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Introduction 

Oral route is the most preferred route for drug 

administration due to greater convenience, less pain, high 

patient compliance and so on. However, oral drug delivery 

possesses some disadvantages like low drug solubility, 

poor gastrointestinal (GI) absorption, rapid metabolism, 

high fluctuation in the drug plasma concentration and 

variability in absorption due to food effects. Drug 

absorption from the intestine is the combination of some 

steps, including drug dissolution in the GI tract, uptake 

through the intestinal mucosa, and delivery into the 

systemic circulation.
1-3

 Diclofenac Na is one of the most 

widely prescribed non-steroidal anti-inflammatory drug 

(NSAIDs) due to its analgesic and anti-inflammatory 

effects. It is administrated to relieve pain and 

inflammation in a wide range of musculoskeletal 

conditions, including various forms of arthritis, gout, back 

pain, dislocations, tendinitis and frozen shoulder.
4-6

 

Similar to other NSAIDs, diclofenac Na is associated with 

rare, but serious and sometimes fatal; GI tract side effects 

such as ulceration and hemorrhage. Therefore, this drug is 

an ideal candidate for taking with food and incorporation 

with different macromolecules to diminish its adverse 

effects after oral administration and also increase its 

bioavailability.
7-10

 Eudragit
®
 RS100, is a copolymer of 

poly (ethylacrylate, methylmethacrylate and 

chlorotrimethyl-ammonioethyl methacrylate) and contains 

4.5–6.8% of quaternary ammonium groups which provide 

positive surface charge to the polymer. This property may 

cause to interact with negatively charged drugs or cellular 

surface of the target tissues.
10

  

Solid dispersions and nanoparticles have frequently 

applied in order to improve physicochemical 

characteristics of the drugs as well as increase or decrease 

the drug release rate.
11-17

 Our previously published study 

was revealed that both solid dispersions and nanoparticles 

of diclofenac Na – Eudragit
®
 RS100 could considerably 

decrease the drug release rate.
10

 In this study the solid 

dispersion and nanoparticles of diclofenac Na - Eudragit
®
 

RS100 with the drug: polymer ratio of 1:1 was prepared 

based on our previously published paper.  

Subsequently, the intensity and duration of analgesic 

effect of the solid dispersion and nanoparticles were 

evaluated employing formalin test as an experimental 

model in male rats. 

 

Materials and Methods 

Materials 

Acetone, ethanol, methanol, KH2PO4 and anhydrous 

sodium hydroxide were purchased from Merck Company 

(Germany). Diclofenac sodium was obtained from 

Research Article 

Article info 

Article History: 

Received: 22 April 2014 
Revised: 22 May 2014 

Accepted: 23 May 2014 

ePublished: 5 March 2015 

 
Keywords: 

 Diclofenac sodium 

 Eudragit® RS100 

 Nanoparticles 

 Solid dispersion 

 Formalin test 

Abstract 
Purpose: In this study the intensity and duration of analgesic effect of diclofenac Na - 

Eudragit® RS100 solid dispersion and nanoparticles were evaluated by using formalin test 

in the rats. 

Methods: The animals received different formulations of diclofenac Na and subsequently 

50 µl of formalin solution (2.5%) was injected subcutaneously in the right paws after 1 h, 2 

h and 3 h. The paw licking behavior was then evaluated in two phases. A dose of 20 mg/kg 

of pure diclofenac Na powder was determined as effective dose. 

Results: In the first phase, in term of reduced paw licking time, no significant differences 

were found in any of the groups compared to the control group. However, in the second 

phase, the animals which received pure drug powder and the physical mixture of diclofenac 

Na with Eudragit® RS100 showed significant differences at the first and second hours. In 

the animals received the nanoparticles and solid dispersion, significant differences were 

observed in the third hour compared to the control group. 

Conclusion: The analgesic effect of diclofenac Na could be improved by formulating its 

nanoparticles and solid dispersion with Eudragit® RS100. However, the nanoparticles 

revealed significantly higher analgesic effect than solid dispersion. 
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Shasun Chemicals and Drugs Company (India), 

Eudragit
®
 RS100 was supplied from Boehringer 

Ingelheim Company (Germany).  

 

Preparations of the nanoparticles, solid dispersion and 

physical mixture 

Nanoparticles of diclofenac Na-Eudragit
®
 RS100 were 

prepared via quasi-emulsion solvent diffusion method. 

