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ABSTRACT

Background: Nutraceuticals are the functional food that promote the health and manage the
disease. The Indian pharmaceutical industry is rapidly growing with the growth rate of 19.5 % per
year in the field of nutraceuticals. The global market of nutraceuticals was 142.1 billion USD in
2011 and is expected to reach up to 204.8 billion USD in 2017. The increasing demand of
nutraceuticals leads to the scope of research and drug development. Moreover, Ayurveda has great
potential to provide established and time-tested drugs to develop effective nutraceuticals. Spinach
is described by the Charaka and Shushruta in shaka varga and also a rich source of carbohydrate,
proteins, amino acids, fats, minerals, metals including the natural steroids. So, present study was
designed to develop phytosome by using spinach. Objective: Development, characterization and
evaluation of antioxidant and anti-diabetic activities of phytosome prepared from spinach. Result
and Discussion: The phytosome were prepared by using solvent evaporation method and
characterized by entrapment efficiency (84%), particle size (188.3 nm), polydisperse index
(0.357), and zeta potential (-41.4 mV). Further, phytosome was evaluated and found effective in
in-vitro models of anti-diabetic and antioxidant activity. Conclusion: The study revealed that
phytosome of spinach prepared and also has effective anti-diabetic and antioxidant activity.

Keywords: - Nutraceutical, Ayurved, Disease, Phytosome
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CHAPTER |
INTRODUCTION

‘Ayurveda’ is a science of life and longevity.! Aims of Ayurveda include the maintenance of the
health of the healthy individual and treatment of diseases.? Ayurveda has three modes of treatment
i.e. Hetu (cause), Ling (symptom) and Aaushad (medicine).® Aaushad is incorporated in all
branches of Ayurveda as a mode of treatment including Rasayana.*® Rasayana is the branch of
Ayurveda which deals with the nourishment of the body and tissues to enhance memory,
intelligence, luster, complexion, voice and reduce the effect of aging.® Acharya Charak,” Acharya
Sushruta,® and Acharya Dalhan have described the different types of Rasayana. Ajasrika is a type
of Rasayana described by the Acharya Dalhan deals with a daily intake of proper diet (Aahar)
specifically milk and ghee.® Proper diet is the best source of complete nutrition which provides
strength, complexion, and vitality.'° Drugs and their formulations have also been prescribed by the
different scholars of Ayurveda if Aahar is not able to deliver the required amount nutrition. These
drugs and formulations can be correlated with the nutraceuticals. Because they are also used to
provide the complete nutrition to the body.

Nutraceuticals and dietary supplement are the functional food that promote the health and manage
the disease.!! These are utilized from decades for the development of the body. Nutraceuticals
have an advantage due to their natural sources and polyherbal combinations.> The Indian
pharmaceutical industry is rapidly growing, in the field of nutraceuticals with the growth rate of
19.5% per year.!® The global market of nutraceuticals was 142.1 billion USD in 2011 and is
expected to reach up to 204.8 billion USD in 2017. The Transparency Market Research, Albany,
New York has reported growth in the market of nutraceuticals at a CGrowth capital of 6.3%.* The
increasing demand leads to the new scope of research and drug development in the field of
nutraceuticals. Besides, Ayurveda has great potential to provide established and time-tested drugs
to develop potent nutraceuticals. Some examples of such drugs are Liquorice, Ginseng, Onion,

Ginger, Spinach, Aloe and Turmeric etc.'®

The research on nutraceuticals not only limited up to the exploration of a better drug molecule; it
is also focused on the better dosage forms or drug deliveries to overcome the limitations of
conventional dosage forms including powder, granules, syrup, and tablets etc. Conventional

dosage forms are having problems related to the solubility, dose, bioavailability, safety, efficacy,
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and stability.*® Nano-delivery systems have several benefits over the conventional dosage forms
including the broader applications for nutraceuticals, small dose of active molecule, protection of
active molecule against the oxidation and other effects, better efficiency for antioxidants and
preservatives, better bioavailability of drugs, stable composition of drug molecule, and better

stability of drug and its carrier.
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TERMINOLOGY

Extraction

Novel Drug Delivery system

Phytosome

Characterization
Anti-diabetic

Antioxidant

CHAPTER I

Extraction is a technique for separate a desire substance using
the polar solvents.

The new technique for the delivery of drug into the body for
having its maximum efficacy

Phytosome contains two words i.e. Phyto (plant derivative) and
Some (vesicles). The drug is entrapped into the lipid bilayer

The art of describing the character.
Which inhibit the excessive glucose

The substance that inhibits the oxidation
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CHAPTER Il
REVIEW AND LITERATURE

3.1. Literature review of Spinacia oleracea.

3.1.1 Taxonomical Classification’

Kingdom : Plantae

Subkingdom : Tracheobionta

Subdivision Spermatophyta

Division : Magnoliophyta

Class : Magnoliopsida

Subclass : Caryophyllidae

Order : Caryophyllales

Family : Chenopodiaceae/Amranthaceae
Genus : Spinacia

Species : oleracea L.

3.1.2 Vernacular Names!8

English ; Spinach
Hindi : Pinni/Palak
French : Epinard
German : Spinat
Italian ; Spinacio

3.1.3 Geographical Source
The nutritional and mediational benefits of the leafy vegetables like spinach provides to
better support of the human wellbeing. It is mainly found in the central and western Asia
and limited to a specific geographical location in India and all over the world.*°

3.1.4 Cultivation/Harvest and Storage of Spinach
Spinach can be cultivated in early spring or winter season. Although, it can also be grown
throughout the year under the mild temperature about 21°C. It can be propagated by the
seedling under the wide range of soil having fertility and well-drained soil. Seedling seeds

are 0.5 inches deep and covered with light soil. Harvest of the spinach not done until it's
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leaves reach desired size it will be ready to harvest in about 4-5 weeks. It can be harvested
at once and cut at the base of the plants.?°

3.1.5 Botanical Description
Spinach (Spinacia oleracea) is a perennial leafy vegetable grown throughout the world. It
belongs to Amaranthaceae family.
Leaves:- The colour of leaves is yellowish green to dark green. Leaves are simple, ovate to
triangular moreover flat or curved. The arrangement of the leaves is alternate. The size of
leaves varies in length between 2-30 cm and in width between 1-15cm.
Flower:- Flower is small yellow to green in colour, the diameter is generally between 3-4
cm, growing plants contains small, hard, dry, and lumpy fruit clusters. These clusters
contain several seeds of 5-10 mm size.?!??
Stem:- It is erect from 30 to 60cm long, round, smooth, hollow stem have more than

normally thickened and fleshy, usually to retain water (succulent ), some reddish.??

