
Abstract
Adverse effects of non-steroidal anti-inflammatory drugs (NSAIDs) are seen in almost all organs but GI tract is most frequently af-
fected as they cause GI irritation, bleeding and also peptic as well as duodenal ulceration. Concepts about gastro-duodenal mucosal 
ulceration have been evolved from the simple theory of topical injury to other theories involving multiple mechanisms with both local 
and systemic effects. Aceclofenac is one of the commonly used NSAIDs. It belongs to class II drugs in BCS and characterized by poor 
aqueous solubility and high absorption. Dissolution of aceclofenac is a rate limiting step which affects its onset especially in dental 
pain, rheumatoid and osteoarthritis. Solid dispersion is a type of solid state material where molecular dispersion of one or more ac-
tive drugs is carried by an inert carrier. The above mentioned considerations led to the objective of this study, which aimed to prepare 
and evaluate solid dispersion systems containing aceclofenac and Eudragit Ll00, Eudragit S100, Eudragit RL100, PVP k90 and methyl 
cellulose 15cps. All formulations were prepared by dissolving the polymer in a mixture of isopropanol and acetone (1:1 V/V), 100mg 
drug was then dissolved in a minimal amount of the solvents mixture at 40oC. Solvent were evaporated over a period of 24 hrs under 
stirring conditions (150 rpm) at room temperature, 1:1. 1:2 and 1:3 ratios were utilized for each polymer. The polymer which showed 
the optimum release conditions was chosen for in-vivo studies using male Wistar rats. The obtained solid dispersion systems were 
evaluated using FT-IR, DSC and PXRD. Drug content as well as in- vitro drug release studies were determined at different pH values. 
Drug content in the prepared matrices ranged between 97.98% and 100%. No significant drug-polymer interactions were observed 
in IR studies. Aceclofenac entrapment efficiency in the different prepared formulations was affected by neither the polymer type nor 
drug to polymer ratio. Solid dispersion with Eud S100 1:1 drug to polymer significantly reduced gastric irritations and gastric ulcers 
compared to free drug as well as the other proposed formulations as proved from histopathological examination of rat stomachs.
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Aceclofenac (2-[2-[2-[(2,6-dichlorophenyl)amino]- phenyl]acetyl] 
oxyacetic acid) (Figure 1), is a NSAID used in the first line treat-
ment of osteoarthritis, rheumatoid arthritis and ankylosing spon-
dylitis [1].

Introduction Aceclofenac is a partially water insoluble drug which undergoes 
first pass metabolism when taken orally. The drug is well absorbed 
after oral administration with hepatic first-pass metabolism [2]. 
Aceclofenac belongs to class II drugs in BCS characterized by poor 
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Concepts about gastro-duodenal mucosal injury induced by NSAIDs 
have been evolved from the simple theory of topical injury to other 
theories involving multiple mechanisms with both local and sys-
temic effects [3, 4]. Topical mucosal injury of NSAIDs is initiated 
by their acidic properties represented by their lower dissociation 
constant. These weak acids remain as lipophilic non-ionized form 
in the highly acidic gastric environment such conditions favor their 
migration through mucus across plasma membranes into surface 
epithelial cells, where NSAIDs are dissociated resulting in trapping 
of hydrogen ions that can directly kill epithelial cells [5-7]. NSAIDs 
can also induce topical mucosal damage by decreasing the hydro-
phobicity of gastric mucosa, thereby allowing endogenous gastric 
acid and pepsin to injure and damage the surface epithelium [8, 9]. 
Although NSAIDs had a well-established position in the manage-
ment of osteoarthritis and rheumatoid arthritis, its chronic use is 
accompanied with significant gastrointestinal toxicity [10]. Pa-
tients chronically taking these drugs clinically develop significant 
ulceration, bleeding and obstruction [11]. The highest rate of up-
per gastrointestinal bleeding was reported for aceclofenac users 
among different users of other NSAIDs. Gastrointestinal adhesion 
of aceclofenac is directly related to its cumulative retention inside 
the GIT.
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aqueous solubility and high absorption, dissolution of aceclofenac 
is rate limiting step that affects its onset which is important in some 
cases such as dental pain, rheumatoid and osteoarthritis.

