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Chapter I: Introduction

1.1 Diabetes mellitus

Diabetes mellitus also known as diabetes, is a metabolic disorder that affects the
obstructions of proteins, carbohydrates and fats metabolism as well as an increase in
blood glucose levels. In diabetic patients these pathophysiological complications are
often responsible for a decline in the quality of life [Genuth et al, 2003]. It is a
prominent global epidemic affecting 9 % of the world’s population. It is estimated that
by 2030, diabetes would be the world's seventh dominant cause of death. Nearly about
80% of diabetes-related deaths are currently reported in highly populated countries

such as India, China, and Thailand [ Samuel et al, 2011].
1.2 Classification of Diabetes

Diabetes is categorized in two types, type 1 and type 2 diabetes [ American Diabetes

Association, 2010].
1.3 Type-I1 diabetes

Type | diabetes is also called insulin-dependent diabetes mellitus or juvenile-onset
diabetes. This results from the cellular-mediated autoimmune destruction of the

pancreatic B-cells. This is an autoimmune disease [Veld et al, 2011].
1.4 Type-11 diabetes

Type |1 diabetes is also called as non-insulin-dependent diabetes mellitus or adult-onset
diabetes. This results from the development of insulin resistance and the affected
individuals usually have insulin deficiency. This is the most common type of diabetes
found in 90% of the diabetic community. It is apparently due to a family history of
diabetes, obesity, smoking, less physical activity, and nutrition deficiency [Lin et al,

2010].
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1.5 Treatment available for diabetes by antidiabetic drugs

Various synthetic drugs such as a-glucosidase, Biguanides, Dipeptidyl peptidase-4

(DPP-4) inhibitors, Meglitinides, Sulfonylurea, and Thiazolidinediones category along

with insulin sensitizers are used in the treatment of diabetes mellitus. The reduction of

the glycemic reaction occurs due to side effects of synthetic antidiabetic drugs. The

classification of antidiabetic drugs is presented in Figure 1.1 [ Trevor et al, 2015 ].

Drugs used in diabetes

Insulins

Noninsulin antidiabetic drugs

Rapid, short-acting

Intermediate-acting Slow, long-acting

Insulin
secretagogues

Biguanides Alpha-glucosidase
inhibitors

Thiazolidinediones Amylin

analogs

Figure 1.1: Classification of antidiabetic drugs

Incretin modulators

GLP-1 analog

DPP-4 inhibitor
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1.6 Alpha-glucosidase inhibitors

These medications aid in the digestion of starchy foods and sugar. This has the effect of
lowering blood sugar levels. Acarbose and miglitol are examples of these drugs. [ Van

de Laar et al, 2005].
1.7 Biguanides

Biguanides reduce the amount of sugar which liver produces. They reduce the amount
of sugar absorbed by intestines, increase insulin sensitivity, and aid glucose absorption
in muscles. Metformin can also be combined with other drugs for type 2 diabetes and it

can also be used as a sustained-release form [Hotta et al, 2019].
1.8 Dipeptidyl peptidase-4 (DPP-4) inhibitors

DPP-4 inhibitors aid in the body's continued production of insulin. They reduce blood
sugar levels without producing hypoglycemia (low blood sugar). These medications
can also assist the pancreas in producing more insulin. These drugs include

Teneligliptin, Sitagliptin, Saxagliptin, Linagliptin, etc [ Lim et al, 2015].
1.9 Meglitinides

These medications help the body to release insulin. However, in some cases, they may
lower blood sugar too much. These drugs aren't suitable for everyone. These drugs

include Repaglinide etc [Lim et al, 2015 ].
1.10 Sulfonylureas

These are among the oldest diabetes drugs still used today. They work by stimulating
the pancreas with the help of beta cells. This causes the body to produce more insulin.
These drugs include Glimepiride, Gliclazide, Glipizide, Glibenclamide, etc. [ Monami

etal, 2014 ].
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1.11 Thiazolidinediones

Thiazolidinediones work by decreasing glucose in the liver. They also help fat cells to
use insulin better. These drugs include: Pioglitazone, Rosiglitazone etc [Christos et al,

2016 ].
1.12 Limitations of allopathic Drugs

Though antidiabetic drugs are the best available treatment till now but they have
several side effects when used long-term. Long-term use of these drugs has side effects
like atherosclerotic cardiovascular disease, heart disease or chronic kidney disease may
predominate over their diabetes [ Valeron et al, 2013 ]. A large quantity of medication
with repeated or sustained release dosage is required to attain an effective therapeutic
concentration. After being diagnosed with diabetes and consuming antidiabetic drugs
for the first time blood sugar may fall. In the case of diabetes, dosing is very important.
Reduction of glycemic reaction occurs due to side effects of synthetic antidiabetic

drugs [ Ahmad et al, 2020].
1.13 Natural Products in the treatment of Diabetes

Nowadays, herbal drugs are gaining importance to treat type-2 diabetes. Furthermore,
herbal compounds are frequently consumed in food and food additives. They’re also
secure from minimum side effects and effective for alternative drugs. Herbal
compounds have numerous biological activities and help to enhance insulin secretion.
Various types of phytoconstituents present in the plant material belonging to different
chemical classes, such as terpenoids, alkaloids, flavonoids, phenolics, and some other
categories also have anti-diabetic potential. Phytoconstituents like alkaloids inhibit
alpha-glucosidase and decrease glucose transport through the intestinal epithelium [

Sanjeev et al, 2020 ].
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Herbs have also been shown to provide alternative therapy in the prevention of diabetes
complications. Some of these herbs have also been confirmed to help in the
redevelopment of B cells and overwhelming insulin resistance and there are a variety of
poly-herbal formulations available on the market that may be used as an alternative

therapy to treat DM complications.

The medicinal herbs were applied to treat a wide range of diseases [ Yuan et al,2016].
The use of a medicinal herb, alone or in combination with other herbs can be regarded
as a sort of combination treatment because of the complexity of the phytochemicals and
bioactivities in the plant. As a result, a single antidiabetic plant containing thousands of
phytochemicals might have various advantages by affecting different metabolic
pathways. One study supported this principle by demonstrating that combination
therapy of western medicine and herbal medicine exhibited a better (synergistic) effect
than either medicine alone. Despite the development of various synthetic medications
for the treatment of diabetes mellitus, a safe and effective therapy has yet to be found.
Medicinal foods are prescribed widely even when their biologically active compounds
are unknown because of their safety, effectiveness, and availability. Polysaccharides
increase the level of serum insulin, reduce the blood glucose level and improve glucose
tolerance. Flavonoids suppress the glucose level, reduce plasma cholesterol and
triglycerides significantly and boost hepatic glucokinase activity probably by enhancing
the insulin release from pancreatic islets. Previous research reported various natural
compounds like rutin, quercetin, curcumin, silymarin, piperine, glycyrrhizin,
thymogquinone etc when used separately or in combination have been demonstrated to
have antidiabetic properties. Among the different classes of natural compounds,

terpenoid is one of them. Terpenoids are classified as monoterpene, diterpene, and

Page | 5



Chapter I: Introduction

sesquiterpene. Andrographolide and curcumin are two examples of terpenoids [ Lehar

et al, 2009; Kaur et al, 2016].
1.14 Andrographolide

Andrographolide, a diterpene lactone is the primary active ingredient in Andrographis
paniculate. Andrographis paniculata is widely utilized in ayurvedic formulations.
Andrographolide might be isolated and purified within the crystalline form. It has anti-
diabetic, anticancer, antioxidant, anti-hyperlipidemic, and anti-allergic asthma
activities. Andrographolide belongs to BCS class iv compound, having low water
solubility, low intestinal permeability, and a low biological half-life of 2 hours [Rao et

al, 2004; Liang et al, 2018 ].
1.15 Curcumin

Curcumin is the principal active ingredient present within the rhizome of turmeric
(Curcuma longa). The main active ingredient in turmeric is curcumin, which is found
in the rhizome (Curcuma longa). It was discovered to have anti-diabetic effects.
Curcumin possesses hypoglycemic, nephroprotective, and cardioprotective effects in
modest amounts. Several studies have demonstrated that curcumin has anticancer
effects in humans. Its ability to induce apoptosis, prevent cancer cell proliferation, and
reduce cell cycle progression makes it a viable treatment for cancers of the lung, breast,
prostate, colorectal, liver, pancreatic, myeloma, and melanoma malignancies [Nair et
al, 2012]. It has moderate hypoglycemic, nephroprotective, and cardioprotective
properties. Despite its potential therapeutic effects, curcumin has poor bioavailability.
Curcumin is a potent anti-inflammatory drug, and its anti-inflammatory effects are
achieved via inhibiting enzyme activity, cytokine synthesis, and transcription factor

activation. Curcumin's antimicrobial activity mechanism is strongly linked to the
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interaction with the FtsZ protein-inducing cell division. Curcumin has potential
inhibitory activity on renal cyst formation which is characterized by massive
enlargement of fluid-filled cysts which eventually cause renal failure [ Chattopadhyay

et al, 2004; Martin et al, 2012].
1.16 Nano based Drug delivery system

Recently nanotechnology especially nanomedicine and nano-based drug delivery
system is frequently used for loading different types of drugs due to several advantages
such as improved bioavailability, sustained release, targeted delivery, reduced toxicity,
improved permeability to biological membranes, and convenience in different routes of
administration [Koo et al, 2005]. Different types of nanoparticles can be classified
according to size and shape. These nanoparticles can be fabricated using different
techniques. Among the different types of nanosystems polymeric nanoparticles,
nanostructured lipid carriers, liposomes are commonly used in therapeutics [Patra et al,

2018].
1.17 Polymeric nanoparticle

Polymeric nanoparticles are synthetic polymers with a small size. Generally,
biodegradable polymers are commonly used as this polymer easily hydrolyses in the
body and produce biocompatible small molecules. [Wang et al, 2008]. Polymeric NPs
have shown great potential for controlled release and targeted delivery of drugs for the
treatment of several diseases. Polymeric molecules can be used to encapsulate both
hydrophilic and lipophilic drug molecules. Polymeric nanoparticles can be used for the
treatment of brain drug delivery, cancer therapy, and targeted antibiotics delivery with

suitable polymer choice and the ability to adjust drug release [Bennet and Kim, 2014].
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1.18 Nanostructured lipid carrier (NLC)

Nanostructured lipid carriers (NLCs) spring up as the second generation of lipid
nanoparticles are the modifications of the first generation i.e. solid-lipid nanoparticles
(SLN), in which biodegradable, compatible lipids (solid and liquid) and emulsifiers are
used for the preparation of NLCs. In recent years, nanostructured lipid carriers became
a popular drug delivery system over SLNs, polymeric nanoparticles, emulsions,
microparticles, liposomes, etc. Incorporation of liquid lipids (oil) generates structural
defcts in solid lipids, resulting to a less ordered crystalline arrangement which prevents
drug leakage from the particle and provides a high drug payload [Pardeike et al, 2009].
These formulations possess the advantage in the delivery of hydrophilic as well as
lipophilic drugs. In the case of many drugs, solubility in liquid lipid is higher than in
solid lipid. As a result NLC offers a promising carrier system for the delivery of
pharmaceuticals via oral, parenteral, ocular, pulmonary, topical, and transdermal routes

[Kaur et al, 2015].
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2.1 Nanotechnology and its applications

Nanotechnology is the study and application of extremely small things and can be used
in the field of science, engineering, and technology conducted at the nanoscale [Saini et
al, 2010]. Nanotechnology may be able to create many new materials and devices with
a vast range of applications such as in nanomedicine, nanoelectronics, biomaterials
energy production, and consumer products. These include more resistant building
materials, therapeutic drug delivery, and higher-density hydrogen fuel cells that are
eco-friendly. Being that nanoparticles and nanodevices are highly versatile through
modification of their physiochemical properties, they have found uses in nanoscale
electronics, cancer treatments, vaccines, hydrogen fuel cells, and nanographene
batteries. The application of nanotechnology is presented in Figure 2.1 [Rao et al, 2014;

Hussein et al, 2016]

Electronics
[ Energy
Biomedicine
Nanotechnology
Food Environment
w
Textile

Figure 2.1: Applications of nanotechnology in different fields
2.2 Application of nanomedicine

The use of nanotechnology for medical purposes has been termed as nanomedicine.

Nanomedicine is used for diagnosis, monitoring, control, prevention, and treatment of
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diseases. Nanomedicine can be useful for both in vivo and in vitro biomedical research
and applications such as diagnostic devices, contrast agents, analytical tools, physical
therapy applications, and drug delivery vehicles. In vivo imaging is another area where
tools and devices are being developed [Saini et al, 2010]. Using nanoparticle contrast
agents, images such as ultrasound and MRI have a favorable distribution and improved
contrast. In cardiovascular imaging, nanoparticles have the potential to aid the
visualization of blood pooling, ischemia, angiogenesis, atherosclerosis, and focal areas

where inflammation is present [Bansal et al, 2017].

