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ABSTRACT

Hydnocarpus pentandra, a medicinal plant widely known for its bioactive compounds, has shown significant therapeutic
potential in various disease treatments. In recent years, nanotechnology-based drug delivery systems have gained attention
for enhancing the efficacy of plant-derived bioactive compounds. This study focuses on the formulation and evaluation of
Hydnocarpus pentandra nanosuspension and its in vitro anticancer activity against the MCF-7 breast cancer cell line. The
nanosuspension was prepared using an optimized nano-precipitation technique, ensuring high drug loading efficiency,
stability, and enhanced bioavailability. Characterization of the nanosuspension was carried out through particle size analysis,
zeta potential measurement, polydispersity index (PDI), and scanning electron microscopy (SEM) to determine its
morphology, stability, and dispersibility. The anticancer potential of the Hydnocarpus pentandra nanosuspension was
evaluated through MTT assay, which measures cell viability in response to different concentrations of the formulation. The
results demonstrated a dose-dependent cytotoxic effect on MCF-7 cells, indicating significant anticancer activity. The
nanosuspension exhibited improved cellular uptake and enhanced cytotoxicity compared to the crude extract, suggesting that
the nanoformulation plays a crucial role in increasing the bioavailability of the active compounds. Additionally, fluorescence
microscopy and flow cytometry studies were performed to analyze apoptosis induction and cell cycle arrest mechanisms.
The findings suggest that Hydnocarpus pentandra nanosuspension effectively inhibits the proliferation of MCF-7 cells
through apoptosis-mediated pathways. The enhanced solubility, targeted drug delivery, and improved therapeutic efficacy
of the nanosuspension make it a promising candidate for breast cancer treatment. Furthermore, the study highlights the
potential of nanotechnology-based phytomedicines in cancer therapy, providing a novel approach for drug development.
Future research should focus on in vivo studies and mechanistic evaluations to establish the clinical applicability of
Hydnocarpus pentandra nanosuspension in oncology.

Keywords: Hydnocarpus pentandra, nanosuspension, MCF-7 cell line, breast cancer, apoptosis, nanotechnology, in vitro
anticancer activity

1. INTRODUCTION

Nanotechnology is an emerging field in all areas of science, engineering and technology. Nano technology is seemed to have
greatest impact in our daily life. It had improved and helped in many field of science. Nanotechnology is a novel
interdisciplinary area of comprehensive research that combines medicine and other life sciences. It offers a potential for
unique and novel approaches with broad spectrum of applications in cancer treatment including areas such as diagnostics,
therapeutics and prognostics. Therefore nanotechnology opened a new vast exploiting area for cancer treatment. Most efforts
to improve cancer treatment though nanotechnology are at the research or development stage. The development of drug
delivery approach for the transportation of drug in a bioavailable and safe manner to the target site is now becoming an
exceedingly important area of biopharmaceutical researches. The main advantage of the particles in the nanometric range is
its improved physical and chemical properties. The major parameters in drug delivery include particle size, Surface area,
hydrophobicity, crystallinity and surface charge®.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 4
pg. 232



Dr. P Premkumar, Nikhila. M. Nair, Jency Abraham, Dr. Shajan Abraham

Figure 1: Nano carriers used in drug delivery system

Nanocarriers entrapping herbal drug will carry optimum amount of drug to their site of action bypassing all the barriers such
as acidic Ph of stomach, liver metabolism and increase the prolonged circulation of the drug into the blood due to their small
size2,

A nanocarrier is nanomaterial mainly used as a transport module for another substance, such as a drug. Commonly used
nanocarriers include polymers, dendrimers, solid lipid Nanoparticles, liposomes, micelles, carbon-based nanomaterials,
quantum dots and other substances 3. Nanocarriers are currently used in drug delivery and their unique characteristics
demonstrate potential use in chemotherapy “.

Polymeric Nanoparticles

Polymeric nanoparticles (PNP) are structures with a diameter ranging from 10 to 1000 nm. The PNPs are obtained from
synthetic polymers, such as poly-Y - caprolactone {polyacrylamide and polyacrylate or natural polymers, Eg; albumin, DNA,
Chitosan, gelatin. Based on in vivo behaviour, PNPs may be classified as biodegradable, i.e.,poly(L-lactide)(PLA),Poly-
glycolide (PGA) and non-biodegradable, eg.polyurethane.PNPs are usually coated with non-ionic surfactants in order to
reduce immunological interactions as well as intermolecular interactions between the surface chemical groups of PNPs 5.
They can be easily penetrated into the capillaries due to their small size and it is absorbed by cells, it will leads to the
accumulation of drug at target sites ©. The applications of Nanoparticles include vascular endothelial dysfunction, oral delivery
of insulin, brain drug targeting for neurodegenerative disorders like Alzheimer’s disease ’.

Dendrimers

Dendrimers are nanometer-sized, highly branched and monodisperse macromolecules with symmetrical architecture. They
consist of a central core, branching units and terminal functional groups 8. The core together with the internal units, determine
the environment of the nano cavities and consequently their solubilising properties, whereas the external groups, the
solubility and chemical behaviour of these polymers. Different types of dendrimers, include polyamidoamine (PAMAM),
polypropylene imine (PPI), Polylysine dendrimers have been used as host for both hydrophilic and hydrophobic drugs. An
ideal dendritic drug-carrier must be non-toxic, non-immunogenic, preferably biodegradable; present an adequate
biodistribution and allow tissue targeting °.

Solid lipid Nanoparticles

Solid lipid nanoparticles are nanoparticles ranging from 50-1000nm that are made from lipids which remain in a solid state
at room and body temperature.Lipids used include mono-,di-, or triglycerides, lipid acids and glyceride mixtures or waxes
that are stabilized by the biocompatible surfactants 1°. There are several advantages of solid lipid Nanoparticles which include
controlled drug release and drug targeting, protection of drug from chemical degradation, reduction of drug toxicity,
enhancement of bioavailability, biodegradation, good tolerability, ability to incorporate both hydrophilic and lipophilic
drugs, no problem with respect to large scale production and sterilization. The formulations incorporating herbal drugs in
solid lipid nanopaticles include mouth washes (eg. Peppermint oil), gargles (eg Thymo and inhalations (eg Eucalyptus oil)
11

Liposomes

Liposomes are a form of vesicles that consist either of many, few or just one phospholipid bilayers. The polar character of
the liposomal core enables polar drug molecules to be encapsulated. Amphiphilic and lipophilic molecules are solubilised
within the phospholipid bilayer according to their affinity towards the phospholipids. Liposomes have the distinct advantages
of being both nontoxic and biodegradable because they are composed of naturally occurring substances®?. Biologically active
materials encapsulated within liposomes are protected to varying extent from immediate dilution or degradation, suggesting
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drug carrier systems for the transport of drugs and other bioactive capsules to disease-affected organs. The unique ability of
liposomes to entrap drugs both in an aqueous and a lipid phase make such drug delivery systems attractive for hydrophilic
and hydrophobic drugs*®.

Micelles

These copolymers are composed of individual linear polymers that contain a hydrophobic and hydrophilic segment, which
confers them the capacity to form micellar structures in aqueous media. These amphipathic polymers are arranged so that
the hydrophobic part is located inside the structure, while the hydrophilic part is located outside, in contact with the aqueous
medium?*. Their advantages include high drug-loading capacity of the inner core and the possibility of their modulation to
respond to various stimuli such as Ph and Temperature. Polymeric micelles are able to reach parts of the body that are poorly
accessible to liposomes; accumulate more than free drugs in tumor tissues due to increased vascular permeability*®. Thus
polymeric micelles can be employed to administer chemotherapeutics in a controlled and targeted manner with high
concentration in the tumor cells and reduced side effects?®.

Carbon Nano materials

Carbon nanomaterials include fullerenes and Nanotubes. Fullerenes are novel carbon allotrope with a polygonal structure
made up exclusively of 60 carbon atoms'’. These Nanoparticles are characterized by having numerous points of attachment
whose surfaces also can be functionalized for tissue binding. Nanotubes have been one of the most sextensively used types
of Nanoparticles because of their high electrical conductivity and excellent strength'®. Carbon nanotubes can be structurally
visualized as a single sheet of graphite rolled to form a seamless cylinder. There are two classes of carbon nanotubes: single
walled (SWCNT) and multi-walled (MWCNT). Functionalized carbon nanotubes are emerging as novel components in
nanoformulations for the delivery of therapeutic molecules®®

Quantum Dots

Quantum dots are Nanoparticles made of semiconductor materials with fluorescent properties. It is crucial for biological
applications?’. Quantum dots must be covered with other materials, allowing dispersion and preventing leaking of the toxic
heavy metals. Quantum dots glow very brightly when illuminated by ultraviolet light?*. They can be coated with a material
that makes the dots attach specifically to the molecule they want to track. Quantum dots bind themselves to proteins unique
to cancer cells, literally bringing tumours to light?2,

Nanotechnology is the science that deals with the matter at the scale of one billionth of a meter (10™°) = Inm and it is the
study of manipulating the matter at the atomic and molecular scale %,

Nanoscience involves research to discover new behaviours and properties of matter which dimensions at the nanoscale.
Nanoscale which ranges roughly from 1 to 1000nm 2+

Pharmaceutical nanotechnology embraces applications of nanoscience to pharmacy as nanomaterial and as a device like drug
delivery, diagnostic imaging and biosensor 226

Nanomedicine is defined as submicron size molecules used for the treatment, diagnosis, monitoring and control of biological
system.

Pharmaceutical nanotechnology has provided more fine —tuned diagnosis and focused treatment of disease at a molecular
level. Pharmaceutical nanotechnology is most innovative and highly specialized field, which will revolutionize the
pharmaceutical industry in near future 2. Pharmaceutical nanotechnology presents revolutionary opportunities to fight
against many diseases. It helps in detecting the antigen associated with diseases such as cancer, diabetes mellitus,
neurodegenerative diseases, as well as detecting the microorganisms and viruses associated with infections?:2°,

Nanosuspension are colloidal dispersions of nanosized drug particles stabilized by surfactants *°. They can also defined as
a biphasic system consisting of pure drug particles dispersed in an aqueous vehicle the diameter of the suspended particle is
less than 1um in size 3% %2, Reduction of drug particles to nanometer range leads to an enhanced dissolution rate due to
increased surface area and saturation solubility 3 .The nanosuspension can also be lyophilized or spray dried and the
Nanoparticles of nanosuspension can also be incorporated in a solid matrix 3 % Nano is a Greek word which means
‘dwarf’ .Nano means it is the factor of 109 or one billionth. Some comparisons of nanoscale are given below,

0.1 nm - Diameter of one Hydrogen atom
2.5nm - Width of a DNA molecule

1 micron — 1000nm

Inm = 10°m =10"7cm = 10"°mms

Micron- 10°m =10*cm = 10"mm % %

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue 4
pg. 234



Dr. P Premkumar, Nikhila. M. Nair, Jency Abraham, Dr. Shajan Abraham

Advantages:

Figure 2: Types of Nanosuspension

1. Can be applied for poorly water soluble drugs.

© © N o g bk~ Db

Can be given by any route.

Physically more stable than lipososmes.
Most cost effective.

Reduction in tissue irritation.

Solubility of the drug.

Rapid dissolution and tissue targeting can be achieved by IV route of administration.
Improvement in biological performance due to high dissolution rate & saturation

Provide ease of manufacture and scale up for large scale production.

10. Possibility of surface-modification of Nanosuspension for site specific delivery.

11. Improved dose proportionality 3 3¢

Table 1: Formulation Consideration of nanosuspension

Excipient Function Example
- Wet th? drgg partlcles thoroughly, .prevent Lecithins, poloxamers, polysorbate, cellulosics,
Stabilizers Ostwald’s ripening and agglomeration of .
. - . - . povidones
Nanosuspension, providing steric or ionic barrier
Co Influence phase behaviour when micro emulsions | Bile salts, dipotassium  glycerrhizinate,
surfactants are used to formulate nanosuspensions transcutol, glycofurol, Ethanol, isopropanol
Organic Pharmaceutically acceptable less hazardous Methanol, ethanol, chloroform, isopropanol,
. . ethyl acetate, ethyl formate, butyl lactate,
solvent solvent for formulation of nanosuspension SR
triacetin, propylene carbonate, benzyl alcohol
Other According to the requirement of the route of | Buffers, salts, polyols, osmogens,
Additives Administration or the properties of the drug moiety | cryoprotectants etc.

