indica's ethanolic

extract kills prostate cancer cells by inducing programmed cell death (apoptosis). The dose-

dependent method of action increases DNA fragmentation (Kumar S et al., 2006).
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Fig. 7 Berberis aristata

Berberis aristata is an invasive species of the Berberidaceae family that grows in

temperate and subtropical regions of Asia, Europe, and the Americas. It is more widely

known as Daruhaldi, and its roots include berberine, berbamine, oxyxanthine, jatrorhizine,

and epiberberine, among other active components. The methanolic extract of B. aristata

showed potential anticancer activity against a human colon cancer cell line and inhibited

HT29 cells in a concentration-dependent manner. This chemical inhibits carcinogenesis

caused by 20-methylcholantherene in a dependent upon dosage and substantial way (Saied

S et al; 2007).

Fig. 8 Camellia sinensis

Camellia sinensis, formerly referred to as green tea, is a member of the Theaceae family. It

contains caffeine, theobromine, gallic acid, catechin, ampelopsin, epicatechin, and

variousother polyphenolic chemicals. This plant's natural habitats are in East Asia,

Southeast Asia, and the Indian Subcontinent; however, it is now grown not only in tropical

but also in subtropical regions around the world. It includes polyphenolics, which have

anti-cancer and anti-mutagenic properties. Some data suggests that this plant may protect

against colon and stomach cancers. According to one study, green tea extract dramatically
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inhibited DNA production in liver and leukaemia tumor cells. Furthermore, it fights the

development of cancer by eliminating damaging free radicals from the body. (Dreosti

IE;1996).

Fig. 9 Cannabis sativa

Cannabinaceae is the family to which Cannabis sativa belongs, and South Africa is the

plant's natural habitat. Cannabinoids, cannabinol, anandamide, pinene, and myrcene are all

components of this compound. Based on the results of experiments conducted using animal

models of cancer as well as cultured cell models, cannabinoids have been shown to have

the potential to inhibit cancer. Cannabinoids offer intriguing medical applications,

including antiemetics, analgesics, hunger stimulants, and treatment for debilitating

disorders such multiple sclerosis, spinal Tourette's syndrome, cord injuries, glaucoma, and

epilepsy. Cannabinoids possess qualities that demonstrate the actions of N-

acylethanolamines. These features include anti-cancer and pro-apoptotic activity.

Cannabinoids kill cancer cells through a process known as apoptosis and prevent their

development in the body.

Fig. 10 Catharanthus roseus

Catharanthus roseus is a plant that is utilised in traditional medicine and is a member of

the Apocynaceae family. In common parlance, it is referred to as the Madagascar
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periwinkle. Actineoplastidemeric, vinblastin, vincrestine, vindesine, vindeline, tabersonine,

and a few other things can be found in it. Catharanthus is a plant native to Madagascar that

is now grown in several other countries, including Tanzania, Kenya, and Kisi. This plant is

used as medicine for a variety of conditions, including cancer, diabetes, fever, and high

blood pressure. It is packed with many different types of bioactive compounds, some of

which are ajmalicine, vinblastine, vincristine, and serpentine. Both vinblastine and

vincristin are frequently applied therapeutically in the fight against leukaemia and

lymphoma (Don G;2003).

Fig. 11 Curcuma longa

Haldi in Hindi, Harida in Sanskrit, and turmeric in English are all common names for the

same plant species, Curcuma longa. The family Zingiberaceae is the one to which it

belongs. This plant is native to Southern Asia, and in addition to its other applications, it is

used as a colouring agent in the cuisine of Bangladesh and India, as well as for a variety of

other purposes. Curcumin, curcuminoids, essential oil, turmerone, monoterpenes,

diarylpentanoids, diterpenes, sesquiterpenes, triterpenoids, sterols, alkaloids, and a variety

of other compounds are found in it. This plant is used for both the prevention and treatment

of cancer. The active component of this plant is called curcumin, and it is a polyphenol that

is derived from the rhizome of this plant. The protective effect of curcumin is demonstrated

by its ability to inhibit the growth of several genes associated with tumour development and

angiogenesis. Curcumin has an anti-proliferative effect because it inhibits the expression of

a wide variety of genes. These genes include activator protein 1, NF-kappa B,

cycloxygenase 2, epidermal growth receptor 1, nitric oxidase synthase, and tumour necrosis

factor. Curcumin also inhibits the expression of nitric oxide synthase (Pushkarev VM

etal;2008).
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Fig. 12 Glycine max

Glycine max is a member of the Fabaceae family and can be found naturally occurring in

East Asia. It is abundant in a variety of nutrients, including selenium, zinc, vitamins,

isoflavones, amino acids, phytosterols, and saponons, and is more commonly referred to as

soy bean. According to the findings of one study, the presence of soybean agglutinin in rats

prevented the development of tumours. Isoflavones induce cell differentiation, which

results in cancer cells being transformed into normal cells. Apoptosis is induced in cancer

cells by the compound genistein (Liener IE;1994).

Fig. 13 Linum usitatissimum

Linum usitatissimum is a member of the family Linaceae and contains a significant

amount of lignans. The western and southern regions of Europe, as well as western Asia,

are home to this short-lived perennial plant. Through bacterial fermentation in the colon,

these plant lignans are transformed into mammalian lignans, which are then capable of

acting as estrogens. These mammalian lignans are enterodiol and enterolactone. It would

appear that mammalian lignans have anti-carcinogenic properties. Lignan metabolites have
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 Strengthening the immune system

 Reducing inflammation

 Preventing DNA damage and helping DNA

repair

 Slowing cancer cell growth

 Regulating hormones

a similar structural makeup to estrogens and have the ability to bind to oestrogen receptors,

which in turn inhibits the growth of estrogen-driven breast cancer. In the human breast cell

line MCF7, root extract of Linum usitatissimum induced a significant amount of inhibition

of cell vitality and proliferation without performing the strong cytotoxicity (Szewczyk M

etal; 2014)

1.4 Role of Phytopharmaceuticals in cancer therapy:

At this point in time, cancer poses a significant threat. Despite the presence of various

treatments, cancer was responsible for the deaths of a significant number of patients each

year. In the field of health care pharmaceuticals, the predominant research direction is

currently toward the development of side effects and side effects without the necessity of

treating anti-cancer. In this regard, the chemical entities found in factories have proven to

have a lot of potential. They believe that cancer cells change without affecting normal cells,

making the phytochemical biological activity the more desirable option. The process of

oncogenesis is a complicated one that includes many different signalling events. Because

phytochemicals have functions that go in multiple directions and can target these events in

multiple ways, they are the best candidates for the development of anti-cancer drugs. The

development of key candidates derived from phytochemicals that are capable of halting or

delaying the progression of cancer without causing any adverse effects is currently under

way.

Fig. 14 Prospective benefits of Phytochemicals include:
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Several phytochemicals have been shown to inhibit the growth of tumours both in vitro and

in vivo. The precise mechanism by which phytochemicals exert their anticancer functions is

still a topic of investigation in the field of research. They carry out a diverse array of

operations on the nuclear and cytostatic factors that are present in cancer cells. In a cell that

has been transfected, they are capable of either directly absorbing reactive oxygen species

(ROS) or promoting the activity of antioxidant enzymes (such as superoxide dismutase,

glutathione, and catalase). Either the beginning of a precancerous cell's transformation into

a cancerous cell or the metabolic transformation of a carcinogen can be stopped by the

molecule found in plants. In addition, they have the ability to regulate cellular events and

signalling that are involved in the growth, invasion, and metastasis of cancer cells (Singh

Sukhdev etal; 2016).
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Phytopharmaceuticals Mechanism of action

Tannins Ellagic acid from pomegranate induces apoptosis in
prostate and breast cancer cells and prevents the spread of
several cancer types.
Epigallocatechin gallate (EGCG) inhibits the activity of
ornithine decarboxylase, an enzyme that causes cells to
proliferate faster and avoid apoptosis.
Luteolin prevents epithelial mesenchymal transition.

Flavonoids Ellagic acid, contained in pomegranates, induces apoptosis
in prostate and breast cancer cells and prevents the spread
of a range of malignancies.
The chemical epigallocatechin gallate (EGCG) inhibits the
action of an enzyme called ornithine decarboxylase. This
enzyme instructs the cell to increase its rate of
proliferation while avoiding the death process known as
apoptosis.
Luteolin inhibits the epithelial-to-mesenchymal transition.
Flavanones, isoflavones, and lignans are three types of
chemicals that prevent the binding of oestrogen to cancer
cells, hence slowing their growth. Another method is that
the nuclear factor-kappa B (NF-kB) family of transcription
factors inhibits inflammatory processes, resulting in
reduced inflammation.
Apigenin, a flavone found in parsley, celery, and
chamomile, inhibits the leptin/leptin receptor pathway,
causing lung cancer cells to commit death via apoptosis. It
induces extrinsic caspase-dependent apoptosis in HER-2
overexpressing BT-474 breast cancer cells by inhibiting
signal transducer and activator of transcription 3 (STAT3)
signalling.
Genistein, an isoflavone found in soybeans, has anticancer
effects because it inhibits the NF-kB and Akt signalling
pathways.
Resveratrol inhibits carcinogenesis by a number of
methods, including the overexpression of p53 and BAX
proteins and the downregulation of NF-B, AP-1, hypoxia
induced factor 1 (HIF-1), MMPs, Bcl-2, cytokines,
cyclins, cyclin-dependent kinases (CDKs), and COX-2
proteins.
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Polyphenol & Anthocyanins Quercetin, curcumin, anthocyanins obtained from
bilberries, EGCG, caffeic acid, and derivatives all function
via the NF-B pathway.
Curcumin, a polyphenol found in Curcuma longa, can
suppress the growth of human glioblastoma cells by
regulating a variety of molecular components. It
accomplishes this by increasing the expressions of p21,
p16, p53, early growth response protein 1 (Egr-1),
extracellular signal regulated kinase (Erk), c-Jun-N-
terminal kinase (JNK), ElK-1 (a member of the ETS
oncogenic family), Bcl-2 associated X protein (Bax), and
Caspase-3, 8, 9 proteins, and by decreasing the levels of
In response to UVB-induced DNA damage, the main
bioactive component of S. marianum, silibinin,
significantly activated the DNA-PK-p53 pathway for
apoptosis..

Carotenoid Crocetin, a carotenoid found in Crocus sativus and
Gardenia jasminoides, inhibits GATA binding protein 4
and the MEK-ERK1/2 pathway, protecting against cardiac
hypertrophy.Crocetin, a carotenoid present in Crocus
sativus and Gardenia jasminoides, inhibits GATA binding
protein 4 and the MEK-ERK1/2 pathway, providing
protection against coronary hypertrophy.

Glycosides Red berries contain cyanidin glycosides, which are
responsible for their antioxidant and anticancer properties.
They accomplish this by blocking mitogen-induced
metabolic pathways in colon cancer cells and
downregulating the expression of genes encoding
inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2.

Alkoloids Podophyllotoxin induces ER stress, autophagy, and cell
cycle arrest in non-small cell lung cancer cells, all of
which promote apoptosis.
Vinblastine and taxol are medicines that inhibit signalling
pathways involving activator protein 1 (AP-1).

Sulforaphane Sulforaphane, also known as 1-isothiocyanato-4-
methylsulfinylbutane, is a significant byproduct of the
glucoraphanin hydrolysis reaction. Sulfuraphane is an
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aliphatic hydrocarbon. Furthermore, studies have
demonstrated that sulforaphane protects the central
nervous system. It achieves this by activating nuclear
factor (erythroid derivative)-like 2 (Nrf2), which reduces
oxidative stress and inflammation in nerve cells. In a
mouse model, sulforaphane reduced the generation of
iNOS in macrophages activated with lipopolysaccharide.
Activation of the Nrf2 pathway resulted in a reduction in
cytokine production that was proportional to the
concentration of sulforaphane supplied to the mice in the
study undertaken to further show the compound's anti-
inflammatory capabilities. In addition, T cell proliferation
was significantly reduced.

Fig. 15 Role of botanical in treatment of Breast cancer
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Novel Drug Delivery System

Microencapsulation technology was initially conceived of as an alternative method of

administering medication sometime between the 1940s and the 1960s. In the 1980s, the

technology involving polymers and membranes came to be recognised as being at the

forefront of the ongoing search for a more sophisticated system. Attaching bioactive

compounds to liposomes, biopolymers, implants, monoclonal antibodies, and particle

carriers enables precise site-specific targeting and distribution. This can be accomplished

by using site-specific targeting and delivery methods (such as nanoparticles and

microspheres).

Because it is so simple to use, the oral route of drug administration is universally regarded

as the one that offers the greatest number of advantages. However, if the drug is one that is

degraded significantly in the first pass through the liver, oral administration is not the best

route to take for many medications. Therefore, because the gastrointestinal tract does not

allow for systemic absorption, researchers have been looking into alternative methods of

administering drugs. These methods include parenteral, intramuscular, subcutaneous,

intranasal, and transdermal administration. The conventional method of taking a drug by

mouth does not typically result in a noticeably elevated blood concentration of the drug.

This frequently reaches levels that are toxic, and after a relatively brief period of time at

levels that are therapeutic, the drug levels eventually drop until they are re-administered. To

get the maximum therapeutic impact, the medicine must be administered to the target tissue

in the appropriate amount during the required time period, with as minimal toxicity and

side effects as feasible. Targeted drug delivery, also known as smart drug delivery, is a way

of giving medication to a patient that involves raising the concentration of the medication

in one region of the body over others. This strategy is sometimes known as "smart drug

delivery." The goals of a targeted drug delivery system are to stretch, localise, and target

lesion tissue, as well as to guard against medication interactions. The usual technique of

medication delivery involves absorption through the biological membrane. In contrast, the

targeted release approach reduces the frequency of doses required by the patient. As a result,

the drug's action is more consistent, and the unwanted effects are reduced. And a reduction

in the variability of medication levels in the blood. The downsides of this system
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are its expensive cost, which makes increasing production difficult and limits its capacity to

alter dosages, as well as its limited dosage adjustment capability. Targeted drug delivery

systems can use a wide range of vehicles, including the following: The ideal medication

delivery vehicle would be non-toxic, compatible with living organisms, non-immunogenic,

and breakdown spontaneously. Microspheres are spherical particles with micron-sized

diameters, typically ranging from one micrometre to one thousand micrometres (1 mm).

Microspheres are also known as tiny particles in some circumstances. Polymers, waxes, and

other protective compounds are employed in their manufacture. H. Chemically changed

natural compounds like starch, gum, proteins, lipids, and waxes, as well as biodegradable

manmade polymers. Albumin and gelatin are two examples of natural macromolecules.

Examples of synthetic polymers are polylactic acid and polyglycolic acid. Microspheres are

differentiated by their small size and high surface-to-volume ratio. They have colloidal

qualities when they are at the smaller end of their size range. Interfacial characteristics are

extremely important in determining the activities of microspheres. (M.Alagusundaram etal;

2009).

Microspheres (MS), also known as emulsion cells or solids distributed in a continuous

phase, are used in a wide range of sectors, including food, cosmetics, and pharmaceuticals,

among others. Emulsions (or MS) are often created in a way that leads in substantial

polydispersion across a large range when traditional emulsion production methods are

applied. It is widely held that surfactants are responsible for a significant portion of the

emulsification process's success. The interfacial tension is lowered by surfactants, which

also contribute to the formation of emulsions. It is generally accepted that the surfactant

contributes to the stabilisation of the emulsion by causing the droplets to repel one another

(Najam ul Hassan etal; 2021).

Microspheres are spherical particles that have a diameter in the micron range, typically

ranging from one micrometre to one thousand micrometres (1 mm). Microspheres are also

referred to as fine particles in some contexts. Polymers, waxes, and various other protective

materials are used in their construction. H. Biodegradable synthetic polymers and naturally

occurring substances that have been chemically altered, such as starch, gum, proteins, fats,

and waxes. Albumin and gelatin are both examples of natural macromolecules. The
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synthetic polymers polylactic acid and polyglycolic acid are examples of these.

Microspheres are distinguished by their diminutive size and high ratio of surface area to

volume. They exhibit colloidal properties when they are at the smaller end of their size

range. Microspheres' activities are frequently determined by their interfacial properties,

which are of the utmost significance (Patel B etal; 2012).

In its most basic form, each particle is a drug dispersed in a polymer, with the pattern of

drug release governed by a first order mechanism. The amount of medicine released is

determined by the rate at which the substrate dissolves or degrades. Because of its size and

shape, microspheres have a comparable effect to ball bearings. Microspheres can differ

significantly in terms of quality, sphericity, particle homogeneity, and particle size

distribution. It is critical that the proper microsphere be chosen for each application. There

are numerous methods for creating microspheres, which can then be employed to modulate

drug delivery.

Protects unstable compounds before, during, and after administration, as well as before they

reach the site of action, allowing for more precise delivery of even small doses of strong

medications. Reduces medication concentrations at places other than the intended site of

action. We can alter the activities of medications in live beings by attaching them to carrier

molecules. The activity of carrier molecules can have an effect on the kinetics of clearance,

as well as on tissue metabolism and the drug interactions that occur within cells. It is

possible that the application of these pharmacodynamic modifications will result in an

increase in the efficacy of treatment (Fu X etal; 2005).

This controlled drug delivery system's goal is to immediately ensure that the therapeutic

amount is immediately delivered, and that it has reached the treatment level, while also

maintaining the desired drug concentration in the area of action (Ghalop SB etal; 2010).

The oral route is a practical option that is typically chosen for drug administration. Certain

medications that have a short t1 / 2 and are readily absorbed in the gastrointestinal tract are

quickly removed from the blood circulation. Managed drug delivery systems are able to

circumvent issues that are present in conventional drug delivery systems and gradually

release drugs into the G.I.T. Keep the concentration of the serum stable over a longer

period of time.
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1.5 Various advantages and disadvantage of Microsphere are a follows:

(Lachman L;1987& Asija R etal; 2014)

ADVANTAGES DISADVANTAGES

Reliable means delivering the medicine to the
target site with the desired level of specificity,
should this be changed, andmaintaining the desired
concentration at the place of interest while
generating noundesired side effects.

Solid biodegradable microspheres may allow for
regulated medication release throughout the
particle matrix.

Microspheres have received a lot of interest not
just for their potential to restrict the release of
anticancer medications, but also fortheir ability to
target the tumour.

It has been discovered that the size of
microspheres, as well as the surface charge and
hydrophilicity of the surface, play important roles
in determining the destiny of particles in vivo.

Research on the uptake of microspheres by
macrophages has shown that these particles have
the potential to direct drugs directly topathogens
that are located inside of cells.

After being injected, the drug
becomes more difficult to remove.

During the process of preparation,
non- uniformity of the drug's content
may occasionally result.
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Blood flow measurement and analysis.
Microspheres eliminate the possibility of
incompatibilities between the drug and the
recipients, particularly with the buffer.

Dose dumping is mitigated by the use of
microspheres.

Microspheres offer drugs some degree of
protection from the surrounding environment.
The taste and odour are both concealed by
the microspheres.

The metabolism of microspheres is skipped
in the first pass.

Because of their diminutive size and
spherical shape, microspheres can be
effortlessly injected into the body.

Both the biological half-life and the
bioavailability are significantly improved
thanks to the use of microspheres.

Additionally, the risk of gastrointestinal
irritation is decreased when using
microspheres.

Drug discharge in the stomach is inhibited,
which is the reason why local adverse effects
are decreased.