Briefly, diclofenac Na and Eudragit
®
 RS100 with the 

drug: polymer ratio of 1:1 were dissolved in 2 ml of 

ethanol at room temperature so that the total amount of 

drug and polymer was 100 mg. To evaporate the organic 

phase, the solution was stirred slowly in a shaker (MKV 

Orbital shaker Lh fermentation) at room temperature for 

24 hrs. In order to separate the nanoparticles, the 

obtained suspension was centrifuged at 5 °C for 30 

minutes in the 14000 rpm (Bekman: USA). The obtained 

nanoparticles were then lyophilized. 

Coevaporation method was employed to prepare the 

solid dispersions of diclofenac Na-Eudragit
®
 RS100. To 

this end, drug and polymer at the ratio of 1:1 with a total 

weight of 2 g was dissolved in 200 mL ethanol. To 

obtain the solid dispersions, ethanol was evaporated 

(Buchi
®
 rotary evaporator, Germany) at 10 °C and 80 

mmHg for an hour.  

Physical mixture of diclofenac Na with Eudragit
®
 RS100 

was prepared by tumbling method (10 min) with the 

same drug: carrier ratio. 

 

Animals and experimental protocol 

Male Wistar rats (200 ± 20 g) were housed in the Animal 

House of Tabriz University of Medical Sciences at 

constant temperature (23 ± 2 °C) and relative humidity of 

50 ± 10 % in standard polypropylene cages (four per 

cage), under a 12/12 hrs light/dark cycle. Animals were 

freely allowed food and water. This study was performed 

in accordance with the Guide for the Care and Use of 

Laboratory Animals of Tabriz University of Medical 

Sciences, Tabriz-Iran (National Institutes of Health 

publication No 85–23, revised 1985). 

The rats were divided into a control group and 18 test 

groups, which consisted of 8 rats in each group. The 

animals were fed with standard laboratory food (rat 

chow) for one week.  

To check the presence of any possible analgesic effect of 

normal saline, 2 mL of normal saline solution was 

gavaged in one group. In the control group only 50 µl of 

formalin solution 2.5 % (v: v) was injected 

subcutaneously into right foot of the animals and the rats 

did not receive any drug.  

In the test groups, formulations were dispersed in 2 mL 

of normal saline solution and then were gavaged orally 

according to the following protocol: Four groups were 

received pure diclofenac Na powder (2.5, 5, 10, and 20 

mg/Kg); three groups were received an effective dose of 

pure diclofenac Na powder (20 mg/Kg); three groups 

were received the nanoformulation; three groups were 

received the solid dispersion; and finally three groups 

were received the physical mixture (all equivalent to 

effective dose). All tests were performed between 8 am 

to 2 pm.  

One hour (in the first group), two hours (in the second 

group) and three hours (in the third group) after the 

gavage, formalin solution was injected subcutaneously 

in the right foot. Immediately after injection, the 

animals were placed in the special glass chamber 

(20×25×40 cm) equipped with a mirror (with a 45 

degree angle in the bottom) to evaluate the reaction to 

pain carefully. Reactions to injection of formalin 

solution was measured by stopwatch and recorded up to 

5 minutes, in the first phase, and from 20 to 60 minutes, 

in the second phase. 

 

Statistical analysis 

One way ANOVA test followed by Tukey post test was 

used for comparisons between the treatment and control 

groups. Data were presented as Mean ± SEM. The P 

values <0.05 was considered as significance level during 

this study.  

 

Results 

Effect of different doses of formalin on licking time 

In the animals which received formalin 2.5 % (v:v), paw 

licking time in the phase I (0-5 minutes) and phase II 

(20-60 min) were 79.0 ± 5.4 and 260.1 ± 6.7 seconds, 

respectively. Subcutaneous injection of 50 µl formalin 

solution 5 % (v:v) did not show any significant 

difference (p>0.05) in the duration of pain when 

compared with formalin 2.5% (Figure 1). Therefore, in 

order to avoid complications due to increased 

concentrations of formalin and tissue destruction, 

formalin 2.5 % (v: v) was applied to induce the 

inflammatory pain.  