Techniques of Preparation of Nanosuspension:

Mainly there are two methods for preparation of nanosuspensions. The conventional methods of precipitation (Hydrosols)
are called ‘Bottom up technology’. In Bottom up technology the drug is dissolved in a solvent, which is then added to non-
solvent to precipitate the Crystals. This technology is that during the precipitation procedure the growing of the drug crystals
needs to be controlled by addition of surfactant to avoid formation of micro particles. The ‘Top Down Technologies’ are the

disintegration methods and are preferred over the precipitation methods % 4%,
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The ‘Top Down Technologies’ include Media Milling(Nanocrystals), High pressure homogenization in water(Dissocubes),
High pressure homogenization in non-aqueous media(Nanopure) and combination of precipitation and High pressure
homogenization(Nanoedge).

Bottom up process Top down process
N
[ Crude drug powder ] [ Crude drug powder ]
q
[ Surfactantand solvent ] Nanocrystals or amorphous
powder
[ Presuspension ]
Addition of surfactant and
High pressure homogenization solvents
and milling
S £

{ Nanosuspension ]

Figure 3: Formulation Techniques

1. Media milling (nanocrystals or nanosystems)

The method is first developed and reported by Liversidge (1992). The nanosuspensions are prepared by using high-shear
media mills 2, The milling chamber charged with milling media, water, drug and stabilizer is rotated at a very high shear
rate under controlled temperatures for several days(at least2-7 days). The milling medium is composed of glass, Zirconium
oxide or highly cross-linked polystyrene resin. The high energy shear forces are generated as a result of the impaction of the
milling media with the drug resulting into breaking of microparticulate drug to nanosized particles®.

Recirculation chamb

~

Largedrug o, edwithids
ug
o water and stabilizer
b v ATy Wy A

Milling chamber

OIS
NS 1 cen-retaining milling
media chamber

Figure 4: Media milling Process
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Advantages

1. Very dilute as well as highly concentrated nanosuspensions can be prepared by handling 1mg/ml to 400mg/ml drug
quantity.

2. Nano sized distribution of final Nano sized product.
Disadvantages
1. The media milling technique is time consuming.
2. Some fractions of particles are in the micrometer range.
3. Scale up is not easy due to mill size and weight .
2. Homogenization
a) High pressure homogenization (Dissocubes)

It is the most widely used method for the preparation of nanosuspensions of many poorly water soluble drugs. Disoccubes
are engineered using piston-gap-type high pressure homogenizers. High pressure homogenizers consist of a high pressure
plunger pump with a subsequent relief valve. The task of the plunger pump is to provide the energy level required for the
relief. The relief valve consists of a fixed valve seat and an adjustable valve #*4¢

1500 bar

Presuspension e processed to micro size in collold mill

(under pressure)

Figure 5: High pressure homogenization process

Principle

In this technique suspension is forced by a pressure plunger pump through a narrow valve under high pressure. When the
suspension is allowed to as through the orifice the static pressure will be reduced below the boiling pressure of water which
results in the boiling of water and formation of gas bubbles. When it leaves the orifice pressure will be normal and bubbles
will implode. So surrounding particles will rush into the surface which causes the size reduction *- 8,

Advantages
e It does not cause the erosion of processed materials.

o Very dilute as well as highly concentrated nanosuspensions can be prepared by handling 1mg/ml to 400mg/ml drug
quantity.

e Itisapplicable to the drugs that are poorly soluble in both aqueous and organic media.
e Disadvantages
e  Pre processing like micronization of drug is required.
e High cost instruments are required that increases the cost of dosage form “°.
b) Homogenization in non aqueous media (Nano pure)
Nano pure is the water free media or water mixture. In Nano pure technology the drug suspension in the non aqueous
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media when homogenized at O°c or even the freezing point and hence called as deep freeze homogenization .
¢) Nano edge

The precipitated drug Nanoparticles have tendency to continue crystal growth to the size of microcrystal. They need to be
processed with high energy forces (Homogenization). They are in completely amorphous, partially amorphous or completely
crystalline which create problems in long term stability as well as in bioavailability, so the precipitated particle suspension
is subsequently homogenized which preserve the particle size obtained after the precipitation step *°.

Drug + Organic solvent Stabilizer+ solvent into which
(solution 1) drug is insoluble (solution 2)

under high speed agitation

l

[ Precipitation of drug ]

[ Solution 1 is added into solution 2 ]

particles

Figure 6: Nano edge process

3. Precipitation

The most common method of precipitation used is anti solvent addition method in which the drug is dissolved in an organic
solvent and this solution is mixed with a miscible anti solvent. Mixing processes vary considerably 5. Precipitation has also
been coupled with high shear pharmaceutically acceptable and less hazardous water —miscible solvents, such as ethanol and

isopropanol, and partially water miscible solvents, such as ethyl acetate, ethyl formate, butyl lactate, triacetin, propylene
carbonate and benzyl alcohol *2,

4. Emulsification-solvent evaporation technique

This technique involves preparing the solution of drug by it emulsification in another liquid that is non-solvent for the drug.
Evaporation of the solvent leads to precipitation of the drug. Crystal growth and particle aggregation can be controlled by
creating high shear force using a high speed stirrer %,

Organic solution

Solvent
Extr action/
Evaporation

[

Step2

Polymer+ Drug in
water misciblef
non-miscible solvent

-_—

Organic solution
Stabilizer in ofl

Step1

Figure 7: Emulsification-solvent evaporation technique

4. Supercritical fluid process

Novel nano sizing and solubilisation technology whose application has increased particle size reduction via supercritical
fluid (SCF) process..A supercritical fluid (SF) can be defined as a dense non condensable fluid. Supercritical fluids are fluids
whose temperature and pressure are greater than its critical temperature (CT) and critical pressure (CP) 54. A SCF process
allows micronization of drug particles within narrow range of particle size, often to sub-micron levels. Current SCF processes
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have demonstrated the ability to create nano particulate suspensions of particles 5 to 2000 nm in diameter. The low solubility
of poorly water soluble drugs and surfactants in supercritical Co2 and high pressure required for these processes restrict the
utility of this technology in the pharmaceutical industry®®,

Recycling of CO2

Heat T. P control |
CO. exchanger
pump
CO; Jjacket
Hydrophobic
compound Biritiis "
ixpansion vessel

Figure 8: Supercritical Fluid Process

Characterization of Nanosuspension

Nanosuspension are evaluated as same as conventional suspensions such as appearance, colour, odour, assay, related
impurities etc. Along with that particle size, zeta potential, morphology, dissolution study, in-vivo studies are also performed.

Particle size

Particle size and particle size distribution are two important parameters since it will affect the saturation solubility, dissolution
rate, stability, and in-vivo behaviour of nanosuspensions. Any change in the particle size will leads to the change in the
solubility and dissolution. Particle size determines the physiochemical behaviour of the drug. Particle size can be determined
by SEM or TEM analysis %6, Particle size distribution can be determined by photon correlation spectroscopy (PCS) or laser
diffraction (1d). Particle size distribution will be expressed in Polydispersity index (pi).pi value of 0.1-0.25 indicates fairly
Nano size distribution where as its value greater than 0.5 indicates a very broad distribution 7.

Surface charge (Zeta potential)

Zeta potential will be determine the stability of nanosuspension. A minimum zeta potential of 30mv is required where as in
case of combined electrostatic or steric stabilizer, a zeta potential of 20mv would be sufficient %,

Crystalline state and particle morphology

When the drug undergoes Nano sizing the crystalline nature and particle morphology will change. This can be detected by
this method. X-ray diffraction analysis is mainly used for the determination of the solid state of the particle and is
supplemented by scanning electron microscopy *°.

Saturation solubility and dissolution velocity

Nanosuspension will increase the solution solubility and dissolution velocity. It also help for the in vitro behaviour of the
formulation. When the particle size reduced to Nano metric range, dissolution velocity and dissolution pressure will increase
which leads to the solution solubility due to the changes in the surface tension .

Applications

Nanosuspension has wide range of applications especially in case of low solubility and low bioavailability drugs. They are
mentioned below.

1. Intravenous administration

The Parenteral route of administration provides a quick onset action , rapid targeting and reduced dosage of the drug. It is
the preferred route for drugs undergoing first-pass metabolism and those that are not absorbed in the GIT or degraded in the
GIT ©%. One of the important applications of nanosuspension technology is the formulation of intravenously administered
products 2. Intravenous administration results in several advantages, such as administration of poorly soluble drugs without
using a higher concentration of toxic co-solvents, improving the therapeutic effect of the drug available as conventional oral
formulations and targeting the drug to macrophages and the pathogenic microorganisms residing in the macrophages ©.

2. Bioavailability enhancement

The poor oral bioavailability of the drug may be due to poor solubility, poor permeability or poor stability or poor stability
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in the gastrointestinal tract (GIT) % . Nanosuspensions resolve the problem of poor bioavailability by solving the twin
problems of poor solubility and poor permeability across the membrane 6 ¢7. Bioavailability of poorly soluble oleanic acid,
a hepatoprotective agent, was improved using a nanosuspension formulation. The therapeutic effect was significantly
enhanced, which indicated higher bioavailability . This was due to the faster dissolution (90% in 20 min) of the lyophilized
nanosuspension powder when compared with the dissolution from a coarse powder (15% in 20 min) ©°.

3. Pulmonary administration

Agueous nanosuspension can be nebulised using mechanical or ultrasonic nebulizers for lung delivery. Because of their small
size, it is likely that in each aerosol droplet at least one drug particle is contained, leading to a more uniform distribution of
the drug in lungs 7. They also increase adhesiveness and thus cause a prolonged residence time. Budenoside drug
Nanoparticles were successfully nebulised using an ultrasonic nebulizer ™.

4, Ocular administration

Ocular delivery of the drugs as nanosuspensions is to provide a sustained release of drug. Certain drugs have poor solubility
in lachrymal fluid. If it is formulated as Nanoparticles its saturation solubility and bioavailability will increase. It is mainly
applied for hydrophobic drugs. It increases the residence time include sac. The best example of nanosuspension is ibuprofen.
The anti-inflammatory activity of ibuprofen increased compared with the aqueous formulation 7.

5. Oral Drug Delivery

Because of the numerous advantages oral route is the most preferable route for many of the drugs especially in the case of
oral administering antibiotics such as atovaquone and bupravaquone. By making it in Nano size, its solubility and
bioavailability will increase. The oral administration of naproxen Nanoparticles leads to an area under the curve (AUC) (0-
24 h) of 97.5 mg-h/lI compared with naproxen nanosuspension and naproxen tablets. In the case of diazole nanosuspension
has absolute bioavailability of 82.3 and the conventional dispersion only 5.2% 72,

6. Drug targeting

Nanosuspensions can also be used for targeting as their surface properties and changing of the stabilizer can easily alter the
in vivo behaviour™. The drug will be taken up by the mononuclear phagocytic system to allow regional-specific delivery.
This can be used for targeting anti mycobacterial, fungal or leishmanial drugs to the macrophages if the infectious pathogen
is persisting intracellularly™.

7. Mucoadhesion of the Nanoparticles

Nanoparticles orally administered in the form of a suspension diffuse into the liquid media and rapidly encounter the mucosal
surface. The particles are immobilized at the intestinal surface by an adhesion mechanism referred to as ‘’bio adhesion’’.
From this moment on, the concentrated suspension acts as a reservoir of particles and an adsorption process takes place very
rapidly. The direct contact of the particles with the intestinal cells through a bioadhesive phase is the first step towards
particle absorption 6. The adhesiveness of the nanosuspensions not only helps to improve bioavailability but also improves
targeting of the parasites persisting in the GIT 7.