Nanomedicine has exhibited great potential for the treatment of different diseases like
cancer, cardiovascular and neurological disorders, asthma, inflammatory diseases
HIV/AIDS, and diabetes as well as many types. The drugs which have low
bioavailability and are poorly water-soluble can be delivered through nanomedicine.
Nanomedicine is also applicable for drugs that are absorbed too quickly and removed
from the body as waste before treatment can be effective. Nanomedicine can increase
the period in which a drug remains active in the body. The drugs can be used for the
specific target site, controlled delivery with minimum doses [Nikalje et al, 2015].
Common nanoparticles that have been used for drug delivery such as polymeric
nanoparticles, liposomes, nanosuspension, nanostructured lipid carrier (NLC), micelles

and hydrogel nanoparticles, etc [Patra et al, 2018].
2.3 Use of nanoparticles in Diabetes

Recently, many researchers are involved in the discovery of novel drug delivery
systems for diabetes so that dosing frequency and drug-related toxicity can be reduced
[Woldu et al, 2014]. Mohseni et al. reported water-insoluble drug resveratrol-loaded
solid-lipid nanoparticles to improve insulin resistance in diabetes [Mohseni et al,2019].

According to Ahangarpour et al., solid lipid nanoparticles of myricitrin improved
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diabetes and hyperglycemia complications [Ahangarpour et al, 2018]. Das et al.
prepared engineered silybin nanoparticles for the experiment of diabetes [Das et al,
2014]. The drug is constrained due to solubility and bioavailability. They observed that
blood glucose levels came down to normal values after 28 days of treatment with
engineered silybin nanoparticles and restoration from hyperglycemic damage condition.
In 2014, Alkaladi et al. reported, zinc oxide and silver nanoparticles act as potent
antidiabetic agents and significantly reduced blood glucose levels [Alkaladi et al,
2014]. In the year 2017, Rani et al. showed enhanced antidiabetic activity with the
treatment of combined nanoformulation of glycyrrhizin and nicotinamide which was

better than free drugs [ Rani et al, 2017 ].
2.4 Nanostructured lipid carrier (NLC)

In the early 1990s, solid lipid nanoparticles (SLNs) were discovered as first-generation
lipid nanoparticles where solid lipids were used for preparation. SLNs were certain
limitations like poor drug loading capacity, unpredictable gelation tendency, and drug

leakage during storage [Ghasemiyeh et al, 2018].

In the late 1990s, nanostructured lipid carriers (NLC) grow up as the second generation
of lipid nanoparticles to overcome the limitations of SLNs where a mixture of solid and
liquid lipids is used for preparation. The excipients used for the preparative process of
NLC are mostly non-toxic for in vivo and also biodegradable as well as biocompatible.
Liquid lipids (oil) incorporation causes structural imperfections of solid lipids leading
to a less ordered crystalline arrangement which prevents drug leakage providing a high
amount of drug loading. Hydrophobic as well as hydrophilic drugs can be entrapped in
the core of NLC to provide control and specific targeted delivery. The process of NLC

preparation involves heating and cooling crystallization [ Piazzini et al, 2019].
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In recent years, NLCs have gained the attention of researchers as an alternative to
SLNs, polymeric nanoparticles, microparticles, liposomes, etc. NLCs have sprung up as
an encouraging carrier system for the delivery of pharmaceuticals via oral, parenteral,
ocular, pulmonary, topical, and transdermal routes. Recently, NLCs are also being

utilized for brain targeting, chemotherapy, and gene therapy [ Salvi et al, 2019].
2.5 Chitosan Oligosaccharide

Chitosan oligosaccharide (COS) is an oligomer of f-(1 => 4)-linked d-glucosamine.

COS can be prepared from the deacetylation and hydrolysis of chitin, which is
commonly found in the exoskeletons of arthropods and insects and the cell walls of
fungi.COS's average molecular weight is less than 5000 Da. The main advantage of
COS is water-soluble, non-cytotoxic, readily absorbed through the intestine, and mainly
excreted in the urine. Many researchers prepared COS-based nanoparticles. Anter et al.
prepared COS- apocynin nanoparticles for apocynin sustained release in gastric mucosa
[Anter et al, 2019]. Cheng et al. were designed phycocyanin -functionalized and
curcumin-loaded biotin-chitosan oligosaccharide-dithiodipropionic acid-curcumin

nanoparticles to enhance the biocompatibility of CUR for tumor treatment [ Cheng et

al, 2019].
; i ’
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Figure 2.2: Chemical structure of Chitosan Oligosaccharide
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2.6 Compritol 888 ATO

Compritol 888 ATO is a multifunctional lipidic excipient that is generally used for the
preparation of prolonged-release dosage forms like solid lipid microparticles, solid lipid
nanoparticles, nanostructured lipid carriers etc. It is prepared by esterification of
glycerin through behenic acid without the addition of catalysts [Borgia et al, 2005]. It is
a hydrophobic mixture of mono- (12 — 18% wi/w), di- (45 — 54% wi/w), and tri- (28 —
32% w/w) behenate of glycerol with a melting point in the range of 69 — 74°C and with
hydrophilic-lipophilic balance (HLB) = 2. It is available in the market in white flakes or
powder form. Many researchers are preparing NLC by using compritol 888 ATO.
Reddy et al, prepared clobetasol NLC made up with compritol 888 ATO to increase
drug entrapment up to 85.4+ 2.89% [Reddy et al, 2019]. Kar et al. formulated cedrol-
loaded NLC using compritol 888 ATO to increase oral bioavailability and they reported
96.42 + 0.876% encapsulation efficiency [Kar et al, 2017]. Spironolactone-loaded NLC
was prepared using compritol 888 ATO by Kelidari et al for enhanced dissolution rates
and stability that resulted in encapsulation efficiency of 90.6+ 3.5% [Kelidari et al,
2016]. The chemical structure of Glyceryl monobehenate, Glyceryl dibehenate, and

Glyceryl tribehenate are presented in Fig 2.3.

Figure 2.3: Chemical structure of (A) Glyceryl monobehenate (B) Glyceryl dibehenate

(C) Glyceryl tribehenate
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2.7 Triolein

Triolein is an asymmetrical triglyceride derived from glycerol and three units of the
unsaturated fatty acid i.e. oleic acid. Most triglycerides are unsymmetrical, being
derived from mixtures of fatty acids. Triolein represents 4 —30% of olive oil. In the
pharma industry, it is used as an ointment, emulsifiable paste, suppository, lotion,
emulsifier in air agent, stabilizing agent, lubricating agent, antifoaming agents [Naseri
et al, 2015]. For the preparation of NLC, it is used as liquid lipid. Das et al. prepared
ursolic acid-loaded NLC with the use of triolein for the therapy of leishmaniasis [Das et
al, 2017]. Cedrol-loaded NLC was prepared with the use of triolein by Chakraborty et
al. for mast cell degranulation that resulted in encapsulation efficiency of 88.71%

[Chakraborty et al, 2017].

0

;fﬂ\'“-..fﬁvfﬂh‘--..r"ih&a’ _HJHJ’EE"&WMD
O

[ O
r__;-" hﬂﬂmﬁfwvnwﬂfw;“&kfme

DHTHﬂ“ﬁﬁ“Mﬁ“:.ﬂﬂfﬁHﬁMe
o]

Figure 2.4: Chemical structure of Triolein
2.8 Soybean lecithin

Lecithin is a generic term to designate any group of yellow-brownish fatty substances
occurring in animal and plant tissues that are amphiphilic. They attract both water and
fatty substances (both hydrophilic and lipophilic) and are used for smoothing food
textures, emulsifying, homogenizing liquid mixtures, and repelling sticking materials.
Lecithins are mixtures of glycerophospholipids including phosphatidylcholine,

phosphatidylethanolamine, phosphatidylinositol, phosphatidylserine, and phosphatidic
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acid. It has emulsification and lubricant properties and is a surfactant. It acts as a good
dispersing agent, stabilizing agent or helps in emulsification and encapsulation for the
preparation of drug nanoparticles [Uprit et al,2012]. Minoxidil-loaded NLC was
prepared with the use of soybean lecithin by Upright et al. for effective treatment of

alopecia resulting the encapsulation efficiency of 86.09% [Uprit et al, 2013].

Figure 2.5: Soya lecithin powder
2.9 Streptozotocin (STZ)

Streptozotocin or streptozocin (STZ) is a naturally occurring alkylating antineoplastic
agent that is particularly toxic to the insulin-producing beta cells of the pancreas in
mammals. Due to its high toxicity to beta cells, in scientific research, streptozotocin has
also been used for inducing insulitis and diabetes on experimental animals [Abdollahi et
al, 2014]. Alkali et al worked for the antidiabetic activity of zinc oxide and silver
nanoparticles on streptozotocin-induced diabetic rats [Alkaladi et al, 2014].
Karuppusamy C et al. reported evaluation of the antidiabetic activity of miglitol

nanoparticles in streptozotocin-induced diabetic rats [Karuppusamy C et al, 2017].
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Figure 2.6: Chemical structure of Streptozotocin
2.10 Andrographolide
Source

Andrographolide (AG) is a labdane diterpene lactone isolated from stems and leaves of
Andrographis paniculata. Andrographolide is used in different types of diseases in

South East Asia countries, India and China.

Physical appearance

Andrographolide is a white powder when obtained in its pure form.
Chemistry of andrographolide

The IUPAC name of andrographolide is “3-2-[Decahydro-6-hydroxy-5-
(hydroxymethyl)-5,8a-dimethyl-2-methylene-1-napthyl]ethylidene]dihydro-4-hydroxy-
2(3H)-furanone’, with molecular formula CzH3,0s and molecular weight 350.455
gmol™ [Levita et al, 2010]. The chemical structure of andrographolide is shown in Fig.

2.7.
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HO™™

Figure 2.7: Chemical structure of Andrographolide
Solubility

Andrographolide is soluble in methanol, ethanol, transcutol (Diethylene Glycol
Monoethyl Ether), dimethyl sulfoxide (DMSO), dimethylformamide (DMF), and
acetone. Andrographolide is slightly soluble in chloroform and almost insoluble in

water.
Biological activities of andrographolide

Many investigators have been reported different biological activities of
andrographolide such as anti-inflammatory, antiallergic, antibacterial, antitumor,
antidiabetic, antimalarial, and hepatoprotective. Andrographolide is well-known for its
potential activity. It has been proven to attenuate inflammation by inhibiting NF-kappa
B activation through the covalent modification of reduced Cys62 of p50.
Andrographolide has been widely used for upper respiratory tract infections (URTIS).
In a randomized, double-blind, and controlled study, Thamlikitkul et al. administered
A. paniculata at a dose of 6 g/day for 7 days to 152 Thai adults suffering from

pharyngotonsillitis and the efficiency has been reported to be similar to that of
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acetaminophen in relieving the symptoms of fever and sore throat [Thamlikitkul et al,
1991]. A recent study [Uttekar et al, 2012] summarized that andrographolide
derivatives may be promising candidates for preventing HIV infection suggesting that
andrographolide inhibited the gp120-mediated cell fusion of HL2/3 cells with TZM-bl
cells. AG also had been reported to prevent oxygen radical production by human
neutrophils. Hidalgo et al. investigated the activity of AG on platelet-activating factor
(PAF) induced NF- kp activation. AG also inhibits the binding of NF-x on DNA
which in turn reduces the expression of COX-2. AG at an oral dose of 300mg/kg
successfully exhibited analgesic activity [Hossain et al, 2014]. It is also reported in
their study that the anti-asthmatic activity of AG is mediated by the suppression of NF-
kB [Bao et al, 2009]. Li et al. further confirmed the inhibitory property of AG on the
p65 translocation of NF- «f [Li et al, 2009]. Chakraborty et al. reported the therapeutic
potential of andrographolide-loaded nanoparticles on a murine asthma model
[Chakraborty et al, 2019]. A study conducted by Xu et al. showed that andrographolide
exhibited antidiabetic activity to decrease blood glucose levels in normal rats on
streptozotocin-diabetic rats [Xu et al, 2012]. Zhang et al. reported the antidiabetic
property of andrographolide in streptozotocin-induced diabetic rats [Zhang et al, 2000].
In a recent study, the antihyperglycemic activity of andrographolide in rats was

reported by Verma et al [Verma et al, 2020].
Safety and toxicity

Many studies on rats, mice, or rabbits as well as in vitro studies and clinical trials have
proven AG as a safe therapeutic agent. It is also reported that up to 2000 mg/kg dose of

AG did not show any toxic effect [Sithisomwongse et al, 1989].
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2.11 Curcumin
Source

Curcumin is the principal active ingredient present within the rhizome of turmeric
(Curcuma longa). It's employed as a dietary supplement, cosmetics ingredient, and

additive.

Physical appearance

Curcumin is a bright yellow to orange powder when obtained in its pure form.
Chemistry of Curcumin

The IUPAC name of curcumin is ¢ (1E,6E)-1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-
1,6-diene-3,5-dione’, with molecular formula C,;H2,0s and molecular weight 368.385

gmol™. The chemical structure of curcumin is shown in Fig. 2.8.