Fig 3.1. a) Leaf, b) Stem, ¢) Root
3.1.6 Macroscopical Characters of the Leaves:

Spinach is green leafy herbaceous vegetables. It’s cultivated in the cold season in different

regions of the world. Spinach leaf is green, simple, ovate to triangulate flat or slightly
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wrinkled or curled in shape. Leaves are alternate and different variables size from 2-30cm

long and 1-15cm broad.

37Y3S 129 ‘FVHVIVYN

ey

|

Fig 3.2 Leaf
3.1.7 Classical description of Spinach
Table No. 3.1: Ayurvedic literature of the Spinach.

Description of

S.No Classical Texts .
spinach

Properties Ref.
Rasa -Madhur

Guna -Guru,Ruksha

The Palak is leafy
1 Charak Samhita | vegetable describes Veerya-Seeta 24
under the Shak varga. | Vipaka-Madhur

Prabhav-Malbhedhaka
Rasa-Madhur
Guna-Ruksha

Palak has similar
2 Sushruta Samhita | properties like chaulai | Veerya-Seeta 25

leafy vegetable. Vipak-Madhur

Prabhav-Vatajanaj,
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Balabardhak, madanashak, etc.

Astangsanghardya

Palak is mentioned in
a shak varga

Rasa- Madhur
Guan-Guru, Pistchil
Veerya-Seeta
Vipak-Madhur
Prabhav-Sukravardhak

26

Shankar Niganthu

Palak is described in
shak varga

Rasa-Madhur
Guna-Guru, Pistchil
Veerya-Seeta
Vipak-Madhur
Prabhav-Kaphakarak,

Pittasamaka, Visaharak.

27

Bhavprakash
Niganthu

aanavikar etc.

Palak is described in the shak varga. It is found in all over
the world. It has specific character and properties.
It is used in different diseases like ashmari, soath,

28

3.1.8 Reported Pharmacological Activity

Table No. 3.1.8 Research based on the pharmacological activities of Spinach

Sr.
No
1

2

Extract of
Spinach
Methanoilc
Extract
Agueous Extract

Spinach
Phytoconstituents
Water and
Ethanolic Extract

Critical fluid
Extract

Glycolipids

Pharmacological In vivo In Vitro Dose
Activity Models Models
Protection against  Adult male 1100mg/
Gamma Radiation  Swiss mice - kg/day
Antioxidant TBA and
Activity - FOX Assays -
Antioxidant - ABST -
Activity Assays
Antioxidant - TPC, 50mg/ml
Activity ORAC, and

CAA

Assays
Antioxidant - RAS and
Activity DPPH

scavenging

Assays
Inhibition of - NUGC-3
Mammalian DNA human
Polymerases gastric

Ref.
No

30

31

32

33

34



I  Pharmaceutical Development and Evaluation of Oral Dosage Form Prepared from Spinach.

10

11

12

3.2. Review of Phytosome

3.2.1 History of Phytosome

Alcoholic Extract Hepatoprotective

Homogenated
Extract

Glycolipid
fraction

Ethanolic extract

Aqueous Extract

Fresh juice
extract and
Methanolic
Extract

Lipid compatible molecular complex over the water soluble components is called as
Phytosome.** Phytosome contains two words i.e. Phyto (plant derivative) and some (cell-
like). Phytosome is prepared by the special process by treating plant extract or

phytoconstituents with phospholipids to produce lipid complex which enhances the

Clastogenic activity

Antitumor Activity

Antitumor Activity

CNS Depressant

Anthelmintic

CClg4 treated
Rat models

7-12 week
old male
NMRI mice
Female
BALBI/c
mice
mouse
colon-26
cell lines

The
locomotors
activity in

the rat
model
Earthworms
model
Assays

absorption and bioavailability of phytoconstituents.*

Phytosome was developed in 1989 by the Italian scientist Indena S.p.A and markedly
observing the strong bonding affinity of polyphenols with the phospholipids in their intact

plant tissue. The team of the scientist was working on the formulations of polyphenol to

human
cancer cell
line Assays
100-
- 200mg
/kg /day
for 7
days
150mg
kg
100
pg/mL
MTT Assays
models cell
line
150 -200
mag/kg
20mg/mi

36

37

38

39

40
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enhance the bioavailability for its oral administration. Conversion of polyphenols into the

phytosome led to significant increase in their bioavailability. The polyphenol was

chemically reacted with a phospholipid to prepare phytosome. The prepared phytosome

was compared with polyphenol for their bioavailability and efficacy. 43

3.2.2 Advantage of the Phytosomes

1.

Phytosome enhances bioavailability due to their complex with phospholipid and also
improves the absorptions.

The absorption of non-lipophilic phytoconstituents in the intestinal lumen can be
increased by the formulated Phytosome.

The better absorption of active constituents decreases their therapeutic dose
Phytosome is widely used in cosmetic preparation due to the better penetration of the
skin.

Phytosomes has better stability.

