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Introduction
Self emulsifying drug delivery systems (SEDDS) are one 

of the promising nanocarriers and are isotropic mixtures of 
oils/lipids, surfactant, co-surfactant, and drug substance with 
optional solvents/cosolvents. The principal characteristic is, 
its ability to form fine o/w nanoemulsions upon reconstitution 
in aqueous environment and subsequent dilution in gastric 
fluids, with gastric motility supplying the necessary agitation. 
SEDDS are therefore good candidates for the oral delivery of 
hydrophobic drugs and hydrophilic drugs, provided they possess 
adequate solubility in oils/lipids or oils/lipids-surfactant blends 
[1]. The use of SEDDS is one of the most interesting approaches 
to improve the solubility and oral absorption for poorly water-
soluble drugs [2]. Now, much more attention has been focused 
on SEDDS due to its excellent efficiency in delivering poorly 
water-soluble drugs and achieving increase in bioavailability. 
Nonsteroidal antiinflammatory drugs (NSAIDs) are widely  
used in clinical practice. Many patients require these drugs on a  

 
chronic basis to relieve the pain of arthritis. It is well known that 
these drugs cause serious undesirable side effects. Damage of 
the gastric mucosa is the most important and common side effect 
and includes erosions and ulcers [3-10], as well as complications 
such as bleeding and rarely perforation. Epidemiologic studies 
have demonstrated increased morbidity and mortality due to 
NSAID use. In patients with arthritis these drugs are responsible 
for 2,600 deaths and 20,000 admissions to the hospital every 
year. Peptic lesions due to diclofenac sodium develop without 
pain in 50% to 60% of cases, which delays early diagnosis and 
thus may lead to complications [11-20]. Diclofenac sodium is a 
non-steroidal anti-inflammatory, analgesic and antipyretic drug 
and it has a high solubility above pH5. When administered orally, 
side effects such as gastric-duodenal ulcers and its short half-
life are problems in clinical use [21]. More than 10% of patients 
who receive diclofenac sodium develop an endoscopically 
visualized ulcer, an incidence at least 5 to 10 times higher 
than in patients who are not taking diclofenac sodium [22]. 
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Abstract

Oral self emulsifying drug delivery systems (SEDDS) of diclofenac sodium (DFS) were developed. The size of the dispersions in all 
the biorelevant media ranged between 101-150nm with an entrapment of 60-70%. The formulation was characterized for globule size, 
polydispersity index, surface charge and entrapment. The SEDDS dispersion was subjected to release studies in all the biorelevant media. There 
were variations in the release profiles which could have been the result of differences in the size and the composition of the biorelevant media. 
The oral DFS SEDDS was subjected to acute and chronic gastric ulcer studies in rats in comparison with plain diclofenac sodium suspension. 
The ulcer formation was assessed in terms of gastric mucous membrane damage after treatment with the SEDDS and drug suspension with 
saline as control. The SEDDS of DFS showed protection on mucous membrane to a greater degree when compared to the drug suspension and 
the protection effect lasted for a longer time. Another difference was that, the protective activity in acute and chronic study was almost same 
indicating that even after repeated administration of SEDDS, the formulation offered equal protection with that of single administration. The 
difference in the protective activity with the formulation could be explained on the basis of their residence time in the GIT and mechanism of 
absorption of DFS. It can be concluded that the improvement in reducing ulcers by DFS SEDDS is a positive sign of the safety of the formulation 
and this might pave way for a clinically useful formulation.
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Furthermore, elderly users (60 years) appear to be particularly 
vulnerable, with an estimated mortality of 10%. Since NSAIDs 
like diclofenac sodium is one of the most widely used, it was 
interesting to know how nanotechnology would prove beneficial 
to these drugs. Recently, NSAID loaded Nanoparticles were 
designed and evaluated, where flurbiprofen nanoparticles with 
suitable size range are envisaged to concentrate at inflammation 
sites due to increase fragility of blood vessels at those sites 
and increased aggregation and prostaglandin synthesis [23]. 
Although diclofenac sodium is a conventional NSAID, it could 
be fully utilized without harmful side effects if it is properly 
formulated. The advantages of SEDDS over conventional dosage 
forms have been reported [24]. It minimizes the serious gastric 
irritant side effects of the conventional NSAID preparations. 
Diclofenac sodium when formulated in goat fat and Tween 65 
mixture to develop self emulsifying tablets to reduce gastric 
ulcers [25]. The NSAIDS which can cause gastric ulcers include, 
Piroxicam, which is a poor water soluble drug, is incorporated 
in self emulsifying lipospheres consisting of a mixture of a 
homolipid from Capra hircus with Tween 65 as the surfactant. 
These self emulsifying lipospheres had the best performance 
in terms of antiinflammatory effect and possibly could be 
employed in the formulation of self emulsifying lipospheres 
for oral administration [26]. Indomethacin [27], ibuprofen and 
ketoprofen [28-32] are also formulated in SEDDS. Therefore the 
establishment of adequate protection of GI membrane from the 
effect of diclofenac sodium is of paramount importance. The 
objective of this study was to develop and examine the extent 
of gastro-intestinal toxicity developed by diclofenac sodium 
SEDDS preparation in comparison to diclofenac sodium plain 
suspension with saline as control administered to rats orally.