In the case of microspheres, it is possible to
achieve a better therapeutic effect for drugs
that have a short half-life.
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Limitations of microspheres (Kunchu K etal; 2014)

 The rate of regulated release of microspheres varies depending on a variety of

circumstances, including diet, intestinal transit rate, mucin turnover rate, and so on.

 The amount of medication released varies according to dosing form.

 If extra-gastrointestinal microspheres are present, limit your medicine intake.

 When microspheres are administered intravenously, it is difficult to completely

removethe carrier from the body. This is especially true for parenteral delivery.

 When injected parenterally, microspheres may interact with or form

complexes with numerous blood components. There is some flexibility in the

release formula.

 It is possible for the release sample to become toxic if its integrity is

compromised inany way.

1.6 Types of Microspheres

Type Description

Bio-adhesive microspheres

(Pawan Chaware etal;19991)

A good definition of adhesion would be
"adherence to the membrane through the
utilisation of the sticking properties of water-
soluble polymer molecules." A bio-adhesive
drug delivery system is a delivery system that
makes use of the bioadhesion property of some
of the polymers. These polymers become
adhering on hydration and can be used for
extended periods of time to direct medication to
a particular area of the body. Because of this,
the drug's absorption is improved, and as a
result, its bioavailability is as well. This is
because the patient is more compliant as a result
of the decreased dosing frequency.
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Magnetic microspheres

(Farah Hamad Farah, et. al;2016)

Magnetic microspheres are molecular particles
that are small enough to move across capillaries
without causing an esophageal occlusion (4
micrometres), but they are also extremely
sensitive (ferromagnetic) enough to become
trapped in micro-vessels and drawn by a
magnetic field of 0.5-0.8 tesla through
neighbouring tissues. Magnetic microspheres
are essential necessary since they deliver
medication straight to the damaged area of the
body.

Floating microspheres

(Jagtap Yogesh Mukund, et. al;2012)

Microspheres that float in water and have a non-
effervescent composition are the basis for the
gastroretentive drug delivery method. Hollow
microspheres, microballoons, and floating
microparticles are all terms that are considered
to be synonymous with the concept of floating
microspheres. Floating microspheres are, to put
it in layman's terms, small hollow objects that
do not have a centre. These are cells that are
free to move around and range in size from 1 to
1000 micrometres.
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Radioactive microspheres

(Urs Häfeli, et. al;2016)

The subgroup of microspheres that exhibits
radioactive interaction is typically handled in a
manner that is analogous to that of microspheres
that do not exhibit radioactive interaction. In
spite of this, a radioactive microsphere will
always contain at least one radionuclide and
frequently more than one, in addition to the
matrix material that both describes the
microsphere and provides it with the targeting
properties it needs to be effective in a specific
organ or tissue. Even in very small quantities,
radioactive microspheres are able to transport
significant doses of radiation to a particular
location without having any impact on the
natural tissue that is located nearby.

Polymericmicrospheres

(Lachman LA;1991)

The following is a classification of the various
kinds of polymeric microspheres that are
available. A. Polymeric microspheres that
degrade naturally B. Polymeric microspheres
manufactured in a lab.

Materials used in formulation of Microspheres:

(P.M. Dandagi etal ;2017 & Chinna Gangadhar B etal ;2010)

Polymers are typically utilised to make microspheres. They can be divided into two distinct

categories.

1. Synthetic Polymers

2. Natural polymers
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Synthetic Polymers Natural polymers

Polymers that do not degrade naturally:
Epoxy polymers, acrolein, glycidyl
methacrylate, and poly methyl methacrylate
(PMMA), also known as poly methyl
methacrylate (PMMA).

Polymers that break down naturally:
Lactides, glycolides, and the co-polymers of
both of these Acrylates of polyalkyl
cyanoalcohols and polyanhydrides.

Albumin, gelatin, and collagen are all types
of proteins.

Agarose, Carrageenan, Chitosan, and Starch
are all examples of carbohydrates.

Carbohydrates that have been chemically
modified, including poly dextran and poly
starch.

1.7 METHOD OF PREPARATION

In order to successfully prepare microspheres, certain criteria need to be met:

1. The ability to incorporate acceptable amounts of the medication at relatively

highdoses.

2. The preparation's post-synthesis stability, as well as its therapeutically acceptable

shelflife.

3. Particle size and dispersibility in aqueous vehicles for injection can be accurately

regulated.

4. The precise and regulated release of the active reagent over a large time period.

5. Biocompatibility along with a biodegradability that can be regulated. susceptibility

to alterations caused by chemical processes

Single Emulsion Technique

The single emulsion technique is used to create microparticulate carriers of natural

polymers, such as proteins and carbohydrates. These natural polymers are referred to as

natural polymers. After being dissolved or dispersed in an aqueous media, naturally

occurring polymers are disseminated in a non-aqueous liquid, such as oil. The next step is

to cross-link the dispersed globule. The molecules can be cross-linked using either heat or
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chemical crosslinking agents. Cross-linking agents utilised in the chemical process include

glutaraldehyde, formaldehyde, di acid chloride, and others. For temperature-sensitive

compounds, heat denaturation is not an option. If the active component is introduced during

preparation and then centrifuged, washed, and separated, it will be overexposed to the

chemicals employed in the chemical cross-linking process, which is a drawback of this

approach.

Fig. 16 Single Emulsion Technique by Chemical Cross-Linking

Double Emulsion Technique

The microspheres can be created using a technique known as the double emulsion method.

This process involves the production of several emulsions or a double emulsion of the

w/o/w variety. This approach is particularly effective when applied to water-soluble

medicines, peptides, proteins, and vaccinations. This approach can be used with natural or

synthetic polymers, depending on the project's needs. The lipophilic organic continuous

phase contains an aqueous protein solution that is spread throughout. It is probable that the

active components exist in this protein solution. The continuous phase is typically made up

of the polymer solution that eventually encapsulates the protein from the scattered aqueous

phase. After that, the primary emulsion is homogenised or sonicated before being added to
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the polyvinyl alcohol in water solution. This results in the formation of a double emulsion.

Following that, the emulsion's solvent is removed using either solvent evaporation or

solvent extraction, depending on preference. Several hydrophilic medicines, including

leutinizing hormone releasing hormone (LH-RH) agonists, vaccines, proteins/peptides, and

conventional compounds, have been successfully integrated into microspheres using the

double emulsion solvent evaporation/extraction approach.

1.8 Polymerization Techniques

The polymerization techniques conventionally used for the preparation of the microspheres

are mainly classified as:

I. Normal polymerization

II. Interfacial polymerization.

Both of these processes occur in the liquid phase. Normal polymerisation is achieved using

a range of strategies, including bulk, suspension, precipitation, emulsion, and micellar

polymerisation. When beginning a polymerisation process in bulk, it is usual practice to

add heat to a monomer or a combination of monomers, as well as the initiator or catalyst.

The resulting polymer can be formed into microspheres if required. During the

polymerisation process, the drug may be loaded. Suspension polymerisation is sometimes

known as pearl or bead polymerisation. In this case, it is performed by heating the

monomer or mixture of monomers in droplets spread in a continuous phase of aqueous

solution. It is possible that the droplets include an initiator in addition to other ingredients.

The presence of an initiator in the aqueous phase of emulsion polymerisation, which

diffuses to the surface of micelles, distinguishes it from suspension polymerisation. One

advantage of bulk polymerisation is the ability to produce pure polymers. Interfacial

polymerisation is the interaction of different monomers at the interface of two immiscible

liquid phases to generate a film of polymer that essentially envelops the dispersed phase.

This process is known as "interfacial polymerisation."
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Fig. 17 Spray Drying Technique

Phase Separation Coacervation Technique

This procedure is based on the premise of limiting the solubility of the polymer in the

organic phase. This is done in order to influence the formation of a polymer-rich phase that

is referred to as the coacervates. First, the drug particles are distributed in a solution of the

polymer, and then an incompatible polymer is introduced to the system. This is the

technique that is being used. This results in the first polymer undergoing phase separation,

which is followed by the drug particles being absorbed by it. The solidification of the

polymer that takes place as a consequence of the incorporation of a non-solvent into the

mixture. The utilisation of butadiene as the incompatible polymer has enabled the

production of microspheres composed of polylactic acid (PLA) through the utilisation of

this technical approach. As a result of the fact that it controls the dispersion of the polymer

film, the particle size, and the agglomeration of the produced particles, the rate at which the

coacervates are achieved is a very essential variable in the process. The factors of the

procedure are of utmost significance. Agglomeration must be avoided at all costs by

stirring the suspension with a sufficient speed stirrer. This is done in order to prevent the

polymerise globules that have been created from adhering to one another and producing

agglomerates. This is due to the fact that the origin of the microsphere creation process

begins with the polymerise globules that have been created beginning to adhere to one
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another. The process variables are of the utmost importance because it is via them that the

kinetic of the produced particles is managed. This is due to the fact that there is no

predetermined state of equilibrium that can be attained.

Fig. 18 Formation of Coacervates Around the Core Material

Spray Drying and Spray Congealing

The drying of a mist that contains both the medication and the polymer in the air around it

is the central focus of these approaches. If the solution is cooled before or after the removal

of the solvent, the two processes are referred to as spray drying and spray congealing,

respectively. The nomenclature of these processes are decided by the order in which the

solvent is removed. In the initial stage of the procedure, the polymer is dissolved in a

suitable volatile organic solvent, such as dichloromethane, acetone, or another chemical

that is analogous to it. The medication, in its solid form, is then homogenised at a high

speed before being disseminated in the polymer solution. This stage comes after the

previous one. A jet of hot air is then used to atomise the dispersion after this stage has been

completed. Microspheres with diameters ranging from one to one hundred micrometres are

formed as a result of the atomisation process, which results in the development of small

droplets or a fine mist. The effect of this process is that the solvent evaporates

instantaneously, resulting in the formation of microspheres. While the cyclone separator is

used to remove the microparticles from the hot air, the vacuum drying process is used to

remove any remnants of the solvent. Both phases of the process are carried out

simultaneously. One of the most important benefits of the process is that it may be
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successfully carried out under aseptic circumstances. This is one of the most significant

advantages. We use the spray drying procedure in order to encapsulate the various forms of

penicillin that are available. Thiamine mononitrate 14 and sulpha-ethylthiadizole 15 are

encapsulated in a mixture of mono- and diglycerides of stearic acid and palmitic acid by the

process of spray congealing through the use of spray congealing. On the other hand, the

creation of porous microparticles is brought about by the extremely quick evaporation of

the solvent.

Solvent Evaporation

The removal of the organic phase through extraction of the organic solvent is a necessary

step in the solvent evaporation method, which is utilised in the process of microparticle

preparation. Isopropanol and other organic solvents that are miscible in water are utilised in

this method. The organic phase is eliminated through the use of water extraction. The

amount of time required for the microspheres to become hard is cut down by this process.

Directly adding the drug or protein to the polymer organic solution is one of the variants of

the process. The rate at which solvent is removed by the extraction method is contingent

upon the temperature of the water, the ratio of emulsion volume to the volume of the water,

and the solubility profile of the polymer (Kadam N.R and Suvarna V;2015).

Fig. 19 Solvent Evaporation Technique Characterization



Chapter – 1 Introduction

32









Particle size and shape determination.

Electron spectroscopy for chemical analysis

Attenuated total reflectance Fourier-TransformInfrared
Spectroscopy

Density determination.

The characterization of the micro particle carrier is a significant phenomenon that is helpful

in the design of appropriate carriers for the delivery of antigens, proteins, or drugs. The

microstructures of these microspheres are distinct from one another. The release and

stability of the carrier are both determined by these microstructures (Bansal H etal; 2011).

Applications of Microspheres

Every day, brand new applications for microspheres are found, and here are a few of those

applications:(Kadam N.R and Suvarna V; 2015):

 Ophthalmic Drug Delivery: Microspheres made with polymers have

favourablebiological properties such as bio-adhesion and permeation enhancing

properties. Theyalso have interesting physicochemical properties, which distinguish

them from other materials that can be used to make ophthalmic drug delivery vehicles

like chitosan, alginate, and gelatin. These properties make microspheres one of a kind

as a material for the production of ophthalmic drug delivery vehicles.

 Oral Drug Delivery: Because microspheres containing polymer have the ability to

form films, they can be used in the formulation of film dosage forms, which is an

alternative to the use of pharmaceutical tablets. Microspheres are better suited for oral

drug delivery applications due to their pH sensitivity and the high reactivity of their

primary amine groups. e.g. Chitosan, Gelatin.
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 Gene Delivery: Because of their ability to adhere to and move through the

gastrointestinal tract, microspheres have the potential to serve as effective oral gene

carriers. Chitosan, gelatin, viral vectors, cationic liposomes, and polycationic

complexes are a few examples of such substances.

 Nasal Drug Delivery: By having good bioadhesive properties and easily swelling

upon contact with the nasal mucosa, polymer-based drug delivery systems like

microspheres, liposomes, and gels have been shown to increase the bioavailability

and residence time of drugs that are administered via the nasal route. Examples of

such systems include starch, dextran, albumin, chitosan, and gelatin.

 Intratumoral and Local Drug Delivery: For the purpose of delivering paclitaxel

to the site of the tumour at a concentration that is suitable for treatment, a

polymeric film is fabricated. There is reason to be optimistic about the mixture of

medications' application in the controlled delivery of to the oral cavity. Examples

include gelatin and chitosan.

 Buccal Drug Delivery: The mucosal and bioadhesive properties of polymers make

them ideal for buccal delivery because they can also serve as absorption enhancers.

Polymers are excellent polymers (eg chitosan, sodium alginate).

 Gastrointestinal Drug Delivery: Internal cavities have been prepared in polymer

through a de-acidification process that is then added to acidic and neutral media.

These cavities have been found to be buoyant and have provided a controlled

release of the drug (for example, Eudragit and Gelatin).

 Transdermal drug delivery: A film-forming polymer with desirable physical

properties. The thickness of the membrane as well as the cross-linking of the film

make it difficult for the devices to release the drug. Chitosan and alginate are two

examples.

 Colonic drug delivery: The accurate delivery of insulin into the colon has been

accomplished through the use of polymer. Chitosan, for example.
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Phyto-nano formulations for Cancer Therapy

Recent developments in nanotechnology have led to the identification of the most cutting-

edge assist system for transporting therapeutic agents to their intended locations. The

carrier prevents the encapsulated therapeutic agent from being damaged by the environment

and contributes to the product's increased stability.

Fig. 20 Phyto-nano formulation
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Different types of nano-formulations and shows potential activity against cancer cell
type (P.More etal;2021)

Phytoconstituents Nano-formulation Cancer type

Silibinin Nanomicelles Liver cancer

Betulinic acid Polymeric nanoparticles Triple negative breast and laryngeal
cancer

Epigallocatechin-3-
gallate

Polymeric nanoparticle Breast cancer

Trans-resveratrol and
ferulic acid

Solid lipid nanoparticles Colon cancer

Quercetin Nanomicelles Prostate cancer

Withanolide-A Gold nanoparticles Breast cancer

Berberine Liquid crystalline
nanoparticles

Breast cancer

Resveratrol Liposomes Hepatocellular carcinoma

Curcumin Dendrimer Hepatocellular carcinoma

Celastrol Dendrimer Colorectal cancer

Curcumin Carbon nanotubes Lung cancer

Silibinin Magnetic nanoparticles Lung cancer

Microsphere as Target drug delivery system

When it comes to the delivery of cargoes to specific locations in a manner that is both

regulated and sustained, microspheres are one of the drug carriers that have been the

subject of the most study and development. In addition to being biocompatible, they are

also biodegradable, and the surfaces of these materials can be altered to suit specific needs.
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Researchers have conducted experiments with a wide variety of polymers, each of which is

capable of encapsulating pharmaceuticals that have morphological and chemical properties

that are distinct from one another. They are a worthy candidate for targeting to numerous

places in the body, such as the lungs, liver, bone, brain, colon, eye, and other malignant

tissues situated in various regions of the body, with the combination of all of these qualities

and methodologies making them a worthy choice. Additionally, they are able to target

macrophages and other cellular organelles, such as mitochondria, with their attacks. This is

a significant advantage.

Fig. 21 Target Drug Delivery System
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Application

Fig. 22 Summarized Application of Microsphere
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CHAPTER - 2

REVIEWOF LITERATURE

The points that follow are the primary goals of the literature review:

 Specifically, it explains how the proposed research is connected to previous

research in the field of statistics.

 Both the originality and the significance of your study problem are demonstrated by

this. Specifically, your study is distinct from that of other statisticians doing the

same thing.

 Justifies the methods that you have proposed.

 The fact that you are prepared to finish the research is demonstrated by this.

 Prevent yourself from repeating the findings of other statisticians.

 Justify the significance of the research that you have proposed.

When conducting a literature review, it is common practice to include information that has

been published in a certain area of research, and, on occasion, information that has been

published within a particular period of time. In spite of the fact that a literature review

could consist of nothing more than a list of the sources, it often adheres to an organisational

framework and involves both summary and synthesis. In the context of a particular topic,

the literature review is a written overview of key books and other sources on the subject. It

is possible that the review will draw from a variety of sources, such as scholarly

publications, journal papers, reports from the government, websites, and so on. Throughout

the course of the literature review, each source is delineated, summarised, and appraised.

As per present investigation literature review was designed in following steps:

 Recent work done on Microspheres

 Recent advancement on Cancer research

 Previous work done on Glycyrrhiza glabra

 Work done Molecular modelling of cancer
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Recent work done on Microspheres

The freeze-drying microfluidic technology, the integration of platelet-derived growth

factor-BB (PDGF-BB), and the use of exogenous mesenchymal stem cells were utilised in

order to create a live and injectable porous hydrogel microsphere that possessed long-term

paracrine activity. The findings of the investigation carried out by Li X et al. 2023 revealed

this. In order to stick to and grow on methacrylate gelatin (GelMA) hydrogel microspheres

(GMs), exogenous stem cells are able to do so. This is made possible by the porous

structure and exceptional mechanical property of GMs. In addition to enhancing the

paracrine impact, this encourages connections between cells and the extracellular matrix

(ECM) as well as between cells themselves. Moreover, the prolonged release of PDGF-BB

has the capability of recruiting MSCs that are already present in the body, which

contributes to the prolongation of the paracrine activity of the surviving GMs. Living GMs

have been shown to have superior secretion properties and anti-inflammatory efficacy, and

they have also been shown to be able to slow the progression of osteoarthritis (OA) by

favouring the adherent microenvironment and making use of the synergistic effect of

exogenous and endogenous mesenchymal stem cells (MSCs). These effects were validated

through experiments conducted in vitro and in vivo. The fact that living GMs were able to

slow down the course of osteoarthritis (OA) is evidence that this conclusion is correct. A

living injectable porous hydrogel microsphere that is capable of boosting the paracrine

activity of stem cells has been manufactured. This brings us to the conclusion that this

microsphere has been created. The potential for future clinical translation of this

microsphere in the treatment of osteoarthritis (OA) and other disorders is something that is

anticipated to be discovered in the near future.

Chi H et al. 2023 carried out an excellent assignment of providing a summary of the latest

advancements that have been made in the preparation technique of hydrogel microspheres

and their application in skin restoration. In this article, a number of distinct methods for the

creation of hydrogel microspheres were analysed, compared, and contrasted in great detail.