Phosphatidycholine is not only the carrier; it is also has better hepatoprotective activity

and nutritional value.*’

3.2.3 Commercial Nutraceutical Phytosome Products

Table No.3.2.3: Marketed phytosome nutraceuticals

Sr.No. | Natural Sources Phytoconstituents Phytosomal Dose Ref.No
complex Products (mg)
. . . Ginseng
1 Panax ginseng Ginsenoside Phytosome 150 44
. Epigallocatechin,
2 ;Zizr;]\g;]rgellla catechin, epicatechin- Shrjt%ns;rrii 400 17
3-O-gallate
Biovin and
. leucoselect
3 Vitis vinifera Resve_rqtroI,Catechm, phytosome, 50-100 17,45
Quercitin A
Masquiller’s
Phytosome
Crateegus Hawthron
4 oxyacanthoides Hyperin, quercitin Phytosom 100 17
Echinacosides and
5 Echniacea high molecular weight Echniacea 400 46
angustifolia polysaccharide Phytosome
(Inulin)
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6 Glycine max Snednifjtaeii(;]zein gﬁﬁﬁlﬁ%e i

3.2.4: Marketed Formulation of Phytosome*’48

Table No. 3.2.4. Marketed Phytosome

Sr.No. Marketed Phytosome Source Dose (mg)

1 Silybin phytosome Silybum maricanum 120
2 Ginkgo Phytosome Ginko biloba 120
3 Ginseng phytosome Panax ginseng 150
4 Green Tea Phytosome Thea sinesis 50-100
5 Grape Phytosome Vitis vinifera 50-100
6 Hawthorn Phytosome Crataegus species 100
7 Echinacea Phytosome Echinacea angustifolia 400
8 Curcumin Phytosome Curcuma longa 200-300
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CHAPTER IV
RATIONALE AND SCOPE OF THE STUDY

The increasing demand of nutraceutical leads the new scope of research and development in the
field of functional foods and nutraceuticals. Ayurveda has a great potential to provide the
established and effective drugs or their combinations as nutraceuticals. These drugs and
combinations are the rich sources of all the nutrients required to develop a nutraceuticals. Spinach
is one of such drug which contains amino acids, vitamins, calories, carbohydrates, fats & fatty
acids, micro & macronutrients, and sterols etc.*® Phytosome is lipid compatible molecular complex
over the water soluble components is called as Phytosome. Phytosome contains two words i.e.
Phyto (plant derivative) and some (cell-like). It enhances bioavailability due to their complex with
phospholipid and also improves the absorptions. Hence, it was selected as a carier of the drug for

the development of nutraceutical.
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CHAPTER V

Aim
e Pharmaceutical development and evaluation of oral dosage form prepared from
spinach.
Objectives of the Study

e Development of the phytosome from the spinach.
e Characterization of the prepared phytosome.

e In-vitro evaluation of the phytosome.
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CHAPTER VI

MATERIAL AND RESEARCH METHODOLOGY

6.1 Instruments

Rota evaporator

UV. Spectrophotometer
IR. Spectrophotometer
HPTLC

Particle Size Analyzer
Zeta Potential

TEM

6.2 Research Methodology

Procurement of the spinach

Authentication of the spinach

Physicochemical evaluation of the spinach
Development of the phytosome prepared by spinach
Characterization of the phytosome

In-vitro anti-oxidant activity of phytsosme

In-vitro anti-diabetic activity of phytosome.
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CHAPTER VII
EXPERIMENTAL WORK

7.1 Procurement and Authantication

7.1.1 Procurement of herbal drug:
The drug was procured from the local market of Phagwara.

7.1.2 Authantication of the Drug:
The drug was authenticated from the Gurunanak Dev University, Amritsar as per the
ref.no.1334.

7.2 Drug Analysis

7.2.1 Physicochemical Analysis of Spinach

7.2.1.1 Foreign matter
100 g of sample was taken and spreaded in a stainless-steel tray. The foreign matter was
detected with the unaided eye. Remaining quantity of sample was weighed and percentage

of foreign matter calculated.>®

7.2.1.2 Loss on Drying
5-10 gm. of sample was taken (without preliminary drying) in the accurately weighed dry
petri dish and kept into the dry oven at 105°C for 5 hrs. Then, petri dish was removed from
the oven and placed into desiccator under vacuum till shelf cooling and weighed the

reduced moisture content from the sample. 5

7.2.1.3 Total ash
Incinerated of the 2.5 gm. of the sample into the crucible, at temperature of 450°C for 5
hours. After shelf cooling, kept in the desiccator under vacuum. The weight of obtained

ash was measured and percentage of obtained ash was calculated. >

Weight of Ash
Total Ash = _ %x100
Weight of Sample

7.2.1.4 Acid Insoluble Ash
Ash obtained from the above method was mixed with 25 ml dilute hydrochloric acid and
boiled for 5 minutes. Then, mixture was filtered through ash less filter paper. The filtrate
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was subjected for the washing with hot water to make it chloride free and again ignited to
constant weight. Percentage of acid insoluble ash was calculated after weighing obtained

ash.>

o Weight of residue x volume made
Acid insoluble Ash = : x100
Weight of sample x volume taken

7.2.1.5 Alcohol soluble extractive
5 gm of the sample (coarse powder) was taken in a closed conical flask with 100ml of
alcohol. Conical flask was shaken frequently for 6 hours and kept undisturbed for 18 hours.
Then, it was filtered by using filter paper. 25 ml of filtrate was taken in the china dish and

allowed the content to evaporate. Percentage was calculated after weighing the residue.>

Weight of residue x volume made

Alcohol-soluble extractive = Weight of sample x volume taken x100

7.2.1.6 Water soluble extractive
5gms of the sample (coarse powder) was taken in a closed conical flask with 100ml of
water. Conical flask was shaken frequently for 6 hours and kept undisturbed 18 hours.
Then, it was filtered by using filter paper.25 ml of filtrate was taken in the china dish and
allowed the contents to evaporate. Percentage was calculated after weighing the residue. >
Weight of residue x volume made

Water-soluble extractive = Weight of sample x volume taken x100

7.2.2. Qualitative Analysis of spinach®?

7.2.2.1 Tests for alkaloids
Mayer’s test: 1 ml of aqueous extract was acidified with 2-3 drops of 1M HCI and treated
with 4-5 drops of Mayer’s regent (Potassium Mercuric lodide). No colour or precipitate or
turbidity was observed.
Dragendroff’s test: Extract was dissolved in dilute HCI and filtered. It was treated with
Dragendroff’s reagent (solution of Potassium Bismuth lodide). No colour or precipitates

or turbidity was observed.