Materials and Methods
Materials

Medium chain Triglycerides (MCT), soyabean oil (SBO), 
triolein (TRIO), ethyl linoleate (ET), ethyl oleate (EO) isopropyl 
myrisate (IPM), cotton seed oil (CO) was purchased from Sigma, 
St.Louis, MO, USA; labrasol (Lbsol) was a gift sample from 
Colorcon laboratories, Goa; Tocopheryl Polyethylene glycol 
succinate 1000 (TPGS) was gift sample from Eastman chemicals 
Ltd UK; oleic acid (OA), Polyethylene glycol (PEG) 200, procured 
from Merck, Mumbai, India; Span 80, lecithin (Lec), was 
purchased from Sigma, St.Louis, MO, USA; Diclofenac sodium was 
gift sample from Matrix laboratories, Hyderabad, India; dialysis 
membrane (10A°) was purchased from Hi Media Laboratories 
Ltd., Mumbai, India. Centrisart filters (mol wt cut off 20000 Da) 
were purchased from Sartorius, Goettingen, Germany. All other 
chemicals used were of analytical grade and solvents were of 
HPLC grade. 

Methods
Solubility study: Some of the oils selected for determining 

the solubility are MCT, SBO, OA, TRIO, ET, EO and IPM. To a 15ml 
culture tube containing 5g of oil, excess of quantity of DFS was 

added and the contents were dissolved in methanol/chloroform 
(1:1) mixture. The solvent mixture was vortexed for 1-3 minutes. 
The homogeneous solvent mixture was transferred to a 100ml 
evaporating flask of rotary evaporator (Buchi, switzerland). The 
solvent was vaccum evaporated at 50°c and 57mbar. The oily 
solution saturated with DFS was allowed to stand at RT(32 °C) 
for 24h and DFS crystals formed in the oil were separated by 
the ultracentrifugation of oil at 100,000 rpm (micro centrifuge 
sartorious, USA). The oil solubility of DFS was determined by, 
analysing the DFS content in oil phase using UV spectroscopic 
method.

Preparation of SEDDS: Based on the solubility data, oil 
and surfactants were selected for the preparation of SEDDS. As 
shown in table 1.0, Oils, surfactants and the drug were dissolved 
in 1.5ml of 1:1 mixture of methanol and chloroform in clean and 
dry 15ml culture tube. The remaining ingredients i.e; hydrophilic 
surfactants and cosolvents were dissolved in another 1.5ml of 
1:1 mixture of methanol and chloroform. Both the solutions were 
transferred to 100ml round bottom flask. Further the culture 
tubes were rinsed with the remaining 1ml of 1:1 mixture of 
methanol and chloroform. The oil solution was flash evaporated 
at 50 °C at 110rpm for 20 minutes. The oil solution was finally 
transferred into a screw capped bottle and was observed for any 
signs of crystallization over storage for three days. Crystals were 
removed by centrifugation and neat oil phase was preserved for 
further studies.

