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Abstract 

Some drug molecules having bioavailability problem 

even after a good solubility profile. This problem may be 

due to their branched and bulky molecular structure or 

due to their good affinity with skin’s layers parts. That 

bioavailability problem may be overcome by forming a 

self-emulsifying drug delivery formulation. Molecules of 

Diclofenac Sodium though possess a good water 

solubility but present a below level oral bioavailability 

because drug food interaction and below level 

bioavailability because drug protein (present in skin 

layers). In this study Diclofenac Sodium molecules, 

surfactant and oil were firstly form a system in which 

drug having good solubility (optimized) so as it interacts 

and leave as well with solvent system. Granulation was 

done with granulating agents and converted the granules 

after proper lubrication. Drug release study was done and 

formulation code STD8 shows a good release profile in 

zero order release with correlation coefficient 

(r2=0.9961) in the pattern of controlled release study. 

The % cumulative drug release of the formulation SDT8 

was found 99.66 in 110 minutes and thus it increases the 

absorption percentage of therapeutic agent. There is no 

indication of any type of keratolysis in applied area of 

cadaver skin part observe in SEM analysis. This indicates 

that increased penetration flux of model drug was not due 

to any rupture in penetration barrier but only due to 

support opening of channels.  

Keywords: Diclofenac, STD8, NSAID, SEDDS. 

Introduction  

The class-II category drug molecule, which belong to 

having the low solubility and high permeability category, 

are a suitable candidate for SEDDS type formulation. A 

drug molecule like diclofenac sodium is suitable drug 

candidate for the formulation of SEDDS. The drugs 

that’s having high permeability but the solubility is low 

are the write drug candidate for SEDDS formulation; 

diclofenac sodium belongs to class-II drug in BCS. By 

applying SEDDS method the solubility of diclofenac 

sodium can be increased. Diclofenac sodium belongs to 

NSAID.  

The bioavailability of the formulation can be increased 

by increasing the drug solubility and minimizing the 

gastric irritation. Also, by using gelling agent we can 

http://ijmsir.com/
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formulate the sustained release formulation. In SEDDS 

formulation the lipid matrix interacts with water used, 

and forming a fine (o/w) Oil in-water type of emulsion. 

The emulsion’s dispersed phase droplets deliver the drug 

to the gastrointestinal mucosa in the dissolved state 

promptly accessible for absorption. We could improve 

the bioavailability of many drugs when they are 

formulated in SEDDS forms. A self-emulsifying drug 

delivery system (SEDDS) is a drug delivery approach in 

which a drug is formulated as a mixture of oils, 

surfactants, and co-surfactants that spontaneously form 

an emulsion or micro-emulsion when mixed with an 

aqueous medium.  

Methods 

Diclofenac sodium was obtained as a gift sample from 

Bio Chemical & Synthetic Product Ltd., Hyderabad, 

India. PEG-6000, Tween-40 and used oils were of 

analytical grade and of Central Drug House (P) Ltd., and 

all other chemicals used were of analytical grade and 

were used without any type of further chemical up 

gradations. Phase diagram: Surfactant with co-surfactant 

were mixed in different proportions viz. 1:1, 1:4, 1:5, 5:1. 

4:1; are known as SS (Solvent system). 

Table 1: Solvent system design with Tween 20 and PEG 

600 

 

Solubility study: (Patel, at.el., 2007) A pre-known 

number of vehicles that was pure or mixture of oil, 

surfactant or co-surfactant, were taken in sample bottle. 

An excess amount of model drug that is Diclofenac 

Sodium was mixed in sample bottle. Mixture of admixed 

were shaken with vertical shaker at room temperature 

(250C) for 2 hours the interval of 2 hours for total 12 

hours. After equilibrium achieved of the mixture, sample 

bottles were centrifuged at 2000 rpm for 10 min., and un- 

dissolved drug molecules were separated by the means of 

filtration (Whatman filter paper). The samples were 

analyzed visually as well as through UV- Vis 

spectrophotometry in order to confirm concentration of 

the drug molecule in used solvent/solvent system.  

Table 2: List of solvent used for solubility study. 

 

Table 3: Observation of solubility study 
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The solutions were examined firstly through visually and 

with the help of turbidity meter. Based on both visual and 

turbidity solutions were categorized in four categories: • 

Transparent and easy in flow (TS) • Transparent and 

viscous in flow (TG) • Milky and easy in flow (ES) • 

Milky and viscous in flow (EG) Phase diagrams were 

prepared with the help of software (Chemix School 12.0). 