Figure 1: Structure of aceclofenac.

Previous investigations were reported which aimed to overcome the 
aforementioned problems by formulating soft capsules containing 
drug and solubilizers [12], solid dispersion using surfactants [13], 
complexation with HP-β-cyclodextrin [14], dual release composi-
tions of cox-2 inhibitors [15], spherical agglomerates using sodium 
alginate and PVP [16], chitosan drug co-crystals [1], drug-loaded 
agarose beads [17], enteric coated immediate release pellets [18] 

as well as fast dissolving tablets [19]. All mentioned approaches 
seemed to be more efficient for improving the dissolution of these 
drugs rather than avoiding their GI adverse effects.

It was found that there is a critical need to prepare a suitable for-
mula for aceclofenac not only to improve its solubility and physico-
chemical properties but also to minimize its GI side effects. Differ-
ent microencapsulation techniques were adopted for this purpose 
[20-24], where they act by encapsulating the drug by polymeric 
coat which decreases the direct contact between the drug dis-
persed inside the polymeric matrix and the gastric mucosa. On the 
other hand protective polymers like cyclodextirins which are com-
monly used to minimize the ulcerogenic effect of various NSAIDs 
on the stomach besides its key role as solubility enhancers for 
poorly soluble lipophilic drugs [25-27].

Solid dispersion can be defined as a type of solid state material 
where molecular dispersion of one or more pharmaceutically ac-
tive drugs are carried by an inert carrier. Particles in the form of 
solid dispersion are found to have higher degree of porosity [28-
32]. Solid dispersion technique has been reported to be highly 
successful in improving the solubility and bioavailability of poorly 
soluble drugs.

The above mentioned considerations led to the objective of this 
study, which aimed to prepare and evaluate solid dispersion sys-
tems containing aceclofenac and Eudragit L100, Eudragit S100, 
Eudragit RL100, PVP K90, and methyl cellulose 15cps.

Aceclofenac (GMBH, Germany) was a gift sample kindly supplied 
by EPICO pharmaceuticals industries, El-Asher, Egypt, Eudragit 
L100, Eudragit S 100 and Eudragit RL100 were purchased from 
Sigma- Aldrich, St. Louis, Mo, USA. PVP k90 and MC cp15 were ob-
tained from RÖhm Pharma GMBH, Darmstadt (Germany). All other 
reagents and chemicals were analytical grades and were used as 
received.

Solid dispersions using solvent evaporation technique were em-
ployed to coat aceclofenac with Eudragit L100, Eudragit S 100 , 
Eudragit RL100, PVP k90 and Methyl cellulose cp15 at different 
drug to polymer weight ratios of 1:1, 1:2 and 1:3. All formulations 

Materials and Methods

Materials
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Methods



Journal of Pharmacy and Drug Development

Citation: Esmat E. Zein., et al. (2019). Effect of Certain Polymeric Resins as Well as Water Soluble Carriers on the Release of Aceclofenac 
and its Ulcerogenic Activity in Rats. Journal of Pharmacy and Drug Development 1(2). 

Page 3 of 14

were prepared by dissolving the appropriate amount of the poly-
mer in a mixture of isopropanol and acetone (1:1 v/v), with contin-
uous stirring using magnetic stirrer (Stuart, Germany). An amount 
of aceclofenac equivalent to 100 mg was dissolved in a minimal 
amount of the solvent mixture at 40°C. The polymer solution was 
added gradually to the drug solution over a period of five minutes 
with continuous stirring. Organic solvents were allowed to evapo-
rate over a period of 24 hrs under stirring conditions (150 rpm) at 
room temperature till a dry film was obtained. The resultant film 
was left in an oven for an additional 2 hrs at 40°C to ensure a full re-
moval of the organic solvents from the samples [33-35]. The dried 
film was then inspected microscopically to observe any grittiness 
or drug precipitation. The dry film formed was granulated through 
a sieve (450 μm) (Fritsch Gmbh, Germany) in order to obtain drug 
granules with a homogenous particle size which eventually were 
stored at room temperature in dark tight containers in a desiccator 
over anhydrous calcium chloride [36] till used. Table I represents 
the composition of the prepared formulations