I  Pharmaceutical Development and Evaluation of Oral Dosage Form Prepared from Spinach.

Wagner’s reagent: Extract was dissolved in dilute HCI and filtered. Filtrate was treated
with Wagner's reagents (lodine potassium iodide solution). No colour or precipitates or
turbidity was observed.
Hager’s reagent: Extract was dissolved in dilute HCI and filtered. Filtrate was treated with
Hager's reagents (saturated solution of picric acid). No colour or precipitates or turbidity
was observed.

7.2.2.2 Tests for saponin glycoside
Foam test: 0.5 g of extract was shaken with 2 ml of water. Foam was produced and
persisted for ten minutes.

7.2.2.3 Test of reducing sugar
Benidict’s test: Extract and Benedict’s reagent was mixed in equal quantity and kept in
boiling water for 5 minutes. Then, green colour was observed.
Fehling’s test: 1 ml each a Fehling’s A and B solutions were added in 2 ml of extract and
kept in boiling water for 10 minutes. Brick red precipitates was observed.

7.2.2.4 Test for monosaccharides

Barfoed’s test: Mixed equal volume of barfoed*s reagent and extract. Then, it was kept in
boiling water for 1-2 min. After cooling, red precipitates were observed.

7.2.2.5 Test for Proteins (Xanthoproteic Test):
The extract was treated with few drops of conc. nitric acid. Formation of yellow colour
indicated the presence of proteins.

7.2.2.6 Test for amino acid:
Ninhydrin test: 3 ml of extract was heated with 3 drops of 5% Ninhydrin solution for 10
min. Formation of purple color indicated the presence of amino acid.

7.2.2.7 Test for Steroids
Salkowski reaction: 2 ml extract, 2 ml chloroform and 2 ml con. Sulphuric acid were
mixed and shaken well. Red colour appeared in chloroform layer and fluorescent greenish

yellow was observed in the acid layer.
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7.2.3 Nutritional value Analysis
The sample were analyzed for the presence of fat, ash, proteins, crude fiber, vitamins and
carbohydrate.>?

7.2.3.1 Determination of Crude Protein
100 mg homogenized plant material with 3ml of 10% trichloroacetic acid was centrifuged
at 10000 rpm for 1hr and supernatant was discarded. Sediment was treated with 3 ml of 1
N NaOH and subjected for heating for 7 min in water bath. After shelf-cooling, solution
was centrifuged again for 5-10 min at 5000 rpm. Then, 5 ml reagent containing100 parts
of 2% solution of Na,COs and 1 part of 2% of sodium potassium tartrate was added and
allowed to stand for 10-15 min. Again, Folin and Ciocalteu's phenol reagent was added
and allowed to stand for 30min for development of colour. Absorbance was measured at
700 nm after the development of the colour. >

7.2.3.2 Determination of Fat/Oil

Accurately weighed air dried plant material was taken and extracted with petroleum ether
at temperature 40-60°C by using the soxhlet apparatus. Extract was dried in a desiccator
and solvent was removed under vacuum at 40°C. Then, percentage was calculated after
weighing the residue.®

7.2.3.3 Determination of Carbohydrate
Percentage of carbohydrate was calculated by determining the percentage of moisture,
crude fiber, ash, crude fat and crude protein.®®
% Carbohydrate =100 - (% moisture + % Crude fiber + % Ash + % Crude Fat + % Crude

Protein)

7.2.3.4 Determination of Vitamin A
0.5 gm. leaf extract was homogenized and saponified with alcoholic KOH on a water bath
for 30 min. Then, extract was shifted to a separating funnel and mixed well with 10-15 ml
of petroleum ether. Lower aqueous layer was removed and upper layer of petroleum ether
containing carotenoid was collected. The process was repeated for complete removal of
aqueous layer. The final volume of the petroleum ether extract was measured and its

absorbance was recorded by using UV spectroscopy at 450 nm.5’
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7.2.3.5 Determination of Vitamin C
1gm of grounded sample of spinach was taken in conical flask. Then, 10 ml of 0.05 M
oxalic acid and 0.02 M EDTA solution were added in to the conical flask and allowed to
stand for 24 hrs. Then, solution was filtered by using Whatman’s filter paper No.1. 2.5 ml
of filtrate was transferred to 25 ml brown volumetric flask. Then, 2.5 ml of oxalic acid, 2.5
ml of EDTA solution, 0.5ml of metaphosphoric acid with acetic acid, 1 ml of 5% H2SO4
solution and 2 ml of ammonium molybdate solution were added subsequently in the
volumetric flask. Then, 25ml with distilled water was used to make up the volume. Lastly,

absorbance was recorded at 760 nm by UV spectrometer.>®
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7.3 Preparation of spinach extract

The fresh leafy spinach is procured from the local market and washed with the tap water.
Then, it was subjected for the drying to remove the water and following steps were
followed to prepare the extract of spinach.>®

Fresh Spinach

Grinded with mortar pestle

Fine Paste

!

Extract of Spinach

Reflux extraction with Ethanol for 72hr

Rota Evaporator

I-

Dry the Extract

20ml n-hexane

Methanol: Water

1 Remove the n-hexane by separation

l Rota Evaporator

Evaporate the Water: MeOH

1

Extract

Fig: 7.1.6 Flow chart of the extraction of spinach
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7.4 Characterization of the extract

7.4.1Thin Layer Chromatography (T.L.C.) Analysis
TLC (Thin Layer Chromatography) is an important or easy technique for the qualitative
and quantitative analysis of the compound or herbal drugs. It consists two phases one is
stationary phase and another is mobile phase. In the analysis of spinach, TLC was
developed using suitable solvent system.%°

7.4.1.1 Preparation of sample
10mg of spinach extract was taken and added 10 ml of the methanol. Shaken well until the
extract was dissolved in the methanol and filtered it with the filter paper. Concentrate the
filtrate on water bath and stored in the closed container until used for spotting.