0O o)

HO OH
OCHs H3CO

Figure 2.8: Chemical structure of Curcumin

Solubility

Curcumin is soluble in methanol, ethanol, transcutol(Diethylene Glycol Monoethyl
Ether), chloroform, dimethyl sulfoxide (DMSO), and acetone. Curcumin is almost

insoluble in water.
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Biological activities of curcumin

Curcumin possesses several biological activities including anti-inflammatory,
antioxidant, anticancer, antimutagenic, antimicrobial, antidiabetic, hypolipidemic,
cardioprotective, and neuroprotective effects. Bhawana et al reported curcumin
nanoparticles for antimicrobial properties [Bhawana et al, 2011]. It possesses anti-
cancer and chemo-preventive activity. It acts by modulating various components of
signaling cascades that are involved in cancer cell proliferation, invasion, and apoptosis
process. It interacts with the adaptive and innate immune systems of our body and
causes tumor regression. Bhawana et al reported curcumin nanoparticles for
antimicrobial activities. It was found that nano curcumin was more effective against
Gram-positive and also Gram-negative bacteria [Bhawana et al, 2011]. Curcumin has
anti-inflammatory activity. Rebecca L. Edwards et al, reported curcumin analogs that
undergo oxidative transformation potently inhibited the pro-inflammatory transcription
factor nuclear factor kB (NF-kB), whereas stable, non-oxidizable analogs were less
active, with a correlation coefficient (R?) of IC50 versus the log of autoxidation rate of
0.75 [Rebecca L Edwards et al, 2017]. In a study conducted K Seo et al. showed that
curcumin exhibited antidiabetic activity. In this study, curcumin supplement improved
insulin resistance and hyperglycemia in diabetic mice, obese-diabetic animals with
insulin resistance, but had no effects on non-diabetic db/+ mice and significantly
lowered blood glucose levels and HOMA-IR when compared to those in the diabetic
control dB/DB mice by 22 and 10%, respectively [K Seo et al, 2008]. In another study,
the findings suggested that treatment of DM rats with curcumin nanoparticles decreased

significantly the expression levels of insulin genes in liver and pancreas tissues
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compared with those in DM rats [Gouda et al, 2019]. Ali et al. evaluated that
curcumin—Zn complex has been exerted a dual action in diabetes, where the beneficial
effect of curcumin in glycemic status was explored besides the action of Zn metal in

insulin maintenance [Ali et al, 2016].

Safety and toxicity

Many studies on rats, mice, or rabbits as well as in vitro studies and clinical trials have
proven curcumin as a safe therapeutic agent. It was also reported that up to 2000 mg/kg

dose of CMN did not show any toxic effect [Srimal et al, 1973].

2.12 Procedure for the preparation of NLC

NLC can be prepared by different methods. This includes high-pressure
homogenization (hot homogenization or cold homogenization), ultrasonication (bath
sonication or probe sonication), a solvent evaporation method, a micro emulsion-based

method [Naseri et al, 2015]

2.12.1 High-pressure homogenization

High-pressure homogenization is of two types, hot and cold homogenization processes
[Naseri et al, 2015]. In the hot homogenization process, the lipid phase (lipids,
lipophilic drugs, and lipophilic emulsifiers) is melted first before mixing with an
aqueous phase. On another side, the aqueous phase (water, hydrophilic drugs, and
hydrophilic emulsifiers) are heated separately. Poorly soluble drugs and lipophilic
substances are suitable for making NLC through this procedure. Homogenization
pressure, time of homogenization, and temperature are major parameters for reducing

the particle size of NLC [Li et al, 2017].0n the other hand in the cold homogenization
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process, the melted lipid is rapidly cooled under liquid nitrogen or dry ice. This lipid
mixture is emulsified with the cold aqueous phase. The aqueous phase is then

emulsified with the molten lipid phase [Shi et al, 2011].

2.12.2 Ultrasonication

In this method, lipid and drugs are taken as oil phase which is then dispersed in an
aqueous phase containing a high amount of surfactant by using probe/bath
ultrasonicator. After forming a stable emulsion the organic phase is evaporated by
applying heat under reduced pressure. The sample thus formed was cooled which
allows solidification of particles of NLC. The drawback of this method is that it doesn't
produce a small particle size which leads to instability of samples during storage [Li et
al, 2017]. By using this method, Upright et al. reported NLC containing minoxidil, and

entrapment efficiency was found to be 86.09% [Uprit et al, 2013].

2.12.3 Solvent evaporation

In this method, lipid and drugs are dissolved in a non-agqueous organic solvent which
is then slowly added to the aqueous phase having emulsifier in it. Next, an emulsion is
formed in an aqueous phase containing surfactant. The evaporation of solvent leads to
the formation of nanoparticles in the aqueous phase. Then after centrifugation NLC is
collected. This method is simple and useful for the preparation of NLC while the
residual organic solvent is a disadvantage of the method [Li et al, 2017]. Abdolahpour
et al. used the method for doxorubicin NLC preparation that resulted in 75 %

entrapment efficiency and good stability [Abdolahpour et al, 2017].
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2.12.4 Microemulsion

In the microemulsion method lipid phase (lipids, lipophilic drugs, and lipophilic
emulsifiers) and the aqueous phase (water, hydrophilic drugs, and hydrophilic
emulsifiers) are heated separately in a correct ratio. The lipid phase is mixed with the
aqueous phase to form a transparent or translucent solution. The solution is dispersed in
the cold aqueous medium (2~3°C) under mild stirring. Upon precipitation of fine
particles, NLC is obtained [Joshi et al,2019]. Cirri et al. used this method for the
preparation of hydrochlorothiazide NLC that gives rise to advantages in terms of
smaller particle size ranging from 300-400 nm and increased entrapment efficiency

reached to 93% [Cirri et al, 2018].
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3.1. Objectives

The objectives of this research work were:

a) Preparation of nanoformulations loaded with combined drugs andrographolide and

curcumin.

b) Characterization of the prepared nanoparticles.

c) Evaluation of the prepared nanoparticles as in-vivo pharmacokinetic antidiabetic

study.

3.2. Plan of study

The study plan was as follows:

Nanostructured lipid carrier of combined andrographolide and curcumin

R/
L X4

Preparation of curcumin-chitosan nanocomplex (CCN)

Preparation of andrographolide(AG) and curcumin(CMN) loaded
nanostructured lipid carrier (AG-CMN NLC) by hot melt homogenization and
ultrasonication.

Determination of drug loading (%) and entrapment efficiency (%) of AG-CMN
NLC

HPLC method development for the estimation of andrographolide and
curcumin

Characterization of prepared nanoparticles employing particle size,
polydispersity index, zeta potential, FESEM and TEM.

Investigation of any interaction between drug and other excipients used in the

formulation by FTIR, differential scanning calorimetry (DSC), and XRD study.
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% In-vitro drug release study of AG-CMN NP in different release media like
simulated gastric fluid (SGF, pH 1.2) and simulated intestinal fluid (SIF, pH
6.8).

% Assessment of nanoparticle characteristics of AG-CMN NLC during stability

study after 90 days.
In-vivo studies

% Determination of plasma drug concentration in rat of free AG, CMN
suspension, or AG-CMN NLC suspension through oral route of administration

by HPLC method.

% Evaluation of antidiabetic study in mice model of free AG, CMN,AG-

NLC,CMN-NLC and AG-CMN NLC.
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Materials and methods

4.1 MATERIALS

Table 4.1: List of reagents and solvents used

SL No. Chemical name Source

1 Acetic acid Merck Life Science Pvt. Ltd, Bengaluru, India
2. Acetone Merck Life Science Pvt. Ltd, Bengaluru, India
3. |Acetonitrile Merck Life Science Pvt. Ltd, Bengaluru, India
4. | Andrographolide Sigma-Aldrich Co, St Louis, MO, USA

5. |Chloroform Merck Life Science Pvt. Ltd, Bengaluru, India
6. |Chitosan Oligosaccharide Sisco Research Laboratories Pvt. Ltd,Mumbai,

India

7. |Compound 48/80 Sigma-Aldrich Co, St Louis, MO, USA

8.  |Curcumin Sigma-Aldrich Co, St Louis, MO, USA

9. Dichloromethane Merck Life Science Pvt. Ltd, Bengaluru, India
10. |Di potassium hydrogen Merck Life Science Pvt. Ltd, Bengaluru, India

orthophosphate
11. |Di sodium hydrogen Merck Life Science Pvt. Ltd, Bengaluru, India
orthophosphate

12.  |Hydrochloric acid Merck Life Science Pvt. Ltd, Bengaluru, India
13. |Hydrogen peroxide (30%) |Merck Life Science Pvt. Ltd, Bengaluru, India
14. | Methanol Merck Life Science Pvt. Ltd, Bengaluru, India
15.  |Orthophosphoric acid Merck Life Science Pvt. Ltd, Bengaluru, India
16. |Polyvinyl alcohol (PVA, Merck Life Science Pvt. Ltd, Bengaluru, India

MW 85,000-124,000)
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SL No. Chemical name Source
17. |Potassium dihydrogen Merck Life Science Pvt. Ltd, Bengaluru, India
Orthophosphate

18. |Potassium hydroxide Merck Life Science Pvt. Ltd, Bengaluru, India
19. |Sodium chloride Merck Life Science Pvt. Ltd, Bengaluru, India
20. | Sodium deoxycholate Merck Life Science Pvt. Ltd, Bengaluru, India
21. |Sodium hydroxide Merck Life Science Pvt. Ltd, Bengaluru, India
22. | Sorbitol S.D. Fine Chem. Pvt. Ltd., Mumbai, India

23. | Soybean lecithin Sigma-Aldrich Co, St Louis, MO, USA

24. | Stearylamine Merck Life Science Pvt. Ltd, Bengaluru, India
25. | Streptozotocin Sigma-Aldrich Co, St Louis, MO, USA

26. | Triolein Sigma-Aldrich Co, St Louis, MO, USA

27. | Tween-80 Merck Life Science Pvt. Ltd, Bengaluru, India
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Table 4.2: List of equipments used:

SL No. Instrument name Source
1 Bath sonicator Trans-O-Sonic, Mumbai, India
2. Cold Centrifuge Rota 4R - V/FM, Plastocrafts, India
3. Differential scanning Pyris Diamond TG/DTA,
caloriemetry PerkinElmer,Singapore
4. Digital weigh machine Sartorius Corporate Administration, Otto-
Brenner-StraRe 20, Goettingen, Germany
5. Field emission scanning JEOL JSM 6700 F, JEOL, Tokyo, Japan
electron Microscopy
6. FTIR instrument IR Affinity 1,Shimadzu, Japan
7. High performance liquid Agilent 1260 series,Agilent, USA
Chromatography (HPLC)
8. HPLC Column Phenomenax,USA
9. High speed homogenizer IKA Laboratory Equipment, Model T10B
Ultras-Turrax, Staufen, Germany
10. |Incubator shaker BOD-INC-1S, Incon, India
11. |Laboratory freeze dryer Instrumentation India, Kolkata, India
(lyophilizer)
12. |Magnetic stirrer Tarsons,Kolkata, India
13. |Particle size and zetasizer Zetasizer nano ZS 90, Malvern Zetasizer
Limited, Malvern, UK
14. |Refrigerator Godrej,India
15. | Scanning electron microscope |JEOL JEM-2010 TEM, JEOL, Japan
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SL No. Instrument name Source
16. | Transmission electron JEOL JEM-2010 TEM, JEOL, Japan
microscope
17. | Ultrasonication MW sonicator, Vibra cell VCX750, Sonics,
USA
18. |UV cabinet Camag,Switzerland
19.  |UV-VIS spectrophotometer | Shimadzu UV - 1800, Shimadzu,Japan
20. |Vortex mixture CM-101 plus cyclomixer, Remi,India
21. |Water bath ( Temperature Remi,India

control)
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Experimental methodologies

4.3 Preparation of different buffers and reagents used in the experiments
Preparation of Simulated gastric fluid buffer, pH 1.2 (SGF) without enzyme

SGF buffer was prepared according to the method mentioned in United States
Pharmacopoeia (volume 1). For 1000 ml SGF buffer, 2 g of sodium chloride and 7 ml
concentrated hydrochloric acid, and 800 ml Milli-Q water was taken in a 1000 ml
beaker. The beaker was then kept on a magnetic stirrer to dissolve the materials, pH
was adjusted to 1.2 with sodium hydroxide or hydrochloric acid solution. Finally, the

volume was made up to 1000 ml with Milli-Q water [USP, Vol. 1].
Preparation of Simulated intestinal fluid buffer, pH 6.8 (SIF) without enzyme

SIF buffer was prepared according to the method mentioned in United States
Pharmacopoeia (volume 1). For 1000 ml SIF buffer, 6.8 g of potassium dihydrogen
orthophosphate and 800 ml Milli-Q water were taken in a 1000 ml beaker. The beaker
was then kept on a magnetic stirrer to dissolve the materials, pH was adjusted to 6.8
with sodium hydroxide or orthophosphoric acid solution. Finally, the volume was made

up to 1000 ml with Milli-Q water [USP, Vol. 1].

4.4 Selection of polymer, lipids, and surfactants for the preparation of

nanoparticles

The selection of polymer is important for preparing nanoparticles. The selected
polymer was easily formed a complex with the drugs. Also, the choice of lipid is the
main criteria for the preparation of lipid nanoparticles. The selected lipids easily form

solid-liquid binary lipid (SLB) matrix and solubilize the drugs [Chakraborty et al,
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2009]. Many studies had been done for the choice of the best suitable excipients to

solubilize the drug in many solid and liquid lipids.