 

 
Figure 1. Effect of different doses of formalin on the licking time 
in the rats 

 

Effect of different doses of pure diclofenac Na powder 

on the licking time 

In order to investigate the effect of different doses of 

pure diclofenac Na on the licking time as well as to find 

the effective dose of the drug, four doses of pure drug 

powder (2.5, 5, 10, and 20 mg/Kg) were administered to 

the four groups of animals one hour before the injection 

of formalin.  

In the first phase, no significant difference (p>0.05) 

was detected between the control group and the groups 
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which received different doses of pure diclofenac Na. 

However, in the second phase, only the group which 

received a dose of 20 mg/kg of pure drug powder 

showed significant difference (p<0.05) in the licking 

time (220.25 ± 8.0 sec) compared to the control group 

(268.6 ± 9.4 sec) (Table 1). Therefore, the effective 

dose of pure diclofenac Na powder was determined as 

20 mg/kg.  

 
Table 1. Effect of different doses of pure diclofenac on licking 
time in phases I and II.  

Group Phase I (sec) Phase II (sec) 

Control 79.0 ± 5.4 268.6 ± 9.4 

Normal Saline 81.0 ± 3.6 260.5± 8.9 

Diclofenac 2.5 mg 74.8 ± 5.0 260.1±6.7 

Diclofenac 5 mg 74.5 ± 3.2 251.2 ± 7.3 

Diclofenac 10 mg 70.6 ± 6.1 246.3 ± 8.1 

Diclofenac 20 mg 79.0 ± 5.4 220.2 ±8.1
*
 

Results were expressed as mean ± SEM. (
*
: p<0.05 compared to 

the control group). 
 

The animals which received 20 mg/mL of pure 

diclofenac Na powder did not show any significant 

difference (p>0.05) in phase I. On the other hand, 

following administration of the pure drug after one and 

two hours (phase II) the licking time was decreased 

significantly (p<0.05) from 268.6 ± 9.4 sec to 220.2 ± 

8.0 sec and 218.8 ± 13.5 sec, respectively. However, 

after 3 h, decrease in licking time was not significant 

(p>0.05) (Table 2).  

 

Table 2. Effect of different formulations on licking time in phases 
I and II at times 1h, 2h and 3h. 

Group Phase I (sec) Phase II (sec) 

Control 79.0 ±5.4 268.6 ±9.4 

Pure Diclofenac 

1 h 70.6 ±6.2 220.2 ±8.0
*
 

2 h 74.1 ±7.1 218.8 ±13.5
*
 

3 h 76.5 ±5.4 240.7 ±9.4 

Physical mixture 

1 h 75.0 ±8.6 224.2 ± 13.5
*
 

2 h 75.2 ±4.2 223.0 ±11.1
*
 

3 h 81.6 ±6.9 243.0 ±10.4 

Solid dispersion 

1 h 73.2 ±8.1 190.1 ±7.7
***

 

2 h 76.5 ±5.2 189.1 ±9.3
***, #

 

3 h 76.6 ±7.8 192.5 ±7.9
***,##

 

Nanoparticles 

1 h 70.0 ±5.9 166.7± 7.1
***,a

 

2 h 71.2 ±7.3 165.6 ±8.2
***,###,a

 

3 h 72.6 ±5.9 167.6 ±6.7
***,###,a

 

Results were expressed as mean ±SEM. (
*
: p<0.05 and 

***
: p< 

0.001 compared to the control group,
#
: p<0.05, 

##
: p<0.01 and 

###
: 

p< 0.001 compared to the pure diclofenac received groupand
a
: 

p<0.05) compared to the solid dispersionreceived group. 
 

Effect of physical mixtures of diclofenac Na and 

Eudragit
®
 RS100 on the licking time  

In the phase I, there was no significant difference 

(p>0.05) between the control group and the group which 

received the physical mixture (Table 2). Nevertheless, 

the significant difference (p<0.05) was revealed between 

these groups only in times 1 h and 2 h of the phase II. 

However, the effects of physical mixtures did not 

significantly differ (p>0.05) from that of pure drug 

powder in the corresponding times. 

 

Effect of the solid dispersion on licking time in phase I 

and II after different times 

Similar to the previous groups, in the phase I, the licking 

times in the group which received the solid dispersion 

were not significantly (p>0.05) decreased compared to 

the control group (Table 2). However, in the phase II, 

difference in the licking time after all the three times was 

remarkably significant (p<0.001) compared to the control 

group. Then again, in comparison with pure diclofenac 

Na powder, the solid dispersion could significantly 

decrease the licking time after 2 h (p<0.05) and 3 h 

(p<0.01). 