Characterization: The SEDDS dispersions of diclofenac 
sodium were characterized for various parameters as described 
below:

Dispersibility Test: The SEDDS was dispersed into 100ml of 
biorelevant media at 37 ˚C ± 0.5 to assess the self emulsification 
power. It was considered excellent when a visually uniform 
dispersion was obtained within 1min and transparent with 
globule size less than 200nm. It was considered good when the 
time taken for dispersion was 2min and that the dispersion was 
milky white. It was considered medium when the dispersion 
was obtained above 2min and that it was dull milky white in 
color with globule size in the micrometer range. Finally, it was 
considered poor when it took more than 5min for dispersion 
and that the resultant system had more dull milky appearance 
with globule size in micrometer range and that the distribution 
was non uniform. The SEDDS which on reconstitution yielded 
nanodispersions were further categorized into few classes. The 
one which spontaneously dispersed yielding a bluish transparent 
was graded as the “best” whereas the other when spontaneously 
dispersed but yielded hazy colloidal preparation without any 
bluish tinct was graded as the “good”.

Microscopy: The preparations were observed at a 
magnification of 450X using epifluorescent microscope (Eclipse 
E 600, Nikon, Japan) to confirm the presence of oil globules, 
shape and type of oil droplets. This was done to observe the 
presence of any oil globules in micron range.
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Size and zeta potential: Size and size distribution was 
determined by photon correlation spectroscopy (PCS) using 
Zetasizer 3000HSA/Zetasizer ZS-90 (Malvern Instruments, 
Malvern, Worcs, UK). Each sample was diluted to a suitable 
concentration with corresponding biorelevant media. Analysis 
was performed at 25 °C with an angle of detection at 90°. The 
mean size and zeta potential with standard deviation (± SD) was 
directly obtained from the instrument.

Percent entrapment

The percent entrapment of diclofenac sodium was 
determined by measuring the concentration of free drug in the 
dispersion medium. Centrifugal ultrafiltration was carried out 
using Centrisart I (Sartorius AG, Gottingen, Germany) which 
consists of filter membrane (molecular weight cut-off, 20000 Da) 
at the base of the sample recovery chamber. The unentrapped 
drug in the aqueous phase was estimated. Total drug was 
analyzed after digesting the system with methanol. The percent 
encapsulation was calculated as follows.

                                            Total DFS - Unentrapped DFS
Percent entrapment (%) = --------------------------------------- X 100

                                                      Total DFS

Release Studies
Release studies of DFS SEDDS were run in triplicate at 37±0.5  

̊C using the USP II dissolution apparatus (Electrolab, Mumbai) at 
100rpm. The composition and method of preparation of all the 
biorelevant media were followed accordingly from USP/NF 2002. 
At the beginning of each experiment, size 0 hard gelatin capsules 
were filled with SEDDS. The capsule was then placed in 900ml 
of respective biorelevant media (0.1N Hcl, phosphate buffer, SGF, 
SIF, and FESIF). Capsules were held at the bottom of the vessel 
using stainless-steel sinkers. Initially, the release medium was 
scanned spectrophotometrically from 900 to 200 nm at a gradient 
rate of 1.5-5 scans/min (Thomson UV spectrophotometer, UK). 
At the end of each experiment, the dissolution medium was 
visually examined for signs of turbidity or sedimentation and 
was judged as transparent, translucent, turbid, or milky. In 
the fasted state (FASGF, FASIF) resting volumes are quite low, 
and have been estimated to be about 25ml [33,34]. However, 
when a dosage form is administered, some fluid is usually co-
administered. In pharmacokinetic studies, this volume is often in 
the 200-250ml range. Assuming secretions at a rate of just under 
1ml/min [35], about 50ml secretions are expected within 1h, 
the longest period during which a fast disintegrating immediate 
release dosage form is expected to be totally emptied from the 
fasted stomach [36]. Thus, a realistic volume to simulate the total 
fluid available in stomach to dissolve simple dosage forms during 
gastric residence that empty with the fluid after administration 
in the fasted state would fall in the range of 250-300ml. It is 
of note that in the USP dissolution apparatus II, often used for 
immediate release dosage forms, the minimum volume that can 
be used is slightly more than 300ml. Otherwise; the paddle is 

not completely immersed in the dissolution medium. Based on 
the above theory, the volume of FASGF and FASIF dissolution 
mediums in the current studies were set at 500ml. Samples of 
5ml were withdrawn at preset time intervals. Immediately after 
the sample removal, the contents were replenished with 5ml of 
fresh medium. DFS content in such samples was analysed UV 
spectrophotometrically at λmax 276nm. 