4.5 Preparation of Curcumin-Chitosan nanocomplex (CCN)

Briefly, 250 mg chitosan oligosaccharide (water-soluble) was dissolved in 20 ml acetic
acid (1.4 % wi/v). 250 mg curcumin was dissolved in a cold solution of 0.2 (M)
potassium hydroxide to charge the curcumin drug particles. The charged curcumin
solution was immediately mixed with chitosan solution with homogenizer. Then pH of
the solution was adjusted to 4.4 with a dilute solution of KOH/CH3COOH. Then the
solution was first centrifuge at 4000 rpm for 10 minutes at 4°C. The obtained
supernatant solution was again centrifuged at 16000 rpm for 10 minutes at 4°C. The
combined product was lyophilized via freeze dryer and kept at 2- 8 °C for future use

[Nguyen et al, 2015].
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Figure 4.1: Schematic diagram for preparation of CCN by electrostatic & hydrophobic

complexation mechanism
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Figure 4.2: Schematic diagram for preparation of CCN by electrostatic &

hydrophobic complexation method

4.6 Preparation of combined andrographolide-curcumin loaded nanostructured
lipid carrier (AG-CMN NLC)

Combined andrographolide(AG) and curcumin(CMN) loaded nanostructured lipid
carrier was prepared by hot-melt emulsification combined with high-speed stirring and
ultrasonication [Fang et al, 2011]. Briefly, in a glass beaker necessary amounts of
Compritol 888 ATO(500 mg), triolein(160 mg), and stearylamine(6 mg) were melted
until it became transparent at 75 — 80°C to prepare the lipid phase. Required quantities
of andrographolide(160 mg) and curcumin-chitosan nanocomplex(curcumin content
160 mg) were dissolved in transcutol (5 ml) and mixed with the lipid phase with a
homogenizer. The mixture was stirred at 5000 rpm at 75 — 80°C to obtain a uniform
transparent oil phase. In another beaker, an aqueous phase (30 ml water) was prepared

by adding sodium deoxycholate (60 mg) and amphiphilic emulsifier soya lecithin (110
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mg) and stirring at 5000 rpm for 1 hour then it was heated to 85°C for 15 min. The
aqueous phase was dropwise added to the lipid phase at 75-80°C with continuous
homogenization by a homogenizer at 20,000 rpm for 10 min according to the hot
homogenization method. The obtained pre-emulsion was then put through
ultrasonication for 10 min with maintaining the temperature at 85°C. Then sorbitol
(7%) as cryoprotectants was added to this solution. The nanoparticles were separated
by centrifugation at 4°C at 17000 rpm for 30 minutes. The obtained nanoparticles were
frozen to (-) 80°C overnight and lyophilized by a Labogene-APS Lyophilizer
(Labogene-APS 6-BDR- 3450Lynge, Denmark) until the dry powder was obtained and
stored at 2-8°C for further studies. Single andrographolide nanoparticles (AG-NLC)
and single curcumin (CMN-NLC) nanoparticles were also prepared by the above
method. Blank nanoparticles were prepared by the same method except adding the drug

at the first step [Das et al, 2017; Kar et al,2017].
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Figure 4.3: Schematic diagram for preparation of AG-CMN NP by hot homogenization

method
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Physicochemical characterization of AG - CMN NLC
4.7 Determination of drug loading (%) and entrapment efficiency (%o)

Drug loading (DL%) and entrapment efficiency (EE%) were determined for AG-CMN
NLC by the developed RP-HPLC method. Briefly, necessary quantities of
nanoformulation were dissolved in methanol and sonicated for 15 minutes then
centrifuged at 10,000 rpm for 10 minutes. After that, the supernatant was collected.
From the supernatant, necessary dilution was carried out with the diluent to determine
the entrapment efficiency and drug loading. The drugs in the NLC were quantified by

the developed HPLC method.

Drug entrapment efficiency and drug loading were determined from equations (1) and

(2) respectively [Das et al, 2017].

weight of the drug in nanoparticles

x 100% 1
weight of the nanoparticles (1)

Drug loading content(%) =

weight of the drug in nanoparticles

x 100% 2
initial amount of drug & (2)

Encapsulation efficiency (%) =

4.8 HPLC method development for the estimation of andrographolide and

curcumin

To develop a straightforward RP-HPLC method, validation, and quantification of
combined andrographolide (AG) and curcumin (CMN) in novel NLC formulation. The
HPLC method was validated as per ICH recommendations for system suitability

criteria within the acceptable limit [ICH. Q2(R1); 2005; Chaudhari et al, 2020].
4.8.1 Choice of detection wavelength for HPLC method

Andrographolide and curcumin primary standard stock solutions (100 pg/ml ) were
prepared in methanol and further diluted to a secondary standard stock solution (10

ug/ml). The solutions were scanned by Ultraviolet-Visible (UV-VIS)
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spectrophotometer in the range of 200- 400 nm. Andrographolide showed absorption
maxima at 223 nm while that for curcumin was found to be at 262 nm. Two standard
UV spectrum crosses at a common wavelength at 240 nm, which is the isosbestic
wavelength of andrographolide and curcumin and hence 240 nm was taken as a
detection wavelength for HPLC analysis. The overlay UV spectrum of andrographolide

and curcumin is represented in Fig. 4.4.

Andrographolide

Curcumin

1.0 Andrographolide 223 nm

Abs

Isosbestic Point
240 nm Curcumin 262 nm

0.5

0.0 T T T T 1
200 220 240 260 280 300

nm

Figure 4.4: UV overlay spectrum of Andrographolide and Curcumin

4.8.2 Instrumentation and chromatographic conditions

The UV 1800 UV- Visible spectrophotometer make of Shimadzu equipped with UV
probe software was used for recording the UV spectrum. The HPLC system consisted
of a quaternary pump (Model: Agilent 1260 series) with an autosampler, photodiode
array detector (PDA), and thermostat column compartment(TCC). EZ chrome Elite
software was used for data collection and analysis. Phenomenex octadecylsilane
column with 1.5 ml/min flow rate in an isocratic mode of elution was used for the
separation of two drugs. The mobile phase contains 0.02 M monobasic potassium
phosphate solution of pH 3.0 and acetonitrile as a ratio of 50: 50 (v/v). The mobile
phase was degassed and filtered before use. All the tests were performed at a 35 °C
constant column oven temperature with 240 nm UV detection and 20 pl injection load.

The established chromatographic conditions are given in table 4.3.
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Table 4.3: Optimized chromatographic condition for developed RP-HPLC method

Parameter Conditions

Column Phenomenex, octadecylsilane (250 mm x 4.6 mm, 5 um) column

Mobile phase Buffer (0.02 M KH,PQ,, pH 3.0) : Acetonitrile =50 : 50 v/v

Solvent First dilution in methanol and subsequent dilution in the mobile
phase

Flow rate 1.5 ml/ min

Column oven tempt 35°C
Detection wavelength 240 nm

Injection volume 20 pl

4.8.3 Preparation of primary standard and sample solutions

A mixed standard solution of andrographolide and curcumin (500 pg/ml ) was prepared
in methanol as the primary stock solution. The final standard solution was obtained

with an actual dilution of the standard stock solution.

Necessary quantities of nanoformulation were dissolved in methanol followed by
dilution with diluent to determine the entrapment efficiency, drug loading, and

cumulative in vitro drug release study by the suggested method.
4.8.4 Method validation

Method validation was executed by ICH recommendations for system suitability,
accuracy, specificity, linearity, precision, sensitivity, and robustness [ICH. Q2(R1);

2005].
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4.8.4.1 Specificity

Specificity stipulates the proposed method's capability to separate the principal peaks
from any other impurity/degradation products. To carry out the specificity analysis,
blank nanoparticle (without drugs) solutions and stress degradation solutions under
different conditions were analyzed into the HPLC method. The acquired peaks were
compared with standard drug solutions peaks. No interference peak was observed apart

from the peak of andrographolide and curcumin.
4.8.4.2 Linearity

To develop the calibration curve, andrographolide and curcumin standards were mixed
to prepare 500 pg/ml of stock solution and 12.5, 25, 50, 75, 100, and 125 pg/ml
concentrations were prepared for linearity from the stock solution. Each solution was
injected in replicate (n = 3) and the calibration curves for andrographolide and

curcumin were established by plotting peak area versus concentration.
4.8.4.3 Accuracy

Accuracy was ascertained by using the standard addition method or recovery study by
spiking standard andrographolide and curcumin to the nanoformulation followed by
analysis using the proposed method. To each flask, the measured amount of
andrographolide and curcumin standards (at 80 %, 100 %, and 120 % levels of
andrographolide and curcumin contributed from the sample) were added. Eventually,
five concentration solutions were prepared with the diluent and injected into replicate (

n=3).
4.8.4.4 Precision

For estimation of method precision of the developed method, three different standard

concentration levels were prepared which contained 12.5 pg/ml (lower concentration),
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50 pg/ml (middle concentration), and 125 pg/ml (higher concentration) each of
andrographolide and curcumin. The intra-day precision was determined by analyzing
sample solutions (n = 6) at a single batch in duplicate sets in a single day but the inter-
day precision was determined on another day. The relative standard deviations

(% RSD) were determined for every batch.
4.8.4.5 LOD and LOQ

Analytical method sensitivity was ascertained by the limit of detection ( LOD ) to
detect the lowest amount of substance and the limit of quantification ( LOQ ) to
quantify the lowest amount of substance that can be measured within the acceptable

system suitability criteria.
4.8.4.6 Robustness

To assess the robustness study of the proposed method for andrographolide and
curcumin, some intentional changes in the chromatographic conditions were employed.

System suitability parameters were estimated after such changes for robustness study.
4.8.4.7 System suitability

System suitability was estimated from the mixed standard solutions of andrographolide
and curcumin under optimized chromatographic conditions. Retention time, theoretical
plates, tailing factor, resolution, and injection precision was considered for system

suitability.
4.8.4.8 Forced degradation studies

The degradation property of andrographolide and curcumin was carried out by various
forced conditions. Each 5 ml individual standard stock solution of andrographolide and

curcumin was applied to various stress conditions separately like photolytic, heat,
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oxidative hydrolysis, UV light, acidic and alkaline hydrolysis for specified times.
Finally, every 5 ml of stress-induced solution was diluted to have a final concentration
of andrographolide around 51 pg/ml and curcumin around 50.4 pg/ml. Each solution
was analyzed against a freshly prepared mixed standard of andrographolide
(52 pg/ml) and curcumin ( 51 pg/ml). Optimized conditions for the forced degradation

study of andrographolide and curcumin are given in Table 4.4.

Table 4.4: Optimized condition for forced degradation study of andrographolide and

curcumin
Stress type Stress condition
Acidic 5ml of 0.1 (N) HCI for4hat80°C
Alkali 5ml of 0.1 (N) NaOH for4 hat80 °C
Peroxide 5ml of 5% v/ivH;0, for4hat80°C
Photolytic Kept in sunlight for 4 h
Thermal 80 °Cfor4h
UV light 254 nm UV light for 4 h

4.9 Particle size, polydispersity index, and zeta potential

The lyophilized AG-CMN NLC (10 mg) was suspended in Milli Q water (10 mL) and
was sonicated for 15 min. Average particle size, polydispersity index (PDI), and zeta
potential of the samples were analyzed at 25°C by a dynamic light scattering method
(DLS) using Data Transfer Assistance (DTA) software by Zetasizer Nano ZS90
[Zetasizer Nano ZS, Malvern Instrument Limited, UK] [Wolfgang S, 2007; Martin A,

1993].
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Morphology study of nanoparticles
4.10 Field emission scanning electron microscopy (FESEM)

The surface morphology of the prepared NLCs were investigated by FESEM. The
lyophilized AG-CMN NLC, CCN nanoparticles and blank nanoparticles (each 10 mg)
were suspended in Milli Q water (10 mL) and was vortexed for 5 min and it was
centrifuged at 10,000 rpm for 20 min. The final pellet was resuspended in Milli Q water
and placed on the stub. The stub was then coated with platinum using a sputter coater
(JEOL JFC 1100) and was observed under field emission scanning electron microscope

(JEOL JSM 6700 F, JEOL, Tokyo, Japan) [Kar et al, 2017].
4.11 Transmission electron microscopy (TEM)

The internal morphology of AG-CMN NLC was studied by transmission electron
microscopy (Jeol JEM 2100F, JEOL-France, Paris), with an accelerating voltage of
200kV. The lyophilized AG-CMN NLC (10 mg) was suspended in Milli Q water (10
mL) and was shaken for 1 min it was centrifuged at 10,000 rpm for 5 min. One drop of
NLC was sprayed on copper grids by the formation of a thin liquid film. The copper
grid was air-dried overnight before being observed with a transmission electron

microscope [Chakraborty et al, 2017].
4.12 FTIR analysis

FTIR analysis was done to investigate any possible interaction between the drug and
other excipients used in the formulation. Briefly, pure andrographolide, pure curcumin,
physical mixture of all components used in the formulation, blank NLC and
andrographolide-curcumin NLC (AG-CMN NLC) were scanned in the range of 400-
4000 cm™ at a resolution of 4 cm™ by ATR techniques (IR Affinity 1, Shimadzu,

