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5. CONCLUSION 

 Our work successes to produce a valuable locally prepared CUR-SPC complex with low 

cost price and through performing several in-vitro and in-vivo tests. It is concluded that it 

is a complete similarity with Meriva
TM

, patently product by Indena, SpA. This approach 

opens much more chances to produce similar products with low cost price. 

 Many advantages are gained on using soft gelatin capsules over hard gelatin capsule as a 

unit dose for CUR phytosome administration. For example; ability to increase the unit dose 

of CUR per capsule, using liquified bioactive excipients which affect the bioavailability of 

CUR and decrease the production loss during production process takes place. 

 On formulating PHYTOSOME in a soft gelatin capsule, attention must be performed in 

selection of excipients (i.e. oils or surfactant) to avoid salting out phenomena due to the 

difference in the solubility of active herbal drug in different excipients.      
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CHAPTER II 

 

PREPARATION AND EVALUATION OF CURCUMIN 

SELF PHOSPHOLIPID NANO DISPERSION: A NOVEL 

DELIVERY SYSTEM TO ENHANCE CURCUMIN 

SYSTEMIC BIOAVAILABILITY 
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1. INTRODUCTION 

 
The gastrointestinal (GI) tract acts as a physiological and chemical barrier setting several 

challenges for oral drug delivery systems. In this context, increasing knowledge on lipids like 

lecithin make them more interesting for the formulation of poorly water soluble drugs in the 

form of fat emulsions, mixed micelles, suspensions and liposomal preparation
(210)

. 

Lecithin is defined according to USP as a complex mixture of acetone-insoluble 

phosphatides which consists chiefly of phosphatidylcholine (PC), phosphatidylethanolamine 

(PE), phosphatidylserine and phosphatidylinositol combined with various amounts of other 

substances such as triglycerides, fatty acids and carbohydrates as separated from the crude 

vegetable oil source. It contains not less than 50 % of acetone insoluble matter
 (92)

 and it is 

isolated from the crude oil obtained from its natural source like soybeans, rape seed and egg 

yolk by degumming process
(210)

.  

After degumming process, crude lecithin undergoes several purification processes 

yielding phospholipids as shown in (Figure 71). Phospholipids are surface-active, amiphilic 

molecules with a polar head group with phosphorus and lipophilic tail of two fatty acids 

chains where the most common phospholipid in lecithin is PC
(210)

. 

 

 

 

Figure 71: Visual aspect of soybean lecithin fractions with varying PC content. 

 

1.1. Chemical structure 

Phospholipids are derived from sn-glycerophosphate. The non-polar region is formed of two 

fatty acids esterified to the position 1 and 2 of the glycerol backbone while the polar region 

consists of a phosphate ester at position 3. The functional properties of the various 

phospholipids are determined by the nature of their polar headgroups as shown in (Figure 72). 
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Figure 72: Chemical structures for various phospholipids 
(163)

 

 

1.2. Types of phospholipids 

According to the source of phospholipids, it is divided into natural and synthetic 

phospholipids 

 

1.2.1. Natural phospholipids
(210)

 
 

Natural phospholipids are defined as phospholipids isolated from natural source as soybean, 

rapeseed and egg yolk. The phospholipid composition of the lecithin depends on the source of 

raw material as shown in Table 16. 

 

                  Table 16: Phospholipid composition of vegetable de-oiled/egg lecithin 

Phospholipid Soybean Rapeseed Egg yolk 

(contains 64-79% PC) 

Phosphatidylcholine 20-22% 23-31% 72% 

Phosphatidylethanolamine 16-22% 9-15% 17% 

Phosphatidylinositol 13-16% 15-18% - 

Phosphatidic acid 5-10% 5-10% - 

Lysophophatidylcholine <3 <3 2% 

Sphingomylein - - 2% 

Lysophosphatidylethanol amine - - 1% 
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Natural phospholipids may be converted to saturated phospholipids by means of 

hydrogenation to increase the phase transition temperature for phospholipids in order to 

produce more physically stable liposomes with increased stability in blood plasma.
.(210)

 Also, 

it should be noticed most of phospholipid products are supplied by Lipoid GmbH, Germany 

with different forms as illustrated in Table 17. 

 

1.2.2. Synthetic phospholipids 

 

Synthetic phospholipids are developed in order to study biophysical/biochemical mechanistic 

aspects of phospholipids at the molecular level which are homogeneous with respect to the 

polar head group and fatty acid composition
(211)

 in addition to the growing need to synthesis 

phospholipids to optimize the drug targeting properties of liposomes as PEG-ylated 

phospholipids
(212)

 and the cationic phospholipid  1,2-diacyl-P-O-ethylphosphatidylcholine
(213)

. 

 

Table 17: Composition of some commercial products of soybean phosphatidylcholine 

with different oils and waxes. 

Nature Trade name Composition 

Natural 

phospholipid 

LIPOID S 100 Soybean phosphatidylcholine approx. 94% 

LIPOID S 75  Soybean phosphatidycholine approx. 70% 

LIPOID S 40 Soybean phosphatidylcholine ≥ 40% 

LIPOID S 80 Soybean phosphatidylcholine approx. 75% 

Hydrogenated 

phospholipid 

PHOSPHOLIPON® 80H Soybean phosphatidylcholine ≥ 70% 

Compounds 

containing 

phospholipid 

PHOSAL
®
53MCT 

Soybean phosphatidylcholine (≥53%) in 

caprylic/capric triglycerides and ethanol 

PHOSAL
®
25MCT 

Soybean phosphatidylcholine (≥20%) in 

medium chain triglyceride 

PHOSAL
®
 50 PG 

Soybean phosphatidylcholine (≥50%) in 

propylene glycol (33.8-41.2 %) and 

ethanol 

LIPOID PPL 400 
Soybean phosphatidylcholine (≥53%) in 

hard fat and soybean oil 

LIPOID PPL 600 
Soybean phosphatidylcholine (≥37%) in 

soybean oil and medium chain triglyceride 

LIPOID PPL 
Soybean phosphatidylcholine (≥35%) in 

soybean oil and medium chain triglyceride 
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1.3. Pharmaceutical applications of phospholipids 

1.3.1. Pure phospholipids 
 

Nicolaos et al 
(214)

 demonstrated the improvement of the oral bioavailability of cefpodoxime 

proxetil by using a phospholipid based nano emulsion composed of (IMWITOR
® 

742), MCT 

and LIPOID S 45 of particle size 230 nm compared to an ethanolic solution, a suspension and 

an emulsion of the active ingredient . 

Wang et al
 (215)

 utilized phospholipids containing approximately 70-80% soya bean 

phospholipids (i.e. Lipoid S 75) to make a complex with hydroxysafflower yellow A in a 

liquified system with application of a surfactant and oil to enhance its oral bioavailability in 

rats. 

Semalty et al 
(216)

 prepared pharmacosomes (amphilhilic drug-lipid complex) of 

diclofenac and soybean phosphatidylcholine (Lipoid S 80) resulting in improvement of drug 

water solubility and diclofenac bioavailability. 

 

Hydrogenated phosphatidylcholine (PHOSPHOLIPON® 80H) (80% PC) was applied 

by Fini et al
  (217)

 in the preparation of oral disintegrating tablet of ibuprofen in order to 

decelerate the release of active material, avoid or weaken its side effects and  to mask its taste.   

 

1.3.2. Compounds containing PC 
 

Up to our knowledge, there is no application with LIPOID PPL series in the literature and 

limited application with PHOSAL series in pharmaceutical development as shown in the 

following researches:  

 

- Immunosuppressant; Rapamycin is formulated with PHOSAL
®
50 PG as solubilizer of 

the highly lipophilic drug. PHOSAL
®
50 PG is a standardized phosphatidylcholine 

concentrate with at least 50% PC in propylene glycol containing lecithin, sunflower 

mono and diglycerides and ascorbyl palmitate. It is shown that the application of 

phosphatidylcholine improves the absorption, effectiveness and therapeutic index of 

the active ingredient, while simultaneously enabling the administration of a lower 

dosage and reducing medication costs side effects 
(163)

.  

 

- Hu et al
 (218)

 achieved an improvement in oral bioavailability by using animal models; 

rat and dogs for tumor-inhibiting Src kinase inhibitor TG100435 and its metabolite to 

be solubilized in PHOSAL
®
50 PG to possess better bioavailability in comparing with 

those formulations containing aqueous dispersions of Lutrol
®

F-68 and 

methylcellulose. 