7.4.1.2Chromatographic conditions:

Solvent System : Chloroform: Isopropyl Alcohol: Acetic Acid (12:8:1)
Extract : Methanol extract

Chamber Saturation : 30 minutes

Visualization : Short U.V. (254 nm) and long U.V. (365nm)

7.4.2 High Performance Thin Layer Chromatography (HPTLC) Analysis
HPTLC is the advanced form of TLC used for the qualitative and quantitative analysis by
enhancing the separation and resolution of the compounds. Fine particle size of stationary
phase ensures the better efficiency of the separation and resolution in HPTLC.®* The
prepared sample of the extract and chromatographic conditions were same as mentioned

above.

7.4.2.1Chromatographic conditions:

Application mode : CAMAG TLC Scanner "Scanner_180710" S/N 180710
Plate Size 16 x10

Plates : Precoated silica gel GF2s4 plates

Chamber saturation 30 min

Development time : 30 min

Scanner : CAMAG TLC Scanner

Scanning mode - Linear at 254 nm

Detection : D2 &W
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Data system : win CATS Planar Chromatography Manager
Drying device : Oven
U.V. Spectrum : 200 nm to 700 nm

7.4.3 UV. Spectrophotometer Analysis.
UV spectrophotometer was used to check the absorption of the extract to find out the actual
concentration of the drug in a solvent by using calibration curve method.

7.4.3.1 Preparation of stock solution
The 1gm extract of spinach is dissolved in 100 ml of double distilled water to prepare the
10 mg/ml of stock solution.

7.4.3.2 Dilution of the Sample

Different concentrations including 1, 10, 20, 30, 40 mg/ml of stock solution were prepared
by serial dilution and absorbance of different concentration were recorded at 230 nm.
Calibration curve was prepared by using absorbance of different concentrations.

7.4.4 IR Spectrophotometer Analysis
Infrared spectroscopy analyzes the interaction between infrared light and molecule. It can
be analyzed by measuring the absorption, emission and reflection. This technique generally

to determine the functional groups of organic and inorganic molecules.
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7.5 Preparation of Phytosome
7.5.1 Schematic diagram of Phytosome prepared by Spinach®263

Organic
Phase

Evaporate !rganic Phase

on Rota evaporator

3

Hydrate with
water pH 7

Sonicate for
10min

Phytosome

Fig 7.2.1 Schematic diagram of preparation of Phytosome
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7.6 Characterization of Phytosome

7.6.1 Entrapment Efficiency
The proportion of encapsulated drugs was determined by centrifuging a 10 ml of
phytosome at 15000 rpm for 60 minutes at room temperature. The supernatant was taken
carefully using micropipette. Pure supernatant was then dissolved in the methanol to
disrupt the vesicles and appropriate dilution was made in order to measure the silymarin
content using UV spectrophotometry at 288 nm. Percentage of entrapment efficiency and
loading capacity were determined by the following equation.®*

Amount of encapsulated drug

% Entrapment Efficiency = A ol d %100
mount of total drug

) ) Amount of encapsulated drug
% Loading Capacity= Toml Linid %100
ipi

7.6.2 Particle Size Analysis
The average diameter of the phytosome of the spinach lipid complex was measured using
particle size analyzer (Beckman Coulter) in different frequencies at 25°C.

7.6.3 Zeta potential
Zeta potential is an electro-kinetic parameter indirectly determined by the surface charge
of the particles when suspended in the polar media having the charge negative or positive.

It is measured by Beckman coulter.®>6667

STABLE

NOT STABLE

STABLE

Fig 7.2.2.3 Zeta scale of the stability
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7.6.4 Polydispersity Index

The polydispersity index is a measurement of the width of the molecular weight
distribution (MWD). The MWD data analysis is the interpretation and comparison of
various molecular distributions of polymers obtained experimentally.®® Standard
polydispersity index 0.1-0.5
7.6.5 Transmission Electron Microscopy (TEM)

The TEM imaging of the sample is done to observe the scanned images of the prepared
phytosome under very high resolution 200000x to determine the particle size of the
phytosome and entrapped drugs in the lipid.®°

7.7 In-vitro studies of the formulation

7.7.1 Antioxidant Activity
7.7.1.1 OH" Scavenging Assay

OH radicals were originated from FeSO. and H,O, and detected by their ability to
hydroxylate salicylate. 3 ml of reaction mixtures were prepared by using 1 ml of FeSO4
(1.5 mM), 0.7 ml H20, (6mM), 0.3 ml sodium salicylate (20mM) and 1 ml of different
dilutions of the extract. Then, these mixtures were subjected for the incubation of 1 hour
at 37°C. After incubation, absorbance of hydroxylated salicylate complex was recorded at
562 nm for different samples. Percentage of inhibition was calculated by using following
formula.”
[1-(A1-A2)]

Scavengingrate= — %100
Ao

Where,

A1 Absorbance of extract with salicylate

Az Absorbance of sample without salicylate

Ao: Absorbance of the control

7.7.1.2 2, 2-diphenyl-1-picrylhydrazyl (DPPH) Assays

700pl of extract was added in to the same volume of 100uM DPPH methanolic solution.
Then, it was shaken vigorously and kept in the dark place for 20 min at room temperature.
Lastly, absorbance was recorded at 515nm. Percentage of inhibition was calculated by

using following formula. ™
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ADS control- AbS Sample

% Inhibition Percentage (I)= Ab %100
S control

7.7.2 Anti-diabetic Activity

7.7.2.1 a-amylase inhibition assay
Starch iodine method was used for the determination of a-Amylase activity. 10 pl of a-
amylase solution (0.025 mg/ml) was mixed with 390 pl of phosphate buffer containing
different concentrations of extract. After incubation at 37 °C for 10 min, 100 pul of the 1%
starch solution was added and re-incubated for 1 hour. After re-incubation 0.1 ml of 1%
iodine solution was added and further it was diluted with 5 ml distilled water. The
absorbance was taken at 565 nm. 72
(Abs. of sample-Abs. of control)