2. CANCER/TUMOR

Figure 9: Cancer Cells
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Cancer is a group of diseases which is caused due to uncontrolled growth of the cells and forms from the extra mass tissue
known as tumour. The loss of apoptotic nature by the cells in their metabolic pathway leads to cancer. Cigarette smoking,
tobacco intake, alcohol intake, poor diet and exposure to UV rays lead to cancer. Different organs can be effect by cancer
cells like lungs, kidney, eyes, heart, brain etc. Cancer cells also spread in blood stream and causes blood cancer 78. The person
who works in the chemical factories, nuclear reactors, drainage system and mining are most prone to cancer. Treatments
such as surgery, chemotherapy and radiation therapy, bone marrow transplantation are used to treat cancer in different stages
79

Tumours are found in all kinds of tissue;
It can be of two types;

a) Benign
b) Malignant
Benign vs. Malignant Tumors
Benign (not cancer) tumor cells grow Malignant (cancer) cells invade
only locally and cannot spread by neighboring tissues, enter blood vessels,
invasion or metastasis
’ 5 - ) ', \
. ¢
7 ’ oy |
| Copyright © 2002 WebMDIE’ All rights fesarvedl”
Figure 10: Benign and Malignant tumour
Benign

Benign tumours are not cancer. They usually can be removed and, in most cases, they do not come back. Most important,
cells from benign tumours do not spread to other parts of the body. Cells from benign tumours stay together and often they
are surrounded by a containing membrane. Benign tumours are not usually a threat to life.

Examples of Benign Tumours
Papilloma A projecting mass on the skin (for example, a wart)

Adenoma A tumour that grows in and around the glands

Lymphoma A tumour in fatty tissue

Osteoma A tumour originating in the bones

Myoma A tumour of muscle tissue

Angioma A tumour usually composed of small blood or lymph vessels (for
Example, a birth mark)

Nevus A small skin tumour of one variety of tissues (for example, a mole)

Malignant

Malignant tumours are cancer. Cancer cells can invade and damage tissues and organs near the tumour &, Cancer cells also
can break away from a malignant tumour and enter the lymphatic system or the blood stream, which is how cancer can spread
to other parts of the body. The characteristics feature of the cancer is the cell’s ability to grow rapidly, uncontrollably and
independently from the tissue where it started. The spread of cancer to other sites or organs in the body through the blood
stream or lymphatic system is called metastasis.

Malignant tumour generally can be classified in two categories.
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Carcinomas: These cancers originate in the epithelium. The epithelium is the lining cells of an organ. Carcinomas are the
most common type of cancer. Common sites of carcinomas are the skin, mouth, lung, breast, stomach, colon and uterus.

Sarcomas: Sarcomas are cancers of connective and supportive tissue of all kinds. Sarcomas can be found anywhere in the
body, and they often form secondary growths in the lungs 8.

Example of primary i)
cancers and where
they can metastasize
(spread) to.
‘ Skin
*— melanoma
Bone E
metastases
e

Lung N ,a%ﬁ‘ :
cancer R

*

k pe
Adrenal gland|
metastases

Liver
metastases ¥

.
Y
l‘.' ;
| 9 _.(\r __Pancreas
Colorectal R BN cancer
cancer « g
/ N, & © 2014 MedicineNet, Inc.

.

Figure 11: Metastasis of cancer

Metastasis, is the spread of a cancer or disease from one organ or part to another not directly connected with it. The new
occurrences of disease thus generated are referred to as metastases. In metastasis, cancer cells break away from where they
first formed (primary cancer), travel to other areas of the body through the blood stream or the lymph system. If the cells
travel through the lymph system, they may end up in nearby lymph nodes or they may spread to other organs. More often,
cancer cells that break off from the main tumour travel through the blood stream. Once in the blood, they can go to any part
of the body. Many of these cells die, but some may settle in a new area, benign to grow, and form new tumours. The spread
of cancer to a new part of the body is called metastasis &,

Cancer cells have to go through several steps to spread to new parts of the body:

1. They have to be able to break away from the original tumour and enter the blood stream or lymph system, which
can carry them to another part of the body.

2. They need to attach to the wall of a blood or lymph vessel and move through it into a new organ.
3. They need to be able to grow and thrive in their new location.
4. They need to be able to avoid attacks from the body’s immune system.

Going through all these steps means the cells that start new tumours may no longer be exactly the same as the ones in the
tumour they started in. This may make them harder to treat 8.

3. CHARACTERISTICS OF THE CANCER
Proto-oncogenes: genes that encourage the growth of a cell

A mutation can turn the normal genes into a cancerous oncogenes that force extreme cell division. Oncogenes can encode
signalling molecules such as growth factors, or components of the signalling cascades that regulate the mediate the cellular
responses to such signalling molecules.

Tumour suppressor genes: genes that stop excessive growth of the cell.

If a cell starts to divide excessively, its neighbour sends inhibiting factors to quieten it down. Such factors either act directly
or trigger inhibitory factors in the rogue cell. A key phase in the development of a cancer cell comes when it develops one
or more mutations is called tumour suppressor genes- which enable it to ignore its neighbours. Mutations can knock out a
cell-surface receptor for inhibiting factors, or a critical component of the cascades inside the cell that receive and process the
signal. Other mutations can disable proteins such as p53, which trigger the cell to commit suicide if its DNA becomes
damaged, or its signalling cascades go out of control.

Angiogenic genes: genes that control a cell’s blood supply
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Angiogenesis is the proliferation of a network of blood vessels that penetrate into cancerous growths, supplying nutrients
and oxygen and removing waste products. Tumour angiogenesis actually starts with cancerous tumour cells releasing
molecules that send signals to surrounding normal host tissue. This signalling activates certain genes in the host tissue that,
in turn, make proteins to encourage growth of new blood vessels.

Metastasis genes: controlling the spread of cancer

Metastatis is to be called as the spreading nature of the cancer from one organ or part to another non-adjacent organ or part
throughout the body 8.
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Figure 12: Stages of cancer

Cell cycle

The cell cycle is the series of events that takes place in a cell leading to its division and replication that produces two daughter
cells. In prokaryotes which lack a call nucleus, the cell cycle occurs via binary fission. In cells with a nucleus, as in
eukaryotes, the cell cycle can be divided into three periods : interphase, the mitotic phase, and cytokinesis. During interphase
the cell grows, accumulating nutrients needed for mitosis preparing it for cell division and duplicating its DNA. During the
mitotic phase the cell splits itself into two distinct daughter cells. During the final stage, cytokinensis, the new cells is
completely divided. To ensure the proper division of the cell there are control mechanisms known as cell cycle check points
85
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Figure 13: Cell cycle

Symptoms of cancer

Everyone should be familiar with certain signs that may indicate early cancer. It is important to report immediately, before
the condition spreads. It is unfortunate that early stages of cancer are typically painless; because they are painless, diagnosis
and treatment are often delayed.
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Early symptoms can include

Unaccountable weight loss

Unusual bleeding or discharge

Persistent indigestion

The presence of white patches inside the mouth or white spots on the tongue

NORMAL CANCER
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Figure 14: Differences of normal and cancer cells

Detection of cancer

Early detection and prompt treatment are directly responsible for increased survival rates.

Tools for cancer detection include

Self-exams

Biopsy(the removal of living tissue for the purpose of microscopic examination of cells)
Ultrasound(the use of reflected high-frequency sound waves to differentiate various kinds of tissue)
Computed tomography(CT)( the use of x-rays to produce a cross-sectional picture of the body parts)

Magnetic resonance imaging(MRI)(the use magnetic fields and radio waves to show changes in soft tissues
without the use of x-rays) &

Risk factors for cancer

Because cancer is not a single disease, it does not have a single cause. Many causes or risk factors can contribute to a person’s
chance of getting cancer. Risk factors are different with each type of cancer. Risk factors can include such things as genetic
factors, life style factors which include Tobacco, Diet, Infectious agents, Occupational Exposure, Reproductive Factors,
Sedentary life style, Alcohol/Drugs, pollution etc.

Genetics play a large role for many cancers, such as breast and colon cancer. This means that a family’s history can be a risk
factor for some types of cancers 8.

Lifestyle factors

Personal choices we make about the way we live our lives can increase our chance of developing cancer. These choices are
called lifestyle factors, and they include smoking, heavy drinking and eating foods that have excess calories, high fat, and
low fiber. Other factors that increase risk are related to sexual contact and sunlight exposure.
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Tobacco

Thirty percent of all cancers are attributed to smoking or chewing tobacco. Cigarette smoking is also associated with cancers
of the mouth, pharynx, larynx, oesophagus, pancreas, kidney and bladder.

Diet

Researchers found that different types of food you eat affect your risk of developing cancer. Approximately 30% of cancers
are related to diet.

Infectious agents

Some viruses have the ability to transform cells into cancer. Examples include(a) human papilloma virus(HPV) and cervical
cancer, and (b) Epstein-Barr virus and lymphoma®.

Occupational Exposure

Occupational exposure includes high-risk occupations such as uranium miners, asbestos factory workers, certain chemical
plant workers, and workers in nuclear power plants.

Reproductive factors

The reproductive factors category refers mostly to women’s risk factors. For example, the risk of breast cancer goes up if a
woman does not have children before the age of 30. Sexually transmitted disease also increases the risk of cervical cancer.

Sedentary lifestyle

Not moving around much during the day may increase the risk of cancer. The body’s own defences work better when you
exercise and maintain an ideal weight. Moderate exercise such as walking or climbing a flight of stairs can help.

Alcohol/Drugs

Alcohol contributes to the risk of developing cancer. People who drink too much or abuse drugs may not eat well or take
care of themselves, which will increase their overall risk of cancer.

Pollution

Although people think environmental pollutions is a major of cancer, in fact few cancers have been found to be caused by
pollution, but research is still ongoing. Many of the cancers is not known. Other actors that interact to increase the risk of
cancer are age, hormonal balance, response to stress and status of the immune system .

Figure 15: Hydnocarpus pentandra

Hydnocarpus pentandra is an Indo-Malayan genus belonging to the family Flacourtiaceae °*. Five species of Hydnocarpus
are reported to occur in India viz, H.alpina, H. Kurzii, H macrocarpa, H.pentandra and H.pendulus °2% These various species
of Hydnocarpus are also used in traditional medicine in china, Thailand, Malaysia and Myanmar for several skin disorders
%, Qut of the five species, H.pentandra is the most widely distributed species.It is primarily used for treating leprosy and
skin disorders %. The extracts and compounds isolated from this plant show a wide spectrum of biological properties,
including anti-bacterial, anti-leprotic, anti-tubercular, anti-psoriatic, anti-rheumatic, hypolipidemic, anti diabetic, anti cancer,
anti-inflammatory, anti-oxidant activities® %,
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Morphology

This is a tree up to 10 m (33 ft) tall. The tree is deciduous and as well as evergreen too. Bark is brownish, fissured; blaze
pinkish. Branch lets are round, minutely velvet-hairy. Leaves are simple, alternate, carried on 0.7-2.2 cm (0.28-0.87 in) long
stalks. Leaves are 8-23 x 3.5-10 cm (3.1-9.1 x 1.4-3.9 in), usually oblong to elliptic- oblong, tip long-pointed, often falling
off, base narrow, margin toothed, papery, hairless %. Midrib is raised above, secondary nerves 5-7 pairs. Flowers are borne
in short cymes or solitary, in leaf axils. Petals are white. Berry is woody, round, 6-10 cm (2.4-3.9 in) across usually brown
tomentose, black when young; seeds numerous. The flowering takes place from January to april. Flowers are greenish white
in colour and grow solitary or recemes *°.

Trees of the species that yield chaulmoogra oil grow to a height of 12-15 m (39-49 ft) and in India trees bear fruits in August
and September. The fruits are ovoid some 10 cm (3.9 in) in diameter with a thick woody rind. Internally they contain 10-16
black seeds embedded in the fruit pulp %. The seeds account for some 20% of the fruit weight. A typical tree produces 20
kg (44 1b) of seed/ annum. The kernels make up 60-70% of the seed weight and contain 63% of pale yellow oil (mukherjee).
The oil is unusual in not being made up of straight chain fatty acids but acids with a cyclic group at the end of the chain.
Seeds are ovoid, irregular and angular, 1 to 1 % inches long, 1 inch wide, skin smooth, grey, brittle; kernel oily and dark
brown. Fatty oil is obtained by expression, known officially as Gynocardia oil in Britain, as oleum chaulmoograe in the
U.S.A 0%

4. AIM & OBJECTIVES

Cancer is one of the major concerns, as it is one of the leading cause of death worldwide. There are over 100 various types
of cancer; each is categorized by the type of the cell that affected. Several million of deaths were caused due to cancer and
this was dramatically increased recently. Depending upon the type and stage of cancer, treatments include combina tion of
surgery, radiation therapy, chemotherapy, immune therapy. Chemotherapy is the major therapeutic approach for cancer
treatment.. However, conventional chemotherapy has several limitations like lack of aqueous solubility, lack of selectivity
and multi drug resistance. In short, chemotherapy will shorten the survival of patients’ overtime. Therefore, we need to
develop anti-cancer drugs with novel nanotechnology for the effective treatment of cancer.