 

- Ge et al
 (219)

 prepared a nano emulsion for Lovastatin from Tween 80 and PHOSAL
®

 

53 MCT and spray dried it with a starch matrix with particle size range 135.6-218 nm 

to enhance its oral bioavailability over its suspension form in addition the active 

ingredient showed a better protection against decomposition by enzymes.  

 

- Gunasekaran et al 
(220)

 termed the incorporation of nanotechnology in herbal 

formulation researches as "nano phytomedine". Where applied nano-based 

formulations have many advantages including: 

-  
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 Improvement of solubility and bioavailability. 

 Protection from toxicity. 

 Enhancement of pharmacological activity. 

 Improvement of stability. 

 Protection from physical and chemical degradation. 

 

From previous researches, it is obvious the growing interest in using phospholipids in 

different nanotechnology applications (i.e. liposomes, mixed micelles, nano emulsion and 

nano suspensions) in herbal formulations to maximize their medical benefits. From this point 

of view, many researchers developed nano herbal formulations based on an expensive type of 

phospholipid like Aisha et al 
(221)

 who developed a nano sized liposome of orthosiphon 

stamineus ethanolic extract in soybean phospholipids (i.e. Lipoid S 75) and Freag et al 
(185)

 

who formulated diosmin in the form of diosmin-phospholipid (i.e. Lipoid S 100) complex.  

Although their successful approaches in optimization the bioavailability of herbal 

drugs, they were unable to develop their work to be administrated in a dosage form products 

in a large scale production due to high cost of phospholipids as a raw material and production 

process difficulties.  

 

Therefore, there is a need to develop a low cost nano delivery system for herbal drugs 

by reducing the cost of used raw materials and develop a simple production steps to produce a 

suitable oral dosage form containing nano based formulations.     
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AIM OF THE WORK 

Our present work aims to prepare a self phospholipid nano dispersion (SPND) for CUR 

encapsulated in soft gelatin capsule by using low cost phosphatidylcholine product known as 

PHOSAL
®
53 MCT via a simple method and fast production process. This is in order to 

enhance the oral systematic bioavailability of CUR.  
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2.  EXPERIMENTAL 

 

2.1. Materials 

 Curcumin powder was purchased from Shenzhen chemrider, China   

  Approximately 53% soy phosphatidylcholine (SPC) phospholipid in medium-chain 

triglycerides ( PHOSAL® 53 MCT) was a gift sample from Lipoid Co., 

Ludwigshafen, Germany 

 Polyoxyl 35 hydrogenated castor oil (Cremophore EL) was purchased from Basf, 

USA.  

 Capric/caprilic triglyceride (Miglyol 812) was purchased from Gattefosse’ Corp, 

USA. 

 Polyethylene glycol 400 (PEG 400) was purchased from Dow chemical company, 

USA.  

 Sodium lauryl sulphate was purchased from Basf, USA 

 Polyethylene glycol (PEG) -7- glyceryl cocoate was a sample gift from Galaxy, 

India 

 Potassium chloride, Ammonium acetate and Acetonitrile were of analytical grade.  

 

 

 

 

 

 

 

o b e i k a n d l . c o m



 

131 
 

2.2. Equipments  

 

 Eight stations dissolution apparatus,( SR 8 plus, Hanson research, USA) 

 Malvern Zeta Sizer (Malvern Instruments, UK) 

 Transmission electron microscope  (model JEM-100S microscope, Jeol, Japan) 

 Thermostatically shaking water bath,( Bunsen, India) 

 UV-1800 double beam spectrophotometer (Shimadzu, Japan) 

 Magnetic mixer,(IKA T25, Germany) 

 Sensitive electronic balance,(AND, Japan) 

 Homogenizer (IKA, Germany) 

 HPLC instrument (Agilant, USA) 
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3. METHODOLOGY 

 

3. 1. Solubility studies of CUR 

Saturation solubility of CUR in Phosal
®
53 MCT, Phosal

®
50 PG, PEG-7-glyceryl cocoate and 

CRM EL was determined by using standard shake flask method. An excess quantity of CUR 

was added to the vehicle in a tightly capped conical flask. To achieve uniform mixing, 

samples were constantly agitated at conditions (100 rpm, 37℃ and 24 h) in a reciprocating 

water bath. Samples were centrifuged at (4000 rpm, 15 min) after 24h equilibrium where 

aliquots of supernatant were diluted to appropriate concentrations with Acetone. The samples 

were analyzed using spectrophotometer at wavelength 420 nm
 
using acetone as a blank.  

3.2. Preparation of CUR self phospholipid nano dispersions formulations. 

Composition of CUR self phospholipid nano dispersion (SPND) formulations are illustrated 

at Table 18.  

F1 was prepared by mixing CUR with Phosal
®
53 MCT in a beaker placed in 

thermostatic water bath adjusted at 40℃ for 30 mins till obtaining a clear viscous liquid while 

F2 was prepared by mixing Phosal
®
53 MCT with surfactants for 5 mins before addition of 

CUR to be prepared in the same previous mentioned conditions.  

On other hand F3 – F6 were prepared by simple mixing of CUR with other ingredients 

for 15 mins in a beaker without application of heat till obtaining a deep orange solution with 

very low viscosity.        

 

           Table 18: Composition of CUR self phospholipid dispersion formulations 

Material (mg) F 1 F 2 F 3 F 4 F 5 F 6 

CUR 60 60 60 60 60 60 

Phosal®53 MCT 1160 1000 300 300 300 300 

Miglyol 812 - - - 61 183 305 

CRM EL - 80 80 50 50 50 

PEG-7-glyceryl cocoate - 80 780 749 627 505 

3.3. Characterization of CUR self phospholipid dispersion formulations  

3.3.1. Physical robustness to dilution. 

SPND formulations were exposed to different folds of dilutions (100, 500 and 1000) with 

media (water, 0.1N HCl and phosphate buffer pH 7.4). Diluted formulations were stored on 

shelf for 6 hours where any physical changes were monitored. Percentage of transmission was 

then measured by using spectrophotometer at wave length 638.3 nm
(222-224)

.  
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3.3.2. Particle size, Zeta potential and polydispersity index 

 

The mean particle size (PS), polydispersity index (PDI) and zeta potential (ZP) for CUR 

SPND formulations (F1-F6) were measured by using dynamic light scattering technique 

(DLS) where samples were sonicated for 10 mins diluted with distilled water before 

measurements.  

 

3.3.3. In vitro dissolution study 

 

Official dissolution test for CUR mentioned in USP 32
(92)

 was used where 900 ml of 1% SLS 

dissolution medium operated at 100 rpm by apparatus II for 120 mins. In addition, water was 

used as a comparative dissolution medium with the same pharmacopeial conditions to study 

the dissolution pattern for CUR phospholipid dispersion formulations relative to the official 

system.  

 40 mg (in terms of CUR) from each formula was weighed in a hard gelatin capsule  and 

placed in the dissolution test apparatus where 10 ml sample was withdrawn in triplicates at 

intervals; 15, 30, 60, 120 min and replaced by fresh corresponding medium be diluted and 

analyzed by spectrometer at wave length 420 nm.  

 

3.3.4. Transmission electron microscope (TEM) 
 

Morphological examination of vesicles for some selected formulations F 1 and F 5 was 

carried out using TEM. Samples were diluted with distilled water and sonicated for 10 mins. 

A drop of the resultant dispersions was placed onto a carbon-coated copper grid, leaving a 

thin liquid film. The film was dried by air then viewed. 

 

3.3.5. In vivo CUR absorption study 

3.3.5.1. Experimental animal protocol 

 

Study of CUR absorption from selected SPNDs; F1 and F 5 through gastrointestinal tract 

(GIT) was taken place by using 9 wistar rats (200 – 250 gm) obtained from animal house of 

faculty of pharmacy (Alexandria, Egypt) compared to  CUR powder suspended in 1% methyl 

cellulose
(225)

.  

Experiments were performed in accordance with the European Community Guidelines 

for the use of experimental animals and were approved by the institutional ethics committee. 