Additionally, a review was carried out on the state of research concerning the application of

hydrogel microspheres for the purpose of skin restoration. The review focused on the

possible applications of hydrogel microspheres as delivery platforms (hydrogel
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microspheres as a microcarrier of medications, bioactive substances, or cells) in the field of

skin restoration. These microspheres include haemostatic microspheres, antibacterial

microspheres, bioactive microspheres, and haemostatic microspheres. Following the

conclusion of the presentation, a conversation was held regarding the potential drawbacks

of the development of hydrogel microspheres and their application in the field of skin

restoration. Additionally, the session concluded with a discussion of the bright future that

lies ahead for this field. In the future, it is intended that this study will serve as a helpful

reference for the formulation of a strategy for the preparation of hydrogel microspheres,

and that it will also encourage the utilisation of hydrogel microspheres in the process of

skin restoration.

Effective antigen distribution is a critical component in determining whether or not

antiviral vaccinations are successful. The success of antiviral vaccines is proportional to the

degree to which they protect against virus exposures. In order to enhance the delivery of the

antigen for severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), a polymeric

microsphere system that is controllable, biodegradable, stable, biocompatible, and nontoxic

was developed. This system is designed to include chemically inactivated viral proteins. By

encapsulating SARS-CoV-2 proteins in polymeric microspheres, it was possible to induce

the development of powerful antiviral immunity. The fact that the viral antigen-loaded

microsphere system has the ability to eliminate the need for recurrent injections is a

significant factor that highlights the system's potential value as a vaccine. In a short amount

of time, the Food and Drug Administration (FDA) in the United States granted licenses to

vaccines against SARS-CoV-2 that were not only efficacious but also safe. Nevertheless,

each of the vaccinations needs to be updated in order to account for the emergence of new

strains of the disease. Previous research provides the foundation for our hypothesis, which

states that injectable biodegradable polymers have the potential to serve as a method for the

persistent release of novel viral antigens. By making predictions about the genetic

variability of viral strains, this concept offers a way that can be used to limit the number of

times that vaccinations are administered. There is a possibility that this technique will result

in antiviral protective immunity that is maintained for a longer total duration. These

measurements have been accomplished by the proof-of-concept multipolymer investigation

that is now being carried out for SARS-CoV-2.
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A method to biomedical engineering that draws from a variety of disciplines, bone tissue

engineering is characterised by the utilisation of scaffold materials, seed cells, and "growth

factors" as its three primary constituents. The traditional way of construction, on the other

hand, is not flexible and cannot be adapted to the specific shape of the flaw. Consequently,

the cells that are trapped within the bone are unable to obtain the necessary nourishment,

which can result in additional issues further down the road. As a consequence of this, a

solution that is not only straightforward but also effective by utilising the "bottom-up"

strategy is proposed. In the form of a scaffold or as a drug delivery system, microspheres

are structures that can be utilised as supports for the growth of cells. Microspheres can

operate in any of these capacities. Their diameters can range anywhere from one

micrometre to one thousand micrometres, and each micrometre in between can be any size.

In this article, Feng Z and colleagues 2023 address a number of different approaches to the

manufacture of microspheres. These approaches include the categorisation of raw materials

and the loading of microspheres with drugs. In addition to this, they study innovative

approaches to the utilisation of microspheres in the field of bone tissue engineering. In

addition to this, we consider things from fresh perspectives and investigate the various

possible avenues that could lead to progress in the future.

A tissue injury, which is one of the most common types of traumatic injuries encountered

in ordinary life, can quickly lead to the development of a secondary wound infection. This

is because tissue injuries are easily transmitable. There are numerous types of wound

dressings that have been designed for the purpose of facilitating wound healing and

reducing the production of scar tissue. Some examples of these wound dressings include

gauze, bandages, sponges, patches, and microspheres. Among these, microsphere-based

tissue dressings have received an increasing degree of interest due to the fact that they are

simple to create, demonstrate superior drug release capabilities, and have outstanding

physicochemical performance. During the initial phase of this investigation, we started out

by talking about the traditional methods that are used to prepare microspheres.

Emulsification-solvent method, electrospray method, microfluidic technology, and phase

separation methods are some of the approaches that fall under this category. Following that,

we went over a concise synopsis of the many biomaterials that were utilised in the

manufacturing of the microspheres during the process. There were both natural and
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synthetic polymers incorporated in these biomaterials mixtures. Subsequently, Yang C et

al.2023 demonstrated the utilisation of a variety of microspheres that were produced

through a variety of processing techniques in the context of wound healing, in addition to

other applications. In conclusion, a discussion of the potential future development

directions for microspheres was offered, along with an examination of the restrictions that

were present.

(Chang H et al.; 2022) It is absolutely necessary for the normal construction and function

of the tissue to ensure that the metabolism of extracellular matrix (ECM) is kept in a

healthy equilibrium. In spite of this, it can be difficult to maintain control of the metabolism

of the extracellular matrix (ECM) over an extended period of time in an aberrant

microenvironment. This is due of the complex interplay that exists between the ECM, the

resident cells, and the tissue microenvironment. In this investigation, an injectable circRNA

silencing-hydrogel microsphere, which was referred to as psh-circSTC2-lipo@MS, was

produced by grafting circSTC2 silencing genes-loaded cationic liposomes onto

methacrylated hyaluronic acid (HAMA) microspheres through the utilisation of amide

bonds. The nucleus pulposus (NP) cells that have this construct have the ability to have

pathogenic genes silenced in order to regulate the metabolism of the extracellular matrix

(ECM). The preparation of HAMA microspheres was accomplished by the use of

microfluidics, and the microspheres exhibited remarkable degradability, swellability, and

injectability. It is possible to efficiently load lipoplexes by the utilisation of chemical

grafting, and the contents of these lipoplexes can be released for a period of up to 27 days.

In NP cells, the production of ECM catabolism-related proteases is inhibited by psh-

circSTC2-lipo@MS when these cells are cocultured with these cells for a period of 72

hours under conditions that restrict the availability of nutrients. The amount of proteins

related to the extracellular matrix (ECM) that are synthesised as a consequence of this is

significantly increased. The local injection of psh-circSTC2-lipo@MS, administered after

eight weeks, stimulates extracellular matrix (ECM) formation and recovers NP tissue in the

rat intravenous diet (IVD) nutrient-restricted paradigm. This study's findings suggest that

the psh-circSTC2-lipo@MS targeted gene delivery system, which is both safe and capable

of being controlled, possesses a large degree of promise for the regulation of the ECM
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metabolic balance in an aberrant microenvironment. In conclusion, the findings of this

study demonstrate that its potential is significant.

A macrophage-modulated and injectable 'building block' drug delivery method was created

by Ji X and colleagues 2022 specifically for the purpose of this study. Hydrogel made of

hydroxypropyl chitin (HPCH) and porous chitosan (CS) microspheres were the components

that made up this substance. Encapsulation of the dimethyloxallyl glycine (DMOG) was

performed in the thermosensitive HPCH hydrogel (HD), and the conjugation of the

kartogenin (KGN) was performed using the CSK-PMS reaction. The HD/CSK-PMS

composite scaffold that was constructed was successful in altering the microenvironment at

the location of the defect, attaining local macrophage M2 polarisation, and encouraging

cartilage regeneration. These three goals were accomplished. When compared to the

extremely stable CSK-PMS, which supported the ossification of endochondral cartilage and

promoted the regeneration of subchondral bone, the rapidly degradable HD was found to be

more effective in promoting the regeneration of hyaline cartilage. Evaluations that were

carried out in vitro and in vivo demonstrated that the recently developed HD/CSK-PMS,

which is a controlled drug delivery system, was able to successfully produce an M2

macrophage milieu and orchestrate osteochondral (OC) regeneration. A comparison of the

outcomes of the two different testing procedures led to the discovery of this. It is possible

that the immunomodulation-based hydrogel/PMS composite system could be a promising

candidate for OC regeneration as a result of these findings, which demonstrate that the

immune milieu and subchondral bone play an essential role in the quality of cartilage

repair.

Osteoarthritis is a degenerative joint illness that is associated to lubrication failure in the

joint. Two of the hallmarks of osteoarthritis are the deterioration of the articular cartilage

and the inflammation of the joint capsule. There is a consensus among medical

professionals that enhancing joint lubrication in conjunction with anti-inflammatory

medication is a successful technique for the treatment of osteoarthritis. Using the

microfluidic technology, a monodisperse, size-uniform microsphere is fabricated, and then

a spontaneously modified microsphere with DMA-SBMA copolymer is grafted onto it

using a one-step biomimetic grafting method. This results in the development of a
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superlubricated microsphere. The microsphere is based on the ball-bearing-inspired super

lubricity and the mussel-inspired adhesion. It is referred to as the microsphere. It is because

of the tenacious hydration layer that is produced around the charged headgroups (-N+

(CH3)2 - and -SO3-) of the grafted poly sulfobetaine methacrylate (pSBMA) that the

microspheres are provided with increased lubricating. In addition, because of their porous

structure, the microspheres are able to concurrently offer the capability of effective drug

loading as well as release capability. It is important to note that the grafting of pSBMA

onto microspheres confers upon them features that are beneficial for the intraarticular

therapy of osteoarthritis. A few examples of these qualities are improved lubrication,

decreased degradation, and sustained drug release. Additionally, the superlubricated

microspheres that have good biocompatibility have the ability to block the destruction of

chondrocytes that is generated by tumour necrosis factor (TNF) in vitro. Furthermore, when

loaded with diclofenac sodium, these microspheres have the ability to exert a therapeutic

impact on osteoarthritis in vivo patients. It is possible to accomplish this because the

microspheres have the capacity to keep an excellent level of lubrication.

Drug delivery systems, which are often referred to as DDSs, have been the driving force

behind a substantial amount of advancements in the immunotherapeutic regimen and

combined therapy of cancer. Differential drug delivery systems (DDSs) possess the

capability to present tumour antigens, medicines, immunostimulatory agents, or adjuvants

in a spatiotemporal manner. Because of this, it is now feasible to directly manipulate

immune cells in vivo, such as dendritic cells (DCs) or T-cells, which ultimately results in

powerful immune responses against tumours. It has been proven that cancer vaccines,

immune checkpoint blockade, and adoptive cell transfer are all effective therapeutic

interventions in the clinic. The addition of DDSs has the potential to significantly boost

anticancer efficacy while concurrently minimising unfavourable side effects. The purpose

of this article is to discuss the utilisation of nano-, micro-, and macroscale drug delivery

systems (DDSs) for the purpose of co-delivering a variety of immunostimulatory agents in

order to retrain the immune system to be able to combat cancer. When it comes to drug

delivery systems that are based on nanoparticles, we place a strong emphasis on the

modification of the immunological environment of tumours through the use of

nanoparticles, either on their own or in conjunction with gene therapy, photodynamic



Chapter – 2 Review of Literature

45

treatment, or photothermal therapy. When it comes to DDSs that are based on

microparticles or capsules, an overview of the carrier type, fabrication process, and co-

delivery of cancer vaccines and adjuvants is offered. Last but not least, macroscale drug

delivery systems (DDSs) such hydrogels and scaffolds are also addressed, and a description

of the role that these DDSs play in adoptive cell transfer therapy and tailored vaccine

delivery is offered. The perspectives on DDS-based cancer immunotherapy and its

application in clinical settings are also covered in this article. When it comes to developing

cancer immunotherapy, both in terms of basic research and clinical translation, we believe

that DDSs have a great amount of potential that has not yet been fully realised. One of the

most promising new techniques to treating cancer is immunotherapy, which is rapidly

becoming becoming more widespread. Drug delivery systems, which are often referred to

as DDSs, have been the driving force behind a substantial amount of advancements in the

immunotherapeutic regimen and combined therapy of cancer. The primary focus of this

comprehensive analysis is on the application of DDSs at the nano-, micro-, and macroscales

for the co-delivery of a range of immunostimulatory agents in an effort to retrain the

immune system to fight cancer. This review is wide in its scope. According to According to

the findings of the research conducted by Huang P et al. in 2019, a perspective was offered

regarding the development of next-generation DDS-based cancer immunotherapy. The

findings of this analysis indicate that drug delivery systems (DDSs) have the capacity to

allow for the simultaneous administration of dual or multiple immunostimulatory medicines.

Both the fundamental research and the clinical translation of cancer immunotherapy have

the potential to be significantly advanced as a result of this. Additionally, this has the

potential to improve the antitumor T-cell immunity.

In the year 2021, Prajapati H and colleagues were the ones who were responsible for the

formulation of floating microspheres of baclofen as well as the examination of these

microspheres. Evaporation of the solvent was the method that was employed in the process

of preparing the microspheres. According to the results of the multiple regression analysis,

increasing the concentration of Eudragit RL100 and Eudragit RS100 resulted in a decrease

in the amount of drug that was released in vitro. Additionally, this led to an increase in the

size of the particles, the percentage of drug entrapment efficiency, and the percentage of

buoyancy. There is a percentage of drug entrapment that is 90.06 percent, and the buoyancy
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of the optimised formulation is 90.76 percent. The particle size of the optimised

formulation is 115.96 meters, and it has a buoyancy that is 90.76 percent. Baclofen floating

microspheres were demonstrated to have a drug release that was maintained in vitro for a

period of up to twenty-four hours during the experiment. In addition to being porous and

fluid, the microspheres that were floating around possessed a form that was very close to

being spherical. The Higuchi model was the one that was the one that was followed by the

formulation, and the fickian diffusion mechanism was the one that was responsible for drug

release, as indicated by the outcomes of the in-vitro drug release kinetics experiments.

Mishra Raghav;2021 carried out research with the intention of creating and studying

amethopterin microspheres that float in the water. When these microspheres are

administered orally, they have the potential to enhance the amount of time that the drug is

present in the stomach, improve the bioavailability of the drug through prolonged release,

decrease dose-dependent adverse effects, and improve patient compliance. Ethyl cellulose,

polyvinyl alcohol, and polyvinyl pyrrolidone-K90 were the three components that were

utilised in the production of floating microspheres by the application of the emulsification

solvent evaporation procedure.

Ionic gelation was the procedure that was utilised in the research that Shah Niyati and

colleagues 2021 conducted in order to create microspheres of acebrophylline that had a

prolonged release. Variable polymer ratios were present in these microspheres when

examined. For the goal of conducting drug-excipient compatibility investigations, Fourier

transform infrared spectroscopy was employed. The ideal formulation for microspheres was

determined and produced by taking into consideration the production yield, the

effectiveness of entrapment, and the in vitro release study among other factors. The FTIR,

DSC, and SEM techniques were utilised in order to characterise a batch of microspheres

that had been optimised and given the designation B2. A number of different release kinetic

models were used to analyse the data that was collected regarding the quantity of medicine

that was released from the batch that had been optimised. Over the course of one month,

the batch of microspheres that had been optimised and given the designation B2 was

subjected to a short-term stability test. The test was conducted against a temperature range

of 40 2 degrees Celsius and a relative humidity of 75%. As a consequence of this, the
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outcome indicated that the kinetics of drug release from the formulation of optimised

microspheres (B2) adhere to a first order. Dissemination spectroscopy (DSC) was utilised

in order to evaluate the melting behaviour of the medication that was present in the

microspheres. The optimised microspheres were found to have a rough surface and a

spherical shape with the help of a scanning electron microscope (SEM). During the course

of the stability investigation, it was established that the improved formulation, B2,

exhibited stability.

The formulation for the microspheres that were loaded with aceclofenac was developed by

Sunil Datt Belwal and colleagues in the year 2020. Throughout the entirety of the process

of producing the microspheres, the method of solvent evaporation was employed. Various

amounts of ethyl cellulose and eudragit were used as polymers in conjunction with the

medication, although the proportions of each were different. In the formulation (F), the first

drug and ethyl cellulose were combined in a ratio of 1:3. On the other hand, in the

formulations (F2, F3), the drug and both polymers were combined in ratios of 1:2:1 and

2:5:2, respectively. Particle size analysis, the amount of medicine that each formulation

contained, and the rate at which it dissolved were all subjected to scrutiny during the

evaluation process. As the concentration of these polymers grew, the amount of medication

that could be contained within a microsphere also increased in proportion to the increasing

concentration. Formulation F3 was shown to be the most effective formulation during the

investigation. Both the solubility of the medicine that is poorly soluble and the rate at

which it dissolves are improved by solid dispersion, as indicated by the findings of the

overall study.

Through the utilisation of the natural polymer acacia nilotica gum, Abrar Anam and

colleagues 2020 were able to successfully create the microspheres for the antiulcer

medication. In order to produce famoidine microspheres, the ionotropic gelation method

was utilised, and a cross-linking solution that was composed of calcium chloride, barium

chloride, and aluminium chloride was utilised. As a consequence of the experiment,

anumber of micrometric evaluations of natural polymer microspheres were presented.

Better flow and better packaging properties are both contributed to by the micrometric

parameters, which include bulk density, bulkiness, compressibility index Hausner's ratio,

and angle of repose.
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In 2018, Ranu Biswas and Kalyan Kumar Sen collaborated on the development and

characterisation of a unique herbal formulation of Syzygium cumini seed extract.

Polymeric microspheres were used as the delivery vehicle for this formulation throughout

the process. In order to manufacture the extract-loaded microspheres that were made with

ethyl cellulose (EC), a biological macromolecule, an o/w emulsion solvent evaporation

approach was utilised. Polyvinyl alcohol (PVA) was used as an emulsifier. The utilisation

of microsphere formulation as a novel carrier for the delivery of herbal medications appears

to offer an abundance of potential, as indicated by the findings of this study.

A herbal mixture that had been adsorbed to PEG microspheres was researched by Ribeiro,

Aliny A. L., et al. in 2018. The researchers looked at the effect that the mixture had on

MCF-7 human breast cancer cells as well as these cells when they were co-cultured with

blood MN cells. Furthermore, the MCF-7 cells and the blood mononuclear (MN) cells that

were collected from the donors of blood were taken from the volunteers. The MN cells, the

MCF-7 cells, and a co-culture consisting of MN cells and MCF-7 cells with or without

herbal mixture (HM), polyethylene glycol (PEG) microspheres, or herbal mixture adsorbed

in PEG microspheres (PEG-HM) were subjected to a pre-incubation period of twenty-four

hours. The technique of flow cytometry was utilised in order to determine the levels of

apoptosis, intracellular calcium, and cellular viability. As a consequence of the herbal

mixture that has been adsorbed in PEG microspheres, the viability of MCF-7 cells has been

reduced. The outcomes of the study suggested that the herbal mixture that was adsorbed by

PEG microspheres exhibited apoptotic effects on human MCF-7 breast cancer cells. As a

result, the herbal mixture was discovered to be a promising alternative form of treatment.

According to the findings of the research conducted by Alagusundaram et al. (2009),

microspheres are distinguished by their capacity to flow freely as powders, their

composition of biodegradable proteins or synthetic polymers, and their optimal particle

size, which is less than 200 micrometres. A regulated drug delivery system that has been

meticulously created has the potential to enhance the therapeutic efficacy of a particular

medication. This is something that can be accomplished. Using this approach helps to get

beyond some of the constraints that are associated with traditional therapy procedures. In

order to achieve the objective of delivering a therapeutic chemical to the target site in a
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manner that enables regulated and sustained release, there are a variety of alternative

approaches that can be taken. At some point in the future, microspheres will play a pivotal

role in the development of innovative drug delivery techniques by integrating a number of

different methodologies.

Following the injection of the antibiotic through the pulmonary system, Ventura et al.

(2007) recommended the preparation of chitosan microspheres that were loaded with

moxifloxacin. Because of this, the medicine would be released over a longer period of time.