Point A was oil, point B was SS4 T20P600 and point C 

was distilled water. Granules preparation: By using 

tween as surfactant different formulation codes were 

designed and prepared with formulation abbreviation 

from SDT1 to SDT8. The SEDDS of diclofenac sodium 

were prepared by melting the surfactant mixture of 

tween-40 in co-solvents like PEG-600 by using oil like 

soyabean oil or Olic acid. During melting the temperature 

should be 70°C. The molten blend was prepared by using 

China dish. By using different ratio of ingredients. Then 

the prepared blend is mixed with the drug until a creamy 

dispersion was produced. Finally, the blended excipients 

(CCS, Lactose, and PVPK-30) were mixed physically in 

different proportions. Creamy dispersion was then mixed 

thoroughly until a suitable mass was obtained. Then this 

mass was semi-dry after semi dry it was screening and 

then sends for full dry. After complete dry it was 

lubricated and then compressed as tablet. Emulsion 

which was formed after application of the prepare 

formulations at supposed site of application were 

evaluated under dye test and dilution test for category of 

emulsion determination, creaming test, globules size and 

Ostwald ripening test for physical stability of prepared 

formulation. Tablet preparation: Dispensed all tabulated 

excipient in a tray and blended them with gental shakes. 

Then the prepared blend is mixed with the drug until a 

creamy dispersion was produced. Finally, the blended 

excipients (CCS, Lactose, and PVPK-30) were mixed 

physically in different proportions. Creamy dispersion 

was then mixed thoroughly until a suitable mass was 

obtained. Then this mass was semi-dry after semi dry it 

was screening and then send for full dry. After complete 

dry it was lubricated by using talcum (4%) and Mg. 

Stearate (2%) w/w then compressed as tablet. Result: 

Visual observation table in order to select the solvent 

system for preparation of SEDDS formulation of 

diclofenac sodium.  

Table 4 : Observation of solubility study at NTP 
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Figure 1: Observation of solubility study at NTP 

Table 5: Observation of solubility study at modified 

conditions 

 

 

 

Figure 2: Observation of solubility study at modified 

conditions Based on the results of drug Solubilization 

potential solvent system SS4T40P600 was selected for 

further study. In order to prepare phase diagram further 

addition of designed component were a vortex blender. 

All successive addition was 5%w/w every time, mixing 

temperature was room temperature and second addition 

was only after complete dispersion of first added 

components. Soyabean oil was selected for further study, 

as soyabean oil shown a good solubility index with 

model drug. Phase diagram was prepared by blended the 

oil phase and SS in different ratio in %weight /weight 

units. Taken ratios were 1:1, 1:2, 1:4, 1:8 (Oil: SS4 

T40P600).  

Table 6.: Evaluation results of Emulsions 

 

*Creaming / Sedimentation exceeds 20% after how much 

time (days). **flocculation increases size range of 

globules twice then that of their starting size after how 

much period of time (days). # Avg. globular size of 10 

globules. 

 

Figure 3: Evaluation results of Emulsions  

Granules evaluated under following criteria:  

Table 7: Granules evaluation results 
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Figure 4: Granules evaluation results.  

SEEDS tablets were evaluated under following criteria: 

 

Table 8. Comparative data for evaluation of various 

properties of SEDDS tablets 

 

Figure 5: SEDDS tablets evaluation results. 

In vitro Drug Release and Release Kinetics  

The release profile of formulation (SDT1-SDT8) along 

with in house developed SEDDS is displayed in figure 

8.6 showed %CDR profile. The formulation SDT1 and 

SDT2 released 94.750±0.65 and 87.345±0.23 of drug 

within 120 min and achieve zero order kinetics. However 

the formulation SDT3,SDT4,SDT5, SDT6, and SDT8 

showed release of drug up to 12 minutes but 

Formulation,SDT8 best modulated zero order release 

kinetics up to 110 minutes with maximum regression 

coefficient value of r2=0.9961; was optimized and 

compared for % CDR and release kinetics. The 

comparative profile of in house developed SEDDS 

Tablets with optimized formulation (SDT8) showed that 

the in-house developed SEDDS tablet released its major 

part of drug within 110 minutes. 

 

*n= 3  

Table 9: Mathematical modeling and drug release 

kinetics of SEDDS tablets 

 

Figure 6: Zero order curve profile of prepared 

formulations  

On the basis of the release kinetic the formulation SDT8 

was found as the optimized formulation because it 

provides us the planned release kinetics i.e. zero order 

release with correlation coefficient (r2=0.9961) in the 

pattern of controlled release study. The % cumulative 

drug release 0 20 40 60 80 100 120 % Cumulative drug 

release 0 20 40 60 80 100 120 140 Time (Min.) Zero 

order release profile of the formulation SDT8 was found 

99.66 in 110 minutes and thus it increases the absorption 

percentage of therapeutic agent.  

SEM analysis 

There is no indication of any type of keratolysis in 

applied area of cadaver skin part observe in SEM 

analysis. This indicates that increased penetration flux of 
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model drug was not due to any rupture in penetration 

barrier but only due to support opening of channels. 

 

Figure 7: SEM picture of treated (STD8) cadaver skin. 
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