Formula Polymers used in 
solid dispersion

Drug: polymer 
ratio

F1 Eud L 100 1:1
F2 1:2
F3 1:3
F4 Eud S 100 1:1
F5 1:2
F6 1:3
F7 Eud RL 100 1:1
F8 1:2
F9 1:3

F10 PVP K90 1:1
F11 1:2
F12 1:3
F13 MC 15 cps 1:1
F14 1:2
F15 1:3

Table 1: Composition of the prepared formulations.

Characterization of the prepared systems

A. Fourier transform infrared spectroscopy (FT-IR):
FT-IR spectrum studies help to confirm the identity of the drug and 
also to detect the interaction of the drug with the polymers (if any). 
FT-IR spectral measurements for free aceclofenac, polymers, and 

solid dispersions were carried out in order to find out any incom-
patibility between the drug and polymers. The process was carried 
out using FTIR analyzer (Perkin Elmer model, USA) adopting the 
KBr disk technique. All samples were grinded and mixed thor-
oughly with potassium bromide at a ratio of 1:100 (sample/KBr) 
followed by compressing the powders under pressure of 5 tons for 
5 min using hydraulic press to form the KBr disk. Scans were ob-
tained from 4000 to 450 cm-1 at a resolution of 2 cm-1 [37, 38].

The melting point and heat of fusion of unprocessed/raw and 
processed drug was determined by using calorimeter (DSC-50, 
Shimadzu, Kyot, Japan). Approximately 2mg of powder sample 
was placed in a hermetically sealed aluminum pan (50 μl) with a 
pinhole at argon purge of 20 mL/min. The temperature difference 
between the sample and the reference is represented graphically 
in relation to the differential heat flow. The scanning rate of 20°C/
min, from 40°C to 200°C was used in presence of argon [39].

For crystallinity of the drug, samples were evaluated using X-ray 
powder diffraction, this was done by X-ray diffractometer (Bruker 
AXS model D8 Advance, Germany) under the following conditions: 
target Cu; filter Ni; voltage 40kv; current 40mA; receiving slit 0.2 
inches. The data were collected in the continuous scan mode using 
a step size of 0.01° at 20/s. the scanning range was 5-50° at a wave 
length of 1.54°A. Samples used for XRD analysis were exactly the 
same as those used for DSC analysis [39].

The entrapment efficiency of the drug in the proposed drug deliv-
ery systems was determined after separation of the drug from solid 
dispersion. The entrapment efficiency (EE) was calculated using 
the equation:

Drug content in the proposed drug delivery systems was deter-
mined by crushing a known amount of solid dispersion in a mortar 
with a pestle before soaking in 100 ml phosphate buffer (pH 7.4) 
with continuous stirring using overheat stirrer (Stuart, Germany) 
for 90 min this provided complete swelling and bursting of the 
matrices. The resultant dispersions were filtered through 0.45 µm 
Millipore filter and the concentration of the drug in the solution 

B. Differential scanning calorimetry (DSC):

C. Powder X- ray Diffraction Analysis (XRD)

Drug content determination

PEE = X 100
Total drug added-amount of the drug

 Total Drug added
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Male Wistar rats, weighing 180-200gm, were obtained from Na-
tional researches center (Cairo, Egypt). Rats were maintained at 
22±1°C on a 12 hrs light-dark cycle allowed rat chow and water 
ad libitum. 

The allocation of animals to all groups was randomized. In-vivo ex-
perimental protocols had the approval of the institutional animal 
ethics committee (IAEC) (IAEC/PROPOSAL/DB-4/2010).