The process of spray drying results in the production of spherical particles with sizes that

are suitable for breathing because of their size. In addition to this, it has a high

encapsulation efficiency for moxifloxacin, and the cross-linked microspheres allow the

release of moxifloxacin to be prolonged for up to four days.

According to the findings of research that was carried out by Du Toit & colleagues (2006)

on the subject of chemotherapy for tuberculosis and its current drug delivery techniques,

new medications such as fluoroquinolones provide improved bioavailability with a sudden

action and fewer adverse effects. Increasing the bioavailability of Rifampicin would be a

step in the right direction towards solving the problem of treatment failure caused by non-

compliance on the part of patients. This would be possible if Rifampicin and Isoniazide

were administered to patients in a fixed dose combination with segregated delivery. There

is a possibility that this would be possible.

The purpose of the research conducted by Riberio et al. (2005) was to synthesise alginate

microspheres that were loaded with haemoglobin in order to examine the potential of

microspheres as an oral protein delivery mechanism. Following coatings of microspheres

with chitosan provide an efficient means of preserving protein in gastric medium and

regulate the pace at which protein is released from microspheres into intestinal medium.

Chitosan coatings are also an excellent protein preservation method. Almost every

traditional medical practise include the use of medicines derived from plants as a

significant component. In India, there are roughly 1250 different kinds of plants that are

harvested for their medicinal properties. To produce medicinal preparations in accordance

with Ayurveda and other traditional medical systems, these plants are employed in the

production process.
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Recent advancement on Cancer research

The availability of several medications for cancer treatment has advanced significantly;

however, the continuous search for more effective treatments has led to the exploration of

various new compounds. Among these, dihydropyrimidinones (DHPMs) have gained

attention for their wide range of biological activities. Recent research has focused on the

anticancer properties of unsaturated pyrimidine structures, including their synthesis

methods and the mechanisms underlying their anticancer effects. This review provides an

overview of the structure-activity relationship (SAR) of DHPMs as potential anticancer

agents, summarizing their synthesis, action mechanisms, and extensive SAR studies

(Prasad T et al., 2023).

Bhat AA et al. (2023) demonstrated that pyrrolidine compounds, both synthetic and

naturally derived from plants, possess significant pharmacological properties. Various

synthetic pyrrolidine derivatives, such as spirooxindole, thiazole, and coumarin, have

shown strong anticancer potential. These molecules exhibit minimal adverse effects and

efficiently target multiple cancer-related pathways, depending on their substitution patterns.

This review covers recent advances in pyrrolidine synthesis and highlights their promising

anticancer activity across various cancer cell lines, emphasizing the SAR behind these

effects.

Flavonoids are known to inhibit cancer cell growth through several mechanisms, including

the inhibition of topoisomerases, protein kinases, angiogenesis, and the induction of

apoptosis. This review outlines the key structural features of flavonoids and their anticancer

mechanisms. A detailed analysis of previously published data on flavonoids' anticancer

properties is provided, focusing on the role of structural factors, such as the presence of a

C2-C3 double bond, an oxo group at C4, and other key elements responsible for their

anticancer activity. Additional research is required to improve the target specificity and

selectivity of flavonoids as anticancer agents (Shah S et al., 2023).

Iron and heme have been identified as potential enhancers of anticancer therapies (ARTs).

Zhang Y et al. (2023) demonstrated that zinc protoporphyrin-9 (ZnPPIX), a natural heme

metabolite, significantly enhances the anticancer activity of dihydroartemisinin (DHA) in

various cell lines. This combination increases intracellular free heme levels and reactive
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oxygen species (ROS) production. In animal models, ZnPPIX boosted DHA’s tumor-

suppressing ability without causing toxicity, suggesting a promising synergy for improving

ARTs in cancer treatment.

The unfolded protein response (UPR) helps cells cope with stress by preventing the

accumulation of misfolded proteins in the endoplasmic reticulum (ER). However, cancer

cells exploit this pathway to survive under chronic stress. Bartoszewska S et al. (2023)

discussed the potential of targeting the inositol-requiring enzyme 1a (IRE1) pathway, a key

component of UPR signaling, for cancer therapy, highlighting the development of IRE1

inhibitors as a promising therapeutic strategy.

Active peptides, particularly anticancer peptides (ACPs), show therapeutic potential

through mechanisms like pore formation in cell membranes or targeting vital intracellular

processes. This review discusses recent developments in ACPs and antimicrobial peptides

(AMPs) with anticancer activity, focusing on their design, mechanism of action, and

therapeutic applications. Despite challenges like high production costs and toxicity toward

normal cells, computational methods have facilitated the design of novel ACPs, which

could serve as promising cancer therapies (Kordi M et al., 2023).

Annona muricata, a plant from the Annonaceae family, has demonstrated potential

anticancer properties due to its alkaloids, phenols, and acetogenins. Ilango S et al. (2022)

reviewed the role of A. muricata in cancer treatment, focusing on its ability to modulate

cellular proliferation, promote apoptosis, and reduce cancer cell invasion. The study

highlighted the molecular mechanisms by which A. muricata affects cancer-related

pathways, presenting its bioactive compounds as promising anticancer agents.

Sesquiterpenoids like drimanes and coloratanes, found in various marine organisms and

plants, have shown cytotoxic activity against cancer cells. Despite their promising in vitro

results, the structure-activity relationships (SAR) of these compounds have not been fully

explored. Beckmann L et al. (2022) summarized the structures and derivatizations of these

sesquiterpenoids, along with their anticancer activity, emphasizing the need for further

research to fully understand their potential as novel anticancer agents.
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Phycocyanobilin (PCB), a chromophore involved in various biological processes, has

shown promise in combating cancer, inflammation, and oxidative stress. Li Y et al. (2022)

reviewed the biological activities of PCB and its potential applications in disease treatment.

PCB's antioxidant properties, along with its anti-inflammatory effects, make it a promising

candidate for treating conditions like cancer, atherosclerosis, and COVID-19

complications, among others.

Jiang et al. 2016 provided evidence that GA possesses anticancer properties by testing it

on two different human breast cancer cell lines (MCF-7 and MDA-MB-231) Research

conducted using in vitro models demonstrated that GA caused significant cytotoxicity in

both of the cancer cell lines. Other cancer cells, such as gastric cancer cell lines (MKN28,

AGS, SGC7901, and MN45), were also affected by the GA treatment. Their growth cycle

was arrested at the G2/M transition, which resulted in apoptosis of the cells.

Hasan, S.K. et al. 2016 found that GA inhibits the proliferation of HepG2 cells in liver

cancer. In addition, GA causes an increase in the formation of ROS and NO production and

causes a loss of the mitochondrial membrane potential.

In this sense, Li, J.Y. et al. 2014 highlighted the in vitro and in vivo antioxidant activities

of GA. Several other studies supported these findings. These methods have demonstrated

antioxidant activity against reactive oxygen species, such as hydroxyl radicals, peroxyl

radicals, and superoxide ions. These reactive oxygen species play an important role in the

treatment of diseases involving reactive oxygen species (ROS) or in mechanisms related to

photoaging. GA may impact cellular ROS levels through additional direct or indirect

mechanisms, and it may activate the nuclear factor (erythroid-derived-2)-like 2 (Nrf2)

pathway. This may occur because GA regulates the redox state of Keap1.

In the case of skin cancer, GA has been considered a natural antioxidant agent that protects

mitochondrial functions in the presence of oxidative stress. This treatment is intended for

tumours that are caused by exposure to UVB radiation. In other studies, GA was shown to

have chemopreventive potential against DMH-induced colon carcinogenesis. This was

accomplished by decreasing the immunostaining of Ki-67, NF-kB -p65, COX-2, iNOS, and

VEGF in the colon of Wistar rats, while simultaneously increasing the immunostaining of
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p53, connexin43, caspase-9, and cleaved caspase-3. Khan, R, et al., 2013 is the group that

carried out this research.

The primary molecular antitumor mechanism of GA, as described by Ming, L.J.; et al.

(2013) in the literature, involves the up-regulation of p53 and p21/Cip1 to protect DNA

from damage and promote DNA repair while down-regulating proliferation, metastasis,

cell-cycle arrest and apoptotic cell death, and transcription factor-NF-B.

According to Cherng, J.M. et al2011 .'s study, GA could prevent or postpone the

development of UVB-induced skin cancer in a hairless mice skin model. GA's protective

effects were mediated at the molecular level through NF-kB, COX-2, PGE2, and NO level

inhibition. Because GA contains various isoflavonoids, including glabridine and its

derivatives, these benefits were also linked to the substance's strong antioxidant properties.

The uterus and cervix carcinoma cell line SiHa were used in a 2008 study by Lee et al. to

examine the harmful effects of GA. According to the findings, the GA activity may be

linked to an increase in ROS production and GSH depletion via altering the permeability of

the mitochondrial membrane, which releases cytochrome c and activates caspase-3.

In this field of study, Hoever et al. Studies have shown that GA has anti-cancer properties

against many cancer cell types, including those of the mouth, stomach, breast, skin, cervix,

and liver.

Horigome, H. et a(2001)'s in vivo investigations show that GA triggers programmed cell

death, most likely through blocking the liver enzyme 11-hydroxysteroid dehydrogenase

type I.

Previous work done on Glycyrrhiza glabra

In 2021, Ilaria Marotti and colleagues studied the impact of polyphenol extracts from the

leaves, stems, and roots of 20-day-old licorice microgreen seedlings on the proliferation

and viability of Caco-2 cells, which mimic the intestinal epithelium. This was done

following the induction of inflammation using lipopolysaccharide (LPS). The results were

then compared with the polyphenol, flavonoid, and anti-radical properties of the different

tissue extracts.
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In another study from 2021, Changchao Huan and colleagues explored recent findings

related to the antiviral properties of glycyrrhizin, a key bioactive compound in licorice

along with glycyrrhetinic acid. These triterpenoids have shown efficacy in inhibiting

various viruses, including SARS-CoV-2. Their modes of action include inhibiting viral

replication, directly inactivating viruses, reducing inflammation through HMGB1/TLR4

inhibition, and decreasing reactive oxygen species production.

Using in-silico techniques, Saurabh K. Sinha et al., (2020) aimed to identify the licorice

compounds responsible for antiviral effects against COVID-19 protein targets. Through

molecular docking simulations, glyasperin A exhibited strong affinity for Nsp15

endoribonuclease, while glycyrrhizic acid was effective in the binding pocket of spike

glycoprotein, preventing viral entry into host cells. Molecular dynamics simulations were

conducted to further assess the behavior of these docked molecules.

In 2019, Namavar Jahromi et al. studied the effects of Glycyrrhiza glabra (licorice), a

cyclooxygenase-2 inhibitor (Celecoxib), and a gonadotropin-releasing hormone analogue

(Diphereline) on endometrial implants in rats. The licorice group demonstrated

significantly reduced implant area, volume, and HLM count compared to the control group.

Jun-Xian Zhou and colleagues (2019) investigated the phytochemical content and

biological activities, including antioxidant, cytotoxic, and antimicrobial effects, of

methanol extracts from Glycyrrhiza glabra, Paeonia lactiflora, and Eriobotrya japonica.

They found that Paeonia lactiflora had strong radical scavenging and antibacterial

properties, while Glycyrrhiza glabra exhibited moderate antibacterial activity. Further

studies were recommended to assess their potential in antioxidant or antibacterial therapies.

Lateef M. and his team (2012) explored the antioxidant activity of Glycyrrhiza glabra root

extracts using various solvents. They found that the crude methanolic extract had the

highest antioxidant power, while the ethyl acetate fraction showed significant urease

inhibition activity compared to thiourea.

Franceschelli S. et al. (2011) examined the anti-inflammatory properties of licochalcone C,

a compound from licorice, in THP-1 cells under inflammatory conditions. The treatment

reduced iNOS expression and activity, decreased extracellular oxygen production, and
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modulated antioxidant enzyme activity, suggesting licochalcone C’s potential as an

antioxidant.

In 2011, Siracusa L. and colleagues evaluated the antioxidant, anti-genotoxic, and anti-

inflammatory properties of Glycyrrhiza glabra leaf extracts. They identified various

polyphenols, including flavonoids and dihydrostilbenes, as key active compounds, with the

ethyl acetate extract showing the most significant bioactivity.

Li YJ et al. (2011) developed a novel method for screening antioxidants in licorice using

DPPH spiking tests combined with HPLC-Q-TOF MS/MS. Their approach identified 21

antioxidant compounds in Glycyrrhiza species, 10 of which had known antioxidative

activity, while 11 were newly identified as radical scavengers.

Mukherjee M et al. (2010) evaluated the anti-ulcer and antioxidant properties of Gut-Gard,

a standardized extract of Glycyrrhiza glabra. Their study showed dose-dependent

reductions in ulcer indices and increases in pH levels, along with strong antioxidant

activity, supporting licorice’s traditional use for treating ulcers.

D'Angelo S et al. (2009) investigated the antioxidant potential of methanolic licorice

polyphenol extracts (LPEs) and found that LPEs offered significant protection against

oxidative damage in human colon cancer cells, likely due to their high polyphenolic

content.

Visavadiya NP et al. (2009) assessed the antioxidant activity of Glycyrrhiza glabra in vitro.

Both aqueous and ethanolic extracts showed strong scavenging activity against various

radicals and reduced lipid peroxidation, suggesting their potential in preventing oxidative

stress-related diseases.

Yadav AS et al. (2007) evaluated the antioxidant effects of spices, including licorice, in rat

liver homogenate. Licorice displayed significant metal chelating activity and DPPH radical

scavenging, highlighting its potent antioxidant properties.

In a study on hypercholesterolemic rats, Visavadiya NP et al. (2006) found that Glycyrrhiza

glabra root powder significantly lowered cholesterol levels and enhanced antioxidant

enzyme activity, indicating its hypocholesterolemic and antioxidant effects.

Di Mambro VM et al. (2005) studied the antioxidant properties of Glycyrrhiza glabra and
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Ginkgo biloba extracts in skin formulations. Both extracts demonstrated strong free radical

scavenging activity, suggesting their potential for use in skincare products to protect against

oxidative damage.

Lastly, Morteza et al. (2003) compared the antioxidant effects of licorice root extract with

synthetic antioxidants in hydroquinone cream and found that licorice exhibited comparable

antioxidant activity at various concentrations.

Fukai T et al. (2003) researched the anti-arthritis activity of glabridin, a compound derived

from Glycyrrhiza glabra. Glabridin significantly reduced protein excretion in a nephritis

model without affecting radical scavenging, indicating its potential as an anti-nephritis

agent.

Work done Molecular modelling of cancer

In 2023, Guerfi M et al. examined a group of newly synthesized β-sulfamidophosphonate

derivatives (3a-3g) for their anticancer properties against human cancer cell lines (PRI,

K562, and JURKAT). When compared to the standard drug chlorambucil, the compounds

showed moderate antitumor activity using the MTT assay. The IC50 values for compounds

3c and 3g were reported as 0.056-0.097 mM against PRI cells and 0.182-0.133 mM against

K562 cells. A molecular docking study revealed that these compounds might inhibit

glutamate carboxypeptidase II (GCPII), and further computational analysis using Density

Functional Theory (DFT) supported these findings. Pharmacokinetics and toxicity

assessments conducted using SwissADME and OSIRIS software indicated that all

synthesized compounds exhibited acceptable bioavailability and non-toxic profiles.

In another study from 2023, Hadiyal SD et al. synthesized a series of benzofuran-thiazole

hybrid compounds using a multi-step reaction. These compounds were screened by the

National Cancer Institute for anticancer activity across 60 human cancer cell lines. Two of

the compounds demonstrated significant lethality and were selected for further testing in

five-dose assays. Compounds 8g and 8h exhibited GI50 values ranging from 0.295 to 4.15

µM and LC50 values between 4.43 and >100 µM, showing strong antiproliferative effects,

with 8g outperforming the standard drug fluorouracil. Molecular docking studies into the
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1HOV protein's binding regions provided insight into the binding interactions of these

compounds.

Yousef TA et al. (2012) focused on developing new oxadiazole derivatives (8a-f) as

inhibitors of tubulin polymerization. Their structural confirmation was carried out using

element analysis, mass spectrometry, and NMR. Compounds 8e and 8f exhibited improved

IC50 values of 3.19-8.21 µM against MCF-7, HCT116, and HepG2 cancer cell lines

compared to colchicine. Molecular docking studies indicated key hydrogen bonding and

hydrophobic interactions at the binding sites, and compounds 8e and 8f showed the highest

tubulin inhibitory activity with IC50 values of 7.95 and 9.81 nM, respectively. These

results suggest that the 1,3,4-oxadiazole scaffold has potential for the development of

future anticancer drugs.

Erianin, a bisbenzyl compound found in Dendrobium chrysotoxum Lindl., has shown

potential therapeutic effects in several cancers, including hepatoma, melanoma, non-small-

cell lung carcinoma, leukemia, breast cancer, and osteosarcoma. Recent studies have

demonstrated erianin's pharmacological activities, including its antioxidant and anticancer

properties. Yan L. et al. conducted a systematic review of the anticancer mechanisms of

erianin, compiling current data on its effects in specific cancers. The SwissTargetPrediction

online tool was used to predict erianin's molecular targets, while the OMIM database

identified potential treatment targets in various cancers. Kaplan-Meier and GEPIA tools

were used to assess the prognostic value of these targets. Molecular docking was performed

using Discovery Studio to confirm erianin's binding potential, and the KEGG pathway was

used to map possible disrupted signaling pathways. The study also conducted an in silico

prediction of erianin's ADMET properties. Overall, this research aimed to consolidate data

on erianin's pharmacological effects, identify its therapeutic targets, and assess its ADMET

characteristics for cancer treatment.
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CHAPTER - 3
PROFILE OF SOME PROPOSED PLANTS FOR RESEARCH

GLYCYRRHIZA GLABRA

Fig.23: GLYCYRRHIZA GLABRA

Common/English Names Vernacular Names

Black Sugar, Common Liquorice, Licorice,
Licorice-Root, Liquorice, Liquorice Root,
Persian Licorice, Rhizoma Glycyrrhizae,
Russian Licorice, Russian Liquorice, Si-Pei
Licorice, Sinkiang Licorice, Spanish Juice,
Spanish Licorice, Spanish Liquorice Sweet
Root, Sweet Wood, Sweet Wood Liquorice,
True Licorice, True Liquorice

Afrikaans: Drop

Albanian: Gliciriza E Shogët,
Glicirizë

Arabic: Irq As-Sus, Irqu As-Sus, Irqu
Al-Sus, Sous, Sus

Armenian: Madoodag, Matutak

Azeri: Biyanlıq

Basque: Erregaliz, Gotxerro,
Makilgoxo

Belarusian: Lakryčnik

Brazil: Alcaçuz (Portuguese)

Breton: Regalis

Bulgarian: Sladnik, Sladuk Koren

Burmese: NoekiyuCatalan: Regaléssia
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Biological source: It is made up of the dried, peeled or unpeeled root and stolon of a

plantthat is a member of the Leguminosae family.

Geographical Source: It has been reported that the drug is grown in Baramulla, and South

India. Commercial cultivation of the drug takes place on a large scale in Spain, Sicily,

England, and India.

Different Varieties of G.glabra:

1. G.glabra variety:Spanish liquorice:This plant has purplish blue coloured

papilinaceous flowers. It gives out large no.of stolons.

2. G.glabra variety:Russian liquorice:It has a big root stock along with a

number of elongated roots but does not bear stolons.