Gastric Ulcer Studies
Study protocol

The aim of the experimental design was to minimize 
experimental variables and to avoid bias. All experiments were 
performed using protocols approved by the institutional animal 
ethical Committee of UCPSC, Kakatiya University, Warangal.

Animals
Winstar female rats were obtained and housed in a 

temperature and humidity controlled, certified Animal Care 
Facility. Animals were maintained on wire floor cages over 
absorbent paper and acclimated to a 12hr day-night cycle for 
at least one week before experiments. Rat chow (Harlan Teklad, 
Indianapolis, Indiana) and water were provided ad libitum. At 
the time of treatment, the rats were 4 months (young) of age. 

Study design
A total of eighteen female winstar rats were selected for 

the gastrointestinal toxicity studies. The selected rats were 
maintained on a uniform diet and it was ensured that none of 
them had given any drug at least one week prior to the study. 
They were divided into two sets. The first set in acute toxicity 
study comprised of three groups each comprising three rats. 
The first group was given saline as control, the second group 
plain diclofenac sodium suspension (Diclofenac sodium powder 
was dispersed in 1% w/v sodium carboxy methyl cellulose in 
normal saline at a dose of 25mg/kg) and the third group was 
administered DFS SEDDS preparation (25mg/kg). After oral 
administration, the animals were sacrificed after 4hrs. Similarly, 
the second set in chronic toxicity study comprised of three 
groups. The first group was given saline as control, the second 
group diclofenac sodium suspension (25mg/kg) and the third 
group DFS SEDDS preparation (25mg/kg). On similar lines, after 
oral administration the rats were sacrificed after one week.

Evaluation of gastric ulcers 
When the duration of the study was completed, the animals 

in acute study were sacrificed after 4hrs and those in chronic 
study were sacrificed after one week. Animals were terminally 
anesthetized with chloroform and the stomach and small 
intestine were immediately excised and used for analysis. To 
assess gastric mucosal damage score, stomachs were removed, 
opened along the greater curvature and examined for lesions in 
the glandular part under a dissecting microscope. The mucosal 
damage was assessed in a blinded manner by calculation of 
a lesion index. Essentially, the severity factor was defined 
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according to the length of the lesions, 0: absence of lesions; 1: 
lesions - 1mm; 2: lesions 2-3mm; 3: lesions >3mm. Stomachs 
were inspected for the presence of lesions prior to fixation, since 
gastric ulcers are easier to see in unfixed tissue. The number of 
ulcers was counted without knowledge of animal treatment. 

Results
DFS solubility studies

Figure 1: Solubility of DFS in individual oils.

The solubility of DFS in individual oils and their combination 
were determined by UV spectroscopy. The solubility of DFS was 
high in oleic acid followed by MCT (Figure 1). Since oleic acid 
had highest solubility of DFS, MCT was combined with oleic acid 
to find out whether any synergistic effect is achieved with such 
combination. Interestingly a synergism in DFS solubility was 
observed. To find out the influence of stoichiometry of these 
ratios on synergistic solubility of effect of DFS, the ratios of 
OA:MCT were varied from 1:9, 2:8, 3:7, 4:6, 1:1, 6:4, 7:3, 8:2 and 
9:1 respectively. Stoichiometry of the ratios showed synergism 
and 1:9 and 1:1 ratios exhibited the highest improvement in the 
synergistic solubility of DFS. These oils were selected to develop 
oral SEDDS formulation.

Size and Zetapotential
The size of the nanodispersion of DFS in various biorelevant 

media ranged from 101-152nm, zetapotential from 6.9-
12.6mv and percent entrapment from 60.1-65.8 with not much 
significant variation. The maximum entrapment was observed in 
FESIF. In 0.1N Hcl low entrapment was observed.

Release Studies
The initial drug release of the drug was rapid in FASIF 

followed by phosphate buffer and the total drug release was high 
i.e; 74.18% in FASIF followed by phosphate buffer i.e.; 70.14%. In 
all the media the drug release was seen till 30hrs and the other 
important point to be noted is that the entire drug release could 
not be seen in all the biorelevant media. The drug released for 
3-4hrs approximately in all the media for 50% of release to occur 
except in SGF and FASGF in which the total percent release itself 
was 50% till 30hrs (Fig 1.2).