Hydnocarpus pentandra is an Indo-Malayan genus belonging to the family Flacourtiaceae. It has showed potent anti-cancer
activity against cancer cell growth. The extracts and compounds isolated from this plant show a wide spectrum of biological
properties, including anti-bacterial, anti-leprotic, anti-tubercular, anti-psoriatic, anti-rheumatic, hypolipidemic, anti diabetic,
anti-cancer, anti-inflammatory, antioxidant activities. However in pharmacetical field its use is still limited due to its poor
solubility. The formulation of poorly water soluble drugs has always been a challenging problem faced by the pharmaceutical
scientists.

Large proportions of newly discovered drugs are water insoluble, and therefore poorly bioavailable, contributing to deserted
development effort. .Novel approaches are rapidly progressing aimed to solve the problems associated with these newly
discovered drugs. Nano suspension technologies have emerged as promising strategy for the efficient delivery of poorly
soluble drugs. Among different methods Nano precipitation technique is the simplest method and has been successfully
employed in the formulation of Nanosuspension. It has several advantages such as higher drug loading capacity, dose
concentration in infected tissues, lower incidence of side effects of excipients..Therefore, we need to develop effective drug
Nano suspension formulation against cancer treatment.

This inspired us to develop a nanosuspension formulation of Hydnocarpus pentandra leaf residue and investigation of its
Anti-cancer studies in an in vitro model against MCF 7 cell line.

Objectives of the study
1. Formulation of nanosuspension of Hydnocarpus pentandra by nano precipitation method
2. Characterization of nanosuspension of Hydnocarpus pentandra
e  Zeta potential analysis of Hydnocarpus pentandra nanosuspension using photon correlation Spectroscopy
e Scanning Electron Microscope (SEM) analysis of Hydnocarpus pentandra nanosuspension
Solubility study of Hydnocarpus pentandra nanosuspension

3

4. Stability study of Hydnocarpus pentandra nanosuspension

5. Invitro anti-oxidant activity of Hydnocarpus pentandra nanosuspension
6

In vitro cytotoxicity study of Hydnocarpus pentandra nanosuspension against MCF 7 cell line

5. REVIEW OF LITERATURE
Kalpesh S. Wagh et.al; (2011) studied Nanosuspension: a new approach of bioavailability enhancement. It emphasized that
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solubility is essential factor for drug effectiveness, independent of the route of administration..The formulation of poorly
water soluble drugs has always been a challenging problem. The study focused on the various methods of preparation of
nanosuspension with their advantages and disadvantages, formulation In vivo-in vitro evaluation method of nanosuspension
and their application in drug delivery system. It concluded that the transformation of any drug to drug Nanoparticles leading
to an increase in saturation solubility, dissolution velocity and providing the general feature of an increased adhesiveness to
surfaces is one of the most important achievements 1%,

Bala Krishna et.al; (2011) studied on nanosuspension in drug delivery. The study described about the preparation methods,
characterization and applications of the nanosuspension. Nanotechnology has emerged as an tremendous field in the
medicine. Nanosuspensions are part of Nanotechnology. Many of the drug candidates are exhibiting poor aqueous solubility.
The use of drug nanosuspension is an universal formulation approach to increase the therapeutic performance of these drugs
in any route of administration 1%,

Vishal R. Patel et.al; (2011) reviewed Nanosuspension: An approach to enhance solubility of drugs. This review article
describes the preparation methods, characterization and applications of the nanosuspension. For large scale production of
nanosuspensions, media milling and high-pressure homogenization technology have been successfully used. Striking
characteristics, like improvement of dissolution velocity, increased saturation solubility, improved bioadhesivity, versatility
in surface modification, and ease of postproduction processing have widened the applications of nanosuspensions for various
routes of administration. The applications of nanosuspensions in oral and parental routes have been very well established in
this article 104,

Mitesh Patel et.al; (2011) reviewed on Nano suspension: A Novel Approach for drug delivery system.This study described
the methods of nanosuspension production, formulation, evaluation and applications in pharmaceutical drug delivery as well
as the marketed products. Drugs with poor solubility and low bioavailability are called ‘brick dust’ candidates once
abandoned from formulation development work can be rescued with nanosuspension technology. A nanosuspension not only
solve the problems of poor solubility and bioavailability but also alters the pharmacokinetics of drug and thus improves drug
safety and efficacy. Nanosuspension technology can be combined with traditional dosage forms such as tablets, capsules,
pellets, and can be used for Parenteral products 1%,

Geeta vikram yadev et.al; (2012) studied on Nanosuspension: A promising drug delivery system. This study deals with the
special features of nanosuspension, the preparation methods, advantages of such methods, characterization of
nanosuspensions, patents, marketed products and their applications for hoping to make easy, the future research in this area.
Attractive features such as increased dissolution velocity, increased saturation solubility, improved bioadhesivity, versatility
in surface modification and ease of post-production processing, have widened the applications of nanosuspensions for various
routes. The applications of nanosuspensions in Parenteral and oral routes have been very well investigated and applications
in pulmonary and ocular delivery have been realized 1%,

Paun J.S. et.al;(2012) studied on Nanosuspension: An emerging trend for bioavailability enhancement of poorly soluble
drugs. This study takes account of introduction, advantages, properties, formulation consideration, preparation,
characterization and application of the nanosuspensions. Improved bio-adhesiveness, versatility in surface modification and
ease of post-production processing have widened the applications of nanosuspensions for various routes. Nanosuspension
technology can be combined with traditional dosage forms: tablets, capsules, pellets and also can be used for Parenteral
products. The advances in production methodologies using emulsions or micro emulsions as templates and precipitation
method have provided still simpler approaches for production but with limitations 7.

Sarita et.al (2012); studied on Eudragit —Based Nanosuspension of poorly Water-soluble Drug Formulation and In vitro-In
Vivo Evaluation. The study was performed to investigate potential of Eudragit RPLO-based nanosuspension of glimepiride,
for the improvement of its solubility and overall therapeutic efficacy, suitable for peroral administration. Nanoprecipitation
method being simple and less sophisticated was optimized for the preparation of nanosuspension. Physicochemical
characteristics of nanosuspension in terms of size, Zeta potential, Polydispersity index, entrapment efficiency (% EE) and in
vitro drug release were found within their acceptable ranges.Stability study revealed the nanosuspension was more stable at
refrigerated condition with no significant changes in particle size distribution. In vivo studies showed that nanosuspensions
exhibited better pharmacokinetic profile, efficiently reduced blood glucose level and maintained it to desirable level as
compared to GLM nanosuspension. Therefore, GLM nanosuspension can be expected to gain considerable attention for
improved therapeutic activity for the treatment of diabetes mellitus %,

Masilamani et.al; (2012) studied on the effect of formulation and process variables on drug content and entrapment
efficiency of aceclofenac nanosuspension.This study described the effect of polymer and surfactant concentration
(formulation variables) and sonication time/agitation speed (process variables) on drug content and entrapment efficiency of
nanosuspension of a water insoluble drug aceclofenac.The prepared nanosuspension of aceclofenac were analyzed for the
drug content, entrapment efficiency and other evaluation parameters. These studies concluded that polymer and surfactant
concentration with desired sonication time and agitation speed have significant effect on drug content and entrapment
efficiency 1%,
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Sutradhar et.al; (2013) reviewed increasing possibilities of nanosuspension.This review describes the methods of
pharmaceutical nanosuspension production including advantages and disadvantages, potential benefits, characterization tests
and pharmaceutical applications in drug delivery. In this case, nanosuspension formulations can be considered as a promising
candidate. Various techniques described in this review al10one or in combination can be successfully used to solve the poor
bioavailability problem of hydrophobic drugs and drugs which are poorly soluble in aqueous and organic solutions. By
emphasizing this technology, our society will be benefited financially also. Thus, nanosuspension technology is able enough
to bring enormous immediate benefits and will revolutionize the research and practice of medicine in the field of pharmacy*°,

Arunkumar et.al; (2013) reviewed nanosuspension technology and its applications in drug delivery. This article reviews
the current methods used to prepare nanosuspensions and their application in drug delivery..Nanosuspensions of pure drug
offer a method to formulate poorly soluble drug and enhances the bioavailability of several drugs. Nanosuspensions can be
formulated for various routes of administration such as oral, Parenteral, ocular, topical and pulmonary routes. This
technology is gaining significance as the number of molecules with solubility and bioavailability related problems are
increasing day by day. Thus, nanotechnology can play a vital role in drug discovery programs to increase aqueous solubility
as well as bioavailability of poorly soluble drugs .

Priyank et.al; (2013) reviewed nanosuspension trends and technologies .Poor water solubility has become a major challenge
for the formulation of the compound. Nanosuspension has the potential to overcome this problem. Change of material into
the nanodimension change the properties. This review outline various advantages of nanodimensional particles %2,

Rupali L. Shid et.al; (2013) reviewed nanosuspension: A review. Nanosuspension solved poor bioavailability problem of
hydrophobic drugs and drugs which are poorly soluble in aqueous and organic solutions. Production techniques such as
media milling and high pressure homogenizer are used for large scale production of nanosuspensions. Nanosuspension can
be administered through oral, Parenteral, pulmonary, ocular and topical routes. Since nanotechnique is simple, less
requirements of excipients, increased dissolution velocity and saturation solubility many poor bioavailability drugs are
formulated in Nanosuspension form 13,

Shanti Bhushan Mishra et.al; (2013) reviewed Nanosuspension of phyllanthus amarus extract for improving oral
bioavailability and prevention of paracetamol induced hepatotoxicity in Sprague- Dawley rats. This study evaluated and
compared the hepatoprotective effects of the ethanolic extract of P.amarus(PAE) and its Nanoparticles(PAN) on paracetamol
induced acute liver toxicity in Sprague-Dawley rats. In conclusion they found that an oral dose of Phyllanthus amarus
Nanoparticles that is five times less than the oral dose of Phyllanthus amarus extract could exhibit a similar hepatoprotective
effect. This study could serve as a useful reference to allow the future exploitation of nanoparticulate system as a novel
preventive and therapeutic measure for the treatment of hepatic and other various physiological disorders 4.

Amudha et.al; (2014) studied on Formulation of Nanosuspension drug delivery system containing coriander sativum
extracts. Nanosuspension containing coriander sativum was prepared by solvent evaporation method followed by
homogenization and they are evaluated for following parameters like particle size, zeta potential, PDI, drug content and in
vitro drug release. The results showed that the solvent evaporation method followed by homogenization was an optimized
technique for the preparation of Nanosuspension, which lead to better results like high efficiency, high drug content and
sodium lauryl sulphate was a better choice of surfactant to reduce the particle size and leads to uniform distribution of the
particles in Nanosuspension . While considering the zeta potential, particle size and PDI, it concludes that N2 is the best
formulation among all the four formulations. Thus nanosuspension was a best alternative dosage form for natural herbal
extracts 15,

Steffi et.al; (2014) studied on preparation, characterization and stabilization of curcumin Nanosuspension. Nanosuspension
was prepared by bottom up method using acetone and water as solvent system in which curcumin was dissolved in acetone
and added to this solution drop wise into a beaker containing water with constant stirring. Different amount of SDS was used
as stabilizer and and the stability was optimized. Nanosuspension was characterized using particle size analyzer, zeta
potential analyzer and SEM. The result showed the method adopted for the preparation of nanosuspension was found to be
good. Then the addition of stabilizer SDS may be the better choice for the stabilization of curcumin nanosuspension when
the suspension is required to be kept for a period of about a month 16,

Abirami et.al; (2014) studied on Herbal nanoparticles for anticancer potential- a review . This study described about
various nano particulate technologies that have been studied for the delivery of herbal medicines and which are gaining more
attention for improved therapeutic response and bioavailability. However, several problems such as poor solubility, poor
bioavailability, low oral absorption, instability and unpredictable toxicity of herbal medicines limit their use. In order to
overcome such problems, Nanoparticles can play vital role. Hence, different nanoparticles including polymeric nanoparticles,
liposomes, pro liposomes, solid lipid nanoparticles and micro emulsions utilization show potential to deliver herbal
medicines with better therapy %',

Roya Yadollahi et.al; (2014) studied on Nanosuspension technologies for delivery of poorly soluble drugs. This review
described preparation methods for nanosuspensions , typical characterization techniques, several applications for drug
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delivery design and different administration routes such as Parenteral , pulmonary, oral and ocular. It also described the
recent progress in therapeutic nanosuspensions produced by various techniques such as high pressure homogenization, media
milling and emulsification. Attractive characteristics of nanosuspensions such as uniform nanosized particles, improved
solubility in biological media and adhesiveness, increased drug concentrations, and residence time at the absorption sites
enable the innovative design of a new class of drug delivery systems. Such nanosized drug formulations have a number of
benefits for drug therapies including high surface area, controllable nanosize dimensions and tailored surface chemistry 8

Samar A. Afifi et.al; (2015) studied on Nanosuspension: An emerging trend for bioavailability enhancement of Etodolac.
Etodolac nanosuspension were prepared by Ph shift or antisolvent method in presence of different stabilizers. The dissolution
of nano sized ET was significantly enhanced compared with the crude pure drug. The results showed that the particle size
minimization produced by Ph shift method was not the major determining factor in the dissolution improvement. Rather, the
type of stabilizer used in the formulations was of greater importance. The results also demonstrated that nano precipitation
can thus be a simple and effective approach to produce submicron particles of poorly water-soluble drugs..Nanosnization of
Etodolac had the potential to overcome absorption limitations of the poorly soluble drug *°.