Before the start of the experiments, rats were housed individually 
in wire mesh cages to avoid coprophagy under controlled envi-
ronmental conditions. Food was withdrawn for 36 hrs but water 
was allowed ad libitum [44]. The absence of ulcers in some of the 
treated groups has revealed that the pre- fasting conditions alone 
doesn’t induce ulcer. Table (2) shows the experimental design and 
animal groups.
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In-vivo ulcerogenicity studies

Histopathological examination of stomach sections

Statistical analysis

Fourier transform infrared spectroscopy

Results and Discussion

Experimental animals

For histopathological examination, the stomach was surgically 
extirpated from each group and opened through vertical incision 
along the greater curvature and photographs were taken of the in-
side surface of the stomach. The stomach tissues were then washed 
in 0.9% saline and a portion of it was kept in 10% buffered formalin 
solution for histopathological studies [50, 51]. The sections were 
then stained with hematoxylin and eosin. The tissue sections were 
examined under an Olympus BX51 (Olympus Corporation, Tokyo, 
Japan) formulations and images were captured with a digital cam-
era attached to the formula [52].

One way ANOVA test followed by Tukey posttest was used for com-
parisons between the treatment and control groups. Data were 
presented as Mean ± SD. The (P values <0.05) was considered as 
significance level during this study.

was determined spectrophotometric ally after appropriate dilution 
using phosphate buffer (pH 7.4) as a blank [40]. The drug content 
was calculated as the percentage drug load as given by the formula 
[41-43].

Where WD is the amount of the drug loaded in the solid dispersion 
and WB is the weight taken of the proposed matrices. Drug content 
as performed in triplicate for each sample and the results were re-
ported as a mean ± SD.

The dissolution of the drug from the proposed drug delivery sys-
tems was carried out according to a united state pharmacopeia 
(USP) XXIV 8- station dissolution rate apparatus (Erweka type DT. 
Germany). One hundred mg of aceclofenac or its equivalent from 
the solid dispersion was packed in 5 size transparent hard gela-
tin capsules and the drug release was studied in 0.1N HCl (pH 1) 
and in phosphate buffer of pH value of 7.4. Samples of 5 ml were 
withdrawn at predetermined time intervals, filtered through Mil-
lipore filter (0.45 µm) and then assessed spectrophotometrically at 
a wavelength of 275 nm with a UV spectrophotometer (SHIMADZU, 
UV- 160A, Japan). Sample volume used for analysis was replaced by 
equal volumes of fresh dissolution medium preheated at 37°C to 
maintain the sink conditions.

% drug load = X 100
WD
WB

In- vitro drug release studies

Group Number Treatment
(Control group) Rats were orally administered (p.o.) 1 

ml distilled water
Aceclofenac (20mg/kg) Rats were (p.o.) 1ml aceclofenac 

solution
Aceclofenac - Eudragit S 
100 solid dispersion

Rats were (p.o.) 1ml of aceclofenac - 
Eudragit S 100 solid dispersion

Table 2: Experimental design and animal groups.

As described in the previous studies [45-47] on the morning of the 
experiments each fasted rat was orally administered 1 ml suspen-
sion of the assigned drug by oral gavage in a dose equivalent to 20 
mg per kg of aceclofenac or different aceclofenac solid dispersion 
systems [48]. Magnetic stirring was utilized to obtain a well-dis-
persed suspension of each drug and solid dispesion. Six hours later, 
each animal was anaesthetized with ether, and the abdomen was 
opened. This time interval for drug administration was subjected 
to the time table required for induction of peptic ulcer according to 
Saheed et al., [49] who used Indomethacin as an example of NSAIDs 
which induced peptic ulcer. Each stomach was excised, dissected 
along the greater curvature and contents were emptied by gently 
rinsing with isotonic saline solution.