3. G.glabra variety:Violaceae:Persian liquorice:It has violet flowers.

Macroscopic Characters Microscopic Charaterstics

This herbaceous perennial can grow up to
one metre in height. Its pinnate leaves are 7
to 15 centimetres (3 to 6 inches) in length
and have nine to seventeen leaflets each.
The blossoms can be deep purple or pale
white blue in colour, and they range in
length from 0.8 to 1.2 millimetres (about 1/2
to 1/3 of an inch). The fruit is an oblong pod
with several seeds that is 2 to 3 centimetres
(about 1 inch) long. The main ingredient
giving liquorice its sweet flavour is a
substance called anethole, sometimes
referred to as trans-1-methoxy-4-(prop-1-
enyl)benzene. Anise, fennel, and several
other herbs also contain anenethole, a
fragrant, unsaturated ether molecule. A large
portion of liquorice's sweetness comes from
a substance called glycyrrhizin, which is
sweeter than sugar. (Nadkarni K M;1989).

Secondary phloem is a broad band with cells
of inner part cellulosic and outer lignified,
radially arranged groups of about 10-50
fibres, surrounded by a sheath of pare. The
cork of the stolon consists of 10-20 or more
layers of tabular cells, with the outer layers
containing reddish-brown amorphous
contents, the inner 3 or 4 rows having
thicker, colourless walls, the secondary
cortex usually

Root-T.S. resembling stolon with the
exception that there is no medulla present,
xylem tetrarch, usually four principal
medullary rays at right angles to each other,
in peeled drug cork shows phelloderm and
sometimes without secondary phloem, all
parenchymatous tissues containing
abundant, simple, oval or rounded starch
grains, 2-20 in length. Root (The Wealth of
India;1982).
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Chemical Constituents:

The main ingredient in liquorice is glycyrrhin, also known as glycyrrhic acid, a triterpenoid

saponin that is the potassium and calcium salt of glycyrrhizinic acid. Another name for

glycyrrhin is glycyrrhizinic acid. The hydrolysis of glycyrrhizinic acid, a glycoside, yields

glycyrrhetinic acid, sometimes referred to as glycyrrhetic acid, which is structurally related

to a triterpenoid. Antioxidant activity is significantly higher in isoflavones glabridin and

hispaglabridins A and B, which are glabridin's isoflavones. Glycyrrhiza glabra Linn.

contains triterpene saponins, flavonoids, polysaccharides, pectins, simple sugars, amino

acids, mineral salts, and a host of other compounds. Glycyrrhizin, a kind of triterpenoid, is

the chemical responsible for the sweet flavour of Glycyrrhiza glabra Linn root. The

flavonoid content of Glycyrrhiza glabra Linn, which includes liquiritin, isoliquiritin (a

chalcone), and other chemicals, is what gives the plant its yellow colour. Both glabrene and

glabridin have estrogen-like characteristics and are more deeply implicated in the

metabolism of corticosteroids, specifically glycyrrhizic acid.

There is a wide range of variability in the levels of glycyrrhizin found across the different

varieties.

Spanish liquorice contains 5 to 10 %,

Russian variety contains about 10%, while

The proportion of glycyrrhizin in Persian liquorice varies from 7.5 to 13%. Other

ingredients in liquorice include fat, asparagin (up to 4%), glucose (up to 4%), sucrose (2.5–

6.5%), and resins containing the bitter substance glycyramarin.

Flavonoids, which are present in liquorice, are believed to have an antigastric action and

may be useful in the management of peptic ulcers. This is just one more significant

chemical element of liquorice. The flavonoids are isoliquiritin and liquidritin; they are both

yellow in appearance.



Chapter – 3 Plant Profile

61

Ethano-botanical uses (Ali Esmail Al-Snafi;2018):

Traditional uses Medicinal Uses

 Expectorants and demulcents have
historically been two of liquorice's most
popular applications. In formulations
containing quine, ammonium chloride,
alkali iodides, quinine, cascara, and
other like compounds, it is also
employed as a flavouring ingredient. It is
a component in cough mixes. Because it
contains isoliquiritin, a flavonoid with
antigastric properties, deglycyrrhized
liquorice is used in the treatment of
peptic ulcers (DGL). This form's
decreasedminerocoeticoid activity makes
it useful for treating peptic ulcers and
encouraging healing.

In addition to its anti-inflammatory and
antiviral characteristics, and it includes
saponin, glycyrrhizin, and a variety of other
vital substances required for optimal health.
It is most commonly used to treat cervical
cancer, kidney and bladder disorders, HIV,
hepatitis B, herpes, mucous membrane
inflammation, food poisoning,
stomachaches, coughs, horse-voice,
bronchitis, asthma, ulcers, arthritis,
shingles, sunburns, infant fevers, and insect
bites.

 Additionally, the drug hasantispasmodic
qualities. Isoliquiritin, a flavonoid
glycoside, is the cause of this. This
glycoside's aglycone component is
responsible for its antispasmodic
properties. Because ofits minerocorticoid
activity, which is brought on by
glycyrrhetinic acid, itis used in place of
corticosteroids to treat inflammations,
rheumatoid arthritis, and Addison's
disease. Nevertheless, the excessive
dosages may result in salt retention,
which may then lead to a serious
electrolyte imbalance, hypertension, and
water retention. The use of glycyrrhizin
as an anti-inflammatory drug is well-
established.

 The most popular use of liquorice is as a
flavouring for stuff and chewing tobacco.
The flavour of liquorice is sweet and
licorice-like. Ammoniated glycyrrhiza is
used as a flavouring additive in the

Glycyrrhizic acid from liquorice is about
fifty times sweeter than sucrose. It is
thought to support the adrenal glands,
promote hormone excretion from the
adrenal cortex, and increase hormone
production, such as hydrocortisone.

Liquorice possesses oestrogenic
characteristics and can help regulate
menstrual periods. It is also commonly
accepted as an excellent treatment for a
number of lung and spleen disorders. It is
widely used in conjunction with other herbs
to treat coughs, colds, sore throats, asthma,
stomach and duodenal ulcers, hepatitis,
hysteria, food poisoning, hypoglycemia,
bronchitis, colitis, diverticulitis, gastritis, as
well as some stress-related diseases,
nausea, and inflammation.

Liquorice root can aid in colon cleansing,
adrenal gland stimulation, muscle spasm
reduction, and increased mucus fluidity
produced by the lungs and bronchial tubes.



Chapter – 3 Plant Profile

62

 Antidepressant effect

 Antimicrobial effects

 Anticancer effect

 Antioxidant effect

 hepatoprotective potential

 Anti-inflammatory effect

 Effective against gastric duodenal

ulcers:Carbenoxolone

 Hypolipidemic effect

beverage, confectionery, and
pharmaceutical industries.

 Some stories state that the residue left
over from the manufacture of the
liquorice liquid extract was utilisedto
stabilise the foam in a particular kind of
foam fire extinguisher. According to some
claims, the liquorice compound powder,
whichincludes liquorice as a component,
has a senna-like potentiating effect.

Licorice's medical characteristics include
anodyne, antispasmodic, anti-
inflammatory, demulcent, depurative,
diuretic, cooling, expectorant, emollient,
oestrogenic, expectorant, anti-arthritic,
tonic, adrenal stimulant, anti-
cholesterolemic, anti-gastritis, and anti-
allergenic.

Liquorice glycoside, which has been
demonstrated to be useful in treating
Addison's disease, is structurally similar to
endogenous hormones produced by the
body.

Pharmacological Activities (Dhingra D and Sharma A;2006 & Rodino S etal;2015):

EXCIPIENT PROFILE

Chitosan

Chitosan is a naturally occurring polysaccharide that is made up of glucosamine and n-

acetylglucosamine in the form of a copolymer. This is achieved by removing a portion of

the chitin from the crustacean shell and then partially deactivating it. Crustaceans, insects,

and fungi are the three primary food sources for chitin. The term chitosan is used to describe

various chitosan polymers with molecular weight (50 kDa 2000 kDa), viscosity (1%

chitosan in 18-acetic acid <200 mPas), and degree of acetylation (4098%).
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Fig. 24 Chemical Structure of Chitosan

Physicochemical Properties (Illum Lisbeth etal;1998)

 It is a linear polyamine that contains a number of amino groups that can participate in

chemical reactions and can easily form salts.

 However, it is soluble in acids and forms salts with both inorganic and organic acids. It

is insoluble at pH levels that are neutral and alkaline.

 Chitosan has a particle size of less than 30 micrometres, a density of 1.35-1.40 g/cc, and

a pH ranging from 6.5 to 7.5.

Biological Properties

 This polymer is safe to use, it is compatible with living organisms, and it breaks down

naturally.

Pharmacological Properties

It has been shown to be effective as a hypocholesterolemic agent, as well as a wound

healer, an antacid, and against ulcers.

Pharmaceutical Applications

 Chitosan had excellent properties as an excipient for direct compression of tablets,

which resulted in rapid disintegration when combined with a percentage of chitosan

equal to or greater than 50 percent.

 Chitosan gel was put to use as a vehicle for the sustained release of the drugs that were

not very soluble.
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Properties Description

Chemical Structure

Molecular Formula C24H44O6

Synonyms Sorbitan monooleate

Sorbitan, mono-(9Z)-9-octadecenoate

Arlacel 80

Span 80

Molecular Weight 428.6

Application The United States of America and the European Union
are two of the numerous countries that make use of
polysorbate, which is a solid material. Numerous foods,
including bread, cake mix, salad dressing, shortening
oil, and chocolate, all make use of it as an emulsifier
and a solubilizer through its application. The reaction
between sorbitan fatty acid ester, which is a nonionic
surfactant, and ethylene oxide results in the formation
of polysorbate. Many countries outside of the United
States make use of polysorbate.
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In order to create polysorbate 80, there are two different
kinds of surfactants: hydrophilic and nonionic. We use
it as a surfactant in soaps and cosmetics, and we use it
as a lubricant in eye drops. A further application for it is
in the cosmetics sector. In the context of food or
medicinal items, it is conceivable that it could serve the
purpose of an emulsifier. Polysorbate 80 is an excipient
that is utilised for the purpose of stabilising aqueous
formulations of certain drugs that are intended for
parenteral administration or vaccines. Pharmaceuticals
are the industry that makes the most frequent use of it.

The utilisation of a solubilising agent, which also serves
as a surfactant, is what makes one material more
soluble in another substance. It is possible to bring a
substance that would not ordinarily dissolve in a
particular solution to a state where it is able to do so
with the assistance of a solubilising agent. Once in this
state, the substance will be able to dissolve.

It is also known as an emulsifier, which is a substance
that helps components mix together and prevents
separation. Additionally, it is a component of water that
contains small levels of salts, and it is included in a
number of vaccines that have been granted official
approval in the United States of America.

Fig. 25 Sorbitan monooleate(Drug bank)
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CHAPTER - 4

AIMANDOBJECTIVES OFRESEARCHWORK

By incorporating the herbal drugs into more contemporary dosage forms, one is able to use

them in a more conventional manner while simultaneously increasing their level of

effectiveness. Developing original methods of drug delivery that are suitable for use with

botanical components is one way to achieve this goal.

The current research is being conducted with the intention of establishing phytochemicals

as a fruitful and productive area of research. There has been an increase in the incidence of

cancer, and due to the high cost, various limitations of conventional treatments, including

the high cost, and the high toxicity of current anticancer drugs, there are alternatives that

are cost-effective, environmentally friendly, and biocompatible. Plant molecules, which are

expected to revolutionise cancer treatment over the course of the next decade, are a strategy

that is friendlier to the environment in this scenario. Together with their novel drug delivery

system, the high biodegradability and biocompatibility of these plant molecules have

contributed to their increased effectiveness in the treatment of cancer. Both the rate at

which the drug is released and its capacity to pass through biological membranes are altered

by the controlled release system. This approach to increased pharmacological activity while

simultaneously reducing the number of adverse effects and the drug dose. The sustained

release system is an effective and convenient tool for the delivery of drugs at specific times

and locations.

As a result, the purpose of this project is to formulate microspheres that are loaded with

Phytoconstituent of and evaluate their effectiveness as a sustained release drug delivery

system. Microspheres are an essential component of this innovative system for the delivery

of drugs. The significance of these microspheres, however, is constrained by the fact that

they spend only a brief amount of time at the site of absorption. Further in-vitro and in-

silico validation of microsphere was carried out to assess the antiproliferative potential.
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Step 3

 Proposed Mechanism studies by Molecular docking

approach.

 Evaluation of Anti-proliferative activity

CHAPTER - 5

PLAN OFWORK

Step 2

& FT-IR study ofParticle size distribution
formulation

In- vitro evaluation of capsules containing drug-
loaded microspheres
Percent Yield (%), Drug entrapment efficiency,






ofoptimizationPreparation and
microspheres.



Preformulation studies

 Melting point determination

 Solubility studies

 FT-IR study of drug

 Determination of λ max (maximum
wavelength)

 Calibration curve of drug

 Partition Coefficient



Literature Review.

Collection and identification of plants.

Pharmacognostic evaluation of plants.

To prepare various extracts (Ethanolic, methanolic&
petroleum ether) of selected plant material.

Isolation of Glycyrrhizin

Characterization of isolated moiety by various
modern analytical techniques.













Step1
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CHAPTER - 6

MATERIAL ANDMETHOD

All chemicals and solvent used in the preparation of Glycyrrhizin loaded microsphere

purchased from different resources as shown in table1 were highly purified.

Table 1. List of chemical/solvents used in the preparation

S.No Chemical/Solvents Source
1. Glycyrrhizin Isolated from G.glbra and

characterized.
2. Hydrochloric acid Rankem lab
3. Potassium Hydroxide Loba Chemie Pvt Ltd
4. n-Octanol Rankem lab
5. Acetone Loba chemie Pvt Ltd
6. Ethanol Loba chemie Pvt Ltd
7. Chitosan Rankem lab
8. Glutaraldehyde Rankem lab
9. Sodium Chloride Rankem lab
10. Acetic acid Rankem lab
11. Light liquid paraffin Loba chemie Pvt Ltd
12. Heavy liquid Paraffin Loba chemie Pvt Ltd
13. Petroleum Ether Rankem lab
14. Water (HPLC grade) Rankem lab

Table 2. List of Instruments used

S.No Instruments Makers

1. Weighing Balance WensarTM

2. Sonicator Khera instrument Pvt Ltd

3. FT-IR (for preformulation study) Bruker Germany

4. FT-IR (for formulation study) Shimadzu 8300

5. UV spectrophotometer 1700 pharmaspec shimadzu

6. Microscope LEICA DM1000



Chapter – 6 Material and Method

69

6.1 Plant material collection

Evaluation of Physicochemical Parameters:

A. Physical Evaluation:

 Determination of Foreign Matter (Harborne, 1984):

Macroscopic examination of medicinal plants is crucial for accurate identification and

to detect any adulterants.

B. Determination of Solvent Extractive Value (Mukherjee, 2002):

a) Water-Soluble Extractive Value:

 5 g of the powdered drug was macerated in 100 ml of water for 2 hours in a closed flask.

It was then allowed to stand for 18 hours, with periodic shaking for the first 6 hours.

After filtration, 25 ml of the filtrate was evaporated to dryness in a shallow flat-

bottomed dish at 105°C and weighed. The percentage of water-soluble extractives was

calculated based on the air-dried sample.

b) Alcohol-Soluble Extractive Value:

Alcohol is an ideal solvent for extracting components like tannins, alkaloids, and

resins. To determine the alcohol-soluble extractive value, 5 g of powdered drug was

macerated in 100 ml of 95% ethanol for 24 hours, with periodic shaking for 6 hours,

and then allowed to stand for 18 hours before filtering. The filtrate was evaporated to

dryness at 105°C in a shallow dish and weighed. The percentage of alcohol-soluble

extractives was calculated using the air-dried drug.

c) Determination of Moisture Content (Mukherjee, 2002):

Moisture content is critical in controlling the quality of crude drugs, as excessive Moisture

can lead to chemical degradation or microbial growth.

Procedure:

5 g of the powdered sample was placed in an infrared moisture balance. The weight loss

due to moisture was expressed as a percentage based on the air-dried sample.
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C. Determination of Ash Value (Mukherjee, 2002):

Ash value helps determine the presence of inorganic matter, which may either occur

naturally or be added deliberately as adulterants. This includes components like sand, soil,

or other mineral elements. The ash value is a measure of purity for crude drugs. Total ash

and acid-insoluble ash were measured as follows:

a) Total Ash Determination:

2 g of the air-dried drug sample was weighed and placed in a pre-tared silica dish, then

ignited at a temperature not exceeding 450°C until the residue was free of carbon. The

ash content was calculated.

b) Acid-Insoluble Ash Determination:

The ash obtained from the total ash procedure was boiled with 25 ml of 2M HCl for 5

minutes. The insoluble residue was collected on an ash-free filter paper, washed with

hot water, ignited, cooled in a desiccator, and weighed. The percentage of acid-

insoluble ash was calculated using the air-dried sample as the reference.

c. Determination of water soluble ash:

The inert substance was subsequently gathered on ash-free filter paper, boiled in hot

water for 15 minutes, and ignited while the temperature remained below 450°C. The

ash was initially heated in 25ml of water for 5 minutes. To determine the amount of

water soluble ash, subtract the weight that contains the insoluble material from the

weight of the ash. The proportion of water soluble ash was determined using the air-

dried sample as a reference.



Chapter – 6 Material and Method

71

Table: 3 Physiochemical properties root of G.glabra

S.No Ash values Observation

in (w/w)

1 Total ash 4.7%

2 Acid insoluble ash 0.55%

3 Water soluble ash 6.55%

4 LOD 5.5%

Fig. 26 Graph: 1 Physiochemical properties of root of G.glabra

Determination of alcohol soluble extractive value

In a closed flask, 100 millilitres of alcohol were macerated with five grammes of powdered,

air-dried medication that had been carefully weighed. The maceration lasted for twenty-

four hours, with regular shaking occurring during the first six hours and standing time

lasting for eighteen hours. Following that, it was filtered as rapidly as possible to prevent

any loss of solvent. Twenty-five millilitres of the filtrate were evaporated until it was

completely dry, then dried at 105 degrees Celsius until it reached a constant weight, and

finally, it was weighed. The dish had a flat bottom and had been covered with tar. We used
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the air-dried medicine as a foundation in order to calculate the percentage of the extractive

that is soluble in alcohol. For the purpose of carrying out the computation, the following

formula was utilised.

To calculate the percentage of water-soluble extractive value, multiply the weight of the

extract by 100 and then divide that number by 25 and then multiply the sample weight by

the total weight of the extract.

Determination of water soluble extractive value

In a closed flask, 5 g of meticulously measured powdered, air-dried medicine was

macerated for 24 hours with 100 ml of chloroform water, shaking frequently during the first

six hours and standing for 18 hours. Following that, it was rapidly filtered to prevent

solvent loss. In a shallow dish with a flat bottom coated in tar, 25 cc of the filtrate was

evaporated to dryness, dried to a constant weight, and weighed. The percentage of water-

soluble extractive was calculated using air-dried medicine as a reference.

Table 4: % Extractive value of root extract of G.glabra

Extractive value Inference

Alcohol soluble 8.8%

Water soluble 18.6%

Fig. 27 Graph 2: % extractive value of root of G.glabra
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Extraction

50 grammes of powdered root were extracted with a Soxhlet apparatus and 250 millilitres

of hot water until the water was depleted. The extract was filtered and concentrated by

vacuum evaporation.

Fig. 28: Extraction Process

6.2 Preliminary Phytochemical Screening of Plant Extracts

Physico-chemical parameters were determined as per standard procedures Soni H etal.