The rats were housed in a temperature and humidity controlled room (23℃, 55%) with free 

access to water and standard rat chow. The rats were acclimated for at least 5 days and fasted 

overnight but supplied with water and libitum before the experiment. The animals were 

received in triplicates unformulated and formulated CUR at 340 mg/kg (in terms of CUR) by 

oral gavage
(130)

.  

After 60 min, they were exsanguinated under terminal anesthesia and the whole blood 

was collected by cardiac puncture into heparinised tubes, centrifuged immediately at 7,000 

rpm for 15 min, plasma was then decanted and stored at -20°C until analysis.  

Gastro intestinal tract from stomach to anus (i.e. 40 cm) was isolated then flushed from inside 

with normal saline solution to be collected in 15 ml acetone to be analyzed via HPLC system 

where GIT was stored at -20°C till analysis.  
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3.3.5.2. Samples preparation 

Samples from GIT and plasma were prepared by slightly modified method from that stated by 

Marczylo et al
 (130)

 as shown below. 

 Gastrointestinal tract: 1.15% of KCl was added to the isolated gastrointestinal tract and 

homogenized with a blade homogenizer at top speed, then vortexed with 5 ml acetone. The 

samples were centrifuged at 10,000 rpm and the supernatant was analyzed by HPLC 

system. 

 Plasma: 0.1 ml Acetonitrile was added to 0.1 ml plasma then centrifuged at 4000 rpm for 5 

mins, then the supernatant was subjected to be analyzed by HPLC system. 

 

3.3.5.3. HPLC analysis 

3.3.5.3.1. HPLC system suitability
(130)

 

HPLC analysis was performed using (Agilant series, USA) supplied with C 18 column (4.6 x 

150 mm, 3µm) with guard column (4.6 x 20 mm, 3µm), kept at 35°C. The mobile phase was 

composed of two components; A: 10 mM of ammonium acetate buffer solution with adjusted 

pH= 4.5 and B: Acetonitrile. The flow rate was adjusted to be 1.5 ml/min and UV detector 

was adjusted at 426 nm. The elution was encountered to be gradient elution starting with 95% 

A and 5% B, to be changed to 55% A and 45% B at 20 mins then changed to 5% A and 95% 

B at 33 mins. 

  

3.3.5.3.2. Calibration curve of CUR in rat plasma 

Serial concentrations were prepared 0.02, 0.04, 0.06 and 0.08 mg/ml of CUR in acetone. 0.1 

ml of dissolved CUR was mixed with 0.1 ml of rat plasma then 40 µl of acetonotrile was 

added to the previous prepared mixture. The samples were centrifuged at 4000 rpm for 3 mins 

and supernatants were isolated and injected to be analyzed by HPLC system. 

 

3.6. Shelf stability for CUR SPND formulations. 
 

F 1 and F 5 SPND formulations were subjected to shelf stability study for 3 months under 

normal room conditions (25°C, 65% RH) to be stored in well closed container and in soft 

gelatin capsule as a final dosage form.  

 

3.6.1. Shelf stability in closed containers.  

3.6.1.1. In vitro dissolution study 

In vitro dissolution study for F 1 and F 5 SPNDS was performed in the USP dissolution 

system (i.e. 1% SLS, 900 ml, apparatus II at 100 rpm) and water dissolution medium with the 

same procedures of experiment 3.3.3. 

 

3.6.2. Shelf stability in soft gelatin capsules. 

3.6.2.1. In vitro dissolution study  

In vitro dissolution study for F 1 and F 5 SPNDS injected in air-filled soft gelatin capsules was 

performed with same procedures in experiment 3.3.3  

3.6.2.2. Transmission electron microscope (TEM) 

F 1 and F 5 SPNDS from soft gelatin capsule were photographed with the same procedures of 

experiment 3.3.4.  
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4. RESULTS AND DISCUSSION 

 

4.1. Solubility study of CUR in non aqueous vehicles 

As shown in (Figure 73), saturated solubility of CUR in Phosal
®

53 MCT was reached to 

51.72 mg/gm which encountered to be higher than in case of Phosal
®
 50 PG, this attributed to 

the presence of PG as a major ingredient in the product which in turns limit the solubility of 

CUR. (Experimental solubility of CUR in PG is 2.64 mg/gm).  

In case either using different type of hydrophilic surfactants, it was shown that using of 

CRM EL or PEG 7 glyceryl cocoate provides better solubility for CUR to reach 41 mg/gm.  

 

4.2. Preparation of CUR self phospholipid nano dispersion formulations   

Formulation strategy of CUR SPND depends on preparation of CUR with other excipients in 

a solubilized form; Phosal
®

 53 MCT was selected to provide 53% of soybean PC in the 

formulation in addition to CRM EL and PEG 7 glyceryl cocoate as a hydrophilic surfactants 

and Miglyol 812™ as the lipophilic member in the formulations. 

Application of heat and long time of mixing were required in the preparation of F 1 

and F 2 due to high content of viscous liquefied substance Phosal
®
 53 MCT in such 

formulations to solubilize CUR powder in contrary to F3-F6 formulations preparation method 

so there is no need for heat and long time mixing due to presence of much lower 

concentration of viscous Phosal
®
 53 MCT and high concentration of surfactants. 

CUR SPND formulations were divided into 3 different categories: 

 

 Category A (F 1): According to the previously mentioned solubility data, 60 mg CUR 

was able to be solubilized in 1160 mg of Phosal
®
 53 MCT as shown in F 1. 

    

 Category B (F 2 and F 3): In F 2, 13% of total hydrophilic surfactants (i.e. Composed 

of CRM EL and PEG 7 glyceryl cocoate in ratio (1:1)) was utilized to promote the 

emulsification of CUR on dispersion in water in the presence of 1 gm of Phosal
®
53 MCT. It 

must be noticed that 1 gm of Phosal
®
 53 MCT provides 530 mg PC. 

 

In contrary F 3 was composed of relative higher surfactant concentration than F 2. It was 

composed of CRM EL and PEG 7 glyceryl cocoate in ratio (1:9.8) reaching to 70.5% of total 

weight of the formula in addition to 300 mg of Phosal
®
 53 MCT providing 150 mg PC. The 

PC quantity was reported to be sufficient for CUR-phospholipid complexation
(129)

.  

  

Referring to the toxicological assessment for using CRM EL and PEG 7 glyceryl cocoate 

in oral use, it was concluded the systematic toxicity of CRM EL
(226)

 more than PEG-7 

glyceryl cocoate. The LD50 of CRM EL was concluded to reach 1.466 gm /Kg
(227)

 however, 

LD50 of PEG-7 glyceryl cocoate was reported to be  ≥ 19,900 mg/Kg
 (228)

.  

 

Although CRM EL provided the same solvent capacity towards CUR powder like PEG - 7 

glyceryl cocoate, PEG-7 glyceryl cocoate was preferred to be used as a main solvent for such 

formulations over CRM EL according to previously mentioned reasons. It must be noticed the 

importance of using CRM EL in CUR SPND formulations due to its biological activity in 

inhibition CYP 450 3A 
(208, 209)

 which affects on the intestinal metabolism for CUR 
(137)

. 
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 Category C ( F 4, F 5, F 6): In this category of CUR SPND, Miglyol 812™ (i.e. Medium 

chain triglyceride) was included in these formulations with different concentrations about 

5%, 15% and 25% for F 4, F 5 and F 6 respectively. In addition to, hydrophilic surfactants 

with different concentrations about 65.5%, 55,5% and 45.5% for F 4, F 5 and F 6 

respectively to promote CUR emulsification upon dispersion in water under gentle 

agitation which referred to as the self-emulsifying formulation
(8, 229)

 to form fine colloidal 

droplets very high surface area. It must be noticed that the presence of surfactants in such 

formulations leading to a more uniform and reproducible bioavailability
(230)

. 

 

 

Figure 73: Saturated solubility of CUR in different surfactants and vehicles. 

       

4.3. Characterization of CUR self phospholipid nano dispersion formulation 

4.3.1. Physical robustness to dilution 

This test was carried out to determine the physical stability of SPND in simulated 

gastric/intestinal fluid after 6 hours to guarantee the in-vivo efficacy for such formulations 

after oral administration.    

Milky dispersion was observed after F1 and F2 dispersion due to absence of 

surfactants in F1 and low surfactant concentration in F 2 knowing the role of surfactants in 

promoting physical stability of emulsions
  (91)

 leading to a decrease in % of transmission as 

shown in Table 19. While in higher dilutions, % of transmission increased. 