Figure 2: Shows IR spectrum of the drug as well as in the proposed 
formulations.
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It is obvious that the spectrum of the free drug showed char-
acteristic bands at 3318 cm-1 (N-H stretching), 2970-1 cm and 
2930 cm-1 (O-H stretching), 1719 cm-1 (C=O stretching), 1585 
cm-1 (aromatic C=C stretching), 1506 cm-1 (in plane bending for 
N-H), 965 cm-1 (O-H out plane bending) and 750 cm-1 (N-H out 
plane bending). Eudragit S 100 produced a characteristic ab-
sorption band at 3481 cm-1 (O-H stretching), 1728 cm-1 (C=O 
stretching). Eudragit L100 the spectrum characterized by the ab-
sorption at 3473 cm-1 (O-H stretching), 1738 cm-1 (C=O stretch-
ing). Eudragit RL 100 showed a characteristic absorption band 
at 3439 cm-1 (O=H stretching), 1733 cm-1 (C=O stretching). In 
case of PVP K90 the spectrum was characterized by absorption 
band at 3444 cm-1 (O- H stretching), 1659 cm-1 (C=O stretching).

In case of Eudragit RL 100, MC and PVP K90 revealed distinct peak 
of aceclofenac but the band corresponding to the -NH group over-
lapped with that of the -OH group of the [53] and carbonyl group 
in case of PVP K90 indicate no interaction between the drug and 
polymers used.

Figure 3 shows DSC thermograms of aceclofenac solid dispersion 
systems with different polymers in comparison to the free drug.

Figure 2: IR spectra of aceclofenac, polymers used, solid dispersions formulations.

While the FTIR spectrum of MC showed absorption band at 3452 
cm-1 (O-H stretching), 1639 cm-1 (C=O stretching).

The FTIR spectrum of the solid dispersion of aceclofenac with 
Eudragit S100 and Eudragit L100 show the main absorption band 

of aceclofenac but shifted to upper frequencies. This means no in-
teraction between the drug and polymers.

Differential Scanning Calorimetry
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Figure 3: DSC thermograms of aceclofenac, polymers used, solid dispersions formulations.

DSC thermograms confirmed no occurrence of any prominent in-
teraction between the drug and the polymers. Free drug showed a 
characteristic endothermic peak with a Tm recorded at 153.46°C 
revealing that the unprocessed free aceclofenac present in the 
crystalline state which is corresponding to the published data [54]. 
The recorded thermogram of Eudragit L100 produced a broad 
endothermic peak with an onset of 29.15°C and ends at 97.25°C 
this thermal curve was attributed to trace moisture. Eudragit S100 
thermogram appears to be a broad peak with an onset of 30.95°C 
and ends at 107.04°C belongs to adsorbed moisture which is in 
agreement with published data [55]. The thermal behavior of 
Eudragit RL100 presents a broad peak at 64.67°C [56]. For a PVP, 
a strong broad peak starts at 33.29°C and ends at 144.85°C due to 
adsorbed moisture [53] the thermal curve of methyl cellulose is 
characterized by a weak broad peak starts at 27.44°C and ends at 
91.32°C which can be attributed to bounded moisture [57]. Prepa-
ration of aceclofenac by solid dispersion gives drug crystals with 
thermograms depending on the polymer used. Formulations of 
aceclofenac with Eudragit L100, Eudragit S100 and Eudragit RL100

present weak endothermic peaks at 147.03°C, 149.67°C and 
121.69°C respectively. This behavior reflects the change in the crys-
talline state of drug to partially amorphous or drug distributed in 
polymer matrix at molecular level [58]. In case of aceclofenac with 
PVP which is characterized by disappearance of drug peak this can 
be explained as possible transition from crystalline to amorphous 
state. Finally the recorded thermogram of drug with methyl cellu-
lose produced a weak endothermic peak at 139.96°C also suggests 
a change in crystalline form of the drug or it is dissolved in polymer 
matrix [59].

Powder X- ray Diffraction Analysis
Figure 4 shows the diffractograms of the free aceclofenac, polymers 
and solid dispersion preparations.
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Figure 4: X-ray diffractogram of aceclofenac, polymers used, solid dispersions formulations.