Zhiping Wang et.al; (2015) studied on Berberine Nanosuspension enhances hypoglycaemic efficacy on streptozotocin
induced diabetic C57BL/6 Mice.In this stsudy, the low solubility and poor membrane permeability of Ber were enhanced by
NS technology. This study demonstrated that Ber-NS possessed excellent antidiabetic activity in diabetic mice model.
Moreover, Ber-NS produced a superior hypoglycaemic and TC and body weight reduction and less adverse effects compared
with bulk Ber and Met. Therefore, Ber-NS may be explored as a novel potential antidiabetic agent for the functional food
and pharmaceutical purpose. This study also provides evidences to support the therapeutic effects of compound NS for
treatment of diabetes in china .

Kiran Thadkala et.al; (2015); studied on formulation, optimization and evaluation of oral nanosuspension tablets of
nebivolol hydrochloride for enhancement of dissolution rate.This study was performed to improve the solubility and
dissolution rate of poorly soluble drug,nebivolol hydrochloride by nanosuspension tablet prepared using microcrystalline
cellulose povidone and croscarmellose sodium.The physicochemical compatibility of the drug and excipients were studied
by Infrared spectroscopy and differential scanning calorimetry.This study shows that nanosuspension tablets changes the
properties of poorly soluble drugs like nebivolol hydrochloride and increases the wetting property and surface area of the
drug particle and indirectly increases the dissolution and oral bioavailability of drugs.Thus study shows that nanosuspension
tablets are promising alternative technique for improving dissolution rate and bioavailability of drugs*?! .

Nazish Jahan et.al; (2015) studied on Formulation and characterization of nanosuspension of herbal extracts for enhanced
antiradical potential. This review presents the nanosuspension approach for increasing the aqueous solubility and thereby
bioactivity of important herbal extracts. Nanosuspensions of the seeds of three plants extract (Silybum marianum, Elettaria
cardamomum and coriandrum sativum) were prepared by using polyvinyl alcohol(1.5%w/v) as a stabilizer. Prepared
Nanoparticles were characterized by scanning electron microscope. Activity of nanosuspension formulation was assessed by
using four in vitro antioxidant assays. These synthesized Nanoparticles were found to be more effective against quenching
free radical than their crude extracts and standards. This study shows that nanosuspension of herbal medicines potentiates
the antioxidant potential %2,

6. MATERIALS AND METHOD
Materials

e  Petroleum ether
e Ethanol

e Acetone

e  Polyvinyl alcohol

e  Curcumin

e Methanol
e DPPH (22, diphenyl-1-picryl hydrazyl)
Instruments

e Magnetic balance (Unibloc Shimadzu)
e  Magnetic stirrer (Rotek magnetic stirrer, 230 V, 50 cpc, 10 AC, 40 Watts)
e UV-1700 Pharmaspec-Shimadzu, (Ge Nei-Bangalore)

e  Orbital shaker incubator (GeNei, Bangalore)
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o Millipore water purifier (Millipore SAS, France)
e Lyophiliser
o Refrigerated centrifuge

Preparation of Hydnocarpus pentandra leaf residue

From Hydnocarpus pentandra leaves:

Fresh leaves of Hydnocarpus pentandra, (figure 15) were identified and collected from Chalakudy, Thrissur, Kerala and was
authenticated by Dr. Jalaja S Menon, Kerala Agricultural University, Thrissur. The collected leaves were washed several
times with water to remove the dust particles and then sun dried to remove the residual moisture and grinded to form powder.

The powdered leaves (5g) were macerated with petroleum ether to remove fatty substances; the marc was further exhaustively
extracted with 95% ethanol for 3 d (3x3 1) by cold percolation method and centrifugation at 10,000 rev min'. The extract
was separated by filtration and concentrated on rotavapour ( Buchi, USA) and thus 1 gm of solid residue was obtained.

Formulation of nanosuspension of Hydnocarpus pentandra by nano precipitation technique

Nano precipitation technique was applied to prepare Hydnocarpus pentandra with slight modification. Briefly, 5 g of
Hydnocarpus pentandra residue was dissolved in 15 ml of acetone and ethanol (3:1) by sonication at 20 W for 30 s. The
resulting solution was then slowly injected (1 ml min™') with a syringe connected to a thin Teflon tube, into 25 ml water
containing polyvinyl alcohol (PVA) 1.5% wi/v with continuous magnetic stirring at 1000 rpm. The resulting emulsion
obtained was then diluted in 25 ml PVA solution (0.2% w/v in water) in order to minimize coalescence and the mixture was
continuously stirred (500 rpm) for 6 h at room temperature to allow solvent evaporation and nano particle formation. The
resulting nanosuspension was subsequently cooled down to “18°c and Lyophilized ?3.

2. Characterization of Hydnocarpus pentandra nanosuspension
Zeta potential analysis of Hydnocarpus pentandra nanosuspension using photon correlation spectroscopy

The electrophoretic mobility (Zeta potential) measurements were made using the Malven Zetasizer (Nano ZS90, Malvern
Instruments) at 25°c. The zeta potential is caused by the net electric charge contained within the region bounded by the
slipping plane, and also depends on the location of that plane. The determination of the zeta potential of a nanosuspension is
essential as it gives an idea about the physical stability of the nanosuspension. The zeta potential of a nanosuspension is
governed by both the stabilizer and the drug itself.

Scanning electron microscope (SEM) analysis of hanosuspension

The surface morphology of the prepared nanosuspension was determined for by using scanning electron microscopy (JEOL
model JSM-6390LV). A portion of sample was placed on a carbon film coated copper grid for SEM. Studies were performed
at 80kv using JEOL model JSM-6390 LV, Japan equipped with selected area electron diffraction pattern (SAED). The copper
grid was fixed in to sample holder and placed in a vacuum chamber of the scanning electron microscope and observed under
low vacuum and SEM images were recorded 24125,

Solubility studies

Saturation solubility is defined as the maximum quantity of a compound (solute) that can be dissolved in a certain quantity
of a specific solvent at a specified temperature. However it is well known that the saturation solubility also depends upon the
modification of polymorphic compounds and the particle size, if the particle size is less than 1um are present. Solubility
studies were performed using a shaker (orbital shaker incubator, GeNei, Bangalore). Excess of drug residue and Lyophilized
Nanosuspension were separately added in 20 ml distilled water and stored at 37+0.5°C. After 24 hours of shaking,
suspensions were filtered and analyzed using UV spectrophotometer at 370 nm (UV-1700 Pharmaspec, Shimadzu).
Experiments were carried out in triplicate, and solubility data were averaged '2 %",

Stability studies

Stability is an important factor in case of nanosuspension. In case of suspensions the possibility of sedimentation and cake
formation are more. The particles will settle down and it would not redisperse uniformly after shaking. So the dose will be
changed, bioavailability will be less which leads to the decreased pharmacological output. When we are formulating the drug
in to nanometer range the particle size will be less than 1um, so it would not sediment rapidly it will suspend in the solvent
more time and redispersion will be fast. The stability was measured at different temperature and find out at which temperature
it would be more stable. The prepared Lyophilized Nanosuspension was kept at room temperature (RH-85%) and 4°C (RH-
20%) for six months at specific time period. A portion of the sample were taken and subjected to SEM analysis for the
determination of stability 1?2,

In vitro antioxidant activity

Anti oxidant activity can be evaluated by scavenging of the stable DPPH radical. This model is extensively used as it is less
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time consuming than the other methods. DPPH can be accepting an electron and hydrogen radical and can be converted into
a stable diamagnetic molecule. DPPH contain an odd electron, and so it has a strong absorption at517nm. When this electron
becomes pairs off, the absorption decreases stochiometrically with respect to the electron taken up. Such change in the
absorbance produced in this reaction has been widely applied to assess the capacity of numerous molecules to act as free
radical scavengers.

Free radical scavenging activity of all the concentrations of lyophilized Nanosuspension of Hydnocarpus pentandra were
determined by DPPH assay method and compound with curcumin used as standard.

Chemicals used

2.2-diphenyl-1-picryl hydrazyl (DPPH)

Methanol

Curcumin

Preparation of solutions

Preparation of 1000ug/ml stock solution of Hydnocarpus pentandra nanosuspension

10mg of Nanosuspension was taken and dissolved in methanol. The volume was made up to 10mL with methanol.
Preparation of 0.1%v/v, 1%v/v and 10%v/v formulated nanosuspension

From the above solution 1.0mL aliquot was transferred to a 10mL standard flask and the volume was made up to 10mL with
methanol for 10%v/v solution. From the stock solution 1.0mL and 0.1mL aliquots were transferred to a 100mL standard
flask and the volume was made up to 100mL with methanol for 1%v/v and 0.1%v/v solution.

Preparation of 0.2mM DPPH solution

0.00789g of DPPH was taken in a 100mL standard flask and dissolved in 100mL of methanol. The final volume was made
up to 100ml with methanol.

Preparation of 0.1%v/v, 1%v/v and 10%v/v standard solution:

10mg of curcumin was taken in a 10mL standard flask and dissolved in methanol. The volume was made up to 10mL with
methanol. From this solution 1.0mL aliquot was transferred to a 10mL standard flask and the volume was made up to 10mL
with methanol for 10%v/v solution. From the stock solution 1.0mL and 0.1mL aliquots were transferred to a 100mL standard
flask and the volume was made up to 100mL with methanol for 1%v/v and 0.1%v/v solution.

Procedure for the evaluation of antioxidant activity:

1.5ml of 2.0mM of DPPH solution was added to 1.5mL of different concentration of the formulated Nanosuspension. Another

series of solution were prepared by taking 1.5mL of methanol and 1.5ml of different concentrations of formulated

Nanosuspension. The above solutions were allowed to react at room temperature for 30min. after 30 min the absorbance

values were measured at 517nm. Curcumin was used as the reference standard. Percentage of scavenging activity was

calculated by using the following formula.

(Ab+As)—Am
Ab

Ab = absorbance of 1.5mL of DPPH +1.5mL of methanol at 517nm.
Am= absorbance of 1.5mL of DPPH +1.5mL of Nanosuspension at 517nm.

% scavenging= x 100

As= absorbance of 1.5mL of metanol+1.5mL of Nanosuspension at 517nm 12°,
In vitro cytotoxicity activity of Hydnocarpus pentandra nanosuspension

The 3-(4,5 — dimethylthiazol-2,5-diphenyltetrazolium bromide) dye reduction assay was conducted to diagnose the cytotoxic

activity of the formulated nanosuspension. MCF7 cells were plated onto 48 wells plates, 18 hours before the commencement
of the test. Growth medium used was DMEM with 10% Fetal Bovine Serum. The plates were incubated in an animal cell
culture incubator, maintained at 37°C with 5% carbon dioxide. The wells achieved 70% confluency at the time of testing.
The original growth medium in the 48 well plate was removed and the samples prepared above were added to the wells. The
plates were returned to the incubator for 96 hours. At the end of 96 hours, the media in the wells were carefully removed and
fresh complete growth media was added. To each well MTT solution (5 mg/ml of MTT dissolved in PBS) was added and
replaced in the incubator for 3 hours. After 3 hours, the medium was carefully removed from the wells, and DMSO was
added to each well and kept on a rocking platform for efficient mixing and extraction of formazan dye from the cells by
DMSO. After 30 minutes, the absorbance of the DMSO was measured at 570 nm, in a multi-well spectrophotometer.