In case of F3 - F6, translucent to transparent dispersions were observed after dispersion for 

such formulations lead to increase %of transmittance. This was due to presence of high 

concentration of surfactants in such formulations. It was observed %of transmission in F 6 is 

less than that of F 4 and F 5, this may be attributed to aggregates from colloidal particles as a 

result of decreasing in the concentration of total hydrophilic surfactant. 
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Table 19:  Physical robustness to dilution for CUR SPND formulations 

 

4.3.2. Particle size (PS), Zeta potential (ZP) and polydispersity index (PDI) 

Physicochemical characterization of phospholipid dispersions encompassed assessment of PS, 

ZP and PDI as depicted in Table 20. 

 

 Particle size (PS): Results revealed that PS of F1 and F2 were 500, 610 nm respectively. 

They were considered to be relatively higher than other formulations because of containing 

relatively higher concentration of phospholipid than other formulations resulting in 

No of formula Dilution Physical appearance 

at zero time 

%Transmission after 6 hours 

HCL Buffer Water 

F 1 

100 

Milky 

1.2% 3.2% 12.5% 

500 26.5% 37.6% 67.8% 

1000 54.3% 62.2% 78.4% 

F 2 

100 

Milky 

16.1% 20% 26.7% 

500 45.8% 55.1% 76.5% 

1000 72.7% 71.2% 89.1% 

F 3 

100 

Translucent 

32.9% 38.2% 81.6% 

500 86.6% 87% 96.6% 

1000 90.6% 88.2% 98% 

F 4 

100 

Transparent 

46% 65% 84.3% 

500 84% 80% 97% 

1000 89% 86.7% 97.3% 

F 5 

100 

Transparent 

45.8% 61.6% 85.2% 

500 70.6% 82.3% 95.9% 

1000 81.3% 97.7% 85.2% 

F 6 

100 

Transparent 

31.6% 36.6% 37.2% 

500 66.3% 68.9% 84.6% 

1000 80% 79.5% 92.8% 
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formation of larger particle size upon dispsersion in water. Also, addition of low 

concentration of surfactants in F2 didn't show any improvement of the formed globules 

particle size but it enlarged the particle size, this may be attributed to deposition of 

surfactant molecule at the surface of the colloids being below the critical micelle 

concentration (CMC) of CRM EL (i.e. 0.039 mM) 
(231)

 and PEG-7-glyceryl cocoate (i.e. 

0.2 mM/L) 
(232)

 

While in F3, F4, F5 and F6, results revealed much small particle size for colloids to reach 

199, 219.7, 165.7 and 158 nm respectively. This decrease may be attributed to the presence 

of high surfactant concentration in such formulations above their CMC value leading to 

micelle formation. 

 

 Polydispersity index (PDI):  PDI is a measure of the heterogeneity of sizes of molecules or 

particles in a mixture
(233)

. Thus F1 and F2 showed higher PDI values than F3-F6 

formulations and this indicates that F3-F6 dispersions showed more mono-dispersable than 

F1 and F2 dispersions. This may be attributed to formation of dispersed colloids varying in 

sizes due to high concentration of the used phospholipid in such formulations. 

      

 Zeta potential (ZP): ZP is a key indicator of the stability of colloidal dispersions. The 

magnitude of the zeta potential indicates the degree of electrostatic repulsion between 

adjacent, similarly charged particles in a dispersion 
(234) 

. As shown in table 20, a relative 

high ZP for F1 and F2 compared to F3-F6 which have reduced ZP values to reach -36 mV. 

Such higher values for F1 and F2 may be attributed to a result of the negative charge of 

CUR. On other hand F3-F6 have relative smaller values and this may be attributed to the 

formation of non-ionic micelles at the surface of the colloidal particles being used above 

their CMC leading to reduce the negative charge at the surface of colloids.  

Shielding effect of non-ionic molecules on the negative charge at the colloid surface was 

also discussed by Freag et al
 (185)

 leading to reduce ZP value of SPC on using mannitol as 

cryoprotectants.    

Figures (74, 75, 76, 77, 78 and 79) illustrate PS, PDI and zeta potential properties for F1, 

F2, F3, F4, F5 and F6 respectively.  

 

Table 20:  Results of PS, PDI and ZP of CUR SPND formulations 

Formula no. Particle size (nm) PDI Zeta potential 

(mV) 
F 1 500  ± 2.9 0.467 ± 0.016 - 51.87 ± 1.62 

F 2 610  ± 6.24 0.56 ± 0.01 -48.7 ± 0.61 

F 3 199  ± 8.2 0.351 ± 0.011 -35 ± 1.32 

F 4 219.7 ± 1.5 0.381 ± 0.0036 -36,2 ± 1.6 

F 5 165.7 ± 5.1 0.31 ± 0.005 -36.4 ± 0.4 

F 6 158  ± 2.6 0.42 ± 0.0075 -36.8 ± 1.058 
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Figure 74: Particle size (A) and zeta potential (B) graphs for F1. 

 

 

Figure 75: Particle size (A) and zeta potential (B) graphs for F2. 

 

 

Figure 76: Particle size (A) and Zeta potential (B) graphs for F3. 
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Figure 77: Particle size (A) and Zeta potential (B) graphs for F 4. 

 

 

Figure 78: Particle size (A) and Zeta potential (B) graphs for F 5. 
 

 

 

Figure 79: Particle size (A) and Zeta potential (B) graphs for F6. 
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4.3.3. In vitro dissolution study 

On applying the pharmacopeial dissolution system for CUR in 1% SLS, Results illustrated at 

Figure 80 revealed that all the formulations passed the pharmacopeial tolerance (i.e. Not less 

than 75% after 60 mins) over CUR powder. This indicates that the latter dissolution system is 

not segregating system towards self phospholipid dispersion formulations to explain the 

dissolution behavior of the formulations due to presence of high concentration of SLS. 

In Figure 81, water medium was used as dissolution medium to differentiate and 

explain the difference among the dissolution patterns for CUR phosphoilipid dispersion 

formulations. In case of F 1, it was shown that the dissolution of CUR reached a plateau at 

maximum dissolution to reach 36% after 15 mins, this dissolution behavior may be attributed 

due to CUR solubilization in high concentration of Phosal
®
 53 MCT which in turns increase 

the its dissolution results. However, F 2 showed similar dissolution behavior to F1 indicating 

that reduction of Phosal
®
53 MCT and addition of 13.1% of hydrophilic surfactants are not 

sufficient to improve the dissolution behavior. 

In case of F3, It was shown an enhancement in the dissolution behavior for CUR in 

aqueous medium to reach 66% after 15 mins due to high solubilizing power for 70.5% of 

hydrophilic surfactants. However addition of Miglyol™ 812 in F4, F5 and F6 at concentration 

5%, 15% and 25% respectively lead to enhance the initial dissolution for CUR to reach 80% 

after 15 mins, this may be attributed due to presence of oil which in turns lead to formation of 

stabilized O/W emulsion during dispersion in water which prevents CUR aggregation and 

separation in the dispersion medium.  

  

 

Figure 80: Comparative dissolution study among CUR SPND formulations in 1% SLS. 
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Figure 81: Comparative dissolution study among CUR SPND formulations in water. 

 

4.3.4. Transmission electron microscope (TEM) 

As shown in (Figure 82), TEM for F 1 revealed well formed, discrete vesicles. It was 

observed that the vesicles surrounded by a transparent layer (pointed with arrows) which may 

be attributed to a presence of phospholipid layer surrounding the formed vesicles while the 

inner part was seen to be dense and dark which may be attributed to solubilized CUR within 

PSL 53 MCT. These findings support our previous findings for increase the ZP values for 

such formulation compared to the others.  