The diffraction pattern of free drug shows its crystalline nature by 
numerous clear peaks at a diffraction angle (2ø) of 8.89°, 11.58°, 
12.96°, 14.61°, 16.94°, 17.65°, 18.11°, 19.55°, 22.37°, 24.60°, 26.09°, 
26.54°, 32.27°, 35.59°, 36.68°, 47.41° and 53.49° this indicate the 
crystalline nature of aceclofenac. The diffractogram of Eudragit 
S100, EudragitL100, Eudragit RL100, PVPK90 and MC show amor-
phous structure. The solid dispersion of aceclofenac with these 
polymers shows weak peaks at 22.52° and 26.20° in Eudragit L 
100, 26.42° in Eudragit S 100, 22.51° and 26.12° in Eudragit RL 
100, 25.44° in MC. The diffraction pattern of solid dispersion with 
PVP K90 indicates weakest peak at 22.65°.

This can be attributed to reduction in particle size of aceclofenac 
after solvent evaporation; the drug is dispersed in the polymer ma-
trix at a molecular level giving possibility of partial amorphisiza-
tion.

Drug content determination:
Aceclofenac content in different formulations is presented in Table 
3

Formula % Aceclofenac Content*
F1 97 ± 0.98
F2 98 ± 0.74
F3 98 ± 1.88
F4 99 ± 0.72
F5 97 ± 1.93
F6 100 ± 2.14
F7 99 ± 3.23
F8 98 ± 2.36
F9 99 ± 1.57

F10 99 ± 1.23
F11 99 ± 0.64
F12 98 ± 0.13
F13 98 ± 1.62
F14 98 ± 0.87
F15 100± 2.27

* (Mean ± SD, n=3)

Table 3: Aceclofenac content in different solid dispersion systems.
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From the Table it is obvious that drug content in the prepared 
formulations varied from 97.98 to 100. It is also evident from the 
table that drug to polymer as well as the method of preparation 
didn’t play any role on drug content in the proposed formulations. 
The obtained results are in parallel with those obtained by Swetha 
et al, [60] who prepared micro sponges containing etodolac with 

different types of polymers including Eudragit and ethyl cellulose 
and proved that the ratio of the polymer in the delivery system has 
no effect on the percentage entrapment efficiency. Trivedi et al [61] 
reported that by increasing the polymer ratio in certain formula-
tions from 1:1 to 1:5 was followed by increasing drug entrapment 
efficiency.

In-vitro drug release studies:
Release characteristics of the drug from solid dispersion systems 
are presented in figures 5 and 6

Figure 5: Release profile of aceclofenac as a free drug and from its solid dispersion systems using 
Eud. L100 (a), Eud. S100 (b), Eud. RL100 (c), PVP k90 (d), MC 15cp (e) at pH 1 (0.1N HCl).
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Figure 6: Release profile of aceclofenac as a free drug and from its solid dispersion systems using 
Eud. L100 (a), Eud. S100 (b), Eud. RL100 (c), PVP k90 (d), MC 15cp (e) at pH 7.4 (phosphate buffer).

From the above figures, it is obvious that the percentage dissolved 
after 20 min of the free drug was 0.56 and 23.07%. At time 120 
min it was 1.65 and 81.20% at pH 1 and 7.4 respectively. Formula-
tion of solid dispersion of aceclofenac with Eud L100 resulted in a 
non-significant decrease in the dissolution rate compared to the 
free drug, after 20 minute was 0.39±0.02 and after 120 min was 
1.46±0.14% at pH 1 and at drug: polymer ratio 1:1, while showed 
significant increase in the dissolution rate of compared to the free 