Inhibition (%) = x 100
(Abs. of blank-Abs. of control)

Where, Absorbance of the sample (extract, a-amylase, starch), Absorbance of blank (no a-
amylase), and Absorbance of control (no starch)
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CHAPTER VIII

RESULT AND DISCUSSION
Table No. 8.1 Organoleptic character of the spinach

Sr. No Parameters Observation

1 Colour Yellowish Green to dark Green
2 Odour Characteristic

3 Taste Sweet

4 Texture Smooth

Table No. 8.2. Physicochemical Analysis of Spinach

Sr.No. Physical Parameters Results (%0) Mean
Batch1l Batch2  Batch3
1 Foreign Matter (%) NIL _ _ NIL
2 Loss of Drying (%) 9.5 9.34 8.67 9.17
3 Ash Value (%) 30 28.23 30.02 29.41
4 Acid insoluble Ash (%) 6.5 5.72 5.94 6.05
5 Water Soluble Extractive Value (%) 59.2 53.45 52.51 55.05
6 Alcohol Soluble Extractive Value (%) 48 45 42.3 45.1

Standards of the physicochemical analysis of spinach were not found. However, results of the
physicochemical parameters performed during the study as LOD (9.17 %), ash Value (29.41

%), acid insoluble ash (6.05%), water-soluble extractive value (55.05), Alcohol soluble

extractive Value (45.1%) was found.
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Table No. 8.3 Qualitative Analysis of spinach

Sr.no

1

Test

Alkaloid

Saponin glycoside

Reducing sugar
Monosaccharaides

Amino acid
Steroids

Protein

+ve =Present,-ve =Absent

Chemical Tests

Mayer's reagent
Wagner's reagent

Dragendorff’s reagent

Hager's reagents
Foam test

Benidict’s reagents
Fehling’s test
Barfoed's Test

Ninhydrin Test
Salkowski reaction

Biuret test

Result

Ve
-Ve
-Ve
-Ve

+Ve

+Ve
+Ve
-Ve

+Ve

+Ve

Observation

NA
NA
NA
NA

Fome Appear

Green colour
Brick red colour
NA

NA

Greenish yellow
Florescence
Voilet colour

good nutraceuticals.

Qualitative analysis of the spinach indicates the presence of saponin glycoside, reducing sugar,
monosaccharaides, steroid and proteins. These constituents are the main components of the

Table No. 8.4 Nutritional value Analysis

Sr.no

1

2

Nutritional value
Moister content (%)
Total crude fiber (%)
Protein (%)

Oil and fat (%)
Carbohydrate (%)
Vitamins A (ug)

Vitamin C (ug)

4.49

0.057

0.7

62.74

27

20

Results

1.94

4.21

0.054

0.74

61.52

26.56

19.36

2.03

4.57

0.047

0.71

61.72

27.02

19.81

Mean

1.99

4.42

0.052

0.71

61.99

26.86

19.72
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Nutritional Value analysis of spinach having Moister content: 1.99, Total crude fiber: 4.42,
Protein: 0.052, Oil and fat: 0.71, Carbohydrate: 61.99, vitamins: 26.86, vitamins: 19.72.

Table No. 8.5 Extraction of the Spinach

Sr.no  Wt. of leaves Solvent  Temperature Duration Wt. of extract
(gm) used (°C) (Hrs) obtained(gm)

1 100 Ethanol 50 72 0.12

2 100 Ethanol 50 72 0.11

3 100 Ethanol 50 72 0.13

Table no.13 Extraction of spinach in different batches

In this extraction, 100 gm. of fresh spinach was extracted with ethanol at 50°C for 72 hrs. All
the batches gave the approximately same amount of the solid extract i.e. 0.12, 0.11, 0.13 after

evaporation of ethanolic liquid media.

Table No. 8.6 Thin Layer Chromatography (T.L.C.) Analysis

Mobile Phase: Chloroform: Isopropyl Alcohol: Acetic
Acid (12:8:1)
Solvent Travel: 6.7

Sr No. Found Sopts | Rf value Standard Rf
1 0.6 0.089

2 0.9 0.134

3 1.7 0.25

4 2.6 0.38 0.38(Ref.”)
5 3.7 0.55

6 4.6 0.68

7 5.7 0.85

Total 7 Rf were found in TLC study which revealed the
presence of different compound in the extract. Rf 0.38
verify the having 20-hydroxyecdysone.”

Fig: 8.6 TLC in Visible light
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8.7. High Performance Thin Layer Chromatography (HPTLC) Analysis

r
|

_ENHEABEZ8EE

hy [ Py
4 \‘\.ﬁ [ /7 [mm]
_ . , <
420 — \ \ ) // |
e | A
2 | //
040 /', i
10— A
G
A 100

| Track 1, ID: Sample

E— ] (=] T [T L1 = ol T
Start Start Max  Max Max End End Area
Peak Rf Height RF Height %  Rf Height  Area %
1 000 553 003 7248 1379 0038 5251 360413 1328
2 010 5014 012 5391 1026 012 5369 11562.0 476
3 013 5376 013 5427 1032 014 5232 6432.8 237
4 014 5284 020 6234 1186 025 4605 485668 17.90
5 025 4606 035 64909 1236 038 6056 h50093 2064
6 038 6061 038 6117 1164 044 3009 240766 8.87
7 044 3017 049 44872 853 052 3958 24191.4 a9
8 052 3965 055 4497 355 060 2841 243164 915
2] 060 2347 062 3053 581 069 825 136021 501
10 069 827 082 3619 683 085 2180 260750 9861

Fig 8.7 HPTLC Analysis of Spinach

Methanolic extract of spinach is analyzed by HPTLC using suitable solvent chloroform:
Isopropyl Alcohol: Acetic Acid (12:8:1). There are 10 different compounds was detected with
Rf (0.10, 0.13, 0.14, 0.25, 0.38, 0.44, 0.52, 0.60 and 0.69) among them peak no 6 with 0.38
was identified as 20-hydroxyecdysone.”
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8.8 UV. Spectrophotometer Analysis.