Japan) and the data were acquired [Maji et al, 2014].
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4.13 Differential scanning calorimetry (DSC) study

Differential scanning calorimetry analysis (DSC) study was performed for pure
andrographolide, pure curcumin, physical mixture of all components used in the
formulation, blank NLC, and andrographolide-curcumin NLC (AG-CMN NLC) on a
DSC 60 detector (Pyris Diamond TG/DTA, PerkinElmer, Singapore). Briefly, 5 mg of
each sample was taken in a platinum crucible and sealed hermetically. DSC scan was
recorded in the range of 30°C to 600°C at a heating rate of 5°C/min under a nitrogen

purge, using alpha aluminum powder as a reference [Ghosh et al, 2017].
4.14 X-ray diffraction (XRD) analysis

To characterize the physical form (crystalline/amorphous) of standard andrographolide,
standard curcumin, physical mixture, blank nanoparticles, combined andrographolide
and curcumin-loaded nanoparticles were accomplished by XRD study. The diffraction

angle was 10-80°C with a scanning rate of 10° min™ [Das et al, 2017].
4.15 Stability study of AG-CMN NLC

The NLCs were stored in a closed polypropylene bottle in a refrigerator at 2-8°C for
90 days. The stability of NLC was estimated in terms of particle size, polydispersity

index, zeta potential, and drug loading (DL).
4.16 In vitro drug release study of AG-CMN NLC

The release of AG and CMN from the core of AG-CMN NLC was studied using the
dialysis bag diffusion technique. Briefly, in vitro drug release study was carried out in
two separate mediums of simulated gastric fluid (SGF without enzyme) and also
simulated intestinal fluid (SIF without enzyme) containing polysorbate 80 (1% v/v). 10
mg.ml™ combined drug-loaded NLC solution was prepared with two release mediums

separately and placed into a 12 kDa, molecular weight cut off of a pre-swelled dialysis

Page | 41



Chapter IV: Materials and methods

bag. The dialysis bag was kept in a 250 ml conical flask containing 200 ml of release
medium and placed in an orbital shaker at 100 rpm content shaking at 37.5°C
temperature.1 ml sample solution was withdrawn by replacing 1 ml release medium at a
predetermined time interval (1 h, 2 h,3.5h, 6 h, 9 h, 11 h, 24 h,33 h,48 h, and 72 h) to
maintain sink condition [Hasan et al, 2019]. The drug content from all the samples was

analyzed by the developed HPLC method [Das et al, 2017].
4.17 In-vitro drug release Kinetic models

To evaluate the drug- release kinetics patterns, drug release data were fitted to different
kinetic models like zero order, first order, Higuchi, Hixon-Crowell and Korsmeyer-
Peppas models. The equation with highest correlation coefficient (R?) value was used

as indicator of the best fitting of the models in the different dissolution media. The

equations are listed below [Rudra et al, 2010].

Zero-Order Q= Qo + Kot (% CDR vs. time)

First-Order Log Qt=Log Qo-Kt/2.303 (log% ADR vs. time)

Higuchi model Q¢ = Ky (t) 2 (% CDR vs. root of time)
Hixson-Crowell model Qy"°— Q; 3= Kyc t (Cube root of % ADR vs. time)
Korsmeyer-peppas M¢M,, = Kt" (log % CDR vs. log t)

model

4.18 In-vivo Pharmacokinetic study

In vivo pharmacokinetic study was carried out for the comparison of drugs available in
blood plasma upon treatment of pure drugs/drug-loaded nanoparticles. Female Wistar
rats (150-200 g) were used for pharmacokinetic study. The rats were fasted for 12 hours
before the experiment but water was allowed and the rats were divided into three

groups as follows:
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Group-1: Rats received combined andrographolide and curcumin-loaded NLC.
Group-2: Rats received mixed andrographolide and curcumin-free drugs.

Group-3 (control group): Rats received vehicle.

The necessary quantities of pure drugs were mixed and the nanoformulation was
separately dissolved in carboxymethyl cellulose sodium salt solution (0.2% v/v)
containing polysorbate 80 (0.1 % v/v) and 150 mg.Kg™ of each andrographolide and
curcumin-free-drugs/NP oral dose was given to rats. Blood samples were withdrawn
from the rat tail vein at predetermined time intervals (at 30 min,1,2,4,8,12,24, and 48 h)
post drug administration. At each point blood (~1 ml) was collected in a centrifuge tube
containing 0.1 ml of a saturated solution of EDTA as an anticoagulant. The tube was
vortexed for one minute and centrifuge immediately at 1000 rpm for five minutes at
4°C for separation the of plasma. All plasma samples were collected and stored at -

20°C until analyzed [Dutta et al, 2018].

AG and CMN content in plasma were determined by the developed HPLC method.
Briefly, control or test plasma was thawed at room temperature and 100 ul of plasma
was mixed with 300 uL of ice-cold acetonitrile to precipitate the plasma protein. The
sample was mixed by vortexing and after centrifugation at 10,000 rpm for 10 min and
the supernatant was collected. AG and CMN stock was prepared in methanol and
working stocks (WS) were prepared by serial dilution in the mobile phase. Calibration
control (CC) and quality control (QC) samples were prepared by spiking WS in blank
plasma. Next, 100 pl of CC/QC plasma homogenate sample was precipitated with
300ul of ice-cold acetonitrile. The samples were mixed using a vortexer and it was

followed by centrifugation at 10,000 rpm for 10 min. The supernatants were collected
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and injected into HPLC system and the drugs were quantified [Paul et al, 2018;

Chakraborty et al, 2019].
4.19 In-vivo antidiabetic activity study
4.19.1 Animals and induction of diabetes

Swiss albino mice (25 -30 g) either or sex were used for this study. Streptozotocin
(STZ) with a dose of 45 mg.kg™ body weight intraperitoneal injection was given to the
fasting animals (10-12 hours) . After six-hour of STZ administration, a 10 % glucose
solution was fed for 12- 24hour to all the diabetic animals to prevent hypoglycemic
shock. After three days of STZ injection fasting blood glucose was measured. Mice
with fasting blood glucose (FBGL) > 200 mg.dI™ were considered as diabetic [Alkaladi

et al, 2014; Rani et al, 2017].
4.19.2 Experimental protocol

Experimental animals were divided into seven groups with five animals in each group.
Regular oral doses were given for successive six weeks. Blood glucose was measured

weekly of overnight fasted animals (mice). The animal groups were as follows:

Group I:  Normal control (No drug)

Group I1:  Diabetic + ve control (STZ-induced mice).

Group Il1: Standard drug control Diabetic mice (STZ-induced) treated with 1 mg.kg
! glibenclamide.

Group IV: Pure drug control Diabetic mice (STZ-induced) treated with  pure
andrographolide (150 mg.kg™) plus curcumin (150 mg.kg™) .

Group V: Andrographolide nanoparticles (AG-NLC) Diabetic mice (STZ-induced)

treated with andrographolide nanoparticles (15 mg.kg™)
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Group VI: Curcumin nanoparticles (CMN-NLC) Diabetic mice (STZ-induced)
treated with curcumin nanoparticles (15 mg.kg™)

Group VII: Combined andrographolide and curcumin loaded nanoparticles (AG-CMN
NLC) Diabetic mice (STZ-induced) treated with combined
andrographolide and curcumin loaded nanoparticles (15 mg.kg™ of each
drug ).

4.20 Statistical analysis

The experimental data were reported as mean + SD. One-way analysis of variance
(ANOVA) followed by Tukey’s test has been performed to compare all the data given

in different groups.

P < 0.05 was contemplated as the statistical level of significance.
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Results

5.1 Preformulation study of NLC

In our study, we have developed an effective and stable NLC formulation by using
Generally Recognized As Safe (GRAS) ingredients, like triolein, compritol 888ATO,

soya lecithin, and sodium deoxycholate as excipients (Table 5.1).

Table 5.1: The composition of nanostructured lipid carrier system

Formulation Solid lipid Liquid Hydrophillic Amphiphillic
code lipid emulsifier emulsifier
AG-CMN NLC Compritol® Triolein Sodium Soya lecithin
888ATO deoxycholate
Stearylamine

5.2 Drug loading and entrapment efficiency of AG-CMN NLC

All the NLC formulations were developed by altering the lipid-drug ratio. The drug
loading and entrapment efficiency value of different nanoparticles has been given in
Table 5.10. In our study, drug loading was increased with an increase in the
concentration of andrographolide and curcumin in the formulation. The experiment was
run in triplicate for each formulation. The drug loading (DL) varied from 17.52 % to
19.21% for AG and 16.93% to 18.12% for CMN and entrapment efficiency (EE)
varied from 89.56 % to 91.63% for AG and 83.52% to 90.56% for CMN in NLC-F1
and NLC-F2 respectively. Due to the higher drug loading and entrapment efficiency of

NLC-F1 was chosen for further characterization.
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5.3 HPL.C method development for the estimation of andrographolide and

curcumin

5.3.1 Development of the Method

A series of trials in terms of choice of buffer in the mobile phase and its pH,
composition of the mobile phase, detection wavelength, choice of the stationary phase
i.e. column, flow rate, and column oven temperature was carried out for succeeding the
suggested RP-HPLC method. To select the detection wavelength, UV spectrum in the
range of 200 to 400 nm of standard andrographolide (50 pg/ml), curcumin (51 pg/ml)
in methanol were recorded. Finally, the ideal chromatographic parameters were
achieved. Andrographolide and curcumin peaks were found at 2.4 and 4.9 min. One
small peak was found at the retention time of 2.85 minutes due to the keto form of
curcumin produced little amount by the solvent. System suitability parameters were
found within the acceptable limit. Typical chromatograms of standard andrographolide,

curcumin, and mixed drugs are in Fig. 5.1, 5.2, and 5.3 respectively.
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Figure 5.2: Chromatogram of Curcumin standard
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Figure 5.3: Optimised chromatogram of mixed Andrographolide and Curcumin
standard

5.3.2 Method Validation

5.3.2.1 Specificity

Andrographolide and curcumin were eluted at 2.4 min and 4.9 min, respectively. The

absence of interfering peaks from the NLC matrix is a piece of evidence for method

specificity. Furthermore, andrographolide and curcumin peaks were well separated

from the degradation products after different stress degradation studies.

5.3.2.2 Linearity

Regression equations for andrographolide and curcumin were found to be y = 42258 x

+ 1170 and y = 44390 x — 61969 , respectively. The linear concentration range was

found to be 10 - 140 pg/ml with a value of 0.999 for the regression coefficient of both

compounds. Calibration curves of andrographolide and curcumin are given in Fig. 5.4.
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Figure 5.4: Calibration curve of standard Andrographolide and Curcumin

5.3.2.2 Accuracy

The mixed standard concentration of andrographolide and curcumin was considered to
be 50 pg/ml. The overall % recovery was found to be in the range of 97.83 - 99.67 for
both andrographolide and curcumin which indicated that the method was very accurate.
Accuracy data for the andrographolide and curcumin are tabulated in Table 5.2.

Table 5.2 : Accuracy data by the proposed HPLC method

Drugs Spiked Spiked Recovered Recovery RSD* (%
level (%) amount (mg) amount (mg) (%) )

80 8.3+0.15 8.25+0.12 99.39 0.82

Andrographolide 100 12.2+0.25 12.16 £ 0.35 99.67 0.56
120 15.4+0.31 152+0.21 98.70 0.31

80 8.40 £ 0.16 8.32+0.17 99.04 0.45

Curcumin 100 1250+ 0.33 12.45+0.38 99.60 0.28
120 1550+£0.23 15.30+0.25 98.70 0.61

*RSD —Relative Standard Deviation; All the values are presented as mean+SD, n=3
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5.3.2.3 Precision

The relative standard deviation ( % ) of the same day ( Intra ) and another day (Inter)
precision was found 0.085 - 0.520 for andrographolide and 0.128 - 0.625 for curcumin
which was within the acceptable limit ( RSD < 2 %). Precision results are summarised
in Table 5.3 & 5.4.