drug at 20 min 84.02±2.26% and at 120 min 91.45±0.22% at pH 
7.4 (p value <0.05). So the amount of the drug dissolved in the 20 
min was increased gradually with increasing polymer concentra-
tion to reach 0.85±0.05% and 0.95±0.05%, at 120 min, 2.51±0.06% 
and 2.71±0.05% at pH 1, at drug: polymer ratio 1:2 and 1:3 respec-
tively (p value <0.05). At pH 7.4, the amount of drug dissolved at 20 
min was decreased gradually with increase polymer concentration 
to reach 78.53±5.19% and 61.95±3.66%, at 120 min 89.3±2.09% 
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As for Eud L100, preparation of solid dispersion of aceclofenac 
with Eud S100 resulted in significant decrease in the dissolu-
tion rate of the product at 20 min was 0.03% and at 120 min was 
0.98±0.08% at pH 1, while resulted in significant increase in dis-
solution rate at 20 min which was 49.35±0.65% and at 120 min 
was 84.19±1.76% at pH 7.4 compared to the free drug. So the 
amount of the drug dissolved in the 20 min was increased gradu-
ally with increasing polymer concentration to reach 0.79±0.15% 
and 0.48±0.03%, at 120 min reach 2.32±0.07% and 0.94±0.07% 
at pH 1, at 1:2 and 1:3 respectively(p value <0.05). At pH 7.4, 
the amount of drug dissolved at 20 min was decreased gradually 
with increase polymer concentration to reach 34.3±2.04% and 
13.24±0.86%, at 120 min reach 76.3±7.11% and 33.36±1.91% 
at 1:2 and 1:3 respectively (p value <0.05). This can be attrib-
uted to physical change in the crystalline structure of the drug.

For Eud. RL100, formulation of solid dispersion with aceclofenac 
showed non-significant decrease in the dissolution rate of the 
product at 20 min 0.52±0.02%, but show significant increase in the 
dissolution rate at 120 min 3.52±0.32% at pH 1, while resulted in 
non-significant increase 29.9±0.96%at 20 min and no significant 
decrease 54.5±2.72% at 120 mint compared to the free powder at 
pH value 7.4 in a drug: polymer ratio of 1:1. At pH 1 increase the 
drug: polymer ratio showed increase the dissolution rate of prod-
uct at 20 min and 120 min in both ratios 1:2 and 1:3, on the other 
hand at pH 7.4, increase the concentration of the polymer resulted 
in decreasing the amount of drug released at 20 min and 120 min 
in both ratios drug: polymer ratio with 1:2 and 1:3 as showed in 
figures 5 and 6. This can be attributed to its time dependent prop-
erty, not pH dependent like Eud L100 and Eud S100.

Histopathological results

and 88.45±0.49% at drug: polymer ratio 1:2 and 1:3 respectively(p 
value <0.05). So the amount of the drug dissolved in 120 min at pH 
7.4 decreased due to the enteric effect of Eud L100, this can be at-
tributed to ionization of the carboxylic group in aqueous media at 
pH 5.5 and above, rendering the polymer resistant to acidic media 
[62]. Such polymers retain the drug when in contact with gastric 
environment and release the drug rapidly in intestinal environ-
ment.

In PVP K90, the product showed significant increase in the dis-
solution rate compared with free drug at 20min 5.08±0.41% and 
13.5±0.44% at 120 min at pH 1, also showed significant increase 
in the dissolution rate at 20 min 90.03±0.6% and at 120 min 
91.11±1.05% compared to free drug at pH 7.4 in drug: polymer 

ratio of 1:1(p value <0.05). Increase the polymer concentration re-
sulted in significant increase in the dissolution rate at 20 min and 
120 min in both gastric and intestinal media at drug: polymer ratio 
of 1:2 and 1:3 drugs to polymer ratio as show in in figures 5 and 6. 
This can be attributed to increase the wheat ability and decrease 
hydrophobicity. The presence of hydrophilic polymer may prevent 
aggregation of fine particles exposing a higher surface area of drug 
to the dissolution media [63].

Finally, in case of methylcellulose (MC) the product resulted in sig-
nificant increase in the dissolution rate 3.07±0.33% at 20 min and 
8.79±0.63% at 120 min being compared with free drug at pH 1, The 
dissolution rate of product showed significant increase at 20 min 
84.7±3.62% and 90.43±2.23% at 120 min at pH 7.4 at 1:1 drug: 
polymer ratio (p value <0.05).