2011.

Preliminary qualitative test

The extract was subjected to preliminary qualitative phytochemical investigation

Khandelwal; 2002.

Alkaloids

Prior to filtering, a small amount of alcohol extract was combined with a few drops of

diluted hydrochloric acid. A variety of alkaloid reagents, including:, were then employed to

extensively analyse the filtrate.

(a) Mayer’s reagents

Before filtering, a small amount of alcohol extract was combined with a few drops of

diluted hydrochloric acid. A variety of alkaloid reagents, including: were then employed to

extensively analyse the filtrate.
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(b) Dragendorff’s reagent

Dragendorff's reagent causes an orange-brown precipitate to form when used with

alkaloids. When 1 ml of extract was mixed with 1 ml of potassium bismuth iodide solution,

an orange-red precipitate formed, suggesting the presence of alkaloids.

(c) Hager’s reagent

Alkaloids yield a precipitate that is yellow when using Hager's reagent. A yellow

precipitate produced after adding Hager's reagent, a saturated aqueous picric acid solution,

to 1 ml of extract, indicating the presence of alkaloids.

(d) Wagner’s reagent

When combined with alkaloids, Wagner's reagents cause a reddish brown precipitate. A

reddish brown precipitate appears when 1 ml of extract is mixed with 2 ml of Wagner's

reagent (iodine in potassium iodide), demonstrating the presence of alkaloids.

ii. Carbohydrates and glycosides:

Separately, distilled water was used to dilute each extract before it was filtered. The

following carbohydrate test is run on the filtrate.

(a) Molisch’s Test

Two milligrammes of extract, 1 ml of -naphthol solution, and 1 ml of concentrated

sulphuric acid were mixed through the test tube's side. The emergence of a purple or

reddish violet hue at the intersection of the two liquids indicated the presence of carbs.

(b) Fehling’s solution

When Fehling's A and Fehling's B, both copper sulphate in distilled water and potassium

tartrate and sodium hydroxide in distilled water, are heated with a few drops of extract

solution, they produce a brick red cuprous oxide precipitate.

(c) Benedict’s test

When Benedict's reagent (an alkaline solution containing cupric citrate complex) was added

to a 1 ml extract solution, it produced a reddish brown precipitate, indicating the presence

of reducing sugar when heated on a water bath.
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iii. Proteins and free amino acids:

The Millon's, Biuret, and Ninhydrin techniques were used to test a little amount of alcohol

extract dissolved in a few millilitres of water.

iv. Gums and mucilage:

For assessment of the swelling characteristics that 10 ml of the extract was gradually added

to 25 ml of 100% alcohol while stirring, then filtered and air dried.

v. Terpenoids:

The red colour of Sudan III (an alcoholic solution) after the thin part of the material was

added suggested the presence of terpenoids.

vi. Volatile oil:

By the hydro-distillation process.

vii. Tannins:

Aqueous bromine solutions, a 1 percent gelatin solution containing 10% sodium chloride,

and a weak ferric chloride solution were used to test small amounts of alcohol extracts in

water for tannins and phenolic compounds (5 percent).

viii. Flavonoid:

Shinoda Test (Magnesium Hydrochloride reduction test): Check the colour of the test

solution after adding 0.5g of magnesium turnings and a few drops of strong hydrochloric

acid.

Zinc Hydrochloride Reduction Test: Incorporate strong hydrochloric acid and zinc dust

into the test solution. Examine the colour after heating the mixture.
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Table No 5: Phytochemical analysis of aqueous & ethanolic root extract of G.glabra

S.No. Test Aqueous root
extract

Ethanolic root
extract

1 Tests for sterols

Salkowski’s Test
Libermann Burchard’s Test

+

+

-

-
2 Test for glycosides

Baljet’s Test
Brontrager Test

+

-

+

+
3 Tests for saponins

Foam Test + +

4 Test for carbohydrates

Molish’s Test
Barfoed’s Test
Benedict’s Test

-

+

-
5 Tests for alkaloids

Mayer’s Test.
Wagner’s Test.
Dragendorff’s Test

-

-

-

6 Tests for flavonoids

Ferric chloride Test.
Shinoda Test.
Alkaline Reagent Test.
Lead Acetate Test.

-

+

-

-

+

-
7 Tests for tannins

Ferric chloride Test.
Gelatin Test

-

-

-

8 Test for amino acid and protein

Biurete test + -



Chapter – 6 Material and Method

77

6.3 Isolation of Glycyrrhizin

The Soxhlet equipment was used to extract 50 grammes of powdered root with 250 cc of

water until the water ran out. The extract was filtered and concentrated by vacuum

evaporation. Glycyrrhizin will precipitate after adding HCl (pH= 3-3.5) and dissolving the

residue in water. Crude glycyrrhizin was produced by filtering, washing with water, and

drying the precipitate (Crude GA). Oxalic acid was added to crude GA (50 mg) in 20 ml of

a 1:1 MeOH:water solution, which was then heated to 60°C for 24 hours. The reaction

mixture was extract with ethyl acetate (EtOAc) (2 x 250 ml) to get an aqueous fraction

containing sugars and an EtOAc fraction containing the partly hydrolysed product.

Glycyrrhizin was generated by concentrating the EtOAC fraction and purifying it using

normal phase PTLC using the solvent system n-hexane/EtOAC (70:30).

Table 6: General Physical Properties of isolated Glycyrrhizin

S.No. Physical properties Inference

1. Appearance powder
2. Color Yellowish brown
3. Solubility Chloroform, methanol &

slightly soluble in Pet.ether
4. Melting point 2210C

Fig 29: Isolated Glycyrrhizin

General and Physical Properties: The isolated compound appearance, colour, solubility, and

melting point will be identified.
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6.4 TLC chromatography

The subsequent mobile phases, as well as a pre-coated aluminium sheet with silica gel

GF254, were used to compare isolated glycyrrhizin to conventional glycyrrhizin via TLC.

Toluene, ethyl acetate, and glacial acetic acid are mixed (12.5:7.5:0.5) to make a spray

reagent. (2010) Hemesh Soni et al.

Table 7: TLC chromatography Analysis of Glycyrrhizin

Solvent System Rf(standard) Rf(isolated sample)

Toluene: ethyl acetate:
glacial acetic acid
(12.5:7.5:0.5)

0.43

(Dark violet purple spot)

0.41

(Dark violet purple spot)

Fig 30: TLC chromatogram of isolated compound (Glycyrrhizin)

Spectrophotometric analysis

The isolated Glycyrrhizin was dissolved in methanol, and the UV absorption peaks were

measured. The Shimadzu 1700 UV spectrophotometer was used in the spectrophotometer-

based analysis. Rajpal, V. (2002).
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Fig 31: UV Scan of isolated compound (Glycyrrhizin)

6.5 HPLC analysis

The Salo Torrace LC-100 CyberlabTM with an LC-UV-100 UV detector was used for the

HPLC investigation in Millburry, Massachusetts, USA. The chromatographic separations

were performed using a C-18 (CAPCELL) HPLC-packed column with a size of 4.6 mm

I.D. x 250 mm, type MG 5 m, and number AKAD/05245. One percent of the mobile phase

was phosphoric acid: acetone to 60:40 ratio. The flow rate was 0.2 mL/min, and the

temperature of the column was 25°C. The injection volume was 25 l, with a UV detection

wavelength of 254 nm.
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Table: 8 HPLC Analysis of Glycyrrhizin

S.No. Sample Height Area Conc. RT Inference

1. Standard

Glycyrrhizin

49442 1251681.2 96.7 8.00 Glycyrrhizin

2. Isolated Glycyrrhizin 32582 417227.2 29.0598 7.58 Glycyrrhizin

Fig 32:HPLC chromatogram of Fig 33:HPLCchromatogram

Std Glycyrrhizin of Glycyrrhizin (isolated)
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IR analysis

IR spectral data was acquired using a Bruker (AT-IR).

Table: 9 IR Analysis of Glycyrrhizin (isolated)

cm-1 Functional Group

3343 O-H (stretch)

3355 O-H (stretch)

3755 Aromatic

2874 CH stretch

1639 C=O stretch

1620 C=C

1364 C-O-C

Fig 34: IR spectra of Glycyrrhizin (isolated)

6.6 Preformulation studies of Glycyrrhizin

Discovery of a new pharmaceutical substance is a huge scientific achievement, and if it

successfully undergoes toxicity testing, where the potential benefits may surpass the

dangers, it becomes much more noteworthy. The ultimate result of the new chemical entity
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depends on its presence at the site of action after being effectively delivered by the

appropriate route in the correct form. Consequently, following a successful

pharmacological and toxicological screening, a new challenge arises: transforming a

potential active new therapeutic entity into a pharmaceutical formulation. In general terms,

it can be defined as the process of investigating the physical, chemical, analytical,

pharmacokinetic, and pharmacodynamic properties of a new chemical entity and using the

acquired findings to develop and create a very effective, stable, and safer dosage form. As

part of the multidisciplinary approach, the preformulation study incorporates several

components from pharmacological, toxicological, clinical, biochemical, medicinal, and

analytical chemistry. The primary objective of the preformulation phase or study is to

establish the foundation for transforming a new medicinal substance into a pharmaceutical

formulation that can be accurately delivered, in the appropriate dosage, and, perhaps most

crucially, to the intended target. The secondary objective of the preformulation study is to

enhance the stability of the formulation and evaluate the efficacy of the developed

formulation by appropriately designing and protecting pharmacological components from

the environment.

Instruments

Researchers utilised a Brookfield Rotational Viscometer, a Franz diffusion cell type glass, a

Shimadzu 1700 UV spectrophotometer from Japan, a Digital pH metre, and an ATR Bruker

FTIR instrument from Germany.

Organoleptic Characteristics:

The drug's appearance, melting point, solubility tests, and partition coefficient were

assessed (Soni H etal; 2020).

Melting Point determination

The melting point of glycyrrhizin was determined using capillary melting point apparatus.

A little amount of drug sample was collected in a capillary tube, which was then placed into

a melting point device and turned on. The drug in the capillary tube melted as a result of the
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heat, and a digital thermometer displayed the temperature. The average reading was taken

three times throughout the operation.

Solubility: The solubility of glycyrrhizin in ethanol, chloroform, water DMSO, and 7.4

phosphate buffer was assessed.

Partition Coefficient

Following the precise measurement of 10 milligrammes of glycyrrhizin, it was combined

with 10 millilitres of phosphate buffer solution and 10 millilitres of n-octanol prior to being

transferred into a separate funnel. After shaking this mixture for thirty seconds every ten

minutes for a period of one hour, it was allowed to stand for a period of twenty-four hours.

There is a separation between two phases that are incompatible with one another in a funnel

that separates. It was possible to separate the aqueous phase, purify it, and then dilute it one

hundred times with 0.1N potassium hydroxide with the use of filter paper. The maximum

absorbance of the aqueous phase was determined to be 277 nm by the utilisation of a UV

spectrophotometer. Through the utilisation of the drug standard curve, the concentration

was determined, and the partition coefficient was determined through the utilisation of the

following formula:

Po/w = Coil/Caq

Here, Po/w = Partition coefficient

Coil = Concentration of drug in organic phase. Caq = Concentration of drug in aqueous

phase

The partition coefficient of Glycyrrhizin is 6.2.
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Table.10: Physical Characterization of Glycyrrhizin

Appearance Solid Powder
Colour Yellowish
Taste Sweat in taste
Odur Characteristic
M.P. 2210C
Solubility Easily soluble in water and slightly soluble in ether
Partition coefficient 6.2

Preparation of standard curve for Glycyrrhizin:

Dissolving 10 mg of an isolated compound in phosphate buffer with a pH of 7.4 in a

volumetric flask with a capacity of 10 ml was the first step in the process of creating the

standard stock solution for the compound. Ethanol was combined with the same solvent in

a ratio of 70:30, which resulted in the production of a solution that contained 1000 g/mL of

glycyrrhizin. This enabled the final volume to be altered. It was necessary to make aliquots

of working stock solutions of glycyrrhizin in the same solvent in order to attain

concentrations of the acid that fell within the range of (initial to 28)g/ml.

The absorbance of the resulting solutions was measured at 254 nm, per Patil SK et al.

(2012).

Fig. 35: Glycyrrhizin at λmax 254 nm
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Fig. 36: Calibration curve of Glycyrrhizin

Table 11: UV absorbance of series of solution of Glycyrrhizin in phosphate buffer at254nm

S.No Concentration (µg/ml) Absorbance

1. 0 0

2. 4 0.375

3. 8 0.676

4. 12 1.015

5. 16 1.287

6. 20 1.518

7. 28 2.012

Statistical Parameters

 Correlation coefficient R2 = 0.9806

 Straight line equation: y= 0.046x + 0.10005

Glycyrrhizin's calibration curve, which was created in phosphate buffer with a pH of 7.4,

was found to be linear. A regression value of 0.9806 was discovered.
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Drug polymer Interaction:

Drug polymer interaction was studied by AT-IR.

A scan of the FT-IR spectrum of glycyrrhizin was performed, and the results are shown in

figures 17(a) and 17.(b). The frequencies of the functional groups that were examined are

presented in table 12, which indicates that the sample that was obtained did indeed contain

glycyrrhizin and that it was unadulterated. It was discovered that the various peaks of the

spectrum coincided with the typical spectrum of glycyrrhizin throughout the experiment.

Fig.37 (a) FT-IR of Standard
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Fig.37 (b): Comparison of IR spectra of standard + Chitosan
+sorbitan mono-oleate + Mixture
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Table 12: IR interpretation of Glycyrrhizin

S.No. Observation
(cm-1)

Functional Group

1. 3343 O-H (stretch)

2. 3355 O-H (stretch)

3. 3755 Aromatic

4. 2874 CH stretch

5. 1639 C=O stretch

Inference: Drug and polymer interactions were investigated using FT-IR spectroscopy.

The drug-polymer combinations retain the peaks of the pure drug (table 12 & fig. 17(a &

b), which are connected with specific functional groups of the drug.

6.7 Formulation & Evalaution

Preparation of Microspheres

Glutaraldehyde was utilised as a cross-linking agent during the emulsification cross-linking

procedure to form the microspheres. A precisely weighed amount of chitosan was dissolved

in aqueous acetic acid at 1% (v/v). The polymer solution and the drug (Glycyrrhizin) were

mixed. A water-in-oil (w/o) emulsion was made by adding the dispersed phase drop-wise

through a disposable syringe (10 ml) to the continuous phase, which was made up of light

and heavy liquid paraffin in a 1:1 ratio with variable quantities of surfactant (Span 80).

Stirring was carried out at different rates using a three-bladed stirrer. Following 20 minutes

of stirring, a predetermined amount of aqueous glutaraldehyde (25 percent v/v) was added

drop by drop. Following the final addition of glutaraldehyde, stirring continued for an

additional hour. The microspheres that remained after centrifuging the preparation at 3000

rpm were washed four times with petroleum ether. Following the final wash, microspheres

were collected, air dried at room temperature, and stored.
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% = Wt.of microsphere X 100
recovered wt.(drug + Polymer)

Entrapment efficiency = Acutual drug content X 100
Theoretical drug content

Table 13. Composition of Microspheres

S.No. Code Glcyrrhizin (mg) Chitosan
(mg)

Span80
(% v/v)

Gluter-
Aldehyde(ml)

1 F1 100 250 0.5 0.5

2 F2 100 200 1.0 0.5

3 F3 100 300 1.0 1.0

4 F4 100 345 1.5 0.5

5 F5 100 400 1.0 1.5

6.8 Evaluation of Microspheres

Percentage Yield

Weighing occurred on the prepared microsphere compositions F1-F5. The measured weight

was divided by the sum of all non-volatile substances used to make the microspheres. The

formula for calculating percent yield is as follows.

DRUG ENTRAPMENT EFFICIENCY

To eliminate the drug from the microspheres, weighted microspheres were crushed and
suspended in ethanol. The drug content of the filtrate was spectrophotometrically
determined at 254 nm after 24 hours, with ethanol serving as a blank. Drug concentrations
in the samples were calculated using a regression equation derived from the standard graph
and the calibration plot. The equation for calculating drug entrapment efficiency is as
follows.
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Fourier Transform Infrared Spectroscopy (FT-IR)

Figure 18 shows a study of the IR spectra of glycyrrhizin-loaded microspheres, with

distinct peaks for C-N at 1145.77 cm-1 and 1188.2 cm-1, C-F at 1338.66 cm-1, C-O at

1264.39 cm-1, and O-H at 2878.88 cm-1. The reported absorption peak values are

equivalent to those from pure medicine.

As a result, the FT-IR examination shows that there was no polymer contact and that the

drug was compatible with the polymer.

6.9 IN -VITRO DRUG RELEASE STUDY

In vitro drug release was tested using a USP dissolution device basket and 900 ml of

phosphate buffer solution (pH 7.4) at 37 ± 0.5 °C and 100 rpm. Microsphere samples that

had been properly weighed were added to the dissolution media. 5 ml of samples were

obtained from the dissolution media at intervals of 0-30 min, 60-90 min, 120-150 min, 12-

18 hr, and 24 hours. To maintain the washbasin state, an equal volume of new dissolving

solution was put to it each time. These samples were spectrophotometrically evaluated

using a standard curve equation and a UV-visible spectrophotometer set to 254nm.

PARTICLE SIZE DISTRIBUTION

The microspheres' size was measured using an optical microscope. Dry microspheres (10

mg) were manually shaken in a test tube containing phosphate buffer saline (pH 7.4) for 5

minutes. A drop of suspension was placed on a glass slide, and microspheres were counted

at 100X magnification with a calibrated ocular micrometre.

Table 14: % Practical Yield of All Formulation

S.No. Formulation
Code

Theoretical
Weight (mg)

Practical
Yield (mg)

%Practical Yield
(mg)

1. F1 350 268 76.5

2. F2 300 245 81.6

3. F3 400 297 74.2

4. F4 445 355 79.8

5. F5 500 385 77.0
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Table 15: Drug entrapment efficiency of all formulations

S.No. Formulation
Code

Glycyrrhizin
(mg)

Chitosan
( mg)

% Drug
Entrapment

1 F1 100 250 92.1
2 F2 100 200 93.5

3 F3 100 300 86.5

4 F4 100 345 90.1
5 F5 100 400 82.2

Figure.38: IR Spectra of Glycyrrhizin loaded microsphere

In Vitro Drug Release Study

With the help of a USP dissolve device type II, drug releases of formulation F2 were

performed in vitro. Table 16 lists the F2 in -vitro drug release information.
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Table 16: In vitro drug release study of formulation F2

S.No. Time (hrs) Drug Release (%)

1. 0 0.00

2. 0.5 1.32

3. 1 3.12

4. 1.5 6.23

5. 2 7.32

6. 2.5 8.52

7. 3 9.56
8. 4 11.23
9. 6 16.87
10. 8 24.65
11. 18 56.78
12. 24 64.32

Zero order drug release of formulation (F2)
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Fig.39: Photomicrograph of Particle Size Distribution

6.10 In- silicomolecular docking for assessment of antiproliferative activity

Selection of Target Protein for docking studies

 Caspase 9

Despite recent improvements in our understanding of caspase-9's roles in the tumorigenic

potential of human NSCLC and in CAR T therapy trials, its particular mode of

activation/formation remains unknown. For example, we still don't fully understand how

caspase-9 is activated for non-apoptotic reasons without resulting in cell death, nor do we

understand the precise dynamics of caspase-9 activation and activity. Studies have tested

our understanding of caspase-9 activity, revealing that it not only acts as a catalyst for

cellular disassembly but also plays a role in controlling what happens to developing

myoblasts. This discovery lends credence to the existence of a caspase-9 activation

mechanism unrelated to cytochrome C, at least in certain cell types.