Table 5.3: Intraday precision data by the proposed HPLC method

Drugs Nominal Recovered Recovery Precision
concentration concentration (%) (Repeatability)
(pg/ml) (pg/ml) %RSD

125 12.12+0.83  96.96 £ 1.02 0.120

Andrographolide 50 49.19+0.75 98.38 +0.87 0.085
125 12436 £ 0.91 99.48 +0.16 0.096

12,5 1221 +0.68 97.68 £0.92 0.312

Curcumin 50 49.15+0.71  98.30 +0.65 0.520
125 12422 +0.57 99.37 £0.35 0.136

RSD —Relative Standard Deviation; All the values are presented as mean = SD, n=6

Table 5.4 : Interday precision data by the proposed HPLC method

Drugs Nominal Recovered Recovery Precision
concentration concentration (%) (Repeatability)

(pg/ml) (pg/ml) % RSD
12.5 11.85+0.52 94.80+0.89 0.231
Andrographolide 50 48.92 +0.67 97.84+1.03 0.128
125 123.72£0.83 98.97 +0.50 0.625
12.5 11.72+0.49 93.76 £0.78 0.505
Curcumin 50 48.73+0.78  97.46 +0.69 0.212
125 123.56 £ 0.62 98.84 +0.32 0.150

RSD —Relative Standard Deviation; All the values are presented as mean = SD, n=6
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5.3.2.4 LOD and LOQ

The LOD for andrographolide and curcumin were found 0.128 pg/ml and 1.008 pg/ml
respectively. The LOQ were found 0.323 pg/ml for andrographolide and 3.054 pg/ml

for curcumin, respectively.
5.3.2.5 Robustness

Robustness was determined by intentional modifications in method parameters like
change in the rate of flow (£ 0.1 ml/min), wavelength detection (£ 2 nm), column
oven temperature ( = 2 °C), buffer: acetonitrile ratio and pH of buffer (£ 0.1 unit ) used
in the mobile phase were done. The acquired result showed that the percent of relative
standard deviation ( % RSD) values ( < 2 ) remained within the acceptable limit which
indicates the developed HPLC method is highly robust. The obtained robustness results

are presented in Table 5.5.
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Table 5.5: Robustness parameter of the proposed HPLC method

Parameters % RSD of the area % RSD of area
of andrographolide  of curcumin

A. Change in buffer pH of mobile phase

2.9 0.061 0.052
3.0 0.081 0.521
3.1 0.056 0.610

B. Change in mobile phase composition
(Buffer : Acetonitrile) ( % v/v)

48:52 0.136 0.196
50:50 0.142 0.256
52:48 0.164 0.604

C. Change in UV detector wavelength (nm)

238 0.100 0.136
240 0.164 0.325
242 0.098 0.360

D. Change in flow rate (ml/min) of mobile

phase
1.4 0.053 0.024
1.5 0.125 0.226
1.6 0.035 0.258

E. Change in column oven tempt ( °C) of

mobile phase
33 0.109 0.458
35 0.131 0.316
37 0.047 0.859

RSD —Relative Standard Deviation; All the values are presented as mean+SD, n=3
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5.3.2.6 System suitability

The resolution was found from mixed standards solution of andrographolide and
curcumin to be 17.78 £ 0.03 which specified the good separation of two peaks. The
tailing factor was found to be 1.02 + 0.02 and 1.01+ 0.01 for andrographolide and
curcumin which represents the peaks were symmetric. According to chromatographic
peak results, the developed analytical method satisfies the criteria for system suitability
[Chaudhari et al, 2020]. The system suitability parameters are given in Table 5.6.

Table 5.6: System suitability parameters of the validated analytical HPLC method

Parameters Andrographolide (Mean + SD)  Curcumin (Mean £ SD)
Retention time 2.4+0.05 4.9 +0.06
Theoretical plates/meter 9344 + 120 12628 + 114
Tailing factor 1.02 £ 0.02 1.01+£0.01
Resolution - 17.78 £ 0.03
Injection precision 0.089 +0.03 0.07 £0.04

SD -Standard Deviation; All the values are presented as mean + SD, n=6

5.3.2.7 Forced degradation studies
The percentage recovery from degradation study of andrographolide and curcumin after

forced conditions are given in Table 5.7.
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Table 5.7: % Recovery and degradation of andrographolide and curcumin after stress

conditions
Stress Recovery (%) (£ SD) Degradation (%) ( + SD)
conditions  Andrographolide Curcumin Andrographolide Curcumin
Acidic 94.99 + 0.59 83.42 + 5.01+21 16.58 +
1.21 0.95
Alkali 18.40 +0.12 24.37 £ 81.60 + 0.36 75.63 +
0.67 1.07
Peroxide 85.83 £ 0.89 81.30 £ 14.17 +1.53 18.7 £0.88
1.09
Photolytic 100.06 = 0.22 99.12 + 0+0.17 0.88 £0.29
0.36
UV light 100.67 £ 0.35 97.55 + 0+0.35 245+051
0.88
Thermal 99.05+0.11 99.28 + 0.95+0.16 0.72+0.23
0.30

SD -Standard Deviation; All the values are presented as mean + SD, n=3

Andrographolide was degraded by 0.1 (N) HCI (‘assay 94.99 %), 5 % v/v H,0, (assay

85.83% ) and 0.1 (N) NaOH solution( assay 18.40 %).

Acid degradation of andrographolide produced nearly one degradation product, base
degradation produced nearly two degradation products, peroxide degradation produced
nearly two degradations, and thermal degradation produced about one degradation

product.
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Curcumin was found to be degraded by 0.1 (N) HCI ( assay 83.42% ), 5 % v/v H,0,
(assay 81.3 %) and 0.1 (N) NaOH solution (assay 24.37 %) and UV light ( 97.55 %)

under all stressed conditions.

Acid degradation of curcumin produced about two degradation products, base
degradation produced about three degradation products, peroxide degradation produced
about two degradation products, photolytic degradation produced one degradation

product and UV degradation produced one degradation product.

The UV absorption maxima of each degradation product of standard andrographolide
and curcumin were produced at the specified retention time and determined by the
HPLC with PDA detector. The retention time and UV absorption maxima of each

degradation product produced by degradation studies are represented in Table 5.8.

Table 5.8: Retention time and UV absorption maxima of degradation products of

andrographolide and curcumin after stress conditions

Stress Degradation products RT Degradation products Amax
conditions (min) (nm)
Andrographolide Curcumin Andrographolide Curcumin
Acidic 2.10 2.59 228 336
- 3.43 - 376
1.79 1.46 220 330
Alkali 4.53 1.75 234 232
- 1.97 - 336
3.51 2.26 230 322
Peroxide 7.34 2.53 220 268
Photolytic - 4.07 - 302
UV light - 2.17 - 236
Thermal 3.51 - 252 -

RT - Retention time; Amax - UV absorption maxima; nm — Nanometer
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The HPLC chromatograms after forced degradation are represented in Fig. 5.5 -5.16,

respectively.
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Figure 5.5: Forced degradation of standard Andrographolide in 0.1(N) HCI
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Figure 5.6: Forced degradation chromatogram of standard Andrographolide in 0.1(N)

sodium hydroxide
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Figure 5.7: Forced degradation chromatogram of standard Andrographolide in 5 %
v/vhydrogen peroxide
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Figure 5.8: Forced degradation chromatogram of standard Andrographolide in heat

Page | 58



Chapter V: Results

mAU

350 ~

300 H

250

200 ~

150

100 +

50

2.48 Andrographolide
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Figure 5.12: Forced degradation chromatogram of standard Curcumin in 0.1(N)
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Figure 5.13: Forced degradation chromatogram of standard Curcumin in 5 % v/v

hydrogen peroxide
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Figure 5.14: Forced degradation chromatogram of standard Curcumin in heat
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Figure 5.15: Forced degradation chromatogram of standard Curcumin in photolytic
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Figure 5.16: Forced degradation chromatogram of standard Curcumin in UV light
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Physicochemical characterization of nanoparticles

5.4 Particle size, polydispersity index, zeta potential, drug loading(%) and

entrapment efficiency (%) of curcumin-chitosan nanocomplex ( CCN )

The mean particle size of the prepared curcumin-chitosan nanocomplex (CCN)
formulations of A and B were found 204.5+ 1.2 nm and 215.3 + 1.6 nm respectively.
The mean polydispersity index (PDI) was found at 0.149 and 0.242. The zeta potential
was observed (-) 21.6 + 1.1 and (-) 14.98 * 1.3 respectively. Formulation A was found

higher drug loading and entrapment efficiency so it was used for further experiment.

Table 5.9 :Characterization of CCN by Avg. particle size,Zeta Potential,PDI, drug

loading and entrapment efficiency.

Formulations Avg. Particle Zeta Potential PDI %DL* % EE*
Size (nm)* (mVv)*
A 2045+ 1.2 (-)216+11 0.149 3758+0.2 91.32+£0.3
B 2153+16 (-)1498+13 0242 3432+03 85+0.5
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Figure 5.17: Particle Size of CCN sample A
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Figure 5.18: Particle Size of CCN sample B
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Figure 5.19: Zeta potential of CCN sample A
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Figure 5.20: Zeta potential of CCN sample B
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5.5 Particle size, polydispersity index, zeta potential, drug loading(%o), and entrapment efficiency (%) of AG-CMN-NLC

The effect of the drug-lipid ratio on the physical parameters of nanoparticles was determined in terms of particle size, polydispersity index, and

zeta potential.

The mean particle size of the prepared combined drug-loaded formulations of F1 and F2 were found 145.6 + 4.1 nm and 98.32+ 3.2 nm
respectively. The mean polydispersity index (PDI) were found 0.233 and 0.288 respectively.The zeta potential were observed (+) 18.3 £ 2.2 and

(+) 6.64 £ 1.5 respectively.Formulation F1 was found larger particle size due to higher drug loading.

Table 5.10: The average particle size, zeta potential,polydispersity index, drug loading(%) and entrapment efficiency (%) of AG-CMN

nanoparticles.

Formulations Avg. Particle Size Zeta Potential (mV)*  PDI %DL* % EE*
(nm)* AG CMN AG CMN
F1 1456 +4.1 (+)18.3+2.2 0.233 19.21+0.5 18.12+0.2 91.63+0.5 90.56+0.4
F2 08.32£3.2 (+)6.64+15 0.288 1752+ 0.3 16.93+£0.3 89.56 £ 0.6 83.52+0.7
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Figure 5.21: Particle Size of AG-CMN nanoparticle sample F1
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Figure 5.22: Particle Size of AG-CMN nanoparticle sample F2
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Figure 5.24: Zeta potential of AG-CMN nanoparticle sample F2
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5.6 Drug loading and Drug Entrapment Efficiency of AG- NLC, and CMN-NLC

The drug loading of AG-NLC and CMN-NLC were found 18.32 £ 0.4 and 17.71 £ 0.5.
The entrapment efficiency of AG- NLC, and CMN-NLC were found 82.45 + 0.3 and

81.87 £ 0.2.
5.7 FESEM

Surface morphology property of CHI-CMN nanocomplex, combined drug-loaded
nanoparticles, and blank nanoparticles was obtained from FESEM instrumental study.
The combined drug-loaded NLCs were spherical and nano-size range.No drug particles
were observed from blank nanoparticles of FESEM image picture. The FESEM picture
of AG-CMN NLC, blank nanoparticles, and CHI-CUR nanocomplex are shown in Fig.

5.25,5.26 & 5.27.
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Figure 5.25: The FESEM picture of CCN nanoparticles
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Figure 5.27: The FESEM picture of blank nanoparticle

5.8 Transmission electron microscopy (TEM)
The diameters of nanoparticles were observed by TEM as shown in Fig. 5.28. The
nanoparticles were confirmed with a spherical shape, distinct and dense structure of

TEM images.
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Figure 5.28: The TEM picture of AG-CMN nanoparticle

5.9 FTIR study

FTIR spectra of the physical mixture, blank nanoparticles, pure andrographolide, pure
curcumin, and combined drug-loaded formulation are represented in Fig.5.29. The
spectrum of pure andrographolide shows C=0 stretching frequency for lactone ring at
1720.5 cm™, C=C conjugated stretching frequency at 1674.21 cm™-OH stretching
frequency for the alcoholic group was observed at 3371 cm™, -OH bending vibration is
present at 1414.85 cm™, primary and secondary alcoholic groups have appeared at
1029.99 cm™ and 1076.12 cm™ respectively. The spectrum of curcumin shows C=0
stretching vibration at 1627.92 cm™, C=C stretching at 1600.92 cm™, C-O-C ether
linkage at 1111.00 cm™, C-OH stretching at 1026.13 cm™, and C-OH stretching for the
alcoholic group at 3282.84 cm™. All the frequencies shown in pure drugs were present
in combined drug-loaded nanoparticles. So, it is proved that andrographolide and

curcumin both are present in combined drug-loaded nanoparticles.

Page | 71



Chapter V: Results

—— Combined NLC
— STD CMN

STD AG
— Physical Mix
— Blank

%Transmittance

A A A

4500 4000 3500 3000 2500 2000 1500 1000 500
Wave Number (Cm )

Figure 5.29: FTIR analysis of drug-excipient interactions

5.10 Differential scanning calorimetry (DSC) study

Differential scanning calorimetry(DSC) is a thermoanalytical technique. DSC curves of
the physical mixture, blank nanoparticles, pure andrographolide, pure curcumin, and
combined drug-loaded formulation are represented in Fig. 5.30. The sharp endothermic
peak was found at the melting point of pure andrographolide at 230°C and curcumin at
183°C respectively due to the crystalline form of compounds. Blank nanoparticle and
physical mixture show the same thermal behavior. But the thermal behavior of
combined drug-loaded nanoparticles showed different from the physical mixture, blank
nanoparticles, and pure drugs, and no such sharp endothermic peaks were observed due
to the change of amorphous nature of drugs in the prepared formulation. The melting
homogenization process has prevented the recrystallization of andrographolide and

curcumin. The absence of a redundant endothermic peak in NLC suggests that there is
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homogenous encapsulation of andrographolide and curcumin inside the AG-CMN

NLC.