In F5, TEM photograph in (Figure 83), showed well formed vesicles. It was observed 

a presence of thin dark layer surrounding the vesicles (pointed with arrows) which may be 

due to presence of CUR solubilized in this layer which mainly composed of high 

concentration of surfactants while the inner part is transparent as for the presence of MCT oil 

which have a low solvent capacity towards CUR. And these findings support our suggestion 

about the effect of surfactants in decreasing the ZP value for such formulation. 
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Figure 82: Transmission electron microscopic photograph of F1 with 20-folds 

dilution in distilled water 
 
 
 

 

 

Figure 83:  Transmission electron microscopic photograph of F 5 with 

20-folds dilution in distilled water. 
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4.3.5. In vivo absorption study 

This experiment was taken place to study the in-vivo absorption of CUR through GIT by 

analyzing the CUR content after an hour because CUR and its metabolites could detected 

easily and measured at this time as reported by Marczylo et al 
(130)

 . Three different successive 

stages represent the absorption pathway through GIT; lumen of GIT which represents the 

remaining of unabsorbed CUR, mucosal cells of the intestine represents the amount of CUR 

found at the mucosal cell of the intestine (i.e. unpermeated CUR) and plasma of the blood 

represents the amount of CUR permeated through the GIT.  

Selected formulations; F1 and F5 were used in this experiment comparable to CUR powder 

suspended in 1% Methyl cellulose. 

 

 Lumen of GIT: As shown in (Figure 84), it was observed that the amount of CUR 

remained unabsorbed in decreasing order is CUR suspension > F 5 > F 1 with values 3.16, 

2.29 and 1.4 mg respectively.  

It is concluded that suspension form of CUR unable to be absorbed through GIT due to its 

poor aqueous solubility in contrast to CUR from F1 and F 5 which is predicted to be highly 

absorbed through GIT.  

  

 Mucosal cells of GIT: As shown in (Figure 85), results revealed that the amount of CUR 

found at the mucosal cells in decreasing order; CUR suspension > F5 > F1 with values 3.3, 

1 and 0.57 respectively.  

These results indicate that CUR passes through GIT in case of F1 and F 5 being found to 

be in low amounts while in case of CUR suspension it is found to be in high concentration 

and this result line with those explained by Marczylo et al 
(130)

 which may be attributed to 

the presence of CUR attached strongly on outer surface of the mucosa being a lipophilic 

molecule and its disability to partition through the intestinal cell to be permeated due its 

poor water solubility. 

 

 Blood plasma: A calibration curve for CUR in plasma was held with a linear equation: y= 

60956 x with R
2
 value = 0.9 as shown in (Figure 86).  

Results revealed the absence of CUR in the blood plasma after administration of CUR 

suspension and this result support our previous results which confirm the poor permeability 

for CUR suspension through the GIT. 

CUR was found in the blood plasma after using F1 and F5 with different values as 

illustrated in (Figure 87). In case of F 1, CUR value reached to1.6 µg/ml while it reached 

to 0.6µg/ml in F5. This difference in CUR value between the two formulas may be 

attributed to a difference in a metabolism process for CUR in such formulations.        

 

o b e i k a n d l . c o m



 

145 
 

 

Figure 84: CUR content in the lumen of GIT. 

 

 

 

 

 

 
 

Figure 85: CUR content at the intestinal mucosal cells. 
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                  Figure 86: Calibration curve for CUR in the rat blood plasma. 

Being exposed to extensive metabolism, it is observed new peaks at different retention 

times differ from CUR peak (Figure 88) which may be referred to metabolic products for 

CUR. The ratio between CUR and its metabolites was 7.2:1 in case of F1 shown in as 

shown in (Figure 89) while 1:10.4 in case of F5 in (Figure 90).  

Upon out previous discussion, F1 is nominated to be the best formula to deliver CUR as a 

parent compound to the systematic circulation over F5. 
 

 

 

 

Figure 87: CUR content in the blood plasma of rats. 
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Figure 88: HPLC chromatogram for pure CUR in the blood plasma. 

 

Figure 89 : HPLC chromatogram for CUR in blood plasma from F1 

 

Figure 90 : HPLC chromatogram for CUR in blood plasma from F5. 
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From our previous findings, it is obvious that F1 formulation reduce the probability of CUR 

metabolism after oral administration in contrast to F 5 and this could be concluded from 

previous previewed HPLC charts. This may be attributed to the presence of CUR inside SPC 

formed vesicle as shown in (Figure 82) which in turns protects CUR from metabolism in F1 

while CUR is present in a solubilized form at the surface surrounding the formed vesicles as 

shown in (Figure 83) in F5 which in turns increases its susceptibility to metabolism after oral 

administration. Although high oral administrated CUR dose (i.e. 340 mg/Kg), the sum of 

amount detected in the lumen, GIT and plasma of CUR or its metabolites is not equivalent to 

the initially administrated dose. Our studies could not explain the reason behind this result in 

addition most of research papers also could not explain these results
 (129, 130, 132, 158, 225)

    

 

4.3.6. Shelf stability study for CUR (SPND) formulations 

4.3.6.1. Shelf stability study in tightly closed containers 

4.3.6.1.1. In vitro dissolution study 

In vitro dissolution study was conducted for F1 and F 5 which were stored in a tightly closed 

container. As shown in (Figure 92 and 94), dissolution pattern for both F1 and F5 wasn't 

change in both dissolution media (i.e. 1% SLS and water) upon storage for 3 months.  

 

4.3.6.2. CUR (SPND) formulations in softgels 

4.3.6.2.1. In vitro dissolution study 

As shown in Figure 91, dissolution of CUR from F1 in 1% SLS and water was sharply 

reduced in comparison with its pattern at zero time to reach 26.3% after 180 min in 1% SLS 

and 2.96% in water. This decrease indicates that the solubilized system of CUR in Phosal
®
 53 

MCT is affected by the soft gelatin capsule leading to CUR precipitation inside the soft 

gelatin capsule.  

Similarly, dissolution pattern of F5 in 1% SLS and water is reduced to nearly 50% 

from its initial dissolution at zero time as shown in Figure 93. Also presence of such 

formulation in a softgel reduced its dissolution due to CUR precipitation inside the capsules.  

The previously mentioned findings could be explained by F1 and F 6 dispersion in water and 

photographed by transmission electron microscope.   

 

4.3.6.2.2. Transmission electron microscope (TEM) 

For F1, It is observed in Figure 95 irregular empty transparent vesicles surrounded by 

numerous small dark spots which may be referred to CUR. This result supports our 

suggestions that CUR precipitates out its solubilized form leading to decrease its dissolution 

results. In figure 96, it is shown that the vesicles of F5 are changed if compared to its form at 

zero time shown in figure 83 to show small dark spots in the inner part of vesicles surrounded 

by a less dark layer. This darkness may be referred to CUR and it is may be explained that a 

part of CUR is precipitated while other part still in its solubilized form surrounding the 

vesicles.   
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Depending on previously mentioned results, it is concluded that soft gelatin capsule is 

inconvenient to be a dosage form containing F1 or F5 formulations. The reason may be due to 

possible interactions between shell contents and these formulations or water migration 

phenomena that may affect the stability of such formulations inside softgels. So further 

studies must be conducted to optimize softgel shell formulation to be capable of using as an 

oral dosage form to deliver such formulations to systematic circulation. 

 

 

 

: 

Figure 91: Dissolution pattern for F 1 in SGC in water (A) and 1% SLS (B). 

 

 

 

Figure 92: Dissolution pattern for F 1 stored in cont. in water (A) and 1% SLS (B). 
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        Figure 93: Dissolution pattern for F 5 in SGC in water (A) and 1% SLS (B). 

 

 

 

 

 

Figure 94: Dissolution pattern for F 5 stored in cont. in water (A) and 1% SLS (B). 
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Figure 95: Transmission electron microscopic photograph of F1 with 20-folds 

dilution in distilled water. 

 

 
 

Figure 96: Transmission electron microscopic photograph of F5 with 20-folds 

dilution in distilled water. 
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5. CONCLUSION 

It is concluded the applicability of using a low cost a product containing 53% soybean 

phosphatidylcholine known as Phosal
®

53 MCT to optimize a nano delivery system to 

improve the systematic bioavailability for CUR. It was found that formulation of CUR to be 

solubilized in conduct the best way to deliver CUR as a parent compound into systematic 

circulation over other formulations which contain hydrophilic surfactants. Although good 

stability of such formulations upon storage in well closed containers, it shows a bad stability 

inside soft gelatin capsule due to possible interactions between shell contents and fill contents 

or due water migration phenomena. This issue may be improved in the future by further more 

studies to optimize the shell formulation to improve its ability to be filled with such viable 

formulations  
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Although softgel delivery system offered the advantage as a convenient way to deliver non-

aqueous liquid or semi-solid matrix containing a dissolved or dispersed compound as a unit 

dose solid dosage form, little researchers focused on development of softgels containing novel 

lipid based drug delivery systems which were utilized to enhance oral bioavailability of poor 

water soluble drugs concerning its efficacy and its stability inside soft gelatin capsule. Also, 

few studies were applied on appropriation of softgels to deliver such delivery systems 

including its production capabilities and its stability.  