The exciting notion that caspase-9 may serve as a therapeutic is fuelled by fresh data that

caspase-9 can be altered under a variety of clinical conditions. The requirement for DNA

damage-induced neural precursor cell death requires caspase-9 but is not linked with a

detectable loss of cytochrome c from mitochondria, implying that caspase-9 might operate

directly as an apoptotic effector. Inhibiting caspase-9 activity may result in acquired

chemotherapeutic resistance in certain types of human cancer cell lines. Cancer researchers



Chapter – 6 Material and Method

94

have long sought to selectively induce apoptosis in malignant cells. Further research into

caspase-9 activation, activity, and regulation may potentially make this enzyme a promising

therapeutic target for the treatment of degenerative and developmental issues as well as

cancer (Olsson M etal;2011).

 COX-2

Cyclooxygenase-2 (COX-2) is highly expressed in a variety of cancers, where it plays a

pleiotropic and multifunctional role in carcinogenesis initiation or promotion, as well as

cancer cell resistance to chemotherapy and radiation. Cancer cells, macrophage type 2 (M2)

cells, and cancer-associated fibroblasts (CAFs) all release COX-2 into the tumour

microenvironment (TME). COX-2 promotes apoptotic resistance, cancer cell proliferation,

angiogenesis, inflammation, invasion, and metastasis while also mimicking the behaviour

of cancer stem cells. The presence of COX-2-mediated hypoxia within the TME, as well as

its beneficial interactions with YAP1 and antiapoptotic mediators, makes cancer cells more

resistant to chemotherapeutic treatments. (Hashemi Goradel N etal;2019).

 p53 protein

Cyclooxygenase-2 (COX-2) has been identified in several different kinds of cancer, where

it plays a pleiotropic and multifunctional role in the development or accelerated of

carcinogenesis, as well as cancer cell resistance to chemotherapy and radiation. COX-2 is
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produced by cancer cells, macrophage type 2 (M2) cells, and cancer-associated fibroblasts

(CAFs) in the tumour microenvironment. COX-2 not only promotes apoptotic resistance,

cancer cell proliferation, angiogenesis, inflammation, invasion, and metastasis, but it also

mimics the behaviour of cancer stem cells. COX-2-mediated hypoxia within the TME, as

well as its favourable interactions with YAP1 and antiapoptotic mediators, make cancer

cells more resistant to chemotherapeutic treatments. (Hashemi Goradel N etal;2019).

 Aurora kinases A

The Aurora kinases, a family of serine/threonine kinases consisting of Aurora A (AURKA),

Aurora B (AURKB), and Aurora C (AURKC), govern chromosomal segregation during

mitosis. These kinases are critical for cell division. Aurora kinases may possibly influence

meiosis in addition to mitosis. Eliminating Aurora kinases may inhibit cell division and

hinder embryonic development. It has been determined that certain cancers contain Aurora

kinase overexpression or gene amplification. Furthermore, an increasing number of studies

have found that blocking Aurora kinases may improve the effects of chemotherapy. Over

the last few decades, a variety of Aurora kinase inhibitors (AKIs) have successfully

inhibited the growth and progression of numerous cancers, both in vivo and in vitro,

indicating that Aurora kinases may offer a novel therapeutic target.

AURKA also mediates the oncogenic effects of Myc (N-Myc, c-Myc, and L-Myc) in

cancers. Overexpression or activation of both Myc and AURKA is common in human

cancers. AURKA can stimulate c-Myc transcription by binding to the CCCTCCCCA motif
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in the NHE III1 region and acting as a Myc regulator. C-Myc, on the other hand, can up-

regulate AURKA by binding to its promoter, resulting in a positive feedback loop.

Furthermore, c-Myc activation induces the transcription of genes linked with the cell cycle,

promoting cell proliferation and Myc-induced lymphomagenesis. (Lin X etal;2020).

6.11 Docking of Caspase 9 with Glycyrrhizin

Ligand Preparation:

ChemSketch [ACD/Structure Elucidator, version 2018.1] was used to create the two-

dimensional structure of the ligand (glycyrrhizin), which was then translated into a three-

dimensional structure and optimised using three-dimensional geometry. To ensure

AutoDock compatibility, the optimised structure was saved in PDB format. The

fundamental structure of the ligand, glycyrrhizin, is the following:

HOOC OH

HO OHO OH

HOOC O
O

OHO HOOC

O

Fig. 40: 2D conformer of glycyrrhizin.

Preparation of the grid file

ChemSketch [ACD/Structure Elucidator, version 2018.1] was used to design the ligand's

two-dimensional structure. The two-dimensional structure was then converted to a three-

dimensional structure and optimised using 3D geometry. To ensure compatibility with

AutoDock, the optimised structure was saved in PDB format. A description of the ligand's

fundamental structure, glycyrrhizin, follows:
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Fig 41: Grid box covering all active sites in receptor

Preparation of the docking file

The docking tool used for all the computations was Autodock4.2. Pymol, Chimera, DS

visualizer, and MMP Plus were used to carry out the visualisation and other programmes

required for docking experiments [Mujwar S etal; 2015].

Crystal structure

Determining the crystal structure of the receptor-containing protein was accomplished

through the utilisation of the Protein Data Bank portal. It was determined that the 3v3k.pdb

file from the Protein Data Bank, which includes all of the primary information regarding

receptors and structures, needed to be utilised. [Berman HM et al., 2000].

Fig 42: Crystal structure of Caspase 9 protein (PDB ID-3v3k)
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Processing of Protein

Two chains, A and B, were selected for the experiment out of the sixteen chains that

comprise the downloaded receptor protein. These chains are as follows: A, B, C, D, E, F,

G, H, I, J, K, L, M, N, O, and P. The molecule that was a macromolecular structure did not

contain any ligands. [Shah K etal; 2019].

Molecular Docking Simulation Studies

Autodock was utilised to dock the glycyrrhizin ligand to the Caspase9 protein. Although no

receptor residues were made flexible, all of the ligand's connections remained flexible.

[Sharma KK etal; 2020].

Fig 43: Binding mode of glycyrrhizin within the active site of Caspase9 protein
receptor.

Toxicity & ADME-T Studies

According to Thomas Sander, the online program OSIRIS investigates modified lead

compounds to anticipate the presence of hazardous groups, toxic groups, and ADME-T

features.
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Table 17: Results of docking of glycyrrhizin against Caspase 9 protein.

Interactions

Fig 44: Binding interaction of glycyrrhizin with Caspase9 protein.

Glycyrrhizin interacts with Caspase9 protein residues Gln240A, Ser240B, Lys135B,

Asp247A, His146B, and Glu288A to form a complex structure.
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Toxicity & ADME-T Studies

Fig 45: Pharmacokinetic and toxicity profiling of glycyrrhizin.

Molecular docking Glycyrrhizin with COX2

Ligand Preparation:

ChemSketch [ACD/Structure Elucidator; 2018] was used to create the two-dimensional

structure of the ligand (glycyrrhizin), which was then translated into a three-dimensional

structure and optimised using three-dimensional geometry. To ensure AutoDock

compatibility, the optimised structure was saved in PDB format. The ligand's fundamental

structure, glycyrrhizin, is as follows:
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HOOC OH

HOOC

Fig 46: 2D conformer of glycyrrhizin.

Preparation of the grid file

Autodock's zones of interest have been identified by drawing a grid box around the active

locations and factoring in grid area. Grid boxes are necessary for the docking process

because they are designed to cover all amino acids other than those located in receptors,

which are present in active sites and required for binding. The grid box contains three

thumbwheel widgets that allow us to alter the number of points in the x, y, and z

dimensions. Another thumbwheel can be used to adjust the distance between grid points; in

this study, the value was 0.375. The number of points considered were 46, 44, and 46

points in the x, y, and z dimensions, as well as 38.042, 2.131, and 61.28 as the x, y, and z

centres. [Mujwar S etal;2015].

Fig 47: Grid box covering all active sites in receptor

HO OHO OH

O OHO HOOC
O

O
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Preparation of the docking file

Autodock4.2 served as the docking tool for all computations. The docking studies were

carried out using Pymol, Chimaera, DS visualiser, and MMP Plus. [Mujwar S etal; 2015].

Docking of COX2 with Glycyrrhizin

Crystal structure

The crystal structure of the receptor-containing protein was downloaded via the Protein

Data Bank portal. [Shah K et al; 2019]. All of the primary receptor and structural

information (5ikr.pdb) stored in the Protein Data Bank was used.

Fig 48: Crystal structure of COX2 protein (PDB ID-5ikr)

Processing of Protein

The downloaded receptor protein consists of two chains, A and B, with two chains A

chosen for the experiment. The macromolecular molecule had a ligand for mefenamic acid.

[Sharma KK et al., 2020].

Molecular Docking Simulation Studies

Autodock was utilised to dock the glycyrrhizin ligand to the COX2 protein. Although no

receptor residues were made flexible, all of the ligand's connections remained flexible.

[Berman HM etal; 2000].
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Fig 49: Binding mode of glycyrrhizin within the active site of COX2 protein receptor.

Table 18: Results of docking of glycyrrhizin against COX2 protein.

S.No Compound

Name

Structure Binding

Energy(Kcal/
mole)

Ki (µM)

1 Glycyrrhizin HOOC OH

HO OHO OH

HOOC O OHO HOOC
O

O

7.7 2.28
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Interactions

Fig 50: Binding interaction of glycyrrhizin with COX2 protein.

6.12 Molecular docking studies glycyrrhizin with mutant p53 protein

Ligand Preparation:

ChemSketch [ACD/Structure Elucidator, version 2018] was used to sketch the ligand's two-

dimensional structure (glycyrrhizin), which was then converted into a three-dimensional

structure and optimised using three-dimensional geometry. To ensure AutoDock

compatibility, the optimised structure was saved in PDB format.. The ligand's basic

structure, glycyrrhizin, is as follows:
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HOOC OH

HOOC

Fig 51: 2D conformer of glycyrrhizin.

Preparation of the grid file

Autodock's zones of interest were defined by drawing a grid box around the active

locations and factoring in grid area. Grid boxes are necessary for the docking process

because they are designed to cover all amino acids other than those located in receptors,

which are present in active sites and required for binding. The grid box contains three

thumbwheel widgets that allow us to alter the number of points in the x, y, and z

dimensions. Another thumbwheel can be used to modify the distance between grid points;

in this study, it was set to 0.497; the number of points considered were 52, 50, and 50 in the

x, y, and z dimensions; and 8.505, -7.247, and 36.229 as the x, y, and z centres. [Morris

GM et al; 2009].

Fig 52: Grid box covering all active sites in receptor

HO OHO OH

O OHO HOOC
O

O
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Preparation of the docking file

The docking tool utilised for all computations was Autodock4.2. Pymol, Chimaera, DS

visualiser, and MMP Plus were used to carry out the visualisation and other programs

needed for docking investigations. [Mujwar S etal; 2015].

Crystal structure

The crystal structure of the receptor-containing protein was downloaded via the Protein

Data Bank portal. [DeLano WLJCNopc, Pymol] All of the primary information about

receptors and structures (4kvp.pdb) registered in the Protein Data Bank was used. The

crystal structure of the receptor-containing protein was downloaded via the Protein Data

Bank portal. [DeLano WLJCNopc, Pymol] All of the fundamental information on receptors

and structures (4kvp.pdb) from the Protein Data Bank was utilised.

Fig 53: Crystal structure of p53protein (PDB ID-4kvp)

Processing of Protein

Chain A, one of the four chains that comprise the downloaded receptor protein (A, B, C,

and D), has been selected for experimental use. The macromolecular molecule was free of

any ligands. [Shah K etal; 2019].
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Molecular Docking Simulation StudiesAutodock was utilised to dock the glycyrrhizin

ligand onto the p53 protein. Although no receptor residues were made flexible, all of the

ligand's connections remained flexible. [Soni H etal; 2020].

Fig 54: Binding mode of glycyrrhizin within the active site of p53 protein receptor.

Table 19: Results of docking of glycyrrhizin against p53 protein.

S.
No

Compound

Name

Structure Binding

Energy(Kcal/mole)

Ki (mM)

1 Glycyrrhizin HOOC OH

HO OHO OH

HOOC O OHO HOOC
O

O

-3.54 2.55
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Interactions

Fig 55: Binding interaction of glycyrrhizin with p53 protein.

6.13 Molecular docking of glycyrrhizin with AURKA Protein

Ligand Preparation:

ChemSketch [ACD/Structure Elucidator, version 2018.1] was used to create the two-

dimensional structure of the ligand (glycyrrhizin), which was then translated into a three-

dimensional structure and optimised using three-dimensional geometry. To ensure

AutoDock compatibility, the optimised structure was saved in PDB format.. The ligand's

basic structure, glycyrrhizin, is as follows:

HOOC OH

HOOC

Fig 56: 2D conformer of glycyrrhizin.

HO OHO OH

O OHO HOOC
O

O
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Preparation of the grid file

Autodock's zones of interest were discovered by drawing a grid box around the active

locations and taking the grid area into account. Grid boxes are critical to the docking

process because they are designed to cover all amino acids other than those located in

receptors, which are present in active sites and required for binding. Three thumbwheel

widgets on the grid box allow us to change the number of points in the x, y, and z

dimensions. Another thumbwheel can be used to adjust the distance between grid points; in

this study, the value was 0.508; the number of points analysed were 40, 40, and 40 in the x,

y, and z dimensions, with the x, y, and z centres being 32.888, 12.471, and -3.142,

respectively.

Fig 57: Grid box covering all active sites in receptor

Preparation of the docking file

Autodock4.2 served as the docking tool for all computations. The docking studies were

carried out using Pymol, Chimaera, DS visualiser, and MMP Plus. [Mujwar S etal; 2015].

Crystal structure

It was possible to obtain the crystal structure of the receptor-containing protein by utilising

the Protein Data Bank site. Utilised was the 3gcx.pdb file from the Protein Data Bank,

which is a repository of all the fundamental information on receptors and their structures.

[Berman HM; 2002].
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Fig 58: Crystal structure of AURKA protein (PDB ID-3gcx)

Processing of Protein

A, E, and P are the three chains that make up the receptor protein that was downloaded, and

all of these chains were selected for the experiment itself. The molecule that was a

macromolecular structure did not contain any ligands. [Shah K etal; 2019].

6.14 Molecular Docking Simulation Studies

Autodock was used to dock the glycyrrhizin ligand on the AURKA protein. All of the

ligand's connections remained flexible, despite the fact that none of the receptor residues

become flexible. [Sharma KK etal; 2020].

Fig 59: Binding mode of glycyrrhizin within the active
site of AURKA proteinreceptor.
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Table 20: Results of docking of glycyrrhizin against AURKA protein.

S.
No

Compound

Name

Structure Binding

Energy(Kcal/mole)

Ki (µM)

1 Glycyrrhizin HOOC OH

HO OHO OH

HOOC O OHO HOOC
O

O

-7.11 972.11

Interactions

Fig 60: Binding interaction of glycyrrhizin with AURKA protein.

The glycyrrhizin interacts with the Arg357, Ser329, Glu332 and Arg476 residues of

AURKA protein to form a complex structure.

6.15 In -vitro Assessment of Antiproliferative Potential of glycyrrhizin containing

microsphere

Chemical, cell line and culture condition

During the course of this inquiry, the following illegal substances and chemical agents were

utilised. The content of glycyrrhizinic acid was determined to be 98% pure through the use

of high-performance liquid chromatography (HPLC). Himedia was the vendor for the
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acquisition of the MTT kit, the RPMI 1640, and Dulbecco's Modified Eagle's Medium

(DMEM).

The State Cancer Research Lab was kind enough to provide the MCF-7 human breast

cancer cell line on donation. In order to maintain the cells' health, they were cultured in

RPMI 1640 media that contained 10% FBS and antibiotics (100 U/ml penicillin G and 100

g/ml streptomycin).

MTT assay for cell proliferation

Principle: Through the use of cellular metabolic activity, the MTT test serves as a

measurement tool for determining cell viability, proliferation, and cytotoxicity. For the

purpose of this colorimetric assay, metabolically active cells are responsible for the

transformation of purple formazan crystals into a yellow tetrazolium salt known as 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, or MTT. The NAD(P)H-dependent

oxidoreductase enzymes that are present in living cells are responsible for the

transformation of the MTT into formazan. In order to dissolve the insoluble formazan

crystals, a solubilisation solution is utilised. Following this, a multi-well spectrophotometer

is utilised in order to measure the absorbance of the coloured solution that is produced at a

wavelength range of 500–600 nanometres. The darker the solution is, the greater the

number of living cells that are being metabolically active that are present in the solution.

(Vistica VT etal;1991).

Procedure: The MTT assay, which is a colorimetric assay based on the breakdown of

yellow-colored MTT by succinate dehydrogenase that is found in mitochondria, was

utilised in order to evaluate the cytotoxic potential of glycyrrhizinic acid. In the process of

entering living cells, MTT transforms into an insoluble formazan complex. The MCF-7

cells were seeded in a 96-well plate at a density of 2 x 105 cells per well, incubated for a

period of 24 hours, and then subjected to different concentrations of glycyrrhizinic acid-

containing microspheres (0. 5, 10, 25, 50, 100, or 200 M) for varying amounts of time. As

the control group, the cells that had not been treated were maintained in their original

position. After the cells had been cultivated for fifty minutes, they were put to one hundred

litres of MTT solution and then washed twice with phosphate-buffered saline (PBS). At
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last, an ELISA plate reader was utilised in order to determine the absorbance at a

wavelength of 490 nm. (DR-5000, Diatek, China)

Colony Formation Assay

Principle: The survival of cells in vitro under test. It does this by determining whether or

not a cell is capable of surviving and reproducing in order to produce healthy colonies. The

initial implementation of this test occurred in the 1950s, and ever since then, it has been of

critical importance to the field of radiobiology in terms of comprehending how radiation

influences the proliferation and survival of cancer cells.

In order to determine the clonogenicity of cells, it is necessary to implant them at extremely

low densities and then wait for them to have formed colonies for a period of one to three

weeks. Staining with crystal violet makes the colonies visible, and then they are counted

once they have been fixed. In order to do data analysis, plotting cell survival curves is

necessary. (Rafehi H etal;2011).

Procedure: During the course of this experiment, MCF-7 cells were collected, and a

hemocytometer was utilised to determine the total number of cells. Following the

application of a treatment for a period of twenty-four hours, the cells were allowed to attach

to one another and form a full monolayer. Each well contained two hundred cells when the

cells were planted. One hundred milligrammes of the medicine known as glycyrrhizinic

acid microsphere was introduced to the cell culture in a variety of different doses. After

that, the cells were cultured for a period of seventy-two hours, rinsed with phosphate-

buffered saline (PBS), and the colonies that had developed were fixed with methanol.

Following twenty minutes of staining with crystal violet, the cells were counted using a

light microscope.

Cell Invasion Assay

PrincipleAccording to Te Boekhorst et al. (2016), cell migration is an essential process that

enables cells to adapt to their surroundings and move into the appropriate location in each

environment so that they can perform their function. This phenomenon is essential for the

processes of gastrulation, embryonic morphogenesis, the development of the nervous

system, the maintenance of tissue homeostasis, and the trafficking of immune cells in
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multicellular organisms. Moving cells, on the other hand, have the potential to become

uncontrolled and contribute to a wide range of pathological events, including as

inflammation and the spread of cancer. (Charras and Sahai ;2014).