Eud. S 100 at a drug: polymer ratio of 1:1 was selected as the op-
timal solid dispersion using enteric polymer to conduct further 
in vitro and in vivo evaluation, since it was the lowest ratio which 
achieved significant reduction in drug release at both fasted and fed 
state of the stomach while performing higher dissolution at intesti-
nal pH and consequently higher drug bioavailability.

The pattern of the mucosal specimens was studied histopathologi-
cally by examining the histology of the treated and control samples. 
Effect of aceclofenac, its solid dispersion formula on stomach tissue 
histopathology is presented in Figure 7

Histopathological examination of Hx & E stained stomach sections 
of rats administered distilled water (control group), showed that all 
the four animals appeared with full thickness of gastric wall (normal 
mucosa, musculosa and serosa), normal gastric mucosa consisting 
of glands lined with mucin secreting cells (Figure 7-a). In rats ad-
ministered aceclofenac (20mg/kg), histopathological examination 
showed that all the four animals, evidenced loss of gastric mucosa 
and replaced by granulation tissue, foci exhibiting chronic inflam-
mation and intestinal metaplasia of gastric glands denoting areas of 
gastritis and parietal cells hyperplasia (Figure 7-b). In rats admin-
istered aceclofenac- Eudragit S100 solid dispersion, histopathologi-
cal examination detected that stomach tissue of animals manifested 
focal partial loss of gastric mucosa, (Figure 7-c).
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The obtained results of solid dispersion systems indicated that solid 
dispersion of aceclofenac with EudS100 as an enteric carrier and 
its slow diffusion into the gastric lumen as confirmed by in vitro 
dissolution data could alleviate the problem of gastric ulceration by 
minimizing its direct exposure to the ulcer-prone area of the stom-
ach. Solid dispersion characterization using FT-IR, DSC and XRD re-
vealed that no significant changes occurred for aceclofenac. Solid 
dispersion of aceclofenac using EudS100 at drug to polymer ratio of 
1:1significantly reduced gastric irritations and gastric ulcers com-
pared to the free drug.

The treatment is effective depending not only on the blockade of 
acid secretion, but also on the increased production of factors re-
sponsible for protecting the gastric mucosa, thus avoiding damage 
to the epithelium [65].

Inhibition of prostaglandin synthesis is well recognized as the cen-
tral mechanism by which gastrointestinal injury occurs [66]. This 
is a result of inhibition of cyclooxygenase enzyme which converts 
unsaturated fatty acids (which are released during cell injury) such 
as arachidonic acid to prostaglandins. In the stomach, prostaglan-
din synthesis is protective as a result of enhanced mucosal blood 
flow and stimulation of mucous and bicarbonate secretion [67].

In contrast, in arthritis, prostaglandins mediate pain and some 
components of inflammation. Recognition of two isoforms of cy-
clooxygenase, with COX1-predominating in the stomach and an 
inducible COX-2 expressed at sites of inflammation offer the pros-
pect of separating the beneficial effects of inhibiting prostaglandin 
synthesis in joints from the harmful effects of inhibiting it in the 
stomach [68].

The primary objective of the present investigation was to deter-
mine whether the enteric-polymers provide protection against 
aceclofenac -induced damage to gastric mucosa. Results showed 
that the enteric-polymers used in this study are capable of provid-
ing protection to the gastric mucosa against aceclofenac -induced 
gastric injury. In most of our experiments, the aceclofenac -in-
duced gastric ulceration was maximally protected by coating with 
enteric-polymers at the dose of 20mg/kg (fed orally).

a b c

Figure 7: Representative image showing histopathological observations in rat gastric tissues after administration of 
aceclofenac and its solid dispersions, (a) control group, (b) free drug and (c) drug- Eud S100 solid dispersion formula.

The integrity of the gastric mucosa depends on the balance be-
tween aggressive (HCl, pepsine) and protective factors (mucus and 
HCO3-secretion, prostaglandins, mucosal blood flow, nitric oxide) 
[64].

Conclusion
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