Fig. 8.8 (A) Analysis of Amax at 200-400nm

Absorption
1 0 0 0.5
2 1 0.012 y = 0.0108x + 0.0027 .®

' 0.4 R?=09988..""
3 10 0.122 03 0
4 20 0.212 0.2 .
o
5 30 0.328 0.1 -
0 e’

6 40 0.438 0 10 20 30 40 50

Fig. 8.8(B) Standard calibration curve

For the analysis of the extract different concentration was prepared (1 -40) mg/ml. Then Amax
of the extract was determine by 1mg/ml by scanning from 200-400nm on Uv
spectrophotometer (UV-1800, Shimzadu, Japan double beam spectrophotometer), shown in
the fig.8.8 (A). To determine the linearity different concentration of the extract were analyzed
at Amax 230nm and absorbance was recorded. The plot was prepared using concentration and
respect to absorbance of the extract (8.8.B) and linear regression equation was obtained
Y=0.0108x+0.0027, R? =0.9988, R? value is closed to 1 which on firm the linearity of the

sample as per Beer's Lambert’s law.
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8.9 IR Spectrophotometer Analysis
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= lI ! 1 vl
|
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1
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100—]
i L
20— Ay~
| iy
P '
i k),
— F
T |
80—
T T [ T T T 'I T T L T T T T | T T T T [ '|
4000 3000 2000 1500 1000 S00
1/cm
Peak Intensity |Corr. Inte Base (H) | Base (L) Area Corr. Are
1 42146 113556 221 43786 41567 |-1.32 0.141 Peaks
2 |458.11 | 115.826 |0.367 46679 |453.29 |-0.875 |0.007
3 51308 [116.907 |0.245 521.76 [511.15 |-0.73 0.008 .
4 67318 115.399 [3.213 BBEE1 |649.07 2616 | 0.32 1220.02 :O-H
5 122002 122.282 |0.878 124027 |1192.05 |-4.283 | 0.071
6 1389.76 (117.156 |0.444 139265 (1378.18 [-1.014  |0.017 1389.76 :C -0
7 142255 117.198 |0.387 | 142448 |1415.8 |-0.613 |0.009
8 1484.02 111.964 [3.702 147559 145245 -1.283 018
9 151128 104.32 |4.064 152478 |1500.67 |-0.631 |0.213 1464.02:C=C
10 154696 104.818 |4.197 15595 |1539.85 |-0577 |0.204
11 16463 104.057 |3.087 | 1654.98 [1632.8 |-0.528 |0.173 A
12 169163 104.306 |1.359 1697 41 |16B5.84 |-0.242  |0.034 1646.30:C=0
13 | 1739.85 105.553 |0.351 174081 |1730.21 |-0.315  |-0.008
14 183533 109.795 | 1.602 184883 |1823.76 -1.087 | 0.09 1691.63:C=0
15 361858 84123 |0.25 3620.19 |3617.61 |0.805 0.021
16 37401 83241 |0.599 3763.24 |3738.17 167 0.075
Fig.8.9 IR Graph Representation
The extract was analyzed by IR spectrophotometer which showed various functional group
ie.1220cm™(O-H phenolic),1389cm™ (C-O bond),1464cm™ (C=C bond),1646cm™ (C = O bond).
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8.10 Preparation of Phytosome

Table No. 8.10 Different batches for the preparation of the phytosome loaded with lipid or

drugs
Sr.No Quantity of Quantity of Quantity of Spinacia
Soya lecithin cholesterol oleracea Extract
1 1part 1part 1part
2 1part 2part 1part
3 2part 1part 1part
4 2part 2part 1part

Result

Presence of vesicles

Presence of vesicles
with turbid

Presence of vesicles

phase separation

Presence of vesicles

Fig.8.10.1 Btach 1

Fig.8.10.2 Batch 2
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Fig.8.10.3 Batch 3 Fig.8.10.4 Batch 4

The phytosome loaded with extract was analyzed by the optical microscope which showed that
all the batch contain vesicles at 45X, Shown in the fig 10.1,10.2, 10.3, 10.4. The Particle size

of the phytosome is analyzed on the Beckman Coulter and which was 188.8nm.

8.11 Characterization of Phytosome
e Entrapment efficiency
e Particle Size
e Polydispersity index
e Zeta Potential
e TEM Analysis

8.11.1 Entrapment efficiency
Entrapment Efficiency : 84%

Entrapment Efficiency is a most important parameter so, characterization of the phytosome
entrapment efficiency (Refer sec.7.3.1) of extract was done by this evaluation we can identified
that how much quantity of the drug entrapped in the phytosome vesicles. The phytosome
entrapment efficiency of the extract was calculated up to 84% which showed good entrapment
efficiency of the phytosome.
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8.11.2. Particle Size Analysis

Version 3.73 1 2.30
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Distribution Results (Contin) Cumuiants Results
Diameter (d) :188.3 (nirm)
Peak Diameter (nm) Std. Dev. Polydispersity Index (P.1)
1 1.4 0.3 Diffusion Const. (D) :2.626e-008  (cm?/fsec)
2 349.7 J04.8
3 0.0 0.0 Measurement Condition
4 0.0 0.0 Temperature :25.2 (°C)
5 0.0 0.0 Diluent Name :WATER
Average 307.3 Refractive Index 11.3328
Viscosity :0.8838 (cP)
: . Scattering Intensi 131146 C
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The particle size of the phytosome is analyzed using the Beckman Coulter which standard
average diameter of the particle was 320nm with polydispersity index 0.357. Polydispersity
index is in the range of standard 0.1- 0.500.”
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8.11.3 Zeta Potential Analysis
Version 3.73 / 2.30
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Zeta Potential cCa1.47) (i) Doppler shift : 25.34 (HZ)
Mobility 1 -3, 34a-004 (cmi2fvs) Base Frequency : 121.0 (Hz)
Conductivity s D.6421 (mSfcm) Conversion Equation @ Smoluchowski
Zeta Potential of Cell Diluent Properties
Upper Surface : -21.76 (m\) Diluent Mame : WATER
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Phytosome was analyzed after 3 days of preparation to find out the zeta potential for the
stability study of the phytosome. Spectra showed zeta potential - 41.47mV for the preparation

and it found above the standard range this range (+30 or -30 mV) which reflect its stability.”
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8.11.4 Transmission Electron Microscope (TEM) Analysis