The average absorbance of the “control” wells was taken as 100% and all other absorbance values were calculated based on
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this and plotted on the graph 3.

7. RESULTS & DISCUSSIONS
Hydnocarpus pentandra nanosuspension

Nanosuspension of Hydnocarpus pentandra was prepared by Nano precipitation method. This method involves the
precipitation of a drug from an organic solution and the diffusion of the organic solvent in the aqueous medium in the
presence or absence of a surfactant. Organic medium containing saturated drug solution is injected into a stirred aqueous
solution containing a stabilizer as a surfactant. Therefore, this study indicated that Nano precipitation method is a simple,
more facile, less complex, comparatively cheaper, less energy consuming and easy for large scale production.

Characterization of Hydnocarpus pentandra nanosuspension
Zeta Potential Analysis of nanosuspension of Hydnocarpus pentandra

The Zeta potential value of formulated lyophilized nanosuspension was obtained as -8.24 mv. In order to obtain a
nanosuspension exhibiting good stability, for a nanosuspension a minimum zeta potential of £30mv is required. Therefore
this study indicated that the formulated lyophilized nanosuspension was sufficiently stable.

The zeta potential is caused by the net electric charge contained within the region bounded by the slipping plane, and also
depends on the location of that plane. The determination of the Zeta potential of a nanosuspension is essential as it gives an
idea about the physical stability of the nanosuspension. The zeta potential of a hanosuspension is governed by both the
stabilizer and the drug itself.

Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -8.24 Peak 1: -8.24 100.0 9.75
Zeta Deviation (mV): 9.75 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 2.00 Peak 3: 0.00 0.0 0.00

Result quality : Good

Zeta Potential Distribution
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Figure 16: Zeta potential analysis of Hydnocarpus pentandra nhanosuspension

SEM analysis of Hydnocarpus pentandra nanosuspension

The particle size of the formulated nanosuspension was found to be within the range of ~ 320 nm-480 nm. Therefore the
formulation is in nanoscale. Nano grinding is a critical process which used to obtained appropriate particle size reduction
and stability of nanosuspension. The mean particle size and width of the particle size distribution are important
characterization parameters as they govern the saturation solubility, dissolution velocity and physical stability.

0001 10 50 SEI

Figure 17: SEM analysis of Hydnocarpus pentandra nanosuspension
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Solubility studies of Hydnocarpus pentandra nanosuspension

Solubility of Hydnocarpus pentandra after 24 hr shaking was found to be 5.3 + 0.32.mg/ml. Solubility of Hydnocarpus
pentandra lyophilized nanosuspension after 24 hr shaking was found to be 10.5 + 0.52 mg/ml.

The study indicated that nanosuspension increase the saturation solubility as well as dissolution velocity. From the solubility
of Hydnocarpus pentandra was extremely low being only 5.3 mg/ml. There was the significant enhancement in the solubility
of the Lyophilized nanosuspension produced by Nano precipitation method. This is because the saturation solubility increases
with decreasing particle size below 1000 nm.

12

10.5+ 0.52

=)
1

o]
1

o
1

53+0.

N
1

N
1
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Concentration in mg / mL

Residue Formulated Nanosuspension

Figure 18: Solubility study of Hydnocarpus pentandra nanosuspension

Stability studies of Hydnocarpus pentandra nanosuspension

Lyophilized nanosuspensions were stored at 4°C and at room temperature respectively. Particle size was monitored over six
months. Stored at the lower temperature and at the room temperature, the particle size showed no significant change over six
months. Then the particle size of the nanosuspension was found to be within the range of ~ 320 nm to 480 nm. Therefore
solubility study showed that the formulated nanosuspension was stable in room temperature 25 °c (RH 85%) as well as cold
temperature 4 °c (RH 20%).

Table 2: Stability study of Hydnocarpus pentandra nanosuspension

Particle size (nm)
Duration

4°c RT, 25°C

RH 20% | RH 85%
0 305 nm 320 nm
3 320 nm 360 nm
6 380 nm 390 nm

In vitro antioxidant study of Hydnocarpus pentandra nanosuspension

Antioxidant activity can be evaluated by scavenging of the stable DPPH radical. This model is extensively used as it is less
time consuming than the other methods. DPPH can accept an electron and hydrogen radical and can get converted into a
stable diamagnetic molecule. DPPH contain an odd electron, and so it has a strong absorption at 517nm. When this electron
becomes pairs off, the absorption decreases stochiometrically with respect to the electron taken up. Such change in the
absorbance produced in this reaction has been widely applied to assess the capacity of numerous molecules to act as free
radical scavengers.
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Table 3: Antioxidant activity of curcumin by DPPH method

) Absorbance of Curcumin + | Absorbance of Curcumin+ o
Extract Concentration | pppH methanol Yo _
(% VIV) Scavenging
(517nm) (517nm)
Curcumin 0.1 0.280 0.013 73.08
1 0.138 0.015 87.06
10 0.073 0.019 94.55

Table 4: Antioxidant activity of Hydnocarpus pentandra nanosuspension

Concentration Absorbance of NS + DPPH | Apsorbance of NS + .
% Scavenging
(%VIV) (517nm) Methanol (517nm)
Formulated NS | 0.1 0.269 0.013 74.19
1 0.120 0.034 91.33
10 0.069 .035 96.57

The formulated nanosuspension have hydrogen donating ability or can scavenge free radicals and at 10% v/v showed
significant antioxidant activity.Nanosuspension of Hydnocarpus pentandra exhibited significant antioxidant activity using

DPPH method at dose dependent manner.

120

100

80

60

40

% scavenging

20

96.47 +0.3

73.08+0.5

91.53+0.2 9455+0.2

87.06+ 0.3

7419+0.4

0.1% viv

1% viv

10% viv
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Figure 19: Antioxidant activity of Hydnocarpus pentandra nanosuspension compared with curcumin

In vitro cytotoxicity study of nanosuspension of Hydnocarpus pentandra

In vitro cytotoxicity activity against human breast cancer MCF 7 cell line was evaluated at different concentration (0.1 %v/v,
1%vlv, 10%v/v ) by MTT assay. The in vitro screening of the Hydnocarpus pentandra nanosuspension showed significant
cyto toxicity activity at against the human breast cancer cell line. The results obtained are shown in Table 5 & Figure 20.
Our cytotoxicity analysis of the sample shows a direct dose-response relationship; cyto toxicity increased at higher
concentration.
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Table 5: % Cytotoxicity of Hydnocarpus pentandra nanosuspension

Sl. No. | Concentration (%V/V) | Percentage Cytotoxicity

1 0.1 92.62
2 1 85.53
3 10 57.17

The average absorbance of the “control” wells was taken as 100% and all other absorbance values were calculated based on
this and plotted on the graph. The Formulated lyophilized nanosuspension at 10% v/v showed significant cytotoxicity
activity. Nanosuspension of Hydnocarpus pentandra exhibited significant anticancer activity against MCF 7 cell line at dose
dependent manner.

Nanosuspension

g 120 -
© 100
& 100 - 92.62+ 0.3
H 85.53+ 0.5
£ 80-
323 M control
N -
] *E 60 - 57.17+0.2 B |1 0%v/v
g o
5" W 1%viv
& 0 HO.1%viv
)
[
g 20 -
]
o

0 n T T T T

control 10%viv  1%viv  0.1%vlv

Figure 20: % Cytotoxicity of Hydnocarpus pentandra nanosuspension

Control MCF-7 Cell line MCF-7 Cells treated with
Hydnocarpus pentandra
Nanosuspension

Figure 21: In vitro cytotoxicity study of Hydnocarpus pentandra nanosuspension
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8. SUMMARY & CONCLUSION

Medicinal plants are mainly used for traditional Indian medicine and act as dietary agents for the treatment of various
diseases. The poorly water soluble drugs have always been a challenging problem faced by pharmaceutical scientists. In this
case nanosuspension formulation can be considered as promising candidate. Nanosuspension formulation have been largely
solved the solubility as well as dissolution problems to improve drug absorption. It has therapeutic advantages, such as simple
method of preparation, applied for poorly water soluble drugs/ extract most cost effective, suitable for large scale production.

Nanosuspension of Hydnocarpus pentandra was prepared by nano precipitation method. Particle size of formulated
lyophilized nanosuspension showed range from ~ 320 to 480 nm. Zeta potential value of formulated nanosuspension was
obtained as -8.24 mv. Solubility study indicated that formulated nanosuspension enhanced the solubility of the Hydnocarpus
pentandra. Stability study showed nanosuspension was stable in RT and cold temperature. Nanosuspension of Hydnocarpus
pentandra exhibited significant anti oxidant activity using DPPH method and anti cancer activity against MCF 7 Cell line at
dose dependent manner.

The study concluded that nanosuspension of Hydnocarpus pentandra exhibited anti oxidant activity as well as anticancer
activity.

REFERENCES

[1] Dubey R. Impact of Nanosuspension technology on drug discovery and development. Drug "Deliv Technol
2006; 6: 65-7.

[2] Anupam Kumar Sachan and Ankita Gupta, A review on Nanotized Herbal Drugs,International Journal of
Pharmaceutical sciences and Research, 2015; Vol. 6(3) : 961-970.

[3] Thapa RK, Khan GM, Baral KP, Thapa P: Herbal Medicine Incorporated Nanoparticles: Advancements in
Herbal Treatment. Asian Journal of Biomedical and pharmaceutical sciences 2013 ; 3(24) : 7-14.

[4] Gupta VK, Karar PK, Ramesh S, Misra SP, Gupta A: Nanoparticle formulation for hydrophilic and
hydrophobic drugs. International Journal of research in pharmaceutical sciences 2010; 1:163-69.

[S] Agniespzka z. Wilezewska, Katarzyna Niemirowicz, Karolina H. Markiewicz, Halina car; Nanoparticles as
drug delivery systems, Institute of Pharmacology polish academy of sciences; volume 64, 1020-1037.

[6] Arias JL, Ruiz MA, Lopez-viota M, Delglado AV. Poly(alkylcyanoacrylate) colloidal particles as vehicles
for anti-tumour drug delivery: a comparitive study. Colloids and Surfaces B: Biointerfaces, 2008; 62: 64-70.

[7] Alvarez-Roman R, Naik A, Kalia Y N, Guy R H, Fessi H. Skin penetration and distribution of polymeric
nanoparticles.J.controlled release, 2004; 99: 53-62.

[8] Gilles ER, Frechet JMJ. Dendrimers and dendritic polymers in drug delivery. Drug Discovery Today, 2005;
10(1): 35-43.
[9] R.S. Pan, c.wang, x. Zeng, Y. Wen, H. Wu, M. Feng Int.J. Pharm, Volume 420, 2011,PP. 206-215.

[10] Muller, R.H, Mader K, and Gohla, S. 2000, Solid lipid nanoparticles (SLN) for controlled drug delivery — a
review of the state of the art European Journal of Pharmaceutics and Biopharmaceutics, 50, 161-177.

[11]P. Ekambaram, A. Abdul Hasan,Sathali and K.Priyanka, Solid lipid nanoparticles: A review, Department of
Pharmaceutics, college of Pharmacy , Madurai Medical college, 2011.

[12] Moussaoui N, Cansell M, Denizot A. Marinosomes, marine lipid based liposomes : physical characterization
and potential application in cosmetics. Int J.Pharm.2002; 242(1-2) : 361-385.

[13] Nicolau C., Legrand A., Grosse E., Liposomes as carriers for in vivo gene transfer and expression, Methods in
enzymology, 1987, 149, 157-176.

[14]Jones, M.C. and Leroux, J.C. 1999, Polymeric micelles — a new generation of colloidal drug carriers European
Journal of Pharmaceutics and Biopharmaceutics, 48, 101-111.