 

Effect of the nanoparticles on licking time  

As it is shown in Table 2, the nanoparticles of diclofenac 

Na-Eudragit
®
 RS100 could not decrease the licking time 

in phase I. However, in phase II, in all of the 

administered times, a significant difference was observed 

between the group which received the nanoparticles and 

the control group (p<0.001). Furthermore, the licking 

time in the nanoparticle administered animals was 

significantly less than the group which received pure 

drug powder (p<0.001) and the solid dispersion (p<0.05).  

 

Discussion 

The analgesic effects of pure diclofenac Na powder in 

the consecutive hours of pain are shown in Table 1. In 

the first phase, there was no significant difference 

(p>0.05) between pure diclofenac Na administered group 

and the control group demonstrating that diclofenac Na 

was not effective in the acute phase of pain. However, 

the analgesic effect was detected in the chronic phase of 

the pain. Lack of significant differences in the third 

hours of second phase, could be due to low half-life of 

drug in plasma (1-2 hr).  

The analgesic effect of the physical mixture was not 

significantly (p>0.05) higher than that of pure drug 

powder, signifying that Eudragit
®
 RS100 had no effect 

on pain reduction nevertheless the process and the type 

of formulation was important. 

Table 2 also reveals that the analgesic effects of the solid 

dispersion and nanoparticles did not also show 

significant differences (p>0.05) in the first phase 

compared to the control group. However, the analgesic 

differences at the third hour (chronic phase) were 

noticeably significant (p<0.05) for the both formulations 

compared to the control group. Moreover, the results 

showed that these formulations had retained their 
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analgesic effect which could be because of the slow 

release of diclofenac Na in the GI environments. 

In the first phase, there was no significant difference 

(p>0.05) between the analgesic effect of the 

nanoparticles and solid dispersion, nevertheless the 

appropriate analgesic effect was observed by the 

nanoparticles in the chronic phase. This effect was 

interestingly superior than the solid dispersion associated 

analgesic effect which could be owing to the slow release 

of the drug from the nanoparticles as well as the 

increased absorption of the nanoparticles. 

The comparison of the analgesic effects of the different 

formulations in the third hour after the pain experience 

indicated that unlike the pure drug powder and the 

physical mixture, the solid dispersion and 

nanoparticles prolonged the analgesic effect which 

could be as a result of slow drug release from these 

formulations.  

According to our previously published findings, the 

mean particle size of diclofenac Na-Eudragit
®
 RS100 

nanoparticles with the drug/polymer ratio of 1:1 was 

103±60 nm and the size distribution was relatively 

monodisperse (polydispersity index = 0.320 ± 0.083).
10 

Due to sub-micron size of the nanoparticles, these 

particles can easily penetrate into the tissue, which lead 

to the reaching of the appropriate amount of drug into the 

targeted site of the body.
18

 Other features of the 

nanoparticles are the delivery of drugs into the specific 

parts or organelles inside the cells making possible the 

increased bioavailability and reduced side effects of the 

drugs.
18

 

Uptake of the particles can be take place by various 

processes such as phagocytosis, endocytosis or 

pinocytosis which are receptor-mediated.
19,20

 

Eudragit
®

 RS100 with the zeta potential of 35 mV, 

produces positive charge on the surface of the 

nanoparticles and facilitate their uptake by the 

negatively charged cells.  

 

Conclusion 

According to the formalin test results, the nanoparticles 

and solid dispersion of diclofenac Na and Eudragit
®
 

RS100 showed higher intense and also duration of 

analgesic effects than pure drug which could be 

attributed to the improved physicochemical property and 

sustained release of the drug from these formulations. 

Physical mixture of diclofenac Na and Eudragit
®
 RS100 

showed similar analgesic effects with the pure drug 

powder. Nanoparticles also showed better analgesic 

effect than the solid dispersion which can be due to the 

higher absorption of the nanoparticles from GI tract 

and/or reduced drug removal by the phagocytic system. 

Because of the high risk of diclofenac Na toxicity which 

can initiate severe side effects in gastrointestinal track 

such as peptic ulceration and gastrointestinal bleeding, 

nanoparticles and solid dispersions of diclofenac Na 

could be considered as suitable candidates for drug 

delivery. 
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