This thesis focused on the application of different novel delivery systems on poorly water 

soluble drugs to improve their oral bioavailability and development of softgels containing 

these delivery systems. Among these delivery systems; application of lipid formulations 

according to lipid formulation classification system to improve the aqueous solubility of poor 

water soluble drug like etodolac  and to study the effect of these formulations on physical 

stability of soft gelatin capsule. Also, application of phytosome technology was applied with 

viable herbal drug like curcumin to enhance its bioavailability in addition to using much 

lower cost phospholipid product known as Phosal
®

 53 MCT to develop a new delivery system 

for curcumin named as self phospholipid nano dispersion system and to develop soft gelatin 

capsules capable to be filled with these novel delivery systems of curcumin. The work in the 

current thesis was divided into two parts: 
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Part One 

Etodolac Softgels: Feasibility Assessment and Considerations for Lipid-

Based/hydrophilic Formulations of a highly hydrophobic drug. 

 

This part endeavored to develop an oral dosage form expressed as soft gelatin capsule for 

etodolac formulated in lipid vehicle according to lipid formulation classification system and 

in hydrophilic vehicle as a different attempt to enhance the oral bioavailability of etodolac in 

addition to study the effect of these systems on the stability of soft gelatin capsules after 

encapsulation process.  Etodolac was formulated with different lipid formulations composing 

of different concentrations of oils, hydrophobic surfactants, hydrophilic surfactants and co-

solvents in addition to PEG 400 as a hydrophilic base which solubilize etodolac. Etodolac 

lipid formulations were screened through their in-vitro dissolution study by using the 

pharmacopeial official dissolution system for etodolac to reach the most appropriate formula 

which improved the dissolution characteristics for etodolac from its lipid formulation. In 

addition, the effect of such lipid/hydrophilic formulations on the stability of the soft gelatin 

capsules was conducted whenever this formula improved the dissolution of etodolac or not.  

It was observed that Typy IIIb which composed of oils, hydrophilic surfactants and co-

solvents (i.e. PEG 400) a remarkable enhancement in the dissolution rate for etodolac even 

after accelerated and shelf stability study in addition to Type IV formulation which based 

mainly on hydrophilic surfactants. Also, hydrophilic based vehicle was shown to improve the 

dissolution behavior for etodolac too. In addition, soft gelatin capsules containing these 

systems showed good physical stability. 
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Part two 

Optimization and development of vesicular delivery systems for curcumin 

encapsulated in soft gelatin capsule 

 

This part focused on the development of  novel delivery systems for curcumin being used as 

chemoprotetctive agent, anti-inflammatory, anti-oxidant and anti-cancer agent like colorectal 

cancer to enhance its oral bioavailability knowing that its bioavailability was only 1%. In 

addition to develop such delivery systems to be encapsulated in soft gelatin capsule for oral 

administration. This part divided into two chapters: 

Chapter One 

Preparation and evaluation of soft gelatin capsule containing curcumin-

phospholipid complex.  

The work in this chapter aimed to develop a locally made CUR-phospholipid complex by 

local technology with complete similarity to Meriva
™

. Complete characterization experiments 

was taken place on the locally prepared CUR-phospholipid complex where the molar ratio 

between CUR and phospholipid (i.e. LIPOID S 100) was 1:2 in comparison with Meriva
™

 

including in-vitro dissolution studies, TEM photographs, SEM photographs, DSC, IR, TLC 

and ex-vivo studies showed a complete similarity between the two previously mentioned 

products. 

In addition to previously mentioned work, curcumin-phospholipid complex was subjected to 

development into fill formulation as suspension by using its powder form where the CUR 

content was 100 mg/ unit dose and in a semi-solid form to be where the CUR content was 200 

mg/unit dose encapsulated into soft gelatin capsules. As a result of screening tests among 

different formulations containing; oil, hydrophilic surfactants (i.e. KSL P 124, CRM EL) and 

co-solvents as PEG 400. F 13 formulation containing 40% CRM EL and a hydrophilic vehicle 

represented as PEG 400 showed that best dissolution results and  the highest stability inside 

the soft gelatin capsule.  
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Chapter Two 

Preparation and evaluation of curcumin phospholipid nano dispersion: As 

a novel delivery system to enhance curcumin systematic bioavailability 

 

Another form of phospholipid represented in using PHOSAL
®
 53 MCT providing a liquefied 

form of phospholipid which encountered to be cheaper than Lipoid
®
 S 100 was utilized as an 

approach to prepare a novel vesicular delivery system to enhance the solubility and 

permeability of CUR through the GIT namely as phospholipid nano dispersion (PND) to be 

encapsulated in a soft gelatin capsule as an oral dosage form. Throughout screening 

experiments held on many formulations containing different concentrations of Phosal
®
 53 

MCT, hydrophilic surfactants and MCT oil, F1 and F6 were subjected to in-vivo absorption 

test for curcumin. Although F 1 showed the best performance in the in-vivo study to be 

subjected as oral soft gelatin capsule, it showed poor stability inside the gelatin capsules 

which open the door to further studies and researches to optimize the shell formulations to be 

fit for F 1 encapsulation as a soft gelatin capsule.     
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خثٌشغُ ِٓ أ١ّ٘ر تٌىدسٛلاز تٌج١لاش١ٕر تٌشخٛذ وٛٔٙث تٌخ١ثس تلأِعً ٌصٛص١ً تلأد٠ٚر تٌّؼٍمر تٚ تٌزتبدر فٟ تٚسثغ لاِثب١ر تٚ 

إلا تٔٗ ٠ٛجذ تٌم١ًٍ ِٓ تلأخذثض تٌؼ١ٍّر تٌّٙصّر خصط٠ٛش ودسٛلاز ج١لاش١ٕ١ر سخٛذ شذصٛٞ , شدٗ صٍدر إٌٟ تٌذٚسذ تٌذ٠ِٛر

ػٍٝ تٔظّر دذ٠عر ٌصٛص١ً تٌذٚتء ٚرٌه خٙذف شذس١ٓ تلإشثدر تٌذ٠ٛ١ر ٌٙزٖ تلأد٠ٚر  دتخً جسُ تلإٔسثْ ػٕذ شٕثٌٚٙث ػٓ 

غش٠ك تٌفُ وّث إٔٗ لا شٛجذ دستسثز ِسصف١عر ػٓ ظدثش١ر ِعً ٘زٖ تلأٔظّر دتخً تٌىدسٛلاز تٌشخٛذ ٚ لا ٠ٛجذ ت٠عث 

ٚ ٌزٌه ٠لادع ػذَ جذٜٚ . دستسثز ػٓ ِذٜ تٌصأظ١ش تٌّصدثدي خ١ٓ ٘زٖ تلأٔظّر تٌّسصذذظر ٚ تٌىدسٛلاز تٌج١لاش١ٕر تٌشخٛذ

تٌذستسثز تٌّمذِر ػٓ تلأٔظّر تٌذذ٠عر وٛٔٙث لا ٠صُ شط٠ٛش٘ث ٌصصدخ فٟ صٛسذ جشػر دٚتب١ر ٠سًٙ شٕثٌٚٙث ٚلاس١ّث ػٓ 

 .غش٠ك تٌفُ

شمَٛ ٘زٖ تٌشسثٌر خإٌمثء تٌعٛء ػٍٝ شط٠ٛش تٔظّر دٚتب١ر دذ٠عر لأد٠ٚر شذ١ذر تٌزٚخثْ فٟ تٌّثء ِٓ تجً شذس١ٓ إشثدصٙث 

تٌذ٠ٛ١ر دتخً تٌجسُ ٚشط٠ٛش ودسٛلاز ج١لاش١ٕ١ر سخٛذ ِٕثسدر ٌٙث ٚرٌه ػٓ غشق دستسر ِذٜ ظدثش١ر ِعً ٘زٖ تلأٔظّر 