NLC
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Figure 5.30: DSC analysis for depiction of drug-excipient interactions

5.11 XRD Study

XRD patterns of the physical mixture, blank nanoparticles, pure andrographolide, pure
curcumin, and combined drug-loaded formulation are shown in Fig. 5.31. The
diffraction pattern of the pure drug showed sharp and intense peaks due to crystallinity
in nature. Whether the reduction of such sharp and intense peaks was observed for
blank nanoparticles and combined drug-loaded nanoparticles. The results clearly
showed that the crystallinity of drugs changed to an amorphous state due to the

entrapment of drugs in the NLC matrix.
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Figure 5.31: XRD analysis of drug-excipient interactions

5.12 Stability study of AG-CMN nanoparticles

The stability of the andrographolide and curcumin-loaded formulations was measured
in terms of particle size, polydispersity index, zeta potential, and drug loading (Table
5.11). A slight increase in particle size, PDI, and a slight decrease in zeta potential,
loading capacity has been observed after storage at 2-8°C for 90 days.

Table 5.11: Particle size parameters, polydispersity index, zeta potentials,drug loading &

entrapment efficiency of AG-CMN NLC after storage at 2-8°C for 90 days

Sample Size (nm) PDI ZP (mV) Drug loading (% w)
Before After Before After Before After Before After
storage storage storage storage storage storage  storage storage

AG CMN AG CMN
F1 1456 1472 0233 0235 183 191 19.21 18.12 18.65 17.53
+41 +23 +003 +005 +*22 =+25 05 02 03 =*04
F2 98.32 9956 0.288 0.291 6.64 785 1752 16.93 16.87 16.25
+32 +25 +002 +004 +*15 =+17 =+03 03 =*=04 =05
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5.13 In vitro drug release study

In vitro, drug release studies for combined drug-loaded nanoparticles were carried out
in two medium SGF and SIF for 72 hours. The release of andrographolide and
curcumin from the NLC core showed a phase release behavior where an initial burst
has been observed and it was extended up to 24 hours. After 72 hours of experiment,
andrographolide showed 83.39 % release in SGF medium and 79.28 % release in SIF
medium. Whereas curcumin showed 77.19 % release in SGF medium and 89.31 %
release in SIF medium. In vitro drug release study picture is given in Fig. 5.32 and 5.33
respectively. Andrographolide showed a higher percentage of drug release in the SGF
medium whereas curcumin showed a higher percentage of drug release in the SIF

medium. Both drugs showed extended-release behavior according to in-vitro study.
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Figure 5.32: In-vitro release profile of Andrographolide in AG-CMN nanoparticle
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Figure 5.33: In-vitro release profile of Curcumin in AG-CMN nanoparticle

Drug release kinetics

To understand the mechanism behind drug release from matrix core, the drug release
data were fitted to different kinetic models. From Table 5.12 and 5.13, a higher
correlation coefficient (R?) value was observed in the Korsmeyer-Peppas model (R*=
0.957 for SGF and R?*= 0.917 for SIF) for andrographolide whereas more linearity was
observed in the Higuchi model (R?= 0.993 for SGF and R?*= 0.990 for SIF) for
curcumin which means good linearity was observed in both the media. The first 60 %
drug release data were fitted to Korsmeyer-Peppas and the release exponent (n) values
were found to be 0.67 and 0.59 in SGF and SIF for andrographolide and 0.28 value
both in SGF and SIF respectively for curcumin. Based on Korsmeyer-Peppas models,
the magnitude of release exponent ‘n’ indicates the release mechanism (Fickian
diffusion, case Il transport, or anomalous transport). The limits were considered n <

0.43 (For classical Fickian controlled drug release) and n= 0.85 indicates a case Il
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release transport, non-Fickian, zero-order release. The value of 'n' between 0.43 and
0.85 can be regarded as an indicator of both phenomena (drug diffusion in the hydrated
matrix and erosion controlled dissolution) usually called anomalous transport (Nayak
and Pal, 2011). In our formulation for andrographolide, the 'n' value fits well within
0.43 and 0.85, suggesting an anomalous or non-Fickian diffusion, which is related to a
combination of both diffusions of the drug and dissolution from the NLC matrix. The
release exponent value < 0.43 represents Fickian diffusion where the drug release is

related to diffusion pattern for curcumin [Maji et al, 2014].

Table 5.12 : Data of various in vitro drug release kinetic equations obtained by fitting
experimental drug release data to different release kinetic models along
with corresponding R® values and release exponent (n) (Korsmeyer—

Peppas model) for andrographolide from AG-CMN nanoparticles.

Drugs Different Kinetics Equations and R” value of corresponding
model release kinetics model

Release in SGF (pH 1.2) Release in SIF (pH 6.8)

Andrographolide Zero order Y=1.705X+14.29 Y= 1.04X+27.56

R?=0.895 R?=0.683

First order Y=-0.012X+1.913 Y=-0.010X+1.851
R?=0.884 R?=0.774

Higuchi Y=11.86X-1.734 Y=10.99X+6.347
R?=0.929 R?=0.861

Hixon—Crowell ~ Y=-0.031X+4.319 Y=-0.028X+4.149
R?=0.855 R?=0.747

Korsmeyer—Peppas Y= 0.670X+0.833 Y=0.594X+0.982
R?=0.957 R?=0.917
n=0.67 n=0.59

Mechanism=Non-Fickian Mechanism=Non-

Fickian

All values represent mean + SD, n=3
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Table 5.13 : Data of various in vitro drug release kinetic equations obtained by fitting
experimental drug release data to different release kinetic models along
with corresponding R® values and release exponent (n) (Korsmeyer—

Peppas model) for curcumin from AG-CMN nanoparticles.

Drugs Different Kinetics  Equations and R?value of corresponding

model release kinetics model

Release in SGF (pH Release in SIF (pH 6.8)

1.2)
Curcumin Zero order Y=0.733X+28.43 Y=0.838X+33.63
R?=0.952 R?=0.939
First order Y=-0.007X+1.872 Y=-0.010X+1.861
R?=0.991 R?=0.978
Higuchi Y=7.057X+16.20 Y=28.110X+19.48
R?=0.993 R?=0.990
Hixon—-Crowell Y=-0.019X+4.183 Y=-0.026X+4.111
R?=0.985 R?=0.984
Korsmeyer— Y=0.284X+1.323 Y=0.285X+1.391
Peppas R?=0.984 R?=0.989
n=0.28 n=0.28

Mechanism= Fickian Mechanism= Fickian

All values represent mean + SD, n=3

5.14 In-vivo pharmacokinetic study

In vivo pharmacokinetic study of andrographolide and curcumin after oral
administration of combined drug-loaded nanoparticles were compared to pure drug.
The pharmacokinetic data are represented in Table 5.14 and Fig. 5.34 and 5.35. The
Cmax Value for prepared nanoparticles increases 4.8 and 9.08 folds for andrographolide
and curcumin compared to pure drugs. AUC o, value for prepared nanoparticles

increases 5.62 and 5.18 folds for andrographolide and curcumin compared to pure

Page | 78



Chapter V: Results

drugs. Half-life (t,,) of andrographolide and curcumin in nanoparticles were found 1.69
and 2.18 fold higher than that of pure drugs. The AUC ,., value for nanoparticles were
found 5.622 and 5.177 times higher compared to pure andrographolide and curcumin
respectively. All the values were increased for nanoparticles may be due to an increase
in bioavailability and sustained behavior of both drugs after developing the
nanoparticles.

Table 5.14 : Pharmacokinetic parameters of andrographolide and curcumin from

AG-CMN NP and mixed andrographolide, curcumin free drug.

Parameters  Andrographolide Andrographolide  Curcumin  Curcumin Std

Nano Std Nano
Ciax (ng.mL'l) 1260.13 + 1.56 260.44 + 0.89 2657.27+231 292.41+1.22
T max (HF) 4 4 8 4

AUCo(ng.mL™ hr) 25826.12+3.19 459353 +4.52  22927.3 +0.72 442256 +1.23
AUCq(ng.mLYhr) 25836.8+131  4595.17+1.13  22928.4+2.11 442857 + 2.67
tu, (Hr) 10.38 + 0.87 6.14 + 0.95 1217+0.79  557+0.82

KeL 0.06679 0.11285 0.0569 0.012436

All values represent mean + SD, n=3
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Figure 5.34: In-vivo pharmacokinetic profiles of AG in plasma upon administration of

free- drug/AG-CMN NP by oral route in rat
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Figure 5.35: In-vivo pharmacokinetic profiles of CMN in plasma upon administration

of free- drug/AG-CMN NP by oral route in rat
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Figure 5.36: Chromatogram of blank rat plasma
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Figure 5.37: Chromatogram of mixed standard of AG and CMN spiked with blank rat

plasma
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Figure 5.38: Chromatogram of AG and CMN from plasma sample upon

administration of free- drug/AG-CMN NP by oral route in rat

5.15 In- vivo antidiabetic activity study

After six weeks treatment of diabetic mice (animals), Group Il and Group VII animals
fasting blood glucose levels reduced to normal levels. Group Il animals fasting blood
glucose was reduced to 55.04% whereas Group VIl animals fasting blood glucose was
reduced to 52.94%. Combined pure drug(Group 1V), andrographolide and curcumin
independent NLC (Group V and VI) when applied, fasting blood glucose level
moderate decreases but could not reach normal levels. But when combined drug-loaded
NLC (Group VII) was applied, fasting blood glucose remarkably reduced to normal
levels compared to standard drug control(Group 1l1). So, our developed formulation

exhibited a better outcome upon type 2 diabetic mice.
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Table 5.15: Antidiabetic activity of andrographolide and curcumin from AG-NP,

CMN-NP, AG-STD, CUR-STD and AG-CMN NP.

Group DayOQ AfterSTZ Week |l Week Il Week Il Week IV WeekV Week VI
I 88+1.02 - 99+1.21 98+1.53 100+2.02 103+1.94 102+3.23 101+2.35
1| 90+£1.12 220+2.13 2244139 227+1.42 230+1.82 240+1.79 246+2.87 252+1.33
il 85+2.11 218+1.21 202+1.56 183+1.35 162+3.06 141+1.52 120+1.89 98+1.42
\ 92+3.56 216+1.39 211+1.45 202+1.62 191+2.32 182+1.76 171+1.43 152+3.08
Vv 80+1.59 217+2.16 212+1.86 198+1.29 182+1.82 169+2.03 154+2.42 141+1.55
VI 87+£2.62 215+3.13 213+1.92 195+1.93 176+1.87 165+1.24 152+1.58 147+2.11
VI 83+1.19 221+1.19 210+1.76 191+1.83 171+1.49 152+3.13 132+1.37 108+1.88

All values represent mean + SD, n=3
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Figure 5.38: Effects of various treatments on blood glucose level of diabetic mices
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Discussion

In recent years, combination medicinal therapy has been popular for lowering blood
glucose in diabetic patients to provide additional benefits from single drug treatment

[Alkaladi et al,2014].

Over the last few years researcher found, AG and CMN have antidiabetic effects for
lowering blood glucose levels. Though these drugs are effective in treating diabetes,
their limited bioavailability prevents them from being administered directly
[Priyadarsini et al,2014; Verma et al,2020]. So we develop a combined AG and CMN
nanostructured lipid carrier drug delivery system (NLC) to successfully deliver for
diabetes mellitus. We developed a simple reverse phase HPLC method for the
simultaneous estimation of AG and CMN for drug loading, entrapment efficiency, in-
vitro release study, and in-vivo pharmacokinetic study. In the HPLC system, both drugs
were estimated by using a single isosbestic UV wavelength by PDA detector. The
absorption maxima of AG and CMN were measured using a spectrophotometric
method. Andrographolide absorption maxima was identified at 223 nm, while curcumin
was found at 262 nm [Chakraborty et al,2019; Syed et al,2015]. Two standard UV
spectrum crosses at a common wavelength at 240 nm, which is the isosbestic
wavelength of andrographolide and curcumin and hence 240 nm was chosen as the
HPLC detection wavelength. Andrographolide and curcumin were eluted at 2.4 and 4.9
minutes respectively. For both drugs, quantification and linearity were obtained in the
10-140 pg/ml range. The method is specified as the presence of excipients utilized in

the formulation failed to interfere with the estimation of andrographolide and curcumin.

In the present study, we have first investigated the physicochemical parameters of AG-

CMN nanoparticles as they are essential for their better efficiency. The absence of any
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chemical interaction between the drug and the excipients was demonstrated by FTIR
data, which revealed no distinctive peak shift of the drug and other excipients and both
drugs were completely encapsulated in the NLC. However, some physical interactions
(such as weak hydrogen bond, van der Waals force of attraction, dipole moment, etc.)
might play a role in the formation of nanoparticle structures [Rudra et al, 2010]. The
particle size of AG-CMN NP was confirmed to be in the nanometer size range by
particle size analysis. The polydispersity index (PDI) is the measure of the width of the
particle size distribution, ranging from 0 to 1 [Masarudin et al, 2015]. The PDI value
was found to be less than 0.5 which was indicate uniform homogeneity and a narrow
distribution range [Gharib et al, 2014]. The zeta potential value of AG-CMN NP was
found (+) 18.3 mV which indicates that the particles have a good amount of surface
charge and form stable suspension in water [Maji et al, 2014]. The morphological study
of AG-CMN NP by FESEM and TEM instruments confirmed that the nanoparticles
were spherical shape with no visible fissures. In vitro release study of AG and CMN
from nanoparticles showed an initial burst release throughout 8 h followed by a
prolonged drug release pattern in SGF and SIF medium which indicates slower

diffusion of AG and CMN from NLC core [Das et al,2017].