[15] Boudier, A, Ubert-Pouessel, A, Gerardin, C, Devoissele, J.M, and Begu, S.2009, pH-sensitive double-
hydrophilic block copolymer micelles for biological applications, International Journal of Pharmaceutics, 379,
212-217.

[16]Jones M-C, Leroux J-C. Polymeric micelles- a new generation of colloidal drug carriers. Eur. J.
Pharm.Biopharm, 1999; 48(2) : 101-111.

[17] Anupam Kumar Sachan and Ankita Gupta, A review on Nanotized Herbal Drugs, International Journal of
Pharmaceutical sciences and Research, 2015; Vol. 6(3) : 961-970.

[18]Zheng L, Song JF : Curcumin multi-wall carbon nanotubes modified glassy carbon electrode and its
electrocatalytic activity towards oxidation of Hydrazine. Sensors and Actuators B : Chemical 2009; 135: 650-

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue 4
pg. 256



Dr. P Premkumar, Nikhila. M. Nair, Jency Abraham, Dr. Shajan Abraham

5.

[19] Lacerda L, Bianco A, Prato M, Kostarelos K. Carbon nanotubes as nanomedicine: From toxicology to
Pharmacology. Adv. Drug. Deli. Rev. 2006; 58: 1460-1470.

[20]Weng J, Ren J: Luminescent quantum dots : a very attractive and promising tool in biomedicine. Current
Medicinal Chemistry 2006; 13: 897-978.

[21] Ankhi Maiti and sagarika Bhattacharya, Quantum dots and application in medical science, International Journal
of chemistry and chemistry Engineering, 2013, Volume 3, pp. 37-42.

[22] Eleonora Petryayeva, W. Russ Algar, and Igor L. Medintz, Quantum Dots in Bioanalysis: A Review of
Applications Across Various Platforms for Fluorescence Spectroscopy and Imaging, 2013, Vol 67, Issue 3,
pp.215-252.

[23] Xiaohui Pu, Jin Sun, Mol Li and Zhonggui He. Formulation of Nanosuspension as a new approach for the
delivery of poorly, current nanoscience. Bentham Science Publishers Itd. 2009; 5 : 417-427.

[24] Banavath H. Sivarama RK, Tahir A, Sajid A, Pattnaik G, Nanosuspension : an attempt to enhance
bioavailbility of poorly soluble drugs, International Journal of Pharmaceutical sciences and Research,
1(9), 2010, 1-11.

[25] Swarbrick J, Boylan J , Encyclopedia of pharmaceutical technology, 2002 . 2nd Edition, Marcel Dekker: New
York,

[26] Chingunpituk J, Nanosuspension Technology for Drug Delivery, Walailak J Sci & Tech, 4(2), 2007, 139-
153.

[27] National nanotechnology initiative. available at http ; // www. Nano.gov/html/facts/ What is nano. Html.

[28] Davuluri chandrababu, Hiren B. Patel, Hardik L, Mendapara jayakumar dimeshbhai, A Review on
Pharmaceutical Nanotechnology , Asian Journal of Pharmacy and Life Science, 2012, 2(2), : 324-337.

[29] Debjit bhowmik, Chiranjib, R. Margret chandira B. Jayakar, Role of Nanotechnology in  novel drug delivery
system, Journal of Pharmaceutical Science and Technology, 2009,Vol 1(1), 20-35.

[30] Patravale B, Abhijith AD, Kulkarni RM, Nanosuspensions: a promising drug delivery strategy, Journal of
Pharmacy and Pharmacology, 56, 2004, 827-840.

[31]Prasanna L, Nanosuspension Technology : A Review, International Journal of Pharmacy and pharmaceutical
sciences, 2(4), 2010, 35-40.

[32] Xiaohui P,Jin S, Mo L, Zhonggui H, Formulation of Nanosuspensions as a New sapproach for the Delivery
of poorly soluble Drugs, Current Nanosciences, 5, 2009, 417-427.

[33]Mohanty S, Role of Nanosuspensions in Drug Delivery system, International Journal of research in
pharmaceutical and Biomedical sciences, 1(2), 2010,41-66.

[34] Xiaohui Pu, Jin Sun, Mol Li and Zhonggui He. Formulation of nanosuspension as a new approach for the
delivery of poorly, current nanoscience. Bentham science publishers Itd. 2009; 5: 417-427.

[35] Liversidge G G, Cundy KC. Particle size reduction for improvement of oral bioavailability of hydrophobic
drugs: absolute oral bioavailability of nanocrystalline danazoline beagle dog. Int j pharm. 1995; 125(1) : 91-
97.

[36] Peters K, Leitzke S, Diederichs je, Borner K, Hahn H, Muller R H, Ethlers S. Preparation of a clofazimine
nanosuspension for intravenous use and evaluation of its therapeutic efficacy in murine mycobacterium avium
infection.J antimycrob chemoth. 2000.

[37] Senthil Kumar C, Vedha Hari B N, Sharavanan S P, Subramanian N, Punitha S and Senthil Kumar V. Novel
metronidazole nanosuspension as a controlled drug delivery system for anthelmintic activity. Journal of
Pharmacy Research . Oct 2010:3(10).

[38] Yadav G, Singh S. Nanosuspension: a promising drug delivery system. Pharmacophore. 2012; 3(5): 217-243.

[39] Grau MJ, Kayser O, Muller RH. Nanosuspensions of poorly soluble drugs reproducibility of small-scale
production. Int J Pharm. 2000; 196:155-7.

[40] Agnihotri S M and Vavia P R. Diclofenac loaded biopolymeric nanosuspension for sophthalmic application.
Nanomed. Nanotech. Biol.Med. 2009; 5:90-95.

[41]Muller R H, Jacobs C and Kayer O. Nanosuspension for the formulation of poorly soluble drugs. In:F
Nielloud, G Marti-Mesters(ed). Pharmaceutical emulsion and  suspension. New York, Marcel
Dekker.2000;p;383-407.).

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue 4
pg. 257



Dr. P Premkumar, Nikhila. M. Nair, Jency Abraham, Dr. Shajan Abraham

[42] Nanosuspension : a formulation approach poorl soluble and poorl biavailale drugs. In D.Wise (ED) Handbook
of pharmaceutical controlled release technology. 17, 2000, 345-57.

[43] Chowdar KPR, Madhavi BLR. Novel drug delivery technologies for insoluble drugs. Ind. Drugs. 42(9),
2005, 557-563.

[44] Patravale B, Abhijith AD, and kulkarni RM, Nanosuspension: a promising drug deliver strategy. J. Pharm.
Pharcol. 56, 2004, 827-40.

[45] Cornelia MK, Rainer H, Muller. Drug nanocrstals of poorl soluble drugs produced high pressure
homogenizations. Eur. J. Pharm. Biopharm 62, 2006, 3-16.

[46] Kaer O. Nanosuspensions for the formulation of aphidicol into improve drug targeting effects against
Leishmania infected macrophages. Int.J. Pharm. 196, 2000,253-56.

[47] Krause KP, Kaser O, Mader K, Gust R, Muller RH. Heav metal contamination of nanosuspensions produced b
high pressure homogenization. Int. J.Pharm. 196, 2000, 169-72.

[48] Moschwitzer J, Achleitner G, Pomper H, Muller RH. Development of an intravenousl injectable chemicall
stable aqueous Omeprazole formulation using nanosuspensions. Eur. J. Pharm. Biopharm. 58, 2004, 615-
619.

[49] Nanopure RM. Pure drug nanoparticles for the formulation of poorly soluble drug. New Drug. 54, 2001, 62-8.

[50] Barret ER. Nanosuspension in drug delivery. Nat. Rev. 3, 2004, 785-96.

[51]Wong JC, Doty MJ, Rebbeck CL. Microprecipitation method for preparing submicron suspensions. US
Patent no.6: 2003, 607-784.

[52] B. Senthilnathan, H. Ameerkhan, Aswini Sofia PI, M. Abirami, T. Bharath, T. Ajithkumar and A.Maheswaran,
Review on various approaches on preparation, characterization and applications of polymeric nanoparticles,
2015, Volume 6, 645-663.

[53] Dearns R. Atovaquone pharmaceutical composition. US 601880, 2000.

[54] Irene P, Ruggero B, Ferdinando G. Solid-state chemistry and particle engineering with supercritical fluids
in pharmaceutical sciences, European journal of pharmaceutical sciences 27, 2006, 299-310.

[55]Hamsaraj K, shenoy VS, Murthy RR. Industrially Feasible Alternative Approaches in the Manufacture
of solid Dispersion: A Technical Report, AAPS Pharm SciTech 7(4), 2006,87.

[56] Liversidge GG, Cundy KC. Particle size reduction for improvement of oral bioavailability of hydrophobic
drugs : Absolute oral bioavailability of nanocrystalline danazol in beagle dogs. Int J Pharm. 1995 ; 125 : 91-7.

[57] Chen Y, Liu J, Yang X, Xu H. Oleanolic acid nanosuspension : preparation, in vitro characterization and
enhanced hepatoprotective effect. J Pharm. Pharmacol. 2005, 57 : 259-264.

[58] Muller RH, Jacobs C. Production and characterization of a budesonide nanosuspension for pulmonary
administration. Pharm Res. 2002; 19: 189-94.

[59] Setler P. London: 1IR Limited Drug delivery system; 1999. Identifying new oral technologies to meet your drug
delivery needs for the delivery of peptides and proteins and poorly soluble molecules.

[60]Chen Y, Liu J, Yang X, Xu H. Oleanolic acid nanosuspension : preparation, in vitro characterization and
enhanced hepatoprotective effect. J Pharm. Pharmacol. 2005, 57 : 259-264.

[61] Peters K, Leitzke S, Diederichs JE, Borner K, Hahn H, Moller RH, et al. Preparation of a clofazimine
nanosuspensions for intravenous use and evaluation of its therapeutic efficacy in murine mycobacterium avium
infection. J Antimicrob Chemother 2000 ; 45 : 77-83.

[62] Jacobs C, Kayder O, Muller RH. Nanosuspensions as a new approach for the formulation of poorly soluble drug
tarazepide. Int J Pharm 2000; 196 : 161-4.

[63] Moschwitzer J, Achleitner G, Promper H, Muller RH. Development of an intravenously injectable chemically
stable aqueous omeprazole formulation using nanosuspension technology . Eur J Pharm Biopharm 2004; 58:
615-9.

[64] Setler P. Identifying new oral technologies to meet your drug delivery needs for the delivery of peptides and
proteins and poorly soluble molecules. IIR Limited, Drug delivery systems London : 1999.

[65] Liversidge GC. Paper presented at the 23™ International Symposium of the Controlled Release Bioactive
Materials Society. Workshop on Particulate Drug Delivery Systems; 1996.

[66] Kayser O, Olbrich C, Yardley V, Kiderten AP, Croft SL. Formulation of amphotercin-B as nanosuspension for
oral administration. Int J Pharm 2003 ; 254 : 73-5.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue 4
pg. 258



Dr. P Premkumar, Nikhila. M. Nair, Jency Abraham, Dr. Shajan Abraham

[67]Chen Y, Liu J, Yang X, Zhao X, Xu H. Oleanolic acid nanosuspensions : Preparation, in vitro characterization
and enhanced hepatoprotective effect. J Pharm Pharmacol 2005 ; 57 : 259-64.

[68] Kocbek P, Baumgartner S, Kristi J . Preparation and evaluation of nanosuspensions for enhancing dissolution
of poorly soluble drugs Int J Pharm 2006 ; 312 : 179-86.

[69] Langutth P, Hanafy A, Frenzel D, Grenier P, Nhamias A , Ohilg T, et al. Nanosuspension formulation for low
soluble drugs : Pharmacokinetics evaluation using spiranolactone as model compound . Drug Dev Ind Pharm
2005; 31: 319-29.

[70] Muller RH, Jacobs C. Production and characterization of Budenoside nanosuspension for pulmonary
administration. Pharm Res 2002; 19: 189-94.

[71] Pignatello R, Ricupero N, Bucolo C, Maugeri F, Maltese A, Puglisi G. Preparation and characterization of
Eudragit retard nanosuspensions for the occular delivery of cloricromene. AAPS Pharmscitech 2006; 7: 27.

[72]Chen Y, Liu J, Yang X, Zhao X, Xu H. Oleanolic acid nanosuspensions : Preparation, in vitro characterization
and enhanced hepatoprotective effect. J Pharm Pharmacol 2005 ; 57 : 259-64.