Release Studies
The initial drug release of the drug was rapid in FASIF  

followed by phosphate buffer and the total drug release was high 
i.e; 74.18% in FASIF followed by phosphate buffer i.e; 70.14%. In 
all the media the drug release was seen till 30hrs and the other 

important point to be noted is that the entire drug release could 
not be seen in all the biorelevant media. The drug released for 
3-4hrs approximately in all the media for 50% of release to occur 
except in SGF and FASGF in which the total percent release itself 
was 50% till 30hrs (Figure 2).

Figure 2: Release profiles of diclofenac sodium from SEDDS in 
biorelevant release media.

Gastric Ulcer Studies

Figure 3: A. Rat stomach is a acute study treated with saline 
(lesions: 0mm); B. Rat stomach in acute study treated with 
plains DFS suspension (lesions: >3mm); C. Rat stomach in 
acute study treated with DFS SEDDS (lesions: 0mm).
As shown in Figure 3, in acute toxicity studies, the rats were 

sacrificed after 4hrs and then the stomach was isolated and 
examined visually and microscopically. No lesions or erosions 
could be seen in the control group I which was administered with 
saline clearly indicating that the animals were free from ulcers 
(Figure 3A). In group II (Figure 3B) the animals administered 
with plain diclofenac sodium suspension were found to have 
ulcers with erosions in the antrum of the stomach. All the three 
rats had lesions in combination with erosions in all parts of 
the stomach but more prominently in the lower portion of the 
stomach. Furthermore, different kinds of lesions had developed 
concurrently. However, in group III the animals which were 
administered with DFS SEDDS, ulcers or lesions could not be 
seen or might be insignificant and thus are protected from ulcer 
development to a major extent (Figure 3C). As shown in Figure 
4, in chronic toxicity studies, the rats were sacrificed after one 
week and then the stomach was isolated and examined visually 
and microscopically. No lesions were seen in the stomach of 
group I (control) revealing the absence of ulcers (Figure 4A). 
In group II (Figure 4B) severe burns with lesions (ulcers with 
erosions in the antrum of the stomach) were developed in all 
the three rats. The location, number, size, and histologic features 
of the lesions were more severe and different to those in group 
II of acute study. In group III (DFS SEDDS) in one animal the 
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gastric lesion was a single ulcer with histologic features less to 
those of chronic ulcers (Figure 4C). The findings showed that in 
both acute and chronic studies with DFS suspension, the gastric 
mucosa of the animals was not protected from the ulcer causing 
effects of diclofenac sodium. Among the animals administered 
with DFS SEDDS, there was significant protection of the gastric 
mucosa.

Figure 4: A. Rat stomach in chronic study treated with saline 
(lesions: 0mm); B. Rat stomach in chronic study treated with 
plain DFS suspension (lesions: >3mm & Burns); C. Rat stomach 
in chronic study treated with DFS SEDDS (lesions: 0mm).

Discussion
From the solubility study, it was found that the maximum 

solubility was seen in oleic acid followed by in medium chain 
triglyceride. A synergistic effect was observed when oleic acid 
was combined with MCT in various proportions. This synergistic 
effect could be possibly due to inverse micellar formation in 
such system and subsequently solubility of DFS into them. The 
increase in solubility in these systems is directly proportional 
to the lecithin concentration. The concentration of lecithin in 
the emulsion is the main factor determining solubility of drugs 
moderately lipophilic (logP <2.5), while for more lipophilic 
compounds the presence of oil is a determinant and for such 
drugs solubility in submicron emulsion is better than in aqueous 
lecithin dispersions [37]. It is also shown that the solubilization 
capacity strongly depends on the concentration of endogenously 
secreted materials such as bile salts and phospholipids. However 
addition of surfactants demonstrated the suitability of SEDDS 
to control the precipitation of the drug [38]. The drug:lipid 
ratio, HLB of the resultant surfactant mixture and production 
parameters are the factors governing drug release from SEDDS 
[39]. Based on this concept, we have optimized systematically 
the ratios of lipid to surfactants. The importance of biorelevant 
media in a recent study found that, the dissolution profile of 
diclofenac sodium from self emulsifying tablets when determined 
in simulated gastric fluid (SGF) without pepsin was found to 
be good but not stable [25]. So to get a better in vitro – in vivo 
correlation, biorelevant media were used. During the process of 
nanoemulsion formation, a part of the drug may partition into 
bulk aqueous medium for rapid release, a part remains in the 
vicinity of oil-lecithin interface and a part is retained inside 
the oil. So, our hypothesis of correlating the drug release with 
its solubility in the oil phase can be explained in a research 
study which states that the in vitro release of physostigmine is 
attributed to the retention capacity of the dispersed oil droplets. 
Increase of the oily phase volume ratio from 20 to 50% did not 