AG exhibited a higher percentage of drug release in SGF medium whereas CMN
showed a higher percentage of drug release in SIF medium This is most likely owing to

the tightly bound CMN with the formation of with curcumin-chitosan nano complex.

The in-vivo pharmacokinetic study furnishes AUC data by measuring drug
concentration in plasma of treated laboratory animals. For comparison of drug levels in
the blood, AG-CMN nanoparticles and free medicines were administered by oral route

[Santos et al, 2019]. The pharmacokinetic data represented an increase in AUC o
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value 5.62 and 5.18 folds, half-life (t ) 1.69 fold and 2.18 and Cnax value 4.8 and
9.08 folds for AG and CMN compared to pure drugs. Even the drugs were present after
48 hours of oral administration of combined drug-loaded nanoparticles. However,
encapsulation of the drug in the nanoparticle may have protected it from the intestinal
degradation that helps in higher plasma concentration and longer residence time of the

drug administered through nanoparticle.

In the present study, we have studied and evaluated the antidiabetic activity of
combined drug-loaded NLC, independent drug loaded NLC and free drug compared to
standard drug glibenclamide for six weeks. Our developed formulation (AG-CMN
NLC), remarkably reduced fasting blood glucose to normal levels as compared to

standard drug glibenclamide.

These observations emphasized the fact that AG and CMN in the form of AG-CMN NP
have better bioavailability and effectiveness as an antidiabetic agent than the free drug
which is poorly water-soluble and may degrade in intestinal pH ranges. Our AG-CMN
NP experimental findings revealed improved efficacy and the benefit of significantly

lower dose frequency for the treatment of diabetes mellitus.
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Conclusion

From this experiment, it can be concluded that poorly water-soluble and bioavailable
drugs AG and CMN loaded NLC are suitable delivery for the treatment of diabetes

mellitus.

The purpose of this study was to assess the feasibility of using NLC to promote the oral
absorption of andrographolide and curcumin. The prolonged drug release was achieved
by the formation of curcumin-chitosan nanocomplex and the lipid matrix with
compritol® 888 ato and triolein stabilized by soya lecithin and sodium deoxycholate
and stearylamine Our study reveals AG-CMN are suitable delivery for the treatment of
diabetes mellitus by reducing blood glucose levels.NLC could be a potential vehicle for

oral delivery of andrographolide and curcumin to ameliorate its anti-diabetic properties.

Page | 87



Chapter VIII

Summary




Chapter VIII: Summary

Summary

Diabetes mellitus is a metabolic disorder that has increased alarmingly all over the
world. Type 2 diabetes is characterized by insulin resistance, which may be combined
with relatively reduced insulin secretion. Type 2 diabetes is the most common type of
diabetes mellitus and this type of patient is increasing day by day worldwide. It is
estimated that by 2030, diabetes would be the world's seventh dominant cause of
death. The oral antidiabetic agents currently used in clinical practice have a
characteristic profile of unwanted side effects, leading to increasing demand for herbal
products with antidiabetic activity having minimum side effects with prolonged
efficacy. Two medicines are in that category, one is andrographolide isolated from

Andrographis paniculate and another is curcumin, isolated from Curcuma longa.

These compounds have the potential in controlling the complications of diabetes, but
poor water solubility and bioavailability restrict them from direct administration. In our
study, combined AG and CMN were encapsulated in lipid core to prepare AG-CMN
NLC. The nanoparticle was found to be in nano-size range, spherical in shape, and the
drug is distributed homogeneously within the particle. FTIR data confirms that no
chemical interaction existed between the drug and excipients used. DSC thermograms
of AG-CMN NLC showed the absence of the sharp peak, confirming that drugs are
completely encapsulated within the nanoparticle. We have developed an unique RP-
HPLC method for the estimation of AG and CMN  drugs intercalated in

nanoformulation.

The developed HPLC method was also validated as per ICH guidelines Q 2 (R1). Drug
release from AG-CMN NP in SGF (pH 1.2) and SIF (pH 6.8 ) was in a sustained

manner which was extended up to 3 days. The drug release followed the Korsmeyer-
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Peppas model for andrographolide with release exponent value (n) between 0.43 and
0.85 can be regarded as an indicator of both phenomena (drug diffusion in the hydrated
matrix and erosion controlled dissolution) usually called anomalous transport non-
Fickian diffusion. The drug release followed the Higuchi model for curcumin with

release exponent value n< 0.43 suggests Fickian diffusion.

In-vivo pharmacokinetic study of AG-CMN NP was found to maintain a steady-state
level in blood plasma after oral administration. The pharmacokinetic parameters like
Cmax, Tmax, elimination half-life (t12) of developed nanoparticles were improved than
free drugs. This data suggest that better bioavailability has been achieved by AG-CMN

NP.

The antidiabetic effect of AG-CMN NP was studied on streptozotocin induced diabetic
model in mice. Thus, it can be said that oral administration of AG-CMN NP efficiently
controlled diabetes mellitus by reducing fasting blood glucose levels to normal values.
Finally, the effect of co-administration of these two drugs on the antidiabetic profiles

showed additive or synergistic effects.
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ABSTRACT

Objective: The current study aims to boost the bioavailability criteria of two natural bioactive compounds, andrographolide and curcumin by their
combination in nanostructured lipid carrier (NLC) and also to develop a straightforward reverse-phase high-performance liquid chromatography
(RP-HPLC) method to validate, quantify of andrographolide and curcumin simultaneously in novel NLC formulation.

Methods: The reliable chromatographic separation was executed by using a column of Phenomenex octadecylsilane (C18) at 35 °C column oven
temperature using a mobile phase of 0.02 M potassium dihydrogen orthophosphate (KH2PO4) salt solution of pH 3.0 as a buffer and acetonitrile in
50: 50 v/v fixed ratio and 1.5 ml/min flow rate of with 20 pl injection load. The detection was carried out at 240 nm isosbestic wavelength
employing a photodiode array (PDA) detector.

Results: Andrographolide and curcumin were eluted at 2.4 and 4.9 min, respectively. Quantification and linearity were achieved for both drugs at
the 10-140 pug/ml range. The method is specified as the presence of excipients utilized in the formulation failed to interfere with the estimation of
andrographolide and curcumin. The developed method was successfully utilized to work out the drug loading efficiency and in vitro drug release
study of those drugs in NLC formulation and also for the estimation of those drugs from rat plasma.

Conclusion: The developed high-performance liquid chromatography (HPLC) method may be utilized in the future estimation of andrographolide
and curcumin simultaneously in NLC and other nanoformulations both in vitro and in vivo.

Keywords: Andrographolide, Curcumin, Nanoformulation, RP-HPLC method development, Forced degradation
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INTRODUCTION antioxidant, anticancer, antimicrobial and hepatoprotective. It is also
. . L . . . applied in the treatment of acquired immunodeficiency syndrome
The bioactive compounds are gaining interest by their wide (AIDS) and symptoms related to immune disorders [8].

pharmacological actions like antimicrobial, antioxidants, anti- Andrographolide showed other activities like liver protection, anti-

inflammatory and anticarcinogenic actions. Recently these natural
compounds have been encouraged by their prospective health
benefits [1-4]. These phytochemicals have important bioactivity but
the main drawback related to them is their limited solubility and
bioavailability [5]. To enhance the bioavailability of those
compounds, the employment of nanoformulation is vital. The use of
a modified drug delivery system enhanced the absorption of
phytoconstituents in high blood level concentration and sometimes
drug combinations result in synergistic effects [1].
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Fig. 1: Chemical structure of andrographolide

Andrographolide, a diterpenoid lactone is the major active
constituent found in Andrographis paniculata. Andrographis
paniculata is widely utilized in ayurvedic formulations [6].
Andrographolide has been isolated and purified in the crystalline
form [7]. Andrographolide showed a wide spectrum of
pharmacological activities like anti-inflammatory, neuroprotective,

diabetic [9] and anti-malarial [10]. The chemical structure of
andrographolide is shown in fig. 1.

Curcumin is the principal active ingredient present within the
rhizome of turmeric (Curcuma longa). It is incorporated in dietary
supplements and cosmetic ingredients. It has also other
pharmacological actions [11-13]. The chemical structure of
curcumin is shown in fig. 2.
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Fig. 2: Chemical structure of curcumin

Many studies were carried out to enhance the bioavailability of
andrographolide and curcumin to increase their therapeutic
responses [14, 15]. Antimalarial, antifertility activity of curcumin
and andrographolide have shown a synergistic effect [16-18]. To
overcome the bioavailability constraints of these drugs, we have
incorporated andrographolide and curcumin into a nanostructured
lipid carrier (NLC) system [19]. It has been demonstrated that the
therapeutic activity of a drug can be correlated to its drug loading
values [20]. With the increase of drug loading, the therapeutic
potential also increases.


https://creativecommons.org/licenses/by/4.0/�
https://innovareacademics.in/journals/index.php/ijap�
https://en.wikipedia.org/wiki/Dietary_supplement�

. O Global Journal of
., Nanomedicine
ISSN: 2573-2374

Research Article
Volume 3 Issue 2 - October 2017

0 ey :
EE Jumper
5 _I key to the Relilzl;lrscl-llilii

Glob J Nanomed
Copyright © All rights are reserved by Tanmoy Bera

Inhibitory Effect of Quercetin-Loaded Nanostructure

Lipid Carrier on Compound 48/80-Induced

Mast Cell Degranulation

Asit Kumar De, Rajkumar Shil, Santanu Ghosh, and Tanmoy Bera*

Division of Pharmaceutical Biotechnology, India

Submission: August 11, 2017; Published: October 25,2017

*Corresponding author: Tanmoy Bera, Division of Pharmaceutical Biotechnology, India, Tel: +919831470041,

E-mail: proftanmoybera@gmail.com

Abstract

agent.

quercetin and the standard antihistaminic agents.

Quercetin is naturally occurring flavanoids, it is abundant in nature and the human beings are taken up it through their daily meals. The
different pharmacological activity of quercetin has been evaluated since a long time. The scientific exploration of quercetin revealed that it is
effective as anti-oxidant, anti-inflammatory agent; it can reduce the elevated levels of cholesterol, triglycerides, low-density-lipoproteins etc.
However, solubility and bioavailability has been an issue for the quercetin. In this experimental work we not only evaluate the antihistaminic
activity of quercetin but also developed a nano structure lipid carrier system for quercetin and explore its effectiveness as an antihistaminic

It was found that the quercetin loaded nano structured lipid carrier system was successfully fabricated with adequate drug loading and
entrapment efficiency. The intracellular uptake of formulated delivery system by isolated mice peritoneal mast cells has also been studied. The
antihistaminic activity of quercetin and quercetin loaded lipid carrier system was compared against the standard antihistaminic agents like
prednisolone, cromolyn sodium and it was found that the quercetin loaded lipid carrier system have showed superior activity than the free

Keywords: Quercetin; NLC; Lipid based formulation; Compound 48/80; Mast cell; Antihistaminic

Abbreviations: Nano structured Lipid Carrier; qNLC: quercetin Loaded Nano Structured Lipid Carrier

Introduction

Allergic diseases and asthma have been prevalent since a
long ago and still, now the incidence of these types of disease
condition increased in such a manner that it has appeared as a
major health concern. As per world health organization, more
than 1.8lakhs of mortality is caused by asthma annually [1].
Ages are no bar for the occurrence of this type of disease; it may
happen in any age group. The diseases like asthma and allergy
are initiated by the process of inflammation. CD4+T helper cell
responses are important for the initiation and propagation
of the disease condition [2]. Interleukin-4, 5, 9 and 13 are the
cytokines which are secreted by TH2 cells and they are the most
Mast-
cell degranulation, increased IgE level is the characteristic
phenomenon of asthma and allergy related diseases [3].

important mediators of the process of inflammation.

The treatment of this kind of disease condition falls into
different categories like mast cell stabilizers, corticosteroids,
antihistaminic agents. They may act by blocking the mediators
responsible for inflammation or by preventing the process
which initiates the process of inflammation. The present
chemotherapy for this purpose is efficient however long term
side effects still be a concern. Skin fragility, immunosuppressant
is associated with the long term use of oral corticosteroids. It
was also observed that the new generation antihistaminic agents
are showed sedative effects [4,5]. Hence, there is always a need
for a new antihistaminic agent which could effectively treat the
disease condition as well as tolerable in patients in long term.

Searching for a new antihistaminic agent as well as a new
drug delivery system for this type of diseases we have developed

Glob J Nanomed 3(2): GJO.MS.ID.555608 (2017)
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