Metastasis is the process by which cells from a tumour spread out from the original tumour

and migrate via the lymphatic and circulatory systems, infiltrate through basement

membranes and endothelial walls, and finally populate organs that are located in other parts

of the body (Friedl and Wolf, 2003). It is crucial to understand and comprehend this

process in order to combat disease because of the significant roles that cell migration,

invasion, and adhesion play in this process. Furthermore, the spread of cancer cells to

peripheral organs and the resultant damage to those organs is one of the primary causes of

morbidity and mortality that are associated with cancer.

Procedure: In an experiment using a 24-well plate, we evaluated how the presence of

glycyrrhizinic acid affected the capacity of MCF-7 cells to invade one another. Matrigel

was applied to a polycarbonate filter that was manufactured without the use of polyvinyl

pyrrolidone and had holes that were 6 millimetres in width. Following this, the upper

chamber and coated filter were positioned on top of the bottom chamber, which had been

filled with medium that contained 10% FBS in the past. Glycyrrhizinic acid was given to

the MCF-7 cell culture at a number of different doses, including 0 M, 10 M, 50 M, and 100

M. The cell culture was maintained at a density of 2x106 cells per well. The treatment

lasted for forty minutes on the cells. Following the seeding of the drug-containing cell

culture into the upper chamber, the culture was allowed to continue growing there for an

additional forty minutes. After that, the cells were frozen, stained with crystal violet

concentrated at a concentration of 0.5 percent for twenty minutes, and examined with a

phase contrast microscope.

Statistical analysis

We present the data as the mean plus or minus the standard deviation. In order to make a

comparison between the untreated control group and the glycyrrhizinic acid-treated group,

a Student's t-test performed. In order to determine whether differences were statistically

significant, a p-value of 0.05 or less was required.
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Fig 61: MTT Assay

Fig 62: Glycyrrhizinic acid containing microsphere led to inhibition of cell
invasion in MCF-7 human breast cancer cells. The cells were treated with 0 (a),
10 (b), 50 (c), and 100 µM (d) doses of Glycyrrhizinic acid for 48 hr.
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Fig 63: Bar graph showing the percentage of the invasive cells at indicated
concentration of the drug

Data are shown as the mean ±SD of three independent experiments. p-value ≤ 0.05 vs 0 µM

(Control)
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CHAPTER – 7

RESULTAND DISCUSSION

The therapeutic approaches for cancer can also benefit greatly from lowering multi-drug

Nature has always been a bizarre supply of medical ingredients, providing us with several

medicinal plants that yield beneficial phytochemicals. Licorice, scientifically known as

Glycyrrhiza glabra, belongs to the Leguminosae family and is widely used in Ayurvedic

medicine. Extensive pharmacological studies have been conducted on various chemical

constituents of Glycyrrhiza glabra, revealing its strong anticancer, antibacterial, anti-

inflammatory, cardioprotective, hepatoprotective, and other beneficial properties.. Gastric

and duodenal ulcers have traditionally been treated with liquorice as a prophylactic

measure. It is used as an anti-inflammatory medication in dyspepsia during allergic

responses. The stereoisomer forms of glycyrrhizin are 18α and 18 β. Due to its anti-

inflammatory effects on neutrophil functions, especially the production of ROS,

glycyrrhizin is regarded to be the most popular folk remedy (reactive oxygen species).

Most current cancer treatment strategies focus on the surgical removal of tumor masses,

with chemotherapy and radiotherapy playing critical roles in slowing the spread of

malignant cells. Often, these methods are combined to enhance treatment outcomes.

However, it is well-documented that surgery, chemotherapy, and radiotherapy can also

inhibit the growth of healthy cells, leading to significant side effects and a reduced quality

of life due to their toxicity.

In recent years, innovative approaches have expanded the options available for cancer

treatment beyond traditional methods. These include ligand or receptor-based targeting,

triggered drug release, intracellular drug targeting, gene therapy, cancer stem cell therapy,

magnetic drug targeting, and ultrasound-mediated drug delivery. These advanced

techniques allow for the precise identification and elimination of cancerous cells while

minimizing adverse effects. Additionally, overcoming drug resistance and enhancing the

transport of targeted therapies into cancer cells remain important aspects of improving the

efficacy of these novel treatment modalities.
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Thus, the current examination investigated the different phytochemicals and

physiochemical parameters of root was carried out. The normalization boundaries were

misfortune on drying at 100-1050C, ash value & LOD was tabulated in table1 & graph 1.

Table 2 shows that the aqueous & ethanolic root extract contained a number of

phytoceuticals. Glycyrrhizin was extracted from the aqueous root of G.glabra with a yield

of 7.91 percent w/w. Additionally, extractive values can be used to assess the chemical

components of a crude medication and estimate which components are soluble in which

solvents. The identification of used-up or tampered pharmaceuticals is the main application

of extractive values. The quality and purity of the medicine are determined by the

extraction value of the crude substance. When evaluating crude pharmaceuticals, the

extractive value that is water-soluble is very essential. A lower extractive value suggests the

use of used materials, adulteration, or improper drying, storing, or formulation techniques.

The isolated compound glycyrrhizin was found to have a melting point of 221°C, consistent

with previously reported values for glycyrrhizin. Table 3 presents the general properties of

the isolated glycyrrhizin. Qualitative Thin Layer Chromatography (TLC) analysis revealed

Rf values that closely matched the standard glycyrrhizin (Table 4, Fig. 4). The UV

absorption spectrum of glycyrrhizin in methanol displayed two notable absorption peaks at

251 and 254 nm, indicating the presence of a triterpenoid structure (Fig. 5).

Chromatographic fingerprints are essential for quality control in herbal medicine and

should be considered in the global evaluation of herbal products. High-performance liquid

chromatography (HPLC) was conducted using the LC-100 system with a UV detector. The

retention times (RT) for the standard and isolated glycyrrhizin were 8.00 min and 7.58 min,

respectively (Figs. 6 and 7). The infrared (IR) spectra of the isolated compound showed

functional groups consistent with the reference compound, as detailed in Figure 8 and

Table 6.

Further characterization of glycyrrhizin was carried out using modern analytical techniques.

Preformulation studies of glycyrrhizin included organoleptic characteristics and UV

spectral analysis. The isolated compound was found to be soluble in water and slightly

soluble in ether, with a melting point of 221°C and a partition coefficient of 6.2, indicating

its lipophilic nature and its ability to permeate biological membranes (Table 10).
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Spectroscopic data were summarized in Table 11 and Figure 16, with a correlation

coefficient (R2) of 0.9806. A standard curve for glycyrrhizin was established using UV

spectroscopy at 254 nm. Drug-polymer interaction studies were conducted using FT-IR

spectroscopy, and the resulting spectra showed that the characteristic peaks of glycyrrhizin

were retained in the drug-polymer mixtures (Table 12, Fig. 17).

Microspheres containing 100 mg of glycyrrhizin were formulated using a cross-linking

process with varying polymer concentrations (Table 13). The formulations (F1-F5) were

evaluated for percent yield and drug entrapment efficiency. The F2 formulation exhibited

optimal results, with a yield of 81.6% and a drug entrapment efficiency of 93.5% (Tables

14 and 15). The IR spectra of the glycyrrhizin-loaded microspheres were consistent with

the standard compound (Fig. 18).

The F2 formulation was selected for further in vitro drug release studies. The drug release

was investigated using a USP dissolution apparatus (basket type) with phosphate buffer

(pH 7.4) as the dissolution medium at 37 ± 0.5°C and 100 rpm. Microspheres, with

diameters ranging from 1 µm to 1000 µm, were produced from natural and synthetic

materials. The particle size of the optimized formulation was measured using optical

microscopy, revealing sizes between 7 and 10 µm (Fig. 20).

To investigate the mechanism of glycyrrhizin's antiproliferative activity, in-silico molecular

docking studies were performed using Autodock. Molecular docking identifies the optimal

orientation of a ligand to its target protein, minimizing free energy and forming a stable

complex. This computational drug design method is more efficient and cost-effective

compared to traditional cancer therapies. Docking analyses between glycyrrhizin and

selected proteins—caspase 9, COX-2, p53, and AURKA—revealed binding energies that

indicated high affinity and stability in the ligand-protein complexes.

Glycyrrhizin exhibited strong binding affinity with AURKA and COX-2, with binding

energies of ‒7.11 kcal/mol and ‒7.7 kcal/mol, respectively. Glycyrrhizin was shown to

inhibit the proliferation of cancer cells by inducing apoptosis at the G1 phase and cell cycle

arrest at the G2/M phase. The docking interactions between glycyrrhizin and COX-2

revealed interactions with Tyr385 and Tyr348 residues, while binding with AURKA
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involved Arg357, Ser329, Glu332, and Arg476 residues (Figs. 30 and 40). AURKA is

known to be overexpressed in several cancers and is associated with poor survival

outcomes. The docking and dynamic analysis confirmed glycyrrhizin as a potent AURKA

inhibitor, while its binding to COX-2 suggests its potential use in developing new anti-

COX-2 agents for cancer therapy.

Further in vitro studies on glycyrrhizin's antiproliferative effects were performed using

models such as the MTT assay, colony formation assay, and cell invasion assay.

Glycyrrhizin-containing microspheres demonstrated strong cytotoxicity and inhibition of

colony formation. The MTT and clonogenic assays revealed that glycyrrhizin-loaded

microspheres significantly inhibited the growth of MCF-7 breast cancer cells in a

concentration- and time-dependent manner (Fig. 43).

The clonogenic assay also indicated that increasing doses of glycyrrhizin reduced the

colony-forming ability of MCF-7 cells (Fig. 44), suggesting that glycyrrhizin exhibits a

dual effect by inhibiting both cell viability and colony formation. This underscores

glycyrrhizin’s potential as an effective therapeutic agent in cancer treatment.
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CHAPTER – 8

SUMMARYAND CONCLUSION

The oral route is preferred and most practical for administering medications due to its

simplicity. Due to the drug's first pass impact in the liver, oral administration is undesirable.

Alternative medication delivery methods, including parenteral, intramuscular, subcutaneous,

etc., are also employed to treat diseases.

The sustained and controlled drug delivery system, also known as smart drug delivery, is a

technique for administering medication to a patient in a way that increases the

concentration of the drug over a set length of time, hence reducing the frequency of

administration. Micelles, liposomes, nanoparticles, microspheres, and other forms of

vehicles are employed for sustained and regulated drug delivery systems.

Cancer is a disease that has a significant global impact on people. To treat and prevent this

fatal condition, there is a continuing need for novel therapeutics. Natural substances are

gaining attention from science and study because they are thought to have fewer hazardous

side effects than existing treatments like chemotherapy. Natural secondary metabolites

produced by the plant kingdom are being studied for their potential anticancer properties,

which could lead to the creation of brand-new pharmaceuticals. New technologies are

emerging to advance the field as a result of the success of these chemicals, which have been

transformed into essential medications for the treatment of cancer. Nanoparticles for

nanomedicines are a novel technology that aims to improve the anticancer effects of

compounds produced from plants by managing the compound's release and researching

alternative administration techniques.

Glycyrrhiza is derived from the ancient Greek term glykos, meaning sweet, and rhiza,

meaning root. Glycyrrhiza glabra is known as mulaithi in north India. Glycyrrhiza glabra,

also known as licorice and sweet wood, is native to the Mediterranean and certain areas of

Asia. the plant is recommended as a common remedy for gastrointestinal problems, cough,

bronchitis, and arthritis. In particular, it is still widely used to treat gastritis, peptic ulcers,

respiratory infections, and tremors in folk medicine.
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One of the goals that is being aggressively pursued in anticancer chemotherapy is

improving the delivery of anticancer medicines in a targeted manner. Systemic anticancer

medicines have a number of drawbacks, the most significant of which is that they are not

selective for tumour tissue. This lack of selectivity results in severe side effects and low

cure rates. A method that increases the therapeutic index of a cytotoxic agent by targeting it

to the tumour is an example of an approach that can improve cancer therapy while

simultaneously reducing the overall amount of toxicity that the treatment causes.

Microspheres are small spherical particles with diameter in the range typically 1µm to 1000

µm. They are sometimes referred as micro-particles. Microspheres can be manufactured

from various natural and synthetic materials. The word glycyrrhiza is derived from the

Greek words glykos, which means sweet, and rhiza, which means root. In north India,

Glycyrrhiza glabra is referred to as mulaithi. The licorice and sweet wood plant,

Glycyrrhiza glabra, is indigenous to the Mediterranean and some parts of Asia. The herb is

suggested as a typical treatment for arthritis, bronchitis, coughs, and digestive issues. In

particular, gastritis, peptic ulcers, respiratory infections, and tremors are still frequently

treated with it in folk medicine.

The aim of this study was to isolated glycyrrhizin from G.glabra root followed by

formulation, optimization and evaluation the glycyrrhizin loaded microspheres.

The preliminary physiochemical and phytochemical analysis of G.glabra root was carried

out which revealed presence of glycoside, saponin & flavonoid. Then glycyrrhizin was

isolated form aqueous root extract of G.glabra and characterized by modern analytical

methods.

In order to formulate microsphere, glycyrrhizin firstly goes through preformulation studies,

which includes determination of melting point, solubility, partition coefficient, Fourier

Transform Infrared Spectroscopy (FT-IR), determination of λ max, and calibration curve of

Glycyrrhizin.

By utilising gluteraldehyde as a cross-linking agent during the emulsification cross-linking

process, the microspheres were created. The yield and drug loading effectiveness of the

produced microspheres were further evaluated, as well as their particle size distribution and
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in vitro drug release studies, using Fourier Transform Infrared Spectroscopy (FT-IR).

The prepared microspheres were spherical in shape and free flowing in nature. The drug

loaded microspheres shows 74 to 81.5 % of yield and 82 to 93.5 % of entrapment. The

infrared spectra showed stable character of glycyrrhizin with polymer and other excipients,

and revealed the absence of drug excipient interaction. The distribution of particle size

ranges from 2 µm to 200 µm and is spherical in shape. In-vitro studies were performed in

Phosphate buffer saline (pH 7.4). Formulation (F2) was selected for in -vitro studies

because of its high drug efficiency.

Formulation, optimization and evaluation of Glycyrrhizin loaded microspheres for

controlled release was found to be potential and effective in terms of yield, encapsulation

efficiency, particle size distribution and in in-vitro release characteristics. The outcome of

study demonstrated that F2 formulation was found to be optimized formulation and F2

formulation attained zero order kinetic which have the potential to overcome the issues

facing immediate-release.

The in-silico study conducted here compares the interaction of AURKA & COX2 with the

selective inhibitor and the bioactive compound glycyrrhizin isolated from the roots of

G.glabra. The study showed very encouraging results in terms of binding affinity and

molecular dynamics to the validated inhibitor. From this study, we can determine that the

glycyrrhizin can be potential therapeutic molecules for AURKA & COX2 protein. The

findings in this study not only validate the ethnomedicinal use of G.glabra as an anticancer

herb by predicting the possible modes of action by inhibiting the key residues of AURKA

& COX2. Many AURKA protein have been found, and it has been shown that activation of

AURKA plays a significant role in a variety of malignancies. AURKA protein, some of

which are mitotic regulators, tumour suppressors, or oncogenes, can have their activities

controlled by phosphorylation through the action of AURKA. Additionally, KEGG

pathway enrichment and GO analysis have shown that AURKA-interacting proteins are

involved in traditional carcinogenic pathways. All of these data support the notion that

AURKA is a promising target for cancer treatment, and AURKA-targeting small molecules

have been identified. Cancer-associated fibroblasts (CAFs), macrophage type 2 (M2) cells,

and cancer cells produce the pro-inflammatory mediator COX-2 into the tumour
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microenvironment (TME). In addition to encouraging apoptotic resistance, cancer cell

proliferation, angiogenesis, inflammation, invasion, and metastasis, COX-2 also generates

behaviour resembling that of cancer stem cells (CSCs). Cancer cells are more resistant to

chemotherapy because of COX-2-mediated hypoxia within the TME, as well as its

favourable interactions with YAP1 and antiapoptotic mediators. According to the results of

molecular docking, glycyrrhizin has a strong inhibitory effect on the proteins COX2 and

AURKA, acting as an antiproliferative agent. The in-silico validation was intended to be

related to further in-vitro testing to determine the antiproliferative efficacy.

Initially, the MTT assay and clonogenic assays were used to evaluate the effects of

glycyrrhizin containing Microsphere on cell viability and colony-forming tendency, which

showed that this compound caused a strong cytotoxic effect and colony-forming efficiency

of these cells. Our results are consistent with previous studies.

In addition, it has been shown that glycyrrhizin can inhibit the invasion of MCF-7 cancer

cells in a concentration-dependent manner. These findings are promising because it is well

established that breast cancer is one of the most invasive cancers and glycyrrhizin can

prevent this behaviour.

In conclusion, glycyrrhizin containing Microsphere inhibited the growth of human MCF-7

breast cancer cells by inhibiting colony formation, inhibiting cell invasion. We strongly

believe that glycyrrhizin may prove to be an important lead molecule. However, more in-

depth mechanistic studies are needed. The glycyrrhizin-microsphere complex, in its

entirety, was a multistep targeted drug delivery method that boosted drug accumulation in

tumours, hence boosting anti-cancer efficacy and reducing adverse responses.
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Divulgence of Investigation

There are several benefits to using microspheres as a medication delivery mechanism,

including increased efficacy and decreased toxicity of the integrated drugs to non-targeted

cells and tissues. Future systemic, oral, and localised cancer treatments using cytotoxic

medicines and biological response modifiers are projected to benefit considerably from

microspheres. The goal of the current inquiry was to develop and examine the potential of

microspheres containing glycyrrhizin for the evaluation of anti-proliferative activity. The

mechanism of glycyrrhizin against cancer was shown pictorially as follows:
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CHAPTER - 9

SIGNIFICANCEOF INVESTIGATION

The rising global incidence of cancer has intensified the demand for alternative treatment

options. Herbal therapy presents a practical alternative to traditional cancer treatments.

Glycyrrhizin, a compound found in the root of the licorice plant (Glycyrrhiza glabra), is a

triterpene glycoside with a wide range of pharmacological and biological properties. It is

known for its anti-inflammatory, anti-ulcer, anti-allergic, antioxidant, anti-tumor, anti-

diabetic, and hepatoprotective effects. These properties make it useful in treating conditions

such as premenstrual syndrome, viral infections, hyperlipidemia, and hyperglycemia.

Glycyrrhizin is also widely recognized for its efficacy in managing gastrointestinal

disorders, including peptic ulcers.

Microspheres have emerged as a superior option compared to many traditional drug

delivery systems. They hold significant potential for advanced drug delivery by integrating

various techniques, especially in areas such as targeted drug delivery, diagnostics, gene

therapy, and disease-specific cell sorting. Microspheres can mimic diseased organs and

tissues for precise in vitro applications. They offer several advantages, including enhanced

solubility for poorly soluble drugs, protection against enzymatic and photolytic degradation,

reduced dosing frequency, improved bioavailability, and controlled release profiles, all of

which reduce drug toxicity and improve therapeutic outcomes.

The present study focuses on the development, characterization, and evaluation of

glycyrrhizin-loaded microspheres as an effective drug delivery system with anti-

proliferative potential. This method shows promise for cancer treatment, offering targeted

drug delivery with the potential to improve efficacy and reduce side effects compared to

conventional treatments.
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