substantially decrease the rate of release, and decrease of the 
mean oil droplet size did not affect the release profile [40]. The 
gastrointestinal toxicity of diclofenac sodium in experimental 
animals and in humans is well established [41] and is likely to 
be a limiting factor in the clinical usefulness. The use of SEDDS 
for DFS includes reduction of gastric toxicity with minimum 
exposure in the upper GI tract [42,43]. It has been confirmed in 
a study that the increased intestinal permeability, inflammation, 
bleeding, ulceration are the serious side effects often observed 
with long term NSAID therapy [44]. So, new formulations of DFS 
are definitely essential. Diclofenac sodium may appear to exert 
its GI toxicity through direct contact, distribution to the mucosa 
upon systemic availability and biliary excretion. In our animal 
experimental studies, DFS suspension induced toxicity in both 
the acute and chronic toxicity studies. The observed ulcer effect 
of the pure drug is likely due to local exposure in the GI tract for 
a long time. This hypothesis can be related to a research finding 
in which the usual formulation of DFS may result in retention 
of drug in the stomach for hours or even days which may cause 
retarded absorption, gastro-intestinal toxicity and delayed 
plasma peak concentrations. Moreover, diclofenac sodium has 
been shown to undergo considerable first pass metabolism, 
limiting its oral bioavailability [45]. The assumption of local 
exposure of the drug can be supported in a study which assumes 
that the change of a conventional formulation of DFS is needed 
to reduce the GI damage. It reveals that the percent incidence of 
GI toxicity attributed to sustained and enteric coated diclofenac 
sodium preparations (52.1%) is signicantly greater than that 
attributed to immediate release tablet preparations (37.5%) 
because of more residence time and high local exposure of the 
drug to the GI membrane [46]. In another study, it explains that 
the mechanisms involved in upper GI damages of some of the 
NSAIDs, e.g., aspirin, may be due mainly to their direct local 
effects [47]. So, assessment of diclofenac sodium toxicity on the 
entire GI tract revealed that there was a particular advantage for 
using SEDDS for DFS. With SEDDS, the local exposure of the drug 
is minimized, since the drug is either absorbed rapidly due to 
enhancement in absorption or globule absorption may take place. 
Our hypothesis could be related to research finding which states 
that, Gentamicin, an aminoglycoside is poorly absorbed from 
the gastrointestinal (GI) tract. When administered in labrasol 
microemulsions to rat small intestine and colon, it facilitates the 
transmucosal delivery by enhancing paracellular absorption and 
inhibition of efflux mechanism in the enterocytes [48]. In another 
report, labrasol with the concentration of 0.1 and 1% is shown 
to increase the permeability of mannitol by 4.6-fold and 33.8-
fold, respectively. The mechanism of opening of tight junctions 
is found to involve F-actin-related changes and redistribution 
of ZO-1 [49]. Our findings are further strengthened by a study 
that vancomycin hydrochloride when formulated with Labrasol 
and TPGS, the oral absorption is enhanced by 2.2 and 2.4 times 
[50]. This is a measure for the decreased retention time in the 
GIT. It is also found that, labrasol increases intestinal absorption 
and bioavailability of P-gp substrate rhodamine123 by inhibiting 
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the function of P-gp [51]. These studies significantly prove that 
labrasol enhances absorption transcellularly and paracellularly 
thereby decreasing the local exposure of DFS in the GIT. Thus, 
our results clearly indicate that rats administered with DFS 
SEDDS in acute and chronic toxicity studies exhibit significantly 
less macroscopic damage to the gastric mucosa than with plain 
suspension. This seems reasonable to propose that at least part 
of the reduced gastric/intestinal toxicity associated with DFS 
SEDDS usage reflects the reduced gastrointestinal toxicity which 
suggests that, this may prove of interest for further evaluation 
in the clinic.
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