ِٓ ظّٓ تلأٔظّر تٌّسصخذِٗ ٘ٛ . دتخً تٌىدسٌٛر ٚ وزٌه ِذٜ شأظ١ش ٘زٖ تلأٔظّر ػٍٝ ظدثش١ر تٌىدسٛلاز تٌج١لاش١ٕ١ر تٌشخٛذ

 Lipid) تسصخذتَ تٌصشو١دثز تٌصٟ شذصٛٞ فٟ شى٠ٕٛٙث ػٍٝ دْ٘ٛ ٚ رٌه دسح ِث ٠ؼشف خٕظثَ شص١ٕف ص١ثغر تٌذْ٘ٛ 

formulation classification system" LFCS")  ٚرٌه خإسصخذتَ دٚتء تلإ٠صٛدٚلان وذٚتء ّٔٛرجٟ تٌزٞ ٠ؼشف

د١ط ٠صُ دستسر ظدث١ٔر تٌٕشو١در تٌّٕثسدر تٌصٟ لثِس خذٚس٘ث فٟ شذس١ٓ رٚخثْ تلإ٠صٛدٚلان دتخً . خشذثدر رٚخثٔٗ فٟ تٌّثء

وّث شصٕثٚي . تٌىدسٌٛر تٌج١لاش١ٕر وزٌه دستسر شأظ١ش٘ث ٚتٌصشو١دثز تلأخشٜ ػٍٝ تٌعدثز تٌف١ض٠ثبٟ ٌٍىدسٌٛر تٌج١لاش١ٕٕر تٌشخٛذ

تٌشسثٌر شط٠ٛش تٔظّر ف١صٛص١ِر دذ٠عر ِذ١ٍر تٌصٕغ ِٓ تجً شذس١ٓ شٛص١ً تد٠ٚر ػشد١ر ِعً تٌىٛسو١ِٛٓ تٌزٞ ظدس دذ٠عث 

أ١ّ٘صٗ تٌؼلاج١ر فٟ تٌؼذ٠ذ ِٓ تلأِشتض ٚلاس١ّث  دثلاز ِذذدذ ِٓ تٌسشغثْ ٌصىثفا ِع١ٍصٙث ِٓ تٌّٕصج تلأجٕدٟ ٚ ٘ٛ ِث 

٠Merivaؼشف ج 
™

خإلاظثفر إٌٟ تسصذذتض ٔظثَ دٚتبٟ أخش .  ٚ وزٌه شط٠ٛش٘ث فٟ صٛسذ ودسٌٛر ج١لاش١ٕٕر سخٛذ

MCT   PHOSAL 53ٌصٛص١ً تلأد٠ٚر خإسصخذتَ ٔٛػ١ر تخشٜ تلً سؼشت ِٓ تٌفٛسف١ٌٛدذ تٌٕمٟ ٚ ٟ٘
®

  ٌصٛص١ً ػمثس 

 :شصعّٓ ٘زٖ تٌشسثٌر إٌٟ جضء٠ٓ . تٌىٛسو١ّٓ إٌٟ تٌذٚسذ تٌذ٠ِٛر ٌلإٔسثْ
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 انجزء الأول

دراست وتقييى جذوى استخذاو الأوساط انذهنيت و انًحبت نهًاء عهي كبسولاث جيلاتينيت رخوة انًحتويت 

 .عهي الإيتودولاك

 

٠صٕثٚي ٘زت تٌجضء ِٓ تٌشسثٌر دستسر شط٠ٛش ودسٛلاز ج١لاش١ٕ١ر سخٛذ شذصٛٞ ػٍٝ ِشوح تلإ٠صٛدٚلاز فٟ تٚسػ د١ٕ٘ر تٚ 

وزٌه . ِذدر ٌٍّثء ٚ رٌه ِٓ تجً شذس١ٓ رٚخثْ تٌّشوح فٟ تٌّثء ٌض٠ثدذ تِصصثصٗ ػدش تلأِؼثء ػٕذ شٕثٌٚٗ ػٓ غش٠ك تٌفُ

دستسر تٌصأظ١ش تٌّصدثدي خ١ٓ تلأٚسثغ تٌسثٌف روش٘ث ٚ تٌىدسٌٛر تٌج١لاش١ٕ١ر تٌشخٛذ خّث ٠صعّٕٗ رٌه ِٓ ظدثش١ر تٌىدسٌٛر ٚ 

ٚخؼذ ػذذ شجثسج ػٍٝ تلأٚسثغ تٌذ١ٕ٘ر تٌّخصٍفر شٍّس إخصدثس تٌزٚخثْ ٌٍصشو١دثز . تلأٔظّر تٌّسصخذِٗ ٌٙزت تٌغشض

خإسصخذتَ تلإخصدثس تٌّؼصّذ ِٓ دسصٛس تلأد٠ٚر تلأِش٠ىٟ ٌٍٛصٛي إٌٟ تفعً ششو١ح ٠ذسٓ ِٓ ِؼذي رٚخثْ تي 

ETODOLAC ْٛ٘ٚجذ تْ تٌصص١ٕف تٌعثٌط ِٓ ٔظثَ شص١ٕف ص١ثغر تٌذ Type IIIb  تٌّصىْٛ ِٓ ص٠ٛز, ِشودثز 

 ِصّعٍر فٟ co-solvents, ِشودثز شسثػذ ػٍٝ تٌزٚخثْ  Hydrophilic surfactantsرتز ٔشثغ سطذٟ ِذدر ٌٍّثء 

 ٠ؼذ تفعً تلأٚسطر تٌذ١ٕ٘ر ٌصذس١ٓ رٚخثْ تلإ٠صٛدٚلان خجثٔح تٌٛس١ػ تٌّذح ٌٍّثء تٌّصّعً فٟ 400تٌدٌٟٛ إ٠ع١ٍ١ٓ ج١ٍىٛي 

خثلإظثفر إٌٝ ٔجثح شٍه تلأٔظّر فٟ ػذَ تٌصثظ١ش ػٍٝ تٌعدثز تٌف١ض٠ثبٟ ٌٍىدسٌٛر تٌج١لاش١ٕ١ر تظٕثء  . 400تٌدٌٟٛ إ٠ع١ٍ١ُ ج١ٍىٛي 

 . إجشتء دستسثز تٌعدثز ػ١ٍٙث

 

 انجزء انثاني 

 .تطوير و تحسين كبسولاث جيلاتينيت رخوة تحتوى عهي انظًت دوائيت يتحوصهت نعشب انكوركًين

٠صٕثٚي ٘زت تٌجضء ِٓ تٌشسثٌر دستسر شط٠ٛش تٔظّر دٚتب١ر ِصذٛصٍر ٌٍىٛسو١ّٓ وٛٔٗ ػشح رٚ ت١ّ٘ر ػلاج١ر خثٌغر وّعثد 

فدثٌشغُ ِٓ ت١ّ٘ر ٘زت تٌؼمثس إلا تْ إشثدصٗ تٌذ٠ٛ١ر . ٌلأوسذذ, ِعثد ٌلإٌصٙثخثز ٚ ِعثد ٌدؼط تٔٛتع ِٓ ِشض تٌسشغثْ

ٚ رٌه خسدح تٔٗ شذ١خ تٌزٚخثْ فٟ تٌّثء,  وزٌه ػذَ ظدثشٗ تٌى١ّ١ثبٟ % 1دتخً جسُ تلإٔسثْ ِذذٚدٖ ٌٍغث٠ر د١ط لا ٠صؼذٜ 

 جُ ١ِٛ٠ث 4فٟ تلأٚسثغ تٌّثب١ر ٚ شؼشظٗ ٌؼ١ٍّر تلأ٠ط دتخً تلأِؼثء ٚ تٌىدذ ِّث ٠صششح ػ١ٍٗ شٕثٌٚٗ خجشػثز ود١شذ شصؼذٜ 

ِٚٓ ٘زت تٌّٕطٍك شّس دستسر تٌؼذ٠ذ ِٓ تلأٔظّر تٌذٚتب١ر تٌذذ٠عر فٟ ِذثٌٚر ٌٍصغٍح ػٍٝ ٘زٖ تٌّشىلاز ٚ شخف١ط . 