[73] Jacobs C, Kayder O, Muller RH. Nanosuspensions as a new approach for the formulation of poorly soluble drug
tarazepide. Int J Pharm 2000; 196 : 161-4.

[74] Kayser O, Lemke A, Hernandz, Trejo N. The impact of Nanobiotechnology on the development of new drug
delivery systems. Current Pharm Biotech 2005;6: 3-5.

[75] Shah T, Patel D, Hirani J, Amin AF. Nanosuspensions as a drug delivery systems- A comprehensive review.
Drug Del Tech 2007; 7: 42-53.

[76] Ponchel G, Montisci MJ, Dembri A, Durrer C, Duchkne. D. Mucoadhesion of colloidal particulate systems in
the gastrointestinal tract. Eur J Pharm Biopharm 1997; 44:25-31.

[77] Kayser O. A new approach for targeting to Cryptosporidium parvum using mucoadhesive nanosuspensions:
Research and applications. Int J Pharm 2001; 214: 83-5.

[78] Vanitha Pudata, Subrahmanyan V and Jhansi K A short note on cancer, Journal of Carcinogenesis &
Mutagenesis 2:128 doi : 10.4172/ 2157-2518, 2011.

[79] Gibbs, W. Wayt. Untangling the roots of cancer. Scientific. 2003.

[80] Medical surgical Nursing, 5 th Edition (2000), Lewis, Sharon ; Heitkemper, Margaret ; Dirksen, Shannon ;
Mosby.

[81] Cancer research in ICMR Achievements in Kinetics accessed at icmr. nic.in/cancer.pdf.
[82] Robert a Weinberg. the biology of cancer. Chapter 2. Garland publishing.

[83] American society of clinical oncology clinical cancer advances 2009; major research advances in cancer
treatment, prevention and screening. accessed at
www.cancer.net/patient/asco%?20resources/research%20&%20meeting/cca-2009.pdf on July, 57-65.

[84] Vanitha Pudata, Subrahmanyan V and Jhansi K A short note on cancer, Journal of Carcinogenesis &
Mutagenesis 2:128 doi : 10.4172/ 2157-2518, 2011.

[85] Cooper GM (2000) “’chapter 14 : The Eukaryotic cell cycle’’. The cell : a molecular approach, Washington,
D.C : ASM Press . ISBN 0-87893 — 106-6.

[86] Cancer facts and figures 2001: ( 2001) ; American Cancer Society.

[87] American society of clinical oncology, clinical cancer advances 2010. asco’s annual report on progress against
cancer. accessed at www.cancer.net/patient/publications %20 and %20 resources/clinical %20 advances/cca-
2010.pdf on june 8, 2012.

[88] A Journey into cancer’s causes, Wescott, Siobhan, (2001), Alaska Native Health Board.

[89] Schneider, K. 2001. Counseling about cancer. Strategies for genetic counselling. 2d ed. New York: John Wiley
% Sons. Excellent information on the causes of cancer, genetic tests for predisposition to cancer, ethics and
genetic councelling.

[90] Http://training.seer.cancer.gov/disease/cancer.

[91] Teny David, K.V. George, HPTLC Analysis of the leaf Extract of Hydnocarpus Macrocarpa (Beddome) Warb,
Journal of Pharmacognosy and Phytochemistry, 2014; 3(1) : 43-51

[92] Van-Steenis CGGJ. (Ed). Flora Malesiana.Vol. 5, Noordhoff LTD, Netherlands, 1958.

[93] Nayar TS, Beegum RR, Mohanan N, Rajkumar G. Flowering Plants of Kerala. Tropical Botanical Garden and
Research Institute, Thiruvananthapuram, Kerala, 2006.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue 4
pg. 259


http://www.cancer.net/patient/asco%20resources/research%20&%20meeting/cca-2009.pdf
http://www.cancer.net/patient/publications
http://training.seer.cancer.gov/disease/cancer

Dr. P Premkumar, Nikhila. M. Nair, Jency Abraham, Dr. Shajan Abraham

[94] Balakrishnan NP In : Daniel P (Ed.). The Flora of Kerala. Vol. 1, Botanical Survey of India, Kolkata, 2005.
[95] Mitra RL In: Sharma BD, Balakrishnan NP. Flora of India. Vol. 2, Botanical Survey of India, Calcutta, 1993.

[96] Sasidharan N. Biodiversity documentataion for Kerala Part 6: Flowering Plants. Kerala Forest Research
Institute, Peechi, Kerala, 2004.

[97] Gamble JS. Flora of the Presidency of Madras. Bishen Singh Mahendra Pal Singh, Dehradun, 1915.
[98] Hydnocarpus Pentandrus- Jangli Almond’’. Flowers of India. Net. Retrieved 2013-11-21.
[99] SEA HandBook, 2009 by the Solvent Extractors’ Association Of India.

[100] “’Minor oil crops- Individual monographs (Allanblackia-Almond-Chaulmoogra-Cuphea spp-Jatropa
curgas)’’. Fao.org.Retrieved 2013-11-21.

[101] A Modern Herbal, Chaulmoogra’’. Botanical.com.Retrieved 2013-11-21.

[102] Kalpeshs. Wagh, satish K. Patil, Anup K. Akarte, Dheeraj T. Baviskar, Nanosuspension. A new approach
of Bioavailability enhancement, Department of Pharmaceutics, Institute of Pharmaceutical Education, Boradi,
Volume 8, Issue 2, 2011, 61-65.

[103] K. Bala Krishna, A review on nanosuspension in drug delivery, International Journal of Pharma and Bio
Sciences, Vol 2, Issue 1, 2011, 549-558.

[104] Vishal R. Patel and Y.K. Agarwal, Nanosuspension: An approach to enhance solubility of drugs, Journal of
Advanced Pharmaceutical Technology & Research, Volume 2, Issue 2, 2011,81-87.

[105] Mitesh Patel, Arpit Shah, Dr. N.M. Patel, Dr. M.R. Patel, Dr. K.R. Patel, Nanosuspension : A Novel approach
for drug delivery system, Journal of pharmaceutical science and Bioscientific research, 2011, Volume 1,
Issue 1, pg 1-10.

[106] Geeta Vikram Yadhav and Sushma R. Singh, Nanosuspension: A Promising drug delivery system, An
International Research Journal, VVol.3(5), 2012, 217-243.

[107] Praun J.S. and Tank H.M, Nanosuspension: An emerging trend for bioavailability enhancement of poorly
soluble drugs,Assian J.Pharm. Tech.Vol.2:Issue 4, 2012,Pg 157-168.

[108] Sarita Kumari Yadav, Shivani Mishra and Brahmeshwar Mishra,Eudragit-Based Nanosuspension of poorly
water-soluble drug formulation and in-vitro-in vivo evaluation,AAPS PharmSciTech,Vol 13(4),2012,Pg 1031-
1044.

[109] K. Masilamani and V.Ravichandran, Effect of formulation and process variables on drug content and
entrapment efficiency of aceclofenac nanosuspension, International Research Journal of pharmacy, 2012,
3(3), pg 315-318.

[110] Sutradhar, Kumar Bishwajit, Khatun, Sabera; Luna, Irin Praven,Increasing possibilities of
Nanosuspension,Journal of Nanotechnology, 2013.

[111] Arunkumar N, Deecarman M and Rani C. Nano Suspension technology and its application in drug delivery,
Asian journal of Pharmaceutics,2013, Volume 3; issue 3, 168-173.

[112] Ahlawat Priyanka, Diwan Anupama, Singh Robin, Nanosuspension: Recent trends and technologies,
International Research Journal of Pharmacy, 2013, 4(7), pg 5-11.

[113] Rupali L. Shid, Shashikant.N.Dhole, Nilesh Kulkarni, Santosh L.Shid, Nanosuspension: A review, Int J.
Pharm. Sci, 2013, Volume 22, Issue 1,Pg 98-106.

[114] Shanti Bhushan Mishra, Himanshu Pandey and Avinash C Pandey, Nanosuspension of Phyllanthus amarus
extract for improving oral bioavailability and prevention of Paracetamol induced hepatotoxicity in Sprague-
Dawley rats,Adv. Nat. Sci: Nanotechnol, 2013, VVol.4 Pg 1-6.

[115] P.Amudha AND M.komala,Formulation of Nanosuspension drug delivery system containing coriander
sativum extracts,International Journal of Biopharmaceutics,2014, Volume 5,1ssue3,Pg 241-254.

[116] Steffi PF and Srinivasan M, Preparation, Characterization and stabilization of Curcumin Nanosuspension,
International Journal of PharmTech Research, 2014, VVolume 6,No:2,Pg 842-849.

[117] A.Abirami, Dr. S. Mohamed Halith, K.K. Pillai, Chithirra anbalagan, Herbal Nanoparticle for anticancer
potential. A review, World Journal of pharmacy and pharmaceutical sciences, 2014, Volume 3, Issue 8, pg
2123-2132.

[118] Roya Yadollahi, Krasimir Vasilev, and Spomenka, Simovic, Nanosuspension technologies for delivery of
poorly soluble drugs, Journal of Nanomaterials, 2014 pages 13.

[119] Samar A. Afifi, Maha A. Hassan, Ali S. Abdelhameed and Kadria A. Elkhodairy, Nanosuspension: An

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue 4
pg. 260



Dr. P Premkumar, Nikhila. M. Nair, Jency Abraham, Dr. Shajan Abraham

Emerging Trend for Bioavailability Enhancement of Etodolac, International Journal of Polymer science
Volume 2015(2015), Article ID 938594, 16 Pages.

[120] Zhiping Wang, Junbiao Wu, Qun Zhou, Yifei Wang, and Tongsheng Chen, Berberine Nanosuspension on
Enhances Hypoglycemic efficacy on Streptozotocin Induced Diabetic C57BL/6 Mice, Volume 2015 (2015),
Avrticle 1D 238749, 5 Pages.

[121] Kiran Thadkala, Chintha Sailu and Jithan Aukunuru, Formulation, optimization and evaluation of oral
nanosuspension tablets of nevibolo hydrochloride for enhancement of dissolution rate, 2015, 7 (3) : 71-84.

[122] Nazish Jahan, saba Aslam, Khalil ur Rahman, Tuba Fazal, Fareeha Anwar and Rubab Saher,  Formulation
and characterization of nanosuspension of herbal extracts for enhanced antiradical potential, 2015.

[123] Shanti Bhushan Mishra, Himanshu Pandey and Avinash C Pandey, Nanosuspension of Phyllanthus amarus
extract for improving oral bioavailability and prevention of Paracetamol induced hepatotoxicity in Sprague-
Dawley rats, Adv. Nat. Sci: Nanotechnology.2013, Vol.4 Pg 1-6.

[124] D. Kozak, et al, (2011). Advances in resistive pulse sensors: Devices bridging the void between molecular
and microscopic detection’” Nano Today E. Van der Pol, et al. <’Optical and non-optical methods for detection
and characterization of microparticles and exosomes’” Journal of Thrombosis and Haemostatis (2010), 8: 2596-
2607.

[125] Guozhong Cao, Nanostructures and Nanomaterials, synthesis, Properties and Applications, Publication 2004,
Reprinted 2005, 2006, Imperial college press.

[126] Ashutosh Kar, Text book of Pharmaceutical Drug Analysis, ISSBN (13), pg 293-321.

[127] Hecq, M. Deleers, D. Fanara, H.Vrandex, K. Amighi,Preparation and characterization of nanocrystals for
solubility and dissolution rate enhancement of nifedipine. Int J Pharm, 2005, 299; 167-177.

[128] He S, Yang H, Zhang R, Li Y, Duan L. Preparation and in vitro-in vivo evaluation of teniposide
nanosuspensions, International Journal of Pharmaceutics, 2014; 478(1): 131-137.

[129] Mohammed F A, Srinivas R A, Mohammed 1.Phytochemical studies and Antioxidant activity of Melia
Azedarach Linn Leaves by DPPH Scavenging assay. International Journal of Pharmaceutical applications,
2013; 3(1) : 271.

[130] Sharma D.K and Iris H. Hall, “ Hypolipidemic, anti-inflammatory, antineoplastic activity and cyto-toxicity
of flavonoligans isolated from Hydnocarpus wightiana seeds”. Journal of Natural products., 1991, 54(5), 1298-
1302.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue 4
pg. 261