1FMM. f
Print Mag: 347000x @7.0 in 100 nm
3:32:08 p 0427717 HV=80.0kV

Direct Mag: 200000x
AMT Camera System

(7> vvvvvvvvvvv—
Fig 8.11.4 TEM Analysis

Transmission electron microscope of phytosome loaded with extract as showed in and this fig
8.11.4 at 200000x. The size of the particle was measured in the range of 15.9-19.6nm and
Average size was 17.7nm. Picture also showed the loading of the drug encircled.
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8.14. In-vitro study of the Phytosome loaded with Spinach
Table No. 8.14.1. Antioxidant Activity

a) OH™ Scavenging Assay

Concentration pg/ml Ascorbic Acid % Inhibition
Formulation
0 0 0

10 46.56 10.62

20 52 44.06

100 65.28 57.72

150 69.71 61.58

1000 95.9 60.45

1500 100 100

OH- Scavenging Assays

120
95.9 100

100
80
60

40

% inhibition

20

0 10 20 100 150 1000 1500

Concentration(ug/ml)

Phytosome % == standerd %

Different concentration (10-1500ug/ml) of standard antioxidant i.e. ascorbic acid and the

phytosome loaded extract were prepared for anti-oxidant activity using OH Scavenging Assays.
The result showed that phytosome was found comparable with ascorbic acid from concentration
varying from 20 to 100pg/ml showing the inhibition approximately 50% - 60% respectively. Both
standard and phytosome showed the 100% inhibition at 1500ug/ml. ICso of the standard and

formulation was calculated 3.28ug/ml and 3.98ug/m respectively. It showed that phytosome was

good antioxidant activity which is comparable with ascorbic acid.
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b) DPPH Assays

Concentration pg/mi Ascorbic Acid % Inhibition Formulation

0 0 0

10 46.56 1.81

20 52 4.21

30 62 16.21

100 69.71 36.26

200 73.65 64.9

300 95.34 70.74

DPPH assays

120

100

% Inhibition
(o)) (0]
o o

N
o

N
o

95.34

30 100 200 300

Concentation(ug/ml)

Phytosome

standerd

scavenging activity compared to ascorbic acid.

Different concentration (10-300ug/ml) of standard antioxidant i.e. ascorbic acid and the
phytosome loaded extract were prepared for anti-oxidant activity using DPPH Scavenging
Assays. The result showed that phytosome was found comparable only at 200 pg/ml
concentration with ascorbic acid. ICso of the standard and formulation were calculated as

3.28ug/ml and 3.98ug/ml respectively. It showed that phytosome has moderate DPPH
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Table No.8.14.2. Anti-diabetic Activity

a) a-amylase inhibition assay

Concentration pg/mi Acarbose % Inhibition Formulation % Inhibition
0 0 0
10 8.1 11.62
15 23.54 15.94
25 48.43 21.35
30 63.23 37.83
100 87.71 73.5
200 100 100

a-amylase Inhibition Assays

120
100
100
80

c
L
=
0
= 60
£ e cONtrol
S 40 Phytososme

20

10 15 25 30 100 200

Concentration (ug/ml)

Different concentration (10-200ug/ml) of standard anti-diabetic agent i.e. acarbose and the
phytosome loaded extract were prepared for anti-diabetic activity using a-amylase inhibition
assays. The result showed that phytosome was found comparable with acarbose from
concentration varying 10 to 100ug/ml with the inhibition approximately 40% - 80%. Both
standard and phytosome showed the 100% inhibition at 200pug/ml concentration. ICsg of the

standard and formulation was calculated 3.28ug/ml and 4.98ug/ml respectively. It showed that

phytosome was good anti-diabetic activity comparable with acarbose.
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CHAPTER IX
CONCLUSION AND FUTURE SCOPE

The increasing demand leads to the new scope of research and drug development in the field of
nutraceuticals. Besides, Ayurveda has great potential to provide established and time-tested drugs
to develop potent nutraceuticals. Ayurveda mentioned the leafy vegetables are the good source of
nutrients. Whereas, it has potential to be a potent nutraceutical in the form of novel delivery system
to enhance the stability, solubility, bioavailability, safety, and the efficacy of the drugs conceding
that we have aimed to develop the novel drug delivery of the spinach.

The development process includes the procurement of the spinach, authentication, standardization,
of the spinach. All the results of the standardization were done first time because no standard is
available in the official compendiums. Extraction of the spinach is done by the hot extraction with
a suitable polar solvent. The obtained extract was characterized by the TLC, HPTLC, IR, and UV.
However, characterizes extract was concluded to manufacture the different batch of formulation
development in the form of novel drug delivery. That optimized batch is further characterized with
the microscope on 45X, particle size, Zeta size and PDI analysis were done on Beckman Coulter
which has shown the size of prepared phytosome to be 320nm and PDI is 0.357.The entrapment
efficacy of the lipid vesicle is 84%.The TEM images obtained confirmed the preparation of the
phytosome prepared. ICso of antioxidant (OH™ and DPPH) anti-diabetic activities were (3.98ug/ml)
and (4.98ug/ml), respectively formulation was found effective as standard.

Future scope: Stability study and in-vivo study of the phytosome are required to establish it as an

effective nutraceutical.
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