 : ٘زت تٌجضء ٠ٕمسُ إٌٟ فص١ٍٓ. تٌجشػر تٌّصٕثٌٚر ِٕٗ ِغ ص٠ثدذ فثػ١ٍصٗ خثٌجسُ
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 انفصم الأول

 تحضير و تقيى كبسولاث جيلاتينيت رخوة يحتويت عهي يعقذ انكوركويين ـــ انفوسفونيبيذ

 

Meriva تٌفٛسفٌٛد١ذ ِذ١ٍث ِٚمثسٔصٗ خّع١ٍٗ تلأجٕدٟ تٌّؼشف ج –٠صٕثٚي ٘زت تٌفصً شذع١ش ِؼمذ تٌىٛسو١ّٓ 
™

ٌخفط 

ٚظدس تٌصطثخك تٌصثَ خ١ٓ . تٌصىٍفر ِّث ٠ص١خ تٌفشصر لإٔصثجٗ ِذ١ٍث خذلا ِٓ إسص١شتدٖ ٚرٌه ٌىٟ ٠صُ شذتٌٚٗ خصىٍفر ِخفعر

تٌّٕصج١ٓ خؼذ إشّثَ تٌذستسثز تٌّخصٍفر ػ١ٍّٙث د١ط شٍّس تٌذستسثز ػٍٝ ِمثسٔر ِؼذي رٚخثْ تٌصشو١دص١ٓ فٟ تٚسثغ ِصؼذدذ 

, ٚ صٛس ت١ٌّىشٚسىٛج تلإٌىصشٟٚٔ تٌّثسخ , تٌّسخ تٌّسؼشٞ تٌصدث٠ٕٟ ,  ٚ تسصخذتَ ت١ٌّىشٚسىٛج تلإٌىصشٟٚٔ تٌٕثفز

 EX-vivoٚ ِؼذي تِصصثص تٌصشو١دص١ٓ خإسصخذتَ  تٌصذ١ًٍ خٛتسطر تلأشؼر شذس تٌذّشتء, وشِٚثشٛجشف١ث تٌطدمر تٌشل١مر

study . ٟتِث ٘زت تٌّؼمذ فمذ شُ شط٠ٛشٖ ٌىٟ ٠ؼدأ خذتخً ودسٌٛر ج١لاش١ٕ١ر سخٛذ فٟ صٛسذ ِؼٍك فٟ ٚسػ دٕٟ٘ تٚ ف

ٚٚجذ تْ تسصخذتَ ٘زت تٌّؼمذ فٟ صٛسشٗ تلأ١ٌٚٗ ٠ص١خ تٌفشصر ٌض٠ثدذ ششو١ض تٌىٛسو١ّٓ إٌٝ . صٛسشٗ تلأ١ٌٚٗ وشدٗ صٍح

 ِجُ ٌىً 100 خذلا ِٓ (F 13)تٌىش٠ّٛفٛس إٞ إي    ٚ 400 ِجُ دتخً تٌجشػر تٌٛتدذذ فٟ ٚجٛد تٌدٌٟٛ إ٠ع١ٍ١ٓ 200

 . ودسٌٛر خثلإظثفر إٌٝ ظدثش١ر ٘زٖ تٌصٛسذ دتخً تٌىدسٌٛر تٌج١لاش١ٕ١ر خلاي دستسر تٌعدثز

 

 انفصم انثاني

تحضير و تقييى تركيباث يتناهيت انصغر قابهت نلإنتشار نهكوركويين بإستخذاو انفوسفونيبذ انسائم 

 .كإحذى الأنظًت انًطورة نتوصيم انذواء

 

٠صٕثٚي ٘زت تٌفصً شذع١ش ػذد ِٓ تٌصشو١دثز تٌّذص٠ٛر ػٍٝ ششو١ضتز ػٍٝ تٌفٛسف١ٌٛدذ تٌسثبً تٌزٞ ٠ؼذ تلً شىٍفر ِٓ 

ٚ شد١ٓ ِٓ خلاي ٘زٖ تٌذستسر تْ . خثلإظثفر إٌٝ خؼط تٌض٠ٛز ٚ تٌّشودثز رتز ٔشثغ سطذٟ ِذدر ٌٍّثء صٛسشٗ تٌٕم١ٗ

 شؼذ تفعً تٌصشو١دثز تٌصٟ ِٓ شأٔٙث شٛص١ً تٌذٚتء إٌٝ تٌذٚسذ F1تٌصٛسذ تٌزتبدر ٌٍىٛسو١ِٛٓ ِغ تٌفٛسف١ٌٛد١ذ تٌسثبً 

تٌذ٠ِٛر خصٛسذ ػث١ٌر ٚ٘زت ِث شُ تٌصأوذ ِٕٗ ػٕذ إجشتء خؼط تٌصجثسج ػٍٝ تٌفةشتْ خثلإظثفر إٌٝ دستسر ِؼذي تٌزٚخثْ 

, صٛس ت١ٌّىشٚسىٛج تلإٌىصشٟٚٔ تٌٕثفز, ٚ ل١ثط دجُ تٌجضئ ٚ تٔصشثسٖ  دجُ  In vitro dissolution studyتٌخثسجٟ 

فدثٌشغُ ِٓ ظدثز ٔجثح تٌصشو١در تٌسثٌفر تٌزوش إلا تٔٙث ٌُ شذظٟ خعدثز . , جٙذ ص٠صث  , ِؼثًِ شؼذد تٌجض٠ةثز ,تٌج١ض٠ةثز

دتخً تٌىدسٌٛر تٌج١لاش١ٕ١ر ٚ ٘زت ٠صطٍح تٌّض٠ذ ِٓ تٌذستسثز ٚ تلأخذثض ِٓ تجً تٌٛصٛي إٌٝ تٌصشو١در تٌّعٍٝ ٌٍىدسٌٛر 

 . تٌج١لاش١ٕٕر ِٓ تجً تٌذفثظ ػٍٝ ظدثز ِعً ٘زٖ تٌصشو١دثز خذتخٍٙث
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 ٌجٕر تلإششتف ػٍٝ تٌشسثٌر 

 ............................أســـثِر ٠ٛسف ػدذ الله                                                      . د.أ

  أسصثر خمسُ تٌص١ذلا١ٔثز 

  جثِؼر تلإسىٕذس٠ر–و١ٍر تٌص١ذٌر 

 

 

 ............................. أدّذ ٔد١ً ػلاَ                                                                . د

 ِذسط خمسُ تٌص١ذلا١ٔثز 

  جثِؼر تلإسىٕذس٠ر–و١ٍر تٌص١ذٌر 
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شط٠ٛش تٌىدسٛلاز تٌج١لاش١ٕ١ر تٌشخٛذ تٌّذص٠ٛر ػٍٝ أد٠ٚر 

 شذ١ذر تٌزٚخثْ

 

 يقذيت ين

 

 إبراهيى عبذ انًحسن عبذ انقادر كًيم/ صيذني

 2009بكانريوس انعهوو انصيذنيت، 

 

 ٌٍذصٛي ػٍٝ دسجر

 

 (صيذلانياث)انًاجستير في انعهوو انصيذنيت 

 

 

 

 ٌجٕر تٌّٕثلشر ٚ تٌذىُ ػٍٝ تٌشسثٌر

 ..........................د صفثء صلاح تٌذ٠ٓ تٌجًّ                                                       .أ

 ..........................أسثِر ٠ٛسف ػدذ الله                                                            . د.أ

 ..........................سٕثء تٌج١ضتٚٞ                                                                   . د.أ
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شط٠ٛش تٌىدسٛلاز تٌج١لاش١ٕ١ر تٌشخٛذ تٌّذص٠ٛر ػٍٝ أد٠ٚر 

 .شذ١ذر تٌزٚخثْ

 سسثٌر ػ١ٍّر

 جثِؼر تلإسىٕذس٠ر-ِمذِر إٌٝ تٌذستسثز تٌؼ١ٍث خى١ٍر تٌص١ذٌر

 تسص١فثء ٌٍذستسثز تٌّمشسذ ٌٍذصٛي ػٍٝ دسجر

 

 انًاجستير

 في

 (صيذلانياث)انعهوو انصيذنيت 

 

 يقذيت ين

 

 إبراهيى عبذ انًحسن عبذ انقادر/ صيذني

 2009بكانريوس انعهوو انصيذنيت، 

 

 

